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FOREWORD 

OF ALL the sciences and arts one of the greatest is the feeding 
of animals and human beings. Forty years ago the scientists 
thought the problem was simple—discover the needs for protein, 
fats, carbohydrates, and a few minerals, analyze the foods for 
these substances, and then so blend the foods as to furnish an 
adequate supply of each. Today we know that there is much 
more to it than this. The old science is still fundamental, but 
the new science is continually adding to it knowledge of a whole 
array of substances—minerals, vitamins, amino acids—needed 
by the body. 

In ordinary diets, both animal and human, that contain a wide 
variety of natural foods, most of the essential substances are 
present in adequate quantities. But under certain conditions, 
when the choice of foods is limited, the diets customarily fol- 
lowed cause inefficiency, sickness, or even premature death. 
The lack of common-sense knowledge of nutrition even among 
many well-to-do people in the United States is appalling. There 
are many kinds of "hidden hungers" which the experienced per- 
son can read in the faces and attitudes of the undernourished. 
Peaked faces, bowlegs, and shaky nervous systems are only a 
few of the manifestations. 

Two-thirds of this book deals with the nutrition of animals 
and only one-third with that of human beings; nevertheless, 
even the animal section contains much information of funda- 
mental value with regard to human nutrition. The reverse is 
true too. The animal body and the human body are astonish- 
ingly alike in their reactions to the necessary substances in foods. 
The modern knowledge of human nutrition is based to a large 
extent on animal experimentation. 

Probably 99 percent of the children of the United States have 
a heredity good enough to enable them to become productive 
workers and excellent citizens provided they are given the right 



kind of food, proper training, and ordinary opportunities. Fun- 
damental to adequate training and decent opportunity is food. 
Fifty percent of the people of the United States do not get 
enough in the way of dairy products, fruits, and vegetables to 
enable them to enjoy full vigor and health, and a large number 
of them do not get enough because they cannot afford it. It is 
the duty of the farmers, the Government, the businessmen, and 
organized labor to cooperate to see that the children of these 
people are better fed than their parents were. 

That part of the book which deals with human nutrition is an 
effort to discover a scientific basis for coordinated action along 
this line. The Department of Agriculture publishes the book 
realizing that the science of nutrition is still very incomplete 
and that much new, vital information is being discovered every 
year. But a comprehensive knowledge of nutrition is far from 
widespread. We feel that it is wise to publish this book, in 
spite of its shortcomings, because it is comprehensive. It shows 
that the human being and the animal have fundamentally the 
same needs. People as well as animals must be well fed if they 
are to do their best and give their best. 

HENRY A. WALLACE, 

Secretary of Agriculture, 
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IN THE PAST, science has conferred on those peoples 
who availed themselves of the newer knowledge of 
infectious diseases, better health and a greater average 
length of life. In the future, it promises to those races 
who will take advantage of the newer knowledge of 
nutrition, a larger stature, greater vigor, increased 
longevity, and a higher level of cultural attainment. 
To a measurable degree, man is now master of his own 
destiny where once he was subject only to the grim 
hand of Fate. 

JAMES S. MCLESTER. 

Nutrition and the Future of Man, 



FOOD  AND  LIFE 

A  SUMMARY 

by Gove Hambidge1 

THE RETINA, or seeing part of the eye, contains two kinds of structures 
that are senstitive to light. One kind is in the form of tiny rods and 
the other kind in the form of tiny cones. We ^see^ because these 
rods and cones contain light-sensitive substances, just as a photo- 
graphic film is coated with a substance sensitive to light. The rods 
are particularly important for vision in dim light and the cones in 
bright light. 

When light strikes these rods or cones, substances are broken down 
chemically, and products are formed that stimulate the nerve endings 
of the eye. The stimulated nerves then carry a message to the brain, 
and this is what we call seeing. Meanwhile the products formed by 
the chemical break-down keep recombining to form the first substances 
over again so that the eyes will be continuously sensitive to light. 

The substance in the rods, sensitive to dim light, is called visual 
purple. This purple substance contains vitamin A, which our bodies 
get from food. When dim light strikes the visual purple, it becomes 
bleached in the process of chemical change, and the vitamin A is 
released. If more visual purple is to be formed to keep the eyes sen- 
sitive to dim light, there must be a continuous supply of vitamin A. 
If the body has very little vitamin A, the visual purple will be slow 
in forming, and the eyes will not readily adapt themselves to dim 
light. If there is still less vitamin A, the rods may not be able to 
function at all and the eyes will be completely blind in dim light. 

The body makes its supply of vitamin A from a yellow substance 
in plant foods, called carotene. It can also get vitamin A ready-made 
from certain oils or fats in animal foods—butterfat, for instance. 
During the World War, Denmark exported its butter because of the 
war demand and substituted other fats in the diet. Blindness, caused 
by lack of vitamin A, began to show up among Danish children. 
Their eyesight had been sold abroad with the butter. 

Nothing illustrates better than this what minerals and vitamins 
and other substances in foods do for us, and how vital they are to our 
bodies in a thousand different ways. Automobile drivers whose eyes 
lack sufficient vitamin A may cause accidents at night; but this is 
only one of many effects of vitamin A deficiency, and others are per- 
haps even more serious. Moreover, it is possible to go down the whole 
list of necessary minerals and vitamins and find one thing after another 
just as important as this function of vitamin A. 

' Gove Hambidge is Principal Research Writer, Office of Information. 
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These things are recent discoveries, and not all of them are known 
as clearly as the relation of vitamin A to the visual purple in the rods 
of the eyes. But they show what the lusty young science of nutrition 
is doing in our time. Like vitamin A itself, this science is enabling us 
to see in a dim light. 

This book, which is a product of the newer knowledge of nutrition, 
is the fourth in a series of Yearbooks of Agriculture dealing with major 
aspects of modern farming. Two Yearbooks on genetics and breeding, 
under the title of Better Plants and Animals, w^ere published in 1936 
and 1937. The 1938 Yearbook was devoted to the subject of its title, 
Soils and Men. 

Like its predecessors, the 1939 Yearbook has many shortcomings. 
It is incomplete not only because knowledge is incomplete, but be- 
cause agricultural scientists are busy folk whose experimental work 
cannot stop, so that they have to sandwich in their writing at nights 
and on week ends and holidays. It is a mixed collection of somewhat 
miscellaneous articles rather than a continuous book partly because so 
many people contribute to it and partly because it must be prepared in 
the short period of a year. For the same reasons, it is uneven in quality. 
Yet with all its imperfections, it seems worth doing. 

The present book is unique in that it combines the nutrition of 
human beings and of farm livestock in a single volume. For farmers, 
that is a logical thing to do. City people have to think only of feeding 
themselves. The farmer has to think of the needs of his animals as 
well as of his own family. Human nutrition throws much light on 
the nutrition of animals, and animal nutrition throws much light on 
the nutrition of human beings. In this book, for example, the reader 
will have to refer to certain articles in the section on human nutrition 
for fundamental facts about the various life substances in foods. 
This merely reflects what has actually happened in research. Dis- 
coveries in each field are continually adding knowledge to the other. 

The statement that the farmer has to think of the needs of his 
animals as well as of his own family might be put in reverse. He should 
think of the needs of himself and his family as well as those of his 
animals. Many a man will study nights to find out how his cows or 
hogs or chickens should be fed and go to infinite pains to give them 
balanced rations, yet fail to have a glimmering of a notion that the 
diets of human beings must be balanced in just the same way. This 
is especially true in modern commercial farming, where all the emphasis 
is placed on producing for the market. 

Because of his acquaintance with livestock, the farmer should be 
the first to realize the importance of nutrition to human beings. 
Farmers unfortunately have the smallest share of the national wealth, 
but it is within their power to have the largest share of the national 
health. To a certain extent they do have this now, as this book shows; 
but they could do much more. Production for the market is subject 
to violent ups and downs. Sometimes it involves more loss than profit. 
Producing for home consumption gives steady returns in physical 
well-being year after year, no matter what happens to the market. 
Farmers can have far-and-away the best diets in the United States 
if they want to. 

This is not said to minimize the importance of fair market returns 
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to farmers. But a man should at least use the treasures in his own 
back yard while he is looking for treasures elsewhere. A healthful 
diet for his family is one treasure the farmer can find in his own back 
yard, in his garden, his orchard, his pasture, his hen house, his barn. 
City people cannot have these things. They have to depend entirely 
on what they can afford to buy at the store. 

If the farmer should be the first to see the importance of nutrition 
to his own family, by the same token he should be the first to see its 
importance to the Nation as a whole. Any livestock man knows 
that it costs more to feed an animal well than to let it starve along. 
It requires more feed and a greater variety of feed. It also costs more 
to feed human beings well than to let them starve along. Now a great 
many people in the United States are starving along, more or less; 
half of them, according to recent surveys, do not have even fair diets, 
and only a small percentage have good diets. This is something 
that is lip the farmer's alley. He is the one who produces the food 
for these people. If millions more of them could have good diets, 
he would be the gainer (provided, of course, that he could get fair 
prices). For purely selfish as well as humanitarian reasons, he 
above all people should be in favor of raising the standard of nutrition 
in every city and town and village. The immense surpluses of many 
farm products could be wiped out if enough people could be well 
nourished. In fact, farmers would have to produce larger quantities 
of some of the very products that are now surpluses. 

So the science of nutrition has wide implications. Vitamins are 
not interesting curiosities of the laboratory. They are matters of 
life and death to the individual, and they are tied in with the well- 
being of agriculture and the vigor and strength of the Nation. 

This book will have fulfilled its function if it helps farmers to under- 
stand these things, and if it throws a little light on the principles of 
good nutrition for both human beings and their livestock. 

GENERAL LAY-OUT OF THE BOOK 

As in the case.of the previous Yearbooks in this series, the volume 
contains both technical and nontechnical material, so that it will be 
useful to different groups of readers. 

Part 1 deals with human nutrition. First there is an introduction 
to this section ; then an article giving the main facts about the func- 
tions of the nutrients in foods; then a group of general articles on 
human attitudes toward food. Next there are four articles on human 
requirements for carbohydrates, fats, energy, protein, minerals, and 
vitamins. These articles cover more than requirements, however; 
they tell a good deal about the nature and functions of the substances 
they deal with, and some of this information is basic in animal as 
well as human nutrition. Following them, two articles deal with the 
content of these nutrients in actual food materials. Then comes an 
article analyzing our present diets in the United States, and one show- 
ing how these diets could be improved by practical methods that 
almost anyone can follow. Next there is a group of articles on sub- 
jects relating to food preservation and consumer safeguards. The 
section ends with discussions of the broad economic aspects of nutri- 
tion in the United States. 
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Part 2 deals with animal nutrition. An introductory article gives 
some fundamentals that connect soil and plant management with animal 
and human nutrition ; and this is followed by an article on the digestive 
processes of animals. Next, a series of articles gives the relation of 
diet to maintenance, health, growth, fattening, meat production, 
reproduction, and the production of wool and hides. The nutrition 
of young and orphan animals is then considered. Following this 
there are single articles and groups of articles dealing specifically 
with the nutrition and feeding of various classes of livestock—beef 
cattle, dairy cattle, swine, sheep, goats, horses, and poultry. Dogs, 
fur animals, and certain game birds are included because of the 
general interest in these animals. Next there is a group of articles 
on the principal livestock feeds available to farmers. A research 
survey follows, showing what is actually being done in the way of 
experimental work in the various State experiment stations, and 
also what research workers stress as the needs of the future. A set 
of tables at the end of the book gives up-to-date figures on the 
composition of the principal feedstuffs. 

All of the articles are summarized editorially in the following pages 
of this introduction except the research survey, the study of soil 
deficiencies, and the tables of composition of feedstuffs. 

PART 1. HUMAN NUTRITION 

FROM TRADITION TO SCIENCE 

Man inherits certain possibilities. How they develop depends on 
his environment; and the most fundamental influence in the environ- 
ment is food. It builds and shapes his body, and through the glands, 
hormones, and nervous system it modifies his mental and emotional 
make-up. All food comes directly or indirectly from the soil. Soils 
differ in different areas, and some soils furnish an abundance of 
certain elements that other soils lack. Since primitive man had to 
get his food supply entirely from local sources, these differences in 
the make-up of soils must, through long ages, have influenced the 
physical and perhaps even the mental and emotional characteristics 
of different tribes and races. They must have been a powerful in- 
fluence in the evolution of man. 

Food habits and traditions were built up through the selection of 
those foods in each area that proved to have value for keeping people 
alive and well. Even today, among primitive people and peasants 
living on the land, certain traditional combinations of foods are 
found, on examination, to be based on good scientific principles. Long 
before vitamins or minerals were discovered, various foods were 
known to cure or prevent certain diseases. In the thirteenth century, 
for example, the ash of burned sponges was used to treat goiter. 
Five or six hundred years later a chemist found that there was iodine 
in this ash. 

Such food habits were developed by trial and error, over long- 
periods, with much suffering by the way. But men had one thing in 
their favor. The foods used were natural, whole foods, furnishing 
the essentials for human nutrition. Today the situation in a modern 
industrial country is entirely different.    Comparatively few people 
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produce their own food. Production and distribution are commer- 
cialized. There is a greater variety of foods, transported over greater 
distances; but many of them are processed and refined so that they 
have lost the elements they contained in their natural state. More- 
over^ when people buy their food instead of producing it, the economic 
factor has a more powerful influence on the kind of diet they get. In 
this situation, tradition and habit are no longer safe guides to the 
selection of foods.    They can lead to dangerous mistakes. 

But paralleling modern developments in the food industries there 
have been developments in knowledge of nutrition. This knowledge, 
rightly understood and used, furnishes a safe guide in the complex 
food situation of today. It shows what man needs to get from food 
and how to get it by proper selection and preparation of foodstuffs. 
This science of nutrition does not wipe out habits and traditions. 
It supplements them, corrects them, and shows how to use, them 
intelligently. It offers a sound foundation for the food production 
and distribution of the future. 

FOOD FUNCTIONS AND THE RELATION OF FOOD TO HEALTH 

Considered as a machine using the energy from fuel, the human 
body is about as efficient as an automobile engine and 16 to 25 percent 
more efficient than a steam locomotive. The fuel the body uses 
comes from the starches and sugars (carbohydrates), the fats, and 
the proteins in food. Carbohydrates and proteins are about equal 
in fuel value; fats furnish more than twice as much energy as either. 
Before the stored energy in foods becomes available, they must first 
be broken down into simple substances in the digestive system, then 
carried to various parts of the body in the blood stream, and finally 
burned—that is, combined with oxygen, which is brought from the 
lungs to all parts of the body by the hemoglobin or red coloring 
matter in the blood. The whole complex process by which foods are 
broken down and utilized in the body is called metabolism. 

A moderately active person uses about half the energy he gets 
from food just for staying alive—keeping the body at normal heat 
and the internal organs going. This minimum use of energy by the 
body for maintenance is called the basal metabolism. Any physical 
movement whatever, even lifting the little finger, demands an addi- 
tional use of energy over that involved in basal metabolism. Food 
energy taken in above that required for basal metabolism and ac- 
tivity is stored as fat. Taking 10 percent more calories a day than are 
needed—say as an extra helping of dessert—may add 20 pounds of 
fat a year to the body. Except in conditions caused by glandular 
disturbances or illness, maintaining the right weight is a matter of 
adjusting food to exercise, or vice versa. Growing children should 
be a little over the average weight for their age and size. Adults 
past 30 should perhaps be a little under the average. 

In addition to supplying energy, foods furnish the materials for 
building and repairing the body and regulating its many internal 
activities. A varied and well-balanced diet is necessary to furnish 
everything required for these innumerable and very complex functions. 
Most authorities agree that, for an adult, about 60 percent of the food 
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calories should be in the form of starches and sugars, about 25 to 30 
percent in the form of fat, and about 10 to 12 percent in the form of 
protein. In addition, a wide range of minerals and vitamins must be 
supplied. All this can be done by a well-balanced diet that includes 
fresh fruits and vegetables, whole cereals, milk, meat, and eggs. 
Failure to provide enough of any essential food element brings such 
results as impaired efficiency, poor growth, susceptibility to disease, 
and, in severe cases, death. Moreover, it is possible to suffer from 
malnutrition without showing clear-cut signs of any of the well-known 
dietary deficiency diseases. There are many border-line cases in 
which extreme symptoms do not appear. 

Whether water is considered as a food depends on the point of view. 
It is necessary for the body, at any rate. Many foods are more than half 
water, and the body gets some water also from the burning of sugars, 
fats, and protein. A normal man of average size loses about 1¾ pints 
of water a day as ^insensible perspiration^—vapor from the skin and 
lungs. Ten pints may be lost in an hour as sweat during hard exer- 
cise. Two to five pints a day are excreted by the kidneys and bowels. 
Suppose the average total loss under certain normal conditions is 6 
pints every 24 hours. About 4 pints will be taken in with a normal 
mixed diet. This leaves about 2 pints or 4 glasses to be drunk as water. 
No general recommendations for drinking any specific amount of 
water every day can be made, however. Perhaps thirst is the best 
guide in most cases. 

Excessive sweating removes salt from the body rapidly, and this 
may be a contributing cause of heat prostration. Taking extra salt to 
make up for this loss is now commonly advised for those undergoing 
hard exercise in great heat. 

Next to water, protein makes up the largest part of living tissues. 
Digestion breaks protein down into simpler substances called amino 
acids, and these are carried by the blood to the places where they are 
needed for building and repairing the body. Here they are built 
into new proteins. Any amino acids not used in this way are broken 
down still further and partly burned as fuel. Animal proteins furnish 
certain necessary amino acids not found in sufficient quantity in most 
vegetable proteins, and animal products should therefore be included 
in the diet. A serious and prolonged deficiency of protein produces 
an edema or dropsy that was fairly common in Europe during the 
World War and has been known to occur among poor people in this 
country. It is especially important for growing children and pregnant 
and lactating women to have a liberal amount of protein. 

Fats stored in the body are a reserve source of heat and energy and 
a protection against cold and injury around certain organs. In addi- 
tion to the function of fats as fuel, certain kinds are believed, from 
experiments with animals, to be necessary in other ways for normal 
nutrition. ^ The function of sugars and starches as fuel has already 
been mentioned. The blood normally contains about 0.1 percent of 
sugar as a steady supply for the body. In addition, carbohydrates 
are stored in the liver and muscles as glycogen, or "animal starch/' 
which may be used to form sugar in the blood. This function is 
disturbed in some diseases, notably diabetes mellitus. 

The minerals  and inorganic materials that must be supplied by 
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the diet include sodium, potassium, calcium, magnesium, iron, copper, 
manganese, sulfur, phosphorus, chlorine, iodine, and probably many 
others in small amounts. Of these, only four—calcium, phosphorus, 
iron, and iodine—are likely to be deficient in ordinary diets. 

Calcium forms a large part of the bones and teeth, and it is necessary 
for normal blood clotting, the steady working of the heart, and normal 
muscular activity. Phosphorus is also liberally used in the bones and 
teeth, and it plays a vital part in some of the delicate chemical activi- 
ties of the body, notably those that release energy from foods. Begin- 
ning at birth, children need a generous supply of these two minerals 
to meet the needs of growth. Evidence indicates, however, that many 
people of all ages do not get enough calcium. In children, a severe 
calcium deficiency stunts growth; among older people it sometimes 
causes "late rickets7' (hunger osteomalacia). Among women, a con- 
tracted pelvis, which interferes with normal childbirth, may be caused 
by calcium deficiency. This condition was found in 12 percent of a 
group of women studied in congested districts of Glasgow. It occurred 
even among women who were well to do. Pregnant and lactating 
women, of course, need more calcium than average adults. 

Iron is necessary for the formation of hemoglobin in the blood. 
Nutritional anemia is the penalty for an insufficient supply of iron. 
The disease is fairly common among infants, and it is an ever-present 
danger through adolescence, especially with girls. Copper in minute 
amounts must accompany iron for hemoglobin formation; perhaps 
also traces of cobalt and manganese. 

Iodine is essential in the making of a secretion of the thyroid gland, 
thyroxin, which helps to regulate the heat production of the body. 
Simple goiter, which is most prevalent among women, especially during 
adolescence, pregnancy, and lactation, is the result of a lack of iodine. 
In regions where there is no iodine in the soil or water supply, it can be 
taken in salt or otherwise, but an overdose is easy to get, and harmful. 

Many of the vitamins so far discovered are known to be vital to the 
health, even the life of human beings. Without sufficient vitamin A, 
the thin layer of epithelium, including the mucous membranes, that 
protects the organs of the body suffers disastrous changes, the teeth 
are affected, the eyes become less sensitive to dim light, growth is not 
normal. Without sufficient vitamin B^ or thiamin, sugar is probably 
not properly oxidized in the body; there is a loss of appetite, a series of 
nervous disorders, and a disturbance of the heart—symptoms col- 
lectively known as beriberi, or polyneuritis. With insufficient vitamin 
C, or ascorbic acid, the material between the cells of the body no longer 
functions as it should, the teeth and bones suffer, minute blood vessels 
become fragile, and other symptoms of scurvy develop. Lack of 
vitamin D spells rickets in children; this vitamin is necessary for the 
proper functioning of calcium and phosphorus in building bones and 
teeth. Lack of vitamin G, or riboflavin, in experimental animals 
results in cessation of growth, loss of hair, nutritional cataract of the 
eyes, skin disorders. Lack of nicotinic acid (one of the B vitamins) is 
apparently the determining cause of pellagra—a disease of the shock- 
ingly ill-fed, usually the poor but sometimes the well to do. The 
newly discovered vitamin K is apparently necessary, with bile or bile 
salts, for normal blood clotting. 
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Does a good diet prevent infectious diseases as well as these nutri- 
tional diseases? No vitamin or other nutritive element, according to 
to the present view, gives any actual immunity to infection; but there 
is no doubt about the value of diet in promoting the resistance of the 
body against certain infectious diseases at least. Does a good diet 
increase length of life? Long-time experiments conducted by Sherman 
at Columbia University with rats indicate that it does; and, similarly, 
rat experiments conducted by McCollum at Johns Hopkins indicate 
that it increases vigor and well-being at all ages and postpones the usual 
signs of senility. 

FOOD HABITS, OLD AND NEW 

Among the great variety of food habits and traditions developed by 
people in different areas, some are good, some are bad. In a notable 
report by McGarrison, dealing with the foods of natives in India, 
people in. the north, living on a diet of whole wheat, milk, legumes, 
vegetables, and some meat were described as ^stalwart resolute races" ; 
those in the south, living on a diet containing a large proportion of 
polished rice, some legumes, vegetables, and fruits, but little or no milk 
and meat, were described as í'boneless, supine, and poorly developed,^ 
The British Medical Research Council reported on the physique and 
health of the Masai and the Akikuyu, two tribes in Kenya, Africa. 
The Masai ate mostly milk, meat, and raw blood, the Akikuyu mostly 
cereals, roots, and fruits. The average Masai male was 5 inches taller 
and 23 pounds heavier than the average Akikuyu and had 50 percent 
greater strength. Bony deformities, decayed teeth, anemia, lung dis- 
eases, and tropical ulcer were more prevalent among the Akikuyu. 
On the other hand, the Masai had more constipation and arthritis. 
Both tribes needed more vegetables; the Akikuyu needed more milk. 

Compared with those in other countries, diets in the United States 
are generous. The second generation of Japanese in California and of 
Europeans in the larger American cities are larger and better built than 
their parents. American women entering colleges are an inch taller 
than those who entered college 30 years ago; in one men's college, the 
average height has increased about 2 inches in 60 years. Perhaps these 
are evidences of nutritional progress. 

Certainly diets have changed in this country in two generations. 
Analysis shows that the proportion of calories derived from milk, 
cheese, fruits, and succulent vegetables has actually doubled in 50 
years. There has also been a slightly greater emphasis on sugars and 
fats. m Forty to fifty years ago, more than 80 percent of the food 
calories in American diets were derived from grains, meats, fats other 
than butter, sugars, potatoes, and mature legumes (the traditional 
white bread, meat, sugar, and potato diet). 

In spite of changes, the proportion derived from these sources is 
still over 70 percent. Sherman says that 50 percent of the food 
calories should be derived from milk and milk products, fruits, vege- 
tables, and eggs (as compared with less than a third in present Ameri- 
can diets) and that at least half the grain products consumed should 
be in the form of whole grain (as compared with less than a fifth at 
present)^ Perhaps this is more or less an ideal, but it shows the trend 
of  thinking of modern  nutritionists,  backed   by  a half-century of 
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research which has seen the development of most of the knowledge of 
nutrition we now have. These nutritionists believe that if better 
diets became sufficiently widespread, most people could achieve the 
physical well-being that only the most fortunate now enjoy. 

CAN FOOD HABITS BE CHANGED? 

If some superdietitian could hand everyone a simple, perfectly 
balanced menu and get them to use it, much as a farmer feeds his 
cows, it would be a comparatively simple matter to have everyone 
well nourished. But it would be an unfortunate state of affairs, 
because we would then be cows or robots instead of human beings. 
As human beings, we expect to get emotional satisfactions from food 
as well as to meet our physical needs. These emotional satisfactions 
are often tied up with our habits, and we resist changes that we think 
might interfere with them. This is one reason why the problem of 
nutrition is complicated^ as every mother knows if she has tried to 
teach a child to eat properly. 

One of the great helps is to think of foods in terms of groups, each 
group being an especially good source of some one or more nutrients. 
Then it is not necessary to overemphasize some particular food in 
order to get something that may be lacking in the diet; any one of a 
number of foods in the same group can be used as well. This gives 
flexibility to menus and enables a skillful housewife to avoid what is 
especially disliked, as well as to maintain interest in the meals from 
day to day. 

Hunger, which is due to actual contractions of the stomach, and 
appetite, which is stimulated by pleasant food odors and flavors, may 
be used to get new foods accepted. Outdoor exercise, physical work, 
and insufficient food create hunger, which helps to make new foods 
acceptable. Excitement, pain, or anger inhibit hunger and may 
therefore create resistance to new foods. Associating a certain food 
with an especially pleasant experience may í'condition" us to accept it. 

In the long run, the problem of building up good dietary habits is 
a problem of continuous education. It should begin in early child- 
hood, with the mother who teaches the child to enjoy a simple, 
adequate diet, and to accept new foods. The schools too can carry 
on this work. Books, pamphlets, newspaper articles, and radio broad- 
casts designed for adults as well as children are all useful, provided 
they are accurate and unbiased. Recipes are especially worth while 
if they are accompanied by information about the place of the foods 
in the dietary. More attention should be paid to recipes for at- 
tractive, enjoyable dishes that encourage use of the cheaper forms of 
protective foods. 

FOOD FADS, FACTS, AND FANCIES 

Science always has its camp followers who clean up the scraps. 
The camp followers of nutrition are the quacks, the faddists, and the 
advertisers of fake nostrums. They use technical language so fluently 
that sometimes they almost fool themselves. Here are some common 
types of quackery to beware of: 

^Health foods" advertised as panaceas for various ills, real or 
imaginary: There is no such thing as a "health food," and no one 
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food is essential to health or has unique health-giving properties— 
especially the weird concoctions often sold under this name. The 
term "scientifically balanced food" is in the same class. No one 
food is "balanced" in the dietary sense. "Energy" foods, as the term 
is often used, also are fakes.    Almost all foods furnish energy. 

Products to control weight: These are of three types: (Î) Those 
that speed up body processes so that food is burned faster, such as 
thyroid extract or dinitrophenol, are positively dangerous except in 
the hands of a physician. (2) "Reducing" foods containing laxative 
salts or cathartics remove water from the body—not fat. They too 
can be harmful. (3) Food concentrates or supplements to be taken 
with a reducing diet or exercise regimen are useless. It is the 
reduced energy content of the diet or the additional exercise that 
reduces weight—not the dietary supplement. 

Iron, iodine, calcium, and other minerals to correct widespread 
"mineral deficiencies": Real mineral deficiencies can be corrected by 
a well-rounded diet. Mineral supplements should be used only on 
the recommendation of a doctor or trained nutritionist. 

Vitamin products: The best and most economical sources of vita- 
mins are ordinary foods. There is a legitimate place for vitamin 
concentrates, but not as cure-alls. Broad and indefinite claims for 
vitamin products should be distrusted. 

Food fads: One of the commonest is that certain foods should never 
be combined with certain other foods—proteins with carbohydrates, 
for example, or acid fruits with starch. This is pseudo-scientific bunk. 
All kinds of combinations are made by nature in single foods. Claims 
made for partly digested or predigested foods, or "natural aids to 
digestion," are also questionable or unwarranted. 

Panaceas for diseases: Among these are cures for "acid stomach"— 
all stomachs are normally acid or they could not digest food; 
"acidosis"—actually a rare condition of the blood, calling for medical 
treatment; constipation—for which there is no one cure, since there 
are different causes in different cases; and a long list of others, none 
of which can be cured by quack food or drug remedies. 

THE WHITE RAT AS A CONTRIBUTOR TO SCIENCE 

Ordinarily the rat is hunted down and exterminated as an enemy of 
mankind. But in one field it has been a benefactor of man. Experi- 
ments with rats have added enormously to our knowledge of what foods 
contain and what the various nutrients in foods do in the body. 
These experiments have pointed the way to the prevention and cure 
of many deficiency diseases and to a better understanding of the 
relation of food to health. 

Not that the rat is unique. Other animals would do for nutritional 
experiments, and in fact other animals are used—the guinea pig, the 
rabbit, the pigeon, the chicken, the dog, for example. In fact, rats 
will not do for some experiments. The rat does not have a gall 
bladder, for example; it is immune to scurvy; and it does not need 
vitamin C in its diet. No one animal will do to represent the reactions 
of all animals, including human beings; nor can it be said positively 
that because one kind of animal reacts thus and so in a given experi- 
ment, other kinds of animals will react in the same manner; or because 
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one kind of animal needs such and such an amount of a given nutrient, 
therefore another kind of animal needs a proportionate amount. All 
such conclusions must be tested directly on the other animal. 

Nevertheless, the rat is typical of many animals, and its nutritional 
requirements have proved to be like those of human beings in so many 
ways that it is extremely useful. As the early physiologists discovered 
in many decades of difficult study, the fundamental bodily structure 
and functions of all mammals are very much the same. 

The reason the rat is so extensively used in nutrition experiments is 
partly accidental. Rats happened to be used for some of the earliest 
experimental work that led to important discoveries in nutrition, and 
also for studies on the growth and development of the nervous system, 
A mass of useful data about the rat was collected, and it was natural 
for later experimenters to turn to the rat because these data were 
available. 

But perhaps the most important reasons for the extensive use of the 
white rat are practical ones. The rat is small and handy; several 
hundred of the animals can be kept in comfort in a space the size of an 
ordinary living room. A rat can be fed for 50 cents a year as compared 
with $4^50 for a rabbit, $15 for a dog, $75 for a dairy cow, and $400 for 
an elephant. This is very important when it comes to using expensive 
purified foods. For example, it would cost $15 a day to feed protein to 
a rabbit in the form of pure amino acids, whereas it costs only $1.50 
for a rat. (Even so, such experiments are expensive enough. The 
cost of amino acids in a recent experiment with a small number of rats 
was $50,000.) Just as important as economy is the fact that the rat 
lives very fast. Its life span is 2 to 3 years, so that 1 year is equivalent 
to 20 or 30 years in the life of a human being. It is'possible to carry 
on an experiment with rats that will cover not only one generation but 
many successive generations. And more and more, in nutritional 
work, the scientist is seeking to discover the long-time effects of taking 
away or adding certain nutrients. It is as important to study these 
as to study the short-time effects that show up as acute symptoms. 

HUMAN FOOD REQUIREMENTS-CARBOHYDRATES, FATS, ENERGY 

Carbohydrates 

More than half of the average diet consists of carbohydrates. They 
are the sugars, starches, and indigestible fibers given to us by plants. 
The sugars and starches furnish energy (they are the preferred fuel for 
muscular work), and the indigestible material is useful to. the body in 
other ways. 

The sugars and starches are of three kinds, which may be classified 
in common language as single sugars, double sugars, and complex 
sugars—technically called monosaccharides, disaccharides, and poly- 
saccharides. Only the single sugars can be absorbed into the blood 
stream and utilized by the body tissues. Hence all the other digestible 
carbohydrates must eventually be broken down to single sugars in the 
processes of digestion.    The break-down is accomplished by enzymes. 

Two single sugars, glucose and fructose (fruit sugar), occur naturally 
in fruits and vegetables, as well as being produced by the digestion of 
more complex carbohydrates in the body.    The third single sugar, 
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galactose, rnsiilts when milk sugar (lactose) is broken down by (%es- 
tion. 

Three double sugars are commonly found in foods—cane or beet 
sugar (sucrose), malt sugar (maltose), and milk sugar (lactose). 
Sucrose, or ordinary granulated sugar, is the sweetest of these and is 
consumed in the greatest quantity—sometimes too much for health. 
Maltose is a manufactured product, made from starch through the 
action of enzymes in sprouting grain. It is also made in the human 
body when saliva acts on cooked starch, or the pancreatic juices on raw 
or cooked starch. Because of its easy digestibility, maltose is some- 
times used for infants and invalids, although glucose in the form of corn 
sirup is the most commonly used sugar for infant feeding. Lactose 
occurs in milk. It digests slowly and when consumed in unusual 
amounts leaves an undigested residue that has a laxative effect. It 
also favors the growth of certain useful bacteria in the intestines, and 
there is evidence that it increases the absorption or availability of 
certain forms of calcium. 

Starches, dextrins, and glycogen are the common digestible complex 
sugars. Starches occur in vegetables and fruits. Dextrins are made 
in the body in the process of digesting starch. Glycogen, sometimes 
called animal starch, is made in the body out of vegetable carbohy- 
drates, and is the form in which these carbohydrates are stored in the 
liver and muscles, to be used as needed. 

The indigestible carbohydrates mostly form the cell walls that are 
the structural framework of plants. Plant fibers furnish the bulk 
in the diet that is necessary for the normal muscular action (peristalsis) 
of the intestine. Agar-agar and pectin are two indigestible carbo- 
hydrates that have the property of absorbing a great deal of water and 
becoming jellylike in consistency. Agar-agar (from seaweed) is some- 
times used to increase bulk in. the intestine. Pectin, found in certain 
fruits and. fruit seeds, apparently has the property of absorbing 
poisons or neutralizing certain harmful substances—hence the value 
of scraped raw apple in treating diarrhea and infant dysentery. 

Research work carried on over many years shows that intricate 
processes are involved in transporting, storing, and utilizing carbo- 
hydrates in the body, and in maintaining a constant level of sugar in 
the blood. Recent work has concentrated on certain processes in 
which the endocrine glands and the nerves are involved. This includes 
work on diabetes, which may prove to be due not to a simple deficiency 
of insulin in the pancreas but to a maladjustment of several endocrine 
glands. 

It is known that various nutritive elements, including thiamin 
(vitamin BO and riboflavin (vitamin G), play a part in carbohydrate 
metabolism. For example, dogs completely deprived of their pancreas 
have lived for 4 years on a diet rich in protein and vitamins. Much 
remains to be done, however, before we have a complete picture of 
what happens to carbohydrates in the body, in health or illness. 

Fat 

Fat is commonly thought of as a source of energy in the diet. A 
given weight of fat has more than twice the energy value of the same 
amount of carbohydrate or protein.    Hence those who wish to reduce 



FOOD AND LIFE —A SUMMARY 15 

or to add weight should reduce or increase the fat content of the diet 
first. Fat also has "staying power^ because it is digested rather 
slowly, and since it contributes much to flavor and texture in foods, 
the consumption of fat tends to increase with a higher standard of 
living. 

Fats, however, do more than provide calories. They carry the fat- 
soluble vitamins, A, D, E, and K. Certain types of fat are essential 
parts of the tissues of the body; their unsaturated fatty acids are 
apparently necessary for good health. (A saturated fatty acid is one 
that contains all the hydrogen with which it can combine. It makes 
a fat that is usually solid at room temperature. An unsaturated 
fatty acid is one that could take on more hydrogen. It makes a fat 
that is usually liquid at room temperature.) Most common food fats— 
including the hardened vegetable fats—contain essential unsaturated 
fatty acids, and there is little danger that they will be lacking in an 
ordinary diet. Experimentally, however, a shortage can be produced 
with laboratory animals, and with rats it results in reduced growth 
and a skin disease. 

Recent experimental work with fats in nutrition suggests that they 
may possibly help the body to use calcium under certain conditions; 
reduce the need for vitamin Bi ; aid in the metabolism of milk sugar, 
and in the utilization of carotene by the body; and help to maintain a 
certain unsaturated fatty acid content of the blood which may be 
related to the occurrence of eczema in children. Most of this work is 
new and the results must be interpreted with care. 

Energy 

People of a certain age will remember the furor about calories 
early in this century. It was the beginning of the diet consciousness 
that has steadily increased ever since. Apparently the only thing 
that mattered about food in those days was whether you got enough 
calories—or too many, so that you became fat; and even today, under- 
nourishment or starvation is still thought of as failure to get enough 
total food, or enough calories, to meet the energy needs of the 
body. People can starve to death, however, even when they eat 
too much food, if some element necessary to life is lacking in the 
food they get. 

Calories are a measure of heat or energy. The energy stored in a 
given quantity of any food material can be measured rather accu- 
rately. The energy needed by the human body can also be measured 
accurately. The problem, then, is simply one of balancing the 
amount taken in with the amount needed, making due allowance for 
the waste in preparing and cooking food and the waste in digestion. 

In everyday life, this balancing is done solely by observation, appe- 
tite, feeling. Normally, an adult who does not eat enough will get 
thin and run down; a child will fail to gain at a normal rate. If you 
eat too much, you will lay on weight. No fine calculations are needed, 
ordinarily, to find the happy medium in between. 

Sometimes doctors, nutritionists, and others need to make these 
calculations. In many cases, the individual's food intake needs to be 
carefully prescribed. Diets are balanced on the basis of the calories 
furnished by different foods or different nutrients.    Calorie counts 
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are used in figuring the adequacy of the diets of individuals, families, 
groups, or even whole populations. In this work, lengthy tables of the 
calorie values of food are utilized, along with tables showing the 
calorie needs of individuals of different ages and sizes engaged in differ- 
ent kinds of activity. 

The latter tables have been worked out largely from calorimetry 
studies. A calorimeter is an instrument for measuring the energy 
used by an individual, first for basal metabolism—the internal proc- 
esses that go on even when the individual is completely at rest in a 
comfortable atmosphere—and then for any activity over and above 
this basic need. The basal requirement for an adult is about 1 calorie 
an hour for every 2.2 pounds (1 kilogram) of body weight. Here are 
some samples of the additional requirements per hour for different 
activities (for every 2.2 pounds of body weight): Sitting quietly, 0.4 
calorie; standing relaxed, 0.5 calorie; walking, 2 calories; running, 7 
calories; going upstairs, 14.7 calories; dishwashing, 1 calorie; sweeping, 
1.4 calories; sawing wood, 5.7 calories; swimming, 7.9 calories. Curi- 
ously enough, the simple act of walking upstairs apparently requires 
more energy than the hardest work or the hardest sport carried on for 
the same length of time. 

if it is known how much time an individual spends in various ac- 
tivities, it is possible to figure quite closely how much energy he or she 
will need to get from food during the day. Here are some sample 
figures of this kind: Average farmer^ wife weighing 136 pounds, about 
2,600 calories a day; average city housewife weighing 129 pounds, 
about 2,300 calories a day; average active farmer, about 3,500 to 4,000 
calories a day; sedentary man of 154 pounds, about 2,400 calories a 
day; sedentary woman of 132 pounds, about 2,100 calories a day. 
Children need more calories per pound than adults, to meet the needs 
of growth.   Nursing mothers need more.   Old people need less. 

Calorie requirements have been the subject of much thought, 
calculation, and research. The figures used by different nutritionists 
have not always agreed. In an attempt to reach a standard that 
could be agreed on everywhere, the Technical Committee on Nutri- 
tion of the League of Nations adopted a scale in 1935. According to 
this scale, ^the average adult male or female living an ordinary every- 
day life in a temperate climate" needs 2,400 calories a day, or 100 
calories an hour, for maintenance alone. To this must be added, for 
light work, up to 75 calories an hour; for moderate work, 75 to 150 
calories an hour; for hard work, 150 to 300 calories an hour; for very 
hard work, 300 calories or more an hour. The nursing woman requires 
3,000 calories a day for maintenance, plus the amounts given for various 
activities. Children are given the following allowances in calories a 
day for maintenance: 1 to 2 years, 840; 2 to 3 years, 1,000; 3 to 5 
years, 1,200; 5 to 7 years, 1,440; 7 to 9 years, 1,680; 9 to 11 years, 
1,920; 11 to 12 years¡ 2,160; 12 years and over, 2,400. To these^basic 
requirements, allowances are added for activity. The activities of 
children 5 to 11 years old are considered equivalent to light work, those 
of boys 11 to 15 years old as equivalent to heavy work, and those of 
girls 11 to 15 years old as equivalent to light work. Babies up to 6 
months of age require about 45 calories a pound a day; those 6 to 12 
months old, about 41 calories a pound a day. 
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PROTEIN REQUIREMENTS OF MAN 

Since all living cells are made primarily out of protein it might truly 
be called the stuff of life. Nothing else can take its place in building 
new tissues in the body and replacing losses. But this is not its only 
function. Many of the enzymes and hormones in the body are either 
proteins or contain substances that make proteins. A very small 
quantity of protein in the form of an enzyme or hormone can have 
very powerful effects, much as the word of a commanding general 
controls an entire army. 

There are innumerable kinds of protein; perhaps only a substance 
capable of such endless variety would fit the needs of living matter. 
All of them are made up of the simpler substances, amino acids. 
Some 22 amino acids are now known, and probably there are others 
undiscovered. As the letters of the alphabet combine to form words, 
these amino acids combine to form proteins; as different words com- 
bine to form sentences, the proteins in turn combine to form living 
tissues. A food is like a whole sentence. The words are taken 
apart in the digestive system and reduced to letters, or amino acids. 
The letters or amino acids are carried by the blood to all organs, all 
cells. Each cell or organ takes the particular letters it needs and 
rearranges them into new words or new proteins, which make new 
sentences. 

Practically the whole alphabet of 22 amino acids is used to make 
the proteins that compose a human being. Some of them the body 
can apparently manufacture for itself, but there are at least 10 that 
it must get from food. If any of these is lacking, growth will not 
be normal or the processes of life will halt somewhere and somehow. 

Many food proteins do not contain all these 10 amino acids, each 
one in adequate amounts for human needs. Hence the advisability, 
if not the necessity, of eating a variety of protein foods. Most pro- 
tein foods contain several different kinds of protein, and a good mix- 
ture is like a whole paragraph of sentences; it will insure a supply of 
the right amino acids. Animal proteins—those in milk, eggs, glan- 
dular organs, lean meat—are especially rich in the necessary 10 that 
must come from food. It is advisable then to include a liberal supply 
of animal proteins in the diet, and an especially liberal supply in the 
diet of children, since children are building new tissue at a very rapid 
rate. Many of the vegetable proteins, even those in fairly protein- 
rich products like whole cereals and legumes, are notably low in one or 
more of the amino acids that human beings must get from food. 

Partly because of this complicated amino acid situation, it is rather 
difficult to make general recommendations for the amount of protein 
an individual should have. A great deal depends on the amino acid 
make-up of the proteins eaten. Then, too, a fair amount of some 
proteins is not digested, especially if they are eaten uncooked. 

A good many years ago the protein consumption of thousands of 
people in many countries was carefully studied. It varied consid- 
erably, but in general it was quite high. This was taken to mean that 
people ought to eat a lot of protein. Then it was found that though 
protein can be used as fuel by the body, it involves a good deal of 
waste; starch, sugar, and fat are burned up almost 100 percent as fuel 
in the body, but only part of a protein is burned and the rest is elimi- 
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nated, mostly from the kidneys. Besides, protein is expensive com- 
pared with starch and sugar. So there was then a wave of recom- 
mendations for low-protein consumption—just enough, it was thought, 
to supply the need for body building and repair. Now the tendency 
is to settle down between these two extremes—to recommend consid- 
erably more than the very low figures, considerably less than the very 
high ones. This is probably right, at least until there is a good deal 
more accurate evidence from the modern work with amino acids. A 
fairly liberal allowance of protein gives a margin of safety that may 
contribute to health and general well-being. 

The Technical Commission of the Health Committee of the League 
of Nations recently recommended, in line with this trend, that an adult 
over 21 should get about 0.45 gram (about one-sixtieth of an ounce) of 
protein a day per pound of body weight. This is about 70 grams (a 
little less than 2¾ ounces) for a 154-pound man, and about 60 grams 
(a little over 2.1 ounces) for a 132-pound woman. A pregnant woman 
should get half again as much as the adult allowance after the fourth 
month; a nursing woman, twice as much. The allowance per pound 
of body weight is greater at younger ages. At the age of 17 to 21 it 
is half again as much as that of the adult; at 15 to 17 years, twice as 
much; at 5 to 15 years, 2% times as much; at 3 to 5 years, 3 times as 
much; and at 1 to 3 years, 3¾ times as much. According to the recom- 
mendations, the protein should be derived from a variety of sources, 
and part of it should be of animal origin. 

MINERAL NEEDS OF MAN 

Calcium and Phosphorus Requirements 

There is more calcium in the human body than any other mineral 
element. ^ Ninety-nine percent of it is in the bones and teeth, and 1 
percent circulates in the blood stream and permeates the soft tissues. 
But this 1 percent has very important functions in the blood, the 
muscles, the nerves. For example, the muscles that make the heart 
beat must be constantly bathed with blood or lymph containing a 
normal amount and proportion of calcium. 

Calcium is rather abundant in nature, yet there is a calcium prob- 
lem in nutrition because so many people no longer eat natural foods 
and because so many natural compounds of calcium are comparatively 
insoluble and therefore difficult for the body to use. One of the most 
common deficiencies in American diets, m fact, is a deficiency of 
calcium. In other words, it is necessary to use our brains to get 
enough calcium to build our backbones. 

How much calcium should we try to get in our diet? This problem 
has been rather carefully studied over a period of 30 years. 

It is possible to find the minimum needs of the body by balance 
experiments. After calcium has been used by the body it is excreted. 
Finding the lowest point at which the amount consumed will just 
balance the amount excreted from day to day should therefore show 
the minimum daily requirement of the body. In studies on a con- 
siderable number of adults over a considerable period of time, this 
minimum requirement ranged from 0.27 gram to 0.82 gram. The 
average of all the cases, by one method of interpretation, was 0.45 
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gram. Two other methods of interpretation gave higher averages? 
the highest being 0.55 gram. As a compromise between these ex- 
tremes, 0.50 or one-half of a gram a day may be accepted as the 
average minimum requirement of the normal adult. 

A margin of 50 percent must be added to this to allow for individual 
differences and the variations likely to be encountered in everyday 
foods. This makes a total of 0.75, or three-fourths, of a gram a day 
as the practical minimum—the figure now recommended by the League 
of Nations' Technical Commission on Nutrition. 

But this is the minimum—not necessarily what is best for health. 
Experiments with hundreds of rats throughout the entire life cycle 

of several generations show that increasing the calcium allowance up 
to a point well over twice the minimum requirement results in positive 
gains in physical well-being. Long study makes it scientifically con- 
vincing that human beings would probably respond in the same way. 
On this basis, it is a conservative conclusion that for the best health, 
the calcium requirement of the normal adult should be set at not less 
than 1 gram a day. This is twice the actual minimum of one-half of 
a gram but only a third more than the practical minimum of three- 
fourths of a gram. 

The Health Organisation of the League of Nations recommends that 
1.5 grams a day be considered the requirement for pregnant and 
lactating women. This is to allow for the needs of the growing em- 
bryo and the nursing child. These needs will be met by calcium drawn 
from the mother's own body if she does not take an additional supply. 

Though children are smaller than adults, they are growing and 
building bony structure that requires a relatively large amount of 
calcium. An extensive and intensive study of children 3 to 13 years 
of age indicates that their average requirement also should be set at 
1 gram a day to provide for these needs and for individual differences. 
At least one investigator has recommended higher amounts for chil- 
dren of 15 to 16. The League of Nations' Technical Commission on 
Nutrition recommends 1 gram a day as the standard. 

Phosphorus as well as calcium is necessary for the bones and teeth, 
but a much higher proportion of the phosphorus we consume is in the 
active tissues of the body rather than the bony structure, so that the 
daily turn-over is larger. It is not nearly so difficult, however, to get 
an adequate supply of phosphorus in the diet as to get an adequate 
supply of calcium. 

Balance experiments indicate that the need for phosphorus is in 
proportion to body weight. The average minimum requirement has 
been determined as 0.88 gram for a 154-pound man or woman. Add- 
ing 50 percent as before gives a practical minimum requirement of 
1.32 grams. This is generally accepted as the standard for adults. 
In the case of children, a recommended standard begins at 1 gram 
for boys under 8 and girls under 10 and increases gradually with 
increasing size up to the adult requirement. 

Iron and Copper 
The body of a healthy adult contains about one-tenth to one-seventh 

of an ounce of iron (3 to 4 grams). More than half of this is in the 
hemoglobin, or coloring matter of the red blood cells, where its func- 
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tion is to help in carrying oxygen to every cell of the body. Almost 
all the rest of the iron is in the liver, bone marrow, and spleen, waiting 
to be converted into hemoglobin as needed. Almost an ounce of hemo- 
globin is formed in the body every day to supply about a trillion new 
red blood cells. 

This work requires more iron than the food supplies. The addi- 
tional amount, over and above the food intake, comes from the daily 
destruction of old red blood cells. They give up their iron as they 
are destroyed, and it goes back to the bone marrow, which is a sort 
of hemoglobin factory, to be used again. However, the bone marrow 
cannot supply enough iron from broken-down red blood cells alone. 
When too little iron is taken in the diet, too little hemoglobin is man- 
ufactured, and the resulting disease is known as nutritional anemia. 
According to recent studies, a reserve supply of iron can be stored in 
the body if a generous amount is consumed in food. 

Almost twice as much iron must be taken in the food as is actually 
required. This is because a considerable part of the iron in foods is 
tied up in chemical compounds that cannot be used by the body. To 
say that a food contains so much iron is meaningless from the nutri- 
tional standpoint. Analyses should show how much available iron it 
contains—iron that the body can use. For example, the iron in apri- 
cots, egg yolk, and calves' liver is 100-percent available; that in whole 
grains, 95; that in prunes, peas, and orange juice, 75; that in beef and 
lamb, only 25. Foods with a high content of available iron as well as 
a high content of total iron should be stressed in the diet when it is 
desirable to get a liberal amount of iron. 

Again, individuals differ in their ability to utilize available iron and 
manufacture hemoglobin. In other words, some individuals need more 
iron than others to get the same results. There are also periods of 
unusual demand by the body and unusual losses. These factors make 
it advisable to get a generous supply constantly to furnish a margin 
of safety. 

The infant is born with a store of iron in its liver. This is exhausted 
at about the age of 6 months. Milk has a relatively low content of 
iron, and unless additional amounts are supplied, anemia may develop 
then, or perhaps around the age of 2 years. Border-line nutritional 
anemia is fairly widespread among children 6 months to 2 years 
of age. 

Apparently nutritional anemia seldom occurs in children 5 to 11 
years of age. Adolescent girls, however, sometimes develop a disease 
known as chlorosis, which is now diagnosed as a form of anemia. 
Girls between 11 and 14 need a high intake of iron. 

Getting enough iron is perhaps seldom a problem with men, and 
they rarely have anemia. 

The situation is apparently different with women. The average 
hemoglobin content of the blood of women is about 10 percent less 
than that of men. But it is difficult to raise the hemoglobin content 
at all above the average in the case of men whereas it is easy to raise 
it considerably in the case of women. This suggests that women may 
be quite commonly abnormally low in hemoglobin. Women usually 
eat less food than men and would therefore get less iron. Their peri- 
odic functions are accompanied by a loss of hemoglobin.   Anemia is 
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more prevalent among women than men. Altogether, there are indi- 
cations that women need more iron than men; one investigator be- 
lieves they need four times as much. Pregnant and nursing women 
need additional amounts; anemia occurs frequently during the latter 
part of pregnancy. 

Copper must be present with iron to form hemoglobin, although 
there is no copper in the hemoglobin itself. Most of the supply in 
the body is stored in the muscles, bones, and liver. In general, 
copper is found with iron in foods, so that there is little or no danger 
of a deficiency if the iron requirement is met. 

The following daily allowances of iron and of copper are suggested 
as a result of metabolism studies: 
Iron : 

Infant  0.36 milligram per pound of body weight. 
Preschool child   0.27 milligram per pound of body weight. 
Boys and girls 5 to 11 years 9-11 milligrams. 
Boys over 11 years    .13 milligrams. 
Girls over 11 years   13-15 milligrams. 
Man    12-15 milligrams. 
Woman before menopause    17 milligrams. 
Pregnant woman   20 milligrams. 
Nursing woman    17-20 milligrams. 
Woman after menopause    12-15 milligrams. 

Copper: 
Infant    1-1.5 milligrams. 
Child    1.5-2.5 milligrams. 
Adult   3.5 milligrams. 
Pregnant or nursing woman   3.5-4 milligrams. 

Iodine and Fluorine 

The thyroid gland contains a substance, thyroxin, which has 
powerful effects in regulating growth and the use of energy by the 
body. Iodine is a necessary element in thyroxin. Very little iodine 
is needed, but failure to get enough results in the disease known as 
simple goiter. Human beings get their supply of iodine from food 
products, which in turn have obtained it from soil or water. Sea 
foods are all rich in iodine. 

There is a considerable "goiter belt" in the United States where the 
soil and water are low in iodine. It stretches along the Appalachian 
Mountains to Vermont, through the Great Lakes Basin to the State 
of Washington, and southward over the Rocky Mountains and Pacific 
States. Preventing goiter in this region is a problem of supplying 
iodine in other ways than through food locally produced. Foods 
known to be rich in iodine may be used, or iodine may be added to the 
diet through the use of iodized salt—1 part of iodine to 100,000 parts 
of salt. The danger of ill effects from the latter method may be mini- 
mized by limiting the use of the salt to the first 20 to 30 years of life 
and periods of pregnancy and lactation. Methods are under investi- 
gation for adding iodine to the food supply by way of fertilizers for 
the soil and iodine-rich foods for dairy cows and hens, which would 
increase the amount in milk and eggs. 

Fluorine is poisonous to human beings in very small amounts. 
It affects the teeth, producing mottled enamel and structural weak- 
ness. The amounts ordinarily received in foods are not harmful, but 
in certain areas in 20 States in the West and Middle West, and in 
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several foreign countries, the water supply contains enough to be 
harmful. The effects are especially bad during the period of tooth 
formation, from birth to 12 years of age. An effective method for 
removing fluorine from water by filtering through ground bone has 
recently been developed by the Arizona Agricultural Experiment Sta- 
tion. It is based on the fact that fluorine has an affinity for bone 
calcium, with which it readily combines. 

Trace Elements 

Certain minerals and other inorganic substances are commonly 
called trace elements because they are found, in the body or in food, 
in very minute amounts, mere traces. With the ordinary chemical 
methods of analysis, the presence of many of them was never sus- 
pected. They were revealed by the spectrograph, an instrument 
used to show what the stars contain and to detect slight impurities 
in metals. Then it turned out that some of these trace elements in 
soils, in plants, in animal bodies, and in the human body, play an 
extremely important part in life processes. Without a little of some 
of them, animals and plants become diseased or die. But a little too 
much may also be fatal. Investigations in this field are only be- 
ginning. They have revealed tantalizing glimpses, fragments of facts, 
like a mystery story half told. The trace elements will be listed here 
with brief comments. 

Manganese: Found principally in the liver, pancreas, and the 
small glands (suprarenals) just above the kidneys. Rats deprived 
of manganese fail to reproduce normally; chickens have deformed leg 
bones (perosis). Apparently a little is necessary in the diet, but too 
much is poisonous. 

Cobalt: Found in most of the organs of the human body. In- 
creases the number of red corpuscles in the blood. Sheep suffering 
from the deadly ''coast disease" in New Zealand and Australia are 
cured by cobalt sulfate—an ounce a day for 4,000 animals. 

Aluminum: Generally distributed in the body. No one knows 
whether it is necessary or not. The average person gets about 1 
ounce in 6 years from food and cooking utensils. Not harmful in 
the amounts normally consumed. 

Magnesium: Apparently necessary for normal development. Ex- 
perimental animals deprived of it get convulsions and die. 

Zinc: Always present in human tissues, especially the sex organs 
and thyroid gland. Considerable amounts are stored in the liver of 
infants and in colostrum milk. Apparently necessary for normal 
development. 

Tin: Found in many body tissues, especially the suprarenal glands, 
liver, brain, spleen, thyroid gland, and mucous membrane of the 
tongue. Apparently no harmful effects from amounts ordinarily 
consumed. 

Arsenic: Found in most body tissues, especially the liver. The 
amount in the blood increases in pregnancy and in cancer. Perhaps 
traces are essential in human nutrition. 

Vanadium: Found in some foods. ^ Not poisonous to experimental 
animals in relatively high concentrations. 

Selenium: Causes the fatal ''alkali disease" of cattle in certain parts 
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of the West where it is concentrated in the soil and in some range 
plants.    Effects on human beings unknown. 

Bromine: Occurs normally in the blood; concentrated in the pitui- 
tary gland. Only half the normal amount is found in the blood of 
those suffering from a certain type of insanity (manic-depressive 
psychosis). 

Boron: Found universally in plants and probably significant in 
human nutrition. 

Nickel: Widely distributed in human tissues, especially the 
pancreas. 

Alkali metals: Caesium and lithium are occasionally found in animal 
tissues. Rubidium is widespread in the body, especially the liver. 
Unusually large amounts are found in the livers of infants dying from 
a certain constriction of the small intestine present at birth (congenital 
pyloric stenosis).    Perhaps rubidium is necessary for muscle growth. 

Barium, strontium, beryllium: Barium is always present in the eyes 
of cattle. Both it and strontium are occasionally found in human 
tissues. Excessive amounts of beryllium produce severe rickets in 
experimental animals. 

Silver, gold: Silver is most concentrated in the thyroid gland and 
tonsils; reported also in blood, liver, uterus, ovaries, heart, spleen, 
kidney. The presence of gold in human tissue has not been demon- 
strated. 

Cadmium, mercury: Mercury has been found in human liver and 
in a number of foods. Cadmium has not been reported in human 
tissues. 

Silicon, germanium, lead: Silicon is found in human tissues; causes 
a disease, silicosis, among workers inhaling large quantities. Ger- 
manium is reported in blood—stimulates the manufacture of red blood 
cells. Lead is fairly widespread in tissues; excessive quantities cause 
lead poisoning. 

Other trace elements about which even less is known include titan- 
ium, zirconium, cerium, thorium, antimony, bismuth, chromium, 
molvbdenum. 

VITAMIN NEEDS OF MAN 

Vitamin A 

Most people think of vitamin A as a yellow substance found in 
carrots, in green plants, and in certain animal products, including 
milk and fish-liver oil. Actually, however, plants do not contain any 
vitamin A. They do contain certain yellow materials—the carotenes 
and related substances—that can be converted into the nearly colorless 
vitamin A in the bodies of animals. 

When you eat carrots, then, you get no vitamin A; you get vitamin 
A "value" or vitamin A "potency" in the form of carotene that your 
body can use to make vitamin A. When you drink milk, you get 
vitamin A and also, usually, some carotene that has not yet been con- 
verted into vitamin A. When you eat egg yolk, you get some vitamin 
A and some yellow cryptoxanthin—related'to carotene—which can be 
converted into vitamin A. 

Within the animal body, the liver is the great storehouse for reserve 
supplies of vitamin A—hence the value of oils extracted from the livers 
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of fish. In plants, intense ^reen color—as well as intense yellow—is 
usually a sign of high carotene content. Egg yolks, cream, and bntter, 
on the other hand, may be very pale in color yet high in vitamin A 
itself as distinct from carotene. 

When animals are completely deprived of vitamin A, they cannot 
live very long after their own bodily reserves are used up. Short of 
complete deprivation, an inadequate supply plays havoc with the 
animal or human body. First the eyes are affected; they are unable 
to see well or perhaps to see at all in dim light—a condition known as 
night blindness, which, incidentally, may be disastrous to anyone who 
drives an automobile. Next, in more severe cases, comes extreme 
muscular weakness and changes in the epithelial or surface or skin 
cells, which become unable to function properly. These cells cover 
every surface of the body, outside and inside, including the nose, 
throat, lungs, and the other internal cavities and organs. They are 
the body's first line of defense against injury or against invasion by 
disease organisms; and when they are damaged, this defense is broken 
down. Finally, very acute stages of deficiency lead to xerophthal- 
mia—a serious eye disease that may cause complete and permanent 
blindness. 

There is a popular belief that vitamin A prevents infection—colds^ 
for example. This is not the present medical view. If the body is 
deficient in vitamin A, however, its resistance to infection is lowered. 
But if the body has a good store of vitamin A and the food supplies 
liberal amounts of this vitamin, a lot more vitamin A will not increase 
resistance to infection. 

The Bureau of Home Economics has been working with one of the 
newer methods for finding out how much vitamin A people need. It 
depends on the fact that the eyes are quite sensitive to lack of the 
vitamin. The subject looks into a device called a visual adapto meter, 
which first exposes his eyes to a bright light, then to darkness, then 
to a dim light. By varying the intensity of the dim light, the adapt- 
ability of the eyes can be measured. Several people have served as 
voluntary guinea pigs in this work, eating a diet in which the amount 
of vitamin A is accurately measured and rigidly controlled. It de- 
veloped that some subjects needed twice as much vitamin A as 
others—a difference greater than can be accounted for by differences in 
bodily size. Also, carotene was not as efficiently utilized as vitamin 
A itself. 

The average daily requirement of adults for vitamin A and caro- 
tene together is about 3,500 to 4,000 International Units. With a 
margin of safety of about 50 percent, it is estimated that an adult 
should eat foods that will supply 5,000 to 6,000 International Units of 
vitamin A daily. The best available information indicates that 
vitamin A needs can be met by using such combinations of foods as 
these daily: 

Infants—small doses of cod-liver oil, beginning at a very early age. 
Children 2 to 14 years—about 1 quart of whole milk; an egg or egg 

volk; butter; green, leafy vegetables; a half teaspoonful of cod-liver 
oil. 

Adults—a pint of whole milk; an egg; two pats of butter; one 
serving of a leafy green or yellow vegetable. 
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Pregnant or nursing women—a quart of whole milk; an egg; one 
serving of a leafy green or a yellow vegetable; 1 teaspoonful of cod- 
liver oil. 

Vitamin B1 

In the early days of vitamin research nutritionists interpreted their 
experiments to prove the existence of a factor in foods which they 
named "vitamin B." It was gradually demonstrated that this sub- 
stance was really a group of vitamins, like a lump of ore containing 
several minerals. So far they have isolated and synthesized vitamin 
B1; vitamin Bg or G, now called riboflavin; nicotinic acid; and vitamin 
B6. The presence of still other factors in this complex group of water- 
soluble vitamins has been indicated. Our knowledge of the need for 
these substances in human nutrition is rapidly progressing. 

Vitamin Bi was first synthesized in the laboratory in 1936 and 
given the chemical name £ithiamin chloride/' It is a crystalline sub- 
stance easily soluble in water and destroyed by heat. When present 
in foods it may be lost to some extent in the cooking process, owing 
to the effect of heating and to loss when the cooking water is discarded. 

The vitamin is widely distributed in foodstuffs because every living 
cell, plant or animal, apparently has to have some thiamin chloride. 
It combines with phosphoric acid to form a substance that plays a 
vital part in the process of releasing the energy stored up by the sun 
in carbohydrate foods. The vitamin, as it is manufactured by the 
plants, is stored in the seed, doubtless to be ready for use when growth 
begins. 

The characteristic disease resulting from vitamin Bi deficiency is 
beriberi. Among the early symptoms of beriberi are loss of appetite, 
nervousness, fatigue, stiffness. Later, the functioning of the heart 
may be affected; in wet beriberi the tissues swell up; in dry beriberi 
there are changes characteristic of a chronic form of the disease; in 
acute pernicious beriberi there is enlargement of the heart. The 
nervous disturbance—or polyneuritis—associated with beriberi may 
result in loss of control of the muscles and in uncoordinated, jerky 
muscular contractions. When beriberi is not acute, the symptoms 
may be vague and hard to define. Again, beriberi may be complicated 
by other nutritional deficiency diseases, since lack of vitamin Bi 
affects the appetite and can easily cause a reduced consumption of 
several essential things in the diet! 

One of the landmarks in the history of modern nutritional science 
was the curing of an outbreak of beriberi in the Japanese Navy in 
1883. These sailors were living on a diet of polished rice and dried 
fish. When they were fed meat, vegetables, and milk in addition, 
there was no more beriberi. Later, it was found that the part of the 
rice that was thrown away—the outer coat and the germ—contained 
the substance that would have prevented beriberi in the first place. 
Rice polishings, wheat germ, and yeast are all potent sources of 
vitamin Bi. 

As with all deficiency diseases, beriberi can be prevented and cured 
by a well-balanced diet. The amount of vitamin B] an individual 
requires is associated with the amount of energy he uses—or more 
strictly, the amount he uses from carbohydrate and protein foods, 
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since thiamin chloride is tied up with the utilization of energy from 
these foods by the body cells. There is little agreement on the 
amounts of the vitamin necessary for the best of health, and some 
uncertainty about even the minimum requirements. The experi- 
mental use of pure crystalline vitamin Bi will doubtless help to clear 
up the problem. Meanwhile, the following daily requirements are 
suggested from present evidence: 

Infants—not known; it has been estimated that infants under 6 
months normally obtain not more than 50 International Units of vita- 
min Bi daily from mother's milk. 

Children—same range as adults, depending on the amount of carbo- 
hydrate food utilized, which in turn depends on body weight and 
activity. 

Adults—135 to 450 International ünits; depending on energy utili- 
zation (more liberal estimates run as high as 700 International Units). 

Pregnant and lactating women—600 to 700 International Units, or 
20 International Units per 100 calories of food consumed. (Fatal cases 
of infantile beriberi have been known to result from an inadequate 
supply of vitamin Bi in the milk of mothers on a very deficient diet.) 

Clinical conditions—an increased supply is probably needed as a 
result of high fever, an overactive thyroid gland, and diseases involving 
a large loss of water such as diuresis and diarrhea. 

Vitamin C 

That there is something in citrus fruits and green vegetables that 
prevents scurvy has long been known; sailors were called limeys 
in England because on long voyages they sucked the juice from limes 
to avoid the scurvy resulting from a limited diet. Modern nutri- 
tionists named this scurvy-preventing substance vitamin C. It was 
first synthesized in the laboratory in 1933 and now has the chemical 
name of ascorbic acid—equivalent to antiscurvy acid. 

Research workers in nutrition keep getting a little closer to an 
understanding of the part played by vitamins in fundamental body 
processes. The picture is very incomplete as yet, but it is slowly 
being pieced together, and some day it will be a fascinating panorama 
of life. In the case of vitamin C, the picture shows that certain cells 
in the bones and teeth and elsewhere are surrounded by a firm jelly- 
like or cementlike substance, and that when the body is deprived of 
the vitamin, this substance becomes thin and watery. It is no longer 
effective in holding the cells in place. Housewives will be reminded 
of the function of pectin in jelly making. Ascorbic acid seems to act 
something like that in the body. 

It is also an oxidizing-reducing agent—that is, it readily combines 
with either oxygen or hydrogen—and this may be important in its 
body functions, perhaps accounting for the fact that it is necessary 
for the proper functioning of a substance in the blood (the blood- 
serum complement) that acts as a primary defense against infections. 
After ascorbic acid has taken on a load of oxygen, it is no longer active. 
This means that it can easily be destroyed or damaged by exposure 
to the air. 

Some animals—among them poultry, swine, and cattle—manu- 
facture their own vitamin C.    Others, including man, monkeys, and 
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guinea pigs, must get it in their food. When they do not, several things 
happen. Diseases that would otherwise be resisted become dangerous ; 
the walls of small blood vessels are weakened and break easily, pro- 
ducing small hemorrhages, called petechiae, under the skin; joints 
stiffen and feel sore; gums swell and bleed, and teeth loosen; wounds 
heal with difficulty, even when they are not infected. 

These are symptoms of a severe shortage of vitamin C. A milder 
deficiency may affect health without any very obvious outward signs. 
The general lassitude sometimes called spring fever, for example, may 
be a result of vitamin C deficiency. Continued, unaccountable rest- 
lessness and irritability in infants and young children may be a sign 
of deficiency. 

Earlier knowledge of vitamin C requirements came from guinea pig 
experiments. Within the past 8 years, work has been done directly 
with human beings.    Three methods are used. 

(1) An instrument that puts the blood under pressure is applied 
to the upper arm. If petechiae appear, the subject may be suffering 
from a shortage of vitamin C. The amount that will just prevent 
these tiny hemorrhages can be determined. But it is a minimum 
requirement. It takes a rather severe shortage, such as may occur 
in diets in northern countries in the winter, to produce petechiae. 

(2) The amount of ascorbic acid excreted in the urine of a subject 
is measured. The difference between this and the amount taken in 
the diet presumably measures what is used by the body (though not 
exactly; there are unaccountable losses). The amount that will just 
keep the body in equilibrium, with the intake equaling the outgo, 
can be determined.    But this too is a minimum requirement. 

This method can also be used to measure what may be an optimum 
requirement, or the amount most favorable to health. The urinary 
excretion of vitamin C is measured before and after very large test 
doses of the vitamin have been given. Not until the body is com- 
pletely saturated with all the vitamin C it can hold will there be a 
sudden large increase in the amount appearing in the urine after a 
test dose. Some authorities think this saturation point represents 
the body's optimum requirement. In the case of a guinea pig, satura- 
tion is not reached until the animal is consuming all the green food it 
will naturally eat on a freely chosen diet. 

(3) The vitamin C content of the blood is measured while the 
subject is in a fasting condition. Within limits, this indicates the 
vitamin C status of the body as a result of the diet before fasting. 

From these tests and other data, tentative standards for human 
vitamin C requirements have been worked out, though it must be 
said that there is no universal agreement about optimum allowances 
as yet. Considerable evidence also exists indicating that excep- 
tionally large amounts of vitamin C are needed in certain clinical 
conditions—for example, gingivitis (bleeding gums) and pyorrhea, 
stomach ulcers, wounds, rheumatic fever, pulmonary tuberculosis, 
diphtheria, pneumonia. Does vitamin C play a part in preventing 
as well as curing some of the infectious diseases? There is growing 
evidence that it does, though just how no one knows. 

The suggested requirements given below are in terms of milligrams 
of ascorbic acid.    One teaspoonful of orange juice contains about 2% 
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milligrams of the pure vitamin; 1 tablespoon ful, about 7 M milligrams; 
1 fluid ounce, about 12% milligrams; X cupful (4 fluid ounces), about 
50 milligrams; 1 cupful (8 fluid ounces), about 100 milligrams. Grape- 
fruit juice and lemon juice have about the same vitamin C content 
as orange juice; tomato juice has about half as much ; pineapple juice 
a fourth to a third as much. There are other fruits, and many 
vegetables, that are good sources of vitamin C. 

Infants, from birth to 9 months—minimum, 10 milligrams; sug- 
gested optimum, 50 milligrams. (These figures are based partly on 
the amounts normally received by infants from breast milk with a high 
vitamin C content. In many cases, breast milk is low in vitamin C. 
There is often need to give additional vitamin C while the infant is 
nursing.) 

Children, 9 months to 6 years—minimum, beginning with 10 milli- 
grams, increasing gradually to 20 milligrams; suggested optimum, 
beginning with about 50 milligrams, increasing gradually to about 
100 milligrams. 

Older children—no data available; the amounts for adults are sug- 
gested. 

Adults—minimum, 28-30 milligrams; suggested optimum, 100 
milligrams or more. 

Pregnant and lac ta ting women—minimum, at least 80 milligrams. 
Elderly people—minimum, 50 milligrams. (This is more than the 

minimum suggested for younger adults. There is evidence that 
elderly people cannot become adjusted to a shortage so well as younger 
people.) 

Vitamin D 
Sterols are organic compounds that occur in all natural foods. 

When certain sterols are exposed to ultraviolet light, they become 
vitamin D ; and the vitamin D in some way helps the body to use cal- 
cium and phosphorus, which make bones and teeth. (There must be 
enough calcium and phosphorus, of course, for the vitamin to work 
with.) 

When a human being receives enough exposure to sunlight, then, he 
needs no vitamin D except what is formed by the sun from the sterols 
in his skin. He may even store up a reserve as a result of exposure 
during the summer. But with modern indoor living and smoky 
atmospheres, not enough ultraviolet light may reach the skin to create 
sufficient vitamin D. Then it is necessary to supplement the body's 
natural supply,    A commonly used supplement is fish-liver oil. 

A shortage of vitamin D or of calcium and phosphorus in infancy 
and early childhood means that the soft cartilaginous bone will not 
be converted into firm hard bone, and the bony framework of the 
body will not grow properly. The condition that results is called 
rickets—a disease that has been quite widespread in this country in 
the past, and that is still an ever-present menace. 

Most of the work on human vitamin D requirements has been done 
with infants and young children because there is no adequate criterion 
of deficiency in older children or adults. There is some evidence to 
indicate that a considerable amount is needed to prevent decay of 
the teeth in older children and adolescents, especially during the winter 
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and spring. Some authorities believe that adults do not require any 
vitamin D in their diet except in the case of pregnant and lactating 
women, who must supply the needs of a new body. 

Legal standards for the vitamin D content of cod-liver oil require 
that 1 teaspoonful shall contain 312 U. S. P. (United States Pharma- 
copoeia) units as a minimum. It is possible to take too much vitamin 
D. According to the best knowledge now available, the daily vita- 
min D requirements in U. S. P. units, for individuals of various ages, 
are: 

Infants: U. s. P. Units 
Artificially fed       300-800 
Breast-fed       300-400 
Premature       600-800 

Children and adolescents       300-800 
Adults    Unknown. 
Pregnant and lactating women .       300-800 

Vitamin E 

About 15 years ago it was found that rats failed to reproduce unless 
there was a substance that was named vitamin E in their diet. The 
female conceived, and the fetus grew to a certain stage of development; 
then it was usually resorbed in the uterus. The males failed to pro- 
duce living spermatozoa, and there were changes in the tissues of the 
testes. Goats, however, have reproduced successfully for five gener- 
ations on diets apparently completely free of vitamin E. 

There is no certain evidence that human beings need this vitamin. 
Studies indicate definitely that wheat-germ oil—a rich source of the 
vitamin—is of no value in treating sterility. Reports published in 
Europe indicate that it was beneficial in about three-fourths of the 
cases of habitual abortion treated. Habitual abortion is repeated 
abortion in the early stages of pregnancy. It is not of common 
occurrence. 

Vitamin E occurs widely in common foods, and a deficiency would 
not be likely to occur. 

Vitamin G (Riboflavin) 
Vitamin G or Bg is one of the compounds found in the original 

vitamin B complex. It has now been identified as a crystalline sub- 
stance containing a sugar (á-ribose) and a yellow coloring matter 
(flavin), and it has been given the chemical name riboflavin. It was 
first produced synthetically in the laboratory in 1935. 

Like vitamin Bi, riboflavin apparently combines with phosphoric 
acid and a protein to form an enzyme, which is said to be present in 
every living cell and is concerned with oxidation—the burning of fuel 
for living processes. It is therefore of fundamental importance. It 
is most abundant in organs in which rapid chemical changes take 
place—liver, kidney, heart, germ of the seed, green leaves—though it 
is found in greater or less abundance in many common foods, includ- 
ing milk, eggs, meat, fruits, vegetables, and grains. 

When rats are deprived of riboflavin, their hair falls out, their skin 
becomes inflamed and swollen (dermatosis), the tips of their toes 
drop off. According to a recent description, a severe deficiency in 
man also produces an inflamed and scaly condition of the skin around 
the corners of the mouth, the base of the nose, and the ears. 
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Work by Sherman with rats indicates that a very liberal allowance 
of riboflavin over the amount necessary to prevent the first sign of 
deficiency is worth while in terms of increased healthfulness. Prob- 
ably any well-balanced diet including a large variety of unrefined 
foods would provide a liberal allowance for human beings. 

The Pellagra-Preventive Factor 
The substance that prevents and cures blacktongue in dogs and 

pellagra in humans was first chemically isolated in 1937, and was 
found to be nicotinic acid amide. In the body, this substance func- 
tions as a part of an enzyme, necessary in the fundamental life proc- 
esses whereby energy is released from food for use by the body. For 
this function, nicotinic acid combines with phosphoric acid, a purine, 
and a sugar. 

That the diets of pellagrins are deficient primarily in this substance, 
nicotinic acid, was discovered in the search for a cure for blacktongue 
in dogs, a disease so much like human pellagra that what will cure one 
will cure the other. 

Pellagra is primarily a disease of ill-fed people. Thirty percent of 
the population of Egypt have been known to be affected; 400,000 
cases annually have been reported in the United States; 10 percent of 
the inmates of asylums in the South have been mentally affected as a 
result of pellagra. 

The disease affects the skin as symmetrical areas that become red, 
roughened, scaly, and horny. It affects the digestive system; the 
tongue and the linings of the mouth and throat are inflamed; then 
the tongue and the linings of the mouth and the stomach become swollen 
and ulcerated; there may be a lack of hydrochloric acid in the stomach, 
and severe diarrhea. It affects the nervous system; there is nervous- 
ness, dizziness, headache, numbness or paralysis of the extremities, 
degeneration of the spinal cord, loss of coordination, mental depres- 
sion, and finally hallucination, delirium, and insanity. 

This is the result of an inadequate diet, whether it is corn pone, 
sirup, and sowbelly or some other combination used by the ill-fed. 
These diets are deficient in nicotinic acid ; the effects of administering 
this substance are dramatic and evident in a few days. The real 
preventive, however, is an all-round good diet. Because the diet 
that causes pellagra is a very poor one, other deficiencies than nico- 
tinic acid—notably vitamin Bi and riboflavin—are likely to be in- 
volved, and the disease is commonly complicated by these other 
deficiencies. 

Human requirements for nicotinic acid are not known with any 
certainty. Foods that have high pellagra-preventive value, accord- 
ing to the studies made by Goldberger and his associates of the 
United States Public Health Service, who did pioneer work in this 
field, are yeast, milk, wheat germ, lean meats, liver, tomato juice, 
green vegetables, peas, and peanut meal. 

FOOD COMPOSITION 

Tables showing the composition of foods, painstakingly compiled 
from the results of hundreds of separate analyses made in many 
scattered laboratories, are the basis for all dietary calculations.    With 
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these tables it is possible to plan diets that will meet certain nutri- 
tional standards, or to analyze the diets that people are actually using. 
Some tables show proximate, or approximate, composition—that is 
the amounts of water, protein, carbohydrate, fat, and total minerals 
in foods. Others deal with separate minerals and still others with 
vitamins. 

The first extensive tables of proximate composition were made by 
Atwater and Bryant in 1896. They are still used, along with others 
more recently prepared. New tables that bring the material up to 
date and include many foods not formerly listed are ready for pub- 
lication by the Department of Agriculture. ^ 

In making analyses for proximate composition, the amount of water 
is determined by accurately weighing the material before and after 
drying, to see how much water it loses. Protein is determined by 
first finding how much nitrogen the food contains. This is multiplied 
by a certain figure—usually 6.25, since nitrogen is about 16 percent of 
most proteins—which gives a working estimate of the total amount 
of protein present. (It is necessary to go through a much more elabo- 
rate analysis to determine what kinds of protein a food contains.) 
Fat is determined by dissolving it out of the food with ether—hence 
fat is sometimes referred to as ^ether extract.^ Total minerals are 
determined by burning the food completely and weighing the ash, 
since minerals are not destroyed by burning. Minerals are therefore 
often referred to as "ash." Carbohydrate is determined by figuring 
what is left over after these four other substances are determined— 
hence it is sometimes called "total carbohydrate by difference." 
Some analyses, however, break down the carbohydrates into sugars, 
starches, and crude fiber. 

Obviously some of these methods give results that are not strictly 
accurate. There are other sources of error in food tables. For ex- 
ample, the amount of certain minerals differs in different varieties of 
some fruits and vegetables, or at different stages of maturity ; the 
amount of calcium in green cabbages is much greater than in white, 
for instance. Or the total amount of a mineral may not tell at all 
how much is available for use by the body. For example, in some 
vegetables calcium becomes tied up in an unusable compound with 
oxalic acid, and in iron-rich foods some of the iron may be in forms 
that cannot be used. 

For these and other reasons, food-composition tables leave much 
to be desired from the standpoint of complete accuracy. In most 
cases this does not seriously interfere with their usefulness because of 
the large quantities of different foods eaten by the average individual 
over a considerable period of time, which tends to iron out minor 
errors. New or more refined analytical methods are needed in some 
instances, however, and food-composition data in general would 
benefit if more analyses were made with the nutritionist's needs in 
mind. 

Existing data on the quantities of calcium, phosphorus, and iron in 
foods are by no means so complete as those on moisture, protein, carbo- 
hydrate, fat, and ash, and in many cases they are relatively crude 
approximations. They give enough information, however, to indi- 
cate what foods are excellent or good sources of each of these minerals. 
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to determine in general whether a given diet is too low in any one of 
them, and to plan diets with safe allowances. Lists of foods rich in 
calcium, phosphorus, and iron are given in the article on Food 
Composition. 

No summary of the analyses of other minerals has been made by 
the Department of Agriculture, partly because the data are very mea- 
ger, partly because most of these minerals occur so commonly in foods 
that dietary deficiencies in any one of them, so far as human beings 
are concerned, probably occur only under special conditions. These 
minerals include sodium, potassium, magnesium, copper, cobalt, 
manganese, zinc, arsenic, sulfur, chlorine, iodine, and bromine. 

VITAMIN CONTENT OF FOODS 

The existence of the vitamins has been known for only 25 years 
or so, and only within the last few years has it been possible to see 
or touch any of them in a pure form; previous to that they were 
mysterious invisible things known only by their effects. Practically 
all of the analysis of the vitamin content of foods was carried out 
while they were still mysterious and invisible, when the only way to 
measure them was by their results in promoting growth or in curing 
certain disease conditions in animals—a most difficult and tedious 
method. It is not surprising, then, that measurement of the vitamin 
content of foods has been somewhat uncertain, though it is rapidly 
improving today. A considerable amount of information has been 
collected, however, and at least it is possible to say in most cases 
whether a certain food is an excellent, good, fair, or poor source of 
any one of the better known vitamins. This is frequently enough 
for practical purposes, though the professional nutritionist needs to 
know actual quantities. 

Lists of the more common foods that are good sources of vitamins 
A, Bi (thiamin), C (ascorbic acid), D, G (riboflavin), and nicotinic 
acid (which is apparently the anti-pellagra substance) are given in the 
article on Vitamin Content of Foods. In general, it may be said 
that yellow-colored and green-colored vegetables and fruits are rich 
sources of carotene, which becomes vitamin A in the animal body, 
and that liver, egg yolk, butter, cheese, and fish-liver oils are rich in 
vitamin A itself. 

Very few foods except fish-liver oils, egg yolk, and some fish natu- 
rally contain much vitamin D, though it is now put into some foods 
in two or three different ways. 

Citrus fruits and tomatoes are commonly thought of as the out- 
standing sources of vitamin C, but a good many fruits and vegetables 
contain considerable quantities, and it is quite possible to make up 
for the lack of citrus fruits and tomatoes by good meal planning. 

The richest sources of thiamin are whole-grain products, pork, 
chicken, kidney, liver, green peas and green lima beans, peanuts, and 
dried peas and beans, but a considerable number of vegetables, fruits, 
and nuts are fair sources. 

Milk, eggs, meat, green leafy vegetables, whole cereals, and legumes 
all furnish liberal quantities of riboflavin. 

The foods that contain nicotinic acid in liberal amounts are in 
general lean meats,  chicken,  liver,  milk,   buttermilk,   and   certain 
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green leafy vegetables and legumes. Tomato juice is also listed among 
the foods useful in treating pellagra. 

Different varieties of the same fruit or vegetable vary in vitamin 
content, which is also affected in some cases by maturity, and in 
the case of animal products, by feeding practices. Storage quite 
commonly results in some loss of certain vitamins, and so do some 
methods of processing. Finally, cooking may be responsible for 
considerable losses unless care is taken to preserve the vitamin values. 
A few of the more important precautions the housewife can take are: 

Not to stir air into foods while cooking; not to sieve them while 
hot; not to use soda in cooking green vegetables; not to use long 
cooking processes when shorter ones are possible; not to fry foods 
valuable for vitamins Bi or C; not to use the open-kettle method 
for canning and preserving; and on the positive side—use as little 
water as possible; bring foods to the boiling point quickly; use the 
cooking water for soups, sauces, and gravies; prepare chopped fruit 
and vegetable salads just before serving; begin cooking frozen foods 
while they are still frozen; serve raw frozen foods immediately after 
thawing. 

PRESENT-DAY DIETS IN THE UNITED STATES 

From the practical standpoint, all of the modern work in human 
nutrition may be summed up as an attempt to answer three ques- 
tions: What do we need in order to be well nourished? Do we get 
what we need?   If not, how can we get it? 

A clearer answer than we have yet had to the second question—do 
we get what we need to be well nourished?—can be found in two recent 
extensive surveys of the food-consumption habits of American families. 

In a nutshell, this answer is that all too many families in the United 
States have poor diets; some have fair or passable diets; and only 
relatively few have really good diets. 

All such surveys are based on samples of the population. These 
surveys covered various regions throughout the country. None of 
the families included were on relief. One study represented various 
income levels, from low to high, and took in native-born groups on 
farms, in villages, and in small and large cities. The other included 
families of employed workers in cities only. There is every reason 
to believe that each sample of families was fairly representative of 
the population group studied. 

The standards for rating the diets as good, poor, or fair were based 
on the best information available from many sources. They can 
probably be considered conservative. Eight nutrients vital to health 
were included in these standards—protein, calcium, phosphorus, iron, 
vitamin A, vitamin Bi (thiamin), vitamin C (ascorbic acid), and 
vitamin G (riboflavin). 

To be rated as good, a diet had to contain not less than a certain 
definite quantity of each of these nutrients—not so large a quantity, 
incidentally, as some nutritionists advocate for a top diet. A diet 
was rated as fair if it contained not less than a certain minimum of 
each of the nutrients—a minimum considered necessary to escape real 
nutritional dangers. A diet with less than this minimum of one or 
more nutritive elements was rated as poor. 

141394°—39 4 
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In estimating the nutritional needs of a family, the age, sex, and 
degree of activity of individuals were taken into account. The quan- 
tities of the nutrients in the foods consumed were computed from 
standard tables used by nutritionists. 

Farm families made a somewhat better showing, on the whole, than 
city and village families. Nutritionally, the difference between a 
good or fair diet and a poor diet appears to be related to the quan- 
tities of protective foods consumed—milk, eggs, vegetables, fruits. 
Farm families in general had more of these foods because they are so 
commonly produced on the farm for home use. Even so, farm diets 
frequently failed to include enough fruits and vegetables. Village 
families fared worst, perhaps because they neither produce for home 
use nor have large city markets available. 

A common cause of failure among city and village families to get 
enough protective foods is a lean pocketbook—at least so far as low 
expenditure for food is a sign of a lean pocketbook. For example, in 
North Atlantic cities, families spending $4 a person a week for food 
bought five times as much citrus fruit and three times as much of the 
leafy, green, and yellow vegetables as those spending $1.60 a person. 
In general, purchases of milk, butter, eggs, meats, and succulent 
vegetables went up as food expenditures increased. 

On the other hand, the reason for poor diets is by no means entirely 
economic. For example, there were enough actual cases to prove 
that a diet rated good could be bought by city and village families for 
as little as $2.50 a person a week. Some 65 percent of the city and 
village families surveyed were spending at least this much, but not 
many of them bought really good diets. 

Tt is perhaps fair to assume that if something over 3 out of 10 city 
and village families spend too little to get a really good diet, another 
equally large group fails because families do not know enough about 
nutrition or are not good enough managers to get anything but a 
poor or fair diet. 

But in defense of the housewife it should be added that it is a more 
discouraging job, and it takes more wisdom and ingenuity, to get a 
good diet when expenditures must be quite limited than when they 
can be generous. 

Certain regional and other differences were brought out by the 
survey. For example, families in Pacific coast cities use more citrus 
fruits, succulent vegetables, and milk (even so, only a pint a person, 
children included) than any other group studied. Southern Negroes 
use more fish, pork fat, and watermelons than anyone else. 

Long-time trends in food consumption in the United States show 
increases in the use of certain protective foods, notably citrus fruits 
(a phenomenal rise), milk, and some of the vegetables. The con- 
sumption of meat has declined somewhat. Among foods notable as 
cheap sources of food energy, the consumption of sugar has increased 
and that of grain products and potatoes has decreased. 

PLANNING FOR GOOD NUTRITION 

Anyone could easily arrange a good diet if it were possible to tell 
by looking at, tasting, or smelling a food what vitamins, minerals, 
and other nutrients it contains, and how much.    Since this is not 
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remotely possible, the average person bent on achieving good nutrition 
must either figure out a diet from elaborate food-composition tables, or 
accept the recommendations of reputable nutritionists. And the 
nutritionists have their own troubles trying to put what they know into 
practical terms that almost anyone can use in planning daily meals. 
Unless that can be done, research in nutrition is more or less academic. 

One of the most useful methods so far devised is the four-diets plan 
worked out by the Bureau of Home Economics. The central idea in 
this method is that practically all of the scores or hundreds of foods 
people eat can be divided into a dozen broad groups, each of which 
makes some major contribution to our needs. In arranging a diet, it 
usually does not matter much what particular foods we choose from 
each group, so long as we keep the right combination of groups in 
the right amounts; and these combinations and amounts are given in 
the diet recommendations. Twelve major groups are used: (1) Milk 
and milk products; (2) potatoes and sweetpotatoes; (3) dry, mature 
beans, peas, and nuts; (4) tomatoes and citrus fruits; (5) leafy, green, 
and yellow vegetables; (6) other vegetables and fruits; (7) eggs; (8) 
lean meat, poultry, and fish; (9) flours and cereals; (10) butter; (11) 
other fats; (12) sugars. 

This has several advantages. It gives people a wide choice among 
individual foods, so that if they do not like a particular food, or if 
they cannot afford it, or if it is temporarily scarce and high-priced, 
they can take some other food from the same group and still be sure 
that the diet as a whole is properly balanced. In other words, 
arranging a diet by quantities of food groups permits the maximum 
flexibility without being so loose and vague that there is danger of 
missing something important, or so specific that only a few people 
would follow the recommendations. 

But even this would not be enough to suit all income levels. Not 
only do individual foods differ in price; some groups of foods always 
tend to be higher priced than others because of the economics of pro- 
duction. People who have very little to spend for food are practi- 
cally compelled to cut down on the milk-and-tnilk-products group, 
the egg-meat-fish group, and the citrus-tomato group, for example, 
and to place more emphasis on flour and cereals, potatoes and sweet- 
potatoes, and dry legumes and nuts. And the more this kind of sub- 
stitution is necessary, the harder it is to arrange a diet that will give 
real protection against those ills that come from getting too little of 
some very important mineral or vitamin. For, broadly speaking, the 
foods that tend to be more expensive are often the ones that are 
richest in these vital protective elements. 

This is the reason why there are four diet recommendations rather 
than only one. 

One plan is called uan expensive good diet"; it includes liberal 
quantities of the more expensive—and in general more highly pro- 
tective—food groups. Even here, it is possible to be comparatively 
economical, or to go in for the highest-priced foods or those especially 
valued for certain qualities of flavor. 

Another plan is called "a moderate-cost good diet." Nutritionally, 
this is about equal to the more expensive good diet, but it is worked 
out with economy definitely in mind. 
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Another plan is called "a low-cost good diet." Here the quantities 
of certain protective foods are less liberal, but the diet is still definitely 
good. 

Each of these three plans allows a margin of safety that, according 
to modern knowledge, will contribute to better-than-average health. 

Finally, there is ^an economical fair diet." The use of the word 
"fair" instead of "good" is the significant point here. In this diet the 
quantities of protein and of important minerals and vitamins are con- 
siderably closer to the minimum necessary for protection than they 
are in the good diets. The fair diet is considered adequate for pro- 
tection, but it is highly probably that any diet below this level, followed 
for any length of time, would be dangerous to health in one way or 
another.    Yet many people are below this level habitually. 

The four recommended diets are given in four tables in the article 
on Planning for Good Nutrition and cannot be repeated in this brief 
summary. The tables show the quantities of each of the 12 food 
groups for individuals of different ages and degrees of activity, so that 
they can be used in making plans for an entire family. They can also 
be used as a basis for bringing food production at home definitely in 
line with good nutritional standards. 

These dietary recommendations are not to be considered as ideal. 
Some nutritionists would undoubtedly go beyond them in certain 
respects. But the recommendations are based not only on what is 
desirable, but on a painstaking study of existing American food habits, 
which affect both our production and our markets. The suggested 
plans take these habits into consideration instead of recommending 
what might be ideal but not in line with our habits. 

Two things should be kept in mind as a result of the great mass of 
modern nutritional research. The first is that free choice of foods is 
not a safe guide to good nutrition at any economic level unless it is 
backed by understanding, any more than instinct is a safe guide to 
avoiding disease. Knowledge is necessary, and the well to do as well 
as the poor can lack this knowledge and suffer from nutritional defi- 
ciencies as a result. The second is that good nutrition cannot be 
attained without going to some trouble and taking thought. Even 
the simplest rule-of-thumb method requires some trouble in meal 
planning. Until we are all so accustomed to right eating that it 
becomes practically automatic—if that is possible—we shall have to 
use just as much care here as we do in other things that are vital to 
health. 

MICRO-ORGANISMS IN FOODS AND FOOD PRESERVATION 

Micro-organisms spoil foods, and they are also used to make and 
preserve foods. In one sense even the spoilage organisms are bene- 
ficial. They take part in the process of decay by which the earth 
gets rid of surplus material and uses it over again for new living things. 

Fruits are attacked principally by yeasts and molds, which can 
tolerate the fruit acids. Cold storage, which slows up the living 
processes in the picked fruit and retards micro-organisms, is the 
principal method of preservation, though wrapping and surface 
coating are also used. Fruit juices are attacked by molds, and they 
are also fermented by yeasts, which convert their sugar into alcohol 
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and carbon dioxide; then bacteria convert the alcohol into acetic 
acid. Pasteurizing, filtering, and freezing are used to prevent these 
spoilage processes. In the case of vegetables, bacteria and molds 
are the attacking organisms; some of the bacteria convert soluble 
sugar into sour-smelling lactic acid. Fresh vegetables should be 
handled rapidly, kept cool with a free circulation of air, and not 
placed in large containers or piles. 

In the case of frozen foods, the secret of preventing spoilage lies 
almost entirely in using absolutely fresh products and handling them 
properly before freezing and after thawing. In the case of canned 
foods, improper processing permits certain micro-organisms to sur- 
vive, including bacteria that produce gas, which swells the can, and 
others that produce acid, which turns the food sour. Eggs that are 
improperly handled may become heavily infected with bacteria, which 
cause decomposition. Eggs to be broken and frozen must be handled 
with special care. Milk is readily soured by lactic acid bacteria or 
otherwise spoiled by micro-organisms. The preventives of spoilage 
are sanitary handling, cold, and pasteurization. Meats can be kept 
comparatively free of spoilage by proper cold-storage methods, and 
by salting, smoking, drying, and freezing. 

The use of micro-organisms in the manufacture and preservation 
of foods includes wine and beer making by controlled fermentation 
with yeast; vinegar making with bacteria that convert alcohol into 
lactic acid; bread making with yeast, which produces carbon dioxide 
that causes the dough to rise; the making of pickles and sauerkraut 
with bacteria that convert sugar into lactic acid; cheese making with 
bacteria and, in some cases, molds; butter making with lactic acid 
bacteria that turn the cream sour; and the production of various 
sour and fermented milk drinks. In many of these processes, the 
particular micro-organism used produces a distinctive flavor that is 
valued in the finished product. 

ENZYMES IN FOODS AND FOOD PRESERVATION 

In general, the same precautions used to prevent spoilage by micro- 
organisms are also used to prevent spoilage by enzymes. Whereas 
micro-organisms must enter food materials from the outside, enzymes 
are chemicals that are already present in the food; in fact, they are a 
part of it, necessary to life processes. After the death of the food 
material many of these enzymes continue to function, causing the 
food substances to disintegrate—a process known as autolysis or 
self-digestion. 

Fruit is still alive when stored, and it continues to take in oxygen 
and give off carbon dioxide at an increasing rate until it is fully 
ripe and to undergo internal chemical changes. The "breathing" or 
oxidation depends on enzymes. In the process, heat is produced. 
A great deal of heat may be produced in a cargo of fruit, and it builds 
up rapidly. For this reason, precooling is extremely important to 
slow down respiration before shipping or storage and minimize the 
build-up of heat. A high concentration of certain gases—carbon 
dioxide or ethylene—will also slow down respiration. 

Meat is dead when stored and does not respire, but enzymes cause 
other changes, among them the decomposition of protein and of fat. 
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Both low temperature and carbon dioxide are used to slow down the 
decomposition processes. In a recently developed method, the meat 
is encased in a tight-fitting rubber bag. 

Eggs deteriorate very rapidly and should be brought to a low tem- 
perature as soon as possible after being laid. A few hours at this 
time may mean a difference of several weeks of possible commercial 
storage. It is also important to prevent evaporation in eggs, since 
this increases the size of the air cell and lowers the candling grade. 
Low temperatures (above freezing) are used for egg storage, as well 
as carbon dioxide. The shells may also be coated with oil to seal 
the pores. Sometimes air is pumped out of the egg with a vacuum 
pump before the oil is applied. 

The whole problem of food storage is extremely important for man 
because of its effect on economy of production and on assuring a con- 
tinuous and convenient food supply. Scientific research has made 
possible many things that could not be done in the past, but there is 
little doubt that the future will see achievements in safe storage that 
may be even more revolutionary. 

UNITED STATES MEAT INSPECTION 

Meat inspection by the Federal Government began in 1890. Today 
about two-thirds of the domestic meat supply—mostly the part 
intended for interstate shipment—is prepared under Federal super- 
vision and inspection. Imported meat foods are examined for com- 
pliance with United States requirements. The stamp or label, aU. S. 
Inspected and Passed/' is the consumeras assurance that the meat or 
meat product was derived from healthy animals and was prepared 
in a sanitary manner. 

Inspection begins at the packing plant with the live animal. Unfit 
animals are promptly condemned and destroyed, and any in doubtful 
health are marked and placed aside for special slaughter and inspec- 
tion. Throughout the whole process of slaughter and preparation, 
the carcass and its parts are repeatedly examined, and eliminations 
may be made at any point. Repeated inspections are also made 
throughout the preparation of meat products. Nonmeat ingredients 
used in these products must also be officially approved. Pork 
products intended to be eaten uncooked must be subjected to special 
treatment at inspected establishments to destroy trichinae that may 
be present in the meat. False and deceptive labeling is prohibited. 
Packing plants must be constructed and equipped in prescribed ways 
to insure sanitation and provide facilities for inspection. Several 
hundred veterinarians and assistants are engaged in this extensive 
work. 

A large amount of unfit meat is destroyed each year, though it 
amounts to only a small proportion of the total prepared for consump- 
tion. In many cases danger spots in different parts of the country 
for the spread of animal diseases have been located as a result of the 
meat-inspection work. 

SUPERVISION AND INSPECTION OF MILK 

Most of the control over market milk and cream is exercised by State 
and municipal authorities.    There are three objectives in this work: 
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(1) Maintenance of nutritive value. State laws still show a 
considerable variation in the minimum content of fat, solids not 
fat, and total solids in fluid milk, though the trend is toward 
uniformity. 

(2) Prevention of fraud. Fraudulent labeling—^Special Baby 
Milk/' for example—has been greatly reduced, though some doubtful 
claims are still made. 

(3) Sanitation. Most milk inspection centers around sanitation. 
Almost all cities and towns have milk-inspection ordinances, but some 
communities are quite apathetic about enforcing them, though the 
cost per capita is very small—not over 10 cents a person a year. 
Sanitary inspection begins with examining the cow for certain diseases 
and infections such as bovine tuberculosis, Bang's disease, and udder 
infections. Personnel, quarters, and equipment at the dairy must 
be inspected. Bacterial counts on milk are made with varying 
frequency in different communities. Milk-pasteurizing and process- 
ing plants must have close supervision. 

Many cities classify milk into grades. These vary considerably, 
but several hundred localities have adopted a uniform system advo- 
cated by the United States Public Health Service. 

FOOD GRADES AND THE CONSUMER 

Grade standards are in use for most food products, but they were 
mostly developed for the wholesale trade and the use does not reach 
through to the consumer. A dealer need not look at a properly 
graded product; he can buy it by grade and know what he is getting, 
since the grade stands for certain well-defined qualities. In most- 
cases, the Federal Government or the States set these commercial 
grades, which may be either prescribed or voluntary. 

The consumer can seldom buy by objective grades like the dealer. 
He can only hope that he will get a better grade if he pays a better 
price. Yet commercial grades are for the most part based ultimately 
on consumer preferences, and if it is possible to grade a product for the 
dealer, it should in many cases be possible to grade label it for the 
consumer. The consumer would thereby get the same kind of advan- 
tage the dealer gets. He could be more sure of getting his money's 
worth, and to the extent that he could buy more eiflciently, his real 
purchasing power would be increased. 

Where consumer grade labels were used, they would have to be as 
simple as A, B, C or 1, 2, 3. It is possible for grade labels to be so 
confusing as to be useless. Consumer grade labels should be uniform 
as between different foods. Grade labels would not necessarily 
eliminate private brand labels. Some canners and others are already 
labeling canned foods with A, B, C statements of quality. 

Meat, butter, and eggs are now sold in some places by consumer 
grade labels. Sanitary inspection and stamping for wholesomeness 
should not be confused with consumer grade labeling. Nor is the 
term "substandard,^ which must be used on some food products 
under the Food, Drug, and Cosmetic Act of 1938, a true grade-label 
system. It merely indicates that a certain product falls below a cer- 
tain minimum standard of quality, though it is wholesome and 
nutritious. 
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WHAT THE MODERN HOMEMAKER NEEDS TO KNOW 

A family Christmas dinner in the Maryland tidewater in 1680: 
Oysters on the half shell, turtle soup, ham, venison, turkey, duck, 
potatoes, sweetpotatoes, other vegetables, jellies, conserves, pickles, 
cider, home-made wine, pumpkin pie, mince pie, apple pie, custards, 
syllabubs, other desserts, coffee, sweetmeats. Practically none of this 
was bought at a store, and practically everything was locally produced, 
home-prepared, and home-cooked. 

A modem Christmas dinner in a city apartment with a kitchenette: 
Cocktail from the drug store in the basement, canned oysters, canned 
soup, wafers from a box, frozen turkey, canned cranberry sauce, 
quick-frozen lima beans and spinach, sweetpotatoes, salad with dress- 
ing from a jar, pie from canned pumpkin and canned mincemeat, 
raisins and salted nuts from packages, coffee. Every item comes from 
the store, almost all are assembled from distant places, and home 
preparation is reduced to a minimum. 

The contrast shows what has happened in a money economy where 
production and processing have become commercialized and very few 
people any longer produce anything for themselves. 

The change demands new skills on the part of the housewife. She 
no longer has first-hand knowledge of a hundred things her ancestors 
knew about food production and preparation. Her early training is 
entirely different. At the same time, modern methods have added 
enormously to the cost of food for the consumer. In the city espe- 
cially, her need now is to know, not how to produce, but how to get the 
most value for what she spends; and this involves first a knowledge 
of the what and why of a good diet, in terms of food groups in which 
individual items can be shifted around to meet the demands of econ- 
omy. She needs to be able to make a broad diet pattern, to plan meals 
well ahead, to take advantage of bargains and shifts in food prices. 
She needs to know brands and grades from the standpoint of quality, 
and the nutritive values of unrefined as compared with refined foods. 
Basically, in fact, she is a purchasing agent nowadays, and she needs 
to be a wise and canny purchasing agent. 

On the farm, the situation is different. Good nutrition is very 
largely an economic as well as a physical problem, and much may be 
gained by adapting the older skills in food production and food prepara- 
tion to modern needs. Farm people can have good diets at a low 
cost if they will short-circuit distribution costs by producing and 
processing their own foods. But for the greatest effectiveness, this 
too should be done—especially the planning of production—with an 
understanding of nutrition and food values. The farm housewife can 
do what her ancestors did and do it more intelligently and more 
easily with the aid of modern science and some modern equipment. 
It is a question, too, whether even the city or suburban housewife 
could not gain economically by doing more processing at home, as in 
the case of canning and baking. 

BETTER NUTRITION AS A NATIONAL GOAL 

It is true that we are only at the beginning of knowledge about 
human nutrition, but it is also true that enough is now known to 
give better health, greater vigor, and longer, more useful lives to 
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immense numbers of people if the knowledge could be generally applied. 
Farmers have much at stake in any effort to do this. They are 

burdened with surpluses of food that many people badly need. Rais- 
ing the nutritional level of the Nation would wipe out many of these 
surpluses completely; and if the level were raised high enough, it 
would necessitate greater production of some foods than we now have 
or have ever had. 

There is nothing mysterious about the practical application of 
modern knowledge of nutrition. Leaving out all the technical 
details, it says simply that the majority of people need to get more 
milk and milk products, eggs, and certain fruits and vegetables than 
they now get. 

What stands in the way of their getting more? For one thing, 
lack of money. Many people cannot afford to buy enough of these 
foods. In a recent survey, it was found that city families in most 
parts of the country that spent less than $1.25 a person a week for 
food had poor diets. For another thing, lack of understanding. 
Even at a quite low level of expenditure it is possible to get a fairly 
good diet—if you know what to buy. But a great many people with 
plenty of money do not know, or do not care. 

Apparently there is a certain level of expenditure at which people 
can hardly help getting an adequate diet. That is when they spend 
at least $6 a person a week for raw food materials. This is $312 a 
person a year, or $1,248 for a family of four. The income required to 
permit such an expenditure, assuming that 25 to 30 percent is spent 
for food, would have to be over $5,000 a year for a family of four. If 
every family had an income comparable to this and spent this propor- 
tion for food, none would need to be ill-nourished. 

But there is no possibility that in any near future the problem will 
be solved in such a generous way as that. 

Can progress toward better nutrition be made in any other way? 
It can be made (1) if people with more limited food budgets—• 

which means the vast majority—will learn how to get the best diet 
possible for what they have to spend; and (2) if those at the lowest 
income levels can have their purchasing power increased enough to 
attain at least a fair if not a really good diet. 

How much increase would this mean for the latter group? Studies 
indicate that to reach the level of fair nutrition the poorly fed family 
of average size would have to spend some $60 a family a year more for 
protective foods than it now spends; and that to spend this extra $60 
for protective foods, families now spending $250 to $750 a year for 
living would have to have an additional $150 to $250 a year. Such 
figures are tentative, but they indicate the nature of the problem. 

Such increased purchasing power, of course, can be attained in more 
than one way. It can be attained by (1) direct increases in income 
through higher pay and more and steadier employment; (2) lower 
prices for food—for example, through lower distribution costs; (3) 
giving away food, as in the case of people on relief. Or it can be 
attained by any combination of these methods. 

For families living in the country, the problem is somewhat differ- 
ent. They can accomplish much by more and better-planned home 
production. 
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Education would have to accompany any of these methods. But 
education is taken for granted in the United States. The problem 
here is no different from that in many other aspects of life. 

It is hard to escape the conclusion that any widespread, major 
improvement in nutrition among the lowest economic classes depends 
in large degree on the first method—directly increasing incomes that 
are now inadequate. In this respect, nutrition is simply one aspect 
of the whole problem of improving the standard of living. Yet much 
could undoubtedly be done by indirect methods. 

Those who cannot now afford even an economical fair diet are 
largely among those with incomes of less than $750 a year. These 
income classes include 32 percent of all the families and single indi- 
viduals in the country. An additional $150 to $250 a year would bring 
their incomes up to an average of somewhere near $750 a year. 

How much of an increase in the total national income would have 
to be made to bring this group up to this level? 

If the incomes of everyone else were increased in proportion, the 
total national income would have to be nearly $100,000,000,000 (1935- 
36 values). Actually, in 1935-36, it was only $59,000,000,000. Such 
an increase would certainly have to be a long-time, not an immediate, 
objective. 

But suppose, instead of increasing all incomes, only the incomes of 
the lowest group were increased up to a level of $750 a year. This 
would require only about $4,000,000,000 more than the 1935-36 
national income. 

Or again, suppose the national income were not increased at all. 
Then, to raise the incomes of the lowest group up to $750 a year, 
about $4,000,000,000 would have to be siphoned off from the upper 
levels and added to the knver levels. 

These three methods—and there might be others—are given only 
as examples to show7 the nature of the problem. In practice, economic 
policies do not work out in such a clean-cut way. There are ahvays 
mixtures of various methods. 

What stands in the way of achieving a national income of $100,000,- 
000,000, which might put everyone to work and raise all income levels? 

One theory is that the present distribution of incomes permits too 
much saving. Large savings are advantageous in periods of rapid 
expansion, as in the past in the United States. There is then plenty 
of opportunity to invest the savings in productive enterprises, and 
this puts people to work and increases consumption of goods. But 
when there is no rapid expansion, the savings lie idle. The only way 
they could be invested profitably on any considerable scale would be 
in industrial improvements that would lower the prices of consumer 
goods and thus permit larger volume sales to the vast group of people 
with comparatively low incomes. 

According to this theory, wdien the distribution of incomes is such 
that most people are below the average of incomes as a whole, and 
when other factors of growth are lacking, then it must be possible to 
keep lowering prices through greater efficiency if there is to be con- 
tinuous industrial expansion and opportunities for the profitable invest- 
ment of savings. Lowering prices because of distress will not do. It 
leads to bankruptcy, not profits. 
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If this cannot be done, then the savings keep accumulating with no 
place to go. The amount of idle capital grows larger, the number of 
idle men also grows larger, prices are forced down below the point 
where any profit can be made; there is general distress; and through 
capital depletion, the savings themselves may ultimately be eliminated. 

If this viewpoint is correct, then one remedy would be to prevent 
the accumulation of idle savings. That would mean changing the 
distribution of incomes just enough so that those at the lower levels 
would have more purchasing power and those at the upper levels 
would not be able to pile up idle funds. The theory is that industry 
would then be stimulated through increased mass purchasing power 
and there would again be opportunities for profitable investment. 

According to this viewpoint, then, to bring about any really large 
increase in the national income—to, say, $100,000,000,000—there 
would have to be either some great opportunity for expansion, such 
as the United States has seen in the past, or else an increase in mass 
purchasing power at the expense of idle savings. 

How about the other two possibilities mentioned for increasing the 
purchasing power of the lowest group only, without waiting for any 
great increase in the national income? 

One way to do this is for the Government to subsidize the lowest 
group enough to enable them to increase their purchases up to the 
point where they could be adequately nourished, just as the upper 
groups have been aided through tariffs, loans, and grants. 

There are strong arguments for doing this. It would be a national 
investment, not in durable goods but in durable consumers—an in- 
vestment in improved human health and human vigor. It would 
also take care of some farm surpluses and help to prevent the decline 
of farm prices to points that mean ruin for both farmers and the soil, 
as well as for industry. 

Free distribution of food to destitute and undernourished families 
is already an accomplished fact. During the past 4 years, the Federal 
Surplus Commodities Corporation has bought and distributed to 
welfare agencies almost 3,000,000,000 pounds of surplus foods. 

There are several possibilities for increasing the purchasing power 
of low-income consumers indirectly by enabling them to buy foods 
at low prices. One of these is the food-stamp plan now being tried 
in several cities. According to this plan, families buying orange- 
colored food stamps are given, free, a certain number of blue stamps, 
exchangeable for products designated as surplus foods. In effect, the 
plan increases the purchasing power of these families for all foods 
by about 50 percent. ^ It is too early to tell how this plan will work. 
It can readily be modified. It should be given a fair trial and care- 
fully studied as one possible solution for part of the problem of 
inadequate nutrition in the midst of surplus production. 

Again, when the consumer spends $1 for food, less than 50 cents 
of it goes to the farmer. The cost of the food is more than doubled 
between the farm and the consumer. This indicates how worth 
while it would be to reduce distribution costs. The Department of 
Agriculture is devoting intensive study to this problem. 

Now what would be the effect of a higher level of consumption on 
agriculture? 
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To raise the level of consumption to that required for everyone to 
attain a moderate-cost good diet (as outlined in this book) would 
probably require about 285 to 295 million acres—slightly higher than 
the acreage required for recent actual levels of food consumption. 

To raise the level to that needed for an expensive good diet would 
require 30 to 40 million acres more than that necessary for recent 
actual levels of consumption. 

To raise the level only to the point where every family could select 
an adequate diet suited to its income would require no great increase 
in total acreage, but agriculture would benefit from substantial 
increases in the consumption of several food products. 

There can be no doubt about the ability of agriculture in the 
United States to meet such changes in consumption if they occurred. 
There would probably be a quick response to any effective increased 
demand for any product. The critical question for American farmers 
is not whether they can meet the demand, but whether, in meeting it, 
they can be assured of a fair return for what they produce. 

PART 2. ANIMAL NUTRITION 

SOURCES AND CYCLES OF THE NUTRITIVE ELEMENTS 

In general, animals can only release or use energy from foods to 
meet their own requirements for growth, internal activity, move- 
ment, and work. Green plants not only release energy; they can 
also store up large quantities in excess of their requirements. They 
capture the energy of the sun and store it away in sugars and starches 
and many other compounds, which they make out of simple elements 
obtained from the soil, from water, and from the air. Neither ani- 
mals nor plants that are not green (such as fungi and bacteria) can 
use the energy of the sun in this way. They must get their energy 
supply directly or indirectly from compounds prepared by green 
plants. All that man has done, including the building of the pyra- 
mids and the newest World's Fair, has been done with energy from 
the sun stored up by green plants. 

Plants would exhaust the supply of elements needed to make energy- 
storing compounds except for one thing—the compounds are broken 
down as well as built up. Both animal bodies and plant bodies 
eventually decay. Their proteins, carbohydrates, and other com- 
pounds then give up the simple elements of which they are made, 
and these are returned to the soil, the water, and the air to be used 
over again by green plants. The process is a great cycle of life in 
which construction balances destruction. And there are minor 
cycles for each element used in life processes—a nitrogen cycle, a 
carbon cycle, a calcium cycle, and so on. 

Underneath all agricultural practices there is a guiding principle, 
but we do not have enough knowledge to see it or follow it clearly. 
The principle is to carry out this cycle of destruction and construction 
economically—to see that plants, animals, and man utilize raw ma- 
terials efficiently to build up the products of life, and that these prod- 
ucts are broken down efficiently into raw materials that can be used 
again. Whoever can devise simple methods that further economical 
operation of the cycle of life contributes to human welfare. 
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Gradually we are beginning to see the cycle as a whole—from the soil, 
through plant life and animal life, and back to the soil again. It is 
important to see it as a whole if we are to understand the relation- 
ships between the various steps in the process and make them operate 
efficiently. 

More and more is being revealed through science about these rela- 
tionships. For example, the mineral content of the soil affects the 
mineral content of plants^ and this in turn affects the nutrition of 
animals feeding on the plants. By the proper use of fertilizers and 
other cultural practices it might be possible to insure the production 
of plant and animal products of better-than-average nutritive value 
for human beings. Again, there is evidence that plants take Up 
more minerals—provided the minerals are present to be taken up— 
when the water content of the soil is relatively high. But certain 
practices such as excessive pruning or cutting counteract the effect 
of a good water supply. Again, the amount of green area on the 
plant, and the amount of light reaching this green area, affect the 
storage of energy in the form of carbohydrates, and this in turn affects 
the absorption of minerals. Temperature is also important in the 
utilization of minerals. By correlating fertilizer practices with tem- 
perature and sunlight, it has been possible with some plants—pine- 
apple and sugarcane particularly—to cut the amount of fertilizer used 
by 60 percent. In the case of many plants it is possible to distin- 
guish four different types of growth produced by different relation- 
ships between the carbohydrate supply in the plant and the nitrogen 
in the soil; and the quality and nutritive value of the plant are 
markedly affected by the type of growth. 

These relationships between temperature, light, water supply, 
minerals, and probably vitamins and hormones, need much more 
study. They have a direct bearing on cultural practices, yet little is 
known about them. The ultimate objective that should be kept 
clearly in mind is to turn out products of uniformly high nutritive 
value for human beings. That means studying the human beings 
as well, in order to determine the effects of products produced under 
different conditions. 

Research is necessarily a piecemeal process; it attacks one phase 
at a time. But the pieces are interrelated, and it should be possible 
to link them together in a correlated program. 

THE DIGESTIVE PROCESSES IN DOMESTIC ANIMALS 

The digestive tract is a tube, enlarged in certain places to form 
compartments, each with a special function. Different species of 
animals have different arrangements, partly dictated by the kind of 
food they mainly eat—plant food, animal food, or both. In all 
animals, the food is mixed with digestive juices and pushed along the 
tube by muscular movements. 

In grazing, the horse seizes food with its flexible upper lip and 
front (incisor) teeth. The cow uses a long muscular tongue and tears 
off herbage with the lower teeth and upper gum, since it has no upper 
front teeth. The fowl picks up food with a toothless beak. In drink- 
ing, the horse, cow, sheep, and pig use the tongue to create suction in 
the mouth.    The dog and cat lap with the tongue.    The fowl scoops 
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up liquid and lifts its head to let the liquid rim down the throat. 
The pigeon sucks up liquid by the use of the tongue. 

In chewing, the hinged lower jaw of mammals moves against the 
rigid upper jaw and food is crushed between the upper and lower 
grinding teeth. Some animals have three kinds of teeth—molars in 
the back of the mouth for grinding; incisors in the front, for cutting; 
canines, between front and back, for seizing food and for fighting. 
Others lack the canine teeth. 

Ruminants (cattle and sheep, for example) chew their food partly; 
then swallow it into a temporary storage stomach (rumen); then 
regurgitate it and chew it over again at leisure. Thus a ruminant can 
take quickly a good deal of food on pasture and chew it later at its 
leisure. Grain is usually ground for cattle because it is not regurgi- 
tated for this second chewing. Cattle have a deep transverse groove 
in the tongue that is easily injured by sharp or spiny substances. 
Man and the pig have a starch-digesting substance (ptyalin) in the 
saliva, but with most domestic animals, the saliva is mainly a lubricant 
for foods. The horse has a narrow throat opening and can swallow 
very little at a time. 

In the capacious first stomach of ruminants, food is subjected to a 
good deal of bacterial action, which breaks up the tougher walls of 
plant cells and splits certain carbohydrates. Next the food goes to the 
second and third stomachs, which are mainly for storing and grinding ; 
and finally to the fourth or true stomach, which is comparatively 
small and receives food gradually in a well-ground-up condition. 
Here true digestion takes place. 

Other animals must get along without the three preliminary stom- 
achs. The horse has a very small stomach, only large enough to hold 
a third to a half of what it may eat at a meal; so the food must pass 
along into the intestine very quickly, without much stomach digestion. 
The stomachs of the pig, dog, and cat will hold all they can eat at a 
meal, and food may remain there for some time. In all mammals, 
food is mixed, softened, and acted on by gastric juices in the stomach 
before passing to the intestine. 

Fowls swallow their food whole. It passes into the crop, a place 
for bulk storage; then into the small proveutriculus or glandular 
stomach, where it is acted on by pepsin and hydrochloric acid; then 
into the gizzard, or muscular stomach, where it is crushed and ground 
by the churning movements of that organ (some grit is retained in the 
gizzard, thus helping in this process) ; then to the first part of the small 
intestine, where it is more thoroughly mixed and digested by juices. 

The pigeon is peculiar in that both male and female develop special- 
ized cells, containing a good deal of fat, in the mucous membrane of the 
crop. The fat and the cells that are shed form a milklike substance, 
which is regurgitated and fed to the young. This feeding continues 
for about 20 days after hatching. Pigeon milk has a very high fat 
and protein content, which may account for the rapid growth of 
squabs. There is evidence that prolactin (a secretion of the anterior 
pituitary gland at the base of the brain) incites this secretion. 

In the clog and cat, which chew their food very little, digestion by 
gastric juices in the stomach is prolonged. 

The process of digestion is essentially the same in all animals. 
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Proteins are broken down into simpler products (proteoses and pep- 
tone), and then pass into the intestines, where they are still further 
broken down into amino acids that can be absorbed into the blood. 
Fats are broken down into fatty acids and glycerol, ready for absorp- 
tion. Starch and dextrins are converted into maltose, and the maltose 
is broken down still further into glucose for absorption. Many 
enzymes, each with specific functions and all neatly interacting, take 
part in these chemical processes. Most of the final products of diges- 
tion are absorbed from the small intestine, but some—particularly in 
the horse—from the large intestine, which comes after the small 
intestine. The organs that absorb these products are small fingerlike 
protuberances (villi) on the mucous membrane of the intestinal wall. 
The absorbed substances are then carried to all parts of the body, to 
be utilized for growth, repair, energy, and other purposes. 

FACTORS AFFECTING MAINTENANCE NUTRITION, FEED UTILIZATION, AND 
HEALTH OF FARM ANIMALS 

Since cash returns above feed costs are the primary source of income 
for the livestock farmer, it is important for him to learn as much as 
possible about the economical feeding of animals. 

The first requirement of a mature animal is for enough food to main- 
tain its internal body processes and support normal muscular activity. 
This amount of food—the maintenance requirement—will keep an 
idle animal going with its body in nutritional balance. The mature 
animal that is not idle but producing, whether the production is in 
the form of work, meat, wool, milk, eggs, or offspring, will require 
sufficient additional food to meet the demands of this production; 
and similarly the young growing animal will require sufficient food 
above the maintenance requirement to meet the demands of growth. 
If a producing animal, with the exception of the fattening animal, 
does not receive any more than its maintenance requirement, it will 
not immediately cease production. It will draw on its own tissues for 
a time, and permanent injury may result if this is continued too long. 

If, then, the maintenance requirement, the growth requirement, 
and the production requirements of animals were known with a high 
degree of accuracy for all conditions, the amount of feed needed for 
any given purpose could be calculated by simple arithmetic. Unfor- 
tunately this is not possible at the present time, since all of the require- 
ments of animals and the value of various foods in meeting these 
requirements are not fully known. More is known, however, about 
the maintenance needs of animals under certain strictly controlled 
experimental conditions, and with this information as a background, 
the additional factors influencing the requirements of animals under 
practical conditions are being given more attention. 

What body processes must be covered by maintenance nutrition? 
The animal must produce enough heat from food to maintain the 

correct body temperature. Naturally the amount of food required 
for this purpose increases when the temperature of the surrounding 
air goes below a certain critical point, which is different for each kind 
of animal. Other processes covered by maintenance nutrition in- 
clude circulation of the blood, glandular secretion, breathing, digestion 
and assimilation of food, activity of the nerves, normal muscular 
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activity, and excretion of waste products. These processes demand 
not only beat-producing (energy) nutrients, which include sugars, 
starches, and fats, but also proteins for repair of tissues and other 
purposes, and minerals and vitamins. 

The energy required for maintenance of animals can be measured 
by various methods. It has been known for a long time that a rela- 
tion exists between the body surface of an animal or its body weight 
and its basal metabolism (the minimum heat production under specified 
conditions). Recent calculations from metabolism data on animals 
varying in size from mice to elephants show that the basal metabolism 
of an animal can be calculated with some accuracy from its body 
weight. This, however, would be the minimum requirement; it 
would not include such factors as unusual muscular activity or low 
surrounding air temperatures or other conditions that would increase 
the maintenance energy requirement in a variable manner. 

The protein required for maintenance has also been calculated to 
vary as a function of body weight, and in addition it is affected by 
other factors such as age and production. The young growing animal 
requires a great deal of protein for new tissues whereas the mature, 
nonproducing animal needs little more than enough for upkeep. 
^The protein requirement/' however, is a very loose term, although 
its meaning is generally understood. What animals require for growth 
and upkeep is not protein, but certain essential amino acids, which are 
constituents of proteins. There are thousands of different kinds of 
protein, and those present in foods vary considerably in their useful- 
ness to the animal body, depending on how much or how little of the 
required amino acids they contain. This point is amply covered in 
other articles in this book. From the practical standpoint, it means 
that as sources of protein some feedstuffs are very useful while others 
are unreliable or uneconomical or both. ^ 

Protein is usually a relatively expensive feeding material, and it is 
most economically used for maintenance when only enough is fed to 
meet the needs of body building and upkeep. This means that enough 
carbohydrates and fats must be fed to meet the energy needs of the 
animal. Protein will not be used efficiently if this is not done. On 
the other hand the body can obtain its energy largely from protein if 
necessary. 

Other factors also affect the economical utilization of feeds. For 
example, when vitamin D is inadequate, phosphorus and calcium 
assimilation is interfered with, causing large losses of these minerals; 
and with too little vitamin A, vitamin G, or phosphorus the appetitite 
is depressed in addition to other harmful results. 

Overfeeding, or improper feeding, on the other hand, may be as 
harmful as underfeeding, and it has caused large losses of livestock 
through digestive disturbances that are sometimes sudden and quite 
often severe enough to be fatal. This is especially likely to occur, 
of course, when animals are on a fattening ration with little exercise, 
as in the case of lambs or cattle being prepared for market. 

An animal has a good deal of ability to make up for moderate under- 
nutrition if it is fed well later on, but marked deficiency of certain 
minerals and vitamins may be permanently damaging. Breeding 
and pregnant animals especially need adequate rations. 
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GROWTH, FATTENING, AND MEAT PRODUCTION 

Growth is the basis of meat production. The young growing animal 
adds weight mostly in the form of protein and water, the mature animal 
mostly in the form of fat, but there is no sharp line where one kind of 
gain ends and the other begins. Animals grow at an increasingly rapid 
rate up to a certain point, then at a decreasing rate until growth ceases. 
As weight increases, it takes a larger and larger amount of feed to 
produce a pound of gain—or in other words, the efficiency of feed 
utilization   decreases. 

A great many changes occur during growth. One of the most 
obvious, in meat animals, is that the proportion of dressed carcass to 
the entire body weight increases as growth proceeds. In a 60-pound 
pig, for example, the dressed carcass is about 66 percent of the live 
weight; in a 380-pound pig, it is about 80 percent. In cattle the rangp 
is from approximately 42 to 60 percent; in lambs (unshorn), from 33 
to 53 percent. 

At the same time there are changes in the proportions of different 
parts of the body. As a hog grows and fattens, for example, the 
percentages of ham, loin, shoulder, and head cuts decrease. Charac- 
teristic changes in the proportions of different cuts also occur with 
cattle, lambs, and poultry. ^ Any significant increase or decrease in 
proportion of a major cut is important because of its effect on carcass 
value. 

Changes also occur in the composition of the meat. In general, the 
proportion of protein and water tends to decrease and the proportion 
of fat to increase after a certain stage of growth. The proportion of 
mineral matter—largely represented by calcium and phosphorus in 
the bones—usually decreases slightly. In a 50-pound hog, for ex- 
ample, water may be 61 percent of the empty body, fat 20 percent, 
protein 16 percent, minerals 3 percent; at 325 pounds, water may be 
34 percent of the empty body, fat 54 percent, protein 10 percent, 
minerals 2 percent. Exceptions to these trends have been noted in 
some animals. The distribution of fat in different parts of the body 
changes also, and there are changes in the fat content of lean tissue. 
The ratio of edible meat to bone in the dressed carcass increases with 
heavier weight. 

A simple, accurate method of measuring the efficiency with which 
feed is used for growth by different animals or the same animal at 
different times would be extremely useful both to the animal breeder 
seeking efficient strains and the nutritionist comparing the values of 
different diets. Such a method has been worked out in the form of 
an equation that can be used in technical work. Short cuts have also 
been worked out for estimating important factors in the composition 
of the animal body or the dressed carcass ; these methods depend on 
finding some mathematical relationship between an unknown factor 
and one that can readily be measured. 

SOME EFFECTS OF NUTRITIONAL LEVELS 

Growth as a whole is a fairly regular process, but it is the product 
of changes that actually occur at different rates in different parts of 
the body. These parts have a definite order of development. For 
example, the limbs develop early, the middle of the back last.    The 
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bones develop earlier than muscle, and muscle earlier than fat. Mus- 
cle develops latest over the loin. Essential organs of the body develop 
much earlier than tissues that store nutrients, such as fat and muscle. 
Such, comparisons can be carried out in considerable detail. 

These are inherent characteristics of growth in an animal. But 
they can be affected by nutrition. For example, the early-developing 
parts and tissues can be speeded up in their growth by feeding at a 
high level while the animal is young, and the late-developing parts 
can be reduced by feeding at a low level later on. 

An experiment of this kind was carried on. in England with hogs. 
Young pigs of similar inheritance were fed to a weight of 200 pounds 
in four different ways: (1) High level throughout; (2) high level early, 
low level later ; (3) low level early, high level later ; (4) low level through- 
out. Their carcasses proved to have quite different characteristics, 
depending on what parts were speeded up or slowed down by the 
level of feeding at the time when those parts would naturally have 
developed. For example, it was possible by this kind of control to 
produce a pig with relatively more loin and less head; more fat and 
less bone; more muscle and less fat. 

Fundamentally, this is the way bacon-type and lard-type hogs are 
produced from animals of the same breeding. The same general rule 
should hold with other livestock. Exercise, however, introduces a 
variation by preventing the formation of fat. 

The reserve supply of nutrients in muscle, fat, and bone plays an 
important part in tiding the body over periods of undernourishment. 
These reserves can then be drawn upon to supply more vital organs. 
They may also be used during reproduction and lactation. It has been 
suggested that many animals cannot meet their calcium requirements 
during lactation without drawing on the reserves, even though they 
are well fed. 

The level of nutrition apparently has an effect on length of life— 
and a high level does not necessarily mean a long life. At least, rats 
fed a limited amount of energy-producing foods lived longer (though 
they weighed less) than those fed an unlimited amount. The rats on 
the limited diet, however, received adequate quantities of vitamins 
and minerals. 

THE RELATION OF DIET TO REPRODUCTION 

Fertility in livestock has always been a matter of great importance 
to farmers, yet even with good nutrition and management 20 to 50 
percent of livestock ma tings are infertile. Studies made in England, 
for example, show that more animals are discarded from dairy herds 
for reproductive failures than for any other reason. 

t There are so many possible causes of failure to reproduce that it is 
difficult to make a diagnosis in any given case. Yet to apply remedies 
without knowing the cause may actually make the trouble worse. 
Suppose, for instance, that an animal whose infertility is inherited is 
treated with medicines, gland extracts, or dietary remedies, and then 
saved for breeding. The inherited infertility will be passed on to 
offspring, and there will be just as much or more need for treatment 
in the next generation. 

There are too few data to indicate whether there is any one major 



FOOD AND LIFE —A SUMMARY 51 

cause of sterility, though one authority believes there is good ground 
for thinking that infection is the chief cause. At least, this should 
probably be the first cause to look for in making a diagnosis. From a 
practical standpoint, one of the simpler causes of lowered fertility is 
failure to mate animals at exactly the right time, which is at or after 
the middle of the heat period in the female. 

There is no question that diet is closely related to fertility. To 
say that any specific element in the diet is necessary for normal 
reproduction, however, is quite another matter. This claim has been 
made for several different nutrients on the basis of experimental work 
in which the nutrient in question was left out of the diet, and the 
animal failed to reproduce normally or actually developed a disease 
involving the reproductive organs. In almost every case, however, the 
animal also refused to eat a normal amount of food when some neces- 
sary element was left out. It is known that undernutrition decidedly, 
even dramatically, interferes with reproduction. Was the reproduc- 
tive failure in these cases due to lack of the missing element, or to 
starvation? It is impossible to decide on a critical examination of the 
evidence. 

In other words, there is good reason to believe that whatever is 
necessary for the normal development and health of an animal is also 
necessary for normal reproduction as distinct from the other functions 
of the body. The animal must have the right diet if it is to be normal, 
reproductively and otherwise. 

It should be noted, moreover, that much of the experimental work 
on nutrition and reproduction has been done with small laboratory 
animals, especially the rat. Such experiments indicate what to look 
for in the case of other animals, but the results cannot be taken as 
directly applicable to other animals. 

In the case of two vitamins, A and E, there is evidence that de- 
ficiencies do interfere with reproduction. 

A minor deficiency of vitamin A quickly affects the soft membranes 
in the reproductive organs of the female rat. The heat cycle, the 
formation of ova, and ^ the early development of the fetus are not 
affected. But difficulties appear about the middle of pregnancy, 
resulting in hemorrhage or abortion; or birth is delayed, labor is 
unusually long, many of the young are stillborn, and many of the 
mothers die in labor. Severe deficiencies affect the testes of the male. 
Both the male and the female can be cured by doses of vitamin A. 
Abnormal young invariably occur with the cow and the sheep on 
diets low in vitamin A. Apparently the deficiency of vitamin A in 
such cases may be so small as to have no apparent effect on general 
health. 

Vitamin E deficiency also leads to reproductive troubles in the 
female rat, but again only after the middle of pregnancy, when the 
fetus is reabsorbed in the uterus. In the male, the cells that pro- 
duce sperm are affected, and this condition cannot be cured. It 
has so far proved impossible to reproduce these effects experimentally 
with other animals, in spite of claims made for the curative power of 
vitamin E in cases of sterility. 

Phosphorus deficiency in range plants interferes with normal 
reproduction in cattle, but the evidence is never clear-cut because 
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protein is also deficient—and perhaps other factors too—and the 
cattle do not eat normal amounts of food. There is a widespread 
impression that manganese deficiency interferes with the heat cycle 
and the formation of ova in the female rat, but the trouble was 
actually found to be due to a low-energy diet. Sterility has been 
produced in the male rat by a diet deficient in manganese, but these 
results have never been adequately checked. 

There are indications that some factor, not yet identified, in rough- 
age plants, may be necessary for normal reproduction in cattle. This 
needs further investigation. 

THE RELATION OF NUTRITION TO THE PRODUCTION OF HIDES AND WOOL 

Nutrition is one of the factors influencing the growth of hide and 
hair, including wool, but little research has been done in this field. 
In a study comparing the hides produced by full-fed and underfed 
lambs, those of the first group averaged 0.02 inch, or nearly 77 per- 
cent, thicker, were stronger, and had greater tear resistance and 
better grain than those of the underfed lambs. The strength of 
cross sections of equal area was approximately the same. Very fat 
animals may produce skins with a higher percentage of fat, which 
sometimes causes fatty spots or ^kidney grease/' a common defect 
in heavy cattle hides. For the production of leather of the best 
quality, therefore, it would seem that the ration should be neither 
too limited nor too full. 

Wool fiber is composed chiefly of keratin, a protein that also forms 
hoofs, nails, and hair. Keratin has a high content of cystine, a sulfur- 
containing amino acid. Much of the research on the relation of nutri- 
tion to wool production has been on the requirements for proteins 
containing cystine, but there have been no very conclusive results. 
Feeding trials indicate that the protein requirements of sheep are not 
particularly high and that protein in excess of that needed for main- 
tenance and growth has little effect on wool production. A high 
carbohydrate level, however, was found to increase the weight of 
the wool by 100 percent, probably because the extra energy from 
the carbohydrate released protein for wool production. 

Research indicates that rations which maintain sheep in good 
condition tend to produce heavy, good-quality fleeces. Sheep on a 
low plane of nutrition produce lighter, finer, crimpier wool with fibers 
that break easily, and malnutrition may result in shedding of fleeces. 
Improper feeding for even a short time will cause a reduction in the 
diameter of wool fibers, and disease and parasitic infestations have the 
same effect. 

THE NUTRITION OF VERY YOUNG ANIMALS 

Before birth, mammals are nourished through tissues (the placenta) 
connecting the unborn young with the mother's body. There is not a 
direct exchange of blood, however; nutrients must pass through a 
membrane separating mother and fetus. In some species (human 
beings and rodents) this membrane is very thin—only one layer of 
cells. In others (dog and cat), it consists of two or three cell layers. 
In still others (pig, horse, and ruminants) it consists of many cell 
layers. 
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In animals with a thin membrane, antibodies that confer immunity 
to certain diseases pass through from the mother's blood to the fetus. 
In those with a thick membrane, the mother apparently cannot 
transfer immunity to the fetus. In the latter case, then, it is especially 
important for the young to get antibodies immediately after birth. 

Normally, newborn mammals get these substances, which give them 
their first or passive protection against some diseases, in the colostrum 
or first milk of the mother. The antibodies are closely associated 
with certain proteins (globulins) in the blood serum of the mother 
and apparently pass into the colostrum with these proteins. When 
no colostrum is available for feeding the newborn—as when the mother 
dies—blood serum of the same species may be substituted, either fed 
to the young animal or injected or both. This has been successfully 
done with calves, foals, and lambs. As they get older, animals develop 
their own active immunity against diseases. 

The colostrum is a food especially suited to the needs of the new- 
born. It has a higher concentration of solids, especially proteins, 
than the later milk. Within a few hours after the birth of young, 
the milk of the mother begins to lose the characteristics of colostrum. 

The milk of different species of animals differs considerably, and 
presumably each kind of milk is especially suited to the needs of a 
particular species. In general the more rapid the rate of growth of 
the young, the higher the concentration of protein and minerals in 
the milk. There are also differences in the percentages of fat and 
milk sugar, and in the composition of the proteins. The unfavorable 
effects sometimes resulting from the feeding of milk of one species 
to the young of another species are probably due in part to certain 
characteristics of the proteins. 

In the practical feeding of young animals, it is important that they 
receive colostrum or blood serum shortly after birth. Subsequently, 
they will do best if they can receive the milk of the dam throughout 
a normal suckling period. Orphan animals, however, must be arti- 
ficially fed. Dairy calves and the kids of milk goats are artificially 
fed at a very early age because of the value of the dams' milk. It is 
very important to use correct formulas when artificial feeding is 
practiced. 

The calf should be left with the dam from 1 to 4 days. Then it is 
generally fed whole milk for 2 weeks. This is gradually replaced 
with milk substitutes—fresh skim milk, dried skim milk with water 
added, gruel, or dry meal. The calf begins to nibble at dry feeds 
when 2 to 3 weeks old. 

Foals should be allowed to suckle for 6 months or longer, although 
under some conditions it is practical to reduce this to 3 or 4 months. 
Orphan foals may be fed modified fresh cows' milk or a mixture of 
dried whole milk, dried skim milk, sugar, and water, which approxi- 
mates mares' milk in the proportion of the nutrients. The foal will 
usually begin eating some grain at about 3 weeks of age, and increasing 
amounts may be fed thereafter, plus good legume hay as soon as the 
foal will eat it. 

Kids are generally removed from the dam after the colostrum 
feeding period and fed from bottles or pails. Either goats] or cows' 
milk may be used.    At 4 weeks, alfalfa hay and a grain mixture are 
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made available and gradually substituted for milk. Three months 
is probably a long enough milk-feeding period. 

Lambs are usually allowed to run with their dams for 3 to 5 months. 
They begin to nibble feed at 10 to 16 days of age. Green alfalfa hay 
and a grain mixture may be fed if pasture is not available. Orphan 
lambs may be raised on whole cows' or goats' milk, or a 20-percent 
mixture of dried whole cows' milk and water. 

Pigs are usually weaned at 8 to 12 weeks of age. Supplementary 
feeds—corn or a mixture of ground grain, a protein supplement, 
and a mineral mixture—should be supplied to them from the time they 
are 3 weeks old. ^ Anemia is common among young pigs without 
access to sod or soil; it may be prevented by giving iron and copper. 
Experiments indicate that orphan pigs after about 2 weeks of age may 
be fed with good results on cows' milk with a protein supplement, grain, 
a mineral mixture, and pasture. 

Puppies are usually allowed to suckle for 6 weeks. It is well to 
begin giving some solid food (chopped or ground lean meat and dry 
bread, dry cereal, or puppy biscuit moistened with milk or broth) 
at 3 to 4 weeks of age. Fresh cows' milk is not satisfactory for feeding 
very young puppies. Canned condensed milk may be used, or whole 
dried milk with water, or combinations of whole milk with egg yolk or 
with cream and casein. 

NUTRITIONAL REQUIREMENTS OF BEEF AND DUAL-PURPOSE CATTLE 

The energy requirements of beef cattle for maintaining body func- 
tions and normal muscular activity, exclusive of the requirements for 
growth, fattening, gestation, and lactation, have been computed by a 
number of workers and set down as standards for animals of different 
weights. Some of these proposed standards give a more liberal allow- 
ance than others. 

Additional energy over and above maintenance is required for 
growth and fattening. In fact the energy requirement for fattening 
is limited only by the amount of energy-producing foods the animal 
can eat. The greatest efficiency of feed utilization has been found in 
feeding at a rate slightly below the maximum capacity to eat, but 
full-fed steers usually make the greatest return to the producer. 
Perhaps the best method of measuring the eating capacity of steers is 
by self-feeding. There is evidence that when this is done, the steers 
eat more feed in the earlier and less in the later period of fattening, 
which is the opposite of the common practice in hand feeding and sug- 
gests that hand-feeding methods may need to be changed. Energy 
standards for growing and fattening have been proposed, but there is 
room for a good deal more experimental work on various aspects of 
the problem. 

Protein requirements for maintenance, which are important in 
wintering beef cattle, have also been worked out in a number of pro- 
posed standards, as well as the protein requirements for growth and 
fattening; but even more than in the case of energy requirements, 
there is need for further careful experiment to ascertain the most 
effective level of protein feeding. For lactation, 0.04 to 0.05 pound of 
additional protein per day for each pound of milk produced has been 
recommended as adequate for beef cattle.    In gestation, the protein 
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requirement is low up to the last 3 months, and highest—nearly half 
a pound a day—in the last month. 

Like other animals, cattle require a considerable list of minerals; 
others may be present in the body not because they are required but 
merely because they are taken in the food. The two most likely to 
be lacking in the diet are calcium and phosphorus, which with the 
aid of vitamin D form the bones and teeth. 

In phosphorus deficiency the content of inorganic phosphorus in the 
blood decreases, and this has been found useful not only as a measure 
of the state of phosphorus nutrition but as a means of locating phos- 
phorus-deficient range areas. The closest study of phosphorus 
deficiency has been made in South Africa, where the problem has been 
acute. Phosphorus deficiencies occur in many parts of this country 
and have been especially studied in Minnesota. 

The approximate calcium and phosphorus requirements for growth 
(to 400 pounds) are 0.4 and 0.3 percent, respectively, of the total dry 
ration; for fattening (at 900 pounds), 0.2 percent for each mineral ; 
for late pregnancy, 0.4 and 0.3 percent; and for lactation, 0.3 and 0.25 
percent. These can be supplied by using the proper feeds when the 
mineral content of the feeds is known. In areas where the soil and 
forage plants are deficient in minerals, a mineral supplement may be 
used. Excellent results have been reported with bonemeal in phos- 
phorus-deficient areas in South Africa, and there are favorable reports 
in the United States. Dicalcium phosphate or disodium phosphate 
may also be used, but these are unpalatable to animals and must be 
hand-dosed or fed in palatable mixtures. Disodium phosphate is 
soluble and can be supplied in the drinking water. The United States 
Department of Agriculture and the Texas Agricultural Experiment 
Station are now experimenting in feeding various mineral supple- 
ments to cattle, with favorable results so far, as compared with the 
animals not receiving the supplements. 

Iodine deficiencies are quite common in the Northwest and upper 
Mississippi Valley, producing goiter and weakness in newborn calves. 
In Florida, favorable results have been obtained in feeding cobalt as 
a supplement to a basal ration of Natal grass hay, shelled corn, and 
powdered skim milk. 

A deficiency of vitamin A or carotene affects normal calving and 
a more severe deficiency results in night blindness and other serious 
symptoms. It has been shown that cattle develop symptoms of 
vitamin A deficiency—including irregular breeding, abortion, and 
weak calves—when fed on ranges depleted of carotene by an extended 
dry period. The condition may be corrected when it is not too 
severe. Two methods have been devised for detecting stages of 
vitamin A deficiency in range cattle earlier than detectable night 
blindness—one by measuring the level of blood carotene, and the 
other by examining the head of the optic nerve with an optical instru- 
ment. Various experiments have been conducted to measure the 
carotene requirement of both mature beef cattle and calves. The 
requirement increases during gestation and still more during lactation. 

Special attention to the vitamin B complex is apparently not 
required in the case of cattle, though there is insufficient evidence as 
to whether any of the various individual factors in this complex are 
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required in the feed. t Vitamin C also is made in the bodies of cattle. 
Vitamin D, or its equivalent in sunlight, is required for the prevention 
of rickets in calves. 

PRACTICES IN THE FEEDING OF BEEF AND DUAL-PURPOSE CATTLE 

In the range country of the West, beef cattle production depends 
almost entirely on grass. In the Middle West it depends largely on 
grain. There are various combinations of these two types of produc- 
tion, but the availability of grass is always the determining factor. 

In the grass country, winter feeding and summer feeding present 
different problems; and in winter feeding, somewhat different prac- 
tices are followed for the various classes of beef cattle. 

Generally the breeding herd is wintered in the feed lot, though 
there is a growing tendency to reserve range or pasture for winter 
grazing. In the Southwest and South, many cattle have to depend 
on range the year round. Winter losses and malnutrition take a 
heavy toll. This situation can be improved by feeding concentrate 
supplements such as cottonseed meal. In the northern Great Plains 
area, experiments indicate that the use of concentrates should be 
limited to seasons when the winter range conditions are severe. In 
areas where winter range cannot be provided, hay or silage, sometimes 
supplemented with protein concentrates, is used. New processes for 
curing silage might be of value in the South, where forage and hay 
crops cannot well be cured by drying. Breeding cows should be 
wintered so as to be in thrifty condition in the spring. 

Calves are preferably dropped in the spring. The following winter 
(after weaning) they should be liberally fed. There are few places 
where range alone is sufficient for the proper development of the calf. 
Experiments in Montana show that calves and yearlings can be 
wintered satisfactorily on alfalfa hay alone, and in New Mexico, on 
range plus cottonseed cake—one-half pound per head daily for calves, 
1 pound for yearlings. 

The common practice is to winter bulls in sheds or feed lots and feed 
them liberally on grain, protein concentrates, and hay or silage. 
They can be wintered on range if it is possible to give daily supple- 
mental feedings. 

Steers to be developed into 2-year-old feeders on summer range 
should be fed during the first winter to gain 25 to 50 pounds per head, 
and to keep in thrifty condition during the second winter. Experi- 
ments in South Dakota show that under the conditions prevailing 
there, supplemental feeding may be limited to periods of extremely 
cold weather or snow-covered vegetation. 

In summer, most beef cattle are turned on range or pasture. The 
important problems are rates of stocking and methods of handling 
pastures (for example, the use of fertilizers and methods of grazing 
such as continuous and alternating). When pastures are heavily 
grazed, it may be necessary to use supplemental feeds in late summer. 
Cattle are fattened for market either on grass or in the feed lot. 

The increasing demand for lighter cuts of meat has resulted in the 
production of fat calves and yearlings. Under certain conditions it 
has been found possible to full-feed well-bred beef calves on grain or 
concentrate mixtures before weaning and have them fat enough for 
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slaughter at weaning time or a few months later. Three years of 
feeding tests by the United States Department of Agriculture in 
Missouri showed that suckling calves fed shelled corn for 140 days 
consumed less grain per hundred pounds of gain than those fed corn 
plus cottonseed cake or oats; but those fed 1 part of cottonseed cake 
to 8 parts of corn made greater gains, were fatter, and brought a higher 
price per hundred pounds, so that they more than paid for the in- 
creased cost of feed. In fattening calves, a relatively small amount 
of grain is required per hundred pounds of gain as compared with 
mature cattle, but the practice is more suitable for farming areas than 
for range areas. Experiments indicate that it does not pay to feed 
grain before weaning if the calves are to be full-fed on grain for 5 
months or more after weaning. 

Fattening steers on grass alone to a full finish can be practiced in 
comparatively few areas in the United States, but when grain or con- 
centrates are used to supplement grass, only half as much is needed 
as in dry-lot fattening. Experiments in the bluegrass section of West 
Virginia indicate that it is not necessary to feed grain during the first 
half of the grazing season, and that a limited grain ration plus pasture 
during the last half is better than using a more liberal ration of grain 
and hay for a short period following the grazing season. Experi- 
ments in South Dakota showed that the use of grain supplements 
plus summer range during the last half of the grazing season made it 
possible to market slaughter rather than feeder cattle. 

Rations for fattening steers in the dry lot vary considerably in 
different areas. It is important to remember that the various feeds 
used make different contributions to the whole ration—hence a 
direct comparison of feeds is difficult. In the Corn Belt, one of the 
important problems is to secure protein from the cheapest source. In 
the absence of corn, or in addition to corn, barley, rye, oats, wheat, 
grain sorghums, beet pulp, molasses, and cottonseed meal and hulls 
are used in fattening rations in various areas. Experiments indicate 
that it is best not to feed more than 3.5 pounds of molasses per head 
daily, and that cottonseed meal and hulls should not be full-fed for 
more than 90 to 100 days. 

THE FEEDING OF DAIRY COWS FOR INTENSIVE MILK PRODUCTION IN PRACTICE 

Cows are fitted to live and produce enough milk for their offspring 
entirely on pasture and roughage, as they did for countless generations 
before they were domesticated. But no cow can eat enough roughage 
to produce milk for six or more calves a year, which in effect is the task 
set for the good dairy animal. It becomes necessary, then, to feed her 
all the roughage she will eat, and in addition much more concentrated 
sources of energy such as grains. Experiments prove that she can be 
kept in good health and near maximum milk yield throughout one 
entire generation on high-quality roughage and concentrates alone. 
But her calves, if such a ration is continued into the second generation, 
will not be fertile. In order to maintain fertility generation after 
generation, it has been found necessary to provide pasture, if only for 2 
months every year. 

There are three elements, then, in maintaining the high-producing 
dairy cow:   (1) High-quality roughage, largely to supply an abundance 
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of protective nutrients necessary for health; (2) grain and other 
concentrates, largely as compact sources of energy; (3) pasture, 
largely to maintain fertility and make up for possible shortages in the 
roughage. 

The best roughage is legume hay, and probably the best legume is 
alfalfa. Cows will eat more roughage, however, if it is made up of a 
combination of legume hay and grass hay—timothy, for example. 
Half and half is a good proportion. Corn silage might be substituted 
for the grass hay, in which case the proportions should be figured on 
the basis of the dry matter in the silage. It is important to use high- 
quality hay—preferably U. S. No. 1—because it has a much greater 
vitamin content than hay of poor quality. 

A good concentrate mixture consists of 4 parts of corn meal, 3 parts 
of wheat bran, and 3 parts of one or more of the oil meals, plus 1 per- 
cent of salt. The oil meal should be prepared by the old process, with- 
out having the oil extracted by solvents. 

Good dairy cows, when mature', should be fed as much hay as they 
will eat and enough of a grain mixture, such as that described above, 
in addition, to keep them at uniform body weight. This is approxi- 
mately accomplished by feeding them according to the Savage stand- 
ard, which is the most liberal of the feeding standards. 

Good dairy cows in heavy production, especially in the early part 
of the lactation period, will often not eat enough to keep themselves 
at uniform body weight. Under these circumstances they should be 
fed as much hay as they will eat and as much grain in addition as they 
will clean up in half an hour twice a day. It is better to let cows lose 
weight for a few weeks than to cut down their hay consumption and 
upset their digestion by feeding more grain than they are really hungry 
for. As the lactation period proceeds and the milk production be- 
comes less, they reach a stage where they will eat enough to gain weight. 
They should be allowed to gain whatever they have lost and then be 
kept at uniform body weight. 

Cows fed as described here will receive more protein, fat, vitamin A, 
calcium, and phosphorus than the minimum requirements worked out 
in experiments so far. Experience has proved that such feeding gives 
good results over long periods. 

Vitamin A is the only vitamin likely to be lacking in dairy cattle 
rations under practical conditions. A deficiency results first in pre- 
mature calving and. the throwing of weak or dead calves. Experi- 
ments indicate that for successful reproduction cows need at least 10 
parts of carotene per million of dry matter in the ration. This will 
be approximately supplied if the ration contains equal parts of grain 
and hay, and if the hay is U. S. No. 1 clover or timothy. Cows 
can store up vitamin A on good pasture in the summer to make up 
for partial deficiencies later on. Concentrated sources of the vitamin 
are young growing grass or legumes, yellow garden carrots, high- 
quality alfalfa-leaf meal, and cod-liver oil. Cod-liver oil in large 
quantities is poisonous to cows, and it also tends to reduce the fat 
content of the milk. It should therefore not be used for mature 
animals except in emergencies, and then at the rate of not more than 
2 ounces daily for a mature cow. 

There is no evidence at present that mature cows under practical 
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conditions ever fail to get sufficient vitamin D from their rations and 
from sunlight. 

Cows in heavy production need an amount of calcium equal to 
about 0.25 percent of the dry matter of the ration, but this mineral is 
seldom likely to be deficient under practical conditions of feeding. 
Phosphorus, however, is deficient in the soil of certain areas in some 
11 States, and feeds produced on these soils are low in phosphorus. 
Recent work indicates that the ration should contain an amount equal 
to not less than 0.25-0.30 percent of the dry matter. The feeding of 
concentrates greatly decreases the danger of phosphorus deficiency. 
In emergencies, bonemeal or some mineral source of phosphate may 
be added to the food. 

It may be assumed that there is no deficiency of iodine unless goiter 
appears. 

Good dairy rations should supply all the nutrients needed by cows. 
Dosing with vitamin and mineral preparations to make up for poor 
rations is a highly experimental and sometimes dangerous procedure. 

FIGURING THE RATIONS OF DAIRY COWS 

Since different roughages contain different quantities of protein, 
the grain mixture should be adjusted according to the roughage used. 
If legume hay is the sole roughage, a grain mixture with only 12 per- 
cent of protein may be fed. Legume hay and silage, or mixed hay 
alone, calls for a 16-percent protein mixture; mixed hay and silage, 
for a 20-percent mixture; grass hay and silage, or silage alone, for a 
24-percent mixture. These protein mixtures may be readily made by 
using definite proportions of such feeds as corn, oats, wheat bran, 
cottonseed meal, barley, wheat, kafir, hominy feed, gluten feed, dried 
brewers' grain, linseed meal, peanut meal, ground soybeans, soybean 
meal, fish meal. 

As a source of energy, good hay is worth about 60 percent as much 
as the usual grain mixture, and silage about one-third as much as good 
hay. The quantity of roughage fed should not be reduced below the 
maintenance requirement of the animal—about 1¾ pounds of hay to 
100 pounds of body weight. (In substituting silage for some of the 
hay, figure that 3 pounds of silage equals 1 pound of hay.) After 
maintenance requirements are met, the amounts of grain needed for 
each pound of average milk produced by the different breeds are: 
Holstein-Fresian, 0.41 pound; Ayrshire and Brown Swiss, 0.46; Guern- 
sey, 0.52; Jersey, 0.56. 

Good pasture is the best feed, but cows will not graze more than 
150 pounds a day, and over most of the country the amount grazed 
will not provide enough nutrients for more than 1 to 1¾ pounds of 
butterfat a day. Moreover, pastures are usually at their best for 
only a month or so. Thus it is well at all times to provide as much 
hay as the cows will eat in addition to pasture. And wherever it pays 
to feed grain in winter, it usually pays in summer also. The amount 
of grain needed in addition to pasture can readily be figured for each 
breed according to production. 

In the West, where the alfalfa hay is exceptionally good, it may be 
economical to feed this alone during the winter, in spite of the lower 
production that will result.    In the Middle Western States, grain 
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may be fed for all production over two-thirds of a pound of butterfat 
a day; in the East, for all production over one-half pound a day. 
The total quantity of grain needed can be figured according to pro- 
duction and breed. 

PRACTICAL FEEDING AND NUTRITIONAL REQUIREMENTS OF YOUNG DAIRY STOCK 

Some 25,000,000 dairy cows 2 years of age and older are kept for 
milking in the United States and replaced about every 5 years. About 
10,000,000 heifers under 2 years of age are being raised to replace 
them. In addition, probably 250,000 to 300,000 young dairy bulls 
are raised each year for replacement purposes. These young animals 
will be the dairy herds of the future, and feeding them properly is 
important. 

The quantities of feed given to heifers should not be figured on the 
basis of weight alone, but on the basis of both weight and age, to 
allow for normal gains. 

The calf should be fed for the first 3 or 4 days on the dam's co- 
lostrum. It should then have whole milk for at least 2 weeks if it is 
strong and vigorous, or 3 to 4 weeks if it is weak or especially valuable. 
Calves may be fed without whole milk after the third day if they are 
given fresh skim milk or reconstructed dried skim milk (1 part of 
powdered skim milk in 9 parts of water) plus 2 teaspoonfuls of cod- 
liver oil daily, or 15 milligrams of carotene in oil, or about 7 ounces 
of grated yellow garden carrots. These supplements—which are 
used as a source of vitamin A—may be safely omitted at 60 to 90 
days of age when the calf is eating 1 to 2 pounds of hay daily if the 
hay is fairly green. The calves usually do not gain as much during 
the first month, or two on this ration as on whole milk but catch up 
later on. 

The feeding of good-quality hay and a suitable grain mixture should 
begin at about 2 weeks of age. 

Any one of the following feeding methods may be used up to the 
age of 6 months after the whole-milk starting period: 

(1) Fresh skim milk may be gradually substituted for whole milk. 
Green, sun-cured hay will have to be used to supply the vitamins 
A and D lacking in skim milk, and a grain mixture to supply addi- 
tional energy. 

(2) The calf may be raised on a nurse cow—a hard milker, low pro- 
ducer, kicker, or one with some other trouble. It is necessary to use 
care to see that the calf does not get too much or too little milk. 
Hay and grain should be provided as usual at 2 weeks of age. 

(3) The calf may be fed fresh buttermilk^ (pasteurized) or fresh 
whey, supplemented with legume hay and grain. 

(4) Dried skim milk, dried buttermilk, or condensed buttermilk 
may be fed, mixed with water, plus the usual hay and grain sup- 
plements. 

(5) Limited quantities of whole milk may be fed for the first 30, 
50, or 60 days. Then grain or a calf meal may be completely sub- 
stituted for milk. (Hay is fed as usual, of course.) It is sometimes 
difficult to grow calves on this ration, and growth will be retarded 
between 2 and 4 months of age. It should therefore not be used for 
raising undersized or weak calves.    The grain mixture should have a 
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protein content of not less than 16 to 18 percent; it may consist of 
corn, oats, wheat bran, and linseed or cottonseed meal. Calf meals 
or calf starters used with this method of feeding consist of a mixture 
of grains plus protein from an animal source—dried skim milk (best 
source), dried buttermilk, soluble blood flour, ordinary blood meal, 
dry-rendered tankage, or fish meal. The calf meal may be supple- 
mented with cod-liver oil. 

In any feeding method, the calf should be fed all the green hay it 
will consume. In a grain mixture, corn may be replaced by barley, 
kafir, milo, or hominy feed; linseed meal by soybean meal, or half 
the linseed meal by cottonseed meal. Silage is not a suitable feed 
for dairy calves until after the age of 3 months, when it may be sub- 
stituted for part of the hay. Pasturage is one of the best sources of 
roughage, but the calf fed on milk, hay, and grain will not make much 
use of pasture until after the age of 3 months. 

After 6 months of age, milk and calf meals are discontinued and 
the heifer is fed entirely on roughage and pasture (all it will consume), 
supplemented with a little grain. She should be fed so that she 
makes good growth and is good sized and well fleshed, but not too 
fat, at the time of first calving. Liberal feeding of a heifer makes it 
possible for her to calve at an earlier age; scanty feeding delays the 
first breeding and calving. ^ In the long run, it is probably most 
economical to feed heifers liberally so that they can be bred early, 
at 15 to 18 months, to calve at 24 to 27 months. 

The young bull calf should be fed about like the young heifer calf, 
up to the age of 6 months, when he will need somewhat larger quan- 
tities of feed. 

Data have recently been compiled on the size and weight of well- 
fed dairy calves at various ages, and on the rate of growth, and these 
are useful to check nutritional status. 

As in the case of other animals, the nutritional requirements of 
dairy calves include carbohydrates, proteins, fats, minerals, and vita- 
mins. A number of feeding standards have been proposed for energy 
(total digestible nutrients) and protein. The protein requirement 
depends in part on the quality or biological value of the protein; 
that provided by milk and milk products has the highest value for 
young calves. In practice it is well to provide more protein than the 
minimum requirement to allow a margin of safety. This is readily 
and economically done when legume hay is used. 

Of the necessary minerals, sodium and chlorine must always be 
provided in the form of common salt—0.5 to 1.0 percent of the grain 
mixture, plus an available salt lick. The rations customarily used 
for calves supply enough calcium and phosphorus for normal growth, 
except that when the animals are fed largely on home-grown roughages 
in phosphorus-deficient areas it may be necessary to supplement the 
ration. Wheat bran, linseed meal, and bonemeal are rich in phos- 
phorus. In goitrous regions it may be necessary to feed iodized salt 
to pregnant cows and heifers. A deficiency of iron, producing usalt 
sickness" or nutritional anemia of cattle, reported in some isolated 
regions, has been cured by administering very small amounts of iron 
and copper.    Cobalt-deficient areas have been reported in Florida. 

Of the vitamins, the only one that need give any great concern to 
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the dairy cattleman is vitamin A. The requirement of young growing 
calves is considerable, and it may not be met with ordinary feeds 
used in practice. A deficiency results in such symptoms as slow 
growth, general weakness and scours, blindness, and susceptibility 
to pneumonia. The requirement for the young calf may be met by 
feeding whole milk from cows on pasture, supplements such as cod- 
liver oil, green alfalfa-leaf meal, garden carrots, or, for the older calf, 
good-quality green hay. It is especially important to provide vitamin 
A during the skim-milk feeding period. The conditions under which 
it will be necessary to supply vitamin A supplements have already 
been discussed. 

VARIATIONS IN THE COMPOSITION OF MILK 

The milk of different species of animals varies greatly in com- 
position. For example, among various kinds of milk used for human 
food, that of the reindeer is most concentrated, containing only 63.3 
percent of water as compared with about 90 in mareas milk (least con- 
centrated); 10.3 percent of protein as compared with 1.05 to 1.63 
in human milk (lowest in protein); 22.46 percent of fat as compared 
with 0.78 in mareas milk (lowest in fat); and 1.44 percent of minerals 
as compared with 0.18 to 0.21 in human milk (lowest in minerals). 
Human milk is highest in milk sugar, containing 6.79 to 6.98 percent 
as compared with 2.5 for reindeer's milk, which is lowest. 

There are also considerable variations in the milk of a single species. 
In the case of cows, for example, the milk of the Guernsey contains 
5.19 percent of fat and that of the Shorthorn 3.63; and there are 
breed variations in percentages of water, total solids, protein, milk 
sugar, and minerals. Again, there are variations in the milk of 
individual cows of the same breed in the same environment. Even 
in the same cow, morning milk is usually richer in fat than evening 
milk; and at the same milking, the first milk is different from the 
s trippings, and that from one quarter of the udder may be different 
from that from another quarter. There are differences in successive 
phases of the lactation period, especially between colostrum milk and 
later milk. 

In general, the relation between the percentage of fat and the 
percentage of protein in cows' milk is fairly constant. This is useful 
in practice because the fat percentage may be taken as a rough guide 
to the protein and energy values of milk and to the feed requirements 
for its production. Formulas have been worked out for calculating 
the protein and energy content of milk from the fat percentage. 

The principal elements in the ash of cows' milk are potassium, 
calcium, sodium, magnesium, iron, phosphorus, chlorine, and sulfur. 
Among the elements found in smaller quantities are copper, zinc, 
aluminum, manganese, and iodine. Spectrographic analysis has 
shown traces of several other elements. Several of the minerals vary 
in quantity at various stages of the lactation period. Iodine is nor- 
mally present in milk in varying quantities, and the iodine content 
can be increased by suitable feeding, but the method is not economical. 

Flavors and odors are readily transferred to milk from the feed of 
the cow. It has been proved that even when cows only inhale garlic, 
the flavor and odor is transferred to milk through the lungs and the 
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blood stream.    Certain drugs and medicines given to cows have also 
been found in the milk. 

UTILIZATION OF FEED ENERGY AND FEED PROTEIN IN MILK SECRETION 

Data have been compiled by various workers to show how much 
of the energy in feeds is used for milk production. These serve as 
standards to indicate how much energy must be supplied in the feed 
to produce a given quantity of milk. 

Several steps are involved in these calculations: (1) Either the 
digestible energy or the metabolizable energy in the feeds is calcu- 
lated. The metabolizable energy is the part of the digestible energy 
that is actually usable in the organism. (2) From this is deducted 
the energy required for maintenance, growth or fattening^ and gesta- 
tion. The remainder is the amount available for milk production. 
(3) The total gross energy in the milk is calculated. (4) This is 
divided by the energy available for milk production. (5) The quo- 
tient is the "net efficiency of energy utilization"—in other words, the 
percentage relationship of the energy in the milk to the energy in the 
feed that is available for milk secretion. It is a somewhat indirect 
way of saying how much of this available energy actually goes into 
the milk. 

Several variables are involved in all such data, and these tend to 
make them inaccurate. For example, the breed of the cow may 
possibly make a difference; also the composition of the milk, the 
stage of lactation, the level of feeding, and the completeness and 
balance of the ration. There are also uncertain and arbitrary assump- 
tions—for example, in figuring the maintenance requirement, which 
must be deducted first. Moreover, the figures used are averages, 
whereas there is always a considerable variation between individual 
cows in the efficiency of feed utilization for milk secretion. Thus the 
averages can be used only as a general guide by the producer. He 
must take the individuality of his own cows into account. 

According to the lowest of five different sets of calculations, the 
energy in milk is 58 percent of the available digestible energy in the 
feeds and 62 of the available metabolizable energy. According to the 
highest, it is 62 and 69.4 percent, respectively. 

According to the lowest of 10 different standards, 5.456 pounds of 
total digestible nutrients are required daily for the maintenance of a 
1,000-pound cow. The highest standard is 7.925 pounds (equivalent 
actually to about 7.5 pounds because of the method of calculation). 

According to the lowest of eight different standards, 0.285 pound 
of total digestible nutrients is required to produce a pound of 4-percent 
milk. The highest standard gives 0.343 pound. There are similar 
variations in the standards for milk with other percentages of fat. 

In figuring the utilization of protein in milk secretion there are 
many uncertainties and unanswered questions. For example: When 
50 or 60 percent of a feed protein is said to be digestible it is possible 
that 90 to 100 percent of it is actually digested, but 40 to 50 percent 
eventually appears as nitrogen-containing products in the feces, so 
that this percentage is counted as having passed through the animal 
without being digested. Again, only 10 of the 20-odd amino acids 
must be supplied in the diet of the rat for maintenance and growth; 
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it can presumably make the others in its own body, and it is assumed 
that the situation is about the same for other animals. But is it? 
And even if the other amino acids can be made in the body of the 
cow, would it be better to supply them in the diet for economy in 
milk production? Certain amino acids are probably needed in rela- 
tively large quantities for milk secretion; but are they needed in any- 
thing like as large quantities for body maintenance? 

_ There is very little reliable information on the amino acid composi- 
tion of the protein mixtures in feeds. It has been noted that the 
utilization of feed proteins in milk secretion seems to vary with their 
content of the amino acid lysine, and on the basis of the lysine con- 
tent of various feeds the feeds might be graded in the following order: 
Blood meal, skim milk, meat meal, beans, peas, soybeans, peanut cake, 
alfalfa, wheat bran, cottonseed meal, linseed meal, oats, red clover hay, 
wheat, corn, barley, oat straw, beet pulp. In another experiment, 
certain sources of protein were rated as follows in biological value: 
(1) Fresh and dried spring grass, grass silage from summer grass, low- 
temperature dried blood meal; (2) fresh and dried autumn grass, bean 
meal, and pea meal; (3) decorticated peanut cake, decorticated pea- 
nut cake and flake maize ; (4) linseed cake, linseed meal. Such analyses 
at present cannot be considered as exact; they merely give an 
idea of how proteins may vary in feeding value. In certain protein- 
balance experiments it was found that when milk proteins were fed 
with a basal ration of corn stover and starch, the cows laid on protein 
reserves in their bodies, but when the same quantity of wheat or corn 
proteins were fed the cows actually ^milked flesh off their bodies7? to 
maintain production. 

It has been suggested that the biological value of feed proteins for 
milk secretion may be safely assumed to be not less than 50 percent, 
and that the cow should receive an amount of digestible protein 
equivalent to twice the protein secreted in the milk. 

Several calculations have been made of the amount of protein 
needed for maintenance and the efficiency of the utilization of protein 
in milk secretion. Some controversy at present centers around the 
question of whether it is necessary to feed 0.7 pound of protein daily 
per 1,000 pounds of live weight for the maintenance of a cow, and 
how much should be fed in addition for milk production. The latter 
figure varies in different standards from 1.25 times the protein in the 
milk, which would be a low-protein level of feeding, to 2 times, which 
would be a high-protein level. The inadequacy of a level as low as 
0.5 pound per 1,000 pounds for maintenance and 1.25 times the pro- 
tein in the milk has been clearly demonstrated in one experiment, at 
least for the cows used in that experiment. It was also demonstrated 
that cows react very differently to a low-protein level of feeding, and 
with some it may prove disastrous. 

THE VITAMINS IN MILK AND IN MILK PRODUCTION 

In the cow's body the yellow carotene from plant foods is converted 
into colorless vitamin A. Both unconverted carotene and the color- 
less vitamin are transferred to the milk. The color of the butterfat 
depends on the amount of carotene it contains. Some breeds of cows 
convert carotene into vitamin A more efficientIv than others.    On 



FOOD AND LIFE —A SUMMARY 65 

the same diet their butterfat would be less yellow than that of the 
less efficient converters. This might simply mean that it had more 
actual vitamin A and less unconverted carotene. In general, however, 
the color of butterfat is an indication of its vitamin A potency. 

The amount of carotene (or of vitamin A) in the cow's ration has 
little or no effect on the milk yield, but it determines the vitamin A 
potency of the butterfat. When the carotene received by the cow is 
less than a certain amount the calves born are abnormal; when it is 
reduced still more the cow herself becomes night blind; when the cow's 
milk has less than a certain vitamin A potency the nursing calf 
becomes night blind. 

In general, the more carotene there is in the cow's ration the greater 
will be the vitamin A potency of the butterfat—and, of course, the 
milk containing the butterfat. Grains—including even yellow corn— 
are a poor source of carotene. The cow usually gets 90 percent of her 
carotene supply from roughage. Furnishing an adequate or generous 
amount of carotene, therefore, is a matter of feeding the right kind of 
roughage. A ration in which poor timothy hay is the sole roughage 
may result in butterfat that has only one-fiftieth as much carotene 
as one in which the roughage is high-quality alfalfa hay. 

The vitamin A potency of milk and butterfat then can be directly 
controlled by diet. To what extent this should be done in the case 
of milk for human consumption remains to be seen. For suckling 
calves the milk should certainly have enough vitamin A potency to 
permit normal growth. 

During lactation an animal requires more of the B vitamins (par- 
ticularly Bi and G) than at other times. Its health, the capacity to 
lactate, the yield of milk, and the composition of the milk are all 
affected by the supply of these vitamins available. A deficiency of 
vitamin Bi leads to reduced food consumption, and this in itself would 
affect the yield and probably the protein content of milk. Suckling 
young may suffer from severe deficiency diseases when the mothers 
are on diets low in vitamin Bi. 

Whether the B vitamins need to be supplied in the ration of the 
dairy cow, either for her own use or for secretion in her milk, is another 
matter. There is evidence that these animals manufacture some of 
these vitamins in their paunch. With human beings and rats there 
is no doubt about the need for vitamin B^ in the diet. And the con- 
centration of vitamin G in cow's milk—as in human milk—may be 
increased 50 to 75 percent by increasing the vitamin G in the diet. 

The cow makes vitamin C in her body and does not require it in 
her diet. In fact, if she does consume it in food, it may be destroyed 
by oxidation in the rumen or first stomach. Along with the vitamin 
C in foods there is often an enzyme that hastens the oxidation of 
vitamin C ; and after oxidation has proceeded beyond a certain point 
the vitamin is no longer active. A little copper speeds up the action 
of this enzyme a great deal. After milk is drawn from the cow the 
vitamin C it contains soon begins to oxidize. Pasteurization hastens 
the process, and pasteurizing in copper vessels speeds it up still more. 
Heating for half a minute at 170° F., however, will destroy the 
enzyme, and copper is then not so damaging to the vitamin C in the 
milk. 

141394°—39 6 
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The vitamin C content of human milk is considerably higher than 
that of cows' milk and may be increased by feeding large doses of 
vitamin C. There is some evidence that the content in cows' milk 
may be increased by injections of vitamin C under the skin. 

Symptoms of vitamin D deficiency in cattle may be produced 
experimentally by keeping the animals in the dark on a vitamin D- 
deficient ration. These conditions would seldom occur in practice. 
The requirements of the animal are met by ordinary rations and a 
little exposure to sunlight. An increase of vitamin D in the feed or 
exposure to sunlight increases the vitamin D content of the milk. 
Milk fat produced in summer may contain nine times as much vitamin 
D as that produced in winter. 

GLANDS, HORMONES, AND BLOOD GONSTITUENTS-THEIR RELATION TO MILK SECRETION 

Glands and Hormones 

In the attempt to unravel the mysteries of lactation, some experi- 
mental work has been done with hormones secreted by various glands 
in the body. 

Milk is secreted by the mammary gland (the udder or breast). What 
part do hormones play in the development of this gland? 

Experiments show that the mammary gland does not develop 
fully in an animal without ovaries. In females deprived of their 
ovaries (spayed), however, injections of estrin (a hormone secreted 
in the sex organs during heat) stimulates an incomplete development 
of the mammary gland. The gland can be stimulated to still further 
development by injections of estrin and the yellow-body hormone 
(also secreted in the sex organs during heat). But the mammary 
gland will not develop with either or both these injections if the 
pituitary gland (located in the head) has been removed from the 
animal. Pituitary extracts will stimulate some development of the 
mammary gland in females without ovaries. Thus apparently the 
ovaries, the pituitary gland, and the two sex hormones mentioned all 
act together in the full development of the mammary gland. 

What part is played by hormones in the secretion of milk as dis- 
tinct from the development of the mammary gland? 

Animals can produce milk even without ovaries, but milk is not 
secreted in the absence of the pituitary gland unless pituitary extracts 
are given. Some milk secretion can be stimulated merely by manipu- 
lating the nipples if the pituitary gland is intact. When the uterus is 
distended (naturally in pregnancy, or artificially by inserting foreign 
material) milk secretion may decrease or stop. Large amounts of 
estrin will also inhibit milk secretion. This may account for the defi- 
nite decrease of milk yield when heat, with its accompanying flow of 
estrin, occurs during lactation. The natural decline in milk yield 
that occurs as the heat cycle is resumed cannot be prevented by 
removal of the ovaries. 

An extract called prolactin, recently made from the pituitary gland, 
will stimulate milk production in a normal animal provided its own 
pituitary gland is intact. When an animal's pituitary gland is 
removed every other endocrine gland in the body wastes away, includ- 
ing the adrenal gland located near the kidney.    ProlactnT will still 
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stimulate milk secretion after the pituitary gland is removed provided 
extracts from the adrenal gland are given at the same time; but injec- 
tions of common salt can be substituted for adrenal extracts with the 
same results. Apparently, then, the adrenal gland is not essential for 
milk secretion. Experiments prove that the thyroid gland is not nec- 
essary either. 

The pituitary gland has powerful effects on many body functions. 
Its secretions are made of protein, and the proteins in the diet may 
have much to do with their formation. One of these secretions is a 
hormone that stimulates the sex glands (gonads). In the past few 
years, unidentified substances that also stimulate the gonads when 
injected into an animal have been extracted from the green leaves of 
young plants. Does this have some connection with the observed 
stimulating effect of young pasture grass on milk production? 

Pituitary extracts cannot yet be used safely for such purposes as 
stimulating the production of milk, but the experimental work so far 
is highly suggestive of possibilities for the future. 

Blood Constituents 
Among the constituents of milk produced in the mammary gland are 

lactose (milk sugar), proteins, and certain easily evaporated fatty 
acids. What materials in the blood stream are used to make these 
substances and how does the level of the material in the blood affect 
milk secretion? 

The sugar in blood is glucose. Experiments show that the mam- 
mary gland does take glucose out of the blood. They also show that 
mammary-gland tissues can readily make lactose if supplied with 
glucose. Chemically, this would require a complex and far-reaching 
rearrangement of some of the glucose molecules. Other experiments 
indicate that both glucose and lactic acid may be taken from the 
blood to make the lactose in milk. Reducing severely the amount of 
glucose in the blood reduces the amount of lactose in the milk, but 
ordinary reductions in the amount of carbohydrate in the cow's diet 
do not. Instead, they reduce the milk yield and the amount of 
protein in the milk. 

Lactoglobulin, one of the proteins in milk, is identical with serum 
globulin in blood, and is believed to come directly from that source. 
Two other proteins, lactalbumin and casein, are believed to be made 
in the mammary gland from a mino acids and polypep tides (simple 
combinations of amino acids) in the blood stream. The evidence indi- 
cates that amino acids and polypep tides are taken from the blood 
stream and used to make milk proteins. Some workers report that 
this is also true with serum globulin. A change in the quantity or 
quality of proteins in the diet may affect not only the secretion of pro- 
tein in milk but also the amount of milk secreted as a whole. 

All the fatty acids in milk except those that are easily evaporated 
could come directly from the feed and the blood. The easily evapo- 
rated fatty acids are made in the mammary gland, but their origin is 
unknown. Nor is it known whether the mammary gland makes fat 
out of carbohydrate, though this does occur elsewhere in the cow's 
body. The percentage of fat in milk bears a fairly constant relation 
to the percentage of protein, and a diet inadequate in protein reduces 
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the fat content of the milk as well as the protein content and the total 
yield of milk. 

MILK IN NUTRITIONAL RESEARCH-Ä SKETCH OF PROGRESS 

In the days when chemists were analyzing foods into proteins, fats, 
and carbohydrates, they began to make up experimental diets of these 
substances for animals (rats and mice) in the laboratory. Curiously 
enough, <¿although animals can live on milk alone,n wrote Bunge, one 
of the German experimenters, ííyet if all the [necessary] constituents of 
milk be mixed together, the animals rapidly die.^ Evidently there 
was something in milk besides proteins, fats, and carbohydrates that 
was essential to life. 

This 'ísomething^ appeared on further experiment to be minerals. 
But even when an artificial diet containing milk minerals was supplied, 
the animals failed to live—as the Englishman Hopkins proved. 
There was still something else necessary to life. This time it proved 
to be vitamins. 

For six or more decades now, research workers have been making up 
synthetic diets for animals containing everything known at the time to 
be necessary for life, growth, and health, and comparing these diets 
with natural foods. Each time the artificial diet, prepared according 
to the best available knowledge, proved to lack some necessary sub- 
stance that must have been present in the natural food; and the lack 
of the substance often produced definite symptoms of disease or ab- 
normality. Then the search began for this substance through further, 
more careful experiments. 

By such methods the vitamins were discovered one by one. 
The work was enormously stimulated when it was discovered, in 

1885, that human beriberi, prevalent in the Japanese Navy, could be 
cured mainly by feeding the sailors barley instead of polished rice. 
Experiments with pigeons showed that polishing or refining the rice 
took out a mysterious life substance, a vitamin. Experimental work 
showed that this substance was necessary for growth as well as the pre- 
vention of beriberi. Later it was found that there were two separate 
vitamins, one preventing beriberi and promoting growth (vitamin BO 
and another, with different characteristics, also promoting growth 
(vitamin G). 

Eventually two other vitamins were found in this original "vitamin 
B." One was vitamin Be, isolated in crystalline form in 1938. Lack 
of this vitamin produced a skin disease in chicks. Another was 
nicotinic acid, which cured blacktongue in dogs (blacktongue being the 
canine form of pellagra). And there may be still other vitamins in this 
original "vitamin W that cured beriberi. 

There are similar stories connected with the discovery of vitamins A, 
C, D, and E. At least eight vitamins are now known. They are no 
longer unseen mysterious substances. Within the last few years it has 
been possible to see, touch, weigh them, and finally to make some of 
them synthetically in the laboratory. In our time, probably, new vita- 
mins will be discovered. 

Some of this work was done with milk, and the list of known sub- 
stances in milk steadily increased. Discovering what milk lacked also 
advanced knowledge of nutrition.    For instance, knowledge of iron 
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requirements was advanced by finding that milk lacks sufficient iron to 
support the young animal beyond a certain stage of growth. 

NUTRITIVE REQUIREMENTS OF SWINE 

Swine are economical converters of feed into body tissue, growing 
rapidly to market weight at 7 to 10 months of age and breeding when 
younger than most farm animals. Their ration is made up largely of 
concentrates with a small proportion of roughage. Until well within 
the present century it was thought that practically all they needed 
were carbohydrates and fats to supply energy, with enough protein to 
build and maintain body tissues. Early work on nutritive require- 
ments was based on this viewpoint. Then it was found that proteins 
are different, and that some—the zein of corn, for example—lack amino 
acids essential to the animal body. Finally, a growing list of minerals 
and vitamins came along to complicate the picture. 

The earlier interest in energy requirements has been largely sub- 
merged in the United States by the general use of self-feeders for hogs. 
Instead, the problem now is to find the feed mixtures that will promote 
the most rapid and economical gains in weight, and this is to no small 
extent a problem of proteins, minerals, and vitamins. Energy stand- 
ards are nevertheless very useful in measuring the effects of improve- 
ments in rations. 

In 1917 Armsby concluded that the net energy required for main- 
tenance by swine was 1,199 calories a day per 100 pounds of live weight. 
Different formulas or equations have been devised since then for 
figuring maintenance requirements, and several tables have been 
worked out. After maintenance requirements are met there are addi- 
tional requirements for growth and fattening. Total energy require- 
ments, including maintenance, growth, and fattening, have been ex- 
pressed in a number of standards. It is difficult to make such stand- 
ards precise for various reasons, and most of them permit a wide 
latitude in feed allowances. 

It has been demonstrated that the lean tissue of the carcass can be 
maintained or even increased by restriction of the energy intake. 
Further experimental work with restricted diets might result in better 
information on dietary balance and economical feeding. 

The problem of protein requirements is of more practical concern 
that that of energy requirements. The discovery that a diet of corn 
alone supplies too little protein, qualitatively and quantitatively, has 
been of major importance in hog feeding. Since a good deal of the 
protein supplement in the hog's ration must be purchased, there is a 
powerful reason to meet protein requirements economically. 

The amount of protein actually used in the hog's body can be deter- 
mined rather accurately; so can the protein content of different feeds. 
But this is only the first step. Not all the protein in a given feedstuff 
is digestible—only 60 to 90 percent of it, for most common feeds. 
And not all the digestible protein is biologically usable in building 
tissue. Many proteins have a biological value not much over 50 per- 
cent. For example, according to one study, a growing pig weighing 
100 pounds required 0.029 pound of protein for maintenance and 0.103 
pound for growth, or a total of 0.132 pound daily. In the ration of 
corn, middlings, and tankage, only about half of the total protein was 
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biologically usable—so twice as much protein would have to be fed 
as the hog required. Again, of the total protein fed, only two-thirds 
would be digestible—so half again as much would have to be added to 
take care of this factor. Thus to meet a requirement of 0.132 pound of 
protein, the farmer would have to feed 0.182X2X1%, or 0.396 pound. 

As in the case of energy, various standards for protein requirements 
have been worked out by different investigators in Europe and the 
United States. Some are low, some medium, some high. Experi- 
mental work indicating that the rate of gain of growing pigs increases 
with a larger protein content in the diet suggests that medium-high 
standards should be used in general. 

The body of a 225-pound pig contains 5 pounds of some 13 minerals. 
Calcium and phosphorus make up more than 2% pounds of the total, 
and it is imperative that they be supplied in adequate amounts; but the 
requirements can ordinarily be met by proper selection of feeds. In 
goitrous areas it is necessary to supply iodine, especially to the preg- 
nant sow. Suckling pigs that do not have access to some source of iron 
and copper besides the mother's milk develop anemia unless those 
minerals are supplied in small amounts. Mineral mixtures that will 
meet a possible deficiency of various elements can be made at home 
and fed at the rate of 1 or 2 pounds to 100 pounds of feed. 

Experimental work so far shows that swine need vitamins A and D, 
riboflavin, nicotinic acid, two other fractions of the vitamin B complex, 
and probably vitamin B^ Lack of vitamin A will produce night 
blindness as well as retarded growth and other physical symptoms, 
including impaired reproduction. A suggested minimum requirement 
is 1 to 1.3 milligrams of carotene or 0.3 milligram of vitamin A per 100 
pounds of body weight. Green feeds and yellow corn are natural 
sources of carotene. Lack of vitamin D produces rickets and poor 
growth. Sunshine will prevent this condition; sun-cured alfalfa is a 
useful source of vitamin D in winter. Much work needs to be done 
before the requirements of hogs for the B vitamins are known. Com- 
mon feeds that have high protective value in hog rations include 
skim milk, buttermilk, whey, tankage, meat and fish meals, and leafy 
forages. 

With self-feeding, hogs need plenty of water at all times if they are to 
consume enough dry feed to make the most rapid growth. 

PRACTICES IN SWINE FEEDING 

The hog industry in the United States is based on corn, but hogs 
can probably make use of more different feeds than any other farm 
animal. Production is carried on in all of the 48 States. There are 
great differences in the feeds used, and in methods of feeding and 
management, between the four major regions—the Corn Belt, the 
South, the Atlantic coast, and the West. 

Among the feeds used, the grains supply carbohydrates for energy 
and fattening (the hog is unusually efficient in converting sugar and 
starch into body fat). All of the grains need to be supplemented 
with other feeds supplying proteins, minerals, and vitamins for a 
well-balanced diet and economical gains. Yellow corn has a higher 
vitamin A value than white corn. 

Compared with corn as a standard, the feeding value of the other 
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grains runs about as follows: Grain sorghums, 10 percent less than 
corn; wheat (whole, ground), 5 percent more than corn, with less pro- 
tein supplement required (wheat byproducts may profitably replace 
one-third of the corn in the ration with good results) ; barley, 8 to 26 
percent less than corn, depending on the weight of the barley; oats 
(good quality, ground), considered equal to corn up to one-third of 
the ration; rye, 10 percent less than corn—should not make up more 
than half the ration; rice bran, 10 percent less than corn—should not 
make up more than half the ration; brewers' rice, equal to corn— 
produces very firm pork. 

Molasses is considered to have 10 percent less fattening value than 
corn ; it should not make up more than one-fifth of the ration. Sweet- 
potatoes may be fed or grazed in combination with grain; they have 
one-fourth to one-fifth the fattening value of grain. Potatoes should 
be cooked before being fed; they have about a third to a fourth the 
fattening value of grain, and should not replace more than half the 
grain in the ration. Root crops are 80 to 90 percent water and have 
little feeding value. 

Soft pork, which is produced by feeds high in oil, usually suffers a 
cut of 10 to 25 percent in market price. The common softening feeds 
are peanuts, soybeans, mast (acorns and nuts), rice bran, rice polish, 
and corn-germ meal. Young pigs fed on a diet that produces soft 
pork may be hardened off later on grain during the fattening period. 

Wet brewers' grains have a low nutritive value, though they may 
be* an economical feed under some circumstances. Distillery slop, 
properly supplemented, may also be used. 

Grains and other energy feeds must be supplemented with protein 
feeds, home-grown or purchased, for the best results in growth and 
fattening. Skim milk or buttermilk is worth about half and whey 
about one-fourth the price of a bushel of corn in hog feeding. After 
weaning, 4 to 5 parts of skim milk or buttermilk may be fed to 1 part 
of corn, the proportion of milk being gradually reduced to 1 or 1¾ parts 
at 150 pounds body weight. The value of digester tankages, from 
the packing industry, should be figured on the basis of their protein 
content, which varies from 35 to 65 percent, according to the grade of 
the product. Tankage furnishes minerals as well as protein. Fish 
meals are similar to tankage in feeding value, and in addition are a 
source of vitamins A and D. Shrimp meal (shrimp bran) is a good 
protein supplement. Cottonseed meal is economical but should not 
be fed too heavily. Like linseed meal, it is best fed in a mixture with 
tankage or fish meal, and should be supplemented with a feed rich in 
vitamin A. Peanut meal is good but must be supplemented with 
feeds rich in calcium and vitamins A and D. Soybean meal (oil- 
extracted) is excellent and may even be used as the sole protein con- 
centrate for hogs weighing over 100 pounds. Alfalfa meal is fairly 
rich in minerals and vitamins A and D, though it is too bulky to be 
fed as the only protein concentrate. Alfalfa-leaf meal is higher in 
protein and lower in crude fiber. Protein feeds may be mixed with 
grain or fed as a separate protein mixture in a self-feeder that allows 
the hogs free choice of different feeds. 

In selecting the hog ration as a whole, it is well to avoid any com- 
bination that contains over 5, or at the most 7 to 8 percent, of crude 
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fiber. Generally, the ration should contain 18 to 20 percent of protein 
for pigs weighing 35 to 100 pounds; 15 percent for those weighing 100 
to 150 pounds; about 12 percent for those weighing 150 to 225 pounds. 
The choice of individual feedstuffs depends largely on local conditions 
and comparative costs. If the ration is well balanced, it should fur- 
nish enough minerals, especially if pasture, legume hays, and yellow 
com are used. In the dry-lot, a mineral mixture may be fed if neces- 
sary. 

Any one or any combination of four methods of feeding may be 
used—hand feeding, self-feeding, limited feeding, or hogging-down 
crops. In hand feeding the hogs are usually fed twice daily, and they 
must accept the feed mixture as a whole. In self-feeding, different 
feeds are usually placed in separate compartments. The hog balances 
its own ration, eats less at a time but more often, and gains economi- 
cally and rapidly. In limited feeding, the hogs are fed less than a full 
daily ration; the method requires more labor but may be worth while 
under certain circumstances since it results in economical gains. For 
hogging down, corn is the principal crop used, or peanuts, sweet- 
potatoes, and root crops in the South; usually a short period of dry-lot 
feeding is required to finish the animals. 

Good pasture may save 15 percent of the grain required; it speeds 
up the rate of gain compared with dry-lot feeding and helps to control 
parasites if pastures are rotated. The plants most commonly used for 
permanent pastures are alfalfa, red clover, alsike clover, white clover, 
bluegrass, orchard grass, lespedeza, and carpet grass; for temporary 
pastures, rape, rye, oats, wheat, soybeans, cowpeas, and field peas. 
Good legume pasture may cut 60 to 70 percent off the amount of 
protein supplement required in the ration. 

Suckling pigs may be fed protein supplements beginning at 3 weeks 
of age. Following weaning, the ration must be high in protein for 
good growth. After the early period of rapid growth, the proportion 
of protein is cut down and that of fattening feeds is increased. Fat- 
tening pigs on full feed require about 1 pound of feed daily for every 
20 pounds of live weight up to 100 pounds. From 100 to 200 pounds 
they require about 1 pound of feed daily for every 25 pounds of live 
weight. About 1 pound of protein concentrate is required to 9 
pounds of corn. From 35 pounds weaning weight to 200 pounds mar- 
ket weight, a hog will need 660 pounds of feed—594 of corn and 66 of 
protein concentrate. 

Breeding pigs should be fed to get maximum growth without too 
much fat. Gilts are usually bred at 8 to 8¾ months of age, to farrow 
the first litter at 1 year. During the gestation period, additional 
protein should be fed to the sow to meet the needs of the growing 
embryos. In fact, a protein reserve should be built up in her body 
for the subsequent drain of lactation. A considerable proportion of 
animal protein, and a mineral mixture, should be included in the ration. 
A sow suckling a litter requires feeds that will furnish a heavy milk 
flow. 

FEEDING PROBLEMS WITH SHEEP 
Most of the experimental work on sheep feeding has been in the 

form of practical feeding trials. There has been little research on 
specific requirements for proteins, minerals, and vitamins.    The need 
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for economy in sheep feeding, which is becoming more urgent, will 
almost certainly throw greater emphasis on a closer study of nutritive 
needs. 

The mineral deficiencies most likely to show up in sheep feeding are 
those of calcium, phosphorus, or iodine. Each of these can readily be 
supplied as a mineral supplement if necessary. The vitamin that is 
most likely to be deficient—and this especially when sheep are fed 
on poor-quality roughage in the winter—is vitamin A7 which can be 
supplied as carotene by feeding plenty of early-cut well-cured hay. 
Sheep need plenty of fresh water, and they consume relatively more 
salt than cattle. 

Good pasture and good roughage arc the backbone of sheep feeding. 
In some regions, flocks can thrive the year round without any grain. 
Under many conditions, it is advisable or necessary to use some con- 
centrates. Alfalfa hay is an outstandingly good feed. Much timothy 
is used, but it is very important that it be cut young. Silage or roots 
can be fed with hay. Dependence on pasture or range alone often 
presents problems of nutritional deficiencies, because of the nature of 
the soil or plants, which require correction by suitable supplements 
such as phosphorus or trace mineral elements. 

In the East, and in irrigated and dry-farming areas of the West, 
sheep are kept in farm flocks of 20 to 300 head. In the fall the breed- 
ing sheep can usually get much of their feed from stubble and stalk 
fields, followed by clover and grass pastures, rye or wheat pastures 
(with concentrates), or, in the South, velvetbeans. Most of the feed 
will come from pasture during late spring, summer, and early fall. 
Suggested winter dry-lot combinations given in pounds per head daily, 
for pregnant ewes weighing  110  to  140 pounds,  are   (in pounds): 
(1) Alfalfa or soybean hay, 3; corn silage, 2; shelled corn, one-half; 
(2) alfalfa hay, 3; corn stover, 2^ (3) alfalfa or clover hay, 3%: corn 
silage, 2; (4) oat straw, 2; corn silage, 2; shelled corn, three-fourths; 
linseed meal, one-fourth. Cottonseed meal as a protein concentrate 
is best used in limited quantities—not over one-fourth of a pound per 
head daily—with other feeds. 

In the West, most sheep are in range bands—usually 1,000 to 2,000 
head. They subsist largely on natural forage, but snow, drought, 
and overgrazing make it necessary at times to feed hay and concen- 
trates. Alfalfa hay may be fed alone, or native hay may be used with 
a protein concentrate such as cottonseed cake. Suggested rations for 
range ewes weighing 110 to 140 pounds are (in pounds): Before lamb- 
ing—alfalfa hay, 4; whole oats, one-half; after lambing—alfalfa hay, 
5; corn silage, 2%; whole oats, three-fourths. Under some conditions, 
ewes should be fed grain for 3 or 4 weeks before lambing, and corn 
silage or beet pulp may be used before and after lambing. 

Rams on farm or range may be fed like ewes, in somewhat larger 
quantities. They do not need to be fattened, but they should have 
feed of rather high quality just before and during the breeding season. 

Flushing (extra feeding) of ewes to increase the number of twins 
and extra feeding of lambs through the suckling period are profitable 
wherever they can be done economically. Good pasture is best for 
this; grain may be used as a supplemental feed. The ewe must be 
fed to gain at least a pound a week during the breeding season. 
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Where pastures and ranges are good enough, lambs can be ^milk- 
fed^ to be ready for market at weaning time. A considerable part of 
the lamb crop, however, must be fattened after weaning. Corn and 
alfalfa hay are the preferred feeds for fattening lambs. Other feeds 
used where they are economical include barley ; sorghum grains; oats; 
wheat; rye; cottonseed or linseed meal; silage of corn, corn and soy- 
beans, sorghum, pea vines, peas and oats; and wet beet pulp, turnips, 
mangels, rutabagas, beet tops, cabbage, and cull potatoes. A sug- 
gested fattening ration consists of 7 parts of corn and 1 part of cotton- 
seed meal by weight, plus corn silage and clover hay. This is fed at 
the rate of about 1% pounds each of concentrates, silage, and hay per 
head daily for lambs entering the feed lot at 60 to 65 pounds and 
finishing in 80 to 90 days at 90 to 95 pounds. 

Hothouse lambs are lambs produced out of season—born in fall or 
early winter, ready for market at 2 to 4 months of age (about 40 to 
60 pounds) while they are still suckling.^ The mothers of these lambs 
must be exceptionally well fed for milk production. A suggested 
ration consists of 5 parts corn, 2 parts oats, 2 parts wheat bran, and 
1 part linseed meal by weight, plus corn silage and well-cured second- 
cutting alfalfa or their equivalent. This is fed at the rate of about 
1 to 1¾ pounds of the concentrate mixture, 2 to 3 pounds of corn silage, 
and 2 to 3 pounds of alfalfa hay per head daily. The lambs should be 
fed in a creep beginning at about 2 weeks of age. The same com- 
bination of feeds may be used, but the corn should be cracked, the oats 
crushed, the alfalfa bright and leafy, and the silage the best available. 
They may be fed as much as they will clean up each day. 

Poisonous plants are a serious problem on the range where close 
herding is practiced so that the sheep clean up all vegetation as they 
go along. The principal poisonous range plants are the death camas, 
locoes, and lupines (pods and seeds). Wild cherries, certain milk- 
weeds, the rayless golden rod, the Colorado rubber plant, the ^coffee 
bean^ of Texas, and the sneezeweed have caused losses. There is as 
yet no practical method of eradicating most of these plants. 

FEEDING PROBLEMS WITH GOATS 

Goats are very fond of browse (leaves, twigs, and weeds), though 
they also relish good grass. Otherwise they eat about the same feeds 
as sheep. They should have free access to salt. In some cases, sup- 
plements of calcium, phosphorus, or iodine may be necessary. 

Angora goats are fed on browse, weeds, grass, and, in winter, ever- 
green brush (except cedar and conifers). In winter, it may be neces- 
sary to use such supplementary feeds as hay, kale, rape, corn, milo, 
feterita, oats, or other grains. If the winter roughage is low in pro- 
tein, some protein-rich concentrate should be added. A suggested 
allowance when the animals must be fed entirely on stored feeds is 
one-fourth to one-half pound of good concentrates and 3 to 4 pounds of 
good roughage. 

The feed required for one cow will be enough for six or eight goats, 
but the milk goat should be proportionately as well fed as the dairy 
cow. According to tests, a pound of grain a day will be required for 
each quart of milk produced per day as an average throughout the 
period of lactation.    A doe that is pastured as much as possible may 
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require some 500 pounds of choice to good legume hay and 450 pounds 
of grain a year. A suggested winter ration for does in milk consists 
(in pounds) of alfalfa or clover hay, 2; corn silage or roots, IK; grain 
mixture, 1 to 2. A good grain mixture might be made (in pounds) of 
corn, 100; oats, 100; wheat bran, 50; linseed meal, 25. A doe on good 
pasture may be given 1 to 1¾ pounds of grain mixture a day. 

Other feeds used for goats are timothy hay (early-cut), corn stover, 
corn and sorghum silage, mangel-wurzels, carrots, rutabagas, parsnips, 
turnips, beet pulp, barley, cottonseed meal or cake, brewers' grains, 
corn bran, gluten feed. 

Young does should be kept in good growing condition on browse 
and pasture, supplemented with a little grain if necessary. A sug- 
gested winter ration consists of grain, 1 pound, silage or roots, 1 to 1¾ 
pounds, and all the hay or other roughage the doe will consume. A 
kid to be raised for milking should have 1½ to 2 pounds of milk a day 
besides good pasture or roughage and a little grain. Whole cows' milk 
may be used, or even skim milk (2 to 3 pounds a day, supplemented 
with choice alfalfa hay and grain) if the change from whole milk to 
skim milk is made gradually. At about 10 weeks of age, the milk 
may be largely replaced by good alfalfa hay and mixed grain. 

Bucks on good pasture need no grain. In winter they may be fed on 
legume hay and corn stover, with silage or root crops and enough grain 
to keep them in good condition. 

In all but a few municipalities, goat meat goes into the regular trade 
as mutton or lamb. For the best finish, such fattening feeds as corn, 
barley, or sorghum grains should be used, together with good forage. 
A suggested ration consists (in pounds) of alfalfa hay, 2; corn silage or 
roots, Iji; grain mixture, 1 to 2. 

NUTRITION OF HORSES AND MULES 

The feeding requirements of horses, like those of other livestock, 
call for adequate amounts of energy, protein, minerals, and vitamins. 
Some feeding standards for energy and protein have been worked out 
according to type and weight of the animal and the work it does. 
Those given by Morrison range from 5,600 calories of net energy and 
0.6 pound of digestible protein a day for a mature idle horse weighing 
1,000 pounds to 24,100 calories and 2.4 pounds of digestible protein 
for a mature horse weighing 1,800 pounds at hard work. Morrison 
also gives standards for brood mares nursing foals and for draft colts 
after weaning. Relatively, the protein requirement is greatest for 
young growing colts and pregnant and nursing mares. The energy 
requirement of the growing colt is also relatively high. For mature 
animals, the energy requirement is determined by the size of the ani- 
mal, the kind and amount of work performed, and individual charac- 
teristics. 

The mineral requirements are highest for calcium and phosphorus, 
as with other animals; and they are relatively greater during the period 
of growth and in pregnancy and lactation. There is no clear experi- 
mental evidence to indicate the quantitative requirements for those 
two minerals at any age, but according to analyses of carcasses, 
Percheron horses weighing between 400 and 1,600 pounds need 13.5 
grams of calcium and 13.6 grams of phosphorus a day.    Lack of suffi- 
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cient calciuni or phosphorus produces the same kinds of nutritional 
diseases and abnormalities that occur in other animals. Horses must 
have common salt daily, and the amount needed is highest when they 
are at heavy labor, particularly during warm weather. In the so- 
called goiter belt of the United States it is advisable to use an iodine 
supplement, especially for pregnant brood mares and colts. 

Little is known about the vitamin requirements of horses, but they 
are probably similar to those of other animals. Horses get night 
blindness from a deficiency of vitamin A. 

When it comes to practical feeding, the results of experience may 
be added to the very limited amount of experimental work in setting 
up standards and formulating rations. 

Many people consider oats the best concentrate feed for horses, but 
there is evidence that other grains may be as good. Corn is most 
commonly fed in the Corn Belt; it is low in certain proteins, minerals, 
and some vitamins, but these may be supplied by alfalfa and other 
legume hays. Barley is used in many parts of the West; it should be 
rolled, crushed, or coarsely ground. Wheat bran is a favorite feed; a 
small amount will improve almost any ration, and it is often used as a 
laxative mash. Old-process linseed meal in amounts of % to 1 pound 
per head daily may be fed as a laxative and conditioner. Choice 
cottonseed meal may be used as a protein supplement in limited 
quantities. Wheat, rye, rice, and some leguminous seeds are some- 
times fed; all should be rolled, crushed, or ground. 

Since the stomach of the horse is comparatively small and the 
energy requirements of the animal are relatively high, roughage often 
should be limited and of good quality, especially during periods of 
hard labor. Timothy hay is popular but not so valuable as legume 
hay. Johnson grass, used in the South, compares favorably with 
timothy. First-cutting alfalfa is excellent but should be restricted to 
1 pound or less daily to 100 pounds of live weight. Bright red clover 
hay is a good roughage and may be mixed with timothy. Soybean 
hay is slightly laxative; it should be fed in somewhat limited quantities. 
Oats, barley, and wheat, cut before maturity and properly cured, 
make good hay that includes some grain. Prairie hay and hays from 
cowpeas, millet, and sorghum are used in some sections. Cheap, 
low-quality roughages such as corn fodder and straw may be econom- 
ical feeds under certain conditions, if combined with good roughage 
and concentrates. Corn silage should be considered as a supplement 
or appetizer. Good alfalfa silage might well be used more than it is. 
Pasture alone does not furnish enough nutrients for steady work, 
but it may be used to maintain idle stock, and it is always valuable 
for minerals and vitamins. 

A mature horse drinks 10 to 12 gallons of water a day. Regularity 
and frequency of watering are important. 

Where there is a known or probable mineral deficiency, a mineral 
supplement should be fed, especially for young stock. Dried milk 
products, steamed bonemeal, or dicalcium phosphate may be used 
for a phosphorus deficiency; ground limestone or oyster shell flour 
for a calcium deficiency. A calcium supplement alone should not be 
added to rations low in phosphorus. Mineral supplements may be 
mixed with common salt. 
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A general guide for quantity of feed is to allow 1% to 1¾ pounds of 
grain with 1 pound of hay per 100 pounds of live weight for horses at 
heavy work; 1 pound of grain and 1 to 1¾ pounds of hay at light work. 
Grain for horses at work is usually given in equal portions morning, 
noon, and night; most of the hay at night, some in the morning, very 
little at noon. Overfeeding is more common than underfeeding when 
horses are working irregularly. 

An idle horse may be carried almost entirely on roughage. During 
the winter, it should not be allowed to become either fat or thin. 
A horse wintered in the open with a shed for protection is likely to 
be in better condition in the spring than one confined to a stable 
without exercise. A period of 2 to 4 weeks on a gradually increasing 
quantity of grain and good hay is usually required to fit the idle horse 
for heavy spring work. The brood mare needs special handling after 
parturition. The foal will start to take dry grain at a month or so 
of age. It should be eating about 4 pounds of grain a day at weaning 
age (6 months), as well as grass or legume roughage, and from then 
until 12 months of age it should have good rations with plenty of 
protein, minerals, and vitamins. Grain may be limited if roughage 
is good. 

PRACTICAL NUTRITIVE REQUIREMENTS OF POULTRY 

The egg-laying capacity of a hen is determined largely by her inheri- 
tance, but the number of eggs she actually lays is determined by the 
kind and quantity of food she eats. The maintenance requirement 
of the hen depends on her size; for a 8%-pound White Leghorn pullet 
it is 0.134 to 0.148 pound of feed a day, and for a oK-pound Rhode 
Island Red it is 0.205 to 0.227 pound. After growth and maintenance 
requirements have been met, it takes 0.09 pound of feed a day, on 
the average, to produce a 2-ounce egg. A White Leghorn pullet will 
consume a total of 7.7 to 8.7 pounds of feed per dozen eggs if she lays 
100 eggs a year, but only 4.4 to 4.9 pounds per dozen if she lays 200 
eggs.    Hence the economic importance of high production. 

Grain alone will not support high egg production; it does not con- 
tain enough of the right kinds of proteins. The feed consumed each 
day should furnish not less than 12.5 grams of protein of good quality 
for high production, and not less than 20 percent of the protein should 
be of animal origin (from milk, meat, or fish products). It is safe to 
rely on a protein content of 16 to 17 percent of the diet. 

A chicken laying 200 eggs a year puts into them about 400 grams of 
calcium—13 to 15 times as much as there is in her body. Thus if the 
diet contains too little calcium, egg laying ceases. The percentage 
of calcium to feed in the diet depends on the number of eggs laid, the 
quantity of feed consumed, and the percentage of phosphorus fed. 

About 0.5 percent of salt should be added to the average diet. 
Many feed mixtures do not contain enough manganese, and this may 
be added to the salt at the rate of 1.7 parts of anhydrous manganous 
sulfate, or 2.5 parts of manganous sulfate tetrahydrate, to 100 parts of 
salt. 

If the eggs are to be used for hatching, the following quantities of 
vitamins per pound of feed should be used: Vitamin A, 4,720 Inter- 
national Units; vitamin Bi, 180 International Units; vitamin D, 540 
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A. O. A. C. chick units; vitamin G, 1,250 Cornell chick units. Smaller 
quantities of all except vitamin B^—the requirement for this is low 
anyway—would usually be adequate for egg production if the eggs 
are not to be used for hatching, but it is advisable to feed at the higher 
vitamin level in either case. 

The market quality as well as the quantity of eggs is affected by 
diet. It is reported that certain feeding stuffs give undesirable 
flavors to eggs if fed in excessive quantities. Eliminating green feeds 
and yellow corn from the diet produces eggs with light-colored yolks, 
and dark orange-red yolks may be produced by feeding ground 
pimiento pepper or chili pepper. Cottonseed meal tends to have an 
undesirable effect on the color of both yolk and white. A deficiency 
of vitamin D, calcium, or manganese results in poor shells. Too much 
bran and salt in the diet produces loose droppings that soil the eggs. 

There is little evidence concerning the effect of diet on the fertility 
of males. The hatchability of eggs, however, is adversely affected 
by a deficiency of vitamin D, as in winter or under confinement. 
Feeding greenstuffs may improve hatchability by providing vitamin 
A, vitamin G, and other factors. Diet affects the percentage of 
protein in both the yolks and the whites, but apparently not the com- 
position of the protein. It affects both the percentage and the com- 
position of the fat. The content of minerals (calcium, phosphorus, 
manganese, iron, copper, iodine, fluorine) in eggs and developing 
embryos may be affected by diet and, in some cases, by irradiation with 
ultraviolet light. Second-week embryonic mortality is greater when 
the diet contains plant-protein than when it contains animal-protein 
supplements. An excess of vitamin D decreases hatchability. Too 
little manganese or calcium, or too much calcium in relation to phos- 
phorus, affects hatchability adversely. Selenium has a toxic effect 
on embryonic development and hatchability. Sunshine has a favor- 
able effect, apparently supplying some factor besides vitamin D. 

For growth, chickens make more economical gains per pound of 
feed if they are fed at least 30 percent under the full-feeding level. 
However, they reach the heaviest weight and gain in the shortest 
time on full feed. In practice, then, they are fed all they can be 
induced to eat, so that egg or meat production may be pushed to the 
limit. 

For growth of the young birds, special attention must be given to 
the amount and quality of protein, and to the quantities of minerals 
and vitamins, in the diet. If these are adequately supplied, the 
ration is not likely to be deficient in carbohydrates or fats. Particular 
care must be taken in the first few weeks after hatching, since this is 
the most critical period in the life of the chicken. 

The best level of protein feeding for growth is probably at 20 to 21 
percent of the ration. It is good practice to feed at this level to the 
age of about 12 weeks and then gradually decrease the protein content 
to 16 to 17 percent. Growing turkeys may be fed a ration containing 
25 percent of protein to 12 weeks of age, gradually decreasing it to 
17 percent at 24 weeks, then to 14 to 15 at marketing age, and finally 
to 13 to 14 for breeding stock over 30 weeks old; but the amount 
should be again increased to 16 to 17 percent before and during the 
breeding season. 
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A satisfactory level of phosphorus intake for the growing chicken 
is 0.7 percent of the ration, in combination with 1.12 percent of cal- 
cium; Manganese must often be added to the diet, as already indi- 
cated for egg production. 

The minimum vitamin A level for growth is 780 International Units 
per pound of feed, and a satisfactory level is 1,450 International Units 
per pound. Much more than this may be fed without harm. Turkeys 
apparently require two to two and one-half times as much vitamin A 
as chickens. The most favorable vitamin Bi level for growing chickens 
is about 180 International Units per pound of feed, and turkeys seem 
to have about the same requirement. A satisfactory vitamin D level 
for chickens is about 180 A. O. A. C. chick units per pound of feed; 
young turkeys probably require twice as much. Apparently young 
growing chickens and turkeys have the same riboflavin requirement— 
about 1,670 Cornell chick units per pound of feed. Other vitamins or 
factors are required but the quantities are not known. 

Roasters, capons, and fowls may be fattened for market on diets 
containing considerably less protein (a level of about 14 to 15 percent) 
than is required for growth. The quantities of vitamins may also be 
reduced by half. Finishing diets may advantageously contain more 
fat, however—6 to 10 percent—some of which may be supplied by 
adding vegetable oil. 

PRACTICAL FEEDING OF POULTRY 

Two general rules in poultry feeding are that the feed should be 
palatable so that a large amount may be consumed, and that it should 
not be too finely ground. 

The chief sources of energy are the cereal grains and the grain sor- 
ghums. In general the cereal grains are practically interchangeable 
except that corn is a better source of vitamin A than the others. 

As protein supplements, feeds may be rated in the following order: 
(1) Dried skim milk, dried buttermilk, and fish meal (best grades); (2) 
meat scrap, poorer grades of fish meal, hempseed meal, soybean meal; 
(2 or 3) peanut meal; (3) cottonseed meal; (4) linseed meal, corn- 
gluten meal, ground soybeans. It is good practice to use animal prod- 
ucts for 20 to 40 percent of the protein supply. 

Sources of minerals are, for calcium, high-calcium limestone (prefer- 
ably 39-percent calcium) or oys ter shells ; for sodium and chlorine, 
common salt; for manganese, anhydrous manganous sulfate or man- 
ganous sulfate tetrahydrate; and ground bonemeal for phosphorus, 
when the diet contains little or no animal-protein supplements. 

Sources of vitamin A are cod-liver oil, other fish-liver oils, cod-liver 
oil concentrates, sardine oil. Loss of vitamin A in fish-liver oils added 
to feed mixtures is fairly rapid so that mixtures should be made at short 
intervals. Alfalfa-leaf meal and fresh green grass are excellent sources 
of carotene, and other important sources are corn-gluten meal made 
from yellow corn, garden peas, yellow corn, field peas, wheat-germ 
meal, and cowpeas. 

There is little likelihood that any typical poultry diet will be deficient 
in vitamin Bi. Sources of vitamin D, which should always be added to 
the diet of laying stock kept in confinement, are cod-liver oil, sardine 
oil, and other suitable fish oils.    The best practical sources of vitamin 
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G are alfalfa-leaf meal, dried skim milk, dried buttermilk, dried whey : 
other rich sources are liver, glandular tissues, and yeast. Vitamin K 
is found in various materials, including* hempseed meal, tomatoes, kale, 
and dried alfalfa. Au ^anti-gizzard-erosiou factor" has been found in 
wheat bran, alfalfa products, kale, wheat middlings, oats, and certain 
pork products. A ^chick antidermatosis factor" is present in grains, 
peanut meal, dried whey, dried buttermilk, alfalfa meal, and other 
feeding materials. 

Grit is not absolutely necessary for chickens, but it should prefer- 
ably be supplied. A constant supply of fresh clean water should be 
available at all times. Tonics, conditioners, ^egg-makers," and so- 
called complete mineral mixtures are a waste of money. 

Dietary deficiencies lead to numerous ills, some of which are difficult 
to pin down to a definite factor under practical conditions. Feather- 
picking and cannibalism are perhaps partly due to dietary deficiencies 
not yet understood; they are less likely to occur if the diet contains 
barley or oats. Egg eating is stimulated by a deficiency of calcium or 
vitamin D. Nutritional roup (not the same disease as contagious 
catarrhal roup) is caused by a deficiency of vitamin A. Rickets fol- 
lows a deficiency of vitamin D, calcium, or phosphorus, or a marked 
unbalance of calcium and phosphorus. A deficiency of vitamin G re- 
tards growth, decreases the hatchability of eggs, and produces "curled 
toe" paralysis in growing chicks. Lack of the anti-gizzard-erosion 
factor results in a condition of the gizzard that can only be diagnosed by 
dissecting the bird. Lack of the chick antidermatosis factor results 
in sores and incrustations around eyes, mouth, and toes, A deficiency 
of manganese produces hock disease or slipped tendon. 

Nearly every poultry man has his own system of feeding, but in gen- 
eral they are of four types: (1) All-mash, (2) mash-grain, (3) pellet, 
(4) grain-milk. The important point is not the system but supplying 
all the necessary nutrients in adequate quantities and economically. 

In the all-mash system, all or most of the feedstuffs are ground, 
mixed together, and fed dry or as a wet mash. This system is probably 
the best for the inexperienced poultry man. It is also best for all chick- 
ens up to the age of 4-6 weeks. It enables the producer to control the 
color of the egg yolks and to keep the color uniform; and apparently it 
results in more uniform hatchability. 

The mash-grain system, in which both mash and grain are fed, is 
more flexible than the all-mash system, but it is best used by a skilled 
poultryman. 

The pellet system simply involves the use of an all-mash diet pre- 
pared in the form of pellets. The chief advantage claimed for the 
pellets is that they prevent the birds from discarding certain ingre- 
dients in the ration. 

In the grain-milk system, the birds are usually given nothing but 
grain and all the milk or buttermilk they will drink. No water 
is supplied. This system is not recommended except where there 
is plenty of good range and where milk is practically a waste 
product. 

Formulas for all-mash starting and growing diets, all-mash diets 
for laying and breeding stock, starting and growing mashes with which 
grain is to be fed, laying mashes to be fed with grain, and feed mixtures 
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for turkeys are given in the article on Practical Feeding of Poultry 
and cannot be repeated in this brief summary. Substitutions can be 
made for some of the ingredients in these formulas where it is eco- 
nomical to do so—an important point, since the cost of feed is 50 to 
60 percent of the cost of producing poultry meat and eggs. 

In any formula, only the best feedstuffs should be used. Abrupt 
changes in the diet are to be avoided, especially for laying stock. 
Only a little more feed than the birds will eat should be supplied each 
day. Sufficient hopper space should be provided to prevent crowding. 
Grain should not be fed in the litter—a common practice—but in the 
hopper. Houses should be well lighted to insure good feed consump- 
tion, and in winter artificial lighting may be used to lengthen the 
feeding day to about 14 hours. 

NUTRITIONAL REQUIREMENTS OF DOGS 

There is a difference of opinion among veterinarians and breeders 
concerning the constitution of a proper diet for the clog. Most of 
them agree that meat is the basis of all successful diets. Some say 
the dog cannot digest vegetable foods or starchy foods of any kinds. 
Others would allow a limited amount of carbohydrate. On the other 
hand, racing greyhounds in England are fed relatively large amounts 
of cooked vegetables with excellent results, and in nutrition labora- 
tories dogs have been satisfactorily fed on diets without any meat. 

The digestive organs of the dog are undoubtedly adapted to use 
concentrated and quickly digested foods such as meat. In animals 
that live on plant foods, the large intestine makes up a considerable 
proportion of the whole digestive tract. In dogs the large intestine 
is a very small part of the digestive tract and is not adapted for 
handling foods which leave a bulky residue after digestion. It has 
been proved that dogs can digest starch used in amounts sufficient to 
meet all their energy requirements, but it seems that they cannot 
very well break down the walls of the cells that contain the starch in 
plants. The starch should first be liberated by some such means as 
cooking or grinding. There is a good deal of individual difference, 
however, in the ability of dogs to handle plant fiber. 

With a high percentage of foods rich in starch, it is more difficult to 
balance the diet with respect to other factors. For example, a large 
proportion of cereal interferes with the proper use of calcium in bone 
building. That can be corrected, however, by using sufficient fat— 
probably not less than 11 percent in a high-cereal diet. The advan- 
tage of carbohydrates is that they are a cheap source of energy; and 
some carbohydrate is necessary if the body is to utilize fat in the diet. 
Vegetables, of course, are valuable as sources of necessary minerals 
and vitamins. 

The proteins in animal products are of greater biological value than 
those in vegetable products because in general they are more complete 
in the amino acids needed by the body for building and replacement 
of tissues. Milk and eggs rank first in this respect; then liver and 
kidney; then muscle meat. Animal proteins can be used to round 
out the amino acids in vegetable proteins. It is apparently possible 
to use cereals exclusively as a source of protein, but this requires 
considerable care and knowledge.    When vegetable proteins are used 
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too exclusively, moreover, the diet is likely to be deficient in the B 
vitamins. 

As for the proportion of protein in the diet—young dogs require 
considerably more per pound of body weight than mature dogs. 
Pregnant and lactating bitches require more also. ^ It has been esti- 
mated that the most favorable proportion of protein for all dogs lies 
between 25 and 50 percent of the total dry weight of the ration. 
Another suggestion for an average diet includes 22 percent of protein, 
5 of fat, 70 of carbohydrate, 0.5 of fiber, and 2.5 percent of minerals. 

Small mature dogs require more energy per pound of weight than 
large mature dogs, and puppies require two or three times as much 
per pound as mature dogs. The energy requirement goes up with the 
activity of the animal. As a. sample: A 44-pound dog may require 
1,265 calories a day for maintenance alone. If he is moderately 
active, he will require about a third more than this; if he is very active, 
about two-thirds more. It is generally believed that a dog^s appe- 
tite is not a safe guide to his needs, but one experimeter reports that 
dogs will voluntarily adjust their food to their energy needs if all 
dietary essentials are offered in sufficient quantities and there are no 
pronounced mental influences operating. 

Eleven minerals are considered to be essential in the dog's diet, 
and minimum requirements for each of them have been suggested. 
Calcium and phosphorus are the only ones that are likely to need 
special attention, especially during the growth period. A ration con- 
sisting of a large proportion of muscle meat alone or muscle meat and 
cereal is apt to be deficient in calcium, but the deficiency can be 
corrected with milk, bonemeal, ground bone, or calcium phosphate. 

Like other animals, dogs have characteristic nutritional diseases 
when vitamins are deficient. Quantitative requirements have been 
estimated for vitamins A, Bi, D, and G, and nicotinic acid. It is 
believed that the dog normally makes vitamin C in its own body. 

FEEDING DOGS 

Animal products should ordinarily make up about half the ration 
of a mature dog (except when pregnant or lactating), vegetables 
about a fourth, and cereal products about a fourth. 

Meats may be fed raw or cooked (but never fried), and glandular 
organs as well as muscle tissue should be used at least occasionally. 
Beef is preferred by most dog owners, but mutton, lamb, and horse- 
meat (if available) are also used. Pork is not usually relished by 
dogs, and poultry should not be fed because of the danger from easily 
splintered bones. Canned fish, or cooked fish with all bones removed, 
is a good protein feed. So are milk and eggs. Puppies may start on 
a teaspoonful of ground or minced meat when about 3 weeks of age, 
the amount being increased to 1 or 2 tablespoonfuls at weaning time 
(6 weeks) for medium-sized breeds. 

Vegetables supply bulk and furnish vitamins and minerals. Car- 
rots, tomatoes, spinach, onions, and beets are quite extensively used; 
cabbage, turnips, string beans, and certain other green vegetables 
less commonly; and potatoes, fresh corn, shelled beans, and peas are 
considered undesirable by many owners. Some dogs will avoid 
vegetables unless they are thoroughly mixed with other foods. 



FOOD AND LIFE —A SUMMARY 83 

Cereal grains commonly used for dogs are corn, as corn bread; rice, 
boiled—brown or unpolished rice is preferable; oats, as cooked oat- 
meal; wheat, as bread or cereal; and barley, cooked (not very palat- 
able). Dog biscuits, dry, moistened, or mixed with other foods, may 
be used as the cereal part of the ration. Usually these contain various 
other products—for example, ground bone, dried milk, legume meal, 
cod-liver oil, meat or meat byproducts, fish meal, molasses, yeast, 
salt. Dog meals contain much the same materials as dog biscuits. 
The typical composition of many of these products is two-thirds 
cereal products and the other third meat, dry skim milk, or other 
protein supplements. 

Bones are a good source of calcium and phosphorus, and they are 
valuable for teething puppies, but they have disadvantages when fed 
to mature dogs to any great extent. Easily splintered and sharp 
bones or those that will lodge in the mouth or throat must never be used. 

Canned dog foods generally consist of cooked meat or meat by- 
products, fish or fish meal, cereals, vegetables, ground bone and other 
mineral matter, and various accessory Substances such as yeast, cod- 
liver oil, and charcoal. Usually they contain 65 to 75 percent of water. 
They are convenient and widely used, but they may be uneconomical 
in comparison with home-prepared feeds, and it is well to do some 
experimenting, in any given case, to see whether they give the dog ade- 
quate nourishment. The label usually includes a statement of ingredi- 
ents, but this cannot always be interpreted by the average dog owner. 

Water, in clean vessels, should be available to dogs in most instances. 
Some salt should be mixed with the feed. 

Pregnant bitches should have gradually increasing amounts of feed 
as pregnancy advances, and animal products may then make up 65 
to 75 percent of the ration. Other special feeding practices should be 
followed at this time, as well as immediately after whelping. During 
lactation, the ration must be ample to cover the requirements for milk; 
in many cases, twice as much feed must be used as for a nonpregnant, 
nonlactating bitch. 

Cows' milk is the best food for puppies preparatory to weaning. 
It may be started at about 3 weeks of age. Puppies should also 
become accustomed to other foods at an early age. Immediately after 
weaning they will have to be fed five or six times a day, gradually 
tapering off to two meals a day at 1 year of age. Growing puppies 
should have proportionately more animal products than mature clogs. 
It may be advisable to include a small amount of cod-liver oil in the 
ration, particularly during winter months. 

The quantity of feed required by a dog depends on several factors, 
chiefly age, size, and amount of exercise. The young, growing dog 
needs considerably more feed per pound of body weight than the 
mature animal. Approximate daily quantities of feed (moisture 
included) for mature dogs of different weights getting moderate 
exercise are: 

Body Total Body Total 
weight, feed, weight, feed, 
pounds pounds pounds pounds 

1  Ys        75         3¾ 
10  %        100        4 
25  1½        150        5% 
50  2M        225        7 
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These allowances can probably be reduced 25 to 35 percent for very 
inactive dogs and increased 25 percent or more for dogs that are very 
active. 

Some other practical points about feeding: 
A dog should be fed as well as other farm animals and not used as 

an extra garbage pail. 
Overfeeding is more common than underfeeding. Both should be 

avoided.    Most dogs will overeat if given the opportunity. 
Puppies should usually be kept a trine hungry by feeding a little 

at a time, but often. They should be kept growing steadily and 
uniformly. 

Uniform body weight and a lean, thrifty condition are good guides 
in the feeding of the mature dog. 

The crude-fiber content of the ration should be kept low—usually 
less than 2 percent. 

It is good practice to feed twice a day—one meal heavy, the other 
light. Feeding should be at regular intervals, and not immediately 
before or after exercise. 

If a dog that is adequately fed loses weight, intestinal parasites may 
be suspected. 

In general, sick and convalescent dogs need easily digested, readily 
assimilable feed. 

NUTRITION OF FUR ANIMALS 

Foxes generally mate early in February. The pups are born in late 
March or early April and the animals are usually pelted the following 
November or December at about the age of 9 months. Animal products 
form the basis of the ration of foxes, which in the wild are carnivorous 
but eat some fruits and other plant products. Horse meat, including 
internal organs, often ground and frozen in slabs, is used by many 
ranchers. Beef meal (desiccated beef) is perhaps the most generally 
satisfactory substitute for raw meat. The foxes are fed differently in 
the summer-fall and the winter-spring seasons. With lower prices 
for silver fox skins and increasing competition, there is a strong motive 
for research that will lead to more economical feeding practices. Some 
nutritional research has been done by four States (Oregon, Michigan, 
Wisconsin, New York) and by the United States Fur Animal Experi- 
ment Station at Saratoga Springs, N. Y. 

The rations given below are recommended as a result of considerable 
experimental work at this station, the principal object being to find 
satisfactory cheaper substitutes for fresh meat. 

A recommended ration for mature animals during summer and fall 
consists (in percentage) of beef meal, 4.8; soybean meal (hydraulic 
pressure), 4.8; liver meal, 2.4; ground fresh carrots and tomatoes, 5; 
ground green bone, 5; dry mixture, 25; water, 53. The dry mixture 
consists (in percentage) of bread meal, 30; oatmeal, 30; alfalfa-leaf 
meal, 10; wheat-germ meal, 10; fish meal (vacuum-dried), 20. Each 
animal is given a restricted feeding of about 0.8 pound of this ration 
daily, increasing to 0.9 pound in cooler weather. 

During the reproductive season (winter-spring) a recommended 
ration for breeding animals consists (in percentage) of raw meat 
(muscle 7 parts, glandular 3 parts), 40; ground green bone, 5; ground 
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fresh vegetables, 10; cod-liver oil (fortified), 0.3; dry mixture, 25; 
water, 19.7. The dry mixture consists (in percentage) of bread meal 
(whole wheat), 16; oatmeal, 16; wheat-germ meal, 16; fish meal, 16; 
alfalfa-leaf meal, 8; dried skim milk, 8; soybean meal, 8; linseed meal 
(old process), 4; wheat bran, 4; brewers' yeast (inactive), 4. The 
animals should be fed what they will readily clean up in a short period, 
and the female should receive an increased amount beginning about the 
fourth day after whelping. Males may be taken off this ration and 
put on the summer-fall ration at the end of the breeding season. 

Pups are fed with the mother during the suckling period, receiving 
the same ration. If weaned at 7 to 8 weeks of age, they should con- 
tinue to get this ration until the age of 2% to 3 months, when the raw 
meat can be replaced with a mixture of 4 parts of beef meal to 1 part of 
liver meal, this mixture making up 12 percent of the ration. Addi- 
tional water must of course be used. About September 1 the pups can 
be put on the summer-fall ration of mature animals. 

According to the average chemical analyses of various ingredients, 
summer rations used at the fur animal experiment station contain, on 
a dry-matter basis, approximately 42 percent of protein (about two- 
thirds from animal and fish sources), 6.4 of fat, 37 of carbohydrate, 
and 9.7 of minerals. No published data of digestion trials on foxes 
are available to show how much of the nutrients are utilized. 

Analyses have been made of the livers of foxes for vitamin A content. 
These show that the livers of wild foxes contain on the average about 
twice as much fat and about 100 to 200 times as much vitamin A as 
those of foxes raised in captivity. Gallstones (urinary calculi) are 
considered b^ some to be due to lack of vitamin A. Apparently there 
is no correlation between the amount of vitamin A in the liver at the 
lower levels found in the silver fox and quality of pelt. Green of 
Minnesota attributes the disease known as chastek paralysis in foxes 
to a deficiency of vitamin Bi, and believes it is caused by substituting 
fish in the ration for other foods that contain vitamin Èi. 

Minks apparently need more raw meat than foxes ; it should make up 
about 50 percent of the ration in summer and fall and about 70 
percent during the breeding and lactation periods. The meat may 
consist of muscle meat 2 parts, viscera 1 part, from horse, cow, or 
sheep. Fresh chicken heads, rabbit heads, or rabbit carcasses may be 
used; whole fresh ground fish or canned fish may be substituted for 
one-third of the raw meat. On the basis of limited experimental work 
at the fur animal experiment station, a satisfactory ration during the 
breeding season may consist (in percentage) of fresh meat, 70; dry 
mixture (as given for foxes during the reproductive season), 10 to 15; 
ground green bone, 5; ground fresh vegetables, 5; salt, 0.5; cod-liver 
oil (fortified), 0.3; water or fresh milk, 4.2 to 9.2. During summer 
and fall the ration may consist (in percentage) of fresh meat, 50; dry 
mixture (as given for the summer-fall ration of foxes), 25; ground 
green bone, 5; ground fresh vegetables, 5; salt, 0.5; cod-liver oil, 0.3; 
water or fresh milk, 14.2. The animals should be fed 4 to 5 ounces of 
the ration once a day (not enough to make them fat), except that nurs- 
ing mothers should be fed twice a day. 

As in the case of foxes, lack of vitamin A has been suggested as the 
cause of gallstones, which have brought considerable losses in some 
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colonies of mink, A study of the vitamin A content of livers showed 
that wild mink averaged about 16 times as much as those raised in 
captivity. Digestion trials have been run on mink at Cornell Uni- 
versity. In general, these show that mink are not able to digest car- 
bohydrates nearly so well as proteins and fats, and that starch in 
grains is made more digestible by cooking. 

Rabbits are raised in this country primarily for meat, but furs are 
sold to the hatters' trade, with a small percentage going to the fur 
trade. As a result of work at the United States Rabbit Experiment 
Station, Fontana, Calif., the following recommendations for feeding 
are made: Does suckling young should be fed from a self-feeder with 
several compartments, which should contain at least two whole grains 
(oats, wheat, barley, sorghum) and a protein supplement (soybean 
meal, peanut meal, or linseed meal) in the form of pea-sized cakes or 
pellets three-sixteenths of an inch in diameter and one-eighth of an 
inch long; or they may be hand-fed with a mixture of 2 parts whole 
grains to 1 part protein supplement. Clean, bright, leafy legume hay 
(alfalfa, clover, lespedeza, or pea-vine) cut into 3- to 4-inch lengths 
should be available in a manger at all times. A small quantity of 
succulent green feed or roots should be supplied daily. White block 
salt and fresh water should always be available. 

After the litter is weaned the doe should be fed once daily as much 
small grain (2 parts) and protein supplement (1 part) as she will 
clean up in 20 to 30 minutes, plus the other feeds given above. Herd 
bucks and young does and bucks may be fed the same ration. 

FEEDING REQUIREMENTS OF GALLINACEOUS UPLAND GAME BIRDS 

During the past 50 years or more in the United States, many game 
birds have been forced almost to extinction. Today there is an 
awakened public interest in preserving them, and a good many people, 
among whom are farmers and 4-H club members, now make a busi- 
ness of raising game birds in captivity. Those most commonly bred, 
according to a recent survey, are the ring-necked or Chinese pheasant, 
bobwhite quail, California and valley quail, and chukar partridge. 
Other important upland species on which some work has been done in 
captivity include the ruffed grouse, sharp-tailed grouse, prairie 
chicken, sage hen, mountain quail, Gambel's quail, scaled quail, 
Hungarian partridge, and wild turkey. More and more scientific 
attention is being given to the feeding and management of these birds. 

Investigations by the Bureau of Biological Survey give a good 
picture of the food habits of game birds in the wild. Different species 
have somewhat different habits, of course, but in general seven kinds 
of food are consumed—weed seeds, in large quantities; insects, 
especially grasshoppers and their relatives; seeds of cultivated plants; 
mast, or tree seeds; browse, or leaves of plants, including woodland 
trees ; berries and small fruit; and minerals, including pebbles. The 
quantities and kinds of different foods in bird crops from various areas 
and at different seasons have been carefully recorded. 

Farmers can do much to build up the game-bird population, and 
help to prevent erosion at the same time, by providing shelters of 
natural vegetation in waste areas. It is highly advisable to provide 
food during the winter, since a food shortage lasting a week will starve 
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many birds, and one lasting 2 weeks may kill off most of the game-bird 
population. Food patches may be planted to grain, especially corn; 
rough shelters or feeding stations can be set up near good protective 
cover; and in an emergency, feed can be scattered wherever the birds 
will find it. 

In the wild state, birds are able to get a properly balanced diet for 
themselves. In captivity a balanced diet must be provided with 
even greater care than would be used in feeding chickens. Cereal 
grains and protein concentrates can both be used though only a little 
experimental work has been done to show how various grains and 
concentrates meet the requirements of game birds. As with chickens, 
the ration must furnish adequate quantities of vitamins A, Bi, D, 
and G, as well as of common salt, calcium, phosphorus, manganese, 
possibly some other minerals, grit, and water. There has been some 
experimental work on the requirements for most of the important 
nutritive elements, but as yet very little information is available. 

Two notable changes have been made in the management of game 
birds in captivity. The tendency now is to keep them on wire cloth 
in runs rather than on the ground, to prevent the spread of disease; 
and the chicks are no longer fed on a custard-clabber diet, which is 
difficult to prepare and at the same time a source of parasitic infesta- 
tion, but on feeds like those used for domestic fowl. 

PASTURE AND RANGE IN LIVESTOCK FEEDING 

Some 60 percent of the total land area of the United States is grazed 
at least part of the year as pasture and range. Pastures probably 
provide about one-third of the nutrients used by dairy cattle at 
perhaps one-seventh of the total feed cost, as well as half the feed of 
beef cattle at one-third the total feed cost, and half the feed of sheep 
in pasture regions; while livestock on the range get much more than 
half their feed from range plants. In one study in New York the cost 
of milk production on pasture was 9.7 cents per cow per day and on 
winter feed 38 cents per cow per day. There is no more land to be 
taken up free for pasture. The problem now is to save and improve 
what we have. Research shows that better grasses can be provided 
and the nutritive value of pasture plants can be increased. 

Pastures are classed as permanent, temporary, and supplemental. 
Longer grazing can usually be provided by a combination of all three 
than by permanent pasture alone. On the range, somewhat the 
same objective is accomplished by moving livestock to different 
ranges kept for different seasons. 

Grazing is usually seasonal except in certain areas, where it may be 
yearlong. Premature grazing and overgrazing are both injurious, 
partly because they use up the sugars from which plants must get the 
energy for growth. In the early spring, plants get the energy for 
growth from sugars stored in the roots ; later on they get it from sugars 
manufactured from day to day. On the other hand, under some 
conditions undergrazing permits the grass to mature too soon and 
become less valuable as feed. Much would be saved if grass could be 
clipped and ensiled under these conditions. 

Pasturage is of great importance as a source of proteins, minerals, 
and vitamins.    Immature plants are more tender, more completely 
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digestible, more palatable, and richer in protein, calcium, phosphorus, 
and vitamins than the same plants later in the season. Low rainfall 
and high temperatures adversely affect the nutritive value of grasses 
except the species adapted to. these conditions, as in the West and 
South. 

In managing pastures, it is desirable to have a mixture of grasses 
and legumes, and of several grasses rather than one grass. Legumes 
in themselves add to the protein in the feed, and their presence also 
increases the growth and the protein content of the grasses. The 
grasses that are most palatable to animals should be used wherever 
possible. Fertilizers should be used not only to correct soil defi- 
ciencies but to suit the particular needs of different plants; grasses, 
for example, respond to nitrogen better than legumes, and legumes 
are more responsive to phosphorus and potash. ^ It should be re- 
membered that fertilizing pastures is a long-time investment, which 
helps to liquidate the high initial cost. The time and intensity of 
grazing depend largely on the kinds of plants used. 

Supplemental feeding of animals on pasture is frequently necessary 
or advisable, especially after the first flush period when the forage 
has its maximum nitritive value, or, in the West, on winter range. 

Range problems are different from pasture problems, partly be- 
cause it is not possible to exercise the same control through planting 
and the use of fertilizers. The range territory produces 75 percent 
of the total United States production of wool and mohair, 55 percent 
in live weight of the sheep and lambs, and nearly 33 percent of the 
cattle and calves. The area shows a bewildering complex of Federal, 
State, county, and individual ownership, which complicates the prob- 
lem of use and management. Herds are often driven 50 to 150 miles 
between summer and winter ranges, and sometimes as much as 300 
miles. 

Little reseeding has been attempted anywhere on the range. Out 
of a total of at least 10,000 species of plants growing on the range, 
probably only 1,000 are of major significance. In general, the plants 
fall into 10 broad types, according to differences in soil, temperature, 
and rainfall. The tall-grass type (including slender wheatgrass, 
blues tern, porcupine grass) has the greatest carrying capacity—2.4 
acres per head of cattle or 5 sheep ; the salt-desert shrub type (includ- 
ing black sagebrush, shadscale, winterfat), the lowest capacity—17.8 
acres per head of cattle or 5 sheep. The older natural balance of 
plants in the range area has been disturbed by man?s use, and the 
principal perennial grasses, which were the most nutritious and 
palatable, have given way in most places to less useful species. 

Many range plants—for example, some of the wheatgrasses, salt- 
bushes, and native clovers—compare favorably with alfalfa in chemi- 
cal composition, and some have an even higher proportion of minerals 
or protein. There are many variations due to environment, how- 
ever. In general, the plants at the higher altitudes have more crude 
protein and less fiber. It has been found that the sulfur, protein, 
and fat content of the plants vary directly with their phosphorus 
content. Research in the composition of range forage plants is com- 
paratively new. 

Good management is vital on the range if its productivity is to be 
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maintained. The plants are fitted to grow well with little water—- 
some range grasses require only 400 pounds of water to produce 1 
pound of dry matter, whereas alfalfa may require 800 pounds—but 
they sometimes need twice as much water when the soil is depleted 
by erosion. Because of wide fluctuations in production from year 
to year, stocking should normally be 20 percent below the capacity 
in average years. The returns in increased calf crops, greater weight, 
and reduced losses in drought years from conservative stocking as 
compared with overgrazing have been proved again and again. 

In the South, livestock production might be considerably increased 
through better grazing methods in the forest ranges. 

Research on the effects of soil and fertilizers on pasture plants is 
only at its beginning, but some interesting and promising results 
have been obtained. Some examples: It is becoming clear that 
different plants have the ability to select and utilize different nutrients 
from the soil. Nitrogen applied to Kentucky bluegrass increased the 
crude protein content 12.34 percent in one experiment; sulfate of 
ammonia increased it 4.44 times in another experiment. Adding 
phosphorus increased the phosphorus content of Kentucky bluegrass 
25.64 percent and the calcium content 16.67 percent in one experi- 
ment. (The effect of adding phosphates varies with different soils, 
however.) On certain soils in the West, applications of sulfur are 
necessary to satisfactory yields of alfalfa, and this increases the 
nitrogen as well as the sulfur content of the plants. Instances have been 
reported in which light applications of boron have benefited alfalfa. 

Such studies point toward the possibility of better control of both 
plant and animal nutrition in the future through soil management. 

THE NUTRITIVE VALUE OF HARVESTED FORAGES 

Hay is the most important harvested forage and can be made at 
comparatively small expense. Crops unsuitable for hay may be made 
into silage, and almost any forage crop can be ensiled in weather 
unsuitable for haymaking. Between 1928 and 1937, the hay crop 
had an annual value greater than that of cotton or wheat or any 
crop except corn. 

Any crop loses nutritive value after harvesting. The objective is to 
harvest and store it in such a way as to maintain the greatest nutritive 
value possible and reduce losses to a minimum. Three points of 
importance are: 

(1) Stage of growth. Plants have the highest nutritive value when 
they are young (protein in alfalfa at the prebloom stage is 21.98 
percent; at the seed stage, 14.06; minerals are 11.24 and 7.33 percent, 
respectively). But the yield from young plants is low and the labor 
cost of harvesting them frequently is high. Therefore forage plants 
are usually harvested at an intermediate stage—grasses, clover, and 
alfalfa, between early bloom and full bloom (or before bloom for a 
very high quality hay); cereal grains for hay, in the soft dough stage; 
soybeans, when beans are about half grown; cowpeas, when first pods 
are mature. Maximum leanness is also highly important, as the 
leaves contain much more carotene, protein, and minerals, and much 
less crude fiber, than the stems. Early-cut hays have a high per- 
centage of leaves. 
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(2) Species of plant. Legumes are characterized by a high content 
of protein and minerals. Alfalfa is the most valuable and most 
popular. Red clover, soybeans, cowpeas, alsike clover, and lespedeza 
all make good legume hays. Mammoth red clover, crimson clover, 
sweetclover, and peanut vines are less important. Timothy is the 
most important of the grasses. Prairie grass (in the West), small 
grains, and sorgos are popular in different regions. Certain sedges 
and rushes, Johnson grass, red top, bromegrass, quackgrass, Bermuda 
grass, orchard grass, Kentucky bluegrass, crested wheatgrass, and 
crabgrass make acceptable hay if properly handled. Mixtures of 
legumes and grasses are commonly used and are very desirable. 

(3) Quick, thorough drying. In 30 hours, even in good hay weather, 
cut alfalfa in the field may lose 60 to 65 percent of its carotene. Even 
artificial drying usually fails to save all of the carotene in the fresh 
green crop. Much of the loss can be prevented by complete exclusion 
of air or by destroying an enzyme responsible for the destruction of 
the carotene. Under practical conditions, however, the only way to 
reduce the loss to a minimum is by rapid drying. Carotene is closely 
associated with the green color of the plant. Partly cured hay that 
has been rained on loses green color rapidly. 

If possible, hay should be cut in the morning after the dew is off 
and stored the same day. At any rate, it should not be allowed to 
lie in the swath overnight if it is dry enough to finish curing in the 
windrow. Legumes should be raked into the windrow before the 
leaves are dry enough to shatter. The side-delivery rake gives a 
more loosely packed windrow than the dump rake. The hay may be 
cocked if there is a prospect of much rainy weather before storing. 
When stored, it should be dry enough so it will undergo only a normal 
sweat. Stored hay with more moisture than this will lose color 
markedly; if it becomes brown, all the carotene is lost; if it becomes 
black, there is an additional heavy loss of other nutrients. Tight 
packing and poor ventilation as well as high moisture content help 
to bring about loss of color in hay. With equal moisture content 
chopped hay becomes hotter in the mow, dries less rapidly, and loses 
more color than unchopped hay. 

The nutrients in hay are better preserved by artificial drying than 
by any other method, and the losses due to weather and leaf shatter- 
ing are reduced to a minimum. The cost of buying and operating 
the drying equipment, however, is more than the average individual 
farmer can afford. Hay well wilted in the field can hardly be arti- 
ficially dried for less than $5 per ton of dry material, and the cost is 
likely to run much higher. The method is used mainly by commercial 
concerns making alfalfa meal, alfalfa-leaf meal, and alfalfa-stem meal. 
The first two are used principally in feeds for poultry, hogs, and dairy 

. cattle, and the last as a carrier for molasses feeds for horses and mules. 
Alfalfa meal is made by grinding whole alfalfa hay. The leaf portion 
is sifted out after grinding to make leaf meal, leaving the stem portion 
for the byproduct, stem meal. 

Silage is moist feed preserved in the absence of air. It is made 
mostly out of corn and sorgos, but small grains, oats, and peas, and 
sunflowers are used to some extent; and in recent years grasses and 
legumes have been ensiled to  an increasing  extent.    ^Succulent" 
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feeds like silage are not necessary for livestock, as they were once 
thought to be, but silage is often economical in the feeding program. 
It is better adapted for ruminants, especially cattle, than for other 
livestock. 

When crops are put into the silo, they continue to breathe, use up 
the oxygen, replace it with carbon dioxide. The temperature rises 
and bacteria multiply rapidly (in corn silage they reach a billion per 
cubic centimeter of juice in a few days), consuming mostly carbohy- 
drates and producing lactic acid. With this increase in the acidity,the 
lactic acid bacteria diminish in numbers and acetic acid bacteria, 
which thrive at higher acidities, replace them. In silage made of 
grasses and other crops low in carbohydrates and high in calcium, 
acidity does not increase to such an extent; therefore acids or molasses 
are sometimes added for these crops. 

Two exploded theories about silage: 
(1) High acidity is not necessary for the preservation of silage to 

prevent molding or rotting, as is commonly assumed. What is neces- 
sary is quick exhaustion of air, and its exclusion thereafter; hence a 
tight silo is essential. But high acidity does prevent undesirable fer- 
mentations that create offensive odors, and it prevents protein break- 
down and lessens loss of dry matter. However, adding hydrochloric 
and sulfuric acids, as in some foreign methods, has distinct disadvan- 
tages; principally, it seriously impairs palatability, and it must be 
neutralized, usually with finely ground limestone, before feeding. 
Liquid phosphoric acid in the amounts generally used does not appear 
to impair the palatability. Molasses improves the odor and palata- 
bility of high-moisture silages made from grasses and legumes, but its 
value when used with other silages has perhaps been overemphasized. 

(2) It is not necessary for silage to have a high content of water, as 
is commonly supposed. Low-moisture silage undergoes fermentation 
of a more desirable type, with lower losses of dry matter, better odor, 
and greater palatability. Crops with any moisture content from 70 
percent down can be successfully ensiled if air can be properly ex- 
hausted and excluded. In practice, the crop should probably not be 
dried below a 50-percent moisture content. 

Any kind of silo will do if it excludes air and surface or seepage 
water—tower, pit, trench, or even a piece of snow fence rolled into a 
circle and lined with paper. Corn for silage should be harvested when 
more than half but not all of the kernels have hardened—or earlier if 
a high content of carotene is desired. Grasses and legumes should be 
ensiled at the stage of maturity best for hay. All silages should be 
finely chopped. ^^ |N ^^ ^ AND SILAGE 

Even with normal practice and under normal weather conditions the 
loss of dry matter in haymaking amounts to a tenth of the crop, or at 
least $75,000,000 a year. This is a conservative estimate, since the 
weather is often unfavorable in many sections. Losses as the result 
of rain may amount at times in certain localities to half the crop. 
Losses from dried plants leached by rain may be as high as 67 percent 
of the minerals, 35 of the carbohydrates, and 18 of the protein. As 
much as 82 percent of the carotene may be lost during the first 24 
hours after hay is cut, and intermittent sunshine and rain while alfalfa 
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is in the swath may bring about an almost total loss of carotene. 
All this throws emphasis on the possibility of saving such losses 

through newer methods involving the use of artificial drying. An in- 
significant percentage of the crop is artificially dried at present, and 
the method is expensive, but its adaptability for certain sections of 
the country where conditions for field curing are not ideal deserves 
close study. 

Artificial driers are of four types. Tray driers dry the hay in 
batches, and it is hand-shaken from one tray to another halfway 
through drying. In belt driers the hay is put on a belt at one end 
and emerges dry at the other without handling. In rotary driers, it 
is dried in a revolving drum. In pneumatic driers it is carried along 
in a drying current. 

Artificial drying can be done in any weather. There is no loss from 
leaching and there need be little or no loss from shattering of leaves. 
The total loss of nutrients should not exceed 5 percent. It has been 
shown that artificially dried alfalfa may have 2 to 10 times as much 
carotene as normally field-cured alfalfa. 

Another new method that may have promise for certain sections of 
the country where grass grows well and there is a lack of concentrated 
feeds is the artificial drying of young grass, before the nodes are formed. 
Such young grass is extremely rich in protein, fat, minerals, and vita- 
mins. The protein content varies with the period between cuttings. 
If the grass is cut weekly the dried product may have a protein con- 
tent of about 21 percent; if it is cut every 5 weeks, 14 percent. The 
carotene is retained almost entirely provided the grass is not wilted 
before drying. 

Young grass may also be steamed in troughs to reduce the moisture 
content to less than 10 percent and then compressed with a hydraulic 
press into cakes until a ton of the grass would occupy a cubic space 
less than 3½ feet on each side. The original color of the grass is re- 
tained, and the cake has been found to contain as much as 23 percent 
of protein—two and one-half times as much as ordinary hay. A yield 
of 3¾ tons of dried young grass to the acre is obtained when cuttings 
are made monthly, and it is claimed that young grass provides more 
protein per acre than almost any other crop. The experimental work 
with this method has been done in England, where conditions are 
unfavorable for haymaking but favorable for the growth of grass. 

Dried young grass may also be ensiled as well as pressed into cakes. 
The amount of corn silage produced per acre in the United States 

varies from 4 to 20 tons. As much as 40 tons of sunflower silage may 
be produced per acre. A ton of silage can be made from the amount 
of corn that would yield 5 to 5½ bushels of shelled grain. A hundred 
pounds of the dry matter in corn silage contains about 40 pounds of 
total digestible nutrients. These figures give some idea of the eco- 
nomic value of ensiling as a means of conserving feeds tuffs. 

Prevention of losses is important. With a consumption of 40,000,000 
tons of silage a year, a loss of 5 to 15 percent amounts to a great deal. 

Losses are perhaps smallest in silage made in a tower silo and highest 
in stack silage; in the latter, 30 percent of the dry matter is frequently 
lost on the top and sides. The loss of dry matter in good corn silage 
in a tower silo is about 10 percent. 
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Among the various methods of making silage, the more important 
include: 

The A. I. V. patented method, originated in Finland. Twice- 
normal strength acid (hydrochloric and sulfuric) is added to the silage 
to increase the acidity of the green crop as quickly as possible and 
suppress bacterial fermentation and respiration. 

The molasses process (mostly used with legumes, grasses, and 
cereals). About 3¾ to 5 gallons of molasses per ton, the amount 
depending on the kind of crop, is added to the silage, supposedly to 
increase the acidity. 

Whey method. Dry or concentrated whey, alone or inoculated 
with lactic acid bacteria, is added. 

Defu solution. This is a modification of the A. I. V. method, using 
hydrochloric acid plus a little phosphoric acid. 

Crema or Samarani process (developed in Italy). This consists in 
tightly compressing a partly wilted (low-moisture) crop in an airtight 
silo to hinder bacterial growth and prevent heating. 

Among the conclusions that may be drawn from a considerable 
amount of experimental work with silage are these: Air is enemy No. 1. 
Undue losses may be prevented by the quick development of carbon 
dioxide, as when heavy pressure is used, or by the production of suffi- 
cient acid, as in the making of ordinary corn silage under American 
conditions. The use of silage made by the addition of mineral acids 
or chemical sterilizers has not yet been proved to be safe in long-time 
feeding procedures; and the desirability of these acids as compared 
with organic acids developed by natural processes is questionable. The 
use of lactic acid, which may be produced as a waste product on the 
farm, is worth further study. Much of the data on silage making is 
inconclusive, and there is room for cooperative, systematic study of 
many important aspects of the silage problem. 

NUTRITIVE VALUE OF MISCELLANEOUS FEEDS 

A great many miscellaneous feeds are available for farm animals in 
addition to pasture, the more important forage crops, and the more 
important grains. These miscellaneous feeds include various by- 
products. It is important to remember that any change in the 
natural product results in a concentration or reduction in nutritive 
value and presents a new problem in balancing the ration. 

Seeds and their byproducts are frequently used as sources of pro- 
tein. Among the whole seeds used—aside from the more important 
grains, such as corn, oats, rye, and barley—are soybeans (40 percent 
protein), cottonseed (20 percent), flaxseed (25 percent), peanuts (25 
percent).    Nonleguminous seeds are low in calcium. 

Meal and cake made from seeds from which the oil has been ex- 
tracted contain a higher percentage of protein and minerals than the 
whole seeds. They are also high in total digestible nutrients. The 
most important are cottonseed meal and cake, corn-oil meal, soybean- 
oil meal and cake, peanut-oil meal. Coconut (copra) oil meal and 
cake are used in some localities. Sesame seed, sunflower seed, rape- 
seed, hempseed, rubber seed, and palm nuts are also used to make 
meal or cake, but these are of little importance in this country at 
present. 
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Mixtures of meal and hulls, such as cottonseed feed and oat mill 
feed, are lower in protein and total digestible nutrients and higher in 
fiber than the straight meal. Hulls and some other byproducts are 
of still lower grade, but they are important as roughage in some areas, 
as are legume straws and pea-cannery waste. 

Milling byproducts of value for protein, total digestible nutrients, 
and sometimes minerals and vitamins include wheat bran, wheat 
middlings and shorts, wheat-germ meal, coin-germ meal, corn-gluten 
meal, corn-gluten feed, brewers* rice (broken kernels of rice), rice 
bran, rice polish. Low-grade products include rice hulls (flinty—not 
a desirable feed); grain screenings; grain screenings waste, refuse, and 
scourings. 

Brewery and distillery byproducts include brewers' dried grains, 
distillers^ dried grains, malt sprouts, dried yeast (high in vitamin G). 

Cereal straws and hulls are high in fiber and low in nutrients, but 
some, such as oat straw and corn stover, are considered of value in 
maintenance rations. 

Animal and fish byproducts are widely used as sources of protein 
and sometimes minerals and vitamins. Those that have not been 
subjected to high temperatures in processing are preferable. Packing- 
house byproducts include blood meal, digester tankage, meat-meal 
tankage, bonemeal (raw and steamed). Milk byproducts include 
dried skim milk, dried buttermilk, and dried whey. Fish byproducts 
include fish meal, fish-residue meal, crab meal, shrimp meal, whale 
meal. 

Roots and tubers—including beets, sugar beets, cassava, carrots, 
chufas, Jerusalem-artichokes, mangel-wurzels, parsnips, potatoes, 
sweetpotatoes, rutabagas, turnips—are high in water content but 
have readily digestible energy nutrients. Yellow carrots and sweet- 
potatoes are good sources of carotene; beet and carrot tops are rich 
in vitamin G. Dried beet pulp, molasses beet pulp, beet molasses, 
and cane molasses are good sources of energy and are appetizing in 
feed mixtures. 

Supplementary feeds sometimes used as sources of calcium include 
limestone flour and wood ashes. Raw and steamed bonemeal, bone 
ash, spent bone black, and dicalcium phosphate contain phosphorus 
as well as calcium. Sources of iodine (to be used carefully and only 
when necessary) include sodium iodide and potassium iodide. 
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FROM  TRADITION  TO  SCIENCE 

by Louise Stanley1 

W H E N all men got their food directly from nature, as hunters, fishers, 
or farmers, they could be more sure, in some ways, of getting a balanced 
diet than they can today. This article contrasts the old and the new 
relationship of men to the food supply, and shows how the modern science 

of nutrition is necessary to meet complex modern conditions. 

NUTRITION has to do with the use living organisms make of food. 
All living things require food. Green plants take their food supply 
in simple inorganic forms from the soil and from the air and build 
it into more complex materials. They are able to use the energy 
of the sun directly in building the sugars and starches and cellulose, 
so important in their structure and life functions, from water and 
carbon dioxide. Excess energy is stored as sugar or starch or may 
be changed into the more compact form of potential energy—fat. 
This ability of the green plants to build simple inorganic material 
into complex, energy-containing organic compounds is of basic im- 
portance to animal life also, for animals must rely upon the energy 
originally stored by plant life. 

Plants also absorb minerals along with the water from the soil— 
nitrates, phosphates, and sulfates—and from these and the carbo- 
hydrates build proteins in the many complex forms essential to the 
plant. These too are suitable in varying degrees for building the 
tissues of the animal or human body. Calcium, magnesium, iron, 
iodine, and various other minerals are built into plant tissues in forms 
available to animal life.    Vitamins are a product of plant growth. 

All our foods, therefore, are directly or indirectly derived from 
plants and have their roots in the soil. The soil, through its influence 
on food composition, has played an important part in determining 
the development and the survival of animals and men. First the soil, 
then plants, then animals—so has life developed. It is in the study 
of nutrition that the interrelation of the three is shown most clearly. 

To appreciate the importance of nutrition to human life, one needs 
to look back to get the proper perspective. Man is the combined 
product of inheritance and environment. Food is the environmental 
factor that most directly controls his physical development; and it 

1 Louise Stanley is Chief, Bureau of Home Economics. 
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probably plays an important part in setting the pattern of nervous 
and emotional responses that make up the total personality. 

Marett {745)2 makes a good case for the thesis that a natural 
selection of various food substances, based on economy, has played a 
very important part in guiding the evolutionary process. The min- 
erals and vitamins in foods, through their effect on the composition 
of body tissues and fluids and on the development of the glands 
controlling internal secretions, profoundly influence the internal 
environment of the body cells and thereby affect growth, physical 
form, and emotional reactions. 

Primitive man was restricted to the food supply immediately at hand. 
This supply was determined in both quality and quantity by the soil and 
climate. The kind of food available and its composition were important 
in determining survival and the differences in the physical development 
of men from different areas. Food supplies had geographic limitations. 
Some groups of men died out altogether, others changed form through 
generations as the result of natural diet restrictions. Thus through 
painful and costly experience, with much loss of life by the way, 
racial food habits and appetites were built up and came to be fair 
guides to the choice of food under simple conditions of living. 

Nomadic tribes enlarged the areas from which they obtained food. 
The soils in these areas varied, and certain tribes probably selected 
certain areas that proved more conducive to survival than others. 
But still food supplies were limited. With the development of agri- 
culture, food supplies were less accidental, but they still depended 
upon the soil and the weather. Within such limits, food habits were 
the result of racial experiences and were probably responsible for clear- 
cut racial physical differences. These deeply ingrained survival pat- 
terns are the basis for the so-called natural instincts sometimes re- 
ferred to as guiding food choice. 

As the result of experience, the relation between certain foods and 
certain physical conditions was known long before anyone knew the 
real explanation. Burned sponges were used in the thirteenth cen- 
tury to treat goiter. It was not until 1819 that the chemist Dumas 
discovered iodine in this ash. Cod-liver oil was used to treat rickets 
centuries before vitamin D was discovered. Florentine pharmacists 
of the middle ages were selling lemonade as a remedy for scurvy long 
before vitamin C and its significance were recognized. 

Strangely enough, groups with restricted natural diets seemed to 
acquire a special taste for foods we now know were specially needed 
in these diets. Hrdlicka reports that among the Indians of the South- 
west, where meat is scarce, fat and marrow are much relished. Squir- 
rels, prairie dogs, and fat field mice are considered delicacies. ' Among 
the vegetables, chili and tomatoes are emphasized. 

The Mexicans, among whom milk is scarce, use an abundance of 
the vitamin A-rich pimiento. In Puerto Rico, annatto is used along 
with lard as a routine in cooking. This annatto has been shown to be a 
rich source of vitamin A, so likely to be lacking in the Puerto Rican diet. 

New knowledge of nutrition gained during the last three decades 
explains such food habits and some folklore. But more important, it 
gives a rational basis for food selection that, applied through planned 

s Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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production, education in food choice, and more satisfactory distri- 
bution, can be used to increase the length and improve the quality of 
human life. Fewer natural foods and more processed and fabricated 
foods are used today. There is a far greater variety of foods available. 
Tastes have changed. As a result, racial habits and appetites can no 
longer be depended on to guide the choice of food. 

Meanwhile, commercialization of food production and increased 
transportation of food from place to place and country to country have 
completely changed the problem of the food supply. Comparatively 
few families produce any of their own food except outside of the cities, 
very few indeed all the family^s food. Rarely is all the food for an 
individual or a family drawn from so restricted an area that soil 
deficiencies affect the total food supply, with the possible exception of 
a deficiency of iodine. Iodine is added to the diet in areas where it is 
known to be lacking in the soil. But as food production has become 
more specialized and commercialized, economic factors have come to 
complicate food choice and in many cases limit the family food supply 
in ways that were not formerly true. Furthermore, economic compe- 
tition in production and processing has a greater effect on food com- 
position than the soil has. 

Studies show that below certain income levels most diets are 
deficient. Calcium deficiency is just as serious in its effects when it is 
due to inability to purchase calcium-rich foods as when it is due to 
producing food on calcium-poor soils. Human nutrition is an economic 
and an educational as well as a scientific problem. 

We now produce a great variety of foods of high quality. The 
pleasure associated with eating has become more refined. Flavor and 
keeping quality tend to be emphasized to the neglect of the nutritive 
values of foods. Processing, packing, and special services have added 
to food prices. The purchaser rarely knows which portion of his dollar 
goes for services and which for the food itself. There is little oppor- 
tunity for obtaining food without these services. 

To protect the consumer, the Government has established certain 
safeguards. As a protection for health, the Food and Drugs Act 
prohibits the use of certain substances in foods and requires that the 
presence of others be indicated on the label ; as an economic safeguard 
it requires that foods conform to certain definitions. The Bureau of 
Animal Industry, through its inspection service, protects the meat 
supply of consumers. The Bureau of Dairy Industry, in conjunction 
with the Public Health Service, establishes standards to safeguard 
the milk supply. 

But the final selection of food is an individual and family problem. 
The science of nutrition now offers a guide to this selection. It shows 
the importance of food to the well-being of the individual and the 
community. It tells how to advance this well-being and safeguard 
health. It offers certain standards in terms of groups of common 
foods to meet different economic needs as well as different preferences 
and habits. It is not a substitute for tradition and race experience ; 
it supplements them and corrects them where they need correcting. 
Education is needed to make this science better known. Agriculture 
and industry must solve the problems of producing and distributing 
foods of high nutritive value. 



FOOD FUNCTIONS AND THE RELATION 

OF FOOD TO HEALTH 

by Lela E. Booher and Caille Mae Coons1 

THE foods we eat contain various nutrients—carbohydrates, fats, pro- 

teins, minerals, and vitamins—that contribute in different ways to the 
needs of the body. Deficiencies of these nutrients have direct effects 
on health and in some cases produce well-recognized nutritional-deficiency 
diseases. This article gives the reader a broad general view of the 
functions of the food nutrients and the relation of diet to health and 
disease. Later articles dealing with nutritional requirements discuss each 
of the nutrients separately in greater detail. 

THE MAINTENANCE of human life at its very best throughout its entire 
span is a goal toward which scientific achievements of many kinds 
have contributed. The application of the present knowledge of nu- 
trition^ which has been made possible through scientific studies of 
food functions, is a very important step in the direction of this goal. 

Health and efficiency depend more, perhaps, upon the food we eat than upon 
any other single factor in hygiene. * * * Food directly affects growth, 
nutrition, and well-being, and even influences reproduction. The food we eat 
may increase our resistance or lower our immunity to certain infections. 

These quotations are from Preventive Medicine and Hygiene, by 
Milton J. Rosenau {988),2 now professor of public health at the Uni- 
versity of North Carolina, formerly director of the School of Public 
Health of Harvard University and the Massachusetts Institute of 
Technology, and also a former director of the Hygienic Laboratory, 
United States Public Health Service. They sum up briefly the mod- 
ern attitude toward diet and its relation to human well-being. Rose- 
nau believes that the use of food in the treatment and prevention of 
disease is growing along with the sanitary control of food.    He says: 

It is only necessary to point out the importance of diet in the prophylaxis and 
treatment of beriberi, scurvy, pellagra, rickets, tuberculosis, diabetes, acidosis, 
nephritis, gout, rheumatic affections, disorders of metabolism, dyspepsia, gastric 
ulcer, infantile diarrheas, and many other affections. Some of the best medicine 
is bought in the market rather than in the drug store. 

It is not to be inferred from these quotations that this authority 

i Lela E. Booher is Chief of the Foods and Nutrition Division, and Callie Mae Coons is Senior Food 
Economist, Economics Division, Bureau of Home Economics. 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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overlooks such other important factors as sanitation in homes, schools, 
farms, and cities, and personal hygiene. Often the good or ill effects 
of food are overshadowed by other circumstances. Proper food alone, 
like any other one good thing, cannot solve all our problems. But the 
fact remains that an intelligent application of the principles of good 
nutrition is very important for the realization of the fullest physical 
and mental powers within our individual human limitations. 

We are only beginning to realize the possibilities not only of pre- 
venting certain diseases but of promoting positive health, efficiency, 
and long life through good nutrition. The science of nutrition is still 
young, yet already it has created a new outlook, rich with promise. 

In this article an attempt is made to present a broad survey of the 
present knowledge of food functions and the relation of food to health 
and disease as a preface to the more detailed information in the 
articles that follow. 

FOOD AS SOURCE OF ENERGY 

From one aspect the human body may be looked upon as a machine 
for transforming the stored energy of foodstuffs into active energy 
such as heat, work, and many other less obvious activities associated 
with life. In an engine, the fuel can easily be distinguished from the 
machinery. This is not easy in the case of foods because after they 
enter the body we lose sight of them at a point where they become a 
part of the living organism. They not only run the machine; they 
finally are the machine. 

The foods we eat must first be digested or broken down into simple 
forms so as to fit them for passage into the circulating blood, by 
means of which their nutritional elements are carried to all parts of 
the body. The myriads of tiny cells of the body receive these simpli- 
fied foods from the blood and are able to burn or oxidize them to 
furnish heat and energy for work, or to select certain of them for 
repairs or for the building of new tissues and other body substances. 
Oxygen as well as foodstuff is essential for the production of heat and 
work by the body, just as the oxygen of the air as well as fuel is essen- 
tial for the running of an engine. The hemoglobin, or red coloring 
matter of the blood, brings the necessary oxygen from the lungs to 
the body cells, where the blood in turn receives the waste products 
from the oxidation of foods. These waste products include many 
substances that are finally eliminated through the skin, the intestines, 
and the kidneys. Large quantities of carbon dioxide are also pro- 
duced during the oxidation of food and are eliminated in the process 
of breathing. Throughout life, whether we are asleep or awake, this 
continual circulation of blood provides the means for transporting 
food and oxygen to the body cells and taking waste products away 
from them. 

Many years ago it was proved that the food oxidized in the body 
gives off the same amount of heat as if it were burned outside the 
body.3 Since it takes a certain amount of oxygen to burn a certain 
amount of food, it is possible under very carefully controlled condi- 

3 Fats and carbohydrates burn completely in the body. Proteins always leave an organic energy-con- 
taining residue (urea and uric acid) which is excreted in the urine. Correction is made for the calories in 
this fraction in determining the energy available to the body from the oxidation of the protein fractions of 
foodstuffs. 
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tiens to measure the extent and rate of oxidation of food in the body by 
measuring the amount of oxygen used and the rate at which the body 
uses it. 

Almost all kinds of foods have some fuel value. The digested prod- 
ucts of protein, carbohydrates (starches and sugars), and fats in food 
are oxidized in the body to produce heat and muscular activity. For 
a given weight, carbohydrates and proteins yield the same amount 
of heat or energy in the body, while fats yield more than twice as 
much. The percentages of protein, carbohydrates, and fats in differ- 
ent foods vary widely. 

Aside from the food our bodies must oxidize in order that we may 
be physically active, a certain amount must continually be burned to 
keep the body warm and to furnish energy for breathing movements, 
the beating of the heart, and other physiological activities. The rate 
of energy expenditure by the body at rest is called the basal metabo- 
lism. Basal metabolism is measured in the morning before breakfast, 
when digestion and assimilation of food are not in progress. The 
measurements are made while the body lies in a state of complete rest 
and under comfortable conditions of temperature. The amount of 
oxygen used up under these circumstances varies with the body sur- 
face of the individual. After many years of careful and tedious study, 
it was found that the basal metabolism for each square foot of the 
body surface is almost the same for all normal well-nourished persons 
of the same age and sex. 

A method was also found whereby the total body surface could be 
estimated from measurements of the height and weight of the body. 
With this knowledge, it becomes possible to determine whether the 
basal metabolism of any individual is normal or abnormal, and this 
is an early step in diagnosing certain diseases. 

Ordinary mixed diets contain some materials, such as cellulose, that 
are not digestible. In addition, about 2 percent of the real food value 
of the diet escapes digestion and is lost in the excreta. Besides this a 
certain amount of the fuel value of the food is normally used up in 
the process of digestion itself; this has been called the cost of digestion. 

Muscular activity increases the amount and rate at which food is 
oxidized by the body. Since this calls for more oxygen, we breathe 
more rapidly when we work than when we sleep or rest. In such 
exercises as swimming and rowing, the body uses food and oxygen 
from 8 to 14 times as fast as when it is at rest. 

The fuel used as a source of energy for engines can in part be trans- 
formed into motion of a wheel or rod. This motion can be harnessed 
and made to do work. The percentage of the heat value of the fuel 
which an engine can transform into work is spoken of as its mechanical . 
efficiency. The mechanical efficiency of the body is about 16 to 25 
percent greater than that of steam locomotives and about the same as 
that of automobile engines. 

A man or woman who follows an occupation requiring moderate 
activity needs about twice as many food calories as are necessary for 
his or her basal metabolism. 

If the fuel or caloric value of the food eaten by a normal adult is 
more than is required to maintain the body and to provide for bodily 
activities, the individual is very likely to take on weight.   If the caloric 



FOOD FUNCTIONS —FOOD AND HEALTH 103 

value of the food is regularly too small to meet these needs, the body 
weight drops. Whether a normal adult will grow fat or thin is not 
just a matter of whether he eats much or little, but whether he eats 
much or little in relation to his physical activities and possibly his 
glandular balance. One can become fat as a result of eating too much, 
exercising too little, or both. 

Many men and women who follow no other guide than their natural 
appetites and who vary their activities widely do not change in body 
weight over a period of many years. In such cases appetite closely 
follows the need for food. Some men and women, however, remain 
overweight in spite of the fact that they seem moderately active and 
have been careful not to overeat. Some authorities believe that over- 
weight under these conditions may be the only evidence of a slight 
internal gland disturbance which is not yet fully understood. Cer- 
tainly if one is greatly overweight or underweight, a competent physi- 
cian should be consulted before any abnormal or unusual dietary 
program is begun. Sometimes reducing is carried too far for the sake 
of fashion. Dietary restrictions that lead to pronounced underweight 
are serious hazards to health. Adolescents especially are likely to 
undermine their health by starving their bodies at a critical and forma- 
tive period. 

Normal growing children require more food per pound of body 
weight than do normal adults. Children need extra food for the 
rapid building of new tissues as well as to supply fuel for their nor- 
mally greater activity. Many years of observation have proved that, 
in adolescence, to be a few pounds overweight is an asset to health. 

During pregnancy and lactation, women require additional amounts 
of certain foods to provide for the needs of the developing embryo and 
for the production of milk for the infant. 

Older people usually require somewhat less food than is needed 
during middle age. 

FOOD FOR BODY BUILDING AND REPAIR 

The essential constituents of food include proteins, fats, carbohy- 
drates, minerals, and vitamins. No single food is adequate to pro- 
vide all the essentials of a proper diet for man. Milk probably comes 
nearest to being a complete food, but even it is not perfect, and an 
attempt to live indefinitely on milk alone would lead to trouble. 
Foods vary greatly in their proportions of the essential constituents. 
For this reason, it is wise to eat a wide variety of foods and to select 
these so that a balanced diet will be assured. 

In order that a diet may be satisfactory it must first of all be palat- 
able. Appetite is necessary for proper digestion and for the best 
use of food. Good cooking and pleasing flavor therefore become 
important conditions for good nutrition. Food must also furnish 
enough caloric value to provide warmth for the body and energy for 
normal activities. Most authorities are agreed that, for an adult, 
not less than 10 to 12 percent of the caloric value should be in the 
form of protein, about 25 to 30 percent in the form of fat, and about 
60 percent in the form of starches and sugars. The diet should con- 
tain liberal amounts of fresh fruits and vegetables, including some of 
the green and leafy varieties.    Fruits  and vegetables and whole 
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cereals are important sources of vitamins and minerals as well as of 
sugars and starches. Milk, meat, and eggs are likewise essential to 
a well-balanced diet, since they are important sources of protein and 
other food essentials. An adequate supply of essential minerals, best 
provided by a mixed diet, is extremely important. Children need 
liberal amounts of these minerals to supply the necessary building 
materials for the skeleton and teeth. Minerals are also necessary for 
proper structure of soft tissues and for the regulation of many vital 
processes of the body. 

DIETARY DEFICIENCY DISEASES 
Poverty, faulty dietary habits, aversion to numerous foods, and 

the presence of disease are factors that result in suboptimal nutrition 
for considerable numbers of our population. The chief fault of many 
American diets is that they provide too little of the essential minerals 
and vitamins. This fault is due in large measure to the fact that 
refined foods are consumed in such amounts that the intake of mineral- 
and vitamin-rich natural foods is lower than it should be. 

The occurrence of severe nutritional deficiency diseases in man, 
other than pellagra, rickets, and possibly infantile scurvy, is rare in 
the United States. Records of the incidence of such diseases as 
scurvy and beriberi are not available except as these diseases appear 
in hospital records or are assigned as the cause of death. 

Most authorities accept the point of view that in practically all 
states of malnutrition in human beings the diet is likely to be inade- 
quate in several food essentials rather than one only and will even- 
tually produce a complex clinical picture, not a clear-cut, simple 
one such as can be observed with laboratory animals. 

Physicians and nutritionists are also beginning to realize that the 
effects of a prolonged slightly faulty diet may not be detectable 
for years. The early symptoms of dietary-deficiency diseases in 
human beings are general and often extremely vague. Prolonged 
inadequacy of protective foods either from dietary lack, failure of 
utilization, or increased requirement, produces a variety of border- 
line states of ill health in advance of severe deficiency states. These 
border-line states can rarely be defined clearly and rarely appear 
uncomplicated. 

Many people in this country undoubtedly live on diets far below 
optimum in essential proteins, minerals, and vitamins. Such per- 
sons may be quite normal in body weight, or they may even be over- 
weight as a result of eating diets high in fat, sugars, and starches but 
low in protective foods. Body weight alone is not a reliable index of 
the state of nutrition of an individual. 

Some persons acquire faulty eating habits in early childhood and 
follow a sort of blind routine or custom in the matter of food selection, 
never learning what correct diet is. Others follow some preconceived 
notion as to what foods are good for them instead of putting into prac- 
tice the sound knowledge available concerning proper food selection. 
Appetite as a guide in the selection of food is not reliable because it is 
so largely dependent on custom and attractiveness of flavor rather 
than on knowledge of the principles of good nutrition. Education in 
correct dietary habits so that people may learn how to provide them- 
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selves with liberal amounts of the protective foods is a very important 
factor in improving our national health. 

Certain diseases are associated with greatly reduced food intakes, 
poor digestion and inadequate absorption of food, increased require- 
ments, or failure of the body cells to utilize food. In most diseases 
accompanied by disturbances of the digestive tract, some kind of 
restricted diet is prescribed by the physician or voluntarily followed 
by the patient. Such diseases need special attention in order that 
the food may provide the essentials or that an unbalanced diet may 
not be continued longer than absolutely necessary. Exercise, growth, 
pregnancy, lactation, fever, and hyperthyroidism (overactivity of the 
thyroid gland) are among the conditions known to increase the require- 
ments for at least some of the protective foods. 

Physician and nutritionist alike lack the necessary measuring sticks 
to evaluate the vague symptoms of ill health resulting from malnutri- 
tion. Attempts are being made to measure nutritional status in 
cases where there are no marked symptoms of deficiency, but such 
attempts are sorely handicapped by inadequate knowledge both of 
how to make the measurements and of how to interpret such measure- 
ments as are made. With present-day knowledge it is possible to 
measure only a very few of the nutritional disorders that result from 
a mild deficiency of one or more of the essential food factors. Knowl- 
edge of the human requirements for certain of the well-known vitamins 
and less common minerals is completely lacking. This lack of scien- 
tific methods and information obstructs progress in promoting posi- 
tive and abundant health. So long as mild deficiencies resulting from 
slightly faulty diets are not detectable, the means of alleviating such 
conditions through a fully adequate diet will continue to be neglected 
and what might be called negative health will become progressively 
worse. Any practical program in human nutrition not directed 
toward surmounting these obstacles falls short of its real objective, 
which is to promote positive health and efficiency. 

THE FUNCTION OF WATER 

Water may or may not^ be classed as a food, depending on the 
definition of a food. Certainly water as well as oxygen and foodstuffs 
is essential to human life. The length of time that life can endure 
without water depends on several circumstances. For example, men 
lost while attempting to cross a hot desert without having access to 
food or water usually die in about 2 to 4 days. There is at least one 
record of a prisoner who lived 18 days with neither food nor water, 
but in this case the climate was moderate and the man^s activity was 
slight. 

In addition to the water consumed as drinking water and in 
beverages, the body also receives large amounts from food. Many 
of our common foods are more than 50 percent water, and even those 
that from casual observation seem dry contain considerable water or 
moisture. Besides the water from these sources, some is formed 
within the body by the oxidation of sugars, fats, and protein. It has 
been estimated, for example, that as a result of the oxidation of an 
ounce of fat in the body about an ounce of water is formed. 

The bodies of normal persons of the same size do not vary much in 
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water content. Water ordinarily accounts for about 60 to 70 percent 
of the body weight. Blood; urine, sweat, digestive juices, tears, 
internal fluids of the eyes, and mucous all contain very large propor- 
tions of water. 

Water performs many functions in the body. It serves as a vehicle 
for transporting food and waste products. It assists in the regulation 
of body temperature. It takes part in many chemical processes. It 
serves as a lubricant, and to some extent shares the function of body 
fat in protecting certain organs from external injury. 

Normal persons at rest under comfortable conditions of temperature 
and humidity lose about 25 percent of the heat value of their food by 
vaporization of water from the surface of the skin and with the air 
expired from the lungs. This loss of water in a man of average size 
amounts to about 1% pints a day; it is spoken of as ^insensible per- 
spiration." 

When sweating occurs the loss of water from the surface of the skin 
increases markedly. Athletes during very strenuous exercise have 
been observed to lose as much as 10 pints of water, chiefly as sweat, 
within about 1 hour. An average-sized adult normally excretes 
anywhere from 2 to 5 pints of water a day by way of the kidneys and 
bowels. Excessive intake of fluids would, of course, increase the 
amount of water excreted by the kidneys. In summer more water is 
lost through the skin and less is excreted by the kidneys than in winter. 

It would not be possible to give a general recommendation for 
daily intake of water, since the need varies so widely, depending on 
climate, clothing, activity, and water content of the food eaten. The 
satisfaction of thirst usually takes care of the need for water. As a 
very rough estimate it probably is safe to assume that an average-sized 
man, comfortably clothed, living in a temperate climate, and doing a 
moderate amount of work, loses about 6 pints of water from his body 
every 24 hours. If at mealtimes he ate an appropriate amount of an 
ordinary mixed diet, including ordinary amounts of fluids, to cover 
his food requirements, he probably would have provided in this way 
a water intake of about 4 pints. Thus, in order to replace all the 
water lost from his body in the same 24 hours he would need to drink 
about 2 pints, or 4 glasses, of water. 

Under normal conditions the average intake of water is believed to 
run low rather than high, but with the interference of fads both 
extremes are possible. So-called health rules giving unqualified in- 
structions for the same quantities of water, whether 6 or 20 glasses 
daily, for all persons, must be regarded with suspicion. The water 
requirement of a given person can be computed as accurately as can 
the calorie requirement, but it is affected by so many factors that the 
requirement under one set of conditions cannot be carried over to an 
entirely different set. The climate, clothing, amount of sweating, and 
conditions of health all markedly influence the water requirement. 

Restricted water intake leads to diminished appetite and eventually 
to undernutrition. This is of significance for young children and 
others to whom water must be offered. Under certain conditions 
accompanied by abnormally large losses of water, such as continued 
vomiting, diarrhea, fevers, and copious sweating, the provision of an 
adequate intake of water may present a real problem. 
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Unless water is used to flush food into the stomach to avoid chewing 
properly, there seems to be no adequate reason why satisfying amounts 
should not be taken at mealtimes. Children should not, of course, 
be permitted to drink so much water or other liquid just before 
mealtime or during the early part of the meal that they will be too 
full to eat the food they require. 

Many abnormal conditions such as diarrhea or persistent vomiting 
may cause the body to be temporarily short of water. During wasting 
diseases, the body loses water as well as protein and fat. In con- 
valescence these losses are replaced, often with amazing rapidity. 

When fat is deposited in the body it tends to replace water, and 
conversely, as body fat is burned, it tends to be replaced by water. 
If an obese person undertakes to reduce his body weight by restriction 
of calorie intake, he is often disappointed to find that his weight does 
not drop promptyl. The fat in his body actually may be considerably 
less than it was, but water has been stored in its place. If the caloric 
restriction is continued the weight will eventually drop, and by 
almost the exact amount predictable from the degree and period of 
restriction. A part of the gain in body weight of normal growing 
children is always water. 

Copious sweating involves large losses of sodium chloride, or 
common salt, as well as of water. Excessive losses of salt by this 
means, when unbalanced by dietary intake, have been known to cause 
severe cramps and collapse or heat prostration {251). In instances of 
heavy labor in extremely hot and dry climates, as for example during 
certain periods in the construction of Boulder Dam, use of salt in 
the drinking water has been employed to prevent such effects {278), 
Similar temporary measures are sometimes used by cross-desert travel- 
ers and for fighters of forest fires. Ingestion of salt tablets is another 
expedient often advocated for individuals during or following periods 
of copious sweating. 

THE FUNCTIONS OF PROTEIN 
Next to water, protein is the most abundant constituent of the soft 

living tissues. Proteins must always be supplied in food to provide 
the material necessary for repairing the wear and tear of the soft 
tissues and for building new tissue. 

Before the body can make use of food proteins, they must undergo 
certain chemical changes in the course of digestion. Proteins are 
converted during digestion into several distinct and simpler sub- 
stances, the amino acids, which can pass through the wall of the intes- 
tine and be taken into the blood stream. The digestive juices secreted 
in the stomach and intestines carry certain enzymes, which quicken 
the processes of digestion and without which proteins could not be 
digested. There seems to be very clear evidence that enzymes them- 
selves, or at least some of them, are proteins. 

The amino acids circulate in the blood, and the body cells select 
the particular amino acids that they need for building and repairs. 
Any amino acids that are not required for these purposes are broken 
down into still simpler substances, of which some are rapidly oxidized 
and some—chiefly urea—excreted by the kidneys as waste products. 

Food proteins differ in the kinds and amounts of amino acids that 
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can be derived from them. The proportions of amino acids present 
in the soft tissues of the human body are in general more like those 
in food protein from animal than from vegetable sources. Certain 
amino acids essential for body building and repair are almost wholly 
lacking in some of the food proteins. Such proteins are said to be 
incomplete. Practically all of the 22 known amino acids enter into 
the composition of the body. However, only 10 are designated 
^nutritionally essential"—that is, must be present and already 
formed in the proteins of the diet. The others can be manufactured 
within the body. Those amino acids lacking in one protein may be 
fairly abundant in another, and it is consequently recommended that 
the food provide several sources of protein so that all the essential 
amino acids may be included. 

In addition to the protein deposited in the body by the growth of 
muscles and certain other tissues, it appears that limited amounts 
may be stored in the body as a result of eating very liberal quantities 
of food protein. This so-called storage protein rises and falls in very 
close association with the intake of food protein. Some authorities 
believe that such storage of protein toward the end of pregnancy is 
important for successful lactation. 

During exercise the contraction of muscle produces rather large 
amounts of lactic acid. As this acid is produced the proteins in 
muscle combine with it in such a way that the acidity does not build 
up to a harmful degree. This protective function of the body pro- 
teins results from the property known as buffer action. As will be 
pointed out later, buffer action to prevent undue acidity or alkalinity 
is not an exclusive property of proteins. 

A serious and prolonged deficiency of protein in the diet brings 
about a decrease in the protein content of the blood plasma. This 
is frequently accompanied by a tendency to form abnormal accumu- 
lations of water in the tissue «spaces—edema—particularly in the 
extremities. Abnormal amounts of fluid may also accumulate in 
the chest and abdomen, the muscles waste away, and extreme weakness 
follows. 

The so-called war edema, or hunger swelling, which appeared rather 
extensively in Europe during the World War, was said to be the 
result of protein deficiency. This condition resulted from prolonged 
undernutrition when the food consisted chiefly of carbohydrates, very 
little protein, and almost no fat. Under the circumstances it seems 
that the condition must have been accompanied by other deficiencies 
as well. 

A condition very much like the war edema has appeared among 
certain ill-fed populations of this country (1276), Severe and prolonged 
deficiency of protein intake is to be expected among people of the very 
low income group and in isolated sections of the world where for long- 
periods there may be an abundance of fruits and vegetables but little 
milk, cheese, meat, and eggs. 

An insufficient intake of protein suitable for the purposes of building 
the new body tissues of children results in subnormal or retarded 
growth (747). Liberal supplies of protein are important during nor- 
mal pregnancy and lactation. There is also evidence that more 
infants could be breast-fed if their mothers were provided with ample 
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and suitable kinds of dietary proteins along with other protective 
foods (400). 

Protein deficiency may result from causes other than insufficient 
protein intake. For example, certain diseases may be associated 
with heavy losses of protein in the urine or with severe hemorrhage, 
either of which may eventually cause symptoms of protein deficiency. 
There may also be conditions which interfere with the absorption of 
the digestion products of food protein. 

Gastrointestinal disorders which interfere with proper digestion 
and absorption of food may lead to deficiency diseases just as surely 
as an improper intake of food. Some authorities have expressed the 
idea that the edema of beriberi, caused by vitamin B deficiency, is *a 
sign of protein deficiency caused by disordered functioning of the 
gastrointestinal tract in the absence of adequate vitamin B. 

A daily protein allowance of about 1 gram of food protein per kilo- 
gram (2.2 pounds) of body weight is often accepted as a suitable 
protein standard for the ordinary adult. However, many present- 
day nutritionists and physicians are convinced that this allowance is 
insufficient to provide for an optimal intake of protein. Leitch {676) 
has undertaken a thorough revaluation of the experimental data on 
protein requirements and reaches the conclusion that something like 
1½ grams of protein per kilogram of body weight is a better standard 
for adults. 

Low-protein diets were formerly advocated by physicians in the 
treatment of certain diseases of the kidney, but the present-day trend 
is quite generally away from severely restricted protein intake in the 
treatment of renal disease. 

THE FUNCTIONS OF FATS 

In man, body fat is found in largest amounts under the skin, between 
the muscles, and around many internal organs. The fat so stored 
serves as a reserve source of heat and energy when the caloric value of 
the food is insufficient or for temporary periods when no food is 
eaten. The accumulation of a certain amount of fat around vital 
organs such as the kidneys provides considerable protection against 
cold and injury. Small amounts of fat are also found in the body 
cells. Certain fishes, notably, the cod and halibut, store practically 
all of their reserve fat in their livers. Relatively enormous amounts 
of oils, rieb in vitamins A and D, can be obtained from the livers of 
these fishes. 

Certain other fatlike substances (the so-called phospholipids and 
sterols) are important constituents of the cells of the human body. 
Some of these form a part of the cell walls, and probably most of them 
play a part in controlling the passage of food materials through the 
cell walls. 

The fat content of meat is largely determined by animal feeding 
practices. In the vegetable kingdom, seeds (for example, sesame 
seed and cottonseed) and nuts are rich sources of fats. Many differ- 
ent kinds of fats have been identified in both plants and animals. 

Before fats can be carried to the body cells by means of the circu- 
lating blood it is necessary for them to be digested in the intestines 
with the aid of enzymes.    Fats require a longer time for digestion in 
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the stomach than carbohydrates or proteins. For this reason, they 
are of special importance in delaying the sensations of hunger. This 
property of fats is frequently referred to as ^staying power. ^ A diet 
practically devoid of fat is very likely to create an abnormal feeling of 
hunger a few hours after meals. This discomfort was common among 
refugees of the World War when fats were available in very limited 
amounts. 

A small amount of fat is necessary for the absorption of certain 
essential foods from the digestive tract into the blood stream (264-). 
Carotene, for example, requires the presence of fat for good absorp- 
tion (65). 

Certain kinds of fat, containing what are called unsaturated fatty 
acids, are believed to be necessary for good nutrition. A deficiency 
of these fatty acids causes a roughness and scaliness of the skin in 
experimental animals (175, 1154)- They are needed only in very 
small amounts, however, and they are quite abundant in several 
ordinary fats. 

The human race seems to have become accustomed to diets in which 
the fat content provides about 25 percent of the total calorie intake. 

THE FUNCTIONS OF CARBOHYDRATES 

An ordinary mixed diet contains about 60 percent of the total fuel 
value of the food in the form of starches and sugars. In normal proc- 
esses of digestion, starch and certain of the sugars have to be broken 
down into one or more of three simple sugars which the body is able 
to utilize from the blood. These digestive processes are accelerated 
by enzymes in the digestive juices. An enzyme contained in the 
saliva begins the digestion of starch in the mouth. 

After a meal of ordinary food mixtures, the amount of sugar in the 
blood rises temporarily and then drops to about 0.1 percent after 
something like 3 hours. At this level it remains remarkably constant 
until more food is digested and absorbed. In this way the tissues 
usually have access to a steady supply of sugar which can be used to 
produce heat and bodily activity. Carbohydrates are stored in the 
liver and muscles in the form of glycogen, or animal starch. These 
reserves furnish the material for keeping the amount of sugar in the 
blood constant as the cells remove sugar from it. Even with pro- 
longed starvation, the blood sugar does not drop far below 0.1 percent. 
For this reason, it seems certain that the body can use its stores of fat 
to make gly cogen, which in turn is used to supply sugar ^to the cir- 
culating blood. This explanation of the regulation of the content of 
sugar in the blood refers, of course, to persons in normal health. Cer- 
tain diseases—for example, diabetes mellitus—are associated with 
disturbances in the utilization of sugar by the body. 

If the caloric value of the diet is in excess of the body's needs for 
growth, heat, and activity, the body converts this excess food into 
fat and stores it. An ordinary individual who regularly takes about 
10 percent more food calories per day than are needed probably would 
store about 20 pounds of body fat in a year. This 10-percent excess 
could well be provided by an extra helping of dessert. 

Besides the sugars and starches, plant foods usually contain another 
form of carbohydrate, the celluloses.    These are insoluble materials 
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which form the cell walls of plants. In man, they undergo practically 
no change in digestion and serve merely by their bulk and water- 
holding properties to promote the progress of the food in the intestines 
and evacuation of the undigested food residues.  . 

THE FUNCTIONS OF MINERALS 
Certain minerals, or more properly inorganic ions (the form in 

which they occur in water solution), are absolutely essential to life. 
Some of these ions appear to be held in a combination with living 
tissue.4 Present knowledge of the functions of inorganic ions in the 
body is far from being satisfactory or complete. However, intensive 
studies of their functions and of human requirements for them are 
under way and steady advance along these lines may be expected. 

Some of the inorganic ions that must be supplied by the diet in 
order to promote normal nutrition include those of sodium, potassium, 
calcium, magnesium, iron, copper, manganese, sulfur, phosphorus, 
chlorine, iodine, and probably many others in small amounts, the 
need for and functions of which we are only beginning to discover. 
Many of these elements are so widely distributed in both plant and 
animal foods that little concern has arisen about a shortage of them. 
The essential inorganic elements that are none too abundantly or 
widely distributed in ordinary foods are those most frequently in- 
volved in deficiency diseases. These include iron, iodine, calcium, 
and phosphorus. 

CALCIUM AND PHOSPHORUS 

Calcium and phosphorus in combination form a large proportion 
of the rigid structures of teeth and bone. Children whose teeth and 
bones are in process of rapid growth and development should there- 
fore be given foods that will supply liberal amounts of these two 
minerals.   Milk is an excellent source of both calcium and phosphorus. 

Calcium is also essential for the clotting of blood and, together with 
sodium and potassium, for the steady working of the heart and for 
normal activities of muscle. 

Phosphorus takes part in a series of chemical processes involved in 
the oxidation of sugar, in the activation of certain enzymes, and in 
the production of buffering acids in the body. 

In the discussion of vitamin D deficiency later it will be emphasized 
that the effective utilization of calcium and phosphorus for bone 
growth and normal tooth development is dependent on an adequate 
supply of this vitamin. Vitamin D will not take the place of calcium 
and phosphorus, nor will these two inorganic elements provided in 
liberal amounts take the place of vitamin D during growth. Calcium, 
phosphorus, and vitamin D work together in the important task of 
building a strong skeleton. 

The body of the normal infant is not provided with reserves of 
calcium and phosphorus at birth, and the period of most rapid growth 
is immediately ahead. Therefore it is important almost from birth 
to apply preventive measures against deficiencies of calcium and 
phosphorus. 

In spite of the fact that knowledge of effective measures for the 
prevention of calcium and phosphorus deficiencies is at hand, there is 
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abundant  evidence  that  a  considerable proportion of the general 
population of all ages does not receive adequate amounts of calcium 
(1104). 

The role that calcium deficiency plays in stunted growth has been 
established for experimental animals. It has been demonstrated 
in a few human cases by showing that stunted children store dietary 
calcium at more than normal rates when diets become exceptionally 
good (258), Hunger osteomalacia, or "late rickets/' is a severe form 
of calcium deficiency found in adults, particularly among women of 
oriental countries. A large number of cases were seen in central 
Europe during and following the World War (77S), but only a few 
have been observed in the United States. However, surveys showing 
the occurrence and severity of pelvic contractions among women of 
the United States might reveal facts of considerable import to mater- 
nal welfare, since a contracted pelvis interferes with normal childbirth. 
From such a study in Scotland (735), the percentage of cases of con- 
tracted pelvis reported ranged from 1 percent among women of the 
more well-to-do classes to almost 12 percent in congested districts of 
Glasgow, 

The adult body has the capacity for carrying fairly large mobile 
stores of calcium. To be optimum a diet must keep these reserves 
well filled at all times. Negative balances of calcium, in which the 
dietary supplies do not cover the losses by excretion for the same 
period, are usually taken as a measure of the inadequacy of the diet. 

The maternal need for calcium and phosphorus is still greater after 
the infant begins to nurse than it was during pregnancy. At this 
stage the infant is building bones at a much faster rate than before 
it was born. The pregnant or nursing mother whose diet is so deficient 
in calcium and phosphorus that she must supply these elements from 
her own tissues to the unborn child or the infant is not safeguarding 
her own health. ,RON AND COPPER 

Iron, although present in the bodies of normal adults only to the 
extent of about one-fifth of an ounce, is absolutely essential for the 
formation of hemoglobin, the red pigment of the blood. ^ It seems 
likely that traces of iron in the soft tissues also take part in the con- 
tinual oxidations going on there. The liver normally contains a 
larger proportion of iron than other soft tissues of the body. Infants 
are normally provided with iron-rich hemoglobin and with stores of 
iron in their livers at birth. Nature seems to have provided this 
store of iron to tide over the period when the infant lives largely on 
milk, a food which contains very little iron. Since the formation of 
the green coloring matter in leaves requires the presence of iron, green 
leaves are valuable dietary sources of this mineral. Whole-grain 
cereals and red meats, especially liver, are also rich in iron. 

A reduction in the number of red corpuscles or a deficiency of 
hemoglobin is usually associated with the condition known as anemia. 
Not all anemia, however, is due to a deficiency of iron in the food. 
The manufacture of hemoglobin is a chemical process which takes 
place continuously and is closely associated with other vital processes 
in the body. A certain healthy state of the body is essential for the 
formation of hemoglobin in amounts which will maintain a normal 
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content in the blood. Many diseased conditions such as chronic 
infection, subnormal functioning of the thyroid gland, nephritis, and 
scurvy are associated with anemia. 

Nutritional anemias resulting from a lack of iron in the diet are found 
rather frequently among infants, particularly those of the very low 
income groups {264) : Some of these cases may be attributed to an 
inadequate intake of iron by the mother before the birth of the infant 
{1106), and others to a delayed introduction of iron-containing food 
into the diet of the infant {1100). 

During growth the body has especially heavy demands for iron to 
supply the needs for the formation of increasing amounts of hemo- 
globin in an expanding blood volume. Supplies of iron sufficient to 
meet the demands of rapid growth must be provided from before birth 
through adolescence or anemia may be expected to result. That there 
is an extra demand for iron following losses of blood is obvious. 

Copper also is apparently essential for the formation of hemo- 
globin. At least this has been found to be true in the case of small 
animals {323). Other inorganic elements such as cobalt and man- 
ganese perhaps have, in very minute amounts, an influence similar to 
that of copper. These substances, while aiding in the formation of 
hemoglobin, probably^ do not enter into its composition. 

One type of anemia, designated as pernicious anemia, is accom- 
panied by a disturbance in gastric secretion. Certain foods in addi- 
tion to being rich in iron carry an unknown substance, the so-called 
extrinsic factor, which must react with the gastric secretion to form a 
new substance essential for the normal production of hemoglobin. A 
deficiency of this substance would appear to be linked with the 
occurrence of pernicious anemia. 

IODINE 

Iodine is essential for the formation of a highly important substance 
in the secretion of the thyroid gland. This substance (thyroxin) 
functions in the regulation of the heat production of the body. Prac- 
tically all of the iodine present in the body is to be found in the 
thyroid gland. Iodine is fairly abundant in seaweeds and in sea food 
but can also be supplied adequately by a very small amount of a salt 
of iodine such as potassium iodide. Actually very little is required 
by the body, however, and an overdosage of an iodine salt could very 
easily do harm. 

Absence of iodine in the water or food or both brings about an 
enlargement of the thyroid gland known as simple goiter. This dis- 
ease is more frequent among women than among men. The disease is 
more prevalent during adolescence, pregnancy, and lactation than at 
other times. Simple goiter has been most prevalent in those areas of 
the United States where there is a deficiency of iodine in the water and 
soil. These areas include particularly the region near the Great 
Lakes, certain sections of the Middle West, and parts of the Rocky 
Mountains. 

Simple goiter is far less prevalent in the United States now than 
some years ago. Part of this improvement is due to the use of 
iodized table salt and to wider use of deep-sea foods, which are fairly 
rich sources of iodine. 

141394°—39- 9 
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In some regions where the iodine intake is likely to be deficient the 
use of iodized water for short periods has been tried. This method of 
providing iodine is not always satisfactory, because certain individuals 
living in the community may be suffering from ailments that are 
aggravated by additional iodides. 

It would seem that school children, at least, might be protected 
from the possibility of an iodine deficiency by having a suitable and 
safe amount of potassium iodide given to them under proper medical 
supervision. It can hardly be said that a thoroughly satisfactory 
method of assuring everyone of a proper intake of iodine has been 
aCllÍeVed- OTHER MINERALS 

Magnesium ions are required to promote the activity of at least one 
enzyme.From results of animal experimentation {650, 874) it is known 
that a deficiency of magnesium in the diet brings about signs of 
hypersensitivity and irritability, and during pregnancy and lactation 
even more severe physical disturbances, such as convulsive seizures. 

Manganese probably is required only in very small amounts. A 
deficiency in the diet of certain experimental animals has been re- 
ported to result in sterility of the males and in a lack of maternal care 
on the part of the female for her newborn young. 

While it seems unlikely that a magnesium or a manganese deficiency 
is common among human beings, the subject deserves further investi- 
gation. The correlation of human and animal nutrition has led to 
great advances for both, since they have a great deal in common. It 
often happens that what appears as a deficiency disease in animals 
may be encountered as a result of a disturbed metabolic condition 
in man. 

Sulfur is present in certain essential amino acids which must be 
provided by food protein and therefore enters into the structure of the 
soft tissues of the body. A certain combination of sulfur and amino 
acids, known as glutathione, is very widely distributed in the soft 
tissues and takes part in the complicated processes of oxidation. 
Sulfur also enters into the chemical structure of thiamin (vitamin Bi). 

Rather large amounts of chlorine in the form of hydrochloric acid 
are secreted in the digestive juice of the stomach. Here the hydro- 
chloric acid brings about certain changes in foods as a part of normal 
digestion. Hydrochloric acid is also necessary in order to provide 
the proper environment for the action of an important enzyme, 
pepsin, which is concerned with the digestion of food protein. Chlo- 
ride ions, along with sodium ions, are widely distributed in the body. 
These two ions in combination are the constituents of table salt— 
sodium chloride. Man and animals alike suffer salt hunger if deprived 
of sufficient amounts of this type of salt. Sodium and chloride ions 
function also in maintaining proper cell pressure—osmotic pressure— 
which regulates to a large extent the passage of substances through 
the cell walls. This function is shared with other inorganic ions and 
with other substances normally present in cells. In the blood and 
body fluids sodium and chlorine ions take a very important part in 
maintaining a normal acid-base balance. 

Watery fluid, containing inorganic ions of various kinds and nu- 
trients used in processes of repair, growth, and energy and heat for- 
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mation, surrounds the body cells and is a part of their natural en- 
vironment. 

THE FUNCTIONS OF THE VITAMINS 

The vitamins and certain of the minerals have frequently been 
described as body regulators. Some of these, however, belong just as 
rightfully to specific body structures as do proteins, and certainly the 
buffer action of the proteins, mentioned earlier, is a regulatory func- 
tion. Classification of the essential food constituents by type of 
function is therefore somewhat misleading. 

The vitamins have little in common in chemical composition or 
properties, but in one respect at least they are alike—each of them is 
required for normal nutrition only in very small amounts. Some of 
the minerals too are needed in very small quantities—those that are 
called trace elements—but there is no danger of confusing them with 
vitamins, since there is not the remotest resemblance. 

The scientific investigation of the vitamins was begun scarcely more 
than 25 years ago. Because they are new and interesting, and because 
their presence or absence in the diet provides such startling and dra- 
matic contrasts, the vitamins have been widely popularized. On the 
whole this is good, though some of the popularization has been at the 
expense of truth. 

The vitamins are essential to health at all ages but are particularly 
important during the period of growth and development, prenatal as 
well as postnatal. An inadequate supply of vitamins during this 
period may cause serious danger to normal development of the bones, 
teeth, and other body structures. 

VITAMIN A 

Vitamin A is essential for life, health, and growth. It is indis- 
pensable for the maintenance of normal epithelium, a special kind of 
tissue which serves as a protecting layer of body surfaces. The lining 
of the digestive tract, for example, separates the living parts of the 
body from food which has not yet become a part of the body and 
from waste products which are to be excreted; it is, therefore, strictly 
speaking, a body surface. The linings of ducts or canals of glands, 
which carry secretions from the glands to the digestive tract, and the 
lining of the bladder are further examples of less obvious body sur- 
faces. These epithelial structures undergo marked changes and can- 
not fulfill their normal functions as protecting layers unless the body 
is provided with vitamin A. 

Vitamin A is essential for the proper formation and normal develop- 
ment of teeth. It forms a part of the visual purple pigment of the 
retina of the eye. Unless sufficient vitamin A is provided for the 
formation of this pigment, the eyes gradually lose their ability to see 
normally in dim illumination—a condition known as night blindness. 
A severe and prolonged deficiency of vitamin A leads to total blindness. 

Carotene, the yellow pigment of carrots and of many other yellow 
and green plant foods, can be converted by the body into vitamin A. 
Three separate carotenes and a yellow pigment known as crypto- 
xanthin normally found in plant foods are thus converted and are fre- 
quently called provitamin A or precursors of vitamin A. 
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A deficiency of vitamin A results in defective tooth formation, in 
cessation of growth and of normal bone development, in structural 
change of the epithelial tissues whereby their normal protective 
function is lost, in night blindness, and, in experimental animals at 
least, in loss of reproductive powers. The disease of the eyes known 
as xerophthalmia—the Greek word for ^dry eyen—is a result of 
changes in the epithelial tissues of the eye and the glands that secrete 
tears. This damage to the eye may become so severe that total 
blindness results. Recently Mellanby {779) has reported that vitamin 
A deficiency in growing puppies causes structural changes in tissues 
resulting in deafness. 

More detailed information on the pathology of vitamin A will be 
found in articles by Wolbach {1246) and by Bessey and Wolbach 
{97),    These articles cite many references to literature on this subject. 

VITAMIN Bi (THIAMIN) 

Since the chemical structure of vitamin Bi has become known, that 
name has been largely replaced by the name ^thiamin.^ To chem- 
ists, the newer name indicates a vitamin that contains sulfur. 

Thiamin is an important part of an enzyme (cocarboxylase) which 
is essential for the normal and complete oxidation of sugar in the body 
cells. Work on this subject has recently been reviewed by Williams 
{1227). It is quite possible that the several signs of thiamin defi- 
ciency which have been observed in man and animals are all results of 
disordered and incomplete oxidation of sugar. In the absence of 
complete oxidation of sugar, the production of heat and energy would 
be decreased and toxic products would accumulate. 

A lack of thiamin causes a marked loss of appetite, a loss of tone 
in the muscles of the intestines, loss in weight, impaired functioning 
of the nervous system, occurrence of pains and weakness in the limbs, 
a lowered body temperature, edema, and a slowing of the heart rate. 

In countries where polished rice is the principal article of diet, the 
intake of thiamin is so small that the disease beriberi, or polyneuritis, 
develops. The symptoms of this disease are largely those listed 
above, in intensified degree. Milder forms of polyneuritis are believed 
to be of rather common occurrence as a result of an inadequate intake 
of thiamin. Polyneuritis seems also to be associated with severe 
chronic alcoholism. In this case both improper intake of food and 
disturbed digestion and utilization of food are probably involved. 

It is very important that liberal amounts of thiamin be supplied to 
pregnant and lactating women. Some investigators have reported 
that the neuritis of pregnancy may be a result of insufficient intake 
of thiamin. Other workers have found that thiamin is very important 
for normal lactation. A recent book by Williams and Spies {1229) 
presents a comprehensive review of the clinical aspects of thiamin 
deficiencies and discusses at some length the uses of thiamin in 
medicine. The pathologv of beriberi also has been reviewed recently, 
by Vedder {1161,), 

VITAMIN C (ASCORBIC ACID) 

Vitamin C is primarily concerned with the production and main- 
tenance of normal material between the body cells (intercellular 
material).    This intercellular material is normally liquid,  and  the 
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supposition is that it changes to a solid or jellylike state when vitamin 
C is not supplied in the food. These changes are very marked in 
intercellular structures of the teeth and bones. 

In vitamin C deficiency the cells which produce intercellular sub- 
stances undergo striking changes. The nutrition and structure of the 
teeth are affected very early in the absence of vitamin C intake. 
Later the tiny capillary blood vessels become weakened and cause 
hemorrhages throughout the body, bleeding of the gums takes place, 
the teeth loosen, the joints become swollen, and the bones become 
porous and fragile. These symptoms are characteristic of the vitamin 
C deficiency disease known as scurvy, which has been known for 
hundreds of years. 

Capillary fragility leading to the appearance of petechiae—small 
red spots on the skin formed by the effusion of blood—is considered 
to be one of the earliest signs of vitamin C deficiency provided other 
causes for capillary fragility are ruled out. Vitamin C deficiency 
may be regarded as having existed if the capillary strength improves 
and the petechiae disappear following vitamin C administration. 

The vitamin C content of the blood plasma and the excretion of 
vitamin C in the urine are both decreased in the early stages of 
vitamin C deficiency. 

The pathology of vitamin C deficiency is the subject of a recent 
review article by Dalldorf (250). 

Vitamin C is not stored in the body to any appreciable extent, so 
it is important to provide for regular intake of foods containing this 
vitamin. Milk is not an important source of vitamin C, and pas- 
teurization causes destruction of most of that present. Therefore it 
is important, especially in the case of the artificially fed infant, to 
provide a food source of vitamin C such as orange or tomato juice 
very early in life. Vitamin C is not very stable to heat in the presence 
of air or oxygen, so that with ordinary cooking much of the vitamin 
C value of the food may be lost, particularly in nonacid foods. For 
this reason it is well to include some tomato juice, citrus fruit juice, or 
uncooked leafy food in the daily menu. Many commercially canned 
fruits and vegetables contain about as much vitamin C as the fresh 
products in spite of the rather high cooking temperatures used. This 
is because most of the air is removed from the filled cans before the 
high temperatures are applied, 

VITAMIN D 

In order that growing children may develop normal teeth and bones 
it is essential, first of all, that their diets contain liberal amounts 
of mineral bone-building materials—chiefly calcium and phosphorus. 
Vitamin D is a further essential, for it aids in the absorption of calcium 
and phosphorus from the food. If the food is none too rich in calcium 
and phosphorus, vitamin D enables the body to make the best use of 
what there is. Vitamin D also corrects or offsets certain unbalanced 
proportions of calcium and phosphorus in the food which are not the 
best for purposes of bone building. 

The exposure of the body to the rays of the sun creates some vitamin 
D from a substance present in the skin, but under modern conditions of 
living this means of providing vitamin D is not always reliable. 
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In the absence of vitamin D^ growing bones do not deposit normal 
amounts of calcium and phosphorus, and as a result they are easily 
deformed. The vitamin D deficiency disease known as rickets is 
often associated with marked deformities of the limbs, chest, and head. 
By the use of X-rays this disease may be detected long before any 
deformity of the bones takes place and also before a physician could 
diagnose it without X-ray examination. In addition to liberal 
amounts of both calcium and phosphorus, the diets of all children 
should include suitable amounts of vitamin D from a very early 
age. Pregnant and lactating women also should receive vitamin D 
regularly. 

Vitamin D does not seem to be so important for the ordinary adult 
as for growing children and for pregnant or lactating women. Prob- 
ably the ordinary adult needs only a very small amount of this vitamin 
and obtains this by eating fish, milk, butter, cream, and eggs, and as a 
result of a certain amount of exposure of the body to sunshine. It is, 
of course, highly recommended that pregnant and lactating women 
receive adequate amounts of vitamin D, because these body 
functions involve processes of new bone formation and development. 
Women who get practically no sunshine or outdoor exercise and receive 
very little vitamin D in their food have been known to lose large 
amounts of minerals from their bones. In certain regions of India 
where these conditions are the accepted mode of living for women, 
this bone disorder, which is called osteomalacia, is frequently found 
and is exaggerated in pregnant and lactating women. 

Adequate amounts of vitamin D may be important for the preven- 
tion or arrest of tooth decay (dental caries). 

Shohl {1068) has recently summarized present knowledge on the 
physiology and pathology of vitamin D in a review article. 

VITAMfN E 

In animals, vitamin E has been found essential for the promotion 
of late stages of growth and for reproduction. The only evidence we 
have of the function of vitamin E in human beings is that repeated 
abortions in women have been reported in a few cases to have been 
followed by normal pregnancies after administration of concentrated 
preparations of vitamin E from wheat-germ oil. Vitamin E is so 
widely distributed in foods that it seems unlikely that a deficiency 
could be a matter of great concern in human nutrition. 

VITAMIN G (RiBOFLAVIN) 

Riboñavin is a yellow water-soluble pigment widely distributed in 
the tissues of both plants and animals. This vitamin, it is believed, 
plays a part in the oxidative processes of all living cells. In this 
capacity it is combined with a protein to form an enzyme. 

A deficiency of riboflavin in animals is characterized by cessation 
of growth, marked loss of hair, nutritional cataract, appearance of a 
skin disorder, and a general failure in physical well-being. Ribo- 
flavin is widely distributed in natural foods. It seems unlikely that a 
deficiency would often be encountered without the appearance of 
other deficiencies at the same time. 
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NICOTiNIC ACID 

The primary function of nicotinic acid in the body appears to be 
its part in the formation of a substance that plays a vital role in 
oxidation. 

Lack of nicotinic acid or of certain very closely related chemical 
substances which occur in many natural foods would seem to be the 
deficiency of first importance in pellagra, though this disease may be 
the result of several dietary deficiencies. Chronic alcoholism often 
results in the development of a condition very similar to if not identical 
with pellagra. In these cases, it is believed that bad food habits and 
poor condition of the digestive tract account for the dietary deficiency, 
or for the inadequate utilization of food, or both. 

Pellagra occurs often in outbreaks resembling epidemics in localities 
with restricted food conditions. It is not necessarily limited to any 
particular geographical areas, however. Since its cause is a dietary 
deficiency, it may crop out anywhere at any time. In the United 
States this disease appears most frequently in the late spring following 
a winter during which the food supply has been monotonous and 
defective. Pellagra may develop at any age, and while it is most prev- 
alent in families with very low incomes, it is not restricted to these. 
In certain well-to-do families the disease has been brought about as a 
result of peculiarities in food choice, food fads, gastrointestinal 
diseases, chronic alcoholism, or other conditions which have made the 
diet unbalanced, restricted, monotonous, and faulty. 

Pellagra is characterized by a certain type of skin eruption affecting 
especially the backs of the hands and forearms, the face and neck, feet, 
and genitalia. The severity of the disease is increased by exposure 
to sunshine. The disease is also accompanied by digestive disturb- 
ances and nervous disorders. About 2 percent of pellagrins develop 
mental disturbances requiring institutional care. 

The specific food deficiency of pellagrins—nicotinic acid, or some 
closely related substance—is found abundantly in fresh lean meats, 
milk, yeast, and many of the common vegetables. It would seem, 
however, from the very nature of the food restrictions which produce 
pellagra, that a typical pellagra-producing diet is grossly defective in 
more than one food essential. A study was reported (11 OS) of the food 
supply and pellagra incidence in 73 South Carolina families in 1932, 
In comparison with the diet of nonpellagrous families of the same 
region, the diet of pellagrins was quite low in several vitamins and 
essential minerals. The best way to prevent pellagra and promote 
health is to supply an adequate balanced diet, giving special attention 
to the use of liberal amounts of the protective foods. 

Sebrell (1020) has recently reviewed the present knowledge on the 
prevention and treatment of pellagra, 

VITAMIN K 

Vitamin K, a newly discovered fat-soluble vitamin, has recently 
been obtained in highly concentrated form from alfalfa leaves. It 
occurs abundantly in green leafy vegetables. Small amounts of this 
vitamin have been found necessary in the diets of chicks in order to 
prevent hemorrhages in the muscles and under the skin and to main- 
tain a normal blood-clotting time.    In man a slow blood-clotting 
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time has been observed in persons suffering from obstruction of the 
bile duct. Á few preliminary experiments have indicated that the 
administration of concentrated preparations of vitamin K is beneficial 
in improving the blood-clotting time of these patients, provided bile 
or bile salts are administered at the same time. Presumably the bile 
salts are essential for the absorption of vitamin K from the intestines. 

OTHER VITAMINS 

Several other vitamins than those discussed above are known to 
be present in natural foods, and some of these have been isolated. 
However, the functions of most of them are known only as a result of 
observations in the feeding of animals. Knowledge of their functions 
in human nutrition must await further study. 

FOOD AND LONGEVITY 

Longevity is not a desirable gift except as it may enable us to live 
full and useful lives for a longer time. Some people remain vital 
and mentally active to 80 or more years of age. Others are broken 
in health at 30 or 40. If longevity is to be a blessing, it must be ac- 
companied by a prolongation of the fullness and the prime of life. 

For the most part knowledge of the conditions which promote 
longevity has been gained by observations of small animals. Only by 
the use of animals that normally have a much shorter life span than 
man is it possible to note the effects favorable to longevity and to con- 
tinued health and vigor over a period of many generations. Such 
studies are interpreted in terms of the rate of growth of the young, 
adult size attained, length of the reproductive period, degree of 
success in bearing and rearing young, and the length of time that 
elapses between completion of growth and the appearance of senility. 

McCollum and his associates (72%) have found as a result of about 
25 years of study that when domesticated rats are fed a diet planned 
with careful attention to all the principles of the newer knowledge of 
nutrition the animals have the maximum of vigor and vitality at all 
stages of development. When the diets are defective in any way the 
animals show early signs of senility, other signs of poor health, or de- 
formities, the nature of which depends upon the particular dietary 
defect. 

Sherman, and his coworkers {1061) have found that diets already 
adequate to support an average state of nutrition and health can still 
be greatly improved by applying the principles of good nutrition. 
They estimate that the present life expectancy of 70 years could be 
increased to an average span of 77 years without any new discoveries, 
if people simply took advantage of the present knowledge of nutrition. 
They also found that the benefits of better-than-average nutrition 
were carried over to succeeding generations. 

McCay and his associates {716) of the New York (Cornell) Agricul- 
tural Experiment Station found that rats retarded in growth and 
development by severe restriction of calorie intake lived longer than 
animals allowed to eat as much food as they liked. The retarded 
animals appeared to remain young longer, too, but they were more 
sensitive to such influences as sudden and severe changes in temper- 
ature, and when finally they were given unlimited quantities of food 
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they never attained the same size as normally fed animals. In 
another experiment (results unpublished) some important observa- 
tions were made on normally nourished animals; starting at middle 
life, some were allowed to grow fat and some were kept thin. The 
investigators took special pains to provide both groups with adequate 
intakes of the protective foods—the vitamins and essential minerals. 
The results showed very clearly that the thin animals outlived the 
fat ones. This seems to support the adage ^A lean horse for a long 
race." But it must not be forgotten that thinness can be carried to 
an undesirable extreme with grave danger to health and life. Emer- 
gencies often arise when reserves are urgently needed to tide over a 
crisis. 

According to combined records of 40 life-insurance companies, the 
lowest death rate at middle life is found among persons weighing a 
few pounds less than average. A moderate amount of overweight 
before the age of 30 to 35 is generally considered favorable to health, 
but overweight after 35 and in middle life is a menace to health and 
longevity, besides adding a burden of extra pounds. It generally 
indicates faulty living habits. 

RELATION OF DIET TO DENTAL CARIES 

The occurrence of dental caries, or decay of the teeth, has been 
observed in man for centuries. In a recent Nation-wide survey {784) 
in which over 1,400,000 children from 6 to 14 years of age were exam- 
ined, it was found that 50 to 75 percent had carious teeth, with an 
average of at least 2 to 3 cavities per child in the worst sections. 

In the remote interiors of east Greenland, where there was little 
contact with outside civilization, it was found {905) that only about 
4.5 percent of the natives had caries. Around a trading station estab- 
lished 15 years ago the incidence of caries was about 25 percent, and 
near a station established 45 years ago, 40 to 50 percent of the natives 
had carious teeth. It seems quite evident that dental caries is defi- 
nitely favored by certain conditions of modern civilization. 

The effect of diet on the development of dental tissues and the lia- 
bility of such tissues to disease have been studied extensively by Mel- 
lanby and her coworkers. It was found {780) that susceptibility to 
dental caries in man was primarily dependent upon the structure of 
the teeth—the more perfect their structure, the less their liability to 
decay. 

Since the hard structures of teeth consist largely of calcium and 
phosphorus, it is obvious that the building of good tooth structures 
requires adequate supplies of these inorganic elements. Mellanby 
and her coworkers furthermore affirm that an adequate supply of 
vitamin D is of very special importance in the development of sound 
tooth structures and that diets high in cereal content may be con- 
ducive to caries unless adequate supplies of vitamin D are provided. 
A deficiency of vitamin A has been reported {781) to cause degenerative 
changes in the dental nerves and may for this reason be partly respon- 
sible for dental caries in some cases. Wolbach and Howe {12/+9) have 
shown that a deficiency of vitamins A and D in the diets of experi- 
mental animals causes a disordered calcification of the hard tissues of 
the teeth. 
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Wolbach and Howe (1248) elso made some very detailed studies of the 
effects of vitamin C deficiency upon the tooth structures. They 
found that within a very few days after experimental animals were 
deprived of vitamin C the layer of specialized cells between the tooth 
pulp and the hard tissues of their teeth, which is essential for the 
maintenance of the hard tissues, failed to function. The normal func- 
tion of this layer of cells could be reestablished by administration of 
vitamin C, but the normal strength of such teeth is presumably never 
fully regained. 

Many authorities are convinced that a sound tooth structure which 
will withstand the ordinary pressures involved in mastication is the 
best possible insurance against mechanical injuries that would render 
the teeth susceptible to decay. In order, then; that good tooth 
structures may develop and be maintained, it is highly important 
that the diet contain adequate quantities of calcium and phosphorus 
and of vitamins A, C, and D. 

Vitamin A is especially important for the proper formation of the 
framework of the teeth before any extensive calcification takes place. 
Since this framework is being developed in the infant several months 
before birth, the mother should be provided liberally with vitamin A. 
In order that the teeth may continue to develop properly, adequate 
amounts of calcium, phosphorus, and vitamins C and D are very 
important. 

There is some difference of opinion as to whether or not the occur- 
rence of dental caries is increased during pregnancy and lactation. 
Many of the observations on the occurrence of caries during pregnancy 
and lactation have not been correlated with the mothers diet, fre- 
quency of childbearing, and general state of health. As a safeguard, 
therefore, the mother should certainly be provided with liberal 
amounts of protective foods, especially calcium, phosphorus, and 
vitamins A, C, and D. 

Certain diseases, notably rickets and prolonged fevers, are often 
associated with inadequate intake of protective foods and are in con- 
sequence predisposing causes of dental caries. 

The widespread use of diets containing large proportions of highly 
refined foods which contribute chiefly starches and sugars may, by 
reason of excluding an adequate intake of protective foods, be a pre- 
disposing factor in the prevalence of dental caries in our modern 
civilization. Other factors, such as inherited physical constitution 
and fermentation of carbohydrate food residues around the teeth, 
may be contributory in dental caries. Whatever the causes, the 
results of observations on children are unanimous in showing that an 
improved diet in general increases resistance to tooth decay. 

DIET AND RESISTANCE TO INFECTION 

A normal healthy body possesses remarkable powers of warding off 
or. overcoming many infections and of withstanding the ravages of 
disease. 

Marked underweight is usually one of the obvious and very com- 
mon signs of undernutrition. The Life Extension Institute gives this 
warning with regard to underweight and disease resistance: "Pro- 
nounced underweight before the age of 25 is an unfavorable condi- 
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tion, as it is often associated with lack of resistance to pulmonary 
affections and to other diseases of youth"; and again: 

When underweight is associated with a tendency to frequent colds and there is 
a condition of debility, anemia, or general malnutrition, it is, at any age, an un- 
favorable symptom, especially if there has been recent loss in weight. Under 
such conditions, dieting should be directed to improving nutrition and inducing a 
gain in weight. 

Certain dietary essentials have from time to time received hopeful 
consideration as special agents which might be effective in combating 
or resisting infections. Vitamin A is one of the most notable of the 
group, so much so that for a time it was frequently referred to as the 
"anti-infective vitamin." It has already been pointed out that a 
marked deficiency of this vitamin eventually leads to injury of certain 
specialized cells—the epithelial cells—which form protective layers 
for the body surfaces. This change affects, for example, the skin and 
linings of the respiratory and digestive tracts. As a result of this 
injury the normal function of these cells is lost. Animals deprived of 
vitamin A have been reported to develop infections very rapidly. 
The chief function of vitamin A seems to be to keep the body surfaces 
(the skin and mucous membranes) healthy so that they form a natural 
and effective barrier between the blood stream and the disease-pro- 
ducing organisms of the outer world in contact with them. There is 
no scientific proof that vitamin A is a special agent for combating or 
resisting disease-producing organisms after they have once invaded 
the body. 

These statements do not mean that the use of fish-liver oils, which 
has become rather widespread for both children and adults and is 
especially recommended during the winter months, has no sound 
basis. As a matter of fact, a fish-liver oil rich in vitamin A and vita- 
min D should be given regularly to children. Adults whose regular 
diet provides liberal amounts of whole milk, butter, eggs, and leafy 
green and yellow vegetables would probably not be benefited by fur- 
ther provision for vitamin A. If, however, the proportions in the 
diet of these food sources of vitamin A are to be limited for any reason, 
the intake of small amounts of fish-liver oil would furnish a measure 
of safety. The fish-liver oil also contains vitamin D, which it is well 
to provide during those seasons when the body has little opportunity 
for the manufacture of this vitamin by means of exposure to sunshine. 

Other dietary essentials are being studied as possible agents in 
increasing resistance to infection, but the results are as yet not con- 
clusive. 

It is generally accepted that natural resistance to disease—not 
resistance acquired—is dependent upon and varies with the nutri- 
tional state of the body. Therefore the best advice that can be given 
regarding diet to one interested in maintaining health and vigor is to 
select food in accordance with such recommendations as those out- 
lined in another article in this Yearbook (p. 321) and to eat the proper 
quantities to avoid serious underweight or marked overweight. 



FOOD  HABITS,  OLD  AND  NEW 

by Hazel K. Stiebeling1 

I H b K fc are striking examples in various parts of the world of the 

effects of good and bad food habits on large groups of people. Food 

habits in the United States have similar effects on the health and the 

physique of Americans. In general, we are probably ahead of most other 

countries nutritionally—yet the dietary picture in the United States 
leaves much to be desired. 

THE ABUNDANCE and variety of man's food depend upon his control 
over environment. For primitive tribes this meant success in hunting 
and fishing, and discovery and discriminating use of roots, leaves, 
fruit, and seeds of wild plants. Later, as animals were domesticated 
and agriculture got under way, control over environment came to 
mean good management of crops and flocks. Today for a large part 
of the population, especially for city dwellers, it has an additional 
meaning—purchasing power, or the ability and the opportunity to 
produce goods or render services that can be exchanged for the varied 
products of agriculture, fisheries, and the food industries. 

EVOLUTION OF FOOD HABITS 
If early man chanced to inhabit a seacoast region, he ate quantities 

of shellfish and other sea food. If he lived inland where nuts, wild 
roots, and seed-bearing grasses were abundant, such foods were used. 
No doubt in all localities birds and their eggs and such other animal 
foods as were available were eaten. In the Arctic regions, now as in 
the past, food consists chiefly of animal products, because that is the 
only kind available in quantity. In the Tropics, where vegetable 
food is abundant and animal foods spoil quickly, plant products are 
and always have been of great importance in the diet. In temperate 
zones many kinds of food are obtainable, and it seems reasonable to 
suppose that in these regions all classes of food have always been eaten 
as they are today. 

Race experience teaches that man can survive on many types of 
1 Hazel K. Stiebeling is Senior Food Economist, Economics Division, Bureau of Home Economics. 
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diet and that he is fitted to be omnivorous—an eater of both plant 
and animal foods. At times he may have fared as a vegetarian: 
^Every herb yielding seed and every tree in which is the fruit of a 
tree yielding seed, to you it shall be for food." At times he may have 
subsisted on a mixed diet: ^Every beast of the earth, every bird of 
the heavens, all the fishes of the sea, every moving thing that liveth 
shall be food for you; as the green herb have I given you all." 

Choice or selection within the available supply has until recently 
been governed largely by tradition—the accumulated wisdom of ages 
of experience. Not all food customs and food taboos had their origin 
in the desire for social welfare, however. At times they reflected the 
power of the strong to gratify personal desire for delicacies or choice 
bits. But there were limits to selfishness. Continuance of family or 
race depends upon having enough food of suitable kinds to permit 
reproduction, the successful rearing öf the young, and the mainte- 
nance of enough strength and vitality to escape accident, to win in 
conflict, to endure the elements, and to build bodies fairly resistant 
to disease. Hence diets that were traditional over generations 
possessed at least survival value. 

Some traditional diets are better than others. For example, the 
superiority of diets of northern India over those in the south and 
east of that great country has often been noted. McCay {717)2 

found the pastoral peoples of northern India to be superior in health 
and strength to those in other regions. His impressions are said to 
be in line with reports of British Army officers to their Government 
as to the fitness of men from different parts of India for military 
service. McCarrison {712, 712a) compared the response of laboratory 
animals fed upon diets like the milk-and-vegetable food of the 
^stalwart resolute races of the North of India" with those given diets 
representing the food of the ^toneless, supine, and poorly developed 
people" of the south and east. The first-mentioned diet included 
whole wheat, milk, legumes, vegetables, and some meat; the latter, 
a large proportion of polished rice, some legumes, vegetables, and 
fruit, but little or no milk and meat. He found that animals sub- 
sisting on the latter diet exhibited a large proportion of the maladies 
included in the calendar of human ailments, whereas animals on the 
former diet were remarkably free from ill health. In commenting 
upon these Indian diets, the Department of Physiology of Rowett 
Institute {828) points out that whereas the diets of the northern 
Indian peoples are twice as rich in calcium as the diets of the well-to-do 
Hindu, and eight or nine times as rich as those of the poor Hindu, 
they still are capable of improvement in this respect. 

Differences in the quality of traditional diets are also indicated in 
reports published by the British Medical Research Council {877) on 
the physique and health of two tribes living in Kenya, Africa—the 
Masai and the Akikuyu. 

The diet of the former consisted to a large extent of milk, meat, and raw blood, 
and that of the latter, mainly of cereals, roots and fruits, the bulk of the diet being 
cereals. 

Physical measurements showed that the full-grown Masai male is on the average, 
5 inches taller and 23 pounds heavier than the full-grown male Kikuyu, and bis 
muscular strength, as determined by the dynamometer, is 50 percent greater. 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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Marked differences were found in the incidence of disease in the two tribes, bony 
deformities, dental caries, and anaemia, pulmonary conditions, and tropical ulcer 
being much more prevalent amongst the Akikuyu. On the other hand, intestinal 
stasis and rheumatoid arthritis were more common amongst the Masai. 

The chief points of difference reported in chemical composition of 
the two diets were that the diet of the Masai was relatively high in 
protein, fat, and calcium, while that of the Akikuyu was high in 
carbohydrate and low in calcium. Although the authors do not con- 
tend that diet is the sole cause of differences in health and physique, 
they conclude that improvement in these respects might be brought 
about by increased consumption of green vegetables by both tribes, 
and of milk by the Akikuyu. 

It is generally conceded that compared with those of other countries 
diets in the United States are generous and that the range in variety of 
food products is unusually large. Dietaries now in use in the United 
States combine the many customs and food habits of the various racial 
and national groups that have helped to make up the population. 
While American heritage derives chiefly from northern and western 
Europe, it has been more or less influenced by other groups. The 
American Indian has contributed much. Immigrants from southern 
and middle Europe have also left their mark. In the Southwest the 
influence of Mexico and in the far West that of the Orient are evident. 

Improvements in stature and body build among immigrants to the 
United States have been attributed to the better diets obtainable here. 
The second generation of Japanese in California (935, Î094-) and of 
Europeans in the larger American cities are of larger stature and better 
physique than their parents (697, 736), At the same time, American 
women entering colleges are found to average more than an inch taller 
than those in the same colleges 30 years ago {IJ^O, 82^). The average 
stature of Harvard men has increased about 2 inches in the last 60 
years (^0^7). 

TRENDS IN DIETARY HABITS IN THE UNITED STATES 

Present-day diets in the United States differ markedly from the 
diets of a few generations ago. ^ These changes are due to a number of 
factors. Available food supplies have broadened in scope. Methods 
of cultivation of food crops and of feeding of livestock have improved. 
New methods and increased facilities for the storage and transporta- 
tion of food have been developed. Marked changes have been made 
in the processing and manufacturing of food products. In addition, 
modern facilities for communication, contact with neighbors having 
different cultural backgrounds, travel at home and abroad, the 
printed page, and the radio have all helped to develop an interest in a 
wide variety of food combinations and flavors. Not only are diverse 
tastes tolerated, but in modified form they are widely adopted. As a 
result of these many influences, there have been great changes both in 
the quantities of different kinds of food consumed and in the nature of 
the available food products. 

Few quantitative data are available to show the magnitude of this 
change in diet. Its trend and character are shown by studies of family 
diets made during the last half century. W. O. Atwater, who for so 
long was in charge of the nutrition investigations of the United States 
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Department of Agriculture, was a pioneer in dietary studies in this 
country. Between 1885 and 1905, he and his coworkers accumulated 
much information regarding the foods eaten by individuals and groups 
living under many different conditions. Following this work, the 
next most important dietary investigation probably was that of 
Sherman and Gillett, who in 1914-15 obtained detailed and accurate 
information from 92 low-income families, most of whom lived in New 
York City. Since then many dietary studies have been made, some 
in one part of the country, some in another, each adding to our knowl- 
edge of American food habits. Two of the most extensive investiga- 
tions so far attempted have been made by the Bureau of Home 
Economics. One deals with the content, nutritive value, and economy 
of the food purchased by families of employed wage earners and clerical 
workers in 43 industrial centers in 8 major geographical regions of the 
country (1104)- It was based on dietary records obtained during the 
period December 1934 to February 1937 by the Bureau of Labor 
Statistics in connection with their study of income and disbursements 
of wage-earner families. The other deals with the food consumption 
of different-sized families living in cities, villages, and on farms in 
different parts of the country, and classified by income. These data 
were obtained in connection with the consumer purchases study made 
by the Bureau of Home Economics and the Bureau of Labor Statistics 
in cooperation with the National Resources Committee, Central 
Statistical Board, and Works Progress Administration. 

Changing dietary patterns can be quickly seen from the proportion 
of calories derived from the major groups of food, as shown in table 1. 
During the period covered by this table families at each of three 
important levels of food expenditure have put decreasing emphasis on 
grain products and meats, and a greater emphasis on fats, sugars, fruit, 
succulent vegetables (other than potatoes and dried legumes), and 
milk. The proportion of calories from milk, cheese, fruits, and succu- 
lent vegetables actually has been doubled in the last 50 years. Larger 
and more varied market supplies have been made possible not only by 
increased production but by a highly developed system of food preser- 
vation and distribution. 

About three-fourths of the calories in family diets prevalent in this 
country are derived from grain products, meats, refined fats, sugars, 
and tubers. The nineteenth-century invention of the steel-faced plow 
and the modern roller-mill process of milling wheat greatly stimulated 
cereal production. Cereal grains not only serve directly as food for 
man, but, as feed for animals, they are used to increase the supply of 
meat and fat. Pork production is concentrated largely in the Corn 
Belt, and much of the beef is at least finished (fattened) in the Corn 
Belt, instead of coming to market directly from the western grass 
ranges, as formerly. 

The consumption of sugars and fats is even greater than the figures 
in table 1 indicate, because the sugar and fat columns do not include 
the quantities of these foods consumed in the form of commercially 
made baked goods, or the sugar purchased in canned fruits, confec- 
tionery, and beverages. There was an increase in the consumption of 
confectionery and soft drinks in the decade following the World War. 
Also to some extent sugar consumption accompanies fruit consump- 
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tion, just as fat and oil consumption tends to  accompany increased 
use of vegetables. 

TABLE 1.—Trends in village and urban dietary patterns as shown by proportion of calories 
derived from specified groups of food í 

Food expenditure a per- 
son a week 2 and pe- 
riod 

$L25-$L87: 
1885-1904  
1905-14  
1915-24  
1925-34  
1935 and later. 

$1.88-$2.49: 
1885-1904  
1905-14  
1915-24  
1925-34  
1935 and later. 

$2.50-$3.12: 
1885-1904  
1905-14  
1915-24  
1925-34  
1935 and later. 

Proportion 3 of calories derived from- 

Milk, 
cheese, 
fruits, 
and 

Per- Per- Per- Per- 
cent cent cent cent 

10 9 5 8 
9 12 7 10 
12 14 9 16 
11 13 11 17 
12 13 11 16 

10 10 6 9 
10 13 6 11 
12 13 9 15 
11 15 10 16 
12 15 11 18 

10 10 6 9 
10 11 7 11 
12 16 11 17 
11 15 11 19 
12 14 11 18 

Grain prod- 
ucts, meats, 

poultry, 
fish, fats 

other than 
butter, 

sugars, po- 
tatoes, and 
dried leg- 

Percent 
84 
83 
77 
78 
77 

81 
79 
75 
78 
74 

83 
84 
72 
73 
73 

Milk, 
cheese, 
all vege- 
tables, 
fruit, 

butter, 
and 

Per- 
cent 

22 
26 
30 
29 

26 
29 
32 
31 
34 

24 
23 
38 
34 
34 

1 Based on data from family dietary studies, 1885-1937. 
2 Adjusted to 1935 price levels by use of retail food-cost index of the U. S. Bureau of Labor Statistics. 
s The first 6 groups are mutually exclusive and include all articles of diet.   The last 3 groups are not mu- 

tually exclusive. 
4 Salt side and bacon are included with fats. 

SIGNIFICANCE OF RECENT TRENDS IN FOOD HABITS 

In discussing dietary patterns of this country McCollum (72Ô) 
writes: 

We have been trying an experiment in human nutrition on a Nation-wide scale, 
with a dietary which is of a kind which no people in history ever tried to live upon 
before. There was no way in which the results of such an experiment could have 
been foretold, for the dietary properties of individual foods were not understood, 
and the nutritive requirements of the body were essentially only half understood. 
It is possible, however, after approximately two generations of experience with a 
diet of the white bread, meat, sugar and potato type, with small, but generally 
inadequate additions of other foods of kinds which are capable of correcting the 
defects of the principal components of the food supply, to attribute certain un- 
fortunate effects definitely to an unsatisfactory dietary. " All the information avail- 
able seems to warrant attributing in great measure the high incidence of mal- 
nutrition among children of pre-school and school ages, the faulty bone growth, 
bad teeth and faulty posture, to inadequacies in our national dietary, and to per- 
verted appetite resulting from pampering and the formation of a liking for sweet 
foods. 

Forty to fifty years ago more than 80 percent of the food calories 
in American diets were derived from the grains, meats, fats other than 
butter, sugars, potatoes, and mature legumes. The proportion is still 
well over 70 percent, even though consumption of milk, fruits, and the 
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succulent vegetables—foods noted for their mineral elements and 
vitamins—has markedly increased. 

During this period also, certain food preferences have developed 
that affect dietary adequacy. A modern standard of fastidiousness 
leads many people to prefer the lean-muscle cuts of meat to the organs 
of animals that race experience had taught primitive peoples to prize 
highly. The association of goodness with richness in fat has induced 
many to prefer cream and butter to skim milk, which, while lacking 
in fat and vitamin A value, is nevertheless as rich as whole milk in 
protein, in the much-needed calcium, and in many other water-soluble 
nutrients. Some food-processing practices, such as a high degree of 
milling of wheat, refining of cane sugar, and bleaching of vegetables, 
have stripped products of certain nutritive values while enhancing 
their keeping qualities in storage and increasing whiteness, which ap- 
pears to have strong psychological appeal because it is associated with 
purity. 

Thus certain trends in dietary practices tend to impoverish rather 
than enrich diets from the nutritive standpoint. To a greater or less 
degree these tend to offset the beneficial effect of increased consump- 
tion of milk, green-colored vegetables, and fruits. In consequence, 
diets are still relatively short in calcium and in vitamins A, B, and C. 

Milk, green leafy vegetables, and fruits have long been known as 
^protective foods'^ because of their ability to compensate for certain 
of the shortages likely to characterize American diets. To bring cur- 
rent food habits into line with present knowledge Sherman {1044) 
suggests: 

(1) Let at least half of the needed food calories be taken in the form of the 
"protective'' foods—milk and its products, fruits, vegetables, and eggs. 

(2) Of whatever breadstuff s and other cereal or grain products are eaten, let at 
least half be in the "whole grain," or "dark," or "unskimmed" forms. 

To put this suggestion into practice would constitute a major shift 
in American food habits. At the present time less than one-third 
rather than half of the food calories tend to come from milk and its 
products, fruits, vegetables, and eggs, and less than a fifth rather 
than half of the breads tuffs are in whole grain or dark forms. 

CHANGES IN NATIONAL DIETARY HABITS 

Shifts in dietary practices tend to evolve slowly. However, signifi- 
cant changes took place during the period 1915-24. Many factors 
contributed to this. Among these may be mentioned shifts in relative 
food prices; Nation-wide propaganda during the World War for wheat- 
less and meatless days to conserve these foods for military purposes; 
the enactment of prohibition; the dramatic and widely publicized dis- 
coveries of the vitamin values of food ; and a growing appreciation of 
the significance of food to health. While it takes effort to change long- 
established food habits, under the impetus of a deep urge people will 
modify them if they can afford it. Because people like the foods to 
which they are accustomed and a taste for new or strange flavors or 
new food combinations must usually be cultivated, they will seldom 
take the trouble required to make a change unless there is a strong 
motive. 

Chief among current motives for changing dietary habits are fashion 
141394°—39 10 
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and health. In food as in clothing there is a tendency to copy the 
styles set by the accepted leaders in social groups. Such styles may 
or may not be in accord with present knowledge of dietary require- 
ments and food values. 

The health motive for changing diet habits would be strengthened 
if obvious manifestations of the effect of diet on nutritional well-being 
followed day-by-day food consumption with dramatic swiftness. One 
reason that this is not the case arises from the ability of the body to 
store certain reserves during periods of plenty to be drawn upon in 
times of dietary poverty. This provision tends to free one from the 
tyranny of exactly meeting the physiological requirements of the body 
from day to day. But it tends to foster a treacherous sense of security 
that whatever regimen seems to have served well enough in the 
immediate past will continue to do so indefinitely. Also it adds to 
the difficulty of convincing the layman that the science of nutrition, 
as Sherman says 0044), can offer to a much larger part of the popu- 
lation a longer life, an earlier and longer prime of life, and more buoyant 
health through the whole life cycle such as only the most fortunate 
now enjoy. 

The last half-century has seen much progress in the science of 
nutrition—has seen, indeed, the acquisition of practically all of the 
knowledge we now have. Still more facts are needed, however, before 
food requirements for the highest physical and mental response can 
be outlined with certainty. This knowledge can be obtained only 
through long-continued, painstaking, and properly planned research. 
Yet enough has already been accomplished to convince many groups 
among the general public of the importance of food to well-being, and 
to enable scientists to mark out the broad lines of advance in applying 
the findings. Widespread improvement in nutrition would result if 
present knowledge, incomplete and far from precise though it is, were 
widely disseminated and put into common practice. 

The discrepancy between current popular diets and the type of diet 
that our present knowledge of foods and nutrition would recommend 
seems to be due to several factors. Chief among these are food habits, 
some old, some comparatively new; a too general lack of appreciation 
of the importance of an adequate diet; and inadequate knowledge of 
food needs and food values in relation to cost. Equally important is 
the lack of purchasing power on the part of many urban families, and, 
especially in the case of rural families, insufficient success in planning 
and carrying out a food-production program designed to complement 
food purchases. 



CAN  FOOD  HABITS  BE  CHANGED? 

by Paul E. Howei 

GET I I N U a good diet is not always a matter of money. In fact, it 

is more often a matter of changing bad food habits to good ones. Every 

mother as well as every dietitian knows how difficult this is. Here are 

some suggestions on how to accomplish it. No problem in the whole 

field of nutrition is more important. 

MAN USES FOOD as a means of satisfying many emotional needs, 
which are so closely related to his physiological needs that unless they 
are met he fails to get the most from his food. He enjoys and even 
demands variety, not only in foods themselves, but in methods of 
preparing them; he wants foods that appeal to his eyes and his senses 
of taste and smell; he wants to eat in pleasant surroundings. Tra- 
ditionally, partaking of food with other persons has been of such social 
importance that the emotional satisfaction derived from eating has 
often overshadowed the actual physiological needs supplied by food. 
These factors, together with food habits that have been established 
in connection with them, greatly complicate the attainment of an 
adequate diet. 

Dietary habits are double-edged. If they are good, they help us to 
resist changes to other, possibly less satisfactory, diets. If they are 
bad, they act as a barrier to the adoption of more satisfactory diets. 

Primitive man was chiefly concerned with securing a sufficient food 
supply. In modern life not only the increased production of food, but 
its manufacture, sale, transportation, distribution, selection, and 
preparation have made a greater variety of foods available and have 
changed the character of many common foods. Present-day facilities 
for travel have tended to break down local food habits and to increase 
the demand for products of distant areas. Scientific research and 
exploration have introduced many interesting and nutritious new 
foods that offer opportunities to add variety and interest to meals. 

The ability to transport foods easily and economically has led to 
marked changes in food habits. It has encouraged the production 
of particular crops in the areas best adapted to grow them.    It has 

1 Paul E. Howe is Chief, Animal Nutrition Division, Bureau of Animal Industry. 
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enriched the dietary in periods of normal production.- In times of 
crop failure in one area, it has made possible the procurement of food 
produced elsewhere. 

The ability to store foods over long periods and to make use of 
manufacturing processes that preserve or increase palatability or 
attractiveness have had similar influences. On the other hand^ storage 
and manufacture have created new problems. They have modified 
the nutritive value of natural foods by removing, reducing, or destroy- 
ing some of the nutritive factors and concentrating others. These 
changes in the nutritive value and palatability of foods have in turn 
created new wants. 

FOODS FURNISH THE ESSENTIAL NUTRIENTS 
The nutritive requirements of man are determined and expressed 

in terms of essential components of foodstuffs such as carbohydrates, 
fats, proteins, vitamins, minerals, and water, or the energy derived 
from some of these components. The necessary quantities of the 
various factors vary with the size, age, and activity of the individual 
and with the external conditions to which he is subjected. In arrang- 
ing the diet, however, man usually thinks and plans in terms of actual 
foods—meat, potatoes, milk, salads, for example—rather than of 
essential nutrients. Natural foods usually contain some of all of the 
necessary nutrients, although the amount of a particular nutrient 
may be so small in a particular food that in ordinary quantities the 
food may scarcely be considered a source of it. 

It is possible to satisfy nutritive requirements from a large variety 
of foods. To meet different individual, group, or regional tastes, to 
utilize available foods to the best advantage, and to modify diets 
successfully, it is important to know the more important contributions 
that various foods make to the diet. This has been simplified by 
classifying foods into groups that are similar in composition or that 
are particularly good sources of some nutrient or nutrients. Thus, 
for example, meats, milk, and eggs are sources of protein of good 
quality; milk, the leafy vegetables, and dried legumes are sources of 
calcium; the green and yellow vegetables and butterfat are sources of 
vitamin A and carotene. Such groupings are discussed in detail in 
the article on Planning for Good Nutrition (p. 321). Using this 
knowledge, it is possible to express nutritive requirements in terms of 
quantities of types or groups of foods. 

This grouping of foods has a further advantage in that it does not 
give undue emphasis to any particular food. It permits elasticity 
in selection to meet a variety of conditions and tastes. In the course 
of scientific investigation, the discovery of a nutritive factor sometimes 
becomes associated with a particular food. The application of such 
knowledge often leads to a misunderstanding of the possibilities of the 
use of other foods. It is important, therefore, in presenting informa- 
tion on nutrition, to mention more than one source of each nutrient 
factor. 

Fluid milk, for example, is the standard source of calcium. The 
daily consumption of a quart of milk by a child or a pint by an adult 
is an assurance of an adequate calcium intake. But those who do not 
like or cannot get fluid milk may substitute canned or dried milk, 
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cheese, an extra amount of leafy vegetables? or even calcium salts 
and still meet their daily calcium requirements. 

Carotene, one of the precursors of vitamin A, is chiefly responsible 
for the yellow color of vegetables and milk. But carotene, is also 
present in the green leaves of plants, although masked by the green 
color. Any of the yellow or green vegetables, especially the leafy 
vegetables, or the yellow foods derived from animals, may be selected 
as a probable source of vitamin A. 

An example of the value of substituting one food for another for 
economic reasons was shown some years ago by A. F. Hess. At a 
time when lime and lemon juice were the accepted sources of vitamin 
C (the antiscorbutic vitamin), Hess demonstrated the value of tomato 
and potato juice in the treatment of scurvy in Negro children in New 
York. In this way he introduced antiscorbutic foods that were cheap 
and easily obtainable. 

Complications arise in recommending foods as sources of particular 
nutritive factors because variations occur in the composition of 
different varieties of the same product as the result, for example, of 
differences in maturity, climate, and the fertility of the soil. Take, 
for instance, green leaves as a source of carotene, the precursor of 
vitamin A. Carotene is rather abundant in fresh green leaves, but 
as soon as they are picked the carotene begins to disappear. The loss 
is least under refrigeration and in an oxygen-free atmosphere. Drying 
helps to stop the disintegration, but even the dried leaves lose their 
vitamin potency in time, especially in hot weather. Carotene is 
destroyed in cooking, especially in the presence of oxygen. It is 
not enough, then, to know the carotene content of fresh leaves. It 
must be assumed that a considerable amount of carotene will be 
lost before the leaves are eaten, unless, of course, they are eaten in the 
garden. Even then there would be difficulties, for all leaves of the 
same plant are not equally good sources of carotene. The leaves of 
old-fashioned green garden lettuce may not be so attractive as the 
crisp inner leaves of a tight-heading variety, but these blanched inner 
leaves are not nearly so rich in carotene as those of the looser headed, 
darker green plant. 

Fortunately, not all vitamins are as unstable as vitamin A. It is 
obvious, however, that a single statement of the composition of a food 
is not sufficient and that any analysis of a food as grown may need to 
be interpreted in the light of changes that may have occurred in it 
during the interval between harvesting and consumption. 

The methods of preservation and purification used to keep foods 
from spoiling or losing quality or to make them more attractive often 
change the composition of the original food. Thus there may be a 
reduction in certain constituents upon drying or cooking, asln the 
case already discussed, or a concentration of carbohydrate such as 
occurs in the manufacture of white flour, refined sugar, and polished 
rice. These changes create special nutritional problems when prod- 
ucts of this type form the major part of a diet. The use of polished 
rice is a good example. In polishing rice the outer hull and the germ, 
which contain vitamin Bh are removed, leaving the inner starch-rich 
endosperm. People who live largely on polished rice develop the 
nutritional deficiency disease beriberi.    This can be corrected by feed- 
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ing the rice polish itself or some other source of vitamin Bi. But once 
polished rice has been used it is very difficult to get people to accept 
unpolished or brown rice, in spite of its superior nutritive value. 

Sugar is an example of a manufactured purified product that intro- 
duces a nutritional problem, in this case because of its appeal to the 
taste. Sugar is practically pure carbohydrate and nutritionally valu- 
able only as a source of energy. It is useful in adding variety and 
interest to foods, but when taken in excess it dulls the appetite and 
thus restricts the consumption of other necessary foods. 

The use of refined products is not objectionable in itself, but it 
necessitates careful selection of other foods if the diet is to be adequate. 

MENUS AND MEAL PLANS 

A menu may be considered as a plan by which foods are combined 
to make a satisfactory meal. By working out a series of menus a 
variety of foods and an adequate diet can be assured. Menus tend 
to follow patterns and are part of our food habits. Through skillful 
planning of combinations of food, nutritive elements in which the diet 
was previously deficient may be added, often without upsetting an 
accustomed routine. A large part of the success of this method of 
changing food habits lies in maintaining interest in the meals from 
day to day. This is just as true for maintaining good dietary habits 
as for changing poor ones. 

Although the immediate concern will be with the nutritive elements 
in the menu, it is important to remember that many other factors 
enter into the satisfaction people obtain from meals, particularly the 
methods of service and the surroundings in which food is eaten. 
Interest in food through the menu or meal plan is attained by— 

(1) The use of foods attractive in themselves. 
(2) Changes in methods of preparation of foods. 
(3) Combining the foods in attractive prepared dishes. 

In the last-mentioned case the attractive characteristics of some foods, 
such as meats and sugars, may be used to add interest to less attractive 
but necessary or useful foods such as the bland cereal grains, certain 
vegetables, or milk. 

It is not enough to provide variety among the meals of one day. It 
is necessary also to prevent the monotony that follows the frequent 
repetition of foods or combinations of foods, or the repetition of the 
same foods at regular intervals. This is evident from the difficulties 
that arise in feeding large groups of persons, as in college dining halls, 
army messes, and correctional institutions, particularly when the cook- 
ing is mediocre. Poor cooking and monotonous meals have been 
responsible for many riots. It is a matter of record that Harvard 
College was almost wrecked in its early days because of monotonous 
and inadequate meals. 

In making up a menu for dinner, a housewife who had a good 
knowledge of nutrition might go through a process of thinking some- 
thing like this: 

Soup?    It's appetizing and not too filling. 
Meat?    Yes.    No animal protein for the grown-ups so far today. 
Potatoes?    Yes. 
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Other vegetables? Broccoli, turnips, beets, or carrots? Make it broccoli and 
carrots—not enough vitamin A so far. 

Salad? Lettuce with cottage cheese and pineapple—more carotene and more 
calcium. 

Dessert? Cottage pudding? No; calcium is still low. Make it pumpkin pie 
and a cup of coffee witïî cream. 

Now, let's see—we had grapefruit this morning, tomato juice this noon, and 
broccoli, carrots, butter, and salad tonight to provide sufficient vitamins C and A. 
The meat, bread, and cottage cheese, and the peanut-butter sandwiches this 
noon provide plenty of protein. The calcium may be a little low, but pumpkin 
pie has helped and there was skim milk in the bread. The children have had 
milk for breakfast and lunch, so their calcium intake is well taken care of. 

The B factor? We had only white bread, but there were meat, peanut butter, 
cheese, and vegetables to help out. 

There is plenty of iron ; and by the time the family fills up on bread and butter 
there will be enough calories. 

Most of us do not go through such an analysis as this. The chances 
are that we leave the planning of meals to someone else. Even the 
housewife may use ready-prepared menus. What training did the 
person who planned the meals have? How well was the planning 
done? If a pattern was followed, was the pattern good? Upon the 
housewife, dietitian, cook, or steward is often thrown the responsi- 
bility for inducing us to eat foods that are needed even though we may 
not like them. They are the ones who should be trained in the gen- 
eral facts of nutrition. We look to them to plan meals that we can 
enjoy with the assurance that they are adequate as well as appetizing. 

While menus and meal plans are useful in attaining a good diet, 
they often do not provide sufficient evidence by which to judge ade- 
quacy. Often diets appear inadequate when judged by the menus 
but are shown to be adequate by analyses of the quantities of foods 
consumed. Conversely, a similar analysis of interesting menus may 
show an insufficient intake of important foods, especially vegetables. 

PSYCHOLOGICAL FACTORS IN FOOD CHOICE 

In adapting food to meals, there are complications that arise because 
of man's intelligence. In modern civilization, many people have 
gradually conditioned themselves to expect and demand a much more 
complicated dietary than is needed to satisfy nutritional needs. So 
far as people can afford these habits, they should enjoy them. Enjoy- 
ment is, however, only relative—as soon as new opportunities arise, 
dietary habits may become more elaborate. On the other hand, 
where enjoyment interferes with the acceptance of an adequate 
dietary, the individual is faced with the dilemma of continuing his 
habits or accepting something that appears to him to be less interest- 
ing and satisfying. 

Man likes what he is used to, but he also likes a change. On this 
premise it should be possible, under circumstances in which he is 
faced with the need for a correction in the dietary, to condition him- 
self to a new set of habits. 

In any practical attempt to improve nutritional status, therefore, 
use should be made of instincts, appetites, habits, and any other de- 
vices to condition him favorably to desirable food choices. Hunger 
and appetite can be made valuable aids in securing the acceptance of 
food. Hunger, which is due to actual contractions of the stomach, 
stimulates the seeking of food.    Appetite, on the other hand, is asso- 
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ciated with the presence, or even the memory, of pleasant odors and 
flavors of food, and may occur even when the stomach is full. When 
hunger contractions or pangs occur, people show irritability and rest- 
lessness, even when the attention is so occupied that the contractions 
are not recognized. When three meals a day are eaten at regular 
hours, hunger contractions are seldom noticed, and when only one or 
two meals a day are eaten a certain amount of indifference to them 
may be built up. Excitement, pain, or anger inhibit hunger and may 
thus create resistance to new foods. Outdoor exercise, physical work, 
or insufficient food stimulate hunger and lower the level of discrimina- 
tion, thus creating a situation favorable to the acceptance of new foods 
that may be utilized when there is need to modify dietary habits. 

People often take food as a result of appetite rather than of hunger. 
Appetite stimulates the flow of digestive juices but is not essential to 
the digestion of food, since once in the stomach, food is equally well 
digested whether it was palatable or not, provided no serious or con- 
tinuous emotional disturbances are involved. 

Habit plays an important role in the acceptance as well as the refusal 
of certain foods and thus is useful in efforts to provide an adequate 
dietary. Habits are paradoxes. A man will eat the same breakfast 
year in and year out but will rebel if his dinners or suppers are the 
same, or even if they are repeated at weekly intervals. In New Eng- 
land, hot baked beans are or were traditionally necessary for Saturday 
suppers and cold baked beans for Sunday breakfasts. In the South 
boiled beans are often a customary second dish for both dinner and 
supper. In other parts of the country, if beans are served for two 
meals in succession there is likely to be trouble. 

Man is not alone in clinging to habit in the face of change. Animals 
accustomed to a particular ration do not readily change to an un- 
familiar diet. For instance, a farmer in Ohio purchased some cattle 
raised in North Dakota that had never been fed corn, and it took him 
some time to teach them to eat corn. He reports that one steer never 
did acquire the habit. Animals, however, show a greater willingness 
to consume the food presented to them than does man. They can 
also be taught to expect variety in their diets. 

Modern psychology has shown how many of our actions, including 
attitudes toward food, are the result of conditioning or involuntary 
reactions to stimuli. Poffenberger favorably conditioned a group of 
students to music they did not like by playing it while they ate attrac- 
tive meals. Most of us can explain an intense aversion to a particular 
food by its association with some painful event, or remember first dis- 
covering that we liked a new food when it was eaten on a gala occasion. 
Conscious use of such methods of modifying established habits or creat- 
ing acceptance of desirable foods offers a valuable means of improving 
dietary habits. 

The role of instinct in determining the choice of foods is not cer- 
tain, but some interesting examples of its effect on choice are reported. 
An experiment with rats, conducted for the purpose of determining 
whether animals search for specific nutrients, indicated that the choice 
of a particular food was the result of a generalized search for food 
and that habit or conditioning played a part in its selection. Under 
experimental conditions, rats have been found to choose a satisfac- 
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tory diet from 11 relatively pure foods, including protein, carbohy- 
drates, fat, certain vitamin-rich foods, and minerals, and to increase 
the consumption of sodium chloride or calcium where additional 
quantities of these elements were needed. Experiments with chicks 
showed that certain of them consistently chose better diets than 
others. 

Man/s instinct or ability to select a satisfactory diet from among a 
number of foods or to modify the diet to meet changes in nutritive 
requirements has also been demonstrated. There is a careful report 
of three young children who were allowed complete freedom of choice 
from among a wide variety of natural foods over a long period of time. 
The diets selected met all their nutritive requirements and resulted in 
excellent growth. 

But these are experimental conditions. Under the normal condi- 
tions of everyday life, man's instinct is so overlaid by conditioning 
that he cannot be trusted to select food with any relation to his 
physiological needs. 

At present sufficient evidence to determine the exact manner in 
which the body recognizes nutritional deficiencies and determines the 
choice of food is lacking. One suggestion is that nutritional deficits 
cause physiological changes in the body and that these changes alter 
the taste mechanism and set up a craving for a specific food. 

PROBLEMS IN TEACHING GOOD FOOD HABITS 
A survey of dietary habits indicates that there is still much to be 

done in bringing people to choose or accept a diet that meets the 
energy needs of the body and provides a liberal allowance of all the 
nutrients required. The difficulties involved become evident when 
an attempt is made to change the food habits of persons satisfied 
with a diet that is adequate from the standpoint of energy but in- 
adequate in other respects; to make drastic changes in the food of 
troops and yet maintain their morale; to attempt to set up a restricted 
though adequate diet for people on relief ; or even to solve the problems 
of the housewife who is trying to stay within her food budget and 
still have a well-nourished and satisfied family. In each case the 
major difficulty lies in getting the persons concerned to accept the 
foods that should be used among those that are available. 

The most promising solution of the problem of getting people to 
accept an available adequate diet lies in education and training. 
Training must begin with the establishment of good food habits in 
the child, and involves learning to enjoy a simple adequate diet and 
to accept new foods to replace or supplement customary foods. 
Success depends largely on the skill and attitudes of the mother. 
Although education begins at home, it should be carried on also in 
the schools. Information given there reaches back into the home 
and affects the parents and other members of the family. 

Finally, there are great possibilities for general education for better 
dietary habits, particularly for adults. Here the problem is to insure 
the sound, broad presentation of facts, unbiased and in their proper 
relationships. Many books, bulletins, and pamphlets containing a 
large amount of information about nutrition are available for use in 
the home and school.    Radio broadcasts and household publications 
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offer advice and aid in planning meals. Many of these are biased, 
however, and the information should be carefully evaluated before it 
is accepted. Great care must be taken to make sure that material 
to be used in schools is factually accurate, that it presents completely 
unbiased discussions, and that it promotes no food product exclusively. 

A considerable part of the current popular material about food is 
presented in the form of recipes or suggestions for new ways of utilizing 
foods. This kind of material is very useful in securing the acceptance 
of new foods or the wider use of common foods. Though recipes may 
be of little immediate interest to students of nutrition, they are of real 
value to those who must prepare and serve meals. To be most useful, 
material on the preparation of foods should present facts about the 
place of the foods in the dietary. An example of an excellent service 
of this kind is the mimeographed press release called The Market 
Basket, which the Department of Agriculture has issued weekly for a 
long time. It combines information on the general nutritive require- 
ments of the family with information on seasonable foods and presents 
simple yet attractive methods of preparation. 

As previously mentioned, material that is to be used as a guide 
either in teaching nutrition or in planning dietaries should suggest 
more than one major source of each of the important nutrients. This 
is especially true if the material is to be used by people in all parts of 
the country. 

The average person can hardly expect to keep well informed about 
all the changes in and additions to knowledge of man/s food require- 
ments, but he should realize the extent to which his food habits play 
a part in determining his well-being. He should also realize that these 
habits are not infallible guides, and that a reasonably satisfactory diet 
with an abundant supply of nutrients can be achieved at different 
income levels if one is willing to bring an open mind to its acceptance. 

Education and training are especially needed for those who are 
responsible for the planning of meals and the preparation and service 
of food. More attention needs to be paid in recipes to the preparation 
of simple inexpensive dishes that utilize in attractive forms the maxi- 
mum of economical foods and the minimum of more expensive foods 
so that physiological requirements may be satisfied without lessening 
enjoyment. 



FOOD  FADS,  FACTS,  AND  FANCIES 

by Helens. Mitchell1 

QUACKS are with us still, and they do a thriving business. Today 

they use a scientific Jingo that often sounds almost like the real article. 
Here is an exposition of the ways of the quack, the faddist, and the 

unscrupulous advertiser of food nostrums who prey on a gullible public. 

THE MEDICAL or food quack is one of the most pernicious influences 
scientific nutrition has to meet. The food quack today uses many of 
the same devices, modernized, that the patent-medicine vendor used a 
generation ago. The quack of former days was so crude in his state- 
ments that the modern consumer wonders how people ever could have 
believed such buncombe. Even today there is plenty of flagrant 
chicanery, but the more scientific modern quack or the unscrupulous 
advertiser often couches his remarks in such technical language as to 
inspire false confidence. 

The typical quack food lecturer or pseudo health promoter usually 
has poise, personality, and persuasion, which assure him of a hearing 
and a goodly number of converts. The letters usually found after his 
name may represent a fake degree given by a third-rate institution, 
sometimes founded for the express purpose of conferring the degree, 
or a bona fide degree given by a reputable institution whose profes- 
sional and ethical standards he has long since forsaken. His pseudo- 
scientific explanations of nutrition and physiology abound in quota- 
tions from authentic sources, sometimes misinterpreted but sometimes 
used correctly along with misleading statements to give the whole an 
air of authority. The insidious mixture of the true and false is always 
more difficult to interpret correctly than the glaringly false. The 
clever quack is well aware of popular interest in science and works 
accordingly. Of all quacks the food-fad promoter is the most prolific 
because he gets the biggest following and his is a profitable business. 
He makes converts faster than scientific knowledge can be broadcast, 
because the scientist is conservative and tries to be accurate, while 
he is quite the opposite. 

Be skeptical of mail-order solicitations and cheap advertising of 
nutrition nostrums or disease cures. Reliable products will find a 
market through ethical channels.    Be skeptical of extravagant claims. 

1 Helen S. Mitchell is Besearch Professor in Nutrition, Massachusetts State College. 
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The consumer's best protection against fraudulent advertising is a 
fundamental knowledge of nutrition obtained from reliable sources. 
Bogert (133) 2 has aptly expressed the nutritionist's attitude toward 
this problem in general: 

The fact is that food fads flourish because people want them. It makes little 
difference to the food faddist whether the particular dietary cult he follows incor- 
porates a few grains of truth along with the dross or not; he is attracted to this 
cult because it satisfies some craving to try a novel dietary, to be in fashion, to 
attract attention by being unusual in diet, or from the desire to do something 
about his health. He may benefit by the simpler diet, more regular living, and 
especially through the belief that he will be helped, but this proves nothing as to 
the theories on which the cult is based, and the same results might have been more 
painlessly attained by other means. The food faddist represents a psychological 
type and often drifts from one dietary cult to another; as long as we have this type 
of people in such large numbers, diet fads and cults will persist and will be profit- 
able to their originators. 

FOOD ADVERTISING 

Legitimate and reliable advertising of food products is of real 
service to the public and deserves encouragement on this basis alone, 
aside from its necessity for successful competition in the commercial 
field. The intelligent consumer welcomes reliable information but 
should be disgusted with extravagant and untrue statements. Many 
false notions and misapprehensions regarding the magic health value 
of certain foods and the mysterious dangers in specific food combina- 
tions have been introduced or initiated by unscrupulous advertisers 
or propagandists. 

Health testimonials are an all too common form of food advertising 
and are especially deceptive when given by people unqualified to 
express a scientific opinion. An academic title of Doctor or M. D. 
used in advertisements or testimonials is no assurance of their authori- 
tative nature but is an unethical device often used by quacks and 
fakers. It is often implied or stated that a product is approved or 
recommended by physicians^ health authorities, nurses, dietitians, or 
hospitals when this is not actually the case. Beware of extravagant 
testimonial endorsements and general health claims. 

Some so-called educational food advertising presents pseudo- 
scientific information on the nutritional or physiologic values of foods 
in an artfully misleading and insidiously deceptive manner. Exag- 
geration by implication that all the nutritive values reside in a single 
food or undue emphasis on the nutritional or physiologic values of 
any one food is a form of deception. 

The larger and more ethical food companies today are supporting 
scientific research and are putting out valuable educational material 
that is welcomed by teachers of nutrition. But even the best of educa- 
tional advertising naturally stresses the products of the company 
concerned.    Otherwise it would not pay to advertise. 

SCOPE OF NUTRITION FADS AND FRAUDS 

A recent bulletin entitled "Facts, Fads, and Frauds in Nutrition" 
(804) classifies and summarizes some of the more popular fads and 
frauds with opinions expressed by recognized authorities concerning 
each. This bulletin helps the layman to answer for himself questions 
regarding extravagant and misleading nutritional propaganda. 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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VAGUE HEALTH CLAIMS 

Both thé Food and Drug Administration and the Committee on 
Foods of the American Medical Association have been emphatic in 
condemning the extravagant and misleading use of the terms ^health 
foods/' ^healthful/' and similar expressions. The same unwarranted 
claims made for patent medicines a few decades ago are made today 
by the manufacturers of í'health foods." Weird concoctions of 
ground alfalfa or dried vegetables, inorganic salts, and flavoring are 
foisted on the public as panaceas for every conceivable ailment, real or 
imaginary. 

The Committee on Foods is explicit in defining the proper use of the 
terms "health," "healthful," and "wholesome" (W): 

The term health food and equivalent claims or statements to the effect that a 
food gives or assures health are vague, misinformative and misleading. An 
adequate or complete diet and the recognized nutritional essentials established 
by the science of nutrition are necessary for health, but health depends on many 
other factors than those provided by such diet or nutritional essentials. No one 
food is essential for health; there are no health foods. Statements of well-estab- 
lished nutritional or physiologic values of foods are permissible. 

The term healthful is frequently encountered in food advertising. As used, 
it commonly means that the food described corrects a possible nutritive deficiency 
or some abnormal condition in such a manner as actively to improve health. 
It incorrectly implies that the food possesses unique (or unusual) health-giving 
properties. The term has a popular specific health food significance which 
makes its use in advertising misinformative and misleading. 

Healthful and wholesome by dictionary definition have almost identical mean- 
ings; the former, however, intimates an active significance, whereas, the latter 
signifies quality or condition. Wholesome indicates that a food so described is 
sound, clean, fit for consumption, and free of any objectionable qualities; it is 
appropriate for characterizing foods fulfilling these qualifications and should 
replace healthful as used in food advertising. 

Vague health claims are frequently accompanied by equally vague 
use of the terms "balanced" or "scientifically balanced" foods. No 
one food is expected to be eaten alone, and no one food can insure that 
the diet will become balanced. 

The misuse of the word "energy" is also popular along with other 
vague health claims. Most common foods yield chemical energy 
available for use by the human body. The use of this term in defin- 
ing the fuel value of a food should not be confused with the popular 
and erroneous use signifying vitality, strength, vigor, or endurance. 
Some perfectly wholesome foods such as cereals have been widely 
advertised as perfectly balanced, health-giving, or energy-producing 
foods. Criticism of such advertising is not a criticism of the food as 
such but of the misleading statements made about it. 

WEIGHT-CONTROL CLAIMS 

Because the question of body weight is of general interest today, 
weight-reducing claims make a popular appeal. There are three 
types of reducing regimes which are or have been popular and should 
be recognized in their true light by the layman. (1) The true 
metabolic stimulants are the most dangerous; (2) the laxative salts 
and drugs are futile if not harmful; (3) the food supplements with 
recommended dietary regimes are usually harmless but may be fraudu- 
lent in their therapeutic claims. 

The metabolic stimulants most commonly employed are some form 
of thyroid extract or the drug dinitrophenol.    Both are dangerous in 
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the hands of the kynmn, and the latter has been known to be the 
cause of cataract in several cases. Whether or not the ingredients of 
a proprietary compound are stated on. the label, many people do not 
read labels intelligently and dangerous stimulants should not be used 
promiscuously in drug or food preparations. 

Laxative salts and cathartic drugs are often incorporated in so-called 
reducing foods with accompanying claims that weight reduction 
may be accomplished without dietary control. The sudden weight 
reduction is due to loss of water in the stools, not loss of body fat, 
and both, the water and the resulting weight will be promptly regained 
as soon as water is consumed. Furthermore, permanent injury to the 
digestive tract may result from such drastic but futile treatment. 

The specific or proprietary food supplements with a recommended 
dietary base their entire success upon the dietary, which in some cases 
is quite satisfactory. The food supplement or concentrate is not 
essential to the reducing program outlined, but the layman is led to 
believe it is. . 

Quick aids to gaining weight are not so numerous as the reducing 
products but are equally futile and misleading. Unless food intake 
exceeds daily energv expenditure there can be no surplus for storage 
as body fat/ This physiologic law holds for both the overweight and 
the underweight and should be the basis for evaluating any weight- 
control claims. 

MINERAL AND ALKALIZING FOODS 

There is something mysterious and rather intriguing about the 
mineral requirements of the human body. The scientist is seeking to 
solve some of the mysteries, but the quack claims he has solved them 
and proceeds to enlighten the gullible layman on the magic powers of 
some mineral food mixture. Some advertisers would lead the reader 
to believe that the average person is suffering from serious mineral 
deficiencies that can be made good only by the proprietary or natural 
food advertised. Smatterings of truth are so intermingled with 
falsehood as to give the claim a semblance of truth. Iron, iodine, 
and calcium, as well as a whole list of other minerals, are featured in 
such propaganda. 

Acidosis is always prominent among the dangers listed as resulting 
from mineral deficiencies. The scare method is used in depicting the 
dire consequences of an "acid system" and its widespread occurrence. 
Actually, acidosis is a rather rare condition of the blood ; it is not a com- 
mon disease or symptom because the normal body has the necessary 
mechanism for disposing of both excess acids and excess alkalies. 
Money spent in treating such imaginary ailments is usually wasted. 
When true acidosis accompanies some other disease it is a problem for 
medical management. 

VITAMIN THERAPY 

Exploitation of vitamin foods has been more common even than 
mineral propaganda. Popular interest in vitamins may be partly the 
cause and partly the result of the extensive advertising of vitamins. 
The subject is nutritionally important and deserves attention from the 
consumer to the extent of seeing that the vitamin content of his daily 
diet is adequate.    The use of more fruits, vegetables, and whole- 
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grain products is to be encouraged, and the fortification of certain 
foods with vitamin concentrates may be desirable in the case of a 
vitamin that is not widely distributed in nature. A discussion of the 
pros and cons of legitimate vitamin fortification of foods is not in 
place here, but certainly the exploitation of the public with indefinite 
and general vitamin claims is to be discouraged. Such claims mean 
nothing when the specific vitamins and the quantity of each factor 
present are not indicated. For a more detailed discussion of legitimate 
vitamin claims the reader is referred to the bulletin previously men- 
tioned(g04). 

FOOD COMBINATIONS 

Several different food-combination fads have been promoted by 
self-styled nutrition experts and endorsed by thousands of unwary 
converts. There is no physiologic foundation for the belief that the 
various constituents in natural foods cannot be digested satisfactorily 
when eaten together at one meal. Eehfuss {954) has given us definite 
proof that proteins and carbohydrates are not incompatible, nor does 
an acid fruit interfere with the digestion of starch. Leporsky {681) 
has demonstrated that a combination of meat and vegetables may 
stimulate a better flow of digestive juices than either food alone. 
None of the dire consequences predicted as a result of eating a so- 
called wrong combination actually materialize in the experience of 
millions who boldly disregard such warnings. Persons who have 
tried one of these new systems of eating and who claim to have been 
helped thereby may unknowingly have made other drastic changes 
in their dietary habits. The possible benefit seemingly derived from 
any of these regimes may arise from the fact that the variety of foods 
eaten is an improvement over the previous diet—more fruits and 
vegetables, perhaps—rather than the eating of them in a prescribed 
order or combination. 

For further information on the futility and unscientific nature of 
these food-combination fads, two humorous but reliable discussions of 
the subject are recommended {684, 982). 

Partly digested or predigested foods are also of questionable value, 
because the carbohydrate ingredient is the one usually concerned in 
such proprietary products—the very one least likely to need pre- 
digesting. Claims regarding aids to digestion or natural digestive 
elements are also unwarranted. 

DIETARY PANACEAS FOR VARIOUS DISEASES 

Indigestion frequently attributed to acid stomach is the quack 
advertising lingo used for a number of digestive remedies or diet 
systems. The stomach is normally acid—necessarily so for adequate 
digestion of food. There is just as likely to be too little as too much 
acid in certain abnormal states, but careful diagnosis and medical 
advice are necessary in such cases. Yet the quack who encourages 
self-diagnosis and medication still persists in suggesting the serious 
results of acid stomach and offers "anti-acid," "relief of acid stomach/' 
and "cures for acid indigestion." 

Constipation may frequently be controlled by simple self-medica- 
tion and laxative foods, but no attempt will be made here to discuss 
the relative merits or proper use of such remedies.    There are certain 
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principles that should be understood, however, regarding" the so-called 
laxative foods on the market. In general they fall into two classes— 
foods to which a cathartic drug has been added, and those that pro- 
vide cellulose or some other form of bulk. The Food and Drug 
Administration considers phenolphthalein or any other such laxative 
drug as a harmful adulterant when it is used as an ingredient of a 
food. Constipation due to lack of bulk may yield to added roughage, 
but other types of constipation may be aggravated by similar treat- 
ment. Thus no food or form of cellulose can be rightly designated 
as a cure for constipation. 

Diabetes, arthritis, kidney troubles, high blood pressure, and many 
other chronic diseases are listed in quack propaganda as curable by 
some specific food or dietary regime. False hopes of cure lead even 
intelligent persons into futile search for the impossible. 

FOOD LEGENDS AND NOTIONS 

Some harmless and amusing food legends and dietary notions have 
been handed down from generation to generation; others appear as 
neighborhood gossip. In one of the best popular food articles of 
recent date (1) the author comments: 

More food notions flourish in the United States than in any other civilized 
country on earth, and most of them are wrong. They thrive in the minds of the 
same people who talk about their operations; and like all mythology, they are a 
blend of fear, coincidence, and advertising. 

LEGAL AND EDUCATIONAL ATTACK ON NUTRITION FADS AND 
MISLEADING ADVERTISING 

The new Food, Drug, and Cosmetic Act passed in 1938 is not so 
effective in checking false and misleading advertising as could have 
been desired. It is more effective than the old Food and Drugs Act 
in the control of labeling, it authorizes factory inspection, and it 
provides for certain standards that will weed out some of the more 
fraudulent products. But it is still inadequate for prompt action 
against advertising of false or misleading nature. 

Educational attempts to protect the public against false and mis- 
leading propaganda are successful only in part. Much of the informa- 
tive material along this line is published in journals or bulletins not 
readily available to the layman. Popular interpretation of scientific 
discovery is apt to be conservative, while the pseudo scientific is 
promoted by the most spectacular devices. The psychological appeal 
of the latter is obviously stronger except to the well-informed person 
who is capable of reading between the lines. It therefore behooves 
the consumer to develop a reasonable degree of skepticism as well as 
sales resistance in respect to extravagantly advertised health foods 
and nutrition claims. This skepticism should be based upon a knowl- 
edge of fundamental facts, however, because it is all too easy for the 
layman to go to the opposite extreme and doubt everything he reads 
or hears. The Council on Foods of the American Medical Association 
publishes from time to time General Decisions that have been adopted 
for the guidance of the members and of the public, food manufac- 
turers, and advertising agencies. These decisions are revised periodi- 
cally as scientific progress warrants and are published in convenient 
booklet form (^0) available to the public upon request. 



THE  WHITE  RAT  AS  A 

CONTRIBUTOR  TO  SCIENCE 

by M.H.Friedman1 

A V b K Y considerable amount of the modern research work on 
nutrition has been done with white rats, though other laboratory animals 

have been used too. The rat, ordinarily the enemy of mankind, has 

been a benefactor in this field at least. The author of this article tells 

why it is used so extensively, and what can and what cannot be learned 

from observing its reactions in the laboratory. 

IN ONE sense the rat has been the object of experimentation ever since 
there were rats. Every man and beast has been an experimental 
animal—the subject of his own experimentation. An experiment is 
merely a trial by the practical test of doing rather than by thinking. 

The thousands and thousands of years of man^s experiments upon 
himself and upon his family have not been fruitless. Through such 
experiments of primitive peoples have come the knowledge of the boon 
of opium in relieving pain, the curative action of quinine in malaria, 
the value of burned sea sponge (rich in iodine) for the alleviation of 
goiter, and the dramatic effectiveness of a brew of pine needles in 
human scurvy. The market women of Corsica recognized the cause 
of the itch (scabies) and how to cure it, and then passed on their 
knowledge to the medical profession. Digitalis, the heart medicine, 
came from an old herb woman in Shropshire, England. 

Until recently (the last 300 or 400 years) this method of learning 
by trial and error was practiced only by animals and by the average 
man. It was beneath the attention of the scholars, who were content 
to speculate and argue whether man possessed the same number of 
ribs as the animals, or one less. It did not occur to them to find out 
by looking. 

When scholars did begin to look, the rat was not prominent among 
the objects of their attention. Naturally the first observations were 
concerned with the structure of the body—anatomy. The early 
anatomists were interested in finding out about the structure of the 
human body and the structure of the bodies of the animals they en- 
countered in their everyday life.    They seized their chances for dissec- 

i M. H. Friedman is Senior Physiologist, Division of Nutrition and Physiology, Bureau of Dairy Industry. 
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tion on a recently killed pig, sheep, or dog. They stealthily cut down 
from the gallows some thief or cutthroat. They learned that under 
the skin man and beast are very much alike, and that one animal very 
much resembles any other animal. The contents of the chest and 
abdomen are the same. The arrangement of the heart, lungs, and 
great vessels is similar. The nerves originate from the brain and 
spinal cord in the same fashion and follow the same general course to 
the same groups of muscles. From system to system, with few minor 
exceptions, the architecture follows the same pattern. 

On the basis of structure, therefore, there was no reason for the 
early investigators to favor any one species of animal over others— 
and they did not. The circulation of the blood was discovered by 
the studies of Harvey (1628) on snakes, fishes, birds, pigs, and dogs. 
He observed the beating heart in the developing egg of the chicken and 
in a prematurely expelled human fetus. An old mare permitted Rev. 
Stephen Hales, curate of Teddington, England, to make the first meas- 
urements of blood pressure (1710). The first secrets of the process of 
digestion were vomited up by the pet hawk of Reaumur, the lawyer 
(1752), but knowledge of digestion was greatly augmented a few years 
later by the labors of the Abbé Spallanzani, who enlisted the services 
of birds, sheep, oxen, horses, cats, and dogs, not to mention himself. 
An accidental gunshot wound in the abdomen of a young Canadian 
enabled a brilliant Army surgeon, William Beaumont, to make his 
fundamental contribution (1825) to the physiology of the stomach. 

One of the earliest planned experiments in nutrition was performed 
with sailors of the English Navy as experimental animals. The re- 
sults^ of this experiment (1776) led to the recognition of scurvy as a 
deficiency disease. About 100 years later a similar experiment on 
sailors of the Japanese Navy established beriberi as a dietary disease. 
For the pioneer work in metabolism (the burning and conversion of 
foodstuff in the body) Voit and Bischoff (1860) made their observa- 
tions on dogs. 

Thus, through the services of almost every animal the outlines of 
the story of physiology were unfolded, and through these services it 
became evident that all mammals (warm-blooded animals which suckle 
their young) conduct their life processes in essentially the same way. 
They alltake in fuel in the form of carbohydrate, fat, and protein for 
the repair of their tissues and for the maintenance of a uniform body 
temperature. In all mammals the body temperature is about the 
same as it is in man, and from the mouse to the elephant, per unit of 
body^ surface, the rate of fuel combustion to maintain this tempera- 
ture is almost identical. Per unit of fuel burned, the amount of oxy- 
gen required, and the amount of carbon dioxide given off in the respir- 
atory exhaust are the same, and the respiratory mechanism which 
handles these gases is no different in the bat from what it is in the 
whale. The heart of a baboon is governed by the same impulses as 
that of man, quickened and slowed by the same nervous influences, 
and stirred in the same way and by precisely the same mechanisms 
in. excitement, fright, pain, and anger. In the region of the Great 
Lakes it was not only the women who wore necklaces of excess thyroid 
tissues before the days of iodized salt. Female rats also had goiters, 
as did the dogs, cats, pigs, and even the fish in the streams and lakes. 
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The active substance in the thyroid gland, which is responsible for 
the dramatic effects on metabolism, growth, and nervous reactions is 
chemically the same in all warm-blooded animals, so that the material 
from the cow's thyroid produces its characteristic action when fed to 
a rat, dog, or man. In fact, from system to system—from the con- 
tractions of the bowel to the vibrations of the hearing apparatus— 
the fundamental processes of life are the same. 

Consequently, there is usually no imperative reason why one type 
of animal should be used for the scientist's observations instead of 
another. Frequently, convenience guides the investigator in his 
choice. For example, most work on the movements of the digestive 
tract is done with dogs^ for the dog is not only intelligent but is prob- 
ably the most cooperative of all experimental animals. Treated with 
kindliness and consideration, he will quickly learn the routine of an 
experiment. When the investigator swallows a small balloon, he will 
swallow one too, and then lie quietly for hours while records are being 
taken of muscular movements in the stomach. He will take his place 
alongside of the human volunteers at every step of the experiments. 

There are some instances, however, in which some unusual trait will 
either eliminate one species from consideration or will recommend it 
above all others for a particular type of work. Thus, the guinea pig is too 
stupid to serve in experiments in psychology. The rabbit is a poor 
choice for illustrating the mechanism of walking since its hind end is 
organized for hopping, not walking. The rat will not do for studies 
on the gall bladder—it has no gall bladder, though the mouse has. 
Neither the rat nor the mouse is able to vomit what it has once 
swallowed, regardless of the stimulus; hence squill, which only mildly 
affects a dog or cat, is deadly poison to the rat. The hawk, con- 
trarily, habitually spews up bones, feathers, or anything else too for- 
midable for its stomach to digest. It was this trait which enabled 
Reaumur to feed his pet hawk sponges with the full assurance that 
before long the bird would return the sponges well filled with stomach 
secretions for his studies. 

Each species has its virtues and its failings—either of which may be 
a deciding factor in a particular situation. The rat possesses no long 
list of virtues which set it apart from all other animals. Perhaps its 
chief virtue is that it is not different; that in all essentials it is very 
much like man and any other animal, and that it is small. This ques- 
tion of size has become an important one in recent years. The 
pioneers in physiology could find answers to their questions by experi- 
ments of very short duration, a few minutes, or hours at most. Many 
of the questions confronting the modern investigator can be answered 
only by experiments that cover the entire life of the experimental 
animal, or even several successive generations of animals. For such 
long periods of observation the investigator must pay special attention 
to some very practical considerations, all of which are related to size. 

Perhaps the first of these practical considerations is that of mainte- 
nance under laboratory conditions. This involves the question of 
space. Here the advantage is obviously with the smaller animal, and 
the smaller the better. The elephant is just as docile and gentle as the 
rat, is certainly as intelligent, and can be more easily trained. But it 
would require a national park to house an adequate experimental 
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colony.   Several hundred rats can be accommodated in comfort in a 
room not much larger than the ordinary living room, allowing them 
suilicioni   fresh  air and   room   for exercise.     In  such  quarters  they 
thrive (fig. 1).   This would be impossible with such domestic animals 

figure I. — A family of «Tiilc rali- reared for vitamin asna\ work «illi foods in a Bateau 
of Home Kconomics laboratory. 

as the dog or cat, and even with the rabbit the space required is 
significantly greater. 

With respect to feed also the smaller animal has the distinct advan- 
tage. On the basis of present-day prices the yearly cost for the food 
of one rat is under 50 cents.     The annual food bill for a rabbit is 



THE WHITE RAT 149 

about $4.50; for a dog, $15; and for a dairy cow, $75. The appetite 
of the elephant demands about $400 worth of food each year. These 
prices reflect the quantities of foodstuffs consumed and are, of course, 
in terms of inexpensive commercial supplies. In the event that special 
diets are required these differences are greatly magnified. For exam- 
ple, a rat eats about 10 grams of food a day (one-third of an ounce), 
15 percent of this being protein. Hence, if an investigator wished to 
study the effects of single amino acids as substitutes for the crude 
protein, he would have to supply about 1.5 grams daily of a suitable 
mixture of amino acids. The present cost of such a mixture of amino 
acids is of the order of $1 per gram, so that in this experiment the cost 
per rat would be about $1.50 each day. For a rabbit the comparable 
figure would be $15 a day. Moreover such an experiment would be 
useless unless the remainder of the diet were composed of chemically 
pure, simple compounds in order to avoid contamination with traces 
of proteins or amino acids in the starches and fats which are required. 
This, of course, would boost the cost still higher. By and large, 
feeding experiments on the rabbit, or on any larger animal, cannot be 
expected to give any more information than the same experiment 
conducted on the rat. The cost of some of the experiments dealing 
with pure substances are almost prohibitive even with the rat as the 
experimental animal,2 and with other animals such experiments are 
quite out of the realm of possibility. 

Also related to the size of the animal is the amount of waste to be 
disposed of. With the smaller animals the problem is simple and 
easily met, but the cost of cleaning up after the larger animals is a 
limiting factor. 

From the standpoint of maintenance and operating costs, therefore, 
it is easy to understand why the smaller animals are favored. Yet 
there is an even more compelling reason, and that is the fact that the 
larger animals live too slowly. It is no disadvantage that the horse 
breathes more slowly than the mouse. The investigator can afford to 
wait for the next breath. But it is a distinct disadvantage that the 
larger animals reproduce, mature, and age more slowly. For a study 
of the infiuence of diet on longevity it is obviously necessary that the 
investigator outlive the experimental animal. Starting at the age of 
30 a young scientist might have a reasonable chance of completing 
one set of experiments upon cats or dogs, but he would be a reckless 
optimist to start such work on any of the larger animals. The odds 
are much better with the rat whose entire life span is only 2 to 3 years. 
Growth and reproduction likewise are on a fast schedule. Under 
laboratory conditions breeding occurs readily throughout the year. 
Pregnancy lasts only 21 days. At birth, the 8 to 12 young in each litter 
are hairless, blind, and deaf. They are as helpless as a newborn babe, 
but in 3 weeks they may be weaned and at the age of 6 weeks most of 
them are sexually mature. With such a pace of life it is not at all 
difficult to make observations on several successive generations of 
animals subjected to the experimental conditions for their entire life 
span. 

Even with the guinea pig this is not so easily done.    This dumb 
2 In one recent investigation the amino acid requirements for maintenance and for very short periods of 

growth were determined on a very small number of rats.   The bill for amino acids alone was over $50,000. 



150 YEARBOOK OF AGRICULTURE, 1939 

little beast breeds the year around, but pregnancy lasts for 65 days, 
there are only one or two young at a time, and they require several 
months to reach sexual maturity. Of all common animals the mouse is 
the only one able to keep pace with the rat in all respects. 

Why then is the rat favored instead of the mouse? It is not fa- 
vored in some lines of work, as in studies on genetics. The popularity 
of the rat for other types of work, especially in the field of nutrition, 
is probably something of an accident. As was noted before, the rat 
was not the first choice of the earliest workers in nutrition. In fact, 
the first demonstration that carbohydrate, fat, protein, and minerals 
were insufficient for the maintenance of life (Limin, 1881) resulted 
from experiments on mice, not rats. Mice also afforded the oppor- 
tunity to demonstrate that the addition of small amounts of fresh 
milk to such a simplified diet would maintain life and permit the 
growth of young animals (Pekelharing, 1905). In the light of our 
present knowledge these two sets of experiments obviously paved the 
way for the discovery of the accessory food factors, later to be known 
as vitamins. 

But these two sets of experiments were published many years apart 
in journals not widely read by scientific men. It so happened that 
F. Gowland Hopkins in England, and Osborne and Mendel, and Mc- 
Collum and Davis in this country used rats for their experiments, 
which were all published at about the same time (1912-13) in journals 
with a world-wide audience. These three independent publications 
fortified each other in their impact upon the consciousness of the scien- 
tific world, and together they made the world aware of the existence 
of vitamins. It was only natural that later workers, bent on confirm- 
ing and extending this epochal work, followed as closely as possible 
the conditions stipulated by the original investigators. The use of the 
rat was one of the conditions. 

During the progress of the early work on vitamins, Henry H. Don- 
aldson was already at work on his studies on the growth and develop- 
ment of the nervous system, and it so happened that he also chose the 
rat as his experimental animal. As a matter of course the growth of 
the nervous system was compared with the growth and development 
of other body parts. Data were thus secured on the size of every 
body organ at every stage of development, on the water content of 
all parts of the body at all ages, and on the chemical composition of 
the body as a whole and of each of its component parts from birth 
to old age. These data were supplemented by observations on repro- 
duction, fertility, and development to maturity and were compared 
with the rapidly accumulating record in the laboratories of McCollum, 
Osborne and Mendel, and others, where the rat was being used for 
nutrition experiments. 

Hence, there became available information about the white rat under 
laboratory conditions such as existed for no other animal. This body 
of data, complete with tables and graphs, was published (1915) shortly 
after the appearance of the epochal papers of Hopkins, McCollum and 
Davis, and Osborne and Mendel. Laboratories now had before them 
standards of performance for the albino rat, and through the courtesy 
of Dr. Donaldson's Wistar Institute in Philadelphia breeding stock of 
his standardized white rat became available to all who desired it. 
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Not all laboratories used this particular strain. In fact, there are now 
in this country four or five chief strains of laboratory rats, each having 
their individual characteristics as to rate of growth and development, 
as well as mature size. Nevertheless, the contributions of Dr. Donald- 
son, coming when they did, gave a tremendous impulse to the rapidly 
growing use of the rat. 

In the intervening years the use of the rat has been extended to 
more and more new lines of work, and there is no reason why this 
should not continue. The rat has served admirably. Though other 
animals might serve just as well in a number of respects, no other 
single animal would serve better. 

However, that is just the difficulty with rat experiments. No 
single species of animal can serve as a trial horse for all living things. 
The rat is, after all, a rat, and possesses its own distinct physiological 
individuality just as any other animal does. If we had to depend 
upon the rat as a sole experimental animal, vitamin C would never 
have been discovered. The rat gets along very well without this 
vitamin, being immune to scurvy. On pellagra-producing diets, rats 
do not thrive, but they do not develop typical pellagra. Diets suffi- 
ciently low in vitamin E to produce complete sterility in rats support 
normal health and reproduction in rabbits and goats. A percentage 
of cod-liver oil in simplified diets which promotes growth and good 
health in the rat may kill guinea pigs, rabbits, sheep, and goats. 
The rat, like man and dog, goes to sleep under morphine, but cats and 
horses go wild. In its response to pituitrin the rat uterus resembles 
that of the guinea pig and mouse, and differs from that of the rabbit. 
Histamine relaxes the rat uterus, but contracts the uterus of every 
other species. For the maintenance of pregnancy the corpora lutea 
(yellow bodies) of the rat are essential for the entire period of gesta- 
tion, just as they are in the mouse and rabbit, yet in the guinea pig, 
monkey, and woman, the corpora lutea can be removed early in 
pregnancy without resulting in abortion. 

It would be possible to recite a great many other characteristics 
that make for the individuality of the rat, just as it would in the case 
of any other animal. This is no argument against further use of 
the rat. Experiments on the laboratory rat may be expected to con- 
tinue to yield valuable information in all fields of investigation— 
information likely to be duplicated by similar experiments on most 
other species in most instances. Yet, because of physiological indi- 
viduality, we cannot determine the nutritional requirements of 
monkeys by experiments on rats any more than we can determine the 
nutritional requirements of man by experiments on monkeys. We 
simply cannot apply to one species of animal conclusions derived from 
experiments on another. We can, however, use the information 
obtained from rats as a guide to the general pattern of mammalian 
life. In most instances studies on other animals will show the reac- 
tion of the rat to be typical—that is, like that of the majority of 
mammals. In other instances, the reaction of the rat will be found 
not to be typical. For specific information about the reaction of 
any particular species of animal it will be necessary to make the 
actual trial on the species in question. The proof of the pudding is 
in the eating, and each animal has to eat his own pudding. 



HUMAN   FOOD   REQUIREMENTS- 

CARBOHYDRATES,  FATS,   ENERGY 

SOME of the earliest scientific work in nutrition was concerned with 

discovering the needs of the human body for energy; almost everyone 
remembers the days when nutrition was something that had to do with 

calories. As a result of these years of work, energy requirements have 

been worked out with considerable accuracy for men. women, and chil- 

dren of different ages and degrees of activity. Most of our energy supply 

is derived from carbohydrates (sugars and starches) and fats. Here is an 

up-to-date account of the principal facts known about this subject. 

CARBOHYDRATES 

by Helen S. Mitchell ' 

CARBOHYDRATES make up 50 to 60 percent, or more than half, of the 
American diet. They contribute the cheapest, most easily digested, 
and most quickly available forms of fuel and also indigestible fiber or 
residue. The digestible forms are the sugars and starches. The so- 
called indigestible carbohydrates are cellulose^ hemicellulose, and 
related compounds. They are only slightly if at all available as fuel 
but may have other physiologic values, particularly in the digestive 
tract.2 

The properties of the common forms of carbohydrate and their 
specific functions in human nutrition require further study. The 
present concept of the absorption and metabolism of carbohydrates in 
normal and in pathologic subjects presents an intricate but logical 
picture. Chemistry, physics, and physiology have each contributed 
to it, but it is still incomplete in certain details. 

1 Helen S. Mitchell is Research Professor in Xutrition, Agricultural Experiment Station, Massachusetts 
State College. 

2 The carbohydrate content of foods as given in most food analyses is not determined directly but is cal- 
culated as that part of the total not accounted for by protein, fat, ash, and water, and includes both digestible 
and indigestible forms. There are no adequate chemical methods for determining total digestible car- 
bohydrate, but the standard procedure for determining total fiber may be used to measure the indigestible 
carbohydrate, or cellulose, in plant tissues. Chemical methods for determining available carbohydrate in 
certain leafy vegetables have been the subject of recent studies. The figures now given for total carbohy- 
drate in all dietetic food tables are definitely misleading, and complete and accurate figures for digestible 
carbohydrate in common foods are badly needed, especially iu order that therapeutic diets containing limited 
amounts of carbohydrate may be more accurately calculated. 
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DIGESTIBLE CARBOHYDRATES 

SUGARS 

Chemically, carbohydrates are classified in common language as 
single sugars, double sugars, and complex sugars—technically called 
monosaccharides, disaccharides, and polysaccharides. A monosac- 
charide or single sugar is one that cannot be split chemically into two 
or more sugars. A disaccharide can be split chemically into two single 
sugars. A polysaccharide can be split chemically into more than two 
sugars. 

The single sugars (monosaccharides) require no digestion and are 
readily absorbed from the intestine directly into the blood stream. 
Three single sugars occur in foods or are formed from other carbohy- 
drates in the processes of digestion—glucose, fructose, and galactose. 

Glucose, also called dextrose, is abundant in fruits and vegetables. 
It is also formed from other carbohydrates in digestion. In fact, all 
digestible carbohydrates must be converted to glucose or other single 
sugars before they can be transported by the blood or used by the tis- 
sues of the body. 

Fructose (fruit sugar), also called lévulose, is found associated with 
glucose in fruits and vegetables and in honey. 

Galactose does not occur naturally in foods. When milk sugar or 
lactose (a disaccharide) is digested, it is broken up into galactose and 
glucose in the digestive tract. Galactose can be manufactured from 
milk sugar, and it is used for experimental and therapeutic purposes. 
Human tolerance for this sugar is limited by the ability of the liver to 
turn it into glucose. Recently it has been used by the medical pro- 
fession to test the functioning of the liver. The rat apparently has a 
low tolerance for galactose, and when this sugar is fed to rats the galac- 
tose content of the blood rises and the eyes develop cataracts. Mineral 
and vitamin deficiencies do not seem to influence the metabolism of 
galactose, and massive doses of vitamins do not change it. A de- 
ficiency of protein, however, aggravates the injury caused by galactose, 
and rations high in protein show a definite protective effect. Further 
experimental work in feeding galactose to rats may throw more light 
on the metabolism of carbohydrates. 

The double sugars, or disaccharides, commonly encountered in 
foods are sucrose (cane or beet sugar), maltose (malt sugar), and lac- 
tose (milk sugar). Each is broken down by the action of specific 
enzymes in the human intestine to single sugars which can be directly 
absorbed in the blood stream. Each of the three double sugars has 
distinct characteristics of interest in human nutrition. 

Ordinary granulated sugar (sucrose) is one of the sweetest forms of 
sugar and costs the least. Consequently it is consumed in greater 
quantities than all others, in some instances to the detriment of health, 
because high concentrations of sucrose have an irritating effect on the 
tissues lining the alimentary tract, and also because they tend to 
satisfy the appetite and thus reduce the consumption of other foods. 
Maltose, or malt sugar, does not occur free in nature but is manu- 

factured from starch through the action—called malt digestion—of an 
enzyme present in sprouting grain. Maltose is an intermediate 
product in the digestion of starch and is easily utilized by the human 
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body. For this reason it is sometimes used in infant and invalid diets 
where it is desirable to have a soluble form of carbohydrate less sweet 
than granulated sugar. 

Milk sugar, or lactose, is more slowly digested than the other two 
double sugars and when consumed in amounts greater than those 
ordinarily present in milk some of it may not be digested. An un- 
digested residue of lactose in the large intestine has a laxative action 
which may be desirable in certain instances but which in excess causes 
diarrhea. Lactose is an excellent medium for the growth of certain 
useful acid-tolerant types of bacteria and has been used therapeuti- 
cally to increase this type of bacterial flora in the large intestine. 

There is experimental evidence that lactose increases the absorption 
or availability of certain forms of calcium. This finding has frequently 
been cited as one explanation for the efficient utilization of calcium 
from milk. A therapeutic application of this principle is being made in 
cases of allergy to milk; lactose is prescribed as an accompaniment of 
the calcium salts sometimes used by those who cannot drink milk. 
There is, however, decided lack of information as to what effect cer- 
tain calcium salts may have on the digestion and absorption of the 
sugars. While milk sugar might seem to be the logical form of sugar 
to add to milk for infant feeding, it offers no advantages over less 
expensive types and is not advised except where a laxative effect is 
desired. Corn sirup, which is practically pure glucose, is wholesome, 
economical, and convenient and is more commonly used in milk 
formulas today than any other sugar. 

STARCHES, GLYCOGEN, AND DEXTRINS 

Starches, glycogen, and dextrins are polysaccharides, carbohydrates 
of complex composition. The starches, found in grains, vegetables, and 
other plant products, and glycogen, found in liver, require digestion 
to the single-sugar stage before they can be absorbed and utilized by 
the human body. Cooked starch is reduced to maltose by the action 
of saliva, and both raw and cooked starch are reduced by the action 
of the pancreatic juices to maltose. An enzyme, maltase, breaks down 
the maltose to glucose. 

Starch is the form in which carbohydrates are usually stored in 
plants. It is usually found in the plant encased in a cellulose wrapping, 
the cell wall, which is more or less resistant to digestion. 

The relative digestibility of starches from different sources has been 
the subject of some debate and apparent misunderstanding. Starches 
from arrowroot, tapioca, and sago were supposed to be more easily 
digested than starches from such grains as corn, wheat, and rice. 
However, while the cooking time and the rate of salivary digestion 
may vary, the ultimate completeness of the utilization, known as the 
coefficient of digestibility, varies only slightly for starches from 
different sources. Moreover, the conditions under which the food is 
eaten have little influence and individual variation is less than 
generally supposed. 

Glycogen is often called animal starch. It is important because it 
is the form in which carbohydrate is stored as fuel in the liver and 
muscles of the body. As food, however, it is relatively unimportant 
because of the small amount ordinarily consumed.   The factors con- 
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trolling glycogen formation and break-down in the body are the subject 
of much current research in connection with the metabolism of 
carbohydrates. 

Dextrins occur as intermediate products in the process of digestion 
of starches in the body, in malt digestion, or in chemical break-down 
outside the body. They are also manufactured for various commercial 
purposes other than food, such as mucilages. The Government is a 
large user of dextrin made from cassava starch in its manufacture of 
postage stamps. 

INDIGESTIBLE CARBOHYDRATES 

CELLULOSE 

Cellulose and hemicellulose, which together are known as fiber, form 
the framework of the vegetable world. They are the chief constit- 
uents of wood, of the stalks and leaves of all plants, and of the outer 
coverings of seeds. Fiber forms the more or less porous walls of plant 
cells in which water, starch, minerals, and other substances are stored, 
much as honey is held in the comb. 

Fiber has little if any food value in the human body, but it is valu- 
able for its mechanical effect in the digestive tract. It is usually con- 
sidered an indigestible substance, but many individuals apparently 
utilize some of the more tender celluloses from green leaves and young 
shoots. There is no known enzyme in the human intestine that can 
digest cellulose, but bacterial fermentation or disintegration may play 
a role in dissolving the substances which bind together the cellulose 
fibers or particles. The degree of digestibility varies according to 
stage of growth and type of plant. The cellulose of tender shoots may 
disappear completely from the intestinal tract. 

The indigestibility of cellulose is its major asset, since the undigested 
fiber furnishes the bulk necessary for efficient and normal peristaltic 
action (muscular contraction of the intestines). The addition of cellu- 
lose to the diet in the form of bran is often suggested in cases of chronic 
constipation due to lack of bulk. Other types of constipation, how- 
ever, may be aggravated by bran, which is known to be irritating to 
a particularlv sensitive digestive tract. Recent investigations con- 
ducted by Cowgill (237)3 at Yale University and by Rose (984) at Co- 
lumbia University have demonstrated in a convincing manner that the 
normal colon performs better when a reasonable amount of bulk or 
residue is present. Figures were derived from these studies as to the 
amount of cellulose, or indigestible fiber, that a normal person requires 
each day. One-fifth ounce has been suggested as an adequate daily 
allowance, to be increased or reduced according to individual 
requirements. 

HEMiCELLULOSES 

Agar-agar and pectins are hemicelluloses, closely related to cellulose 
but of slightly different chemical structure. They have the ability to 
absorb many times their volume of water, when they become jells. 
Because of this property agar-agar from seaweed has been used thera- 
peutically to increase bulk in the intestine to promote the formation 
of a soft stool. 

* Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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The pectins in certain fruits and fruit seeds are responsible for the 
jellying property familiar in jelly making. Chemically these pectins 
are complex compounds of several simple sugar molecules. Commer- 
cial pectin, prepared from fruit seeds, is widely used for making jelly 
in the home as well as in the factory. 

The therapeutic value of pectin and pectin products in the treatment 
of diarrheas has only recently been appreciated, although it was sug- 
gested by earlier casual observations. Scraped raw apple and apple 
powder have been successfully used in the treatment of infant dysen- 
tery when all other measures failed. Of all the possible factors present 
in apple the pectin component seems to be of chief value in the treat- 
ment of diarrheas. The effect of pectin has been attributed to its 
capacity for absorbing toxins or neutralizing harmful compounds pro- 
duced by certain bacteria. The colloidal, property—the ability to hold 
water in a jell formation—is increased in the presence of sugars. Thus 
pectin tends to remove irritants and provide the bulk which promotes 
normal physiologic peristalsis. 

METABOLISM OF CARBOHYDRATES 

The transportation, storage, mobilization, and oxidation of carbo- 
hydrate in the body and the maintenance of a constant blood-sugar 
level have been subjects of research for many years. The composite 
picture presented today of the mechanisms and control of these various 
stages in carbohydrate metabolism is too intricate to describe here in 
detail. 

Recent work has been concentrated on regulation of oxidation and 
glycogen formation and break-down by the endocrine glands and the 
nerves. An excellent review of recent advances in this field is given 
by Him wich {517). It is apparent that the internal secretions from 
two glands, the anterior pituitary and adrenal cortex, work antago- 
nistically to the insulin from another gland, the pancreas. The 
balance of all three of these endocrines, plus some additional influences 
from the central nervous system, is responsible for the normal control 
of carbohydrate metabolism. Thus diabetes may not be a simple 
insulin deficiency but a maladjustment of the several endocrine glands 
involved. Progress has also been made in the forms of insulin avail- 
able for therapeutic use. The recognized value of protamine zinc 
insulin, which is slower acting than is the plain insulin, has led to 
further work on rates of action of various other insulin compounds or 
modifications. Studies on the administration of insulin by methods 
other than injection have met with some success, and it is hoped that 
the day may not be far distant when administration of insulin com- 
pounds by mouth may become practical. 

It has long been recognized that carbohydrate is the preferred fuel 
for muscular work, but even slight muscular activity involves one of 
the most complex series of chemical reactions in the body. The exact 
sequence of events, the specific compounds involved, and the quick 
transformation of stored-up chemical energy into the active energy of 
work must all be satisfactorily explained by any proposed theory. 
The present concept of the series of chemical reactions which may 
take place during muscular contraction has been adequately reviewed 
by Needham {836).    Even the chemical steps in the oxidation of a 
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simple sugar to carbon dioxide and water are not thoroughly under- 
stood. Carbohydrate-phosphate compound,s the nitrogenous com- 
pound creatine occurring in muscle tissue and elsewhere, and several 
organic acids all play roles the precise nature of which is still an 
intricate puzzle challenging some of the best chemists of the day. 
Muscular activity is possible in the absence of oxygen, but lactic 
acid, which is a product of fatigue, accumulates more rapidly, and 
without oxygen, recovery from fatigue is impossible. Rapid breathing 
during and after muscular exertion is the body's response ta the 
increased demand for oxygen. 

INTERRELATIONSHIP OF CARBOHYDRATES AND OTHER NUTRIENTS 

That various other nutritive elements play a part in the metabolism 
of carbohydrates is illustrated by the influence of protein on galactose 
metabolism and that of calcium salts on lactose metabolism, already 
mentioned. Deficiencies of thiamin (vitamin Bi) and riboflavin are 
associated with profound changes in carbohydrate metabolism. One 
worker found that the combined effect of thiamin and riboflavin was 
necessary for the functioning of insulin administered to a dog from 
which the pancreas had been removed and which was maintained on 
a diet free from the vitamin B complex. On the other hand, dogs 
have been kept alive without pancreas for over 4 years on high-calorie, 
high-protein, and high-vitamin diets. How these vitamins function 
is still a question. Other workers have found that sodium salts show 
beneficial effects in the treatment of diabetic children, while potassium 
salts increase glycosuria (excretion of sugar in the urine). These 
interrelationships in the metabolism of various foodstuffs are a 
promising field for further research. 

FATS 
by Jane G. Lease4 

FAT is an important source of energy and contributes flavor and a 
satisfying quality to the diet not obtained from any other food con- 
stituent. Weight for weight, it has more than twice the fuel value of 
the other organic food groups—carbohydrate and protein. Thus 
the use of fat tends to decrease the amount of food required to supply 
caloric needs. The feeling of satisfaction associated with fat-contain- 
ing foods seems to be due to the slowness of absorption of fats. Thus 
it seems to contribute what has been called staying power to meals. 

As sources of energy, fats and carbohydrates are used in varying 
proportions. The amount of fat included in the diet is likely to 
depend to a considerable extent on individual taste and the availa- 
bility of fatty foods as well as on energy requirements. It is well to 
bear in mind, however, that fats offer the means of increasing or 
decreasing the total amount of energy in the diet with the least change 
in the volume of food. People who are counting calories in order to 
get thin should reduce fat consumption first, and people who wish to 
put on weight should increase it. 

Fat is one of the first foodstuffs to become scarce during war or 
famine, and some effort has been made to set a minimum requirement 

4 Jane O. Lease was formerly Industrial Fellow in Agricultural Chemistry, University of Wisconsin. 
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for use in these emergencies. Early workers put this requirement 
more or less arbitrarily at 20 grams a day. In the United States, the 
average daily consumption is about three times this amount. Fat 
consumption, in fact, generally increases as the expenditure for food 
rises, probably because of the usefulness of fats in improving the 
texture and flavor of foods. 

Chemically, a fat is a combination of glycerin and one or more of 
certain acids called fatty acids. The properties of the fat vary 
according to the kinds and amounts of the fatty acids it contains. 
There is a wide variety of fats in nature because there are many 
different fatty acids, but five of them—stearic, palmitic, butyric, 
oleic, and linoleic—are most abundantly represented in food fats, 
though a number of other fatty acids are present and may contribute 
desirable flavor and dietetic value to certain fats. 

Fatty acids are called saturated when they contain all the hydrogen 
with which they can combine. Stearic, palmitic, and butyric are 
examples of saturated fatty acids. The fats formed from these fatty 
acids have melting points sufficiently high so that they are solid at 
ordinary temperatures. Oleic and linoleic are examples of unsatu- 
rated fatty acids. These will take on more hydrogen under suitable 
conditions. They make fats that are liquid at room temperature— 
that is, oils. Unsaturated fatty acids are less stable than the 
saturated acids. 

SOME FUNCTIONS OF FAT 

Recent research, especially with small animals, has shown that fat 
does more than serve merely as a source of calories in human nutri- 
tion. It is necessary for its own sake, performing certain functions 
essential to health and well-being. For one thing, it is an important 
carrier of vitamins. Four of the vitamins, A, D, E, and K, are 
soluble in fat, and some of the fats included in a good diet are important 
sources of these vitamins. 

Again, certain types of fat are essential components of the tissue 
cells of the body. This has been known for some time, but it has 
not been easy to determine the effect of the fats in the diet on tissue 
structure. Recent work, especially that of Sinclair (1061) at the Uni- 
versity of Rochester, has thrown considerable light on this subject, 
and more exact knowledge may be hoped for in the future. 

One other definite function of fats is known. It was discovered 
several years ago that when fat was entirely absent from the diet of 
rats, they developed a characteristic disorder, among the symptoms 
of which were failure to grow and the appearance of scaly feet. That 
this could be prevented or cured by including in the diet certain 
unsaturated fatty acids—linoleic or linolenic—was shown by Burr 
and Burr (17Ô) at the University of Minnesota. Lately it has been 
shown that an acid closely related to these, arachidonic acid, is more 
effective than either linoleic or linolenic. It may be that the latter 
two are simply building stones from which the body makes the 
arachidonic acid essential for the well-being of the cells {1154)- 

The essential, unsaturated fatty acids are not rare substances but 
occur in common fats used in the diet; lard, for example, is a good 
source of these acids, and most common food fats contain some of 
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them. Even the hardened or so-called hydrogenated fats, which 
have come into common use in recent times—the hard white fats of 
vegetable origin used in cooking—have been shown to contain appre- 
ciable amounts of unsaturated fatty acids, although it might be 
expected that after hydrogénation they would no longer be unsatu- 
rated. A short study carried out by two German workers, Massatsch 
and Steudel (763)j showed that in man, so far as their studies indicated, 
the hydrogenated fat was utilized as well as natural fat when sub- 
stituted for it in the diet for 3 days. There is little basis, however, 
for claims sometimes made that hydrogenated fat is better in human 
nutrition or is more easily digested than natural fats. It was shown 
by Langworthy (660) that completeness of digestion is practically the 
same for all fats with melting points below body temperature. 

In general, then, it may be considered that our needs for the essential 
unsaturated fatty acids are met in an ordinary diet and under normal 
conditions, and that we do not need to be concerned with the pos- 
sibility of a lack of them. 

RECENT STUDIES ON FAT RELATIONSHIPS 
Several recent experiments suggest that the role of fat in relation 

to other constituents of the diet may prove to be very important. 
Mellanby (77^) in England first focused attention on the production of 
rickets by a diet high in cereals and low in calcium. He attributed 
an ^anticalcifying^ action to the cereals—something that prevented 
the proper use of calcium in the body—because as they were increased 
in proportion to other elements in the diet, the severity of the rickets 
increased. His findings have not been universally confirmed and 
the argument has gone on intermittently for several years, especially 
as to whether the calcium and phosphorus furnished by the experi- 
mental diets were in forms available for use by the body. McDougall 
(7^7) has shown that the inclusion of 11 percent of fat in a high-cereal, 
rickets-producing diet would prevent the development of rickets. 
She believes the fat promotes the absorption of calcium from the 
intestine, on the theory that the fatty acids combine with calcium 
to form calcium soaps, which are readily absorbed. In the absence 
of fat, the calcium unites with phytin—an organic phosphoric-acid 
compound—to form an insoluble salt. The calcium is then not 
available to the body, and rickets results. 

The relationship between the requirement for vitamin Bi and the 
amount of fat in the diet has been the subject of much experimenta- 
tion and discussion. Some workers have found fat to have a definite 
vitamin Bi-sparing action—that is, in the presence of fat, less vitamin 
Bi is needed—whereas others have been unable to note any such 
action. Salmon and Goodman (1001) have ascertained which fats and 
which fatty acid esters have the greatest action in sparing vitamin B^ 
Testing a number of fats, they found coconut fat to exert the greatest 
sparing action, whereas among the esters, the eight-carbon acid ester 
was the most efficacious. This is not to say that fat can replace 
vitamin Bi in the diet, but apparently it is able to modify the body's 
need for it. With the many new methods recently available for the 
determination of vitamin Bi, we may hope to learn more about the 
relationship of fats to it. 
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Schantz, Elvehjem, and Hart (1013) found that they were able to 
sustain rats on a diet of whole milk, to which minerals were added, 
but that when skim milk was used instead of whole milk considerable 
galactose, a form of sugar, appeared in the urine. When fat was 
supplied in the form of butter or several other fats, or when certain 
fatty acids were used, this loss was prevented. Just what role fat 
plays in the metabolism of the sugars lactose and galactose is still in 
question. 

Some workers have found au increased utilization of carotene by 
rats when it is admiuistered in fat as compared to administration in 
the form of non fatty vegetable tissue {616) \ and workers in India 
{12S/+) found less excretion of carotene by human beings when fat was 
present in the diet than in its absence. 

Active work is at present going on to establish the role played by 
certain fats and fatty acids in curing a severe skin trouble—a derma- 
titis or acrodynia {987, 1000). The question is still open as to whether 
the lack of these fats is the sole cause of this condition or whether 
some member of the vitamin Bg complex, especially vitamin Bg, is 
concerned. The nature of the relationship of fat to many of these 
situations is in doubt; fat may play a different part in each case, or 
the reactions noted may represent variations of the same function, 
other phases of which may be found as studies progress. It is certain 
that fat must be regarded as entering actively into and being essential 
for many metabolic processes. 

In view of a possible correlation between the scaly condition of the 
skin of the rat when the essential fatty acids are lacking in the diet 
and eczema in children, of which the exact cause has long been a 
baffling problem, the fats of the blood of normal and of eczematous 
children were studied. Brown and Hansen {161) found that in certain 
eczematous children, the amount of unsaturated fatty acids in the 
blood was reduced as compared with that in the blood of normal 
children. Furthermore, when the eczemn was cured by administra- 
tion of oils rich in the unsaturated fatty acids, the amount of these 
acids in the blood was increased. Other workers have disputed some 
of these findings and the work is too recent to be taken without 
qualifications, but it is of interest as an indication of the importance 
of dietary fat, which may be elaborated upon in the future. 

ENERGY REQUIREMENTS 

by Nancy B. Morey5 

THE BODY needs fuel to supply energy for the work of the internal 
organs and the maintenance of body heat, which is a byproduct of 
this internal work. Work and play, which might be called external 
activities, also require energy. In both cases the energy must come 
from the burning, or oxidation, of proteins, fats, and carbohydrates, 
which occurs in metabolism. Since no known vitamin or salt has 
been found to increase muscular efficiency, it is impossible to substi- 
tute quality for quantity in the matter of calories. It takes about 
the same number of calories for a foot-pound of work no matter what 
kind of food provides them {97S), 

5 Nancy B. Morey was formerly Assistant in Home Kconomics, Cornell University. 
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There is a difference, however, in the number of calories in a given 
amount of different kinds of foods. Fats are the most concentrated 
body fuels, supplying more than twice as many calories as an equal 
weight of proteins or carbohydrates. Carbohydrates and fats are 
completely oxidized when digested and absorbed by the body, but 
proteins are not; energy-bearing residues, or metabolic products, of 
protein are lost, chiefly in the urine but to some extent in the feces. 
When a mixed diet is eaten, some fat, carbohydrate, and protein also 
escape digestion, so that when all possible losses are considered, the 
energy values to the body, or the physiological fuel values, of 1 gram 
each of protein, of fat, and of carbohydrate become 4, 9, and 4 calories, 
respectively.6 

TABLE ].—Average weight according to height and age1 

MEN 

Weight at age— 

Height (with shoes on) 
15 to 19 
years 

20 to 24 
years 

Pounds 
119 
121 
124 
127 
131 
135 
139 
142 
146 
150 
154 
158 
163 
168 
173 

25 to 29 
years 

30 to 34 
years 

35 to 39 
years 

40 to 44 
years 

45 to 49 
years 

50 to 54 
years 

55 to 59 
years 

Feet Inches 
5  0    

Pounds 
110 
113 
116 
120 
124 
128 
132 
136 
140 
144 
148 
153 
158 
163 
168 

Pounds 
124 
126 
128 
131 
134 
138 
142 
146 
150 
154 

}g 
169 
175 
181 

Pounds 
127 
129 
131 
134 
137 
141 
145 
149 
154 
158 
163 
168 
174 

Pounds 
129 
131 

\n 
140 
144 
148 
152 
157 
162 
167 
172 
178 
184 
191 

Pounds 
132 
134 
136 
139 
142 
146 
150 
154 
159 
164 
169 

\H 

Pounds 
134 

îi 
141 
144 
148 
152 
156 
161 
166 
171 

ïll 
190 
197 

Pounds 
135 
137 

III 
145 
149 
153 
157 
162 
167 
172 
178 
184 
191 
198 

Pounds 
136 
138 
140 
143 
146 
150 
154 
158 
163 
168 

5  1 
5   2      
5  3  
5  4 
5  5    .___ 
5  6___   
5  7 
5  8     =.  
5  9-.    
5  10 
5  11      179 
6  0 185 
6  1 192 
6   2  199 

WOMEN 

4 11.. 
5 0-. 
5 1_. 
5 2_. 
5 3-. 
5 4-. 
5 5-. 
5 6_. 
5 7-. 
5 8_. 
5 9-. 
5 10-. 
5 11.. 
6 0_. 

107 113 116 119 122 126 129 131 
109 115 118 121 124 128 131 133 
112 117 120 123 126 130 133 135 
115 120 122 125 129 133 136 138 
118 123 125 128 132 136 139 141 
121 126 129 132 136 139 142 144 
124 129 132 136 140 143 146 148 
128 133 136 140 144 147 161 152 
132 137 140 144 148 151 155 157 
136 141 144 148 152 155 159 162 
140 145 148 152 156 159 163 166 
144 149 152 155 159 162 166 170 
148 153 155 158 162 166 170 174 
152 157 159 162 165 169 173 

132 
134 
137 
140 
143 
146 
150 
153 
158 
163 
167 
173 
177 
182 

i Based on a study of more than 200,000 insured men and 130,000 insured women.    Weights given include 
ordinary clothing. 

The vigorous individual of normal weight may depend upon appe- 
tite to ensure the intake of the needed amount of calories if there is 
no scarcity of food. However, as people grow older and less active 
they often fail to change their habits of energy consumption, with the 
result that they store the extra calories and grow fatter. It has been 
found by the Life Extension Institute that for best health men and 

6 These are Atwater's fuel-value factors (see p. 169). 

141394°—39 12 
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women above 30 years of age should try to maintain the average 
weight for persons of their height at 30 years, as given in table 1 (785). 
The average American woman below 30 years of age is at present 
inclined to be too thin; it has been found that, up to the age of 30, 
the healthiest women are those who are somewhat above the average 
weight for women of their height. 

DETERMINING ENERGY REQUIREMENTS 

By and large, the number of calories consumed by normal healthy 
individuals is a fairly good guide to their energy needs, and this fact 
is the basis of one of the chief sources of information as to energy 
requirements, the dietary study. Energy requirements of human 
beings have been studied in two ways: (1) From the point of view of 
energy intake, or number of calories furnished by the food habitually 
consumed to supply the energy for daily living; (2) from the point of 
view of energy output, or the amount of energy expended by the 
body in carrying on the various processes which make up the demand 
for energy. 

Information on intake of calories has been furnished by dietary 
studies, in which the energy supply per day is calculated from a 
record of the kinds and amounts of foods consumed by an individual 
or a group over a given period. The question of energy output has 
been answered by calorimetry experiments, which give accurate 
figures for energy expenditures under specific conditions. There are 
various kinds of calorimeters, some more elaborate than others. The 
one used for the most elaborate experiments is an airtight, double- 
walled box, chamber^ or small room, large enough for the subject to 
carry on various activities in comfort, with rather complex mecha- 
nisms for changing the air, preventing loss of heat in any way, and 
measuring all the heat given off by the subject. In the larger calori- 
meters a subject can live for days, receiving service through an opening 
with a tight cap at each end. A simple respiration apparatus can 
also be used for measuring energy output indirectly. In this case, 
the subject breathes through a mouthpiece or nosepiece and the energy 
output is calculated from the amount of oxygen used and other factors. 

From calorimeter experiments it has been learned that the energy 
expended in simply maintaining the processes of life is fairly constant 
for the same individual from day to day and is very nearly the same 
for persons of the same size, age, and sex. Such a measurement is 
obtained by determining the hourly expenditure of energy in an indi- 
vidual lying awake and relaxed, at a comfortable temperature, 12 to 
14 hours after his last meal, and is known as the basal metabolic 
rate. 

VARIATIONS IN REQUIREMENTS 

^ An individual at about the end of his first year of life has the 
highest energy expenditure per unit of weight that he will ever have. 
After the first year the basal metabolism falls gradually except for a 
slight rise before puberty. During young adulthood it remains fairly 
constant at about 1 calorie per kilogram (2.2 pounds) of body weight 
per hour, but falls again with old age. In general women have a 
slightly lower rate than do men of the same size, probably because 
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of the larger proportion of fat in the woman's body. Basal metabolism 
is thought to be related to the amount of active cell tissue in the 
body. Some workers point out that the basal metabolism is more 
closely related to surface area than to weight, but in either case the 
same general tendencies are observed. 

Low temperature (cold) increases metabolism. The taking of food 
also raises energy output, roughly 6 percent. Proteins increase 
metabolism more than do fats and carbohydrates; this is the reason 
for avoiding large quantities of protein-rich foods, such as meat, in 
hot weather. More than anything else, muscular activity increases 
energy expenditure. Every movement that is made means an energy 
expenditure over and above the basal requirement. Sitting up, 
standing, walking, running—each calls for a progressively greater 
output of energy. The energy required for all sorts of activities has 
been measured by many different investigators. From such figures 
as those in table 2 (983) it is possible to estimate the daily energy 
requirement if the approximate time spent in various activities is 
known. 

TABLE 2,—Energy output per kilogram (2,2 pounds) of body weight per hour 
for different activities 1 

Activities   inci- 
dental to everyday 

living 

En- 
ergy 
out- 
put 

Activities involved 
in  housekeeping 

En- 
ergy 
out- 
put 

Activities   in- 
volved in various 

trades 

En- 
ergy 
out- 
put 

Activities involved 
in recreation 

En- 
ergy 
out- 
put 

Basal needs..  
Sitting quietly  

Calo- 
ries 
1.0 
.4 
.4 
.4 
.5 
.7 
.9 

2.0 
7.0 
4.1 

14.7 

Sewing, hand  
Sewing, machine. _ 
Knitting            

Calo- 
ries 
0.4 

.4-.6 
.7 
.6 

1.0 
1.0 
1.3 

1.4 
2.7 

Bookbinding.... 
Tailoring  
Typing rapidly. 
Shoemaking  
Painting  
Carpentry  
Stone masonry__ 
Sawing wood.... 

Calo- 
ries 
0.8 
.9 

1.0 
1.0 
1.3 
2.3 
4.7 
5.7 

Reading aloud  
Singing      ..     

Calo- 
ries 
0.4 
.8 

Eating  Playing the piano. 
Bicycling  
Dancing      

8-2 0 
Writing Paring potatoes. __ 

Dishwashing..  
Ironing     

2 5 
Standing relaxed.__ 3.0-3.8 
Dressing       _„   „ _ Skating  

Ping-pong 
3.5 

Driving automobile Laundering.  
Sweeping    with 

broom     

4.4 
Walking   (3  miles 

per hour).. 
Swimming  7.9 

Running  __ Vacuum cleaning... 
Going downstairs. 
Going upstairs  

i Add 6 percent to the estimated requirement to allow for the effect of food. 

From such figures and from weekly records of the time spent in 
the various activities of homemaking by farm women, it has been 
calculated that the average farmer^ wife requires about 2,600 calories 
a day. If her weight is about 136 pounds, or 62 kilograms, which 
was the average weight of a group of farm women observed in New 
York State, the requirement per day amounts to about 42 calories 
per kilogram, or about 19 calories per pound. This amount agrees 
with the results of the few dietary studies of farm women that are 
available. 

While many studies have been made of the energy intake of the 
farm family as a whole, few have measured the intake of each member 
individually. For the active farmer, such evidence as there is sug- 
gests a requirement of 3,500-4,000 calories a day. 

Concerning the requirements of city housewives, the writer has 
stated elsewhere  (812) that it appears to be true that the energy 
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requirement of farm women is greater than that of housewives in 
towns and cities. Unpublished data of the Bureau of Home Eco- 
nomics, United States Department of Agriculture, show the time 
spent by 692 town and city housewives (college graduates) in different 
activities. In estimating the energy requirement, an average weight 
of 129 pounds (58.5 kilograms) was used for these women. If their 
average daily energy expenditure is calculated in the same way that 
the energy expenditure of farm women was calculated, it indicates a 
requirement of about 2,300 calories. 

Orr and Leitch (878) estimate that— 
men in employment, making only a modest allowance for non-industrial activities, 
require daily from about 3,000 calories for the clerk and tailor to about 4,700 
calories for the smith and coal miner. 

Women require daily not less than 2,200 calories for the housewife and typist 
and up to probably 3,300 calories for those engaged in heavy industrial work. 
The nursing mother requires from 2,900 to 3,500 calories daily. 

The requirements of adults will be increased by from 300 to over 1,000 calories 
daily by only 2 hours of sport or physical training. 

Children, in addition to the requirements for maintenance and 
activity, need an extra supply of calories for storage in new body 
material as they grow. It has been calculated that about 75 surplus 
calories a day are required to increase the body weight 2 pounds a 
year. The most reliable information as to children's total energy 
needs has come from dietary studies, for it is difficult to confine the 
activities of childhood in the space necessary for calorimetry studies, 
or to test them by the apparatus required. While the dietary may 
not represent the optimum or ideal in a given case, it may be assumed 
that the supply of calories is sufficient if the child is of normal weight 
and showing normal growth. 

In 1932 the results of all the available dietary studies which had 
ever been made of individual children were summarized by Lydia 
Roberts for the White House Conference on Child Health^ and Pro- 
tection (973). Studies from eight different countries were included, 
covering a period of 50 years, 1882-1932. Many of the recent investi- 
gations were made by Roberts and her coworkers {1177). The results 
of these studies haVe been summarized in table 3 (983), 

TABLE 3.- —Daily calorie requirements of children in terms of ag e and body weight 

Age (years) 

Calories per kilogram 
for— 

Calories per pound 
for- 

Boys             Girls Boys Girls 

1-2                                          100-90  i           100-90 45-40 
40-36 
36-32 
32-27 
27-25 
27-25 
25-23 

45-40 
3-5  90-80 

80-70 
70-60 
(10-55 

90-80 
80-70 
70-60 
50-45 
45-40 
40-35 

40-36 
6-9 36-32 
10-13  
14-15      __                       

32-27 
23-20 

16-17  (30-55 
55-50 

20-18 
18-19  18-16 

The energy requirements of underweight children should be cal- 
culated on the basis of normal weight for children of their age and 
height. Figures showing normal weights of children of different 
heights and ages, compiled by Baldwin and Wood (-58) and accepted 
by the medical profession as being correct, are given in table 4. 
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TABLE 4.—Baldwin-Wood normal heights and weights for girls and boys 
5 to 18 years of age 1 

GIRLS " 

Age 
Height 5 

years 
6 

years 
7 

years 
8 

years years 
10 

years 
11 

years 
12 

years 
13 

years 
14 

years 
15 

years 
16 

years 
17 

years 
18 

years 
Feet Inches 

3 2 
3 3 
3 4 
3 5 
3 ß 
3 7 
3 8 
3 9 
3 10 
3 11 
4 0 
4 1 
4 2 
4 3 

Lbs. 
33 
34 
36 
37 
39 
41 
42 
45 
47 

Lbs. 
33 
34 
36 

: 
41 
42 
45 

: 
52 
54 
56 

Lbs. 

36 

: 
41 
42 
45 
47 
50 
52 
54 
56 
59 
63 
66 

Lbs. 

41 
42 
45 
48 
50 
52 
55 
57 
60 
64 
67 
69 
72 

Lbs. 

45 
48 
50 
52 
55 
58 
61 
64 
67 
70 
74 
76 
80 

Lbs. 

:: 
56 
59 
61 
64 
68 
70 
74 
78 
82 
84 
87 
91 

Lbs. 

53 
56 
61 
63 
65 
68 
71 
74 
78 
82 
86 
90 
95 
99 

104 

Lbs. 

62 
65 
67 
69 
71 

I 
82 
86 
90 

.: 
105 
no 
114 
118 

Lbs. 

71 
73 
77 
81 
84 
88 
92 
97 

101 
106 
110 
115 
120 
124 
128 
131 

Lbs. 

78 
83 
88 
93 
96 

101 
105 
109 
112 
117 
121 
124 
130 
133 
135 
136 

Lbs. 

92 
96 

100 
105 
108 
113 
116 
119 
122 
125 
131 
135 
137 
138 

Lbs. 

101 
103 
108. 

ÎL2 

117 
120 
123 
128 
133 
136 
138 
140 
142 

Lbs. 

104 
109 
113 
117 
119 
122 
125 
129 
133 
138 
140 
142 
144 

Lbs. 

4 4 
4 5 
4 6 
4 7 
4 8 
4 9 
4 10 
4 11 
5 0 Ill 
5 1 116 
5 2 118 
5 3 120 
5 4 123 
5 5 
5 6 130 

135 5 7 
5 8 

Î1 
144 

5 9 
5 10 
5 11 ___ __ 138 140 146 

BOYS 

3 2 34 34 
3 3 35 35 
3 4 36 36 
3 5 38 38 38 
3 6 39 39 39 39 
3 7 41 41 41 41 
3 8 44 44 44 44 
3 9 46 46 46 46 46 
3 10 47 48 48 48 48 
3 11 49 50 50 50 50 50 
4 0 52 53 53 53 53 
4 1 55 55 55 55 55 55 
4 2 57 58 58 58 58 58 58 
4 3 61 61 61 61 61 61 
4 4 63 64 64 64 64 64 64 
4 5 66 67 67 67 67 68 68 
4 6 70 70 70 70 71 71 72 
4 7 72 72 73 73 74 74 74 
4 8 75 76 77 77 77 78 78 80 
4 9 79 80 81 81 82 83 83 
4 10 83 84 84 85 85 86 87 
4 11 87 88 89 SO 90 90 90 
5 0 91 92 92 93 94 95 96 
5 1 95 96 97 99 100 103 

107 
106 
HI • 5 2 100 101 102 103 104 116 

5 3  ' 105 106 107 108 110 113 123 
126 
131 
136 

5 4 109 111 113 115 117 
122 

121 
5 5 114 117 118 120 127 

132 5 6 119 122 125 128 
5 7 124 128 130 134 136 139 
5 8 134 134 m 
5 9   137 139 Ul 146 149 
5 10 143 144 146 148 
5 11 148 150 151 152 154 
6 0 153 155 

160 
164 

156 
162 
168 

158 
164 
170 

6 1 157 
6 2 160 

1 Weights are inclusive of regular clothing, except shoes, coats, and sweaters. 
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Height-weight averages for boys and girls up to 5 years of age {904) 
are presented in table 5 to meet a need long felt by many child spe- 
cialists who have found most charts of growth norms for young chil- 
dren unsatisfactory on two counts. In the first place, norms such as 
those of Woodbury {1258) and of Baldwin and Baldwin and Wood 
{57, 58) have appeared to be too low for children reared with optimal 
(or at least above the average for the population) medical and home 
care. In the second place, for such children there have been lacking 
adequate normal weight figures for varying heights at given months 
of age through the first 5 years of life. 

TABLE 5.—Height-weight averages for hoys and giris 1 to 60 months of age 

Age 
Boys Girls 

Ago 
(months) 

12  
1 15  

i ^:::::::::: 
; 24  

30  
36  
42  
48  
54  

; 60  

Boys Gi 

Height 

Inches 
29.4 
30.fi 
31.8 
32.9 
34.0 
35.8 
37.4 
39.0 
40.5 

til 

rls 

(months) 

1  
2  
3_       

Height 

Inches 
21.0 
22.9 
24.2 
25.4 
26.2 
27.0 
27.6 
28.1 
28.7 
29.2 
29.7 

Weight 

Pounds 

¿:î 
13.4 
15.2 
16.8 
18.0 
19.0 
19.9 
20.7 
21. 5 
22.1 

Height 

Inches 
21.3 
22.5 
23.7 
24.7 
25.5 
26. 2 
26. 8 
27.4 
28.0 
28.5 
29. 0 

Weight 

Pounds   : 
8.9 , 

10.9 
12.7 
14.2 
15.0 
16.8 ; 
17.8 1 
18.8 i 
19.7 ! 
20.5 ' 
21.2 1 

i 

Height 

Inches 
30.1 
31.3 
32.4 
33. 5 
34.5 
36.3 
w n 

Weight 

Pounds 
22.8 
24.4 
25. 9 
27.4 
28.8 
31.4 
32   7 

Weight 

Pounds 
21.8 
23.4 
24 7 

4  
5 

26.0 
27 2 

6  29.5 
31 8 

8 M 6         :46 n 34 1 
9  
10  
11  

41.1 
42. 5 
43.9 

38.0 
39.8 
41.7 

36.4 
38.7 
40.8 

ESTABLISHING STANDARDS7 

As knowledge of energy intake and output under various conditions 
has gradually accumulated, standards of energy requirements for 
persons of different ages and occupations have been set up and from 
time to time revised and extended until today there is a confusing 
number of such standards from which to choose. 

Besides all the American standards many have been proposed in 
other countries. In an attempt to bring some order out of the chaos, 
the Health Organisation of the League of Nations called a meeting 
of nutrition workers in Rome in 1932. A tentative scale and stand- 
ard was proposed there {668) which in comparison with most of the 
American standards seemed alarmingly low. At a more recent meet- 
ing of the Leaguers Technical Commission on. Nutrition in London, 
in 1935, it was pointed out {669) that part of the difficulty in reaching 
agreement was due to the fact that standards were designed for differ- 
ent purposes, some to represent minimum requirements, others 
optimum needs. While this is perhaps less true of energy require- 
ments than of other dietary essentials, it may explain the low stand- 
ards adopted at the first conference. 

At the London meeting, the commission adopted a scale and stand- 
ards expressed quite differently from all others: 

Instead of adopting a mean [average] figure representing the needs of an adult 
man performing an average but indeterminate output of work, the Committee 

7 The discussion in the following pages is somewhat more technical in character and is intended primarily 
for students of nutrition and professional workers. 
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fixed a basic figure representing the requirement for maintenance to which sup- 
plements could be added for work, growth, pregnancy and lactation. This 
basic [maintenance] figure represents the need of the average adult male or female 
living an ordinary everyday life in a temperate climate and not engaged in manual 
work. The [maintenance] needs of such an individual are stated to be met by 
2,400 calories net (after deducting waste in cooking and at table) per day {67Í). 

This, it was pointed out, amounts to about 100 calories per hour. 
No distinction was made between the sexes for individuals of approxi- 
mately the same height and weight and in the same age group. As 
the amount of muscular work varies with occupation and number of 
hours, it was suggested that supplements be calculated on an hourly 
basis for the type of work done: 

The following supplements for muscular activity should be added to the basic 
requirements : 

Light work: up to 75 calories per hour of work. 
Moderate: 75 to 150 calories per hour of work. 
Hard work: 150 to 300 calories per hour of work. 
Very hard work: 300 calories and upwards per hour of work. 
The muscular activities characteristic of every healthy child and adolescent 

necessitate additions to their basic requirements. [See table 6.] It is suggested 
that the activities of children of both sexes from 5 to 11 years be considered 
equivalent to light work, of boys from 11 to 15 years as moderate work, and of 
girls from 11 to 15 upwards as light work. 

According to the commission's report, the requirements of women 
in pregnancy are to be calculated in the same way as their normal 
requirements, but a nursing woman is given a basic allowance of 1.25 
times the normal requirement, or a total of 3,000 calories, to which 
additional allowances for activity are to be made. 

Babies up to 6 months of age require 100 calories per kilogram of 
weight or 45.4 calories a pound a day; at 6 to 12 months, 90 calories 
a kilogram, or 40.9 calories a pound. 

TABLE 6.—Proportion of adult basic requirement and basic number of calories per day 
for children 1 to 12 years of age 

Age 
(years) 

Coeffi- 
cient Calories Age 

(years) 
Coeffi- 
cient Calories Age 

(years) 
Coeffi- 
cient Calories 

Ito 2 0.35 
.42 
.50 

840 
1,000 
1,200 

5 to 7        __   __ 0.60 
.70 
.80 

1,440 
1,680 
1,920 

11 to 12           0.90 
1.00 

' 2,160 
2 to 3         7 to 9_     12 and over  2,400 
3 to 5 9 to 11 

In discussing these figures in its 1937 meeting, the Technical Com- 
mission states {670)— 
it is obvious that the appraisal of the muscular activity of a given individual, as 
well as of the energy supplements involved, is but approximate at best. It is 
impossible to suggest a single set of figures which are internationally applicable, 
since the energy requirements of men, of women and of children of different ages 
differ greatly from country to country, and even within one and the same country, 
owing to such factors as differences in the length of the working day, differences 
in the intensity of activity, in average body size, in climate, etc. Therefore the 
Commission makes no attempt to suggest single figures for the total energy 
requirements of each category of individuals. 

Since, however, such figures are needed in connection with dietary surveys for 
constructing scales of relative requirements, the energy supplements required in 
addition to the basic allowances should be noted by the nutrition experts responsi- 
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ble for the dietary surveys. When the total energy requirements have thus been 
determined, scales of relative requirements can easily be developed, using as 
unity either 2,400 calories, the allowance for a sedentary man, or 3,000 calories, 
the allowance for a moderately active man. 

The following schedule may be of use in drawing up such scales. Column 1 
contains the Commission's allowances for energy requirements in average basic 
diets. Columns 2 and 3 provide space for the investigator's entry of the average 
number of hours during which the subjects are especially active, and the average 
number of calories per hour needed to support this activity. In column 4 can 
be entered the total daily allowances. In column 5 or 6, the totals given in col- 
umn 4 should be expressed as decimal fractions of the two values of unity—i. e., 
2,400 or 3,000 calories, respectively. 

The decimal coefficient which is to be given in one of these two columns expresses 
the relation of the total ration (column 4) to the value of unity chosen. 

Scales based on either value of unity may be used in appraising the calorie value 
of diets, provided that the value of unity and the scale used are stated along with 
the results. 

Schedules ¡or recording Relative Energy Allowances 

Energy 
allow- 

ance for 
basic 
diets 

(without 
work) in 
net calo- 

ries 

Supplementary al- 
lowance for spe- 
cial activity Tota,! 

energy 
allow- 
ance 

in net 
calories i 

Scale    of    relative 
allowances 2 

Individual 
No. of 

hours of 
special 
activity 

No. of 
calories 

per hour 
of ac- 
tivity 

Total, 
2,400 
= 1.00 

Total, 
3,000 
= 1.00 

1 2 3 4 5 6 

Men (20 to 59 years): 
Sedentary 2,400 

2,400 
2,400 
2,400 
2,400 
2,400 

Light work.. 
Moderate work _          _       
Hard work __ 
Very hard work.__       _       __ 
60 years and over    

Women: 
Ordinary life- 

2,400 
3,000 

2,400 

Housework  
Pregnant + housework  
Nursing + housework  

Boys: 
Between 15 and 19 years. _ 

"        12   "   15     " 
11    "   12     " 

9   "   11     "     

2,400 
2,160 
1,920 
1,680 7   "     9     " 

5   "     7     "_ 1,440 

Girls: 
Between 15 and 19 years  2,400 

2,400 
2,160 
1,920 
1,680 
1,440 

1.200 

12   "   15     "  
11    "   12     "     

9   "   11     "     _ 

5   "     7     "   _ 

Children: 
Between 3 and 5 years  

2   "   3     " hZ\ 1   "   2     " 
Under 1 year3. 

1 Computed to nearest 100. 
3 Computed to nearest 0.05. 
3 To be computed on basis of weight. 

In order to illustrate the way in which the scales should be computed, the 
Commission cites the following arbitrary example: 
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Energy 
allow- 

ance for 
basic 
diets 

(without 
work) in 
net calo- 

ries 

1 

Supplementary al- 
lowance for spe- 
cial activity Total 

energy 
allow- 
ance 

in net 
calories * 

Scale    of    relative 
allowances -' 

Individual 
No. of 

hours of 
special 
activity 

No. of 
calories 
per hour 

of ac- 
tivity 

Total, 
2,400 
= 1.00 

Total, 
3,000 
= 1.00 

2 3 4 5 0 

Man, weighing about 70 kg., aged 20 to 59 
years: 

Sedentary           _           2,400 
2,400 
2,400 
2.400 
2,400 

0 
8 
8 

? 

2,400 
2,700 
3,000 
3.000 
4, 500 

1.00 
1.15 
1. 25 

0.80 
Light work 35 

75 
150 
300 

90 
Moderate work_.    ..         _ ___ 1.00 
Hard work      __ 
Very hard work           

1.50 !           1.20 
1.00 !            1  50 

1 Computed to nearest 100. 
2 Computed to nearest 0.05. 

Here, then, are standards and scales summing up present-day 
knowledge of energy requirements and agreed upon by nutrition 
experts from Austria, France, Great Britain, Italy, the Scandinavian 
countries, the Union of Soviet Socialist Republics, and the United 
States. The commission hopes that future studies will be based on 
these scales and standards, facilitating comparisons of studies made in 
different countries; but most of all, it hopes that all nations will 
provide for their citizens the full benefits of adequate nutrition as 
summed up in these standards. 

A BRIEF HISTORY OF THE DEVELOPMENT OF FOOD-ENERGY STANDARDS 

Fuel-value factors—the respective energy-producing values of 1 
gram of protein, of fat, and of carbohydrate—were first determined 
by the German physiologist, Rubner, in 1884 {991). His factors—4.1, 
9.3, 4.1—took into account only those losses due to incomplete 
oxidation of protein and were therefore slightly higher than those 
determined by Atwater in 1899, which allowed for all possible losses 
ip. 161). Rubner's factors are most widely used in other countries, 
Atwater's in this country. 

The first energy standards were based to a large extent upon dietary 
studies which had already been made by the great German scientist, 
Carl Voit, and students in his laboratory before Rubner determined 
the fuel-value factors. The results of some of these studies, stated in 
terms of the number of grams each of protein, fat, and carbohydrate 
contained in the diets, had been suggested by Voit in 1881 as standard 
requirements for persons of the ages and activities represented. 
Rubner's fi work of determining the fuel-value factors, which was 
carried out in Voit's laboratory and at Voit's suggestion, made it 
possible to calculate the energy values of the standard diets. The 
energy allowances were found to be 3,055 calories per day for a man 
at ^moderately hard work," 2,426 calories for a woman at ordinary 
work about the house, 2,041 calories for children 15 down to 6 years 
of age, and 767 calories for children under 2 years (47). The small 
amount of data on children at that time is indicated by the wide age 
grouping and the lack of data for ages between 2 and 6 years. 
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Soon after the publication of Rubner's energy factors, an investiga- 
tion was begun in the United States to determine the dietary habits 
and energy requirements of laborers. This work was started by 
W. O. Atwater, director of the first agricultural experiment station 
established in this country, at Storrs, Conn. Later, as first director 
of the Office of Experiment Stations in the United States Department 
of Agriculture, he encouraged the experiment stations throughout the 
United States to undertake dietary studies. These studies initiated 
by Atwater became the most extensive series of investigations of the 
kind ever made. Not only did Atwater promote the widespread 
study of American dietaries, but he was also responsible for the building 
of the most technically perfect calorimeter ever devised for the 
measurement of human energy expenditure. Many invaluable 
experiments were carried out in this calorimeter." Atwater always 
insisted that investigations into human nutrition should go hand in 
hand with the study of problems of scientific farming; he considered 
the proper nourishment of human beings a logical part of those 
problems. 

Atwater was the first to express energy requirements in terms of a 
scale of coefficients, the unit of which was the energy need of an average 
man at moderately active work. His purpose in expressing energy 
requirements in this way was to make possible the comparison of the 
energy intake of families or groups of persons varying in age and 
activity, for it is much more practicable to measure the quantities of 
foods consumed by a family or group than to measure the amounts 
eaten by each individual in the group. Atwater stated the problem 
thus: 

If . . . we could take a particular class, as laboring men at moderate work, and 
find to how many average men of this class the people nourished by each dietary 
would be equivalent in their demands for nutrients, we should simply have to 
divide the total quantity of nutrients supplied per day by this equivalent number 
of men to get the quantities per man per day (^7). 

As his unit Atwater took the standard proposed by Voit from studies 
of the food consumption of German laborers, 3,055 calories. He 
expressed Volt's standards for women and children as fractions of this 
amount: Man at moderate work, 1.0; woman at ordinary work about 
the house, 0.8; child 15 to 6 years, 0.7; child 6 to 2 years (this he inter- 
polated from Voit's figures)^ 0.5; child under 2 years, 0.25. 

Atwater was astonished to find that the energy values of the diets 
of American workmen were higher than those of German workers, and 
he came to the conclusion that American workers had "the liberal 
nourishment . . . essential to large production, high wages, and the 
highest physical existence7'' (4^, V-190). On the basis of his studies he 
proposed 3,500 calories a clay as the standard energy requirement for 
American workmen. The inadequacy of the energy scale as concerns 
children need not raise doubts as to the accuracy of Atwater's figures 
for laborers, for the studies upon which these conclusions were based 
were carried out at factory workers^ boarding houses and included 
large numbers of workers with few or no women or children. The 
energy values of these first studies were calculated by the use of 
Kühneres energy factors; on the basis of Atwater's own factors, worked 
out later, the standard became 3,400 calories (^.9). 
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The fact that the change in standard from 3,055 to 3,500 calories 
automatically raised the allowances made for women and children by 
the original energy scale was never pointed out. This was probably 
because the dietary scales were not used to estimate the needs of 
families or groups at that time, but only to reduce them to a common 
unit for purposes of comparison. For this purpose the standard upon 
which the scale is based is not so important as that the same scale be 
used always to measure the man-units in the groups to be compared. 
When a scale is used to estimate the needs of a family, a group, or a 
nation, the standard becomes very important and accuracy in the 
scale is desired. In 1897 it was first suggested that the scale might be 
used to estimate needs (50), and in later years this became the chief use 
of dietary scales. 

Atwater's scale was often enlarged to take account of varying degrees 
of adult activity as studies of persons engaged in different occupations 
were made. The scale was also revised to take account of the require- 
ments of children at closer age intervals. Although few dietary studies 
of American children were made in Atwater's time, data were available 
from the increasing numbers of studies of German children. Many 
standards and scales have since been proposed both in this country 
and in other countries. Most of them have been based on an ^adult 
male unit" of 3,000 calories instead of 3,400 calories as in Atwater's 
scale. This means that the standard unit has been shifted to allow 
for a lower degree of activity, not that Atwater's unit was too high for 
the activities which it represented. 

In 1907 Langworthy, who had worked with Atwater, summarized 
and compared the results of all dietary studies made in this country 
and in other countries.    He concluded (669): 

The results obtained the world over do not differ markedly from a general 
average of 3,000 calories of energy, and it is fair to say that although foods may 
differ very decidedly, the nutritive value of the diets (as regards energy) . ..is 
very much the same for a like amount of muscular work. 

It is doubtless because of this statement that later scales in this 
country were generally based on a standard unit of 3,000 calories. 

In 1917 Gillett made a thorough survey of all the data on children's 
energy needs, and suggested allowances for healthy children based on 
these figures UH)- Even at that time most of the available data were 
from German studies. Much later—1931—Gillett's allowances were 
expressed in the form of a scale, based on an adult male unit of 3,000 
calories (4-18)- 

In 1918, Lusk (70^) set up standards and a scale based on 3,000 
calories as the unit for the use of the Interallied Scientific Food Com- 
mission during the World War. His figures were based chiefly on 
estimates of energy output under different conditions as shown by 
calorimeter studies. 

In 1921, more standards for children were suggested by Holt and 
Fales (535), based upon estimates of the factors which m^ke up the 
demand for food and checked by dietary studies. 

In 1927, Hawley {500) proposed a scale and standards for the use 
of the Bureau of Home Economics. These were based upon a very 
able summary and analysis of existing American scales and standards 
and did much to eliminate the confusion which had arisen in their 



172 YEARBOOK OF AGRICULTURE, 1939 

use. She made it quite clear that a scale must always be used in 
conjunction with the standard upon which it is based. She found 
that Atwater's scale had often been used in conjunction with the 
standard adult male unit of 8,000 calories rather than that of 35400 
calories upon which it was based, with very misleading results. The 
energy unit of Hawley's scale was 3,000 calories. 

In Î932, Roberts summarized all the results of dietary studies made 
on individual children from 1882 to 1932 (973), To these she added 
many studies of her own. She found that the energy requirements of 
girls were more closely related to their height than to their weight 
and proposed new standards for girls on this basis {1177), but she did 
not state her results in the form of a scale. 

In 1939, as a basis for computing the number of energy requirement 
units to which family groups are equivalent, Stiebeling and Phipard 
{1104) suggested calorie allowances for men and women of given 
height and weight at each of four degrees of activity and for children 
at different age levels, as shown in table 7. The fact that a single 
figure is given for a wide age or activity range indicates the approxi- 
mate character of these allowances. On this basis they compute a 
simple energy requirement scale using 3,000 calories, or the allowance 
for a moderately active man of 70 kilograms (154 pounds) body 
weight, as the unit. This scale has been used in all of the recent 
dietary studies made by the Bureau of Home Economics in sum- 
marizing data from families differing in size and composition. 

TABLE l.—Food energy: Suggested daily allowances 

Description of individual 
Suggested 

allow- 
ances 

Rcquire- 

Sex, age, and activity Average height Average weight 
ment 
scale 

Men, 20-59 years: i__    
Inches 

68 

Centi- 
meters 

173 
Pounds 

154 

Kilo- 
grams 

70 

Net 
calories Units 

Moderately active work 2  

2,700 
2, 400 

1 00 
Very active work 3  1 50 
Light work <  90 
Sedentary work 5.      80 

Women, 20-59 years: i  64 163 132 60 
Moderately active work 2  2,500 

iz 
2,100 

3,600 
3, 000 
2,500 
2,400 
2,100 
1, 500 

2,500 
2,400 
2,100 
1, 500 

1,200 
900 

83 
Very active work 3  1 00 
Light work 4_ 77 
Sedentary work 5.      70 

Boys: 
16-19 years . 

% 
57 
53 
49 

145 
135 

139 
111 

a 
55 
40 

121 
89 
64 
39 

29 
22 

37 
31 
25 
18 

55 
40 
29 
18 

13 
10 

1 20 
13-15 years  1 00 
11-12 years-.   _ 83 
9-10 vears. 
7-8years___  70 
4-6 years.. 42 !          in? '50 

Girls: 
14-19 years  
11-13 years  

64 
58 
52 
42 

163 
147 
132 
107 

.83 
80 

8-10 vears..     .        ...        _ 70 
4-7 years .                    _ _        _ _ .50 

Children: 
2-3 years._       _ _   35 |            89 

sn i          7fi Under 2 years .30 

1 A reduction of about 10 percent was made in calorie allowances for persons between the ages of 60 and 
75, and of about 20 percent for those over 75 years. Some adjustments were also made for persons in each 
group whose height was above or below average. 

2 Moderately active work—standing or walking with moderately heavy loads. 
3 Very active work—rapid heavy lifting or pulling with exposure to weather. 
< Light work—seated, with considerable arm or leg movement; or standing and walking with little lifting 

or strain. 
Sedentary work—seated, involving little arm or leg movement. 



PROTEIN   REQUIREMENTS  OF   MAN 

by D. Bréese Jones1 

I F there were any one "secret of life," protein might be considered to be 
at the heart of it, since protein is the essential stuff of which all living 

tissue is made. In animal and human bodies, proteins also enter into the 
chemical structure of some of those mysterious hormones that have such 
widespread effects. Proteins, in turn, are made up of simpler substances 

called amino acids, which have been called the actual building stones of 

the body. In this article, the author gives an account of these amino 

acids as they are now understood, in addition to summarizing what is 

known about our protein needs from the standpoint of quality and 
quantity. 

SATISFACTORY NUTRITION for all animals requires that protein be sup- 
plied in the diet in sufficient quantity and that it be of the right kind. 
Protein is primarily the body-building material. It constitutes the 
chemical basis of all living cells, and without it life cannot exist. The 
organic substance of the organs and most of the tissues is made up 
principally of protein substance, and no other substance can take its 
place. On the average about 18 percent of the human body consists 
of protein. Hair, nails, skin, and muscle tissue consist almost entirely 
of protein. 

Not only is protein required for the construction of new body tissues 
during growth from the tiny egg which marks the beginning of life to 
adult development, but there is also a requirement throughout life for 
the renewal and rehabilitation of tissues. Under certain circum- 
stances, such as fasting or violent exercise, when the diet does not 
provide enough fuel material to supply the necessary energy, a draft 
is made on the body tissues. After wasting diseases there is a special 
requirement for protein food for restoration of lost muscular tissues. 
During pregnancy an additional demand is made for protein material 
to provide for the growth of the developing fetus. 

Proteins can also serve as a source of fuel for maintaining body 
1 D. Bréese Jones is Principal Chemist. Protein and Nutrition Research Division, Bureau of Agricultural 

Chemistry and Engineering. 
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temperature and for muscular work. They have about the same fuel 
value as carbohydrates. The use of protein as a sole source of energy, 
however, is extremely wasteful and undesirable, both economically 
and physiologically. Fats and carbohydrates are the natural fuel 
foodstuffs. Consisting almost entirely of carbon, hydrogen, and 
oxygen, they burn completely within the body to gaseous products 
which are easily removed by the lungs. But when protein is oxidized 
there remain solid nitrogenous products which must be eliminated by 
the kidneys and liver. Economically, protein is the most expensive 
of the foodstuffs, and its use in the diet should be primarily to furnish 
those nitrogenous constituents that no other foodstuff can supply. 

The function of protein in supplying tissue building and replacing 
material is not its only role in the body. The essential units that 
protein supplies for this work are the amino acids, and it has recently 
been discovered that these acids or their derivatives are important 
constituents of the substances secreted by various glands. It is now 
quite generally accepted that many of the enzymes and hormones are 
protein material, or contain amino acid residues as essential parts of 
their structure. These substances do not enter directly into the 
structure of body tissue. The action of each one is specific, and is 
confined largely to some one particular task in regulating the many 
physiological activities upon which life and health depend. The 
amount required for performing their individual tasks is extremely 
small, so that in many cases they are present in the body in mere 
traces. 

The digestion of protein is first started in the stomach by the 
action of pepsin, and later completed in the intestines by trypsin, 
erepsin, and other enzymes which are of a protein nature themselves. 
Glutathione, composed of three amino acids, glutamic acid, glycine, 
and cystine, plays a vital part in reactions involving oxygen—oxida- 
tion and reduction—within the cells. 

Insulin, a hormone of the pancreas which largely regulates carbo- 
hydrate metabolism and controls the level of sugar in the blood, is 
composed almost entirely of nine amino acids. It is now prepared 
commercially and used extensively in the treatment of diabetes. 

Thyroxine, an amino acid containing iodine, secreted by the thyroid 
gland, plays an important part in physical and mental development, 
and in differentiation as illustrated in the metamorphosis of tadpoles 
into frogs. The normal period required for the transition of tad- 
poles into frogs can be greatly shortened by feeding thyroid extract or 
thyroxine. This change may be brought about so prematurely that 
small frogs no larger than a fiy often result. Deranged functioning 
of the thyroid may be manifested in a variety of ways. Striking 
examples are myxedema, a disease attended by chilliness, swelling, 
anemia, and mental and physical sluggishness; and cretinism, a con- 
dition resulting in dwarfism and idiocy as a result of cessation of 
physical and mental development. When treated with thyroxine 
patients suffering from these diseases tend to develop normally. 

Adrenalin, or epinephrine, a product of the adrenal glands having 
a profound effect on blood pressure, is closely related chemically to 
the amino acid tyrosine. 

There are doubtless many other enzymes and hormones in the body 
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which require for their formation specific amino acids that must be 
supplied by the proteins in the food. The small quantities in which 
these substances occur do not make much extra demand on the body's 
requirement for dietary protein, but the demand continues through- 
out life, varying in kind according to age and circumstances. In the 
event of deficiency of amino acids in the food proteins, the elaboration 
of enzymes and hormones would probably proceed at the expense of 
the break-down of tissue proteins to meet the demand. 

WHAT ARE PROTEINS? 

The great bulk of the nitrogenous constituents of foods consists of 
protein. Protein rarely, if ever, occurs in natural foods in a pure or 
free state, but is usually combined or associated with other material, 
such as carbohydrate and fat. For this reason proteins are rarely 
determined in foods by quantitative isolation. Since all proteins con- 
tain nitrogen within a relatively narrow range, they are estimated on 
the basis of nitrogen content. The percentage of nitrogen found in 
the food multiplied by the factor 6.25 is taken as the percentage of 
protein. This factor was originally used because many proteins, par- 
ticularly those of animal origin, contain very close to 16 percent of 
nitrogen. Many vegetable proteins, however, contain considerably 
more nitrogen, some as much as 18 percent or more. The indiscrimi- 
nate use of the factor 6.25 consequently will not give in all cases 
strictly accurate figures for the protein content of foods. Protein is 
found naturally in the most nearly pure state in the white of egg, the 
curd of milk, and lean meat. 

Chemically, protein is one of the most complex organic compounds, 
and its structure has long been and continues to be the subject of 
extensive investigation. Most proteins are composed almost entirely 
of the elements carbon, hydrogen, nitrogen, oxygen, and sulfur. 
Some also contain phosphorus and a small amount of other elements. 
They are characterized, however, by their nitrogen content. The 
term ^protein, ^ used as a class name to differentiate it from other 
substances, does not signify an individual compound. In fact, 
there are innumerable proteins differing from one another chemically 
and physically. They may have identically the same percentages 
of carbon, hydrogen, oxygen, nitrogen, and sulfur and still have very 
different properties. 

PROTEINS DIFFER GREATLY IN NUTRITIVE VALUE 

The question of protein requirements in nutrition is essentially a 
question of amino acid requirements. Not all proteins have the same 
value in meeting the requirements of the body for its specific nitrog- 
enous needs. Some proteins are deficient or lacking in certain 
amino acids which are essential for the satisfactory growth and 
nutrition of the body. Such proteins are often referred to as "de- 
ficient" or "incomplete" proteins. When these constitute the sole 
source of protein in the diet, animals will not grow or be nourished 
properly, irrespective of the amount eaten. Consideration of the 
protein requirements in nutrition, therefore, involves not only the 
quantity, but also the quality or kind of protein. 

In order to understand clearly how proteins may differ so greatly 
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in their nutritive value, their chemical nature will be considered 
briefly. When proteins are digested in the alimentary tract they are 
successively broken down by the action of the different digestive 
enzymes into simpler and simpler fragments until they reach the 
ultimate units composing the protein molecule. These end products 
of protein digestion are the amino acids, of which some 22 or more 
are known. Some of them have been discovered only recently, and 
it is probable that others still remain to be identified. They are 
sometimes referred to as the building stones of which proteins are 
composed. Different proteins vary both in the proportions of these 
amino acids and in the way they are linked together in the molecule. 

The amino acids, when pure, are white, crystalline solids. They 
all contain both acidic and basic groups of atoms. In some, the 
acidic and the basic groups balance each other. Such amino acids 
are neutral in reaction and are tasteless. In others, either the acidic 
or the basic group predominates, giving them sour and alkaline 
tastes, respectively. A few amino acids taste sweet. Chemically, 
an acidic group in one amino acid can combine with a basic group in 
another to form a new compound. This in turn can similarly com- 
bine with other amino acids, either of the same or of different kind, 
and so on until a huge and complicated protein molecule is formed. 
No one has yet succeeded in synthesizing a true protein, although 
a substance of high molecular weight having many of the properties 
of a protein has been thus prepared. 

After complete digestion of the proteins the amino acids pass through 
the intestinal walls into the blood stream and are distributed through- 
out the body to the various tissues, where they are recombined in 
different ways and in different proportions to form the particular 
kinds of protein required for each tissue. Thus, the body does not 
use the proteins of the food directly for body building, but first 
breaks them down, and from the resulting building stones reconstructs 
new and different proteins to meet the specific requirements of each 
living cell. 

Nature has imposed a peculiar limitation on the ability of the body 
to manufacture its own supply of amino acids. It can produce some, 
but for others it is entirely dependent upon the proteins in the food. 
Each one of the large number of different kinds of proteins which 
enter into, the composition of tissue cells requires for its construction 
a different but very definite assortment of amino acids. If only one 
of the amino acids required for the synthesis of a given protein be 
lacking, that particular protein cannot be formed no matter how 
great a surplus there may be of the other amino acids. 

Those amino acids that the animal body cannot manufacture but 
which must be supplied by the food are commonly referred to as 
"nutritionally essential" or "nutritionally indispensable" amino 
acids, and those which can be synthesized within the body, as "nutri- 
tionally nonessential" or "nutritionally dispensable." These terms 
are, however, somewhat misleading. Practically all the 22 known 
amino acids are constituents of the proteins of body tissue. They 
are all, therefore, essential for the construction of body protein, 
irrespective of whether they are supplied by the food or whether 
they have to be manufactured within the body.    Glycine, for in- 
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stance, which can be formed within the body, is a constituent of body 
proteins and in that sense is essential for nutrition of the body, but 
it is not essential that it be supplied by the diet. Lysine, on the other 
hand, cannot be synthesized by the body, and it is therefore essential 
that it be supplied by the diet. A preferable way to designate the 
two classes of amino acids would be "dietary dispensable" and 
"dietary nondispensable" or "dietary essential." 

At present 10 amino acids are regarded as dietary essential (table 1). 
Young experimental animals will grow satisfactorily for short periods, 
at least, on a diet in which the 10 nondispensable amino acids con- 
stitute the sole source of nitrogen. When any one of the 10 is with- 
drawn from the diet, growth ceases or is greatly retarded. There is 
scant information, however, on the important subject of the require- 
ments for the protein constituents in nutrition. Further work is 
needed, with observations covering the life span of one or more 
generations. 

TABLE L—Known amino acids and those that must be supplied in the diet 

Amino acids known as hydrolytic products of proteins Dietary-essential amino acids 

Aîanine 
Arginine 
Aspartic acid 
Cystinc 
Glutamic acid 
Glycine 

Histidine 
Hydroxyglutamic acid 
Hydroxyproline 
Isoleucine 
Leueine 
Lysine 

Methionine 
Norleucine 
Phenylalanine 
Proline 
Serine 
Threonine 

Thyroxine 
Tryptophane 
Tyrosine 
Valine 

Arginine 
Histidine 
Isoleucine 
Leueine 
Lysine 

Methionine 
Phenylalanine 
Threonine 
Tryptophane 

Until recently, cystine was generally regarded as a dietary-essential 
amino acid. It has lately been shown, however, that methionine can 
replace cystine in the diet although cystine cannot replace methionine. 
This discovery would apparently remove cystine from the list of 
dietary-essential amino acids. On the other hand, it has been long- 
known that the proteins of certain legume seeds, notably those of the 
common white bean, are not capable of supporting growth unless 
cystine is added to the diet. These proteins have a very low content 
of cystine, but have ample methionine. Casein is another protein 
having a rather low cystine content (0.3 percent). When fed at a 
level below 12 percent of the total weight of the diet, growth at a 
satisfactory rate will not result unless cystine is added. Like the 
white bean, casein also contains a relatively large amount of methio- 
nine. Whether cystine should be regarded as a dietary-essential 
amino acid or not, it certainly appears to be a limiting factor in the 
nutritive value of a number of proteins. 

Although glycine and alanine are essential constituents of tissue 
proteins, they need not be supplied by the food because they can be 
formed within the body in quantities sufficient to meet all normal 
needs.    They are therefore dietary-dispensable. 

Satisfactory classification of all the amino acids cannot be made 
until further knowledge has been developed regarding their properties 
and biological behavior in the living organism. 

In the discussion here of individual members of the group of dietary- 
essential amino acids, in connection with their occurrence in food 
proteins, it will be observed that reference is confined chiefly to lysine, 
tryptophane, and cystine.    The reason for this is not that these are 

141304*—39 13 
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more important than the others, but that fairly accurate values are 
available for the quantities in which they occur in most proteins. 
Values for most of the other seven are very meager and approximate. 
In fact one of them, threonine, was so recently discovered that it has 
been determined only in a very few proteins. Determination of these 
amino acids in food proteins is being held back because of lack of 
satisfactory methods of analysis. Here lies a wide and very important 
field for future work. 

From the foregoing considerations it is clear that the nutritional 
value of any food as a source of protein depends primarily on the 
extent to which it can meet the body's requirements for the dietary- 
essential amino acids. The chief proteins of some of the most im- 
portant foodstuffs are incomplete, or deficient in some essential amino 
acid. Zein, which constitutes 40 to 50 percent of the total protein 
content of corn, is lacking in lysine and tryptophane. Young animals 
fed zein as the sole protein in a diet adequate with respect to the other 
dietary factors soon lose weight. When tryptophane is added they 
will maintain their weight, but they will not grow until lysine is also 
added. Gliadin, one of the two chief proteins of wheat, is very 
deficient in lysine, and will not support growth at a satisfactory rate 
unless lysine is added to the diet. Cooked phaseolin, the chief pro- 
tein of the common white bean, like the proteins of other legume seeds 
belonging to the same botanical genus, requires addition of cystiue in 
order to make it adequate to support normal growth. Gelatin is a 
conspicuous example of an incomplete protein, known to be lacking or 
deficient in a number of amino acids (valine, isoleucine, histidine, 
cystine, and possibly others). 

DIGESTIBILITY OF PROTEINS 

The nutritive value of a protein may be limited because of another 
consideration than amino acid deficiency. Proteins differ in digesti- 
bility. Some protein substances are scarcely acted upon by the 
enzymes in the digestive tract. Others may be only partially digested, 
leaving some of the amino acids in chemical combinations that cannot 
be assimilated and utilized for body building. A protein that cannot 
be digested in the alimentary tract to the extent that all its essential 
amino acids are made available for assimilation is in effect of no 
greater value nutritionally than one completely lacking in the amino 
acids that cannot be liberated. 

The proteins of certain legume seeds, including the navy bean, 
lima bean, lentil, and others, are outstanding examples of food proteins 
that have a low nutritive value because of indigestibility. It has been 
pointed out that these proteins are deficient in cystine. When raw, 
even after the necessary addition of cystine, these proteins will not 
support normal growth. Heating for a short period, however, renders 
them digestible and capable of supporting satisfactory growth, after 
supplementation with cystine. 

It is well known that the nutritive value of soybeans is greatly im- 
proved by heating, preferably in a moist condition. Analyses show 
that, in contrast with the proteins of the other beans just referred 
to, those of the soybean contain a relatively large quantity of cystine. 
Apparently in the raw state this amino acid is not available for assimi- 
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lation, as shown by the fact that addition of cystine to the raw material 
produces the same beneficial effects as heating does. 

Contrary to prevailing popular belief the whites of eggs are greatly 
improved after they have been heated enough to coagulate the pro- 
tein. Not only is raw egg very poorly utilized, but it has definite toxic 
properties when eaten in relatively large quantities. Coagulated egg 
white is readily digestible and is a protein of good nutritive value, 
although somewhat inferior to the proteins of the yolk. Moderate 
cooking does not in general significantly impair the nutritive value of 
the proteins of most foodstuffs. In many cases their digestibility is 
improved and the availability of the amino acids increased. High 
temperature should be avoided because of the possible destructive 
effect upon some of the amino acids. Casein, the protein of milk, 
was found to lose much of its growth-promoting value when subjected 
to dry heat for 30 minutes at 140° C. (284° F.), but could be restored 
to its preheated value by the addition of lysine. 

SUPPLEMENTARY RELATIONSHIP OF DIFFERENT PROTEINS 
In order to correct amino acid deficiencies in the diet it is not neces- 

sary to add the required units in pure form. The same object can be 
accomplished more conveniently and more economically by employing 
proteins which contain the required amino acids. It has long been 
known by those who have studied practical dietetics that mixtures of 
protein foodstuffs are desirable. Foods containing incomplete pro- 
teins should be mixed with others which, although they too may be 
incomplete in themselves, will supply the mixture with adequate 
amounts of all the essential amino acids. Variety, as the keynote to 
an assurance of adequate diet, applies to proteins as well as to vitamins 
and mineral elements. The principle of supplementation also makes 
possible better utilization of low-priced foodstuffs, which as a class 
have a lower nutritive value. 

Foods of animal origin, particularly meat, eggs, and milk, supply 
proteins of high nutritive value, from the standpoint both of digesti- 
bility and of amino acid content. An exception must be made of 
gelatin, which is one of the most incomplete proteins known. Gelatin, 
however, has a wide range of usefulness as a food, and is used exten- 
sively for desserts, cold soups, and in many other ways. The protein 
of ordinary muscle meat does not rank quite as high as that of eggs or 
milk. The glandular tissues—liver, kidney, and sweetbread (pan- 
creas)—contain protein of exceptionally high nutritive value. Of all 
natural foods milk not only comes the nearest to being a balanced 
food, for children particularly, but it contains in readily available 
form 18.7 grams (two-thirds of an ounce) of first-class protein to the 
pint, in addition to minerals, vitamius, carbohydrates, and fats. 
Animal proteins have a high content of dietary-essential amino acids 
which makes them very effective in supplementing many vegetable 
proteins. Nuts contain high percentages of proteins which have an 
adequate assortment of amino acids. 

Cereals and legume seeds furnish some of the best-knowu examples 
of incomplete proteins. These proteins include zein (corn), gliadin 
(wheat or rye), hordein (barley), and phaseolin (common white bean). 
It should be emphasized that the cereal grains contain besides the 
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incomplete proteins others which in themselves may be quite adequate. 
Wheat, for instance; contains besides gliadin about an equal amount 
of glutenin and smaller quantities of other proteins that have a higher 
nutritive value. The proteins of the germ and of the bran of wheat 
contain high percentages of the amino acids that are lacking in gliadin. 
Zein represents only about 40 percent of the total proteins of corn. 
The other proteins compensate to a large extent, if not wholly, for the 
deficiencies of zein. It has been generally regarded that whole corn 
as the sole source of protein in the diet is not adequate for growth. 
This view, however, is now open to serious question. Recent experi- 
ments have demonstrated that young albino rats will grow to maturity 
at a very satisfactory rate on a diet containing no protein other than 
that supplied by whole yellow corn. The cereal grains, however, are 
primarily energy foods and should not be depended on solely to supply 
the body's protein requirements, but sheuId be supplemented with 
other protein foods that are good sources of the dietary-essential 
amino acids. 

Seeds of leguminous plants, as a rule, have a high content of protein, 
but it is of low nutritional quality. The total proteins of the navy 
bean, lima bean, adsuki bean, field pea, and lentil are inadequate alone 
to support normal growth, because of two limiting factors—a deficient 
amount of cystine and a type of indigestibility especially when raw. 
A comparison of the amino acid composition of the proteins of these 
legume seeds with those of corn indicates a supplemental relationship. 
The bean proteins contain relatively large amounts of lysine, trypto- 
phane, and histidine, in marked contrast to those of corn. The 
proteins of soybeans and peanuts present some striking contrasts to 
those of the other legume seeds. Chemical analyses show that the 
former contain a goodly proportion of cystine, and in feeding experi- 
ments their proteins have enabled young animals to grow at a satis- 
factory rate. The soybean proteins, however, are efficient only after 
they have been heated. 

Little is known regarding the nitrogenous constituents of fruits and 
vegetables. Because of the relatively small amount of protein present, 
they play a minor role as substances in the diet which contribute to 
the growth and maintenance of body proteins. They are valued 
chiefly as sources of energy, vitamins, and mineral elements. On the 
other hand, the small amount of protein present may be of such a 
nature as to have a greater significance in nutrition than its quantity 
would seem to indicate. 

QUANTITATIVE REQUIREMENTS FOR PROTEINS 

The question of how much protein a person requires daily in his 
food to supply the various needs of the body for amino acids obviously 
depends upon a number of different factors. The two that have been 
chiefly considered in arriving at estimates are age and physical activity. 
During the early period of growth the demand for material for build- 
ing new muscle and other protein tissue is very great. It has been 
estimated that during the first year of life about one-third of the pro- 
tein intake is stored as body protein. In adult life the requirement for 
construction of new body protein is much more constant and is limited 
chiefly to replacement and maintenance. 
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It is generally agreed that persons engaged in vigorous muscular 
exercise or hard labor require more protein than those living sedentary 
lives. It has long been a debatable question whether physical exercise 
results in any material breaking down of muscle tissue, with consequent 
demand for additional dietary protein for tissue reconstruction. How- 
ever, it is known that should there be an inadequate intake of energy 
food during the working period, tissue protein will be utilized to serve 
as the source of energy. In practice, statistical studies show that 
men engaged at hard labor do consume more protein than those 
engaged in sedentary occupations. The reason for this may well be 
that their total food intake is higher. 

During pregnancy and lactation there is a marked increase in the 
demand for protein, for not only must the normal requirements of the 
mother be satisfied, but a supply must also be provided for the grow- 
ing child. During many diseases there is a loss of body tissue which 
must be replaced during convalescence. 

The quality of the protein is also a very important factor in any 
consideration of the quantity required. Because of great differences 
in the amino acid composition of proteins, it is impossible to estimate 
the total protein requirements without taking the quality of the pro- 
tein into consideration. Individual characteristics, such as basal 
metabolism, tastes and dislikes, and variations in the requirements 
for endocrine secretions may also well have an influence on the amount 
of dietary protein required. 

The earliest estimations on the amount of protein required were 
made largely in an attempt to answer the question. To what extent 
may the protein content of the diet of man be lowered with safety? 
They were based largely on statistical data showing the actual aver- 
age amount of protein taken by different groups and classes of 
people. The reliability of such a method as a basis for determining 
the amount of protein actually required is evidently open to serious 
question, since there may be a vast discrepancy between the amount 
which experiment shows to be adequate and that based on the aver- 
age consumption, which is largely determined by custom and habit 
as the result of instinct. 

The experimental method commonly used for determining the pro- 
tein requirements is carried out by means of metabolism studies in 
which the total amount of nitrogen in the food eaten is compared with 
the total nitrogen excreted in the urine and feces. When the amount 
of nitrogen ingested is equal to that excreted, the individual is said to 
be in nitrogen equilibrium. When the amount of nitrogen intake is 
greater than the output it indicates that the difference has been re- 
tained in the body for meeting its various requirements. A larger 
output than intake of nitrogen in a normal, healthy individual shows 
that the amount of protein eaten is below that required, and that the 
body is drawing on its own tissues and reserves to supply the deficit. 
When there is not enough protein nitrogen in the food eaten to meet 
all the normal requirements of the body, the more vital functions are 
taken care of at the expense of those which are less important for the 
support of life. It has been shown, for instance, that during starva- 
tion the body uses the protein of its own tissue in order to provide the 
needs of organs which are more vital for the prolongation of life.    The 
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excess of nitrogen output over the intake represents the nitrogenous 
byproducts resulting from the break-down of tissue proteins as a con- 
sequence of an inadequate supply of protein in the diet. 

Theoretically, the daily amount of protein in the food necessary to 
maintain a person in a state of nitrogen equilibrium is a measure of 
the minimum amount of protein required under the prevailing condi- 
tions. However, the figure thus arrived at is only approximate. 
There are complicating factors, many of which cannot be accurately 
estimated, which make it impossible by this method to determine 
exactly the amount of protein required. The method used for deter- 
mining protein, namely, multiplying the nitrogen figures by the factor 
6.25, may involve errors. The quality of the protein in the food used 
with reference to its content of essential amino acids is not taken into 
account, nor is the question of its digestibility. There are other fac- 
tors which could be enumerated. 

During the first part of the present century a very liberal allowance 
of protein in the diet was advocated, both in Europe and in the United 
States. Statistical studies showed variation in daily protein consump- 
tion over a wide range. In Sweden, laborers doing hard work and 
having a perfect freedom of choice in their food were found to con- 
sume daily an average of 189 grams of protein. Similar groups in 
Russia used 132 grams. German soldiers in active service had a daily 
intake of 145 grams. Data obtained for laborers in Italy, France, and 
England represented, respectively, 115, 135, and 151 grams of protein 
intake daily. Surveys made in the United States on the food con- 
sumption of different classes during 1894 to 1904 on about 15,000 
persons, including men, women, and children, showed that the aver- 
age protein intake ranged between 100 and 175 grams per day. Other 
studies made on special groups, including lumbermen and college 
athletes, showed figures ranging from 160 to 270 grams. A group of 
professional men's families were found to consume an average of 104 
grams daily. These results were taken at that time as representing 
actual protein requirements, but in fact they really indicate the result 
of differences in habits, customs, and circumstances rather than true 
physiological needs. Later there was a swing to the other extreme. 
The theory was advocated that the physiological needs of an adult 
under ordinary conditions could be met by a daily intake of protein 
as low as 50 grams or less. At the present time a protein require- 
ment between the former extremes is quite generally accepted. 

PROTEIN REQUIREMENTS IN THE LIGHT OF PRESENT KNOWLEDGE 
Recent conclusions with respect to the desirable amount of daily 

protein intake in the food of man, reached as a result of careful studies 
made by authorities in the field of nutrition, are in close agreement. 
It is generally emphasized that the protein intake should not be lim- 
ited to what may be regarded as the minimum amount theoretically 
required as indicated by results of metabolism experiments. It is 
not so much a question of how little protein a person can get along 
with and maintain what may be called a normal nutritive condition, 
but what is the amount required to give the maximum degree of health 
and well-being. It is generally considered desirable to allow a certain 
surplus, or margin of safety, above what may be actually necessary. 
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In a joint conference of representatives of the nutrition advisory 
committee of the Ministry of Health of Great Britain and the nutri- 
tion committee of the British Medical Association, it was agreed (539):2 

that accumulated evidence indicates that the total daily need for protein per man 
unit probably lies between 80 and 100 grams.3 The precise amount of protein 
needed by any particular individual depends on weight, physique, occupation, 
habits, personal taste, age, while climate appears to be of some importance . . . 
There is a general consensus of opinion that a certain proportion of the total 
protein should be in the form of first class protein, i. e., protein of animal origin— 
eggs, milk, cheese, meat or fish. The desirable proportion of animal protein to 
total protein has, so far as our knowledge goes, never been exactly determined, 
but we are convinced from the evidence which is available that the young child and 
the expectant and nursing mother require relatively large amounts of first-class pro- 
teins—much more indeed than would be arrived at by simple calculation based 
on their man-value equivalent. 

In any discussion on the amount of protein required by children 
during growth, particular emphasis should be placed on the charac- 
ter of the protein given. The animal proteins approximate more 
nearly the proteins of the human body than do those of vegetable 
origin and for this reason are preferred. For the growing child, there- 
fore, the animal proteins, such as are furnished in milk, eggs, and 
meat, are distinctly of a higher grade than vegetable protein. Breast- 
fed infants are the best examples of good nutrition and growth. The 
proteins of woman's milk are the best adapted in amino acid compo- 
sition for digestion and assimilation by the infant. Woman's milk 
contains about twice as much lactalbumin as does cow's milk. This 
protein, representing about one-sixth of the total protein of cow's 
milk, contains more of several of the dietary essential amino acids 
than does casein, the chief protein of cow's milk. Holt (536), an 
eminent authority on child nutrition, has arrived at the following 
conclusions: 

Healthy children take in their usual diet about 4 gms. of protein per kilo [2.2 
pounds] body weight at the age of 1 yr., the amount diminishing to about 2.6 
gms. at 6 yrs. of age, and remaining at about this value, or slightly below it, 
until the end of growth. Of this total practically two-thirds is animal protein. 
Thus there is in the usual diet about 2.7 gms. animal protein and 1.3 gms. of 
vegetable protein at the age of 1 yr., and about 1.6 gms. animal protein and 1 
gm. vegetable protein at the age of 6 yrs. and thereafter. This quantity of pro- 
tein may perhaps be regarded as the optimum and may therefore be recommended 
as the suitable intake for the growing child. 

At the present time the general consensus of opinion of leaders in 
the study of nutrition with respect to the best proportions of protein 
in the diet is reflected in the report drawn up by the Technical Com- 
mission of the Health Committee of the League of Nations (669). 
The part pertinent to this question follows: 

In practice the protein intake for all adults should not fall below 1 gram of pro- 
tein per kilo of body weight. 

The protein should be derived from a variety of sources, and it is desirable that 
a part of the protein should be of animal origin. 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
3 A day's diet that would furnish an amount of protein within this range may be illustrated by the fol- 

lowing menus: Breakfast, 1 orange, 2 slices of toast, 1 egg; Lunch, 2 slices of bread, 1 pint of milk, cup of 
custard; Dinner, 1 cup of soup, M pound of steak, 1 potato, 1 serving of shelled lima beans, 1 serving of spin- 
ach, salad, dessert. Such a list would represent approximately 95 grams of protein. It is not intended 
that this list should represent a balanced or an adequate diet, either with respect to quantity or quality, 
but merely to give an idea of how much protein such meals would represent. 



184 YEARBOOK OF AGRICULTURE, 1939 

During growth, pregnancy and lactation, some animal protein is essential, and 
in the growing period it should form a large proportion of the total protein. 

The following allowances of total protein are recommended: 
Age (years) Grams per kilo [2.2 pounds] body weight 

4-3  3. 5 
3-5  3, 0 
5-12  2. 5 

12-15  2. 5 
15-17  2. 0 
17-21  1. 5 
21 and upward  1. 0 
Women: 

Panant  gl Z^XZ: ----------------------       j; « 
Nursing       2. 0 

PREVALENCE OF PROTEIN DEFICIENCY IN THE DIET 

As a result of the rapidly growing interest in problems of nutrition 
and the increasing appreciation of the importance of proteins in the 
diet, the question is becoming more frequent, To what extent, if any, 
is there undernutrition as a result of inadequacy of dietary proteins? 
Because protein is so widely distributed in natural foodstuffs, it is 
believed by some that there need be little, if any, apprehension. The 
great difficulties involved in acquiring adequate data make it impos- 
sible at the present time to give a categorical answer to this question. 
The effects of deficiencies of most food factors other than proteins are 
readily recognized by specific symptoms. Deficiencies of vitamin Bb 
vitamin C, vitamin D, and vitamin B2 are manifested by beriberi, 
scurvy, rickets, and pellagra, respectively. The effects of protein 
deficiency, on the other hand, may be manifested by a variety of symp- 
toms, any one of which may be also attributable to other causes. It is 
known that a low protein intake results in stunted growth and unsatis- 
factory reproduction and rearing of young; and cessation of ovulation 
resulting in failure to reproduce has been reported as caused by under- 
nutrition with respect to protein. General ill health, mental and 
physical inefficiency, fatigue, lack of resistance to infection, and other 
ill effects have also been cited as the results of protein deficiency in 
the diet. ^ 

There is evidence that a normal individual eating a diet excessively 
low in protein tends to have low blood pressure and a low hemo- 
globin percentage. With a high protein diet, on the other hand, 
there is no rise in blood pressure and the hemoglobin is normal. 
Recent studies on the effect of different proteins on the rate of hemo- 
globin formation have shown that proteins of high nutritive quality 
are more effective for building hemoglobin than the same quantities 
of incomplete proteins, such as gliadin and gelatin. The formation 
or maintenance of normal hemoglobin values is more vital than 
growth. When the dietary protein is either qualitatively or quantita- 
tively inadequate for growth, the rate of hemoglobin regeneration is 
significantly retarded. 

Studies recently made on 1,000 residents of New York (40), living 
on liberal diets, normal as far as they knew, showed that 60 percent 
were getting 42 grams or less of protein daily. From this study in 
which a large proportion of a group living apparently in normal mod- 
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érate circumstances was getting a daily quantity of protein so far 
below that generally agreed upon and recommended, it would appear 
that inadequate protein consumption in the United States may be far 
more prevalent than is generally suspected. On the other hand, 
Stiebeling and Phipard {1104-) have recently made a very extensive 
study of the average per capita consumption of protein by white and 
Negro families in different regions in the United States at different 
levels of food expenditure. The consumption of protein was found to 
increase as the food expenditures rose.    The authors conclude: 

Considering the proportion of families at each level of food expenditure, as well 
as the protein content of the diets, it would appear that less than 2 percent of the 
white families represented by this study purchased food furnishing less than 45 
grams of protein a requirement unit4 a day. The diets of 25 percent of these 
families provided 70 grams or less of protein a requirement unit a day; those of 50 
percent, 82 grams or less; while those of 75 percent approximated 95 grams or less 
of protein a requirement unit a day. There is little likelihood of a serious de- 
ficiency in the quantity of protein in diets of many families of employed workers. 

In more detail, this study showed that with a weekly food expend- 
iture of $0.63 to $1.24 per person, the diets of southern white and 
Negro families furnished, respectively, averages of 52 and 51 grams 
of protein. When the food expenditure was $1.25 to $1.87 the diets 
of white families averaged from 59 grams in the mountain region to 
65 grams in the East South Central region. For the same expendi- 
ture the food supply of southern Negro families furnished an average 
of 70 grams of protein a unit a day, although 4 percent of the diets 
furnished less than 45 grams of protein, and 43 percent between 45 
and 69 grams a day. A weekly food cost of $1.88 to $2.49 supplied 
an average of 74 to 80 grams of protein per day in the case of white 
families in different regions, and 89 grams in the diets of southern 
Negro families. With weekly food expenditures of $2.50 to $3.12 the 
average protein content of diets of white families ranged from 86 to 94 
grams. About one-half to three-fourths of the diets furnished be- 
tween 70 and 99 grams, and most of the remainder between 100 and 
120 grams a unit a day. At the same level of food expenditure the 
diets of all Negro families furnished at least 67 grams of protein, and 
three-fourths of the diets furnished more than 100 grams a unit a day. 
At a food expenditure level of $3.13 to $3.74 a person a week the 
average protein content of diets ranged from 97 to 109 grams a unit 
a day. At expenditures above $3.74 the averages exceeded 110 
grams, and all families had diets furnishing more than 70 grams a 
unit a day. 

Aside from economic restrictions certain customs and habits might 
tend to make protein consumption inadequate, among which may be 
mentioned voluntary restriction of food consumption for the purpose 
of reducing body weight, excessive consumption of carbohydrates and 
sweets, especially by children, and the use of an unduly large amount 
of proteins of poor quality in proportion to the total protein intake. 

THE EFFECT OF HIGH CONTENT OF PROTEIN IN THE DIET 

The possible injurious effect on the body of a large quantity of 
protein in the diet has long been a question that has engaged the 

4 A nutrition-requirement unit is a moderately active man weighing 154 pounds.   The amount of  food 
required by such an individual is taken as a standard. 
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attention of students of nutrition and pathology. Because of the fact 
that the nitrogenous waste products of protein metabolism in the 
body are excreted chiefly through the kidneys, it has often been held 
that an excess of protein in the diet overtaxes those organs, with inju- 
rious effects on their structure and functions. Recent experimenta- 
tion has shown that an abnormally high proportion of protein in the 
diet results in a marked increase in the size of the kidneys, but that 
there is no apparent damage done to the tissue or to the functioning 
of the organs, which recede to their original size when the protein 
intake is lowered. These changes merely indicate a physiological 
response to increased functional demands. These results of animal 
experimentation find confirmation in studies that have been made on 
certain human races, such as the Eskimos, who subsist largely on 
meat and consequently have a very high protein intake. No evidence 
has been observed of impaired renal (kidney) function as a result of 
the high concentration of protein in their diet. 

Notwithstanding the primary importance of the kidney in protein 
metabolism it might be possible that other body functions may be 
impaired by unduly large amounts of dietary protein. Lately atten- 
tion has been given to various phases of the reproductive cycle. High 
concentrations of protein had no deleterious effect on ovulation, nor 
were any toxic symptoms observed during gestation even when diets 
containing as high as 70 percent of protein were fed. Lactation, how- 
ever, was adversely affected unless the diet supplied an adequate 
amount of vitamins. From available data it appears that not until 
the maternal organism feels the stress of the elaboration of milk does 
a high level of protein in the diet exert an unfavorable influence. 



MINERAL  NEEDS  OF   MAN 

I N comparatively recent years there have been many discoveries about 
minerals and vitamins that have completely changed our ideas of human 

food needs. Here different authors deal with the various minerals— 

calcium and phosphorus, iron and copper, iodine and fluorine, and finally 

numerous "trace elements," some of which are needed by the body in 
quantities so small as to defy analysis by ordinary chemical methods. 

Some of the findings given in this article are well established; others are 
so new as to be still on the border line of uncertainty. 

CALCIUM AND PHOSPHORUS REQUIREMENTS 
OF HUMAN NUTRITION 

by Henry C. Sherman1 

CALCIUM REQUIREMENTS 

CALCIITM is the outstanding element of the mineral matter which gives 
shape and permanence to the body's framework; which endows our 
bones with the strength, and our teeth with the hardness, that they 
need. In the construction of a normal human body nature uses more 
of calcium than of any other mineral element (fig. 1); and while 
calcium is prominent also in our natural enviromnent, yet there is a 
serious calcium problem in nutrition, partly because so many of the 
human family have drifted away from the use of natural foods and 
eating habits and partly because the calcium compounds which are 
abundant in nature are relatively insoluble (or, to speak more scien- 
tifically, are but sparingly soluble). The sparing solubility or relative 
insolubility of the chief compounds or natural forms of calcium (the 
chief natural lime salts of rocks, soils, foods, and bones) does handicap 
the acquisition of calcium for our bodies from our environment. In 
fact if we except the highly special problem of iodine supply in goitrous 
regions, it is probable that ordinary dietaries are more often deficient 
in calcium than in any other one element.    But rather than feel ag- 

1 Henry  C.  Sherman is  Mitehill  Professor of  Chemistry,  Department  of   Chemistry,  Columbia 
University. 
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grieved that nature has imposed this handicap upon us, we should 
reflect that without this relative insolubility of natural lime salts 
there would be no such strength of bones or hardness of teeth as we 
possess; it would be a world for invertebrates only. Instead of placing 
us in such an invertebrate world, nature endows us with both back- 
bones and brains, and invites us to apply our full endowment to our 
nutritional problems. 

Of the relatively large amount of calcium that belongs to our bodily 
structure, 99 percent or so is contained in the skeletal system, i. e., 
the bones and teeth with their immediately attached connective tis- 
sues. But while only about 1 percent of the body's calcium is, at any 
one time, circulating in the blood and permeating the soft tissues, it is 
performing highly essential functions there. Upon the presence of 
right amounts and proportions of calcium (or calcium ions), among 

I'ifiitrc I.—Milk is one of the foods rich in ralcimn, which nature uses in greater quanti« 
ties than any other mineral element for the construction of normal human bodies. 

otber tilings, depend the normal properties and behavior of the fluids 
and soft tissues of the body, such as the blood, the muscles, and the 
nerves. To mention but two examples (for the problem of this article 
is essentially quantitative and its qualitative introduction must not be 
unduly prolonged), the contractility of the muscles, including the alter- 
nate contraction and relaxation of heart muscle which constitutes the 
beating of the heart, depends upon their being constantly bathed with 
blood or lymph containing the physiologically normal   amount  of 
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calcium, both as calcium concentration and as relative proportions of 
calcium salts to other salts (or calcium ions to other ions) present; 
and upon calcium depends also the clotting power of the blood, which 
is our safeguard against fatal bleeding from any slight break in the 
wall of any blood vessel. Smal] as is the concentration of calcium 
in our soft tissues and body fluids, its constant maintenance within 
the limits of the normal zone is a matter of utmost importance. 

MINIMAL NEED FOR NORMAL ADULT MAINTENANCE 

The quantitative study of the calcium requirement is best begun 
with the consideration of the amount needed for simple maintenance 
of the normal adult, for the logic of the problem is here the most 
direct, and the available data are the moèt certain. We shall then be 
proceeding from the simpler to the more complex, and from the better 
known to the less well known, when we go on from the need for normal 
maintenance to the added needs of pregnancy and lactation, of growth 
and development, and of such abnormalities, if any, as are to be studied. 

The general plan of investigation of the requirement for maintenance 
is to find the smallest intake to which the body can adjust its expendi- 
ture or output, so as to be in essential equilibrium or even balance. 
This might also be called the lowest calcium level to which the body 
can adjust itself without continuing loss of calcium—the minimal- 
adequate level for maintenance. It depends on the fact that calcium 
used by the body is continually being excreted after it is used. Even 
when calcium-free food is eaten, calcium is excreted, which shows that 
daily needs are being met by drawing on the stores in the body itself. 
Finding the smallest intake and output that will balance therefore 
shows the minimum amount the body needs to maintain itself. 

The actual experimentation to ascertain this level consists in the 
feeding to a healthy, cooperative person—or the eating, if the investi- 
gator is himself to be the subject—of a prearranged ration or series of 
rations, determining by chemical analysis the amounts of calcium 
entering and leaving the body per day, until one finds for the given 
subject the minimum level at which equilibrium or even balance of 
intake and output can be established and maintained. In the practi- 
cal planning, operation, and interpretation of such experiments one 
must remember that if the body is well nourished at the start, its 
tendency is to establish equilibrium not only at the level of needed 
intake but also at any higher level at which calcium may be supplied.2 

In the actual operation of such an investigation, therefore, one takes 
as the measure of requirement in each instance the minimum level of 
output observed in a period of sufficient length, when the intake is the 
same as or slightly less than the observed output. 

Systematic experimentation to ascertain the calcium requirement 
of normal maintenance was undertaken by cooperation between 
the Department of Agriculture and Columbia University some three 
decades ago (1054)3 and was continued in collaboration with the New 
York Association for Improving the Condition of the Poor. In 
1920, the writer brought together (104%) the findings of the 97 calcium- 

2 This is also true of phosphorus, of protein, and of iron. Early indications of protein requirement were 
too high, and some present indications of iron requirement probably are too high, because of experiments in 
which the intakes were not sufficiently low and uniform. 

3 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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balance experiments then available which were judged to constitute 
valid evidence on the problem of the calcium requirement of normal 
adult maintenance in human nutrition. The mean maintenance 
requirement thus found was 0.45 gram per day.4 This average as a 
rock-bottom minimum for normal adult maintenance has been widely 
used as a base line from which to estimate desirable allowances and 
dietary standards. After 16 years it appeared, from the viewpoint of 
the same method of compilation and interpretation, that {1048, pp. 

If all applicable data published more recently than the above were now included, 
the average would apparently be raised slightly; but so little that we would not 
be repaid in accuracy for the inconvenience of changing the accepted approximate 
average. 
Simultaneously and independently the more recent data were being 
collated by Leitch (675) who, employing an entirely different method of 
interpretation, reached the conclusion that the data point to 0.55 
gram per day as a more correct estimate of the true requirement. 
And more recently Hye (566), using the same data as Leitch but a still 
different method of interpretation, arrives at an estimated average of 
0.52 gram per day. 

Although it is obvious that 0.55 and 0.52 are, respectively, 22 and 
15 percent higher than 0.45, yet in view of the fact that the three 
figures are arrived at by three different interpretations of the experi- 
mental data, it may fairly be said that the minimal level of calcium 
intake for adult maintenance is now established with a high degree, 
not of precision, but of probable validity at approximately 0.5 gram 
per day. 

While we may well regard this as a significant base-line figure or 
average minimum, it is important also to recognize (1) that as an 
expression of minimal need it covers only the average case, not all 
normal cases; and (2) that to provide for minimal need is not neces- 
sarily to provide what is required for thoroughly satisfactory nutrition. 

If calcium requirement is to be understood as the amount required 
for fully satisfactory nutritional condition in all normal cases, then it 
must be set enough higher than 0.5 gram to cover physiological vari- 
ability, and also to cover the difference between a minimal and some- 
thing approaching an optimal level on which to maintain calcium 
equilibrium. 

Estimate for individual and Chance Variations 
When, nearly 20 years ago, the teaching of dietetics began com- 

monly to include the working out of dietaries to supply required 
amounts of some of the mineral elements as well as of protein and 
calories, it became necessary to set (conventionally, and primarily for 
the purpose of teaching practical dietetics) an estimate of calcium 
requirement which would presumably cover the minimal maintenance 
needs of all normal adults, consistently with the above finding of 0.45 
gram as the average of data ranging from 0.27 to 0.82 gram in the 
individual cases.    For the purpose of covering these individual and 

4 The probable error is ±0.008 gram and the standard deviation 0.12 gram. The 97 cases included in 
this average showed a coefficient of variation of 27. The mean thus found was not simply the "average 
output over an arbitrarily chosen range of intakes"; for while it was recognized that intake must be low 
enough to put the body to the test if the balance is to throw reliable light upon the requirement, each case 
was studied critically from all the viewpoints suggested by direct personal experience in the laboratory as 
well as library work of such investigations, extending through the preceding 15 years. 
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accidental fluctuations in actual need, an allowance of 0.68 gram per 
day, which provides a margin of 50 percent over the base-line average 
of 0.45 gram, came into very general use; and, probably because of 
this use, it tends to take on more weight of significance than its origin 
justifies. Both aspects are reflected in the following paragraph from 
a recent official publication (1104)'. 

The utilization of both calcium and phosphorus is influenced by a number of 
factors, including the ratio which they bear to each other, the quantity of vitamin 
D supplied by sunlight or food, and the quantity of fat in the diet. ... To 
allow for the variation likely to be encountered in everyday foods, and to safe- 
guard those persons whose requirements are higher than average, a 50-percent 
margin has been added to average minimum requirements in formulating dietary 
allowances. These additions bring the allowances for acceptable diets to 0.68 g 
of calcium and 1.32 g of phosphorus a man a day. 

The allowance of a margin of 50 percent above the average minimum 
for normal adult maintenance can now be given the clear definition 
which it has always needed. It is an estimate intended to cover 
individual variations of minimal nutritional need among apparently 
normal people and accidental fluctuations within the range of normal 
variation in the utilizability of the calcium of the food supply. 

Fifty percent above the average minimum as found in 1920 is the 
allowance of 0.68 gram hitherto used in many governmental calcula- 
tions and publications and in much of the teaching of dietetics. Con- 
sistent with the recent increase of the base line of the average mini- 
mum to 0.5 gram, as above explained, is the current League of Nations 
recommendation of 0.75 gram of calcium per day for normal adult 
maintenance (670). Inasmuch as the normal need of some individuals 
may be as high as 0.82 gram, the recommendation of the League of 
Nations seems preferable to any lower figure. 

It is important to emphasize, what is apparently not yet generally 
realized, that this allowance provides only for variations in the 
minimum and does not attempt to define the optimum. 

Evidence on which to base sound discussion of optimal intakes of 
calcium is now beginning to be available, however. 

REQUIREMENT FOR OPTIMAL NUTRITION 

Any attempt to discuss optimal nutrition should take account of the 
entire life cycle and of the launching of a new generation at least as 
vigorous as its parents. 

Obviously, even if the control of living conditions throughout whole 
lifetimes and successive generations of human beings could be accom- 
plished, something like a century would be required for the gathering 
of adequately comprehensive data directly from our own species. 
Meanwhile, however, much is being learned from full-life and succes- 
sive-generation experiments with laboratory animals of species whose 
nutritional chemistry is known to be, in this and many other respects, 
very closely parallel to our own. Such a species is the rat, which 
presents also the great merit of promptness in the completion of its 
normal life history—its life cycle being only one-thirtieth as long as ours. 

The problem of the level of calcium intake which results in the best 
nutritional well-being throughout the life cycle and successive genera- 
tions is now being studied in carefully controlled experiments with 
several hundred laboratory rats of a colony whose hereditary and 
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nutritional background is exceptionally well known. And, while this 
investigation is still being extended in some directions, it is now reason- 
ably conclusive on the points to which it gave first attention, which 
include the quantitative relation between the minimal-adequate and 
the optimal levels of calcium intake when the dietary starting point is 
comparable with that of the majoritv of our population {668, 1045, 
1050, 1051), 

In these experiments successive improvements in nutritional well- 
being have resulted from successive increases of the calcium content of 
the dietary up to levels well over twice, and more probably at least 
three times, the level of minimal adequacy. Long and comprehensive 
study makes it scientifically convincing that such health responses to 
improvement of the food supply as demonstrated and measured in 
experiments with the rat are well within the probable corresponding 
responses of human health {1046). For optimal nutrition, therefore, we 
must estimate the calcium requirement at not less than 1 gram per day 
for adult maintenance. 

CALCIUM  NEED DURING  PREGNANCY AND  LACTATÍON AND OPTIMAL ALLOWANCES 
FOR ADULTS 

The Health Organisation of the League of Nations sets the calcium 
requirement for pregnant and lactating women at 1.5 grams per day 
(¿>70). This, of course, is an attempt to express the average need of such 
women in a round figure for everyday use in the promotion of nutri- 
tionally adequate concepts of food supply. Its use as such is entirely 
consistent with appreciation of the fact that the need of a given indi- 
vidual is higher in the later than in the earlier stages of pregnancy ; and 
that during lactation the requirement for equilibrium of intake and 
output of calcium depends very largely upon the amount of milk 
produced. 

Stiebeling and Phipard (1104-, V- $0) cite the League of Nations' 
standard of 1.5 grams of calcium per day for pregnant and lactating 
women with apparent approval, and suggest that a population allowance 
for women of 20 years and over be 30 percent above the corresponding 
allowance for men of 20 years and over. Such a margin should doubtless 
be allowed in estimates of minimal needs ; but the lifetime studies of 
hundreds of experimental animals make it seem probable that when the 
objective is optimal nutrition men can use to the advantage of their 
health and efficiency the same liberal level of calcium intake as is best 
for women. 

From the evidence thus briefly sketched it follows that with the re- 
quirement—in the sense of estimate of minimal need with allowance for 
variations—-now put at about 0.75 gram per day for adult maintenance, 
the women of the population should have an average of about 1 gram per 
day to provide for the occasional exercise of the functions of pregnancy 
and lactation without undue tax upon the mother; and that the men of 
the population should also have an average of about 1 gram of calcium 
per day, if they are to be nutritionally at their best. 

That liberal provision of calcium for the added needs of pregnancy 
and lactation is of great importance is well illustrated by the compre- 
hensive review of Garry and Stiven [4-09) and the more recent work 
of Toverud {1145). 
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CALCIUM REQUIREMENTS OF GROWTH AND DEVELOPMENT 

Notwithstanding the fact that the unborn child probably takes 
about the same amount of calcium from its mother whether she be 
well- or ill-prepared to spare it, all babies are born calcium-poor in 
the sense that the body of the newborn contains a lower percentage of 
calcium than does that of a normal adult. 

It follows that during its growth and development the body must 
increase not only its amount but also its percentage of calcium, and 
thus that there is an accentuated need for calcium over that for body- 
building nutrients of other kinds. Thus the growing child needs a 
calcium intake high not only as compared with its size, but high also as 
compared with its energy (calorie) and protein requirements. 

Â study, both extensive and intensive, of calcium balances of 
children from 3 to 13 years old, especially as influenced by differences 
in the calcium content of the food, was carried out by cooperation 
between Columbia University and the New York Association for Im- 
proving the Condition of the Poor (W48,pp. 288-285; 1052). The 
results showed that different children of a given age-range have quanti- 
tatively different capacities for calcium retention, with corresponding 
differences in the amounts of food calcium needed to enable them to 
do their best. As there is no practicable method of distinguishing 
those of higher from those of lower need, it was recommended that 
children's dietaries be planned to contain 1 gram of calcium per 
child per day in order to provide for the needs of all cases. Daniels 
{257) has particularly emphasized the fact that liberal provision of 
calcium and vitamin D throughout earlier ages influences the capacity 
for retention and therefore the amount needed for optimal retention 
at a given age; that is, the more calcium the body already has, the 
less it will retain. Other investigators have further developed the 
differences of retention capacity due to the extent to which the body 
is already saturated, or to which it is still calcium-poor at a given age 
and size {355, 989). But as pointed out by Rose {983, 1938 edition, 
pp. 169-171) the actual data of Daniels' balance experiments show 
very little difference in the quantitative need as indicated by these 
and by both the earlier investigations above noted and the more 
recent and very extended studies of Jeans and Stearns {585). The 
latter indicate anew, with great emphasis and for all ages, the desir- 
ability of not less than 1 gram of calcium per child per day in order 
to provide for such individual differences as are apt to be met in 
ordinary normal experience. Particularly noteworthy is their re- 
peated warning, even in an article primarily devoted to the vitamin 
D requirement {585)5 that while vitamin D is a desirable safeguard 
against undue difficulty of calcium and phosphorus assimilation, 
emphasis upon the vitamin is never to be understood as permitting 
any lowering of our standard of calcium requirement. 

Leitch (^7^) estimated that children should receive between the ages 
of 6 months and 2 years 0.8 gram; from 2 to 9 years 0.9 gram; at 9 
years 1.0 gram; and thereafter an increasing amount reaching nearly 
2 grams at about 15 to 16 years. The last-mentioned very high 
figure is largely due to her belief that the well-developed body should 

5 Many findings of calcium balance experiments not yet published in full were presented and discussed 
by Dr. Stearns before the American Institute of Nutrition, at Baltimore, 1938. 
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reach a much higher calcium content than most students have thought 
probable of attainment. As already mentioned, it has also been em- 
phasized by Daniels and coworkers (^57), by Fairbanks and Mitchell 
{856), and by others that if calcium is liberally supplied and well 
retained at early stages of development, the rate of retention in the 
later stages of growth will be less and therefore such high intakes as 
the maximal suggestions of Leitch will be uncalled-for. 

The generally accepted American standard of 1 gram of calcium per 
child per day is, therefore, regarded by most students of the subject 
as being well sustained by the abundant evidence of recent investiga- 
tions. This standard for children was adopted at the November 
1937 meeting of the League of Nations' Technical Commission on 
Nutrition (670), and it is reaffirmed by Stiebeling and Phipard (1104). 

PHOSPHORUS REQUIREMENTS 

The phosphorus requirement of normal adult maintenance has 
been studied by means of balance experiments on the same principle 
as described for the study of the calcium requirement. 

While the amount of phosphorus in the body is not so large as that 
of calcium, a very much larger quantity and proportion of the phos- 
phorus belongs to the more active tissues, and so, as would be expected, 
there is a more rapid turn-over of body phosphorus than of body 
calcium. The average of 95 phosphorus-balance experiments which 
were deemed valid for the purpose, indicated a requirement of 0.88 
gram of phosphorus per 70 kilograms (154 pounds) of body weight 
per day (1043). The average of 34 experiments with men was 0.124 
gram per kilogram, and that of 61 experiments with women was 
0.127 gram per kilogram. Since this difference is insignificant, the 
phosphorus requirement of maintenance appears to be proportional 
to body weight irrespective of sex. 

The individual data were less variable than the corresponding data 
for indicated calcium requirement, so that the conventional addition 
of a 50-percent margin yields a standard allowance higher than the 
highest individual requirement found (1.32 grams allowed as against 
a maximum finding of ] .20 grams); whereas the corresponding allow- 
ance for calcium was lower than the highest individual requirement 
found (0.68 allowed as against a maximum finding of 0.82 gram). 
Thus the standard allowance that has commonly been used in dietary 
calculations and interpretations of the adequacy of food supplies has 
been 10 percent more than sufficient to cover actually recorded indi- 
vidual variations in the case of phosphorus, and 17 percent less than 
sufficient to cover the correspondingly recorded individual variations 
of indicated calcium requirement of normal adult maintenance. 
Yet even with this use of a relatively higher base line of interpreta- 
tion, actual family food supplies show far fewer cases of shortage of 
phosphorus than of calcium. The significance of this is markedly 
increased by the further fact that the recent and current full-life 
experiments with laboratory animals the chemistry of whose nutrition 
is strikingly like that of man in this respect shows the need for a 
hitherto unsuspectedly large margin of calcium specifically if optimal 
nutritional well-being is to be attained and maintained. 

Hence on critical analysis from the viewpoint of present-day knowl- 
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edge (of which space does not permit a fuller account) it appears that 
the man-per-day standard allowance of 1.32 grams of phosphorus 
for adult maintenance is fully as generous with respect to now known 
need as is the allowance of 1.0 gram of calcium per day here advocated. 

Thus standards for dietary calculations and for the interpretation 
of nutritive values of food supplies should, in the light of present 
knowledge, advance the calcium allowance to 1.0 gram in place of the 
hitherto conventional 0.68 or the League of Nations' suggestion of 
0.75, while continuing the phosphorus allowance of 1.32 grams. 

PHOSPHORUS REQUIREMENT IN PREGNANCY AND LACTATION 

The additions that pregnancy and lactation make to the nutritional 
needs of the body are relatively less pronounced in the case of phos- 
phorus than in the case of calcium ; so that the phosphorus problem 
is not nearly so serious as is the calcium problem. This is true for a 
combination of reasons. 

First, as has just been explained, the long-standing conventional 
allowance of 50 percent above the average measure of minimal ade- 
quacy in each case is, as we can see in the light of the fuller knowledge 
of today, a more generous insurance for meeting the individuars 
fluctuating needs for phosphorus than for calcium. Second, as has 
been shown, the data of phosphorus-balance experiments are suffi- 
ciently numerous for both men and women to justify quantitative 
comparison of their separate averages, and these are found to be 
essentially the same per unit of body weight. Hence when, as often 
happens in practice, the allowance of 1.32 grams of phosphorus per 
day is adopted for men and women alike (as it is adopted by Stiebeling 
and Phipard (1104)), the women, inasmuch as they average about four- 
fifths the body weight of men, are thereby given an additional 25 per- 
cent for whatever additional needs they may encounter; whereas, 
according to Leitch (670), lower body weight does not afford a corre- 
sponding insurance in the case of calcium. Third, the actual material 
transferred by mother to young both in pregnancy and lactation is 
relatively richer in calcium than in phosphorus. In the newborn 
baby, and in milk, there is more calcium than phosphorus; whereas 
all current dietary standards for adults and all (or practically all) 
American and European food supplies furnish more phosphorus than 
calcium. 

As yet there is no evidence as to just how much more than actual 
need constitutes the optimal intake of phosphorus. By analogy with 
protein, however, it seems probable that a moderate margin is as 
advantageous as a larger one. 

In view of all the foregoing facts, the Stiebeling-Phipard standard 
of 1.32 grams of phosphorus per day as an average allowance for all 
women of 20 years and over may be taken as expressing the best 
knowledge of today. 

PHOSPHORUS REQUIREMENTS OF GROWTH 

Assuming the now well-established measures for the prevention of 
rickets, there remains scarcely any reason to fear shortage of phos- 
phorus in children's dietaries in which the calorie, protein, and calcium 
requirements are met.    Hence there have naturally been less numerous 
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phosphorus-balance than calcium-balance studies with children. In 
the work of Sherman and Hawley {1052), in which phosphorus balances 
were determined simultaneously with calcium balances in many 
experiments with children, it appeared that 1 gram of phosphorus 
per child per day is ample for all nutritional needs, and this has since 
been so generally used that it may now be regarded as an accepted 
standard allowance. Stiebeling and Phipard (1104) use 1 gram per day 
for boys up to 8 and girls up to 10 years; 1.2 grams for boys of 9-12 
and girls of 11-19 years; 1.32 grams for boys of 13-19 years and 
adults 20 years and over. 

RATIOS OF CALCIUM TO PHOSPHORUS 

Experimental rickets is most easily induced by means of diets 
abnormally high in calcium and low in phosphorus, or abnormally 
high in phosphates and low in calcium. Thus it came about that 
the calcium-to-phosphorus ratio was frequently mentioned in the dis- 
cussions, first of rickets and then of calcium and phosphorus metabo- 
lism generally. Convenient as it may be for reference, it seems prob- 
able that the habitua] discussion of the ratio as such in considering 
the calcium and phosphorus requirements in normal nutrition tends 
rather to confuse than to clarify. For there is and can be no one best 
or most logical ratio. The ratio of needed calcium to needed phos- 
phorus is perpetually changing with the development of the body 
from infancy to adulthood ; and in the later stages of pregnancy and 
in lactation it is again different from that of adult maintenance. Full 
discussion of this fact would be too long and complicated for this 
article. But it may perhaps supply a key to the situation to point 
out that bone building calls for about twice as much calcium as phos- 
phorus, while the mere maintenance of a fully developed adult calls 
for about twice as much phosphorus as calcium. In all the earlier 
years of a person's life, as also in the later months of a mother's preg- 
nancy, supplying bone-building material is a large part of the respon- 
sibility of the food. Again in lactation the mother's food must meet, 
only now through the mammary glands instead of through the placenta, 
a nutritional need for support of the growth and calcification of bone 
tissue, with greater accentuation of calcium than of phosphorus 
requirement. 

THE CONCLUSIONS IN BRIEF 

The calcium requirement of adult maintenance is a phrase which 
in the light of present-day knowledge requires further specification 
to be explicit. If taken to mean the smallest amount that may be 
trusted to meet bare needs of normal maintenance with fair allowance 
for individual variations, the so-called standard of 0.68 gram may now 
better be advanced to 0.75 gram as advocated by the League of 
Nations' Technical Commission on Nutrition. If, however, require- 
ment is taken to mean the amount needed for best results, recent and 
current experimental evidence indicates an allowance of not less than 
1.0 gram per day. 

Correspondingly for pregnant and nursing mothers, Stiebeling and 
Phipard's suggestion of 1,0 gram of calcium per day may be considered 
a minimum expression of requirement, and the League of Nations' 
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recommendation of 1.5 grams as a tentative attempt at setting up a 
presumable optimum. 

As a result of careful study of the somewhat complex situation 
briefly outlined in this article, it is believed that an allowance of 1.0 
gram of calcium per child per day without distinction of age or sex is 
the most scientific and serviceable expression of the calcium require- 
ments of growth and development. 

For many purposes it may also be serviceable to use the simple 
standard of 1.0 gram of calcium per capita per day as an expression of 
the nutritional requirement of a population and as a guide to the 
evaluation of the nutritional adequacy of its food supply. 

The phosphorus allowances of Stiebeling and Phipard are: 1.32 
grams per day for all adults 20 years and over and for boys of 13 to 19; 
1.20 grams for boys of 9 to 12 and for girls of 11 to 19; and 1.0 gram 
for all boys up to 8 and all girls up to 10 years of age. In the writer's 
opinion these may be taken as reflecting present-day scientific evidence 
as to the presumable phosphorus requirements for approximately 
optimal nutrition. 

Recent research establishes the reality of the distinction between 
the merely adequate and the optimal in nutrition; but further research 
is needed to establish the precise position and requirements of the 
actual optimum. 

IRON AND COPPER REQUIREMENTS 

by Mabel A. Dickson6 

IRON 

THE study of iron in foods and its function in nutrition has progressed 
so rapidly during the past few years that it is difficult to gain a proper 
perspective on the progress made. Some findings that seem now to be 
of the greatest importance may soon be discarded, whereas a finding 
at present obscure may be heralded as an important landmark in the 
future. 

The discovery that only part of the iron in food is available for use 
by the body while the remainder passes through the digestive tract 
unchanged was largely responsible for a recent impetus to the study of 
iron requirements. This discovery revealed the lack of knowledge 
concerning the absorption and utilization of iron by the body. The 
acceptance of the new theory that the amount of iron retained in the 
body is regulated by the amount absorbed rather than by the action 
of the intestine may serve as an incentive for further research. 

The iron requirements for human beings are based on few experi- 
mental studies. Until carefully controlled tests have been made on a 
large number of individuals in a state of buoyant health, the present 
requirements must continue to serve as a guide in nutrition. Certainly, 
until more is known about the utilization of iron in the body and the 
factors affecting the content of available iron in foodstuffs, it would 
seem wise to adopt generous rather than low allowances. 

The daily allowances of iron to be discussed in this article may be 

« Mabel A. Dickson was formerly Associate Home Economist, Office of Experiment Stations, 
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summed up as follows (in each case it is assumed that the individual is 
normal and healthy): 

Milligrci'ms Milligrams 

Infant ' 0. 36 
Preschool child      \ 27 
Boys, 5-11 years     9-11 
Boys over 11 years  13 
Girls, 5-11 years     9-11 
Girls over 11 vears    13-15 

Man  12-15 
Woman before menopause  17 
Pregnant woman  20 
Nursing woman  17-20 
Woman after menopause  12-15 

FUNCTION OF IRON IN THE BODY 

The total amount of iron in a healthy adult's body is between 3 and 
4 grams, or about one-tenth to one-seventh of an ounce—not much 
more than there is in a shingle nail. Of this, about 2 to 3 grams is 
contained in the coloring matter of the red blood cells—hemoglobin— 
and functions in the transportation of oxygen through all the arteries 
and capillaries to the innermost cells of every organ in the body. 
The remainder, except for a very small amount of unavailable iron in 
the body tissues, is stored in the liver, bone marrow, and spleen where 
it is ready for conversion into hemoglobin when needed by the body. 

The proportion of iron in the diet that is absorbed and can be used 
for hemoglobin formation depends partly upon the foodstuffs. Experi- 
ments apparently show that under the most favorable conditions the 
available iron seldom exceeds 60 percent of the total iron content of 
the diet, so that to obtain a given amount it is necessary to consume 
nearly twice as much as the iron content of the foods would indicate. 
Then, too, all persons who eat similar foods do not necessarily have the 
same concentration of hemoglobin in their blood, for, besides different 
abilities to use available iron, there are differences in ability to manu- 
facture hemoglobin. 

The bone marrow has been depicted {^52) as a gristmill with three 
hoppers supplying the materials for making red cells. One hopper 
supplies protein, fat, carbohydrate, vitamins, mineral salts, and 
water, which are necessary for the formation of body substances in 
general. The other two hoppers provide the specific elements neces- 
sary for hemoglobin formation—iron and a factor that matures red 
cells and prepares them for withdrawal from their storage place, the 
bone marrow. This factor is formed by the action of a secretion of 
the stomach on food elements and is stored in the liver. 

Normally the three hoppers are full and are acting efficiently to 
maintain a normal balance between the formation and destruction of 
red cells. Nearly a trillion red cells and 25 grams (almost nine-tenths 
of an ounce) of hemoglobin must be formed daily and be free to cir- 
culate in the blood stream. This involves a daily utilization of about 
90 milligrams of iron, which is considerably greater than the daily 
intake. The excess over and above what is contained in the food is 
supplied by the body itself, since as hemoglobin is destroyed the iron 
it contains is split off and about 85 percent is returned to the bone 
marrow to be used again. 

Nutritional or iron-deficiency anemia results when the iron intake is 
low or when the iron is not properly assimilated by the body so that it 
does not reach the bone marrow.    When the bone marrow tries to 

! Per pound of body weight. 
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compensate for the lack of iron, the red cells emerging from the mar- 
row become small and are low in hemoglobin. Since less hemoglobin 
is formed, there is a decreased amount to be broken down, so less iron 
is set free to be used again. Treatment consists in filling the iron 
hopper by providing an adequate supply of iron. 

For a long time the accepted theory has been that the entire intesti- 
nal tract continuously regulates both the absorption of the iron into 
the blood stream and the excretion of the iron not needed by the body, 
and by so doing controls the amount of iron retained in the body. 
According to the theory, when the body is saturated with iron up to 
normal capacity any additional iron supplied should be followed by 
the excretion of a corresponding amount. 

Recent studies have shown, however, that when the body stores of 
iron are complete any additional iron supplied, instead of being dis- 
carded unused, is actually retained in the body—a finding that cannot 
be explained by the present theory (709, Í216). But this and other 
observations can be satisfactorily explained by a new theory which 
holds that the capacity of the intestine to excrete iron is very limited 
and probably negligible, and that the amount of iron in the body is 
regulated by the amount absorbed {708). In turn, the amount of iron 
absorbed depends upon the amount contained in the daily diet. When 
the intake of iron is high, the storage organs become very active in the 
job of taking the iron out of the blood stream to keep the blood iron 
at the normal level. When the iron intake is low, the blood-iron level 
is kept normal at the expense of the reserve stores of iron. 

Nutritional anemia may be due to other causes as well as to lack of 
iron in the diet or the unavailability of the food iron for use by the 
body. The study of iron metabolism, however, has been closely 
related to the study of nutritional anemia and of hemoglobin forma- 
tion and regeneration. The rat, whose food habits and nutritional 
processes are strikingly similar to those of man {10/+7), has served as the 
experimental animal. A rat is fed a diet of milk—which is low in 
iron—with or without added copper, until its iron reserves are ex- 
hausted and the animal becomes anemic, as shown by decreased hemo- 
globin content. A best food containing iron is then added to the diet. 
The rate at which the hemoglobin is regenerated is taken as an indi- 
cation of the nutritional availability of the iron in the food. Ap- 
parently the response of the anemic rat to iron depends on the basal 
diet used, the method of depleting the iron content of the body, and the 
severity of the experimentally produced anemia {456). The inaccura- 
cies of the method are recognized when the values for available iron 
obtained in the animal laboratory are used in studies with human 
subjects. 

DETERMINING IRON REQUIREMENTS 

The amount of iron required by a normal, healthy individual is 
determined by placing the subject on a diet containing a known 
quantity of iron and finding how much iron is excreted by the body. 
When more iron is taken in the diet than is excreted, the body is 
said to be in positive balance. When the opposite occurs—that is, 
when the amount of iron excreted by the body is greater than the 
amount taken in—the body is in negative balance.    The iron intake 
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is increased or decreased until a period of equilibrium is reached when 
the excretion of iron is practically equal to the intake of iron. This 
state of equilibrium or balance implies that the body is getting all the 
iron that it needs for the formation of hemoglobin, but not enough to 
allow for any appreciable storage. The amount of iron needed just 
to keep the body in balance is known as the iron requirement. 

To allow for physiological differences between individuals and 
possible fluctuations in the body's need for iron, the practice has been 
to average the values obtained by balance studies conducted on differ- 
ent subjects of the same age group and then increase the average 
requirement by 50 percent {1048). The addition of this margin of 
safety to the requirement gives the average daily allowance of iron. 
While it may approach the optimum for individuals with a requirement 
below or close to the average, this average daily allowance may not be 
sufficient to take care of the storage needs of those individuals with 
iron requirements very far above the average. 

If there is no actual loss of blood, iron deficiency is most likely to 
occur when the body^s demands are greatest, or during the first 2 years 
of life and at puberty. In women, iron deficiency may occur during 
pregnancy or toward the end of the reproductive period of life when 
more than 30 years of menstruation, punctuated by pregnancies and 
periods of lactation, have slowly depleted the body's store. In the 
presence of a diseased condition of some part of the digestive tract, 
an iron deficiency may occur, owing to poor absorption of the iron 
from the intestine. Any chronic infection, although it cannot of itself 
produce iron deficiency, undoubtedly interferes with the utilization 
of the element by the bone marrow. The purpose of supplying an 
adequate amount of iron in the diet every day is to keep the body 
supplied with more than enough iron for hemoglobin formation so 
that the iron stores will remain full. When the iron reserves of the 
body are exhausted it is very difficult to replenish them in a reasonable 
length of time from food sources. 

IRON  REQUIREMENTS 

Infants 

Whether or not an infant develops anemia depends upon the amount 
of iron stored in its liver before birth and the length of the period 
during which milk is the sole article of the diet. At birth the hemo- 
globin content of the blood is high, 20 grams or more per 100 cubic 
centimeters of blood. The level of hemoglobin rapidly decreases 
to about 14.5 grams, at the second to fourth week of life. This is 
not the result of an iron deficiency but is attributed to the sudden 
rise in the oxygen content of the blood and the resulting break-down 
of red blood cells when the lungs take the place of the placenta as a 
medium for supplying oxygen. The hemoglobin level continues to 
fall until about the third month of life, sometimes reaching remark- 
ably low levels in babies of low birth weight and in premature babies. 
Between the third and sixth months, when the iron stored in the liver 
is being released, the hemoglobin level rises slightly. During the 
rest of the first year and the first half of the second year the level falls 
very gradually to about 12.5 grams per 100 cubic centimeters of blood. 
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Anemia caused by an insufficient intake of iron may appear at 
about the sixth month, when the stored iron is exhausted, or it may 
be delayed until about the twenty-fourth month, the end of the 
critical period when rapid growth makes the heaviest demand on the 
available iron. During this period the iron intake, particularly in the 
bottle-fed infant, is often infinitesimal, and if the child has entered 
the world insufficiently endowed with iron, anemia is certain to result. 
There are three possible causes for a poor supply: (1) Premature 
birth, before sufficient iron has been stored; (2) sharing of the avail- 
able iron by twins; and (3) an anemic mother, who cannot supply 
the infant with enough iron. 

From the few balance studies made, in which the quantity of iron 
retained in the infant's body has been determined by calculating the 
difference between the iron eaten in food and the iron excreted, it 
would seem that some iron-rich foods should be added to the diet well 
before the sixth month. A recommended regime that insures an ade- 
quate supply of iron for infants maintained on a cow's milk diet is to 
add orange juice and cod-liver oil before the end of the second week; 
egg yolk at 3 months ; cereal at 4 months ; broth, vegetable puree, and 
stewed fruit at 4 to 5 months; and scraped beef and liver at 6 months. 
Aside from the advantage of gradually accustoming the infant to new 
foods, the addition of these supplements to the diet at earlier ages than 
has been the practice in the past is important from the standpoint not 
only of the infant's requirement for iron but also his need for the other 
essential nutrients. In addition to iron, the orange juice supplies the 
vitamin C that is lacking in boiled or pasteurized cow's milk; egg yolk 
and liver supplement the vitamin A contained in the daily dose of cod- 
liver oil and are good sources of vitamin Bi and of high-quality pro- 
tein; and the whole-grain cereals provide vitamin Bi as well as fuel 
value. Vegetables such as peas, carrots, and string beans, and fruits 
such as apricots and prunes are good sources of all the minerals, pro- 
vide new textures and flavors, and increase the bulk in the diet. 

The average daily iron requirement, as determined by balance 
studies on 15 infants, is about 0.24 milligram per pound of body 
weight {870 , 1101), Adding the conventional 50 percent for a margin 
of safety places the average daily allowance at about 0.36 milligram 
per pound of body weight. 

A healthy 6-month-old infant weighing 14 pounds has a daily iron 
allowance of about 5 milligrams. The 28 ounces of milk in the daily 
diet contain about 2 milligrams, one egg yolk contains about 1 milli- 
gram, and 1 tablespoonful of ground calves' liver another milligram 
of iron, all in a readily available form. Six tablespoonsfuls of whole- 
grain cereal contain about 0.7 milligram of iron, and 0.3 milligram is 
contained in 4 tablespoonfuls of orange juice, 1 of apricot pulp, and 
2 teaspoonfuls of pureed green peas. All of the iron in apricots is in 
an available form, as is over 95 percent of that in whole-grain cereal, 
and 75 percent in peas and orange juice. The total iron content of 
this sample diet for a 6-month-old infant is about 5 milligrams. To 
increase the iron intake to 6 to 9 milligrams, as has been proposed by 
one authority (1101), would mean increasing the size of the servings of 
liver and egg yolk. 

A year-old infant weighing 22 pounds has an iron allowance of about 
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8 milligrams. The daily quart of milk supplies about 2.3 milligrams, 
a 3-tablespoonfiil serving of calves' liver adds about 3 milligrams, 
and an egg yolk 1 milligram. About 2 tablespoonfuls of baked potato, 
1 of prune pulp, 4 of pureed peas, and about one-half cupful of orange 
juice supply between 1.5 and 2 milligrams, and one-half cupful of 
cereal adds 1 milligram, making a total iron content of about 9 milli- 
grams. If a serving of scraped beef replaces the liver, the total iron 
content of the diet will be reduced by about 2 milligrams, and the 
available iron content will also be lower, since only about 25 percent 
of the iron in beef is in an available form. Practically all of the iron 
in potato is available, as is 75 percent of that in prunes. 

Children 

The years between 1 and 6 are often spoken of as the "neglected 
age," for during this period the child is becoming more independent, 
and the parents tend to assume less responsibility for his diet. The 
high standards of nutrition established during the first year should be 
maintained, for although the increase in size is relatively great during 
the first year of life, the infant's weight at the end of that time is only 
about one-sixth that of the adult, and the rest of the growth period 
is equally important for building body tissue. 

Comparatively few balance studies have been made to determine 
the mineral needs of children. Until recently, the daily allowance for 
iron, based on comparison with the adult allowance, was 0.5 milligram 
per 100 calories of food. 

Balance studies on 15 children of preschool age by three groups of 
investigators have shown that the present allowance is too low to 
permit optimum storage of iron (36, 269, 985). These workers are 
in fairly close agreement that the iron requirement is about 0.18 
milligram per pound of body weight. Adding the 50 percent for a 
margin of safety places the average daily allowance for children 
between 2¾ and 6 years of age at about 0.27 milligram per pound. 

Another group of workers has proposed the equivalent of 0.14 milli- 
gram of iron per pound of body weight as being adequate to meet the 
needs of maintenance and growth of children between 3 and 5 years of 
age (674). The study was made on four children who were receiving, 
during the experimental period, a diet of different composition from 
those used in the other studies. It is possible that the availability of 
the iron in the diets may account, in part, for the differences in iron 
metabolism reported by various investigators. 

In the absence of any balance experiments on children, between 1 
and 2¾ years of age, it may be assumed that the iron allowance 
decreases gradually from the standard of 0.36 milligram for infants 
under 1 year to that of 0.27 milligram for children of 2% years. The 
widespread prevalence of border-line nutritional anemia among chil- 
dren in the age group from 6 months to 2 years serves as a warning 
that the iron content of the diet must be maintained at a high level 
and, for some children, needs to be supplemented by medicinal iron 
to forestall the development of the infectious diseases to which the 
anemic child is particularly susceptible. 

A healthy 2-year-old child weighing 27 pounds apparently needs 
about 8 to 9 milligrams of iron a day, while the 5-year-old child 
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weighing 38 pounds should have about 10 milligrams a day. As a 
child^s food needs increase with increasing body size and as the diges- 
tive tract becomes stronger, new foods that were not included during 
the first year are gradually introduced. The iron needs of the pre- 
school child will be well taken care of if the iron-rich foods already an 
important part of the diet are continued in larger servings, and if 
among the new foods added to the diet are whole-wheat bread; vege- 
tables such as cauliflower, beets, string beans, carrots, and lettuce; 
fruits such as apples, bananas, peaches, raisins, and dates; and chicken 
and lamb. 

The iron requirements of older children—those between 6 and 17 
years of age—have not been determined by the balance method. 
As a guide in planning adequate diets the practice has been to assume 
that the growing child needs almost as much iron as the adult man. 
From a number of survey studies on the health and nutritional status 
of children it appears that iron-deficiency anemia is seldom present in 
children between 5 and 12 years of age. Until further information 
is obtained the daily allowance for children from 5 to 11 years of age 
should probably be close to 9 to 11 milligrams. For boys between 
11 and 17 years it should be about 13 milligrams. 

Although chlorosis is often spoken of as "a disease which has 
accompanied tight-lacing into the limbo of forgotten things," the 
condition is still seen at times in adolescent girls, only it is now 
diagnosed as hypochromic anemia, characterized by a normal number 
of red cells but a reduction in the hemoglobin content of the cells. 
The combination of rapid growth with the establishment of menstrua- 
tion may lead to iron deficiency, especially if the iron intake during 
earlier childhood has been consistently below the optimum allowance. 
Girls between the ages of 11 and 14 years are undergoing a period of 
acceleration in growth with increased metabolism and need a high 
intake of iron, probably from 13 to 15 milligrams a day. 

Many children, while they may not be actually anemic, are often list- 
less, lacking in vitality, and have a very poor appetite. These are 
definite signs that the body's reserve store of iron is low and is not 
being replenished because the available iron content of the diet is 
about equal to the amount needed for the formation of hemoglobin, 
with no surplus for storage. A sudden spurt of growth, such as may 
occur during the adolescent period, or an infectious disease, which 
progresses rapidly when the resistance is lowered, may so deplete the 
body of its reserve iron that anemia will result. 

The problem of meeting a child's increasing need for iron cannot 
safely be left to chance. The mothers of a generation or so ago may 
not have known just why it worked, but they did recognize that a dose 
of sulfur and molasses in the spring was an easy way of curing list- 
lessness in children, and even today there may still be some mothers 
who give pale, anemic children rusty water to drink. But the wise 
modern mother plans meals that contain sufficient iron each day as a 
means of preventing the anemic condition from appearing. 

The healthy child who drinks a quart of milk and eats an egg every 
day is getting about 3.5 milligrams of available iron. A bowl of 
breakfast cereal and two slices of bread, if made from the whole grains, 
will supply about 2.3 milligrams of iron, practically all of which is in 
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an available form. A slice of calves' liver 3 by 2 inches and a quarter 
of an inch thick will supply over 6 milligrams of available iron. These 
five foods would more than take care of the iron requirement of the 
average child under 11 years of age if they were included in the diet 
every day. 

But calves^ liver is an expensive food and not one that is desired 
every day. Beef liver, which is cheaper, contains only half as much 
iron. An egg a day is recommended by nutritionists, but few chil- 
dren get a whole egg a day. In place of liver, a slice of roast beef or 
lamb (4 by 2 by % inches) will provide about 3.5 milligrams of total 
iron, but less than ] milligram of available iron. Oysters, shrimp, 
and clams are about twice as rich in available iron as beef and lamb, 
while fish such as cod, perch, and trout are a poorer source. A 
medium-sized baked potato, servings of cauliflower, string beans, and 
tomato juice, and a large apple will supply over 3.5 milligrams of iron, 
of which less than 3 are in an available form. Small amounts of iron 
will be obtained from foods such as molasses, nuts, raisins, dates, figs, 
and chocolate, as well as from the other fruits and vegetables that may 
appear quite frequently in a child's diet. So the child who eats the 
essential foods—milk, eggs, meat, potato, two or three servings of 
fruits and two or three of vegetables, and some whole-grain breads 
or cereals every day—is sure of getting the necessary amount of iron 
as well as the other nutrients— protein, copper, and vitamin C—which 
help the iron in the important job of keeping an optimum supply of 
red cells and hemoglobin in the blood. 

Men 

Some years ago, on the basis of very few studies, 15 milligrams of 
iron was recommended as the daily allowance for an average man. In 
1938 the allowance was lowered to 12 milligrams for both men and 
women {1048). The Technical Commission on Nutrition of the League 
of Nations recommends 10 milligrams of iron as the daily allowance 
for the adult man. Including the earlier work, much of which is now 
criticized on the grounds that the experimental periods lasted only 3 
to 5 days and the methods used for estimating iron were inaccurate, 
iron-balance studies have been made on 19 adult men (1048), The 
amount of food iron required to maintain the body in iron balance, 
according to these studies, varies from 3.7 to 12.6 milligrams a day. 
Taking the average value, 8.2 milligrams, and adding 50 percent for 
a margin of safety, the allowance of iron for the average healthy man 
would be 12.3 milligrams. 

Most men eat more food than do most women, and particularly the 
protein foods such as meat and eggs, which are good sources of iron. 
In the dietary studies in which the food intake of each member of the 
family is estimated from the approximate figures obtained for the 
quantities of food purchased, the men apparently get from about 8 
to more than 18 milligrams of iron a day; even in the lowest income 
groups, the average is about 11 milligrams. Apparently men reg- 
ularly take a relatively large quantity of iron, in spite of the fact 
that they rarely have anemia except when it is secondary to blood 
loss, severe infection, or organic or malignant disease. 

In a recent study the diets of 63 men during a period of 1 week 
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were carefully weighed and the iron content was calculated from food 
tables {1215). The intakes ranged from 7.8 to 28.5 milligrams of iron a 
day and averaged 16.8. None of the men showed any evidence of 
anemia regardless of the iron intake. When large doses of iron were 
given to about one-fourth of the group, the hemoglobin values re- 
mained practically unchanged. Apparently the men were already 
getting sufficient iron to allow for optimal storage, and additional 
amounts of the mineral were not needed. The daily allowance of 
iron for the average man is probably somewhere within the range of 
about 12 to 15 milligrams. 

The iron allowance for the normal, healthy man will be more than 
met by larger servings of the iron-containing foods recommended for 
the growing child, with a pint in place of a quart of milk a day. 

Women 
The scarcity of research on the quantitative metabolism of iron in 

normal women may be attributed not only to the difficulties of analy- 
sis of iron in biological materials and the small amount of iron used 
by the human body, but also to the variations in the physiological 
state of women due to the menstrual process. It may be normal for 
a woman to be in negative balance during the time of menstruation 
and in positive balance at some other time to compensate for the loss 
or to prepare for the next loss. For this reason the information gained 
from a consideration of the results of many iron-balance studies must 
be considered of questionable value, since very short balance periods 
were used and, in most cases, the intermenstrual period only was 
chosen. Obviously, such investigations should be conducted over a 
period of time which would include all of the changes related to the 
menstrual process. The many difficulties encountered in studies to 
determine the iron requirements of women have been discussed in a 
recent paper by the author {277). 

From the data obtained in the balance studies and from blood tests 
made on supposedly normal women, many investigators are reporting 
values for the hemoglobin content of the blood. The values are, in 
general, within the range of about 12 to 14.5 grams of hemoglobin in 100 
cubic centimeters of blood. The variations in the values may be 
attributed to differences in methods of determination, the effects of 
exercise and of day-to-day variations, and the influence of the men- 
strual cycle, as well as to dietary deficiencies. Altitude and climate 
may also be contributory factors. 

During the past 25 years the normal hemoglobin standard for 
women has been set as low as 12.96 and as high as 15.53 grams per 100 
cubic centimeters of blood. For some time it has been accepted that 
the average percentage of hemoglobin in the blood of normal healthy 
men is about 10 percent above that of the average value for normal 
women. In view of definite evidence that it is comparatively easy to 
raise the level of hemoglobin of women about 10 percent by giving 
additional iron, while this is not the case with men {1216), the question 
is raised as to whether the accepted ^normal^ for women is the true 
normal or should be regarded as a subnormal value. 

There is also the possibility that some of the women who served as 
subjects in the studies to establish a standard value for the hemoglobin 
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level may have had unsatisfactory nutritional backgrounds, which 
would tend to lower the hemoglobin average of the whole group. 
Very few investigators offer any explanation concerning the selection 
of subjects other than to record that they "were known to be normal 
and nonanemic/' "showed no evidences of dietary deficiencies/' 
"were normal and healthy/' or had passed a medical examination 
within a year before the study was undertaken. In the absence of 
satisfactory standards for judging the nutritional status of an individ- 
ual, it is probable that many of the women subjects were in a state of 
merely passable health. Until a clear distinction can be made be- 
tween those who are enjoying buoyant health and those in a state of 
merely passable health, it will not be possible to establish the optimal 
hemoglobin level for women. 

The average woman has a caloric intake about 800 calories below 
that of the average man. Therefore, on the same type of diet, the 
amount of iron taken by a woman would naturally be lower. That 
such is usually the case has been shown in various dietary studies, and 
particularly in a recent one {1215) in which the iron intakes of 63 
women were compared with those of 63 men. The women had an 
average iron intake of 11.4 milligrams, which was only 68 percent of 
the men's average intake. The highest value found for any woman 
was just above the average for the men. The minimum intake was 
5.5 milligrams, with almost 30 percent taking less than 10 milligrams 
a day. 

The lower iron intakes of the women are attributed to their more 
restricted intakes of all foods and. particularly meat, of which they 
ate only about 3 ounces a day, while the men ate about 5.2 ounces. 
However, the women evidently preferred the fruits and vegetables, 
eggs, and milk products, in which practically all the iron is in an 
available form, for the average intake of available iron was 7.9 milli- 
grams a day, or about 76 percent of the total iron intake. The con- 
tent of available iron in the men's diets was higher, 10 milligrams, but 
it represented only 64 percent of the total iron intake, since meat, 
except such organs as liver and kidney, is very low in available iron. 

One of the most interesting findings in the study was that the 
women; with lower intakes of iron, had hemoglobin values averaging 
about 9 percent below those of the men subjects. When large doses 
of iron were given each day for about 2 weeks, the hemoglobin levels 
increased from 12.8 to 14.1 grams in 100 cubic centimeters of blood, 
whereas the value for the men subjects remained within about 1 per- 
cent of the original 14.2-gram level. It is evident that the level of 
hemoglobin in normal women's blood is limited as well as regulated 
by their intake of iron. The prevalence of hypochromic anemia 
among women can be attributed to their low iron intake. Men, 
with an iron requirement obviously less than that of women, appar- 
ently get more iron than they need, while women appear to get less 
than they need for normal functioning of the body processes. 

The results of a recent clinical study suggest that a relationship may 
exist between the utilization of iron in woman's body and the action 
of one or more hormones produced in the glands of internal secretion 
{1031 ), A group of anemic women who failed to respond to treatment 
with  iron   showed   definite  improvement  when   extracts  from   the 
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thyroid, ovarian, and anterior pituitary glands were given with the 
iron. While no definite conclusions have been drawn from the pre- 
liminary study, there is evidence that a condition of iron deficiency 
may persist even when the iron intake is adequate if a glandular dis- 
order is present which interferes with the proper utilization of the 
iron by the body. The presence of some biologic factor in the body 
which evidently determines the amount of iron removed during each 
menstrual period is suggested by the reports of studies such as one 
{61) in which the quantity of iron lost in this way by 50 women varied 
from 3.84 to 78.4 milligrams. 

Iron-balance studies have been made for 3 to 14 days during the 
intermenstrual period on 10 women {S57\ 709, 1161, 1216) and during 
consecutive menstrual cycles over 3 to 5 months on 4 other women of 
child-bearing age {683), The amount of iron required each day to 
maintain the body in equilibrium varied from 5.2 to 8.3 milligrams and 
averaged 6.4 milligrams for the women subjects of the studies in which 
the complete menstrual cycle was not considered. The amount of iron 
required by the 4 women through all phases of the menstrual cycle was 
considerably higher and varied from 10.83 to 13.61 milligrams, with 
an average value of 12 a day. Adding to the average requirement the 
50 percent for the margin of safety would place the average allowance 
of iron for women of the childbearing period at 9.6 milligrams if the 
results of the short balance tests are accepted, and 18 milligrams on 
the basis of the findings of the longer tests. 

A number of workers engaged in iron-metabolism studies have 
advocated that the iron allowance for women should be raised to 17 
to 20 milligrams rather than lowered to 12 as has been proposed. 
The author of one report {798) believes that ^women require about 
four times as much iron as men up to the time of the menopause.77 

Whether or not the iron requirement is as high as that, it would seem 
that there is enough of the newer knowledge of nutrition sufficiently 
established to justify the conclusion that normal, healthy women 
during the childbearing period need at least 17 milligrams of iron a 
day. 

In middle age when the iron stores of the body are no longer taxed 
by the reproductive processes, the iron requirement of, women is 
lower. For the maintenance of health and vitality with advancing 
years, an iron allowance of 12 to 15 milligrams is probably adequate. 

To obtain about 15 milligrams of iron, the foods eaten each day 
should include a pint of milk, one egg, a serving of whole-grain cereal 
and two slices of whole-wheat bread, a serving of meat or fish and one 
of a cooked dried fruit such as peaches, prunes, or apricots, an orange 
and another fresh fruit such as apple or banana, and servings of potato 
and two other vegetables such as cabbage and carrots. A generous 
serving of liver, kidney, or heart should be added to the diet at least 
once a week. 

To get an additional 2 milligrams of iron, the amount of egg yolk 
should be increased and the liver or other organs taken twice a week, 
with a serving of bacon or ham added occasionally. In addition to 
more generous amounts of raw fruits and vegetables, the diet should 
include salads and desserts containing raisins, dates, figs, or nuts. 
Other foods that are good sources of iron are dried navy beans, lima 
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beans, and soybeans, dried lentils, black-eyed peas, rhubarb, dandelion 
and mustard greens, molasses, cocoa, and chocolate. 

Pregnant and Nursing Women 

In the White House Coufereuce report {1210) the iron content 
of the newborn infant is given as 375 milligrams, all of which 
is obtained by transfer from the mother. It amounts to about 0.4 
milligram a day during the first two-thirds of pregnancy and 4.7 
milligrams a day during the last third. In pregnancy, therefore, the 
daily iron intake should be increased by at least 3 milligrams to take 
care of the needs of mother and child and allow for storage by the 
infant of iron that will be used during the first few months of life. 

When the intake averaged about 15 milligrams a day, 15 pregnant 
women were getting just about enough iron for their own needs and 
those of the developing infant, but not sufficient to allow for any mar- 
gin of safety {221). The frequent occurrence of hypochromic anemia 
during the latter part of the pregnancy period is evidence that the iron 
intake is too often close to the border-line requirement without any 
consideration for the safety factor. For that reason 20 milligrams of 
iron a day has been proposed {739) as a desirable allowance during 
pregnancy. 

Iron-deficiency anemia is almost as common among nursing women 
as it is during pregnancy, although the nursing woman supplies the 
infant with less than 1 milligram of iron a day in the breast milk, so 
that the iron taken in the food is practically all used to meet the needs 
of the mother's body. The iron requirement of the nursing woman has 
not been determined by the balance method as yet. Until experi- 
mental data are available it may be assumed that the nursing woman 
requires more iron than does the nonnursing woman, but perhaps not 
quite as much as during the pregnancy period. To be sure of an 
allowance of 17 to 20 milligrams of iron a day, such foods as liver, 
kidney, and other meats, eggs, whole-grain cereals, fruits, and green 
vegetables, which are such an important part of the diet during preg- 
nancy, should be eaten in ample amounts during the nursing period 
also. 

COPPER 

A copper deficiency is rarely found in human beings. The infant is 
born with a reserve supply of copper for use in the formation of red 
blood cells and hemoglobin, but these stores need to be refilled by the 
addition of copper-containing foods to the milk diet during the first 
few months of life. 

Fortunately, the best sources of copper are the iron-containing 
foods. In general, foods that will supply 4 to 5 milligrams of iron will 
also supply about 1 milligram of available copper. The chief differ- 
ence between the distribution of iron and copper in foods is that 
poultry is superior to beef in copper content. Iron and copper are 
about equal in the leafy vegetables, legumes, and root vegetables. 
Liver, oysters, molasses, chocolate^ and cocoa are outstandingly high 
in copper as well as in iron content. 

The copper requirements of human beings have been determined by 
experiment for adults only.   Since iron and copper occur together in 
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foods in such amounts that it is not possible to meet the iron require- 
ment without supplying sufficient copper for the average healthy 
individual, it is suggested that the amount of copper contained in a 
diet that meets the recommended allowance for iron may be taken as 
representing the copper allowance. 

The daily allowances of copper discussed in this paper may be 
summed up as follows (in each case it is assumed that the individual 
is normal and healthy): 

MiUigrcnns Milligra ms 
Infant        1-1.5        Woman       3. 5 
Child    1. 5-2. 5        Pregnant woman 3. 5-4 
Man  3. 5        Nursing woman   3. 5-4 

FUNCTION OF COPPER IN THE BODY 

Although copper is not a constituent of hemoglobin, it is one of the 
most important factors in the utilization of iron for the formation of 
hemoglobin. Copper is present in varying amounts in all living- 
matter, indicating that it is essential for both plant and animal life. 
The copper present in the human body, estimated at 100 to 150 milli- 
grams, or 0.10 to 0.15 gram, is almost all contained in the muscles, 
bones, and liver, with only a small amount—less than 4 milligrams— 
present in the blood (¾¾). 

What controls the copper content of the blood is not known, but it 
has been observed in some species of animals that the blood copper is 
markedly decreased in nutritional anemia (1017). When anemia 
threatens the body is apparently able to call upon its reserve stores of 
copper to raise the content in the blood in an effort to speed up the 
formation of hemoglobin and of red blood cells. When the body stores 
have been depleted, the copper may almost disappear from the blood 
unless additional copper is given. The animal will then be in a state 
of copper deficiency and will have all the usual symptoms of anemia. 
Since the animal body is not able to form red blood cells and hemo- 
globin in the absence of copper, or at best can form them only at a very 
slow rate, both iron and copper must be administered before the 
anemia will be cured. 

That the rat requires a trace of copper for the formation of hemo- 
globin has been established (493). The difficulty of completely 
removing the copper from iron salts and from foods has been suggested 
as the reason why some investigators have been unable to confirm 
the finding. 

In view of the similarity between the nutritional anemias of infants 
and of young animals, the use of copper together with iron in the 
treatment of anemic infants has been tested by various workers. Some 
of the reports (326, 600) show that anemic infants so treated have a 
more rapid increase in hemoglobin formation than do others receiving 
iron alone. One investigator (897) is of the opinion that copper may 
be of value in certain cases, since a few of the anemic infants in his 
study failed to make a complete recovery until copper had been added 
to the iron supplement. Others believe (730) that if adequate doses 
of iron are given, copper is not necessary. 

For the treatment of women with hyp o chromic anemia there appears 
to be no consistent advantage in the administration of copper and iron 

141394°—:î9 15 
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over that of iron alone, indica ting that a deficiency of copper is rare 
among women {284). 

DETERMINING COPPER   REQUIREMENTS 

The amount of copper needed by a normal, healthy individual is 
determined by the balance method, as in the case of iron. The test 
periods are from 3 to 7 days, and the copper intake is changed until a 
period of equilibrium is reached when the copper excreted by the 
body about equals the copper taken in. So far, this has been done 
onlv for adults. 

COPPER REQUIREMENTS 

Infants and Children 
The copper content of the infant's liver just before birth is about 10 

times and after birth about twice (¾^.) that of the adult liver. Just 
as food iron is supplied very early in life in anticipation of the time 
when the high liver-iron stores which the infant possessed at birth will 
be exhausted, so must copper be supplied to keep the copper stores 
at the optimal level. 

The sources of readily available copper in the infant's diet are the 
iron-containing foods—liver, egg yolk, whole-grain cereals, fruits, and 
vegetables. Although cow's milk is almost, devoid of copper, some is 
added in the pasteurization process when the milk is passed over 
heated copper rollers, or when copper cooking utensils are used. 

A healthy 6-month-old infant on a diet that contains about 5 milli- 
grams of iron will also be getting more than. 1 milligram of copper. 
The larger servings of the iron-rich foods in the diet of a year-old infant 
supply about 1.5 milligrams of copper. 

The diet of the preschool child contains the foods added during the 
first year of life and other foods such as whole-wheat bread, lettuce, 
cauliflower, cabbage, beets, apples, raisins, dates, chicken, and lamb— 
all of which contain appreciable amounts of copper. Among the foods 
that may be added to supply the additional copper needed by older 
children are molasses, nuts, currants, shellfish, and other fishl The 
copper content of oysters is so high that one large oyster will supply 
about 0.5 milligram of copper. From 1.5 to almosf 3 milligrams of 
copper are contained in a well-planned diet that supplies from about 
8 to 13 milligrams of iron. 

Until the requirements for infants and children have been deter- 
mined by experiment, the daily copper allowance for the infant may be 
tentativelv set at 1 to 1.5 milligrams, and for the ^rowina" child at 1.5 
to 2.5. 

Men 
From copper-balance experiments conducted on three men by a 

group of Chinese investigators, the daily copper requirement for "the 
average man was estimated to be 2.4 milligrams {204). The addition 
of 50 percent for a margin of safety places the daily copper allowance 
for men at 3.6 milligrams. The foods that supply 12 to 15 milligrams 
of iron also contain about 3 milligrams of readily available copper. 

A comparison of the copper requirement with that for iron, 8.2 
milligrams, gives a ratio between the two of 1 part of copper to 3.4 
parts of iron. 
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Women 

For the average woman the copper requirement is 2.5 milligrams, 
according to the results of balance experiments conducted on 23 nor- 
mal, healthy women of childbearing age.7 The addition of 50 percent 
for a margin of safety would make the daily copper allowance for the 
average woman about the same as that for the man, 3.7 milligrams. 

A comparison of the copper and iron requirements of the woman 
gives a ratio of 1 part of copper to 4.8 parts of iron. It may be that 
further studies will either lower the present copper requirement for 
men or will show why men, with a lower iron requirement, should have 
a copper requirement equal to that of women. For the present, the 
copper allowance of the adult—man and woman—may be set at 3.5 
milligrams. 

PREGNANT AND NURSING WOMEN 

Very little information is available regarding the need for copper 
during the pregnancy and nursing periods. It is known, however, 
that the infant stores copper during uterine life and that the blood- 
copper level of the pregnant woman increases during the latter part 
of pregnancy from a normal of 0.18 to 0.23 milligram to 0.2 to 0.35 
milligram per 100 cubic centimeters of blood. The increase in blood 
copper is associated with active blood formation in the mother and 
the infant's demands for copper. It is of interest that the blood- 
copper level is raised even in pregnant women who are anemic. 

The copper allowance for the pregnant woman, for whom the iron 
allowance is about 3 milligrams above that of the nonpregnant woman, 
is probably between 3.5 and 4 milligrams a day. For the nursing 
woman, the daily copper allowance would also be within the range of 
3.5 to 4 milligrams. 

Some of the diet surveys that have been made on groups of families 
in different parts of the world show that even the very poorest families 
are eating foods that supply at least 2 to 3 milligrams of copper a day 
(265, 876). Any diet that contains about 12 milligrams of iron will 
supply about 3 milligrams of copper. As additional iron-containing 
foods are included, the copper content of the diet will be automatically 
increased about 1 milligram for each addition of 4 to 5 milligrams of 
food iron. 

IODINE AND FLUORINE 
by Margaret Cammack Smith8 

THE two chemically related mineral elements, iodine and fluorine, 
differ greatly in nutritional significance. Iodine is an essential con- 
stituent of the thyroid gland, necessary for the formation of thyroxin, 
which regulates basal energy metabolism and growth. Fluorine, on 
the other hand, cannot be considered an essential element of the 
human body. Its presence in the body is probably due to its occur- 
rence in the food supply. Because of its chemical affinity for calcium, 
it is deposited in the bones and teeth in variable amounts in combina- 
tion with calcium, but it is without known physiological function. 

: LEVERTON, R. M.   COPPER METABOLISM OF 23 WOMEN.   Personal communication from the author. 
> Margaret Cammack Smith is Professor of Nutrition, University of Arizona. 
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IODINE 

Lack of iodine in the water and food supply is considered the chief 
if not the only cause of simple goiter. In the so-called goiter belt, 
which stretches along the Appalachian Mountains as far north as 
Vermont, westward through the basin of the Great Lakes to Washing- 
ton, and southward over the Rocky Mountains and Pacific States, the 
incidence of goiter is high. 

Most of our knowledge concerning the human requirement for iodine 
is based on estimates of the iodine intake and excretion of people in 
nongoitrous and goitrous regions and on attempts to prevent goiter in 
the latter. The problem is complicated by the fact that iodine can 
be stored in relatively large amounts in the body. However, a 
probable human requirement {955) has been estimated to lie between 
0.05 and 0.1 milligram a day, with the higher amount indicated during 
childhood and again for women during pregnancy and lactation. 

Sea foods are all rich in iodine, but it has been repeatedly shown that 
the iodine content of plant foods and of the water supply {718) is sub- 
ject to great variation, the same food being relatively high in iodine in 
nongoitrous regions and low in regions where goiter is prevalent. 
For this reason prevention of goiter in goitrous regions is largely a 
matter of not depending upon the ordinary food and water supply for 
iodine but employing other methods to increase the iodine intake. 
The use of iodized salt in the proportion of 1 part of iodine to 100,000 
parts of salt has received the approval of the American Medical 
Association and is generally accepted as the best method of reaching 
the largest number of people who need iodine medication. Criticism 
of the continuous use of iodized salt has centered around a possible 
abnormal excitation of thyroid-gland function. It has been pointed 
out {720) that the danger of a toxic effect from iodized salt can be 
minimized if its use is limited to the first 20 or 30 years of life and 
periods of pregnancy and lactation. 

Under active investigation at the present time are methods of 
increasing the iodine content of man's food supply by adding it to 
fertilizers used in growing plant foods {729) and enriching the diet of 
the dairy cow {956) and the egg-laying hen {/+1) by feeding iodine 
concentrate. Results show that such enrichment is possible, the 
extent of increase in iodine content of the food being dependent upon 
the amount and kind of the iodine compound used. 

FLUORINE 

In contrast to the tendency to iodine deficiency, too much fluorine 
in the water supply is detrimental. Fluorine has been shown to be 
the cause of a disfiguring dental disease known as mottled enamel or 
fluorosis {1077). Fluorine interferes with the normal calcification of 
the teeth during the process of their formation, so that affected teeth, 
in addition to being usually discolored and ugly in appearance, are 
structurally weak and deteriorate early in life. For this reason, it is 
especially important that fluorine be avoided during the period of 
tooth formation, that is, from birth to the age of 12 years. 

Fortunately most of our large city water supplies do not contain 
toxic concentrations of fluorine, but there are sections in Arizona, 
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California, Colorado, Florida, Idaho, Iowa, Kansas, Minnesota, 
Mississippi, Montana, Nebraska, New Mexico, North Dakota, South 
Dakota, Ohio, Oregon, Texas, Utah, Wisconsin, Wyoming, Africa, 
Canada, China, England, Italy, New Zealand, and South America in 
which all native-born inhabitants who have used the community water 
supply during the period of enamel formation have mottled teeth. 

Quantitative knowledge of the human requirement for iodine and 
the human tolerance for fluorine has been handicapped by the minute- 
ness of the amount involved in each case, which causes difRculty in 
analysis and measurement. 

Correlation studies {1070) between the occurrence of mottled enamel 
and the fluorine concentration of the water consumed by afflicted 
persons show that this dental disease is always found when water con- 
taining even as little as 1 part per million of fluorine is used continu- 
ously during the period of formation of the permanent teeth. Severe 
mottling of the temporary teeth (1078) has been repeatedly observed 
when the fluorine concentration of the water is excessively high (6 to 
16 parts per million). Water containing such high concentrations of 
fluorine cannot be safely used even for cooking. 

The fluorine content of foodstuffs has been found to vary widely, 
but no evidence has been advanced so far to show that fluorine as 
combined naturally in foods is toxic. The fluorine problem therefore 
is chiefly concerned with the need for avoiding water containing 
fluorine in order to prevent the occurrence of mottled enamel. In 
many communities this is difficult, for all available water is contami- 
nated with fluorine. In the past few years several methods of treat- 
ment of water for the removal of fluorine have been investigated, most 
of them proving unsatisfactory. The Arizona Agricultural Experi- 
ment Station has recently developed a method {1069) of fluorine 
removal by filtration, through the use of specially prepared ground 
bone, which has proved effective and practical for reducing the con- 
centration of fluorine below the level that causes the dental disease. 
The method is based upon the previously mentioned fact that fluorine 
has a chemical affinity for the calcium of bone. 

The use of fluorine compounds as spray insecticides {1079) for vege- 
tables and fruits presents another problem. Tests on rats indicate 
that the compounds of fluorine studied were equal in toxicity and 
that cryolite, a fluorine compound commonly used as a spray insecti- 
cide, was just as effective as the more soluble fluorine compounds in 
producing mild mottled enamel. Government control of the use of 
these compounds is recommended as a means of prevention of fluorosis, 
although the question of exact tolerance level for fluorine spray resi- 
dues on food materials merits further investigation. 

TRACE ELEMENTS 

by Esther Peterson Daniel9 

WHEN plant or animal material is burned, the bulk of it disappears 
into the surrounding air as water and carbon dioxide, leaving a small 
amount of ash. Chemists can find out what minerals are in this 
remaining ash by photographing the light given off when a small 

k Esther Peterson Daniel is Associate Nutrition Chemist, Bureau of Home Economics. 
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amount of it is heated to incandescence in an electric arc. For years 
it has been known that under certain conditions of heating each 
chemical element sends out its own particular light waves, which are 
never shown by any other element. Pictures of these light patterns, 
made by means of an instrument known as the spectrograph (fig. 2), 
show what individual elements are in a substance. In the past this 
method was used chiefly by engineers to study alloys and to detect 
impurities in various metals. More recently the spectrograph has 
been used to discover new things about living matter, both plant and 
animal. 

By this method it was learned that certain chemical elements oc- 
c u rring in foods in mere 
traces—quantities so 
small that they had 
been completely over- 
looked—were tremen- 
dously important. 
Plants and animals 
attempting to live on 
foods lacking in these 
elements are stunted 
and deformed, or un- 
able to live at all. On 
the other hand, just 
a little too much of 
these so-called trace 
elements may prove 
equally disastrous to 
the health and life of 
the plant or animal. 

Soon scientists [14^, 
509, 981, 1034, 1195, 
laSS)10 were eagerly 
searching to find which 
of the chemical ele- 
ments had such power- 
ful influences and what 
they did in the body to 
make them so neces- 
sary. These questions 
have been far better 
answered for plants 
than for animals or 

men. Many of the common diseases long a menace to farm crops 
arc now known to ho due to improper amounts of one or another 
of these trace elements. Careful observations of small animals kept in 
the In bora lory on experimental diets, as well as of various kinds of farm 
animals, have given many interesting glimpses regarding the effects 
of trace elements in the animal kingdom. Much still remains to be 
learned  regarding the effects of these elements in the life of man, 

¡■'inure 2, Examining llio line lines of a sperlrogram (the 
picliirc taken willi a speetropraph) asa nieansof deleelinfí 
the trace elements present in foods. The quantities are 
so small that tliev had been eompletely overlooked in 

oilier methods of analysis. 

'» Also: AMKKHAN   I'UHUC HEALTH ASSOCIATION,    MINEKAL ELEMENTS IN NUTKITKIN. 
lit all h Asscic, Com. on Nutrltioiml Problems Kept., H pp.    1936.   [MinieoBraphcd.l 

Amer. Pub. 
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whose habits and environment are so much more complex and difficult 
to study. This portion of the story is just beginning, as will be 
readily recognized from the following brief review of the meager 
information now available regarding certain of these trace elements 
in human nutrition. There is no doubt, however, of the tremendous 
nutritional significance of some of them. 

MANGANESE 

Traces of manganese may be found in water, plants, and animals. 
Many amethyst-colored minerals owe their delicate hue to this 
element. From the time of the ancient Egyptians it has been used 
for bleaching glass, and today it is used, among other ways, in the 
manufacture of special steel, in the paint industry, and as a depolarizer 
in dry batteries. 

It appears that manganese in tery small quantities is necessary in 
the human diet, although its particular action in the body is not yet 
known. The greatest amounts have been found in the liver, pancreas 
(the corresponding gland is commonly referred to as sweetbread in 
animals used for meat), and suprarenals (small glands located just 
above the kidneys, which provide substances important in certain 
regulatory processes in the body). Experimental rats deprived of 
manganese show sterility in the males and lack of maternal instinct in 
the females. During pregnancy manganese passes into the blood 
stream of the unborn child, and the fecal discharge of the newborn 
infant contains a remarkable amount. The recent discovery that leg- 
bone deformity in chickens, known as perosis, is accompanied by 
manganese deficiency has suggested the possible necessity of this ele- 
ment for normal bone development. Studies indicate that as little as 
1 ounce of manganese taken over a period of 12 to 15 years will furnish 
an adequate amount of this element for children. On the other hand, 
a manganese poisoning is known to occur among certain industrial 
workers employed in plants using considerable quantities of this 
element. 

COBALT 

For 25 years or more, a disease prevalent in both New Zealand and 
Australia, commonly referred to as aCoast disease," or "Morton 
Mains disease/' has taken a great toll of sheep and cattle {1274)- Its 
cause remained obscure until recently, when conditions became so 
desperate that an intensive study was undertaken. The facts indi- 
cated that animals on newly broken land and deep-plowed areas did 
better for a time. Good farmers who top-dressed their soil with 
lime and superphosphate to obtain a luxuriant grass growth were 
particularly troubled with the disease. A number of facts indicated 
that something was lacking in the diet of the animals. After ex- 
haustive analyses, it was found that the soils in the stricken areas 
were deficient in cobalt. In consequence the feed grown on them 
contained little or none of this element, and the animals eating it 
were dying from cobalt deficiency. This was a new idea; never before 
had anyone dreamed that cobalt, long used to impart a lovely shade 
of blue to glassware, was secretly playing a much more vital role. 
Farmers completely eliminated the trouble by placing a little cobalt 
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in the foTtilizor or supplying salt licks containing traces of cobalt. 
One ounce of cobalt sulfate daily is sufficient for approximately 4,000 
animals. 

This element has been found in extremely small amounts in most of 
the organs of the human body. Cobalt is known to increase the num- 
ber of "red corpuscles in the blood, and there is evidence that it may be 
beneficial in certain types of anemia. Some persistent human nutri- 
tional anemias refuse to clear up completely with the usual iron treat- 
ment, and the partial cure effected by iron compounds in such cases is 
now believed to be due to the traces of cobalt which these salts have 
been found to carry as impurities. 

ALUMINUM 

Since aluminum cooking vessels have come into extensive use, 
considerable interest has centered about the effects of this element in 
the diet. Particular concern was voiced that poisoning might result 
from eating the extra quantities of aluminum, which were dissolved 
out of the pan into the food. Baking powders containing this element 
were also questioned. Rather extensive studies have shown no 
evidence of aluminum poisoning from amounts in excess of those 
which would ordinarily be ingested. It has been estimated that on 
the average a human being eats approximately 1 ounce of aluminum 
in 6 years. About half of this occurs naturally in the foods; the 
remainder is dissolved from the cooking utensils. Although alumi- 
num has been found generally distributed in varying amounts in the 
body, scientists are still trying to discover whether its presence is 
merely accidental or perhaps a necessity for the health and even the 
life of man. 

MAGNESIUM 

In 1695 a man named Grew described a magnesium salt which he 
found in mineral springs at Epsom as having medicinal properties. 

Magnesium is a very important ingredient in chlorophyll, the green 
coloring matter in plants. 

If the magnesium content of the diet is reduced to a very low leveh 
a little less than two parts per million of diet, experimental animals 
become sick and die. The blood vessels expand, the heart beats more 
rapidly, the animals become irritable and finally die in convulsions. 
There is evidence that in some way magnesium aids in the use of fat in 
the diet. 

There have been a few cases in which the blood of human subjects 
suffering from irritability have shown low values for magnesium. 
Normal development apparently depends upon the presence of 
magnesium, but our still meager knowledge concerning its action 
encourages further searching for the purpose of this element in human 
nutrition. 

ZINC 

For a period of more than 15 years there has been considerable 
interest in the possible necessity of zinc in the diet. It is always 
present in human tissues, the greatest concentration having been 
found in the sex organs and thyroid. The liver of an infant contains 
more than three times as much as the liver of the adult.    This sue- 
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gests a storage of zinc in the child before birth, as is known to occur 
in the case of copper and iron. Human milk, as well as that of cows 
and ewes, contains zinc; in each case the amount in the milk is greatest 
immediately after the birth of the young. For a period of 10 to 15 
days there is a sharp drop in the amount of zinc found; thereafter it 
remains the same. After repeated attempts by several investigators, a 
zinc deficiency in experimental animals was finally produced in 1935. 
While this work demonstrated the necessity for zinc for normal devel- 
opment, the exact action of this element in animal nutrition still 
remains obscure. 

TIN 

Since the great use of tin in the canning industry, considerable 
attention has been focused on the tin content of canned foods and its 
ultimate effect in the body. There appears to be no danger of harm- 
ful effects to those ingesting the quantities of this metal found either 
in canned or natural foodstuffs. Tin has been noted in many of the 
human tissues; it seems to be concentrated in the suprarenal glands 
and occurs in considerable abundance in the liver, brain, spleen, and 
thyroid gland. One investigator found exceedingly large amounts of 
tin in the mucous membrane of the tongue, a curious fact encouraging 
further study. 

ARSENIC 

There is growing evidence that arsenic, well-known poison and 
valuable drug, may also prove to be an indispensable element in 
human nutrition. It is generally found in traces in most of the human 
tissues; the amounts present vary, depending upon food, water, 
medication, and environment. The liver appears to be the store- 
house for this element; the quantities not stored are eliminated in 
the urine. During menstruation the amount found in the blood 
stream increases by 50 percent, while during the fifth and sixth 
months of pregnancy the concentration in the blood is three to four 
times the normal quantity. A similar increase is also found in cases of 
cancer. Here, then, is an element that seems closely associated with 
the physiology of man. In just what manner it acts is a question 
that remains unanswered. 

VANADIUM 

This element is generally recognized in its connection with the 
manufacture of vanadium steel; 0.5 percent of vanadium makes an 
alloy twice as strong as ordinary steel. 

It has long been known that vanadium is essential to the ascadians, 
a low order of life in the animal kingdom. Its occurrence has been 
reported by earlier workers in a number of foods, including milk and 
eggs, but with improved methods of study it now appears that vana- 
dium is not as widely distributed in nature as was formerly supposed. 
Experiments are now in progress in the Bureau of Home Economics 
in which the nutritional significance of vanadium is being investigated. 
It is not toxic to experimental animals in amounts generally con- 
sidered relatively large for trace elements. Quantities up to 25 parts 
per million of the diet have no toxic effects, and 100 parts per million 
produce only very slight symptoms in experimental animals. 
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SELENIUM 

The dramatic story of selenium in nutrition competes with that of 
cobalt {887). For years in the general area in the United States includ- 
ing South Dakota^ Wyoming, Nebraska, and Kansas, farm animals 
fed on locally grown feed suffered from what was known as "alkali 
disease/' and many died. An intensive investigation disclosed about 
1932 that selenium was responsible for this condition; this time, how- 
ever, the trouble was not caused by a deficiency of the element but 
by its poisonous effect. Wheat grown on soil containing 2 parts per 
million of selenium might concentrate this element to the extent of 25 
parts per million in the grain, more than double the quantity needed 
to produce a grave poisoning in farm stock. 

The recognition of this problem suggested another danger, namely, 
the effect of produce from home-grown gardens upon human health 
in the affected communities. The United States Public Health 
Service made analyses of many locally produced foods in the selenium- 
endemic regions and found that meat, eggs, milk, and vegetables are 
constant sources of this element in the dietaries of families living in 
these areas. Different forms of vegetation vary in their ability to 
take up selenium from the soil. For example, in such vegetables as 
potatoes, cucumbers, beets, tomatoes, and carrots the content of 
selenium is generally low, while cabbage, rutabaga, and especially 
onions can concentrate it to a high degree. The exact extent to which 
any ill health occurring in a community in the area can be ascribed to 
selenium is still uncertain. 

BROMINE 

The halogens, a group of elements consisting of fluorine, chlorine, 
bromine, and iodine, are all of particular interest in human physiology. 
Far less is known about bromine than the others of this group, which 
are discussed elsewhere, but its constant occurrence in blood cannot 
be overlooked. In certain mental conditions, known as manic-de- 
pressive psychoses, the normal blood bromine is reduced to about 
half and remains low until there is an improvement in the pathological 
condition. The bromine content of the blood is changed also during 
menstruation. The growth-regulating portion of the pituitary gland 
(a small but extremely important organ situated near the base of the 
brain, which has tremendous influence on many of the activities taking 
place inside the body) contains concentrations 7 to 10 times greater 
than that of any other organ. There is a considerable variation in the 
bromine content of the tissues with age; after 45 the amount begins to 
fall, and at 75 years of age only a trace, if any, remains. All of these 
facts suggest many important questions concerning the action of 
bromine which need investigating. 

BORON 

Boron is universally present in the plant kingdom, where it plays a 
part in calcium metabolism and in transporting and possibly in 
utilizing carbohydrate. While there is still no certain knowledge of 
its function in the animal kingdom, evidence strongly indicates that in 
exceedingly small concentrations boron may play a "significant role in 
human nutrition. 
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NICKEL 

Nickel has been found more widely distributed than cobalt in the 
human tissues and is particularly concentrated in the pancreas. 
Thus far nothing is known of its physiological function. 

LITHIUM, RUBIDIUM, CAESIUM 

There is meager knowledge regarding the alkali metals other than 
sodium and potassium, which occur in human tissues in relatively large 
amounts and have been universally recognized for years for their 
remarkable physiological action. Caesium is seldom found in animal 
tissues, although it is readily absorbed when available. Lithium is 
occasionally found in human tissues, but so far there is nothing known 
which indicates any physiological importance. Rubidium, on the 
other hand, is widespread, it is readily absorbed by protoplasm, and 
several authorities have suggested a possible biological role. It 
regularly occurs in human livers, the amount present being slightly 
greater during the nursing period. This fact, together with the fact 
that there is an increased concentration of rubidium in the livers of 
infants dying from a condition present at birth known as congenital 
pyloric stenosis, in which there is a constriction in the opening be- 
tween the stomach and small intestine, has led to the suggestion of its 
possible necessity in muscle growth. 

BARIUM, STRONTIUM, BERYLLIUM 

Very little is known about the elements which belong to the same 
family group as magnesium. Both barium and strontium have been 
found occasionally in human tissues, and curiously enough, barium is 
always present in the eyes of cattle in amounts that increase with age. 
The significance of this finding is entirely obscure and such an obser- 
vation has not been found with any other animal studied. There is 
no evidence that beryllium occurs naturally in living tissue, although 
the severe rickets produced as a result of feeding excessive amounts 
of this element to experimental animals is well known. 

SILVER AND GOLD 

The accepted importance of copper in animal nutrition, already 
discussed (p. 208), prompts an interest in the physiological significance 
of other members of this chemical family—gold and silver. Thus far 
there is no satisfactory demonstration of the presence of gold in living 
tissue, although the question is still an open one. On the other hand, 
silver has been reported in blood, liver, uterus, and ovaries, with traces 
in heart, spleen, and kidney. It is particularly concentrated in the 
thyroid gland and in the tonsil. It remains for future study to indi- 
cate whether its presence is merely accidental or significant. 

CADMIUM, MERCURY 

Cadmium, which is closely related to zinc, has not yet been reported 
in human tissues, and there is nothing to indicate particular interest 
in it from the biological viewpoint. Mercury, another member of this 
group of elements, has been found in the human liver and in a number 
of foods.    Amalgam dental fillings provide a significant source of 
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mercury for a period of 3 or 4 months after they have been inserted. 
Part of the ingested mercury is excreted in the feces, part in the urine. 
Mercury; a normal constituent of the diet, is not injurious to health 
in amounts ordinarily ingested, but any indication of its physiological 
necessity is at present lacking. One of the salts of mercury familiarly 
known as calomel (mercurous chloride) is often used as a cathartic. 
Another of its salts, corrosive sublimate (mercuric chloride), is ex- 
ceedingly toxic. 

SILICON, GERMANIUM, LEAD 

The group of elements belonging to the same family as tin all have 
shown properties of physiological interest. Cases of silicosis occurring 
comparatively frequently among workers inhaling excessive amounts 
of silicon have familiarized many with this element. Next to oxygen, 
silicon is the most abundant element in the soil. Many human tissues 
contain silicon, and a compound of silica and carbohydrate has been 
found in urine. In. plants, silicon is apparently concerned with phos- 
phorus metabolism. 

Germanium has been frequently reported to occur in blood, where 
it stimulates the manufacture of red blood cells, and there is evidence 
that it may act as an oxygen carrier. It is nonpoisonous to the animal 
body in relatively large doses. 

There is no evidence to indicate that lead normally possesses any 
particular physiological function. It is even more widely distributed 
than tin, but investigators do not agree regarding the tissues of the 
body in which it normally occurs or the amounts present. On the 
other hand, lead poisoning resulting from excessive quantities is well 
known. Several cases have been traced to drinking water carried 
through short sections of lead pipes, from which water readily dissolves 
more than sufficient lead to produce severe poisoning. All children's 
toys, cribs, and baby carriages should be painted with special lead- 
free paints to avoid the all-too-frequent occurrence of lead poisoning 
in children. 

TITANIUM, ZIRCONIUM, CERIUM, THORIUM 

Titanium is another element widely distributed in nature and in 
human tissues, but its possible physiological significance is completely 
unknown. A record of the occurrence of zirconium, cerium, and 
thorium, other elements belonging to the same family, offers no clues 
regarding their biological properties. 

ANTIMONY, BISMUTH, CHROMIUM, MOLYBDENUM 

Concerning the occurrence of antimony and bismuth data are 
meager, and there is nothing to arouse especial interest. 

There is considerable controversy over the occurrence of chromium 
and molybdenum in biological material, and until more data are avail- 
able no prediction can be made regarding these elements. 



VITAMIN  NEEDS  OF  MAN 

W I I H dramatic rapidity, the vitamins are now being purified, definitely 
isolated, and even produced synthetically in the laboratory. This makes 

possible a much closer study of the part they play in very fundamental 

but obscure processes of life, as well as of their effects in preventing 
diseases due to inadequate diets. Here are the principal facts now known 

about vitamins A, Bi, C, D, and E, riboflavin, and nicotinic acid, including 

what is known about human requirements for these substances. 

VITAMIN A 

by Lela E. Booher and Elizabeth C. Callísoní 

MANY CENTURIES ago man learned that certain physical defects and 
diseases could be prevented or cured by eating certain articles of food. 
For example, eating generous amounts of the livers of animals was 
known by the Egyptians and Chinese as early as 1500 B. C. to im- 
prove vision in dim light. Only recently has it been learned that the 
vitamin A in animal livers is responsible for this improved visual 
adaptation in persons who have received too little of it in their diet. 

It is now known that many foods contain vitamin A or its pre- 
cursors, and knowledge of the functions of this dietary essential in the 
body is gradually being accumulated. 

DISCOVERY OF VITAMIN A 

About 30 years ago the first attempts were made to rear young- 
animals on mixtures of purified proteins, lard, starch, and salts in 
place of mixtures of natural foods. These experiments soon ended in 
a complete failure of growth followed by untimely death of the ani- 
mals. Additions of skim milk or whey to the purified diet prolonged 
growth and life somewhat, but animals receiving this ration, after 
developing a very serious disease of the eyes, also died without having 

1 Lela E. Booher is Senior Nutrition Chemist, and Elizabeth C, Callisonis Associate Physiologist, Foods 
and Nutrition Division, Bureau of Home Economics. 
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reached adult life. But if part of the lard was replaced by butterfat 
in the diet of puriñed foods with whey added, the animals grew well 
for prolonged periods and did not develop the eye disease. It was 
apparent from these experiments that butterfat contains substances 
necessary for life, for growth of young animals, and for prevention of 
an eye disease. These substances supplied by butterfat are vitamin 
A and carotene, the latter of which can be converted into vitamin A 
in the body. 

WHAT IS VITAMIN A? 
At least five different substances present in natural foods can sup- 

ply vitamin A. Four of these are yellow pigments, soluble in fats 
but scarcely soluble at all in water, and very similar to one another. 
They are sometimes called the precursors of vitamin A. The fifth 
substance is vitamin A itself. 

The chemical names for these four yellow pigments that the body 
can convert into vitamin A are a-carotene, ß-carotene, 7-carotene7 and 
cryptoxanthin. Under a microscope, these so-called carotinoids ap- 
pear as beautiful orange-yellow needle-shaped crystals that form 
characteristic rosettes. 

The chemical name ^carotene" is derived from the word carrot. 
Yellow and leafy green vegetables are rich sources of the carotenes, 
ß-carotene occurs in greater abundance and has wider distribution 
in actual foods than any of the others. The carotenes accompany 
the green coloring (chlorophyll) of all plants. Light seems to be of 
great importance in the production of the carotenes, as it is for the 
production of chlorophyll. In fact, the green or yellow coloring is a 
rough indication of the richness of foods of plant origin in carotene— 
the more intense the coloring, the greater the carotene content. 
Cryptoxanthin is one of the pigments of yellow corn, egg yolk, and 
green grasses. 

In contrast to the carotenes and cryptoxanthin, vitamin A itself is 
not highly colored. This vitamin has been obtained in pure form 
from several different kinds of fish-liver oils. At ordinary tempera- 
tures vitamin A is a thick, pale-yellow liquid. By the use of very 
low temperatures Holmes and Corbet {531)2 were able to obtain 
crystals of pure vitamin A. These appear as beautiful clusters of 
pale-yellow needles. For a given weight the crystals are over 1,000 
times more potent in vitamin A value than the average medicinal 
grade of cod-liver oil. 

Most natural fatty food products of animal origin contain some 
vitamin A. Animals convert the carotenes and cryptoxanthin of 
green leaves, grasses, and other feed into vitamin A in their bodies. 
Some of the vitamin appears in their body tissues, particularly in the 
liver, the kidneys, and to a lesser extent in body fat. In milk and in 
butterfat part of the vitamin A value is due to carotenes and part is 
vitamin A itself, converted within the cow from the carotene in her 
feed. Egg yolks contain cryptoxanthin and vitamin A, but usually 
very little of the three vitamin A-active carotenes. Cryptoxanthin is 
especially prominent when the hen's diet contains an abundance of 
yellow corn and grasses. Fish-liver oils are exceptionally rich in vita- 
min A, but relatively poor in carotene. 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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More detailed information on the chemistry of vitamin A, the 
carotenes, and cryptoxanthin is presented in a recent article by 
Palmer (890). 

THE FUNCTIONS OF VITAMIN A IN THE BODY 
Human beings, as well as animals, have a remarkable capacity for 

storing vitamin A in their livers. It is generally supposed that more 
than 90 percent of the total vitamin A content of the human body is 
present in the liver. 

At birth infants have only very small stores of vitamin A. Human 
colostrum, which nature provides as the first food of infants, is several 
times richer in this vitamin than the mother's milk secreted at later 
stages of lactation. Because of the low vitamin A reserves of infants 
and because of their special need for vitamin D, physicians generally 
recommend giving infants small doses of cod-liver oil at a very early 
age. This would seem particularly important for the artificially fed 
infant. 

The stores in the liver are called upon when the food intake does not 
provide adequate amounts of vitamin A. When these body stores 
have been practically exhausted, signs of vitamin A deficiency soon 
become apparent. Animals fed on rations very low in vitamin A 
value show evidence of several successive stages of deficiency, increas- 
ing in severity until death ensues. Practically all of these stages of 
vitamin A deficiency have at one time or another been observed in 
human beings also. 

The earliest recognizable sign of such deficiency is night blindness, 
a visual abnormality that makes the eyes less responsive to dim 
illumination. After being exposed to a bright light, the eyes of a 
night-blind person cannot adjust in the darkness to the same low 
degree of illumination as can the eyes of well-nourished persons. Com- 
mon examples of the difficulty a night-blind person has in seeing in 
dim light include his problem of visual adjustment when he enters a 
dimly lighted theater from a brightly illuminated entrance, or when 
driving an automobile he tries to see the dark road after a car with 
bright headlights has passed. 

There are instances of night blindness which are not the result of 
vitamin A deficiency. Certain diseases of the eye are accompanied by 
poor vision in dim light, and a few persons are born with a permanent 
hereditary type of night blindness that cannot be relieved by increasing 
the intake of vitamin A or carotene. Night blindness due to vitamin A 
deficiency can be quickly relieved by increasing the intake of foods 
rich in vitamin A and carotene or by the administration of vitamin A 
or carotene concentrates. 

A more severe or a more prolonged vitamin A deficiency results in 
extreme muscular weakness and changes in the structure of certain 
body cells—the epithelial cells—which form the protective covering 
of every surface of the body, including the surfaces of ducts and 
cavities within the body. The changes in these cell structures interfere 
with their proper functioning. 

Late stages of such deficiency are accompanied by a serious type of 
eye disease known as xerophthalmia, which if it progresses leads to 
permanent blindness.   This disease is rare in this country, but it has 
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occasionally occurred. Many cases of xerophthalmia were observed 
during the World War among children in Denmark as a result of exten- 
sive exportation of dairy products with substitution at home of cheaper 
foods low in vitamin A value. 

Vitamin A has sometimes been called the anti-infective vitamin, and 
its concentrates have been recommended for the prevention or cure 
of colds and other infections. According to the opinions of several 
medical authorities (19, 97, 214) who have published reports on this 
subject recently, there is no justification for believing that vitamin 
A has specific infection-preventive power. Whether or not an 
infection becomes established in the body depends upon a combina- 
tion of circumstances. In many infections a deficiency of vitamin A 
is not involved at all. When the body contains a goodly store of 
vitamin A and the food is adequate in vitamin A value, no further 
resistance to infection can be secured by the administration of in- 
creased amounts of vitamin A-active foods or concentrates. However, 
when the body is suffering from a moderate or severe degree of vitamin 
A deficiency, most authorities are agreed that there would be a 
lowered resistance to infections. It is important to provide for 
fairly liberal stores of this vitamin in the body in order to bridge over 
periods of illness or emergencies attended with restricted vitamin A 
intake. This safeguard is also important because the absorption of 
vitamin A and carotene from the food may be low during illness. 

A deficiency of vitamin A during the period of tooth, formation 
results in defective tooth structures and striking deformities of the 
teeth {780). Wolbach {97) states that vitamin A deficiency during 
this period probably is the most important of all vitamin deficiencies 
in the human being. 

THE DISTRIBUTION OF VITAMIN A VALUE IN FOODS 

Vitamin A as such occurs only in food of animal origin. The 
vitamin A value of plant foods is due to the presence of carotenes and 
cryptoxanthin. The richest natural sources are the livers of various 
species of animals and particularly those of certain kinds of fish. 
The oils obtained from the livers of bass, eels, halibut, cod, and the 
tuna are extremely rich in vitamin A. The body oils of fish are much 
less rich than the corresponding liver oils. Muscle meats contain 
only traces. 

Some foods of animal origin contain both vitamin A and the vitamin 
A-active carotinoids (carotenes and cryptoxanthin). Such foods 
include milk, butter, cheese, and egg yolks. A part of the carotene 
in the feed of the cow is converted into vitamin A and a part is secreted 
as carotene in the production of milk. The vitamin A values of milk 
and milk products are quite variable, depending on the amount of 
vitamin A or carotene in the cow^s rations. During the summer 
months when the cows eat liberal amounts of fresh green grasses, the 
vitamin A value of the milk is relatively high compared to that of 
winter milk. Hens' eggs are richer in vitamin A value when the hens 
are fed^ rations high in carotene or vitamin A. Hens fed rations 
containing yellow corn usually transfer some of the cryptoxanthin 
of the corn to the egg yolks. 

Most  of  the  common  fruits   contain  some   carotene.    Apricots, 
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papayas, mangos, persimmons, and yellow peaches are among those 
which are important sources of carotene. Bananas, avocados, can- 
taloups, and oranges which have deep-yellow juice are good sources of 
carotene. 

Leafy green and yellow vegetables are excellent sources of the 
vitamin A-active carotinoids. Kale, spinach, escarole, dandelion 
greens, watercress, turnip greens, lambsquarters, and parsley are some 
of the commoner leafy green vegetables that are very rich in carotene. 
In leafy head vegetables such as cabbage and lettuce, the outer green 
leaves are richer in carotene than the inner bleached leaves. Red and 
yellow carrots, yellow-fleshed sweetpotatoes, and ripe tomatoes are 
excellent sources of carotene. 

The cereals in general are not important sources of vitamin A, and 
most of their vitamin A value is found in the germ and bran portions. 
Yellow corn is a richer source than the other common cereals used m 
this country. 

QUANTITATIVE MEASUREMENTS OF THE VITAMIN A VALUES OF FOODS 

The relative amounts of vitamin A and vitamin A-active caroti- 
noids in foods can be measured by controlled feeding experiments with 
rats. Diets free of vitamin A but adequate in all other respects are 
fed to normal young rats until their body stores of the vitamin have 
been depleted. The body weights of rats that have reached this stage 
cease to increase and signs of an abnormal eye condition are apparent. 
The lids of one or both eyes become reddened and swollen, and an 
appearance of squinting suggests that the eyes have become unduly 
sensitive to light. 

The food being tested for its vitamin A content is then fed as 
weighed daily supplements in such quantities as will promote a rate 
of growth equal to that induced by a standard quantity of pure 
ß-carotene. 

The International Unit of vitamin A is 0.0006 milligram of pure 
ß-carotene. The quantity of a test food that must be fed daily to 
each rat in order to promote the same average rate of growth as is 
induced by feeding 0.0006 milligram of ß-carotene per rat per day is 
said to contain 1 International Unit of vitamin A. 

Foods tested in this way may contain both vitamin A and vitamin 
A-active carotinoids. The animal feeding tests do not distinguish 
between the growth responses due to vitamin A and these carotinoids, 
and for this reason the results of these measurements are usually ex- 
pressed as total vitamin A value. 

Animal feeding experiments are expensive, time-consuming, and 
laborious. Efforts are being made to develop chemical and physical 
methods of testing the vitamin A content of foods in order to over- 
come some of the disadvantages of the feeding experiments. Some 
progress has been made in this direction, but the application of these 
newer methods to measurements of the vitamin A values of natural 
foods often involves difficulties that have not yet been satisfactorily 
overcome. The chemical and physical methods are fairly satisfactory 
for measuring the vitamin A values of such materials as fish-liver oils 
and other vitamin A (or carotene) concentrates. 

The chief interest in vitamins arises from the fact that they are of 
141394 o__oc) 16 
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extreme importance in the nutrition of man and of animals. For this 
reason the acceptability of any and all chemical or physical measure- 
ments of vitamin A values must rest in the end upon their confirma- 
tion by animal or human feeding experiments. 

VITAMIN A REQUIREMENTS 
In order to determine the vitamin A requirements of man it is 

necessary to have a basis for distinguishing between nutritional states 
of adequacy and inadequacy of vitamin A. When such a basis is 
established it then becomes possible to restrict the vitamin A intake 
to the level which will just prevent the first signs of inadequacy. 
This quantity, expressed in terms of daily requirement, would repre- 
sent a physiological minimum requirement. 

Of the several recognizable signs of vitamin A deficiency, it now 
seems that nutritional night blindness is the earliest to appear. 
Several instruments are available for determining the presence or 
absence of night blindness in human beings. A measurement of the 
minimum intensity of light that the dark-adapted eye can see will 
indicate whether or not a person is suffering from night blindness. If 
foods or concentrates rich in vitamin A improve the visual adapta- 
tion to dim light, it may be assumed that a state of vitamin A de- 
ficiency existed for that person. 

Friderischen and Edmund (39o) have developed a method for 
measuring the visual adaptation of very young children (under 2 
years of age) to dim light. The child is allowed to rest or sleep for 
some time in an unlighted room. Then graded dim lights are placed 
in front of the child while the observer watches him very closely. 
When the light is just bright enough for the child to notice, it will be 
indicated by movements of the child's brow and eyelids. A child 
who is not receiving a sufficient amount of vitamin A in the food will 
respond only to a light brighter than that to which well-nourished 
children respond. 

The same principle is involved in measuring the visual adaptation 
of older children and adults, except that they are first exposed to the 
standard bright light and can tell the observer the moment the dim 
light used in the test is just bright enough to be seen by them. 

The daily requirement for vitamin A for persons of different ages 
and of different body weights is usually expressed in terms of Inter- 
national Units of vitamin A or of weighed amounts of carotene. 

Edmund and Clemmesen {308) have measured the vitamin A re- 
quirements of a group of Danish prisoners. Half of the men were 
given the ordinary prison rations throughout the experiment. The 
average daily amount of vitamin A contained in this diet was 1,200 
International Units; during the summer months the vitamin A in the 
diet would naturally be a little more than that, and during the winter 
months it would be somewhat less. These investigators found that 
in this group some of the men developed signs of night blindness during 
the winter. The other half of the group was given a pint of whole 
milk daily during the winter in addition to the regular prison fare, so 
that they received an average of 1,400 International Units of vitamin A 
per day. _ There were no cases of night blindness in this group during 
either winter or summer.    Edmund and Clemmesen conclude that 
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an average of 1?400 International Units is the least amount of vitamin 
A which will just prevent night blindness in adults. These figures 
represent average intakes of vitamin A for a group of persons. 

BUREAU OF HOME ECONOMICS VITAMIN A-REQUIREMENTS PROJECT 

During 1937-38 the Bureau of Home Economics determined the 
vitamin A requirement by careful study of five adults. Three women 
and two men consented to be subjects for the experiment. For 5 to 6 
months they ate only food prepared for them in the laboratory 
kitchen. Literally every bite that these people ate was weighed. 
Thus, it was made certain that each one was receiving an ample and 
constant supply of calories, protein, fat, calcium, phosphorus, iron, 
and of all the known vitamins (thiamin, ascorbic acid, vitamin D, 
and ribofiavin) with the exception of vitamin A. The amount of 
vitamin A was kept as low as possible. 

The diet was neither unpleasing nor unduly monotonous. The fol- 
lowing list of foods from which it was chosen will show that there 
was opportunity for a moderate amount of variety from day to day: 

Meats: Bacon, chicken, fish (lean), ham, lamb, pork, veal. All visible fat 
removed except in the case of bacon. 

Vegetables: Asparagus (bleached), beans (dried), beets, cabbage (bleached), 
cauliflower, celery (bleached hearts), corn (white), cucumbers, mushrooms, onions, 
parsnips, potatoes  (white), turnips  (white). 

Fruits: Apples, cranberries, grapefruit, grape-juice, grapes (white), lemons, 
pears, strawberries. 

Miscellaneous: Cocoa, coconut, vegetable oils, egg white, flour (white), gelatine, 
honey, macaroni, milk (fat content less than 0.02 percent), oleomargarine (made 
with vegetable oil and containing no added vitamin A), rice, saltines, sugar, 
tapioca. 

Breakfast was the least variable of the meals, consisting of grape- 
fruit, toast, bacon, oleomargarine (with no added vitamin A), honey, 
skim milk, and black coffee. A representative dinner would be 
chicken, potatoes and oleomargarine, cauliflower, a small portion of 
cranberry sauce, pears, and skim milk. Supper: Navy bean soup, 
saltines, a small serving of apple, celery, and nut salad with lemon- 
juice dressing, cocoa, and angel-food cake. 

There was a very small amount of vitamin A in this food, varying 
from 88 International Units a day for the smallest subject to 103 for 
the largest. The subjects neither lost nor gained in weight and 
appeared to be perfectly healthy throughout the experiment. 

Before the subjects began to eat the experimental diet, a number of 
measurements of the ability of their eyes to adapt to darkness were 
made. This was done with a very sensitive instrument known as the 
visual adaptometer (fig. 1). By means of this instrument, the eye 
of the subj ect is exposed to a brightly lighted screen for several minutes ; 
the screen is then removed and the subject is in total darkness. A 
test of his ability to see is then made immediately by flashing a small 
dim light placed slightly to one side of the center of the eye. The 
intensity of this light is increased until the subject sees it. This 
test is repeated every few minutes for about half an hour. The 
intensities of light a person requires at different times during the period 
of dark adaptation will show whether or not he is night blind. 

While the subjects were on the diet, measurements were made every 
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few days, until finally their eyes were found not to be capable of 
adapting themselves normally to darkness. The length of time before 
these signs appeared was not the same for all persons. One showed a 
change after only 2 weeks, two after 4 weeks, one after 6 weeks, and 
in the most extreme case, a change in dark adaptation occurred only 
after 18 weeks. These variations may be explained by the fact that 
each person had a different amount of vitamin A stored in his liver, 
depending on his past dietary history, and that probably each one was 
daily drawing on this store at a different rate. 

When the adaptation to darkness had changed so that it was re- 
quiring 10 times as much light for the subject to see as when he was 
eating a well-balanced diet, vitamin A was added by giving cod- 

Figure 1.—Testing a subject  for night  hlimJnegs—the first  symptom  of vitamin A 
deficiency—with the visual adaptometer. 

liver oil, which was carefully weighed into gelatine capsules. The 
amount of vitamin A in this oil was found by tests on rats accord- 
ing to the method described earlier. Small amounts were given daily 
at first, and these were increased slowly until the dose of cod-liver od 
was reached that would again make the adaptation to darkness normal. 
As might be expected, the dose required was different for each indi- 
vidual and ranged from 1,200 International Units a day for the smallest 
to 3,800 for the largest. This was in addition to the very small amount 
already present in the diet. Even when the size of the person was 
taken into consideration, there was still a difference in the amount of 
vitamin A necessary for the different individuals. 

As soon as the adaptation to darkness had returned to normal, the 
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cod-liver oil was withdrawn and the subject allowed to become night 
blind once more. This time, instead of cod-liver oil as the source of 
vitamin A, crystals of carotene dissolved in cottonseed oil were 
weighed into the capsules and given to the experimental subjects. 
Surprisingly enough, it was necessary to give each subject many more 
units in the form of carotene than they had required in the form of cod- 
liver oil in order to restore normal vision. This probably means that 
human beings are not able to use carotene as efficiently as they do 
vitamin A. It is not understood exactly why this should be true. 
Since vitamin A and carotene will not go into solution in water, but 
only in fat, it may be that the amount of fat in the diet has something 
to do with this lack of utilization of carotene. Work is now in prog- 
ress at the Bureau to discover why the carotene is not better utilized. 

Low-cost dietaries are dependent upon leafy green and yellow vegeta- 
bles as the main source of vitamin A value. In such cases it would be 
very important that liberal amounts of these be included in order that 
there be no shortage of vitamin A in the body. 

From the results of these experiments and the available data on 
vitamin A value or carotene content of different foods, it is possible 
to express the requirement in terms of quantities of common food items. 

For children between the ages of 2 and 14 years a liberal amount 
of vitamin A will be provided if their daily food contains about 1 
quart of whole milk in addition to an egg (or egg yolk), servings of 
green leafy vegetables and of butter suited to the size of the child, 
and a half teaspoonful of cod-liver oil or its equivalent in other fish- 
liver oils. 

The vitamin A requirements of a normal adult can be supplied by 
a daily allowance of a pint of whole milk, one egg, two ordinary-sized 
pats (one-third of an ounce) of butter, and an average serving of a 
leafy green or yellow vegetable. It is not necessary to include 
exactly these articles of food, since many other foods rated as excel- 
lent sources of vitamin A will contribute comparable amounts of this 
vitamin. However, the group of articles specifically mentioned above 
offers a combination which supplies other nutritional essentials in very 
desirable allowances. 

A pregnant or nursing woman requires more vitamin A than the 
ordinary adult. Her vitamin A requirements can be provided by 
including a quart of whole milk, an egg, an average serving of a leafy 
green vegetable, and one teaspoonful of cod-liver oil or its equivalent 
in other fish-liver oils in her diet each day. 

VITAMIN Bi 

by 0. L Kline » 

WHAT used to be known as vitamin B was later found to be a complex 
of several vitamins. One of these is now called vitamin B^ another 
is vitamin G, or ribofiavin. The old vitamin B is now generally 
referred to as the vitamin B complex. 

Vitamin Bi is an essential dietary substance that cannot be syn- 
thesized in the normal processes of the human body and must there- 

3 O. L. Kline is Biochemist, Food and Drug Administration. 
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fore be supplied in the diet. This vitamin appears to play a role in 
the metabolism of every living cell in the lower animals and plants, as 
well as in the human body. It is required for normal growth of all 
species of animals, of yeasts and molds, and of higher plants. Plants 
have the ability to manufacture and store it in the seed, principally 
in the germ, and yeasts grown on media having considerable quan- 
tities of the vitamin or its constituent parts contain, comparatively 
large amounts of it. On the whole, however, dietary vitamin B^ is 
derived from a large variety of foods that contain only small amounts 
of the vitamin. Therefore a subnormal supply of vitamin B^ in our 
dietary is likely to occur only under unusual circumstances. 

VITAMIN Bi DEFICIENCY DISEASES 

A lack of vitamin B^ in the diet causes the human deficiency disease, 
beriberi. This disease has had widespread occurrence, particularly in 
the Orient, including the Philippines, among people whose principal 
article of diet is polished rice, refined by a milling process that removes 
the vitamin -con tain in g outer coat of the seed. The disease, which 
has been known for a long time, was first shown to be due to an un- 
balanced diet in 1883, when an outbreak of beriberi in the Japanese 
Navy was controlled and further outbreaks prevented by supple- 
menting the usual diet of polished rice and dried fish with meat, vege- 
tables, and milk. The isolation and identification of vitamin B^ as 
the substance necessary to prevent beriberi were the result of a long- 
series of investigations" begun by Eijkman (313) in 1897 and carried 
on by research workers in many parts of the world. The story of the 
development of the vitamin theory and identification of many of the 
dietary factors is a long and interesting one that extends over a period 
of more than 40 years. During that time a science of nutrition has 
grown up that gives us an insight into the structure and function of 
many of these vital substances. 

Although a complete lack of vitamin Bi in the human dietary may 
result in the occurrence of beriberi, there may be many degrees of the 
deficiency causing less well-defined symptoms. Any degree, from the 
mild form in which slight and unrecognizable symptoms occur, to the 
extreme case with severe metabolic disturbances, may occur in persons 
of all ages. Infantile beriberi has a rapid onset with short duration, 
leading to death if untreated, while adult beriberi in most cases 
develops gradually with vague and ill-defined symptoms. In the early 
stages the adult may complain of fatigue, stiffness, headache, nerv- 
ousness, and loss of appetite. Later any one of these three types 
may be recognized: (1) The so-called wet beriberi type (called wet 
because of the appearance of large amounts of fluid in the tissues, 
ca-using a generalized edema), regarded by some investigators as a 
critical stage in the development of the disease, in which swelling of 
tissues is probably caused by improper functioning of the heart; 
(2) dry beriberi (so designated when the predominating symptom is a 
peripheral neuritis), considered to be a chronic form which may persist 
over a long period with possible involvement of nervous' system 
changes; and (3)^ a type described by some observers as acute per- 
nicious beriberi, in which enlargement of the heart and related con- 
ditions may be found.    The occurrence of peripheral neuritis, in vol v- 
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ing the nerves at the periphery or ends of the nervous system—also 
called polyneuritis—is a common symptom in the advanced stages of 
all these types of beriberi. Polyneuritis is a condition in which control 
of the muscles is affected, causing a loss of coordination in the move- 
ments, particularly, of the feet, legs, and arms. In severe cases even 
the muscles of the trunk may be affected. Patients in such advanced 
stages of the disease develop ataxia—uncontrolled muscle contrac- 
tions—and lack of coordination. 

This deficiency disease is of course prevented by the use of well- 
balanced diets. Cure may be effected by administration of con- 
centrates of vitamin Bi or the crystalline vitamin itself, or if these are 
not available, such diet supplements as yeast, wheat germ, or rice 
polishings. A well-balanced diet is a further essential part of the 
curative procedure. It seems clear that although the primary 
deficiency in beriberi is vitamin B^ there may be a lack of other 
nutritional factors as well, factors that can most successfully be sup- 
plied by proper dietary means. This is true in the case of other dietary 
deficiencies also, but particularly true of vitamin Bi because an early 
symptom of the disease, loss of appetite, results in reduced food intake, 
and in turn a reduced supply of other essential substances. For this 
reason the symptoms of beriberi are more variable and less well 
defined than those of some other deficiency diseases such as scurvy or 
rickets. 

Less commonly occurring conditions reported to be relieved by 
vitamin Bi therapy are the polyneuritis of pregnancy, the polyneuritis 
which sometimes occurs in late stages of acute alcoholism, and the 
polyneuritis associated with human pellagra. In these conditions a 
decreased assimilation of food may lead to a reduced intake of the 
vitamin, so reduced in a few extreme cases as to cause the polyneuritic 
symptoms to appear. That vitamin Bi is the sole factor involved in 
these instances can only be demonstrated in further clinical studies 
in which the crystalline vitamin is employed. 

CHEMICAL NATURE OF VITAMIN B1 

It was not until 1936, nearly 40 years after vitamin Bi deficiency 
was first produced experimentally by Eijkman, that chemists were 
successful in synthesizing the compound in the laboratory. The 
American chemist, R. R. Williams, was the first to describe the syn- 
thesis of the vitamin {1228, 1229) and as a result of these and other 
studies, crystalline Bi is now available in pure form at low cost. It 
is being widely used in the study of the physiological function of the 
vitamin in the human body, and in clinical studies designed to meas- 
ure the human requirement more accurately. 

The crystalline vitamin has been named "thiamin chloride" (ii\ 
Europe it is called aneurin), although the term ^vitamin Bi" is still ' 
widely used both in the scientific literature and in popular discussions. 
This vitamin, like other members of the vitamin B complex, is soluble 
in water but insoluble in most fat solvents. It is destroyed by heat 
in the presence of moisture, the rate of destruction depending on 
the acidity or alkalinity of the medium. In alkaline solution destruc- 
tion by heat is rapid and complete in a short time; in acid reaction 
the vitamin is somewhat more stable.    A common method for de- 
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s troy in g vitamin 1B1 in experimental studies is autoclaving, in which 
the material treated is subjected to an atmosphere of steam under 
pressure. However, in ordinary cooking of foods, vitamin destruc- 
tion is not so marked, and it apparently varies with the kind and the 
acid reaction of the food. Because of the water solubility of the 
vitamin, a greater loss may occur when cooking waters and juices are 
discarded. 

Other causes of 6% destruction of less practical importance but 
worthy of mention here are its possible reactions with other com- 
pounds sometimes present in foods. The vitamin is known to unite 
with compounds that render it physiologically inactive, such as 
aldehydes. It is well known also that the vitamin is destroyed in the 
presence of sulfites. Such factors may be of real importance when 
compounds of this type are used in food processing or preservation. 
However, with reasonable care in preparation of foods, either in 
cooking, processing, or preservation, important amounts of vitamin 
Bi need not be lost. 

VITAMIN Bj REQUIREMENTS 

The human body is unable to store large amounts of vitamin B^ 
therefore it is important to maintain a constant supply in the diet. 
This requirement, however, is adequately met in most diets in this 
country made up of the ordinary foods, although such processes as 
the milling of grains to produce a refined grade of iiour, the polishing 
of rice to improve appearance and keeping quality, and the sulfuring 
of fruits do tend to reduce the Bi content of our diets. 

Vitamin B^ is essential for the well-being of every living cell. This 
is necessarily true since this vitamin is concerned with the metabolism 
or break-down of foods that furnish energy for the body processes 
and functions. Biological research in recent years has revealed the 
complex steps through which the carbohydrate foods are broken down 
during the process of digestion and metabolism in order to release 
in an available form the energy from the sun originally bound up in 
those compounds by the plant. The vitamin acts in combination 
with phosphoric acid as a coenzyme called cocarboxylase, which func- 
tions to prevent the accumulation of pyruvic acid, an intermediate 
compound formed in the break-down of carbohydrates. Thus, the 
amount of vitamin B] required each day by a man or an animal de- 
pends directly upon the amount of energy that man or animal expends. 

In estimating the requirement for the vitamin, certain variables 
must be considered. For example, it has been demonstrated that 
there is a smaller demand for the vitamin when diets containing a 
large proportion of fat are consumed. This is to be expected, since 
the energy derived from fat is made available by a chain of chemical 
reactions in which vitamin Bj is not directly necessary. Therefore, 
the vitamin requirement bears a direct relation to the number of non- 
fat calories (carbohydrate and protein) used by the body. 

In general, three different methods of approach have been used in 
studying the human requirement for vitamin B^ These are studies 
of (1) the quantitative relationship of the vitamin to body weight, 
body activity, and food calories utilized in different species of animals; 
(2) the Bi content of various diets, including those known to be ade- 
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quate and those known to allow the occurrence of beriberi; and (3) 
the clinical administration of concentrates of the vitamin on a large 
scale. The values to be discussed have been obtained by these 
methods and must be considered as the minimum requirement. 
There is little agreement as to the increased amount that may be 
required for optimum conditions. It is hoped that improvements 
in methods for determining the vitamin Bi content of blood and urine 
and the use of crystalline Bi in clinical studies will yield in the future 
more reliable information on the minimum, as well as optimum, 
requirement. 

Vitamin Bi values are most often expressed in International Units, 
1 of which is equivalent to 3 micrograms, or three-millionths of a gram, 
of the pure crystalline B^ Another unit widely used in the past was 
the Chase-Sherman. The relationship now generally accepted be- 
tween these two is that 1 International Unit is equivalent to 2 Chase- 
Sherman units. The International Unit is based on a definite weight 
of the pure vitamin; the Chase-Sherman unit is based on growth 
response in the rat under standard conditions. 

The formula proposed by Cowgill (£35) for estimating the mini- 
mum daily vitamin B1 requirement for normal adults indicates that 
this value depends both upon body weight and upon the number of 
food calories utilized. By means of this formula one may calculate 
that a man of an average degree of activity^ weighing approximately 
140 pounds, will require a minimum of 250 International Units of 
vitamin Bi a day, while a woman of 100 pounds will need at least 135 
International Units. Another American writer, Rose (988), has 
recommended, as a more liberal allowance for the adult, amounts 
approximately equivalent to 350 to 450 International Units daily. 
It seems clear from this and other evidence that by the best means 
of calculation based on body weight and activity, minimum daily 
need falls between 135 and 450 International Units (or 0.4 to 1.35 
milligrams) of the pure vitamin. 

From a study of the vitamin Bi content of many human dietaries, 
the adequacy of which with respect to prevention of beriberi was 
known, it was estimated that the normal daily Bi intake of the adult is 
350 International Units and that a minimum of 150 units is needed to 
prevent occurrence of gross symptoms of beriberi. A group of Ger- 
man investigators {1102) have reached a similar conclusion, reporting 
a minimum requirement of 85 to 150 International Units and stating 
that intakes of 350 to 700 will meet the needs under any conditions. 
VanVeen {1165), who studied beriberi in the Orient, has determined 
by feeding concentrates of Bi that the minimum daily intake for pre- 
vention of this disease when diets containing large amounts of starch 
are consumed is 100 to 200 International Units daily. 

Values obtained from studying the excretion of vitamin Bi by per- 
sons consuming both adequate and vitamin Bi-deficient diets are 
found to fall in the same range. Harris and Leong {Jf82) have esti- 
mated that approximately 8 percent of the intake of this vitamin is 
normally excreted, and on this basis excretion studies indicate that the 
normal adult requires at least 200 International Units daily. 

It should be noted that all of these values have been obtained by 
indirect means, without knowledge of the exact function of the vitamin 
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m the body. The fact that the values fall within a small range is an 
indication of their accuracy. More exact knowledge of adult require- 
ments must await a better understanding of vitamin function and 
more accurate clinical studies. These values ranging from 85 to 700 
international Units correspond to 0.25 to 2.1 milligrams of the pure 
vitamin Bi. 

The infant's requirement for the vitamin has been difficult to deter- 
mine. Based upon the vitamin Bi content of milk, it has been esti- 
mated that infants under 6 months old probably obtain not more than 
50 International Units of the vitamin a day. 

The requirement of children has been even more difficult to measure 
than that of infants or adults. Since the vitamin is essential for 
growth, a limited or deficient intake would be expected to limit the 
rate of growth of the child. Beriberi does not commonly occur in 
children, probably because the growing organism adjusts itself to the 
lowered vitamin intake by a reduction in rate of growth, thus con- 
serving the small amount of vitamin Bi available. In the majority 
of clinical studies on children vitamin Bi supplements other than the 
crystalline vitamin have been employed, and therefore conclusions 
from these studies are subject to some criticism. It is reasonable to 
expect that, as in the adult, the requirement of children may depend 
upon the amount of carbohydrate food utilized. This would place the 
requirement of growing children in the same range as that of adults. 

The amount of vitamin Bi needed by the female is increased during 
pregnancy and lactation. Studies indicate that this is true of a 
number of other nutritional factors, and such increased demand is not 
unreasonable. It has been noted, particularly in the Far East 
{1229), that an apparently normal woman may develop beriberi soon 
after the birth of her first child, and although in a partly paralyzed 
state will secrete sufficient quantities of milk for support of the infant. 
However, since the amount of vitamin Bi secreted in the milk is 
dependent upon the mother's diet, such infants invariably develop 
infantile beriberi and soon die unless treated. The increased amount 
of vitamin Bi needed in pregnancy may be considered as the require- 
ment for the mother plus the amount needed by the fetus. After 
birth of the infant, the normal secretion of milk creates an increased 
demand for. the vitamin. Cow gill {236) has recommended for preg- 
nant and lac ta ting women an intake of 20 International Units per 100 
calories of food, or 600 to 700 International Units a day. 

Data obtained in the Bureau of Home Economics in a study of a 
large number of dietary records from families at various levels of food 
expenditure indicate that those diets that provide at least the minimum 
daily requirements for calories, protein, calcium, phosphorus, and iron 
usually furnish 200 or more International Units of vitamin B^ a day. 
Stiebeling and Phipard {llOIf) state that about 10 percent of the white 
families studied selected foods that furnished less than 300 Interna- 
tional Units a day, while the diets of about half the families investi- 
gated furnished 500 or more. 

The vitamin Bj requirement is known to be increased in certain 
clinical conditions. Since, as has been pointed out, the requirement 
depends on energy expended, and therefore on rate of metabolism, any 
increase in metabolic rate such as occurs in cases of high fever or of 
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heightened metabolism due to anoveractive thyroid gland, may result 
in an increased demand for vitamin Bi. If the amount of food energy 
utilized is double the normal, then presumably the need for the vitamin 
will be doubled. Cowgill (236) has suggested that a good practical 
rule to follow in such cases is to be assured of an intake of about 20 
International Units of vitamin Bi per 100 calories. This would seem to 
allow for a considerable factor of safety. 

Other clinical conditions that may affect the vitamin Bi requirement 
are those in which large amounts of water are excreted, such as diuresis 
and diarrhea. This vitamin is water-soluble, and such conditions 
would tend to cause a washing-out effect. In diseases which involve a 
large loss of water it is well to pay attention to the vitamin supply. 

VITAMIN C 
by Sybil L. Smith * 

To THE neglect of an attendant and the keen observation of a brilliant 
scientist we owe what is probably the first description of experimentally 
induced scurvy and lowered resistance to infection due to a diet lacking 
in vitamin C. 

About 45 years ago Theobald Smith, then Chief of the Pathological 
Division of the Bureau of Animal Industry, was using some guinea pigs 
to test the virulence of certain organisms that had been isolated in the 
study of a disease of swine. He was getting irregular results; two of 
his guinea pigs. No. 254 and No. 255, were killed by an inoculation 
that they should have been able to resist easily. He began casting 
about for the cause of this susceptibility. He found it in the diet the 
animals were receiving.    He wrote in his annual report for 1894-95 

The death of No. 254 was undoubtedly due to the absence of such [green] food 
as the attendant had neglected to provide it after the disappearance of grass in the 
fall of the year. Furthermore, No. 255 was weakened by the restricted diet and 
succumbed to an inoculation which otherwise might have had no visible effect. 

Not only were these animals unusually susceptible to infection; 
they developed. Dr. Smith noted, a ^peculiar disease" of their own, 
which he described as follows: 

When guinea pigs are fed with cereals (bran and oats mixed) without any 
grass, clover or succulent vegetables such as cabbage a peculiar disease, chiefly 
recognizable by subcutaneous extravasation of blood [that is, hemorrhages under 
the skin], carries them off in four to eight weeks. 

But Smith/s work was with domestic animals and not human beings, 
and since poultry, swine, and cattle manufacture their own vitamin C 
and do not need to have it furnished in their food as do guinea pigs, 
monkeys, and human beings, he naturally did not associate this 
disease of improperly fed guinea pigs with the recognized but little- 
understood symptoms of human scurvy. It was not until more than 
10 years later that this connection was made by some Norwegian 
investigators (533, 534) who found that a disease very prevalent among 
sailors on long voyages was identical in its symptoms with guinea-pig 
scurvy, and like guinea-pig scurvy could be cured by green food such 
as cabbage, or, more spectacularly, by orange juice or lemon juice. 

4 Sybil L. Smith is Senior Experiment Station Administrator, Office of Experiment Stations. 
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After the recognition of himiaii scurvy as a vitamin-deficiency 
disease, 25 more years elapsed before the substance responsible for its 
prevention and cure—which was given the name vitamin C as the third 
vitamin to be recognized—was finally separated from foods, identified 
as a chemical compound of known structure, and manufactured for use 
in laboratory and clinical work {629), But even now, more than 6 
years later, there is still considerable uncertainty as to how the vitamin 
acts in the body and how much of it is needed by people of different 
ages. 

One difficulty is that it is no longer a question simply of determining 
the quantity of the vitamin necessary to prevent the symptoms of 
scurvy—soreness and stiffness of the joints, swelling and bleeding of the 
gums with loosening of the teeth, and hemorrhages under the skin on 
various parts of the body. These more severe symptoms are now so 
seldom seen in this country that when cases of undeniable scurvy are 
found they are given considerable attention in medical journals and 
are even considered news by the popular press. This does not mean, 
however, that there is no occasion for most of us to worry about lack 
of vitamin C. On the contrary, there are probably thousands of peo- 
ple in this country who are suffering from an unrecognized deficiency 
of vitamin C. Many vague symptoms of ill-health, such as restless- 
ness and irritability in infants and children and a run-down feeling in 
adults, particularly in the early spring (spring fever), are probably 
due to lack of vitamin C. In fact, even when there is not a single out- 
ward symptom of trouble a person may be in a state of vitamin C de- 
pletion more dangerous than scurvy itself. When such a condition is 
not detected and continues uncorrected, the teeth and bones may be 
damaged and, what may be even more serious, the blood system may 
be weakened to the point where it can no longer resist or fight infec- 
tions not so easily cured as scurvy. 

Another difficulty that has stood in the way of determining vitamin 
C requirements with the exactness that should be possible for a definite 
food constituent is the peculiar nature of the vitamin. Consequently, 
it may be well to review briefly what is known about the chemical 
nature of the vitamin and its reactions in the body. 

WHAT IS VITAMIN C? 

Pure vitamin C can be purchased in the drug store as small white 
tablets labeled "Cevitamic Acid.M A name more commonly used as a 
substitute for vitamin C is "ascorbic acid." Both of these names in- 
dicate that the vitamin is an acid ; and it does have a slightly sour taste 
suggestive of acids.5 ^ Chemists speak of vitamin C as an oxidizing- 
reducing agent.    This means that under certain circumstances the 

8 The simplest chemical formula is CAHSOî; but the structural formula, which shows how these carbon, 
hydrogen, and oxygen atoms are joined together, is not so simple, as shown below; 

H 

C O 

/    ón   c c-o 
HO.CHs \ / 

H    C = C 

HO OH 



VITAMIN NEEDS—VITAMIN C 237 

vitamin can unite with oxygen (oxidation) and under others with 
hydrogen (reduction). In living tissues, both animal and plant, the 
vitamin is ordinarily in the reduced form, as pictured in the footnote. 
In the animal body there seems to be a substance—an enzyme—that 
tends to keep the vitamin in the reduced form, but in blood that has 
been drawn for test purposes and in urine there is no longer such pro- 
tection and the vitamin is very easily converted to an oxidized form 
in which it is no longer active and from which it cannot be changed 
back. In plant materials the vitamin is also fairly easily oxidized, and 
when this happens, as in foods that are exposed too long to the air, it 
cannot be changed back to the active reduced form. Such foods are 
consequently no longer effective sources of the vitamin.    Moreover 

Figure 2.—Measuring the vitamin C in oranges. 

in the body itself some of the vitamin C taken in foods or even as pure 
ascorbic acid may be destroyed before it can be used. All of this 
means that vitamin C is quite unstable and easily lost. 

The chemical methods used to determine how much vitamin C is 
present in any material are usually color tests depending upon the re- 
ducing property of the vitamin, which changes the color of the testing 
substance; but thus far no test has been found that will react with 
vitamin C and not with other reducing agents. As vitamin C reacts 
more rapidly than the other reducing agents likely to be present, con- 
siderable reliance is placed on completing the test within a very short 
time—30 seconds at the most. Much time has been spent in many 
laboratories in attempting to find a completely satisfactory method of 
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measuring vitamin C (fig. 2). This to some extent explains why it is 
taking so long to find out all that should be known about the part this 
important vitamin plays in human nutrition. 

HOW DOES VITAMIN C ACT? 

Some idea of how vitamin C acts in the body to prevent all of the 
visible and invisible ills that have been described and to strengthen 
the body's resistance to infection has been obtained from careful study 
of guinea pigs. It is possible by certain chemical tests to trace the 
vitamin as it is used by the body, and on observation to note the 
changes taking place when the vitamin is added or taken away. Such 
studies {12Jf8) have shown that in guinea pigs an important change 
takes place around the cells in certain tissues, such as the marrow of 
the bones, the den tin that composes the principal mass of the teeth, 
and various connective tissues throughout the body. Normally these 
cells are surrounded by a stiff jellylike or cementlike substance, which 
in animals deprived of vitamin C becomes a thin watery liquid power- 
less to support the cells. When the vitamin is again supplied, the sub- 
stance resumes its jelly like state. The thickening is similar to the 
effect of pectin in making jelly. 

Undoubtedly many of the results of vitamin C deficiency are due to 
this liquefying of the intercellular substance. There is little question 
that this is so in and around the teeth, the bones, and the joints. 
Whether the break-down in the blood capillaries resulting in hemor- 
rhages is due to a similar change or to some failure in the oxida- 
tion-reduction system is not definitely known. In a recent review 
(250) in which the effects of vitamin C deficiency are discussed, much 
emphasis is given to the effect of growth and stress in determining 
where the most evident harm results from a lack of vitamin C. In 
growing children it will be in the developing bones and teeth. There 
may be some truth in the expression "growing pains/' The stress of 
exercise or muscular work in older people determines where the break- 
down of the capillaries will occur and hemorrhages appear. 

Another effect of lack of vitamin C that may be traceable to the 
failure of the intercellular material to jell is delayed healing of wounds. 
It has been demonstrated in guinea pigs {664) that artificially pro- 
duced wounds heal much more slowly when the animals are on diets 
low in vitamin C than when they are given plenty of the vitamin; 
and it has also been shown that during the slower healing process the 
wound tissue ruptures very easily. These results are thought to ex- 
plain occasional breaking open of wounds with no evidence of infection 
in human beings. A study of the diet of such patients would probably 
show an inadequate supply of vitamin C. Peptic ulcers might be 
thought of as wounds, and it is now considered the best practice to 
prescribe additional vitamin C for ulcer patients. In the past, quite 
unwittingly, ulcer diets were actually almost entirely lacking in vita- 
min C, for the bland foods prescribed—milk and eggs—contain little 
or none of this vitamin. 

It is a temptation to go on illustrating how vitamin C acts by 
showing what it does, but one more illustration will have to be enough 
at this point—the relation of vitamin. C to infections. 

After it became possible to determine the intake and output of 
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vitamin C in the body it was found that a great deal more of it dis- 
appears during various infections than under normal conditions. 
Tuberculosis is an infectious disease in which there is a great drain on 
vitamin C, and for a long time it has been the custom to prescribe 
rather large amounts of orange juice or tomato juice in the dietarv 
treatment of the disease. 

At first it was thought that the vitamin was destroyed by the organ- 
isms producing the infection, but there is now some evidence that it 
actually plays a part in combating the infection because it is necessary 
for the proper functioning of the blood-serum complement—a sub- 
stance in the blood stream that acts as the first line of defense against 
invasion by harmful agents. It has recently been shown in guinea 
pigs (£90) that the blood-serum complement loses its normal activity 
in the absence of vitamin C. In human beings, too, blood analyses 
(807) have shown that a high content of vitamin C is accompanied by 
a high content of blood-serum complement, and vice versa. Just 
what reaction, if any, takes place between the blood-serum comple- 
ment and vitamin C is not yet known. Both are oxidizing-reducina1 

agents, and it is probably through this property that they act together 
in defending the blood. 

JUDGING THE STATE OF VITAMIN C NUTRITION 

As the first step in determining vitamin C requirements it is neces- 
sary to set up certain standards for comparison—a difficult task when 
mere prevention of scurvy is no longer the goal. At one end of the 
scale there should be a standard representing the amount of vitamin C 
that would prevent the first detectable sign of vitamin C deficiency. 
This would be the physiological minimum. At the other end there 
should be a standard representing the amount that would result in a 
state of health that could not be bettered by further additions of 
vitamin C. This would be the optimum. In the wide zone between 
these extremes it might be advisable to set up another standard that 
would represent adequacy but not liberality and provide for fair 
health as contrasted with buoyant health. 

At present there are three yardsticks in use, singly or in combina- 
tion, for arriving at these more or less arbitrary standards. These are 
the capillary-resistance or fragility test, which measures the strength 
of the blood capillaries; determination of the vitamin C content of the 
urine, which measures the amount of the vitamin excreted and, in 
connection with knowledge of the vitamin content of the food, shows 
how much has been used or lost in the body; and determination of the 
vitamin C content of the blood, which shows how much of the vitamin 
is ordinarily in circulation. 

CAPILLARY-RESISTANCE TEST 

One of the first standards to be used involved capillary resistance. 
It was assumed that the slightest evidence of a weakened capillary 
system, such as the production of tiny hemorrhages, called petechiae, 
under the skin on moderate pressure^ represented the border line be- 
tween an abnormal and a normal condition of vitamin C nutrition. 
The test consists in applying pressure to the upper arm by means of 
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an instrument similar to the familiar blood-pressure apparatus of 
physicians and counting the number of petechiae produced, or revers- 
ing the process and pumping air out by means of a tiny suction cup 
and counting the petechiae produced by the suction. The two meth- 
ods are known as the positive (^)7) and negative (249) pressure 
methods, and standards for different degrees of vitamin C under- 
nutrition are based on the number of petechiae produced at a given 
pressure. 

It was first thought that the test would prove very practical for 
survey work with school children or any population group, but it has 
not met with much favor in this country. One reason is that the 
capillaries may be weakened from other causes than lack of vitamin 
C. An even stronger reason, for which there is cause for congratula- 
tion, is that the vitamin C nutrition of people in this country is seldom 
low enough for this test. In more northern countries in which the 
supply of vitamin C-rich foods runs very low in the winter, a large 
portion of the population is likely to react to the test before the winter 
is over. In Sweden, where the positive-pressure test was developed, 
it is said to be very useful as a means of detecting those most in need 
of vitamin C supplements (419). 

EXCRETION TEST 

As soon as the chemical nature of vitamin C became known and 
color tests were developed for measuring it in foods and body fluids, 
attempts were made to set up standards of normality by measure- 
ments of the amount excreted day by day by healthy people. These 
tests have not been altogether satisfactory for many reasons, but 
particularly because of the great activity and instability of the vitamin 
and the possibility that the test measures other reducing substances 
as well as vitamin C. However, certain standards, based on the re- 
sults of many studies in different parts of the world, are in use until 
more accurate ones can be developed. As these standards are always 
expressed in milligrams of ascorbic acid it may be well at this point to 
state that 50 milligrams of ascorbic acid corresponds to the amount 
of vitamin C furnished by about a scant half cupful, or about 4 fluid 
ounces, of orange juice. A small fruit-juice glass holds about this 
same volume. 

The procedure, which has been used very extensively, is to collect 
all the urine voided during a 24-hour period with elaborate precautions 
to prevent loss or destruction of the vitamin and measure the vitamin 
content of the separate or combined samples. Generally, the pro- 
cedure is repeated for 2 or 3 days and the results are averaged. For 
an adult an average daily excretion of about 13 milligrams of ascorbic 
acid has been considered by some investigators (3, 481) to indicate 
that the vitamin C intake has been barely enough to provide the 
minimum physiological requirement, while 20 milligrams indicates a 
fairly low but perhaps adequate intake, and 40 milligrams a liberal 
intake. These standards are being applied in some studies now going 
on in several State experiment stations in the Northeast and North- 
west. 

Unavoidable and unknown losses not connected with the use of the 
vitamin probably take place as it goes through the body, and it is also 
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possible that the test may measure other substances similar in certain 
properties to vitamin C. It is now customary, therefore, when possible, 
to follow up this measurement of vitamin C on the subject's ordinary 
diet by similar tests made after he has taken a large dose of pure 
vitamin C—crystalline ascorbic acid. An increased output under 
these conditions cannot be attributed to anything but vitamin C. 
If the person undergoing the test has been taking as much vitamin C 
day by day in his diet as he can use, by far the larger part of the 
extra dose will appear in the urine within 12 or 24 hours. If there is 
no increase in the output following the test dose, it is almost certain 
that more vitamin C is needed, and the test dose is repeated for 
several days until there is a sudden and marked increase in the out- 
put of vitamin C. In the use of this method there has been so little 
agreement as to the size of the test dose, the method of giving it, the 
end point, and the final calculations of the data that no one standard 
can be given at this time. The one most frequently used as repre- 
senting normal conditions is the excretion of 50 percent or more of a 
test dose of 300 to 500 milligrams within the first 24 hours, or of a 
dose half this size within 12 hours (588), The test in a considerably 
shortened form is being used in judging the vitamin C nutrition of 
groups of people, particularly children (480), 

Analysis of the output of vitamin C may seem to be a roundabout 
method of estimating intake, but unless analyses for vitamin C are 
made of all foods eaten that may be expected to furnish appreciable 
amounts of this vitamin, the intake cannot be determined with any 
degree of accuracy because of the wide variations in vitamin C con- 
tent of the same food item (except possibly citrus fruits) as affected 
by variety and method of treatment. 

BLOOD TEST 

The third yardstick for estimating the state of vitamin C nutrition 
is measurement of the vitamin C content of the blood in fasting 
condition, that is, sufficiently long after food has been taken that the 
immediate effects of the most recent supply of vitamin C are over. 
From many determinations on subjects of all ages it has been found 
that the content of vitamin C in the blood of normal persons under 
these conditions does not vary with age but that within certain limits 
it is dependent on the previous dietary intake of vitamin C (¿>, 8, 439, 
925). The range extends from a minimum of about 0.6 milligram 
to a maximum of 1.5 to 2 milligrams or more per 100 cubic centimeters 
of blood. 

Generally speaking a person whose blood has a vitamin C value of 
0.6 milligram is just about on the border line between inadequate 
and adequate vitamin C nutrition, and one whose blood has a value 
of at least 1.5 milligrams is likely to have excellent reserves of the 
vitamin. According to some investigators {311) a blood content of 
0 to 0.4 milligram per 100 cubic centimeters shows a very poor state 
of vitamin C nutrition; 0.4 to 0.8 milligram a moderately good state; 
0.8 to 1,2 milligrams a very good state; and above 1.2 milligrams an 
excellent state. From capillary-resistance tests and determinations 
of the vitamin C content of the blood in the same subjects {419) it 
has been concluded that the blood values corresponding to the point 
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at which the capillaries first break down are as low as 0.14 milligram 
per 100 cubic centimeters, which is rather far down in the range of 
values just noted as showing a very poor state of vitamin C nutrition. 
This shows that the physiologically minimum requirement, as measured 
by capillary resistance, is considerably below the requirement for 
satisfactory nutrition. 

METHODS OF DETERMINING VITAMIN C REQUIREMENTS 
The logical procedure for determining vitamin C requirements of 

any age group is to select normal healthy subjects and deprive them 
of vitamin C until their capillary resistance, blood, or urine values 
have dropped below the standards just discussed and then add the 
vitamin gradually until the standard values are again reached. This 
is a tedious process beset with many difficulties, open to many errors, 
and subject to many interpretations, but as a matter of fact most 
of the attempts that have been made to determine human require- 
ments have been based on some part of the general scheme here 
roughly outlined. 

The first application of this principle, and indeed the first attempt 
to use human beings instead of guinea pigs in the study of vitamin C 
requirements, was made in Sweden only 8 years ago by Göthlin {4-16) ) 
the investigator who has found the capillary-resistance test so useful 
in detecting vitamin C undernutrition in children. Following the 
plan exactly as outlined, he kept two adults on a milk-and-egg diet 
until their capillaries broke down under the test. Then step by step 
he built up the strength of the capillaries by small additions of orange 
juice to the milk-and-egg diet, until a point was reached at which 
the small hemorrhages, or petechiae, no longer showed when the test 
was applied. The amount of orange juice being fed at that point 
was considered to furnish the minimum physiological requirement of 
vitamin C. Later when pure ascorbic acid became available Göthlin 
and his associates {U8) repeated the test with similar results. 

The second yardstick, the content of vitamin C in the urine, has 
been used in so many ways that only one or two can be mentioned 
here by way of illustration. It was at first thought, quite naturally, 
that the differences between the vitamin C content of the food eaten 
and of the urine excreted would represent the amount used by the 
body, that is, the requirement; or that by adjustments in the amount 
consumed an amount would be found on which the body would be in 
equilibrium, with intake and output just balancing each other. Both 
of these methods have been used, but in the first there is the puzzling 
question of what becomes of some of the vitamin, for there is no con- 
stant relation between increased intake and output. The second 
method measures minimum or barely adequate rather than optimal 
requirements, and again there are discrepancies difficult to explain. 

Many investigators believe that optimal nutrition, the state of 
health which cannot be bettered, is best secured by giving all of the 
vitamin that the body can hold. This state is commonly called 
saturation and is measured by the spill-over of vitamin C into the 
urine that occurs after repeated large doses of the vitamin are given. 
The procedure being followed at the New York (Cornell) Agricultural 
Experiment Station {92a) in attempts to determine the saturation re- 
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quirements of young people illustrates this use of urinary-output 
values. 

The test consists in first saturating the subjects with vitamin C by 
daily intakes of 200 milligrams of ascorbic acid (equivalent in vitamin 
C to two cupfuls of orange juice) for 6 days, or until they are com- 
pletely saturated as shown by a marked increase in output following 
a still larger dose of 400 milligrams. The entire test is repeated two 
or three times to get the average output of the saturated subject 
after a 400-milligram dose. Then a small daily dose is given for a 
week with a 400-milligram dose at the end—and the dose is gradually 
raised week by week until the output following the 400 milligrams is 
the same as in the preliminary saturation test. If repeated trials at 
this level give the same results the dose is considered to be the mini- 
mum allowance for saturation of the tissues. 

A definite relationship has been found between the initial vitamin C 
content of the blood and the total quantity of the vitamin required for 
saturation as just described. For instance, it has been found (SÎÎ) 
that in persons with a vitamin C content of the blood of only about 
0.4 milligram per 100 cubic centimeters, saturation was not reached 
(as determined by a marked increase in output) until a total of 2,000 
milligrams of ascorbic acid had been given, whereas in persons with an 
initial blood value of 0.8 milligram per 100 cubic centimeters, only 
1,000 milligrams of ascorbic acid were required for saturation. Con- 
sequently, it is thought that the degree of vitamin C saturation of any 
subject can be estimated by a single blood determination in place of 
the tedious urinary-excretion tests. This would considerably shorten 
the method of determining saturation requirements. 

DOES SATURATION REPRESENT OPTIMAL VITAMIN C NUTRITION? 
This is a question on which there is a decided difference of opinion. 

Some investigators feel that it is an unnecessary extravagance to 
push up the vitamin C intake until the body is saturated and can 
take no more. Some suggest that it may be actually harmful to do 
so, although others point out that the body takes care of the excess 
by excreting what is not needed. As the beneficial effects of vitamin 
C in other ways than preventing scurvy are becoming more and more 
evident there is a growing tendency to push up allowances in order to 
provide for all emergencies. 

One of the most convincing arguments for generosity to the point 
of saturation in recommended allowances has recently been brought 
forward by Szent-Györgyi, the Hungarian investigator who discov- 
ered the unusual acid later identified with vitamin C. Szent-Györgyi 
{1118) has pointed out that a caged guinea pig kept in a laboratory 
away from sources of infection may get along in an apparently healthy 
condition on as little as 1.5 to 2 milligrams of vitamin C daily. Much 
more of the vitamin is needed, however, to protect the animal against 
bacteria or disease toxins, and as much as 20 to 40 milligrams a day 
for complete saturation of the tissues, as determined by the test-dose 
method just described for human beings. Furthermore—and this 
point is considered of great significance—this larger amount of vitamin 
C, from 12 to 20 times as much as the minimum protective dose, is no 
more than the guinea pig gets daily when it is allowed to eat all the 
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green food it wants. Probably the guinea pigs that the Bureau of 
Animal Industry was using in the classic experiments described at the 
beginning of this article were getting 20 to 40 milligrams of vitamin C 
daily before the grass was no longer to be had, and it was not until 
^the disappearance of the grass in the fall of the year" that some of 
the animals ^succumbed to an inoculation which otherwise might 
have had no visible effect/' 

If the amount of vitamin C a guinea pig naturally consumes daily 
from its green food is the same as is needed to saturate its tissues, is 
not saturation the optimal state? Szent-Györgyi thinks that it is and 
that the same reasoning applies to human beings. It is not so easy 
with human beings as with guinea pigs to determine the ^quantity of 
vitamin C naturally consumed," for after infancy human diets are 
influenced by too many factors ever to be called natural. But if a 
saturation dose for a guinea pig more nearly corresponds to the 
amount it gets daily from its simple natural diet than does the mini- 
mum dose which keeps it healthy only when it is not exposed to 
infections, it would seem that saturation doses for human beings 
might safely be used as requirements for optimal nutrition. 

VITAMIN C REQUIREMENTS IN HEALTH 

INFANTS 

A perfectly healthy and happy breast-fed infant is presumably 
receiving an abundance of vitamin C from its mother's milk. The 
word ^happy" is used because irritability is one of the first symptoms 
of lack of vitamin C in infants. Breast milk from healthy women on 
satisfactory diets has been shown in numerous tests reported from 
many countries to furnish from 4 to 7 or 8 milligrams of vitamin C 
per 100 cubic centimeters (about 3% fluid ounces) during the first few 
months of breast feeding. Values below 4 milligrams indicate a very 
poor state of nutrition of the mother {68, pp. 8-24) and values above 
8 milligrams are seldom obtained even when the mother is on a diet 
very rich in vitamin C. 

Reported estimates of the amount of vitamin C breast-fed infants 
are actually getting have varied according to (1) the values within 
this range selected as corresponding most closely to actual conditions 
and (2) estimates of the volume of milk consumed, which can be de- 
termined only indirectly. The amounts range from 10 milligrams 
(during the first few days) to 50 milligrams of vitamin C a day re- 
ceived by the infant from the mother's milk. As already noted, the 
latter figure, which probably represents the best conditions, is equiva- 
lent to the amount of vitamin C in about half a cupful or 8 tablespoon- 
fuls of orange juice. 

How do these figures compare with recommended allowances of 
vitamin C for infants? As late as December 1937, the Technical 
Commission on Nutrition of the Health Organisation of the League 
of Nations recommended {670) from 5 to 15 milligrams of vitamin C 
daily as the requirement for artificially fed infants. This would 
correspond to about one-third of an ounce to an ounce (2 tablespoon- 
fuis) of orange juice daily, a common recommendation in books on 
infant feeding. 
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It has recently been stated on good authority (-4^0 that "the mini- 
mal protective dose of vitamin C for the average healthy infant is 
about 10 milligrams per day.M As about 1 out of 20 of the more than 
400 infants under observation in the study from which this conclusion 
was drawn was said to have had scurvy in a mild degree at some time 
or other during the several months of observation on a vitamin C 
intake approximating 10 milligrams daily, this allowance appears to 
offer little or no margin of safety and should be considered the irre- 
ducible minimum for protection against scurvy rather than the 
minimum for satisfactory health. 

There is about as much difference between these recommended 
allowances and the amount of vitamin C a breast-fed infant under 
the best of conditions is getting as there is between the minimum 
protective dose of vitamin C for a guinea pig as established in labo- 
ratory tests and the amount a naturally fed guinea pig gets from 
its green food. 

The generous estimates of the infant's vitamin C requirement 
based on the amounts received from mothers' milk are supported by 
some data from blood values and urine tests. Thus by several 
entirely different methods the vitamin C requirements for satisfactory 
nutrition of infants, not merely protection against scurvy, have been 
calculated to range from 20 milligrams (after the first few days when 
10 milligrams may suffice) to a maximum at the end of breast feeding 
of about 50 milligrams daily; or on a weight basis, from 3 to 8 or 
perhaps within the smaller limits of 5 to 6 milligrams for every 2.2 
pounds of body weight. 

As the more liberal estimates are based on the amount of vitamin 
C furnished in the day's supply of breast milk of good quality, it is 
safe to say that the infant's requirement for vitamin C can be met by 
breast feeding alone provided the mother herself is taking a generous 
allowance of vitamin C. However, if her diet is deficient in vitamin 
C, the vitamin C content of her milk may be too low for safety. 

This raises a question about pooled pasteurized mothers' milk, 
now being distributed rather extensively in the larger cities, and the 
various modifications or formulas for cows' milk. 

Samples of pooled pasteurized mothers' milk as delivered to a hos- 
pital from a Directory for Mothers' Milk in one of our large cities 
were found to contain only 0.3 milligram of vitamin C per 100 cubic 
centimeters, or less than one-tenth as much as fresh breast milk of 
average quality (57%). According to a recent compilation of vitamin 
values prepared in the Bureau of Home Economics (256), the vita- 
min C content of cows' milk ranges from 1 to about 2.6 milligrams 
per 100 cubic centimeters when pasteurized. It has been estimated 
(499) that by the time such milk has been diluted and modified for 
infant feeding, a day's supply of 600 to 750 cubic centimeters will 
furnish not more than 6 milligrams of vitamin C. 

These figures would seem to afford evidence of the necessity of 
furnishing orange juice or some easily assimilable source of vitamin C 
to all artificially fed infants at a very early age, and the advisability 
of furnishing similar supplements to breast-fed infants when there is 
any doubt as to the quality of the breast milk. The United States 
Children's Bureau, in its most recent edition of Infant Care {1208), 
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gives the following recommendations for vitamin C supplements in 
infant feeding: 

Orange juice (strained) or tomato juice or other source of vitamin C should be 
given to the baby before the end of the first month. The juices may be fresh or 
canned. Tomato juice may also be obtained by straining the pulp of fresh or 
canned tomatoes. 

If orange juice is used, begin with 1 teaspoonful a day. Gradually increase 
the amount until by the third month and thereafter 2 tablespoonfuls are given 
twice a day. Orange juice may be diluted with an equal amount of cool boiled 
water. 

If tomato juice is used, give twice as much as you would of orange juice. 
Begin with 1 teaspoonful twice a day and increase until by the third month 4 
tablespoonfuls are given twice a day.    Tomato juice is given without water. 

Grapefruit juice or lemon juice—but not prune juice—may be given instead of 
orange juice. Either fresh or canned juice may be used. Grapefruit juice and 
lemon juice are used in the same amounts as orange juice. They may be diluted 
with an equal amount, or more, of boiled water, and may be sweetened. Pine- 
apple juice may be used. If fresh juice is used, give twice as much as you would 
give of orange juice; if canned, give three times as much. Pineapple juice need 
not be diluted. 

Occasionally fruit juices may cause some digestive disturbance. If it is cer- 
tain that the disturbance is due to a particular fruit juice, another juice may be 
given, or, if the baby is breast-fed, juice may be omitted for a few weeks. 

With 1 tablespoonful of orange juice furnishing about 7.5 milligrams 
of vitamin C, artificially fed infants given orange juice according to 
these recommendations will be getting vitamin C in amounts increas- 
ing gradually from 2.5 to 30 milligrams daily by the second or third 
month. The first solid foods given—cereal and egg yolk—at the fourth 
month will not furnish any additional vitamin C. The puréed vege- 
tables and fruits added somewhat later will make a slight contribu- 
tion, as will baked potato, but these solid foods are gradually intro- 
duced into the diet in such small amounts that they cannot be de- 
pended onto furnish much vitamin C. Banana pulp is often recom- 
mended in infant feeding, particularly in case of digestive disturbances. 
Recent studies (682) of the vitamin C content of bananas at the stage 
of thorough ripeness necessary for infant feeding have shown that a 
banana of average size furnishes from 6 to a little over 8 milligrams 
of vitamin C, or on the average about as much as 1 tablespoonful of 
orange juice. 

Breast-fed infants who are given the same vitamin C supplement as 
infants artificially fed may be receiving more than 60 milligrams of 
vitamin C daily after the second or third month if their mothers are on 
diets furnishing an abundance of vitamin C. After weaning it seems 
likely that these infants may actually be getting less vitamin C than 
during the period of breast feeding, for the amount furnished by the 
solid foods will undoubtedly be considerably less than has been fur- 
nished by breast milk. If orange juice is well tolerated, it would seem 
logical to increase the allowance gradually to a total at about 9 months 
of 6 tablespoonfuls (3 ounces or a little less than half a cup) daily. 
This would furnish about 45 milligrams of ascorbic acid, an amount 
that still does not exceed what the infants may have been receiving 
from breast feeding. 

CHILDREN 

With the transition from breast feeding to a mixed diet it is no 
longer possible to estimate vitamin C requirements from food intake. 
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There have been very few studies of the actual requirements of 
healthy children based on any of the other methods described, al- 
though there are many reports on the vitamin C nutrition of healthy 
and sick children as determined by blood analyses and urinary out- 
put. The blood of children has the same range of vitamin C values 
as that of adults, and therefore the same standards apply. The out- 
put in the urine of healthy children depends directly on the intake. 

From the rather small amount of evidence available, it would seem 
advisable to use the same optimum allowance for preschool children 
through the period of most rapid growth as for infants—that is, 
5 to 8 milligrams for each 2.2 pounds of body weight. 

In both infants and young children the minimum requirements as 
thus far established are only about one-fifth the maximum allowance 
or saturation requirement (regardless of whether or not the latter 
should be considered the requirement for optimal nutrition). With 
the infant the range is from 10 to 50 milligrams, with the preschool 
child from 22 to about 120 milligrams. For the preschool child a full 
measuring cup of orange juice would be required to furnish the entire 
quota of vitamin C, but this is not necessary, for with increasing 
variety in the diet other foods contribute a considerable share of the 
total supply. In the study {350) from which the very high figure of 
120 milligrams was obtained, about one-tenth of the total vitamin C 
came from foods seldom considered as particularly good sources of 
this vitamin. Other foods might have been selected that would have 
furnished much more—quickly cooked young green cabbage in place 
of string beans, a dish of strawberries in place of some of the bananas, 
etc. It would have been possible to reduce the orange juice to half 
a cupful and furnish the rest of the vitamin in other ways. Again, 
the children in this study were presumably getting pasteurized milk. 
On the farm, milk may furnish a good share of the day's vitamin C 
allowance to children who are accustomed to drinking generous 
amounts of fresh raw milk, which may contain as much as 26 milli- 
grams of vitamin C per liter (a little less than a quart). 

ADULTS 

For adults as well as infants and children the range in estimated 
requirements of vitamin C appears to be extremely wide—from 19 
{418) to over 100 milligrams, or a fourfold to fivefold increase from 
the physiologically indispensable minimum to the maximum repre- 
sented by complete saturation.6 Between these limits various 
amounts have been recommended as standard allowances presumably 
representing requirements. The allowance of 30 milligrams daily as 
adopted by the Technical Commission on Nutrition of the League of 
Nations {670) seems dangerously near the physiological minimum on 
which close agreement was obtained by entirely different methods of 
approach. Even the frequently recommended allowance of 50 milli- 
grams should probably be thought of as barely adequate, with no pro- 
vision for individual differences in requirement and no margin of 
safety in case of illness or unusual demands. 

8 In the Cornell University study referred to on p. 242 {92a) the saturation requirements for the 7 young 
people studied have ranged from a total of 70 to over 100 milligrams of ascorbic acid daily, or from about 
1 to 1.6 milligrams per kilogram of body weight daily. 
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For those accustomed to taking a glass of orange juice or other 
fruit juices, grapefruit, or fresh berries in season as a matter of 
course at every breakfast, there is little danger that the total daily 
intake of vitamin C from all sources will furnish less than 75 or 100 
milligrams daily. A small fruit-juice glass of orange juice furnishes 
about 50 milligrams, a full-sized glass or tumbler about 100 milli- 
grams. Even without the use of oranges, it is comparatively easy 
to assemble a variety of foods in a day's diet that will furnish 100 
milligrams or more, particularly if tomatoes, raw or canned, or 
tomato juice are used. But unfortunately individual food tastes 
are such that a surprisingly large number of American people do not 
take advantage of the abundance of vitamin C foods at their disposal, 
with the result that their day's intake may fall far below an allow- 
ance generous enough to provide for all demands. 

For checking family diets, the number of servings of a few foods 
known to be particularly good sources of vitamin C is perhaps as good 
a guide as can be suggested. For this the table of values on page 289 
is recommended. 

Pregnant and Lactating Women 
There is abundant evidence of a greatly increased need of vitamin C 

during pregnancy and lactation. A woman for whom a minimum 
requirement of 28 milligrams was established in the investigation 
of Widenbauer (1217) was found after becoming pregnant to need 
71 milligrams daily in the third and 67 milligrams in the eighth month 
of pregnancy. The slight drop in the later period may or may not 
be of significance, but even the smaller of the two figures during 
pregnancy is more than twice the value for the same woman when 
not pregnant. In a similar study on a group of healthy women in 
the eighth and ninth months of pregnancy (403) values ranging from 
33 to 64 milligrams were reported with the statement that not less 
than 100 milligrams daily should be considered as a safe allowance 
during this period. 

This means that if a woman has been on a vitamin C allowance of 
about 50 milligrams daily, she would need to double this during 
pregnancy—for example, by changing from a small to a large glass of 
orange juice daily. If, however, she has been in the habit of drinking 
a large glass of orange juice daily, or taking equivalent amounts of 
other vitamin C foods, it will not be absolutely necessary to increase 
this during pregnancy. In other words, the margin of safety of the 
saturation allowance over the barely adequate allowance may be 
sufficient to carry her safely through the period of pregnancy, although 
even the saturation allowance will no longer be optimal. 

In some instances it may be advisable to provide an additional 
margin of safety during this period even if it means taking some pure 
vitamin C in addition to food sources. Studies of the vitamin C in 
the blood plasma during pregnancy of two groups of women, one whose 
diets were carefully planned to provide an abundance of vitamin C 
and another of nearly the same number whose diets were not so care- 
fully planned {1124), showed a decrease in the vitamin C content of 
the blood as pregnancy advanced, even in the women on diets uni- 
formly high in vitamin C. 
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It is generally considered from observations on the vitamin C con- 
tent of the blood of mothers and newborn infants that when the 
vitamin C requirements are not met in pregnancy the mother becomes 
depleted at the expense of the child, whose blood at birth is frequently 
considerably higher in vitamin C than that of the mother. The 
higher the content of vitamin C in the maternal blood the less is the 
difference between it and the blood of the newborn infant. As stated 
in a recent paper {1124)-. 

The fetus in utero acts parasitically on the mother with respect to vitamin C. 
So long as appreciable amounts of ascorbic acid are present in maternal plasma, 
the fetus tends to take what it needs irrespective of the maternal requirements. 

During lactation the situation is somewhat different. Theoretically 
the complete vitamin C requirements of a nursing woman are met if 
she is able to produce milk of the highest vitamin C content possible 
and maintain a normal level of the vitamin in her blood, but if she 
receives too little vitamin C to meet both needs, the deficiency is likely 
to show first in a lowered content of the vitamin in the milk. Con- 
sequently, there are two ways of safeguarding against a deficiency of 
vitamin C in the mother and her breast-fed infant. One way is to 
add to the vitamin C allowance of adult women the calculated amount 
in a day's supply of breast milk of good quality. This additional 
allowance is estimated to be at least 50 milligrams daily. If the 
pregnant woman has been in the habit of taking a generous allowance 
of vitamin C, 100 milligrams or so daily, the additional 50 milligrams 
may not be necessary. The other way is to supplement breast feeding 
by giving the infant orange juice or some other easily assimilable 
source of vitamin C at a very early age. In view of probable differ- 
ences in the ability of individual women to transfer vitamin C to their 
milk as well as differences in their own requirements for the vitamin, 
it would seem advisable to follow both means of safeguarding mother 
and child, that is, provide the mother with at least 100 milligrams of 
vitamin C daily and supplement the breast feeding by giving vitamin C 
to the infant. 

Old People 

With the general lowering of metabolism in old age it might be 
assumed that there would be a corresponding decrease in vitamin C 
requirements. There is some evidence, however, pointing to an even 
greater need of the vitamin—or at least to a greater use of it—in old 
age than in the prime of life. The old people who have thus far been 
studied C4Ö7, ^81) were in a state of unsaturation, as shown in the 
first study by the small daily output of vitamin C in the urine and in 
the second by the large amounts of vitamin C that had to be given 
before there was an overflow in the urine. As these old people were 
either hospital patients or inmates of an institution, it is not possible 
to state whether the unsaturation was the result of a greater natural 
need of vitamin C in old age or of a poor state of health with unrecog- 
nized infections. 

The old people in the second study were living in an institution 
where the diet was considered good, great pains being taken to supply 
plenty of fruits and vegetables. However, following the treatment 
with pure vitamin C in the saturation tests, most of the subjects felt 
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much better and were able to do more work. Although no attempt 
was made to determine the actual requirements of old people for 
vitamin C, a rough estimate was given of 50 milligrams in comparison 
with 25 to 32 milligrams for younger subjects studied at the same time. 
Greater significance should probably be attached to the relative than 
to the absolute values as suggesting a double allowance of the vitamin 
for old people. The low estimates for the younger subjects suggest 
that the investigators had in mind the minimum physiological require- 
ment and that the 50-milligram estimate should be considered in the 
same sense. 

If the margin of safety is considered in the double sense of a margin 
to cover variations in individual requirements and to meet unusual 
needs, it is quite probable that the saturation allowance of 100 milli- 
grams for adults affords a safe margin for the additional needs of 
vitamin 0 in pregnancy, lactation, and old age, but that it is no longer 
a margin of safety to take care of unusually high individual require- 
ments and the variations that are impossible to calculate in the 
vitamin C content of various items in the food supply. 

REQUIREMENTS IN DISEASE 

Vitamin C therapy has recently been described {1240) in terms of 
balancing a budget that has run into a deficit: ^The deficit must first 
be determined, then it must be covered, and finally the budget must 
be kept balanced." While it is not yet possible to determine just 
why there should be a deficit of vitamin C in certain diseases or 
pathological conditions, there is abundant evidence in the medical 
literature that such a deficit does exist and that the extent of it can 
be measured by the same yardsticks of blood and urine analyses that 
have been used to determine the state of vitamin C nutrition in 
apparently healthy subjects. Moreover, it has been shown by the 
same methods that it is possible to balance the vitamin C budget in 
illness as well as health but that this usually requires much larger 
deposits, or daily allowances, of the vitamin. 

To carry the analogy still further, the deficit of vitamin C in certain 
illnesses may not be due entirely to extra expenditures (increased use 
of the vitamin) but partly to lowered income (reduced intake) as the 
result of restricted diets. This was more often the case before 
vitamin C was known or its importance as a regular constituent of 
the diet was recognized—the days when sick people were told what 
not to eat instead of what to eat and physicians prescribed restricted 
diets to eliminate food constituents that were harmful in special 
diseases without realizing that in so doing they were producing a 
state of vitamin C deficiency. 

The milk-and-egg diet for stomach ulcer as formerly prescribed 
without supplements is a good illustration of the use of a diet extremely 
low in vitamin C at a time when it is particularly needed to assist in 
the healing of the diseased tissues. Now it is considered that orange 
juice or tomato juice properly strained, and diluted if necessary, 
should be given as soon as possible for their vitamin C content. The 
proverbial gruels and the toast-and-tea diets of early convalescence 
with their complete lack of vitamin C illustrate failure to cover the 
deficit incurred during the illness. 
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Fortunately, with the present vogue for the generous use of fruit 
juices during illness and convalescence, diets at such times may be 
even richer in vitamin C than the customary diets in health. This 
is as it should be, for there is no question that a greater need results 
from an increased use of the vitamin by the body in ill health com- 
bined with a tendency toward a decreased food intake. 

While it is beyond the scope of this article to discuss the vitamin C 
requirements in disease at any length, as this subject more properly 
belongs in medical journals where excellent reviews are to be found 
(7, 911), a few illustrations will be given of studies that have shown 
quite definitely a greatly increased need of vitamin C in certain 
pathological conditions. 

GINGIVITIS AND PYORRHEA 

The ^pink tooth brush" slogan in popular advertising has done 
much to make people conscious of the disfiguring effect of a condition 
of the gums known as gingivitis, which causes bleeding at the slightest 
provocation. The word ^pyorrhea" brings to mind the dreaded 
possibility of the loosening of teeth to such an extent that their removal 
is inevitable. Recent studies on both guinea pigs and human beings 
leave little doubt that the first defense against both of these conditions 
is an abundance of vitamin C. 

Bleeding of the gums is one of the first symptoms of vitamin C de- 
ficiency to be noted in guinea pigs. This was described in the earliest 
mention of the condition brought about in guinea pigs by a diet 
lacking in green food {1084). A greater tendency to bleeding of the 
gums in human beings at some times than at others may well be due 
to marked changes in the vitamin C content of the diet, as in traveling 
in countries where fresh fruits are not to be had. In addition to such 
observations, which do not afford definite proof, there are case reports 
in the medical literature showing a relation between bleeding gums 
and low output of vitamin C in the urine, with cure of the condition 
and a return to higher values in urinary output following a marked 
increase in the vitamin C content of the diet. In one such case (704) 
improvement did not take place until the patient, a young woman, 
had been given 250 milligrams of vitamin C daily in the form of 
tomato juice and mixed citrus fruit juices. After 5 weeks on this 
diet the condition of the gums became normal and the output of 
vitamin C in the urine rose from very low values to approximately 
30 milligrams daily, an amount within the normal range. 

For some time interest in the changes in the inner structure of the 
teeth and in the soft tissues about the teeth in guinea pigs on diets 
deficient in vitamin C and the application of these findings to similar 
conditions in human beings overshadowed the more serious results of 
vitamin C deficiency in the bony structure holding the teeth in place. 
Recent studies on guinea pigs given graded amounts of vitamin C 
from traces up to enough for normal nutrition {145) have shown that 
in both acute and chronic vitamin C deficiency changes take place 
in these structures (the alveolar bone tissues) identical with those 
observed in human beings suffering from the more severe type of 
pyorrhea known as pyorrhea alveolaris {146)- The extent of the 
changes in the guinea pig tissues depended upon the degree of vitamin 
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C deficiency. The identity of the conditions in guinea pig and man 
and its relationship to lack of vitamin C was further shown by the 
low blood levels of vitamin C in patients with pyorrhea of this type. 

In discussing these studies and their significance at a dental society 
meeting (^44)? one of the investigators expressed the opinion that 
vitamin C deficiency is the only nutritional deficiency that produces 
the characteristic features of this type of pyorrhea in experimental 
animals and that in human beings vitamin C is essential to the main- 
tenance of healthy oral tissues. He took pains to say, however, that 
vitamin C is not a panacea for all dental ills and in pyorrhea should be 
considered as a prerequisite and not a substitute for other treatment. 
His recommendation was that in such conditions blood determinations 
for vitamin C should first be made, and if a deficiency is found to exist 
it should be remedied by the administration of ascorbic acid before 
other treatment is instituted. But how much better is uan ounce of 
prevention than a pound of cure"! A liberal allowance of vitamin C 
in the diet at all times may be the means of preventing the necessity 
for the massive doses of the pure vitamin required after pyorrhea has 
been established. 

STOMACH ULCERS AND WOUNDS 

Stomach ulcers and wounds, including wounds produced in surgical 
operations, have been grouped together because the principle under- 
lying the use of extra vitamin C as a therapeutic measure is the same— 
the ability of the vitamin to hasten reparative processes in the tissues 
either through its control of intercellular metabolism or through its 
oxidizing-reducing properties. Whatever may be the mechanism, the 
results are quite spectacularly demonstrated in guinea pig experiments. 

In one such test {IflS) use was made of the property ascorbic acid 
has of reducing silver nitrate, which then forms a black stain. When 
the silver nitrate test is applied to various organs of guinea pigs, 
black granules appear wherever vitamin C is present. They are most 
abundant in glandular organs but are also found in muscle tissue and 
skin. When two groups of guinea pigs, one on vitamin C-deficient 
diets and the other on a normal diet reinforced with 100 milligrams 
daily of vitamin C, were given artificial wounds, the content of vitamin 
C in the various organs of the group on the diet low in the vitamin 
was very low and none could be detected in the skin and wound tissues, 
which showed little formation of new tissue. In the other group, 
which had received vitamin C far in excess of ordinary requirements, 
the content of the vitamin in the various organs was high, formation 
of new tissue in the wounds had taken place rapidly, and most signifi- 
cant of all, black staining of the granulations and adjacent skin showed 
the presence of vitamin C where the healing had been taking place. 

Although there have been many suggestions of the probable value 
of extra vitamin C after operations, including particularly removal of 
the tonsils and tooth extractions, there are as yet few case reports on 
its use. Recently a case has been reported {618) of an operation on an 
infant in whom healing of the wound was apparently stimulated 
within 24 hours after the administration of a single massive dose (300 
milligrams) of ascorbic acid by injection in the veins. In a review of 
a few other scattered cases the statement is made {7):   ^From the 
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evidence presented one may conclude that vitamin C has an important 
role in the healing of surgical wounds. When a history of low vitamin 
C intake or a low plasma value is obtained preoperatively [before an 
operation], it would seem logical to administer vitamin C^ both before 
and after the operation. These suggestions for the medical profession 
are quoted simply to illustrate one of the many advantages accruing 
from a regular intake of vitamin C considerably in excess of minimum 
physiological requirements, for under such conditions this special 
treatment might not be so necessary. 

The existence of a vitamin C-deficiency state or, possibly, the 
increased use or disappearance of vitamin C in persistent cases of 
stomach ulcer has been proved in human subjects by the use of all 
three of the yardsticks of measurement already noted—the capillary- 
resistance test (138), output in the urine following test doses of vitamin 
C (26, 666), and blood plasma values (573)—and by all of these tests 
on the same subjects (932). The general recommendation which has 
come from these studies is the liberal use of vitamin C in some easily 
assimilable form—prefaced, if necessary, by a few large doses of the 
pure vitamin to make up for the original deficit. This follows the rule 
cited at the beginning of this section of first determining the deficit, 
then balancing the budget, and finally keeping up the balance. 

INFECTIOUS DISEASES 

It seems fitting to end this discussion of vitamin C requirements by 
considering the effect of infectious diseases on requirements, for this 
takes us back again to the guinea pigs which 45 years ago in the labora- 
tories of the Bureau of Animal Industry were killed by the inoculation 
of an amount of an infectious organism they should have been able to 
resist. Since that time there have been reports too numerous to men- 
tion of the lowered resistance to various infections of guinea pigs on 
diets deficient in vitamin C, and of lowered values in the blood content 
and urinary ouput of vitamin C in human beings suffering from a 
variety of infectious diseases. 

In the most recent review available on this subject (724) rheumatic 
fever, pulmonary tuberculosis, diphtheria, and pneumonia are listed 
as infectious diseases in the prevention and cure of which vitamin C 
^undoubtedly plays a significant part/7 although ^there is no un- 
equivocal evidence that this nutrient has a specific role in the preven- 
tion or cure of any of them." 

It is probable that the failure of intercellular substances to set to a 
jell in the absence of sufficient vitamin C accounts for lowered resist- 
ance to infections through breaking the first barriers of defense, as 
suggested earlier in this article. It is possible that the disappearance 
of vitamin C during the progress of infectious diseases accompanied 
by fever, as is usually the case, is due partly to the increased metabo- 
lism producing the rise in temperature. Evidence is increasing, how- 
ever, that vitamin C does play an important part in the immunity 
defenses of the body and that increased allowances are necessary when 
these defenses are called into action to combat infections. The 
evidence is particularly strong in diphtheria, for it has been reported 
that in guinea pigs injected with diphtheria toxin the survival period 
was proportional to the amount of vitamin C the animals had been 
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receiving (^0) ; that when vitamin C and diphtheria toxin were mixed, 
the toxin after a time lost its strength and the vitamin was destroyed 
{604)] and that when large doses of the vitamin—500 to 700 milli- 
grams daily—were injected in the veins of human patients suffering 
from toxic diphtheria, little of the vitamin appeared in the urine 
{886). Although the only favorable effect noted as resulting from this 
large dosage of vitamin C in the human patients was on hemorrhages, 
particularly nose bleed, the evidence was thought by the reviewers 
{72^) to suggest ^unequivocally that ascorbic acid should be fed in 
generous amounts in diphtheria, as a means of preventing a deficiency 
of this nutrient in the tissues if not as a definite therapeutic measure." 

The same conclusion might be drawn for pulmonary tuberculosis, a 
disease in the dietary treatment of which orange juice or tomato juice 
has long been used. Many studies have been reported in which low 
outputs of vitamin C were obtained in patients with pulmonary tuber- 
culosis on diets which would ordinarily result in a fairly high output. 
In two such studies {2, 757), when the cases were grouped according 
to the activity of the disease, it was found that the more active the 
disease the lower the output of vitamin C on a given intake. In the 
second of these reports an estimated 55 to 138 milligrams of ascorbic 
acid was given daily as the amount required "to bring a tuberculosis 
patient into equilibrium as regards vitamin C nutrition." 

In a comparison of a small group of tuberculous and healthy children 
of the same age it was found {170) that the average daily output of 
vitamin C by the tuberculous children was only about 6% milligrams 
and of the healthy children 30 to 35 milligrams/ 

The examples cited are sufficient to indicate that the margin of 
safety furnished by the so-called saturation allowances in health may 
be none too generous to meet the greatly increased demands in certain 
pathological conditions. 

SOME RECOMMENDATIONS BASED ON PRESENT KNOWLEDGE 

There are many unanswered questions that make it difficult to give 
requirements for vitamin C with certainty. To quote again from the 
most recent edition of The Newer Knowledge of Nutrition {724) : 

Adequate evaluations of ascorbic acid requirements are dependent upon objec- 
tive methods of determining the health status in relation to ascorbic acid ingestion. 
Defects in the determination of either the health status or the amount of ascorbic 
acid ingested make it impossible to evaluate the requirements. 

To these difficulties may be added lack of knowledge as to the fate 
of some of the ascorbic acid ingested. Does the difference between 
intake and output always represent the quantity used by the body in 
meeting its requirements for vitamin C? Obviously not in view of the 
instability of the vitamin and the wide ranges in values reported under 
conditions in which more constant results might be expected. Does 
saturation of the tissues represent optimal vitamin C nutrition? 
Though there are good arguments for answering this question in the 
affirmative, there is lack of agreement. 

It seems reasonably certain, however, that the minimum and maxi- 
7 When pure vitamin C was given to both groups in daily amounts of 50 milligrams per child, the highest 

average daily output reached by the tuberculous children was only 23 milligrams after 24 days during which 
a total of 1,200 milligrams of vitamin C had been taken by each child, while in the healthy group the average 
output rose to 70 milligrams on the 2d day after a total intake of only 100 milligrams. 
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mum values which have been reported may be considered to represent 
a range in allowances covering requirements from the physiologic 
minimum, which should never be lowered, to the optimum, the 
state of nutrition that cannot be bettered. For the various age 
groups these ranges between minimum and optimum appear to be as 
follows in terms of daily allowances: 

Infants through the age of breast feeding (from birth to 9 months)—minimum, 
10 milligrams; suggested optimum, 50 milligrams. 

Children, 9 months to about 6 years—minimum, increasing gradually to about 
20 milligrams; suggested optimum, increasing gradually to about 100 milligrams. 

Older children—no data available; the allowances for adults are suggested. 
Adults—minimum, 28-30 milligrams; suggested optimum, 100 milligrams 

or more. 
Pregnant and lactating women—minimum, at least 50 milligrams over the 

minimum for other adults. 
Elderly people—minimum, 50 milligrams. 

For convenience in visualizing these quantities, some approximate 
equivalents of vitamin C and orange juice are repeated below: 

Vitamin C        Orange juice Vitamin C        Orange juice 
Milligrams : Milligrams—Continued. 

2¾    1 teaspoonful. 50 X cupful. 
7½    1 tablespoonful. 100    1 cupful. 
12¾    1 fluid ounce. 

In terms of body weight, allowances have been estimated to range 
from 3 to 8 milligrams per kilogram of body weight for breast-fed 
infants receiving no other supplements; about 7 milligrams per 
kilogram for maximum retention in preschool children; and from less 
than 0.5 milligram per kilogram for the physiologic minimum require- 
ment to about 1.7 milligrams per kilogram for saturation in adults. 

From these figures it may be assumed that the daily allowances 
should remain about the same in terms of body weight through the 
period of growth, and that the requirements for adults, although 
somewhat higher in total amounts than for children, are not more 
than one-fourth as much per unit of weight. 

Allowances that are barely adequate for women should be increased 
by at least 50 milligrams daily during both pregnancy and lactation. 
Saturation allowances may provide sufficient vitamin C for these pe- 
riods but with a decidedly reduced margin of safety to meet individual 
differences in requirement or unexpected losses. 

Saturation allowances would seem advisable wherever possible 
because of the margin of safety they afford for emergencies of various 
kinds. Additional vitamin C in excess of the highest estimates for 
health may prove of great help after operations, in diseases involving 
damage to active tissues, and in infectious diseases. 

VITAMIN D 
by Frederick W. Irish « 

VITAMIN D regulates the metabolism of calcium and phosphorus in the 
body, and thus is concerned in the proper formation of bones and teeth. 
The mechanism by which vitamin D functions has not been determined 
with finality, but it is believed that in some way it facilitates the 

B Frederick W. Irish is Associate Chemist, Food and Drag Adminislration. 
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absorption of calcium and phosphorus from the alimentary tract. It 
does not decrease the minimum requirement for calcium and phos- 
phorus, however, and cannot produce good retention of these minerals 
in a person who receives too little of them. 

EFFECTS OF VITAMIN D DEFICIENCY 
Because of the relationship of vitamin D to calcium and phosphorus 

metabolism it would be natural to expect the need for it to be most 
evident at that period of life when the formation of bone from the 
calcium and phosphorus of the food is in most active progress. This 
period occurs during infancy and early childhood, when the soft car- 
tilaginous bones of the newborn infant are being converted into firm, 
hard bone and at the same time the skeleton is undergoing consider- 
able linear growth; and it is at this age that the characteristic vita- 
min D-deficiency disease—rickets—develops. 

This disease of infancy has in the past been very prevalent in this 
country, and it is still an ever-present menace to infants whose diets 
are not adequate with respect to calcium, phosphorus, and par- 
ticularly vitamin D or its equivalent—adequate exposure to direct 
sunlight. For this reason the cause and treatment of rickets in infants 
have been the objects of intensive study by physicians and other inter- 
ested scientists, and considerable information is now available regard- 
ing them. 

In older children and adults the results of possible vitamin D 
deficiency do not manifest themselves in such a striking manner. As 
a result there has not been such an extensive study of the vitamin D 
requirements of these age groups, not only because the stimulus to 
carry on such studies was not as great, but also because definite 
criteria for determining the presence of vitamin D deficiency among 
individuals of these age groups do not exist. 

SUBSTITUTION OF SUNLIGHT FOR DIETARY VITAMIN D 
In discussing the dietary requirements for vitamin D it is always 

necessary to bear in mind that exposure of the body to direct rays of 
the sun serves the same purpose as the ingestion of vitamin D in the 
form of food materials or medicinal preparations. 

A sterol, the precursor of vitamin D, is present in the skin, and 
probably in almost all animal tissues and cells, along with a related 
substance, cholesterol. In the presence of sunlight this sterol is 
activated, or forms vitamin D.9 The antirachitic effect of sunlight is 
dependent on the intensity of the ultraviolet radiations in the light. 
This varies with a number of factors, prominent among which is the 
altitude of the sun above the horizon. This explains in part the 
greater incidence of rickets and the increased requirement for vitamin 
D from dietary sources during the winter and early spring, when the 
sun's altitude is low and in addition both the number of days of sun- 
shine and the opportunity for exposure are likely to be restricted. 
The antirachitic effects of sunlight are decreased in the case of Negroes 
and certain dark-skinned white races, so that, unless they receive 
additional exposure to sunlight, the vitamin D requirement of such 
individuals is greater than that of lighter-skinned persons. 

9 For footnote see facing page. 
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The extent to which vitamin D can be stored in the human body 
has not been investigated. However, evidence obtained from animal 
experiments indicates that vitamin D is stored to a considerable 
extent in the animal body, and if this is also true of human beings, it 
may be that vitamin D stored during the summer months, from ex- 
posure to sunlight when it is most potent, may exert a protective 
influence over a considerable portion of the year. 

In other words, exposure to sunshine can replace a portion or all 
of the vitamin D that is required when this substance is obtained 
solely from dietary sources. In discussing vitamin D requirements 
and in planning studies designed to determine these requirements it 
is therefore essential that due consideration be given to this fact. 

VITAMIN D REQUIREMENTS 

The vitamin D requirements of infants given below were determined 
in studies made during the winter months when the influence of sun- 
shine was at a minimum or under conditions that prevented exposure 
of the infants to direct sunshine. The limited data available with 
respect to older children were obtained under conditions permitting 
the exposure to sunshine normal for children of their ages. 

In spite of the extensive work that has been done a certain lack of 
agreement still remains among authorities regarding the minimum 
vitamin D requirements of infants and young children. This arises in 
part from the use of different criteria in judging the adequacy of a 
particular vitamin D intake. Some investigators have used protec- 
tion from rickets as the sole criterion, while others have combined this 

9 There are several sterols which possess this property to a greater or lesser degree, but only two of them 
are at present considered of importance in connection with human nutrition. They are used to make two 
forms of vitamin D. One of these is prepared by the activation of ergosterol by treatment with ultraviolet 
light, or by other means, and has been called calciferol and also vitamin D2. The structural formula of 
calciferol follows: 
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The other compound has been prepared artificially by the irradiation of 7-Dehydro-cholesterol, and such 
chemical studies as have so far been carried out indicate that this is the form of vitamin D that predominates 
in animal and fish oils. This compound is known as activated 7-Dehydro-cholesterol and as vitamin D3. 
The structural formula of activated 7-Dehydro-cholesterol follows: 
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with other criteria, such as growth or the amount of calcium retained 
by the body. 

The smallest amount of vitamin D that has been reported as effec- 
tive in healing rickets in infants is about 90 U. S. P. (United States 
Pharmacopoeia) units10 of vitamin D daily in the form of milk 
from cows fed irradiated yeast. However, the healing process with 
this vitamin D intake was much slower than when larger amounts 
were fed. 

Another investigator reports 135 U. S, P. units daily of vitamin D 
from an animal source administered in milk as effective in preventing 
rickets in infants. This same investigator, however, recommends 
the administration of from 300 to 400 units daily to infants in order 
to assure proper growth and calcium assimilation. 

An extensive clinical study involving the use of various sources 
of vitamin D, such as cod-liver oil, viosterol, and vitamin D milk, 
led to the conclusion that 675 U. S. P. units of vitamin D daily 
approximated the minimum protective level for infants under 1 year 
of age. 

Other workers have interpreted the results of their investigations 
as indicating the daily vitamin D requirements for infants to be 300, 
400, 450, and up to as much as 700 to 800 U. S. P. units. 

It would appear after reviewing the above data that sufficient 
vitamin D to meet the requirement of infants will be insured by 
administering the average dose of cod-liver oil recommended in the 
United States Pharmacopoeia and by the Council on Pharmacy and 
Chemistry of the American Medical Association in the publication 
New and Nonofficial Remedies—that is, 2 teaspoonfuls daily. This 
amount of cod-liver oil of the minimum vitamin D potency required 
by law contains 624 U. S. P. units of vitamin D, 

While the amounts of vitamin D discussed here are intended 
primarily for artificially fed infants, there are some authorities who 
believe that breast-fed infants should receive comparable vitamin D 
supplements. Others do not believe it to be necessary to supple- 
ment the diet of a breast-fed infant when the mother is receiving an 
adequate diet. 

Premature infants probably require approximately twice as much 
vitamin D as full-term infants. 

As already indicated, there are no definite criteria by which to judge 
the adequacy of vitamin D intake of older children and adolescents, 
and consequently knowledge of their vitamin D requirements is 
meager. Some investigators who have attempted to estimate the 
vitamin D requirements of older children by studies of growth and cal- 
cium retention have reached the conclusion that between 300 and 400 
U. S. P. units of vitamin D daily are required, particularly during the 
season when exposure to direct sunshine is limited. 

There is quite convincing evidence that an adequate intake of cal- 

^ Vitamin D is measured with laboratory animals by means cf bio-assays, which consist of comparisons 
of the activity of a substance with a known source of vitamin D. The results of these assays are expressed 
in units. One of the most widely used units, particularly in foreign countries, and to a considerable extent 
in this country, is the International Unit. The International Unit is defined as the biological activity of a 
very small quantity (0.02o microgram) of calciferol. The unit most widely used in this country is the United 
States Pharmacopoeia unit of vitamin D. This unit is identical with the International Unit, but as a stand- 
ard of reference in determining vitamin D potency in these units a reference cod-liver oil is used that has 
been carefully standardized against the international standard calciferol. 
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cium, phosphorus, and vitamin D is of importance in connection with 
the prevention of dental caries (decayed teeth), particularly among 
growing children. Studies made on a large number of children in 
orphanages in and immediately adjacent to New York City with a 
view to determining the influence of vitamin D on the incidence of 
dental caries indicate that approximately 800 U. S. P. units of vitamin 
D daily are required to prevent an increase in the incidence of caries 
during the winter and spring periods. On the other hand, the children 
who were observed over a summer-vacation period during which no 
vitamin D supplement was supplied did not develop new caries to a 
significantly greater extent than did those receiving the 800 units daily 
during the winter and spring. This indicates that children of school 
age can receive adequate vitamin D effects from sufficient exposure to 
summer sunshine, even in large cities in the northern portion of this 
country where the intensity of the sun's rays is diminished by smoke 
and other forms of air pollution. 

The optimal vitamin D requirement for adults has not been deter- 
mined. In fact, many authorities believe that it is unnecessary to 
administer this vitamin to adults other than pregnant and lactating 
women, for whom the League of Nations Health Organisation has 
recommended a diet and cod-liver oil supplement supplying some- 
what more than 300 units of vitamin D a day. Other authorities 
have recommended that nursing women should receive at least 800 
units daily. Aside from pregnant and nursing women, adults prob- 
ably obtain sufficient vitamin D solely from exposure to sunlight. 
In any event, there is no concrete evidence to indicate that most grown 
persons, including indoor workers who have a minimum of exposure 
to the sun, suffer from vitamin D deficiency. 

From this discussion it can readily be seen that any statement 
regarding human vitamin D requirements must be made with a num- 
ber of qualifications, and that further information on this subject 
is much needed, particularly in regard to the requirements of adults. 
The following tabulation represents the best estimate of requirements 
that can be made on the basis of the information now available: 

Number of U. S. P. units 
Infants : of vitamin D daily 

Artificially fed 300-800 
Breast-fed   300-400 
Premature   600-800 

Children and adolescents   300-800 
Adults         ? 
Pregnant and lactating women   300-800 

VITAMIN E 

by E. M. Nelson n 

THE VITAMIN E requirement of man is not known. That the rat needs 
vitamin E cannot be questioned, but there is very convincing evidence 
that the goat will reproduce normally without vitamin E in its ration. 
Some clinical evidence suggests that certain cases of habitual abortion 
in the human species may be due to vitamin E deficiency but it has 

H E. M. Nelson is Chief, Vitamin Division, Food and Drug Administration. 
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not been established beyond reasonable doubt that man needs this 
vitamin. 

It has recently been reported that a substance having the properties 
of vitamin E has been synthesized in the laboratory, and it is believed 
that there are at least three closely related compounds having the 
same properties. 

VITAMIN E NEEDS OF THE RAT 

The use of the rat in nutrition studies has increased very rapidly 
during the past 50 years. As knowledge about various nutritional 
essentials developed, it became possible to use greater proportions of 
pure substances in experimental diets, and as these diets became more 
highly purified the need for certain substances could be demonstrated. 
About 20 years ago it was observed that rats fed highly purified diets 
frequently failed to reproduce even though their growth rate and gen- 
eral condition seemed to be entirely satisfactory. This observation 
prompted investigations to determine whether the rat required some 
particular substance in its food for successful reproduction, even 
though there was no known deficiency in the diet. Extensive study 
led to the discovery, about 15 years ago, that the rat will not reproduce 
unless its ration contains a substance which was subsequently named 
"vitamin E." 

Vitamin E deficiency manifests itself in the rat by failure of the 
female to give birth to living young even though there appears to be no 
interference with conception and early growth in the uterus. Usually 
the young are not born but are resorbed in the uterus. This résorption 
begins a few days before the termination of the gestation period. In 
the male rat there are changes in the tissues of the testes, and the 
ability to produce living spermatozoa is lost. 

The rat is used in determining the presence of vitamin E in foods, 
and the relative quantity can be determined with some degree of 
accuracy. Young female rats are fed a diet complete in all respects 
except for this vitamin. After a suitable interval of time they are 
bred with males of known fertility. The substance to be tested may 
then be given in a single dose or fed in desired amounts daily during 
the gestation period. The success of the females in producing living 
young when fed different quantities of the substance tested is a meas- 
ure of the amount of vitamin E fed. 

HUMAN NEED FOR VITAMIN E UNDETERMINED 

It cannot be stated that because the rat needs vitamin E man also 
must have this vitamin in his food to assure successful reproduction. 
In studies conducted at the Iowa Agricultural Experiment Station, it 
has been possible to raise five generations of goats on a ration which 
by repeated tests on rats was shown to be free from vitamin E. Even 
the muscle tissue and milk from these goats were free from demon- 
strable traces of vitamin E, though the vitamin is readily shown to be 
present in the muscle tissue and milk of goats fed rations containing 
the vitamin. This seems to be satisfactory evidence that species 
other than the rat do not necessarily need to have this vitamin pro- 
vided in their food. 

Studies on human requirements for vitamin E have been confined 
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largely to investigations of the effect of ingestion of wheat-germ oil in 
cases of sterility and habitual abortion in women. These studies 
indicate quite definitely that wheat-germ oil is of no value in the treat- 
ment of sterility. Habitual abortion has been defined as repeated 
abortions occurring in early stages of pregnancy. No reports have 
been published of clinical studies conducted in this country to deter- 
mine the value of vitamin E in the treatment of habitual abortion. 
The papers that have been published in foreign journals indicate that 
wheat-germ oil was beneficial in approximately three-fourths of the 
cases of habitual abortion that were treated. It seems fair to state 
that the interpretation of these investigations is rather difficult be- 
cause of the lack of a precise control of the variable factors in such 
clinical studies. Of further importance in applying these observations 
is the fact that the number of cases of habitual abortion is very low. 

A review of the literature published to date leads to the conclusion 
that it has not been definitely established whether or not man requires 
vitamin E, though there is some evidence indicating that this vitamin 
may be needed. If the occurrence of habitual abortion is taken as a 
criterion of vitamin E deficiency, the number of cases of actual 
deficiency must be very small. If this vitamin is needed by man, 
it is found in so many of the foods generally consumed in this country 
that a deficiency is not likely to occur. 

RIBOFLAVIN 
by Leía E. Booher12 

RIBOFLAVIN is now the generally accepted name for the water-soluble, 
yellow-pigmented vitamin that occurs in a wide variety of natural 
foods. In years past this vitamin has been designated by a number 
of different names, including lactofiavin, vitamin G, and vitamin 
B2—the last by English and German investigators. 'Tlavin" is derived 
from the Latin word ^fiavus," meaning yellow; the ending "in" 
implies that these yellow pigments contain nitrogen. The prefix 
"riboy (or "d-ribo") identifies riboflavin as a particular member 
of this class of pigments that contains also the residue of a particular 
sugar, d-ribose. 

DISCOVERY OF THE VITAMIN, RIBOFLAVIN 

The first scientific account (131) of the water-soluble yellow pig- 
ment in milk appeared in 1879. Not until almost 50 years later did 
this pigment again receive scientific consideration. Its more obvious 
properties were described in 1925 (128), but its real significance 
remained obscure until about 5 years ago. 

Independently and almost simultaneously, in 1933, American (Î34-) 
and European {816, 651) 13 investigators announced the discovery of 
the biological significance of this pigment. 

Early attempts to rear animals on a diet of purified protein, fat, 
carbohydrates, and inorganic salts met with complete failure. But if to 
this diet were added small quantities of milk whey and butterfat, the 
animals began almost immediately to grow and to show every appear- 

12 Lela E. Booher is Chief, Foods and Nutrition Division, Bureau of Home Economics. 
^ Reference (316) was published in Germany in February; reference {651) in Germany in April; reference 

{ISA) in North America in September. 
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an'ce of being well nourished. It required nearly 20 years of active 
research before it became known that the water-soluble yellow pig- 
ment in whey was one of the vitamins that contributed to the suc- 
cessful rearing of animals on a simplified diet. 

Step by step the proteins, lactose, fats, and inorganic salts in whey 
were eliminated, leaving at each step a product more intensely yellow 
and more concentrated in vitamin activity {134), Riboflavin was first 
isolated in pure crystalline form from egg whites by Kuhn and his 
coworkers {651). Isolation of riboflavin from milk and many other 
plant and animal sources quickly followed as a result of the work of 
many investigators. 

Success in recognizing the vitamin activity of the whey pigment 
was greatly favored by increased knowledge of other vitamins neces- 
sary for growth and well-being. As an abundance of other vitamins 
was added to simplified diets in concentrated forms, the need for the 
water-soluble yellow pigment of whey stood out in bolder relief. 
Young albino rats receiving adequate quantities of all the other 
vitamins necessary for growth except ribofiavin begin to lose hair 
around the eyelids, which gives them a spectacled appearance. The 
loss of hair progresses until often the animal is almost entirely denuded. 
Meanwhile the skin, particularly on the paws, ears, nose, and around 
the mouth, becomes inflamed and swollen—a condition known as 
dermatosis—and sooner or later the tips of the toes darken, become 
very dry, and drop off at successive joints. Addition of very small 
quantities of riboflavin to a diet adequate in other respects promptly 
restores growth, produces a thick, sleek coat of hair, and cures the 
dermatosis. 

PROPERTIES OF RIBOFLAVIN 
Crystals of riboflavin are yellow-orange in color and form needle- 

shaped clusters as the alcohol is evaporated from an alcoholic solution 
of riboflavin (fig. 3, A and B). Many concentrated solutions of ribo- 
flavin exhibit a bright-yellow color, and at the same time some of the 
light illuminating them becomes a bright green. If light of short 
wave lengths only (ultraviolet light), which the eye does not see 
directly, is used to illuminate riboflavin solutions in a darkened 
room, this green coloration is very pronounced. This so-called 
fluorescent property, which enables a substance to absorb light and 
change its color, is characteristic of riboflavin. Addition of either 
acid or alkali to a water solution of riboflavin decreases the intensity 
of its green fluorescence. 

The vitamin activity of riboflavin is gradually destroyed by ex- 
posure to ordinary light, which also causes its yellow color to dis- 
appear. ^ Many chemicals also reduce the color of riboflavin and 
destroy its vitamin activity. 

High temperatures, particularly in the presence of alkalies such as 
soda, destroy the vitamin activity of riboflavin. 

Figure 3,—A, Crystalline riboilavin ( X 200).    (Photomicrograph courtesy of Lincoln 
T.  Work,  Columbia  University.)     jf?,  Riboflavin crystallized from  2  normal  ace lie 

acid solution (X175). 
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Riboflavin is soluble in water, dilute acids, and alcohol, but not in 
fats nor in most of the liquids used to dissolve fats, 

DISTRIBUTION IN FOODS 

Riboflavin is widely distributed in nature. It has been isolated 
from milk, egg white, egg yolk, liver, kidney, barley malt, yeast, 
dandelion blossoms, and grasses. 

Muscle meats all contain riboflavin. Dark meat is richer in ribo- 
flavin than white meat. Many animal organs such as liver, kidney, 
and heart are richer in riboflavin than is muscle tissue. 

Almost all fruits and vegetables contain some riboflavin, but the 
richest plant sources are the green leafy types of vegetables such as 
turnip greens, spinach, carrot tops, and kale. 

Milk, cheese, whey, and eggs are important sources of riboflavin. 
Butter contains only the riboflavin carried by the curd, which, in 
view of the small quantities of curd in butter, is not of any signifi- 
cance. 

The fresh and dried legumes and whole cereals, relatively large 
quantities of which make up the bulk of many diets, provide signifi- 
cant quantities of riboflavin. Certain types of soybeans appear to 
be excellent sources. Riboflavin is unequally distributed in the grains, 
being richer in the germ and bran portions than in the endosperm. 
Wheat germ, for example, is four or five times richer in riboflavin 
than is the whole grain. Highly refined cereals, like most other 
highly refined foods, are unimportant sources. 

QUANTITATIVE DETERMINATION IN FOODS 

The actual quantities of riboflavin in even the richest natural food 
sources are extremely small, but viewed from the standpoint of nutri- 
tive needs these small quantities assume great importance. 

Fluid milk contains not more than 1 part of riboflavin in 600,000 
parts of milk; yet milk is one of the most important sources of this 
vitamin in a well-balanced diet. Its importance as a source of 
riboflavin in children's diets is even greater. 

Because of the minute quantities of riboflavin in foods, special 
methods for determining these quantities have had to be developed. 
Methods strictly chemical in nature are in process of being developed. 
One of these involves the measurement of the intensity of the green 
fluorescence of riboflavin in concentrated extracts. It is very diffi- 
cult, however, to obtain all of the riboflavin in a given food in a 
watery extract. Besides this difficulty, it seems probable that other 
food constituents associated with riboflavin may interfere with the 
fluorescence measurements. 

Biological tests involving the use of suitably standardized small 
animals must in the end determine the acceptability of any chemical or 
physical test for riboflavin in foods. Most of the data on the riboflavin 
values of foods have been accumulated by the biological assay method. 
This method {139) is based primarily upon the principle of supplying 
to young rats a diet adequate in all nutritive essentials except ribo- 
flavin until their growth ceases. When the animals have reached 
this stage, weighed supplements of the food under test is administered 
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daily in such quantities as will promote a standard rate of growth or 
a rate of growth equal to that produced by a standard quantity of 
pure riboflavin. The amount of food under test which promotes this 
rate of growth can then be said to contain as much riboflavin as the 
standard quantity of pure riboflavin. 

Because all the vitamins necessary for growth and well-being are 
not yet known and are not available in pure form or even in highly 
concentrated extracts free of riboflavin, serious difficulties are pre- 
sented in preparing a diet adequate in all respects except for riboflavin. 
A thoroughly satisfactory method for determining the riboflavin con- 
tent of foods depends in large measure upon increased knowledge of 
unidentified vitamins essential for growth and well-being. 

THE PHYSIOLOGICAL FUNCTION OF RIBOFLAVIN 
Some years ago Warburg and Christian {1180) described an enzyme 

obtained from yeast cells which was concerned in cellular oxidations. 
This enzyme is frequently referred to as "Warburg's yellow enzyme." 
Its discoverers credit it with being present in every living cell. It 
later became evident that riboflavin is a component of this yellow 
enzyme, in which it is combined with phosphoric acid and a protein 
similar to albumin. It is assumed, therefore, that riboflavin is 
essential to the animal organism in order that this enzyme may be 
formed to take part in the energy metabolism of the body. 

That riboflavin is intimately concerned in life processes is further 
indicated by the fact that certain organs of animals (liver, kidney,and 
heart) and the green leaves and germ portions of plants are compara- 
tively rich in riboflavin. These tissues of animals and of plants are 
those in which the most active chemical changes take place. 

In view of the widespread distribution of riboflavin in foods of both 
animal and vegetable origin, riboflavin deficiency in man is probably 
not very frequent. Severe deficiencies of riboflavin in man have, 
however, been described recently by Sebrell and Butler {1021). 
Judging from their description the inflamed and scaly condition of the 
skin around the corners of the mouth, at the base of the nose, and on 
the ears appears to be very similar to that frequently observed in 
experimental animals deprived of riboflavin. 

If a diet containing a fairly wide variety of common foods is con- 
sumed in quantities sufficient to provide adequate amounts of the other 
known food essentials, there would appear to be little danger of an 
inadequate intake of riboflavin. Sherman {1048) has shown in 
experiments with animals that successively more liberal amounts of 
riboflavin in the diet, up to about four times as much as needed to 
prevent the first sign of riboflavin deficiency, results in increased posi- 
tive health. Probably human diets that include a wide variety of 
natural foods provide a liberal margin of riboflavin. 

THE CHEMICAL NATURE OF RIBOFLAVIN u 

The chemical structure of riboflavin has been established beyond any doubt. 
Kuhn {653) and Karrer {608), together with their respective coworkers, inde- 
pendently achieved the synthesis of riboflavin in 1935. 

i* This section is intended primarily for students and others especially interested in the purely scientific 
aspects of nutrition. 
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The accepted structural configuration for riboflavin is shown here: 
CH2OH 

HOCH 

HOCH 

HOCH 

CH2 

Gn/p 

CHí ^f\^\c/ ,C A   4^H 

Although only one flavin appears to occur in nature, several compounds closely 
related to riboflavin but possessing less biological activity have been synthesized. 

The tricyclic chromophore nucleus is common to all flavins (those occurring 
naturally in foods and those made synthetically); the position and kind of sub- 
stituent groups attached to the benzene ring and the nature of the side chain 
attached to the nitrogen atom in position 9 are determinate factors for vitamin 
activity. In riboflavin both the substituent groups in positions 6 and 7 are methyl 
groups, and at least one of these is essential in synthetic flavins in order that the 
molecule shall possess vitamin activity. As regards the side chain, only d-ribose 
or 1-arabinose residues attached to the nitrogen atom in position 9 have thus far 
proved to be compatible with vitamin activity. In the case of riboflavin the side 
chain is a d-ribose residue. 

The yellow enzyme is formed by a combination of riboflavin, phosphoric acid, 
and a protein, presumably an albumin. This enzyme may be represented graph- 
ically by: 

H2C—o—ro.(OH)2- • 
I 

HOCH ; 

H0ÔH '' 
\ : 

HOCH ; 

H2C Protein 

^/W\¿/" "' 
Further information on the chemical aspects of riboflavin will be found in a 

recent review article by Booher {ISo). 

THE PELLAGRA-PREVENTIVE FACTOR 

byO.L Kline15 

THE DISEASE called pellagra lias been known for a long time. Its 
cause has been variously ascribed to infection, to toxins, and to dietary 
deficiencies, but recent nutritional research has eliminated the first 
two of these as causative agents and has demonstrated the complete 
prevent ability of pellagra by means of diet. Pellagra occurs most 
often among poor people. The disease has a high incidence in Egypt, 
the Balkan countries, the Soviet Union, Italy, Spain, and the United 
States. In Egypt 30 percent of the population have been known to 
be affected, and in the United States as many as 400,000 cases annually 

15 O. L. Kline is Biochemist, Food and Drug Administration. 
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have been reported. It has been stated that 10 percent of the inmates 
of the asylums in the southern part of the United States have been 
admitted because of their pellagrous condition. 

As early as 1912 it was suggested by Funk (401) that pellagra is 
caused by a deficiency in the diet of one of the substances that he 
named ^ vit amines/' Two years later the classical researches of 
Goldberger and his associates (4®3) at the United States Public 
Health Service were begun with the aim of determining the cause of 
the disease and the cure. Goldberger and his group spent a number 
of years working with pellagrous patients in some of the southern 
institutions, and as a result of this work they were able to state that 
pellagra may be completely cured and prevented by a change of diet. 
Goldberger was able to demonstrate which of the foods tested con- 
tained the pellagra-preventive factor, and these foods were tabulated 
(1019) on the basis of their value in preventing the disease. 

It was noted by these investigators (484) that the disease called 
canine blacktongue occurred in dogs maintained on diets similar to 
those that were known to produce human pellagra. A further im- 
portant contribution was the demonstration that blacktongue in 
the dog corresponds to pellagra in man—that is, the two diseases are 
true analogues. This gave research workers an invaluable experi- 
mental method for the evaluation of the pellagra-preventive factor 
in foods, as well as a method that helped in the chemical isolation of 
the pellagra-preventive factor. 

During the past 5 years this work has progressed rapidly, and 
Elvehjem and coworkers (387) announced in 1937 the isolation of 
nicotinic acid and nicotinic acid amide from concentrates known to 
prevent blacktongue in dogs. It was further demonstrated (328) 
that these chemical compounds will cure and prevent blacktongue. 
A number of clinicians, notably Spies and associates,16 Fonts and 
coworkers (380), Harris ((0^), and Smith, Ruffin, and Smith (1065), 
have demonstrated that nicotinic acid is effective in the treatment of 
human pellagra. 

SYMPTOMS OF PELLAGRA 

Pellagra is a disease with a long developmental period, and for this 
reason may become complicated with dietary deficiencies other than 
a deficiency of the pellagra-preventive factor, particularly those of 
vitamin Bi and riboflavin. Pellagra may be associated with measles, 
typhoid fever, or other infectious diseases, but it is due primarily to 
the absence from the diet of a specific nutritional factor. It is there- 
fore a noncontagious disease characterized by a group of symptoms 
affecting particularly three systems of the body, the dermal system 
or the skin, the gastrointestinal or digestive system, and the nervous 
system. The disease is characterized by seasonal recurrences and 
relapses and may occur in persons of any age or race. It was observed 
in the past that the disease occurred principally among groups of 
people whose diets contained large amounts of maize or maize prod- 
ucts, and for this reason it was thought to be caused by moldy corn. 
It was also noted that pellagra occurred in persons who were directly 

i6 SPIES, T. D., CO.OPER, C, and BLANKENHOKN, M. A.   THE USE OF NICOTINIC ACID IN THE TREATMENT 
OF PELLAGRA.   Read before the Central Society for Clinical Research, Chicago, Nov. 5, 1937. 
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exposed to the sun's rays, and therefore sunlight was thought to be a 
causative agent. These views? however, are now known to be entirely 
erroneous. 

The onset of the disease is so gradual that the earliest symptoms 
may not be noticed by the patient. Loss of strength in the legs, a 
change in appetite, a loss in body weight, and a change in mood or 
personality are the most usual early symptoms. Changes in the 
skin do not always occur, but when observed they take the form of 
symmetric lesions on any portion of the body, though most commonly 
over the sites of irritation, that is, the hands, wrists, elbows, knees, and 
feet. There is a sharp line of demarcation between the affected 
area and the healthy skin. The lesion begins as a redness or erythema 
similar to sunburn; then the area becomes reddish brown, roughened, 
scaly, and horny. Intensity of pigmentation and thickening of the 
skin increase with each recurrence of the disease. 

The first noticeable symptoms in the digestive system are inflam- 
mation of the tongue and linings of the mouth and throat. Later the 
tip and the margin of the tongue become swollen and red, deep ulcers 
developing along the side and the tip, with intense swelling. The 
linings of the mouth and the stomach are similarly affected, causing 
burning sensations. Lack of hydrochloric acid in the stomach (achlor- 
hydria) is not uncommon, and severe diarrhea invariably occurs in 
acute cases. 

Symptoms involving the nervous system are commonly nervous- 
ness, dizziness, headache, and numbness or paralysis in the extremi- 
ties. In advanced cases there may be degeneration of the spinal 
cord, resulting in spasmodic movements (spasticity) and loss of co- 
ordination (ataxia). Periods of mental depression and apprehen- 
sion are experienced, and hallucination, confusion, delirium, and com- 
plete disorientation may develop. In the absence of treatment the 
patient is likely to become insane. 

THE FUNCTION OF NICOTINIC ACID 
Conditions similar to the pellagra symptoms are known to occur 

in other species of animals. On certain deficiency diets rats develop 
an inflammation of the skin (dermatitis) that is suggestive of human 
pellagra. This condition may be cured by the administration of 
vitamin B6. A pellagralike group of symptoms has been produced in 
chicks on experimental diets. Crude concentrates prepared from 
liver and from yeast have been used to cure the four conditions, human 
pellagra, canine blacktongue, rat dermatosis, and chick dermatosis. 

As purification of these concentrates proceeded it was found that 
vitamin B6 could be removed by adsorption on fuller's earth {102, 680). 
After further purification Elvehjem and coworkers {827, 328) were 
successful in isolating a crystalline substance, which they identified 
as nicotinic acid amide and with which they were able to cure canine 
blacktongue. The dogs so cured were maintained in a normal con- 
dition for a considerable length of time. This same compound, nico- 
tinic acid amide, was found to be ineffective, however, in the pellagra- 
like condition of chicks. Elvehjem and others {1271) have very re- 
cently announced that a substance having properties similar to those 
of pantothenic acid—a compound known to be a growth stimulant 
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for micro-organisms—is specific for the cure of this type of dermatosis 
in chicks. 

It remained for the clinicians to demonstrate the effectiveness of 
nicotinic acid amide in the cure of human pellagra. This substance 
has now been used in the treatment of a large number of cases of the 
disease. The curative effect is a dramatic one, with all of the swelling, 
dermatitis, mental depression, and digestive disorder relieved in a 
few days. This result has been corroborated by a number of workers, 
and that nicotinic acid or its amide is a primary factor in the cure 
and prevention of pellagra is now well established. 

The function of this substance in the body, although still not well 
defined, has been suggested by the fact that it is present in certain 
of the coenzymes—substances necessary for the activity of enzymes. 
One of these, cozy mase, is a compound made up of nicotinic acid, 
adenine, phosphoric acid, and a sugar called ribose. These coenzymes 
are necessary in the body to aid in the transfer of oxygen from the 
blood to the tissues for the oxidizing or burning of food substances, 
with the resulting release of energy. In the absence of nicotinic acid 
these coenzymes cannot be synthesized by the body and normal 
metabolism of food substances is interfered wi%. Spies and coworkers 
(see footnote 16 for reference) have reported that the blood of normal 
persons contains considerably more cozymase than the blood of 
pellagrous patients and that pellagrins' blood was increased in its 
cozymase content after nicotinic acid therapy. 

PREVENTION AND CURE OF PELLAGRA 

Pellagra, like other dietary deficiency diseases, is most effectively 
prevented by adequate diet. Although many satisfactory results 
are obtained in mild cases when diet changes are made to include 
corrective foods, nicotinic acid should be indicated as a curative 
agent in most cases of the disease. 

Values for the content of the pellagra-preventive factor in foods 
as determined by Goldberger and associates in well-controlled experi- 
ments and adapted by Sebrell are given in table 1 {1020), 

It will be noted that yeast, milk, wheat germ, lean meats, green 
vegetables, and legumes are the most effective foods in the treatment 
of pellagra. Mild cases of the disease may be effectively treated by 
using a diet of 3,000 to 4,000 calories daily containing lean meats, 
liver, or other foods rich in the pellagra-preventive vitamin, in addi- 
tion to milk. 

Goldberger and Tanner (.^0), who first used yeast in the treatment 
of pellagra, found that 1 gram per kilogram of body weight was an 
effective supplement. Later it was determined that 30 grams of 
dried brewers' yeast was sufficient to cure experimental pellagra while 
patients were maintained on a deficient diet. It is probable that 
yeasts vary in their content of the pellagra-preventive factor, but 1 to 
2 ounces of the dried powder should prove effective in the cure of 
most pellagrous patients. A smaller amount would suffice as a 
preventive measure. 

Human requirements for the specific curative substance, nicotinic 
acid, are not known with certainty. The use of nicotinic acid has 
made more evident the fact that human pellagra is due to a multiple 
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deficiency. The poly neuritis occurring in some cases of pellagra has 
responded to administration of vitamin Bj. Dogs maintained on the 
Goldberger diet are known to develop a riboflavin deficiency (1023). 
A lack of this factor may be responsible for some of the changes in 
the nervous system that are found in human pellagra cases of long 
standing. 

TABLE 1.—Pellagra-preventive value of foods l 

Food Quan- 
tity 

Pellagra- 
preven- 

tive value 
Food Quan- 

tity 

Pellagra- 
preven- 

tive value 

Cereals: 
Corn meal, whole, white  
Cornstarch  
Oats, rolled  
Rye meal._. 

Grams 
450 
366 
400 
400 
150 
400 

135 
85 

100 

1,200 
m 

* 105 
(3) 
260 
250 

200 
200 
325 
340 
64 

153 
200 
184 
168 

128 
110 
110 

None. 
Do. 
Do. 
Do. 

Good. 
Slight. 

Do. 
Do. 

Fair. 

Good. 
Fair. 

Do. 
Do. 

None, 
Do. 

Good. 

Fair. 
Good. 

None. 
Good. 

SS; 
None. 

Do. 
Do. 

Vegetables: 
Beans: 

Green, stringless, canned. 
Kidney, red  
Navy 

Grams 
550 
360 
360 
360 
482 
450 
482 
178 
534 
516 
533 

502 
525 

450 
3G0 
450 
450 
482 

1,200 
482 
453 

200 

200 
400 

30 

: 
16 

Slight. 
Fair. 

Wheat germ, ether extracted. Soybeans Fair. 
Wheat, whole  

Dairy products: 
Cabbage, green, canned  
Carrots 

Do. 
Slight- 

Butter  Collards, canned.           . . Good. 
Casein, leached  Cowpeas Fair. 
Egg, yolk, dried  Kale, canned  Good. 
Milk: Lettuce, cos. canned Slight. 

Buttermilk  
Evaporated, canned  
Skim, dried  

Mustard greens, canned  
Onions: 

Green, canned 

Fair. 

Slight. 
fresh  Mature...   .. None. 

Fruits: 
Apples, evaporated 

Peas: 
Green, canned  
Green, dried  

Good. 
Prunes, dried  Fair. 

Meats and fish: Potatoes None. 
Beef: Swectpotatoes Do. 

Corned, canned    ... . . Spinach, canned Fair. 
Fresh, lean  

Chicken, canned    __      
Tomato, juice from canned.. 
Turnip greens, canned  
Turnips, rutabaga  

Miscellaneous: 
Cottonseed meal  
Gelatin 

Good. 
Do. 

Haddock, canned  Slight- 
Liver, pork, dried. . 
Pork: 

Salt, fat  
Do. 

None. 
Shoulder, lean  

Rabbit      . 
Liver extract (Minot's 343).. 
Peanut meal 

Fair. 
Good. 

Salmon, canned_  __   .  _ Rice polishings  
Yeast: 

Bakers', dried..      

Do. 
Oils and fats: 

Butter {see dairy products). Do. 
Cod-liver oil  
Cottonseed oil     . 

Bakers',    dried,    auto- 
claved Do. 

Lard  Brewers', dried  
Yeast vitamin powder... Bo0: 

1 This table, reprinted from the Journal of the American Medical Association {1020), by permission, was 
adapted from Table Showing the Pellagra-Preventive Value of Various Foods {1019). It is intended pri- 
marily for use in the treatment and prevention of pellagra, and only those foods arc included which have 
been tested under controlled conditions in either human beings or dogs or both. In the absence of a quan- 
titative method of assaying the pellagra-preventive vitamin, only the most general terms can be used to 
designate the pellagra-preventive value of a food. In order to make a division into groups which will be 
of practical value without being umvarrantedly exact, the words ''good," "fair," "slight," and "none" 
have been selected. The quantity used must be kept in mind in each instance, since smaller amounts than 
those indicated would in all probability have less value. "Good" signifies that the indicated quantity of 
food contained enough of the pellagra-preventive factor to prevent the disease. This is the most valuable 
class of foods in the prevention and treatment of pellagra. "Fair" signifies that the indicated quantity of 
food showed appreciable and in some instances considerable pellagra-preventive value, but.l or more of the 
experimental subjects developed the disease, usually after considerable delay. Thus, a food under this 
heading contains enough of the vitamin to be of value but should not be relied on alone in the treatment 
and prevention of the disease. The principal value of these foods lies in the variety of items afforded as 
adjuncts to the good sources of the preventive factor. "Slight" signifies that the indicated quantity of 
food, although failing to prevent the disease, caused a slight delay in onset. Practically, this group may be 
disregarded in the treatment and prevention of pellagra. "None" signifies that, in the quantity used, the 
results of the experiments indicate that the food contains either none of the preventive factor or such a small 
amount that it may be regarded, for practical purposes, as being entirely without value in the treatment 
and prevention of pellagra. 

a 15 cc. per kilogram of body weight, 
3 30 cc. per kilogram of body weight. 
4 Equivalent to 100 gm. of liver, 

Ruffin and Smith {992) have stated that pellagra is the result of 
two  or more  deficiencies.    Recent results indicate  that pellagrins 
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maintained on daily administrations of nicotinic acid show a return 
of the disease unless the size of dose is steadily increased. All these 
complicating factors make it virtually impossible to estimate the hu- 
man requirement for this substance with any accuracy. Sebrell and 
associates (1022) have shown that 1 milligram a day will just suffice 
to prevent blacktongue in dogs on a deficient diet. Other workers 
have estimated that 1 milligram per kilogram of body weight daily is 
the amount required by the dog. Curative doses used for human 
patients have varied from 50 to 500 milligrams, and the usual curative 
dose now used is 300 milligrams daily. This gives little indication 
of the daily requirement for good health, however. Such information 
will be more readily obtainable when other as yet unknown factors 
have been identified. 

It may be said in summary that human pellagra is a disease of 
dietary origin, having widespread occurrence. A large number of 
cases occur annually in the southern part of the United States, 
particularly among the poorer classes of people. Recent findings 
indicate that nicotinic acid amide is the chemical substance in which 
these diets are primarily deficient. Secondary deficiencies of vitamin 
Bi and riboflavin are also likely to occur. The symptoms of pellagra 
are dermatitis, digestive disorder, and changes in the nervous system. 
Nicotinic acid has a dramatic effect in curing all these symptoms. 
A change of diet to include foods known to contain the pellagra- 
preventive factor is also essential in the permanent cure and preven- 
tion of pellagra. Human requirements for the pellagra-preventive 
factor are not accurately known. Such values can only be deter- 
mined when all factors involved in this disease have been identified. 



FOOD   COMPOSITION 

by Charlotte Chatfield and Georgian Adams1 

FOOD-COMPOSITION tables are the basis for all dietary 

calculations, and they are used to determine the adequacy of existing 

diets as well as to devise better ones. The tables summarize facts pa- 
tiently collected over many years from hundreds of scattered sources. 
Here is an account of what information they give, how they are made 
up, and what their shortcomings are. The article also includes lists of 
foods rich in three minerals of major importance-—calcium, phosphorus, 

and iron. 

ON THE BASIS of studies to determine the body's requirements for 
energy, proteins, minerals, and vitamins, standards may be formulated 
for guidance in planning our diets or in evaluating our food habits. 
Before these requirements and standards can be translated into actual 
practice, however, we must know what foods supply the essential 
nutrients. 

To this end, food-composition data are necessary. This implies 
that the foods themselves must be analyzed to determine their content 
of moisture, protein, fat, carbohydrate, calcium, phosphorus, iron and 
other minerals, and the several vitamins as well. This involves an 
enormous amount of detailed work, and it has taken many years to 
bring our knowledge of foods to its present state. A great many 
analysts working in various laboratories throughout the country have 
bontributed to this knowledge, but even now the study cannot be 
considered complete. As a step beyond the analytical work, the 
analyses from these hundreds of sources must be assembled, evaluated, 
and finally summarized in tables for convenient reference. 

The importance of definite knowledge of the chemical composition 
of foods has long been recognized. The first analyses of American 
foods were made as long ago as 1844, when Shepard determined 
the mineral constituents of Indian corn and sweetpotatoes (1036),2 and 
of rice, rice flour, and other rice products [1035).    In subsequent years 

i Charlotte Chatfield is Foods and Nutrition Specialist and Oeonnan Adams is Associate Food Chemist, 
Foods and Nutrition Division, Bureau of Home Economics. 

2 Italic numbers in parentheses refer to Literature Cited, p. 1U75. 
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many foods were studied by workers in various laboratories, and in 
1896 Atwater and Bryant (51) published an extensive compilation on 
the proximate composition—the term commonly used for an analysis 
that is approximate, or not complete in all details—of American food 
materials. Their tables, giving* figures for the moisture, protein, fat, 
carbohydrate, and ash (mineral) content of a great many foodstuffs, 
summarized the data on American foods on record up to July 1895. 
They included in addition many unpublished analyses made in con- 
nection with nutrition investigations and other studies. 

Our knowledge in the field of nutrition has greatly increased since 
those tables were published, and emphasis in diet practice has shifted 
from mere calorie counting to consideration of adequate protein, 
mineral, and vitamin intake, but data on the foods themselves are still 
basic to dietary plans. 

In fact, the Atwater and Bryant tables, known to many as Bulletin 
28, have been a standard of reference ever since their publication. 
Tables in many texts on foods and in dietetic manuals have been 
based in rather large measure on these early figures. These values are 
still fairly representative, particularly for the natural unprocessed 
foods that have not significantly changed in composition with the 
development of new varieties and new cultural methods. Within 
more recent times new summary tables on the proximate composition 
of fresh fruits and vegetables {200, 201) have been issued by the 
Department of Agriculture. These are largely based on analyses 
since 1900 and supersede the corresponding sections in the Atwater 
and Bryant compilation, confirming or modifying their data and 
providing in addition figures for many fruits and vegetables not 
included in their list. 

Actually, of course, foods are variable in composition, and no two 
tables based on different sets of analyses will be exactly alike. For a 
given kind of food there will be variations depending on such factors 
as variety and maturity differences, climate, storage, and nature of 
the analytical sample. Thus, juice from Concord grapes contains on 
an average about 16 percent of sugar, while that from raisin grapes 
averages about 25 percent. Young, green sweet corn averages about 
5 percent of sugar and 9 of starch. As the corn matures the starch 
content increases rapidly, so that fresh corn that has arrived at the 
stage designated as old may contain as little as 2 percent of sugar 
and as much as 26 of starch. In potatoes stored at temperatures 
below 40° or 50° F., there is a conversion of some of the starch into 
sugar, while fresh corn and peas held at room temperature rapidly 
lose their sweetness as sugar is used up in the respiratory process. 
These few examples serve to illustrate how the composition of a single 
food may vary. Moreover, if natural foods are subj ected to processing, 
further variations will be introduced. 

Since foods are not constant in composition it is customary in 
many food tables (references 51, 200, and 201 are examples) to report 
the maximum and minimum values found for each food as well as 
the averages. These maximum and minimum values do not represent 
the actual limits of variation which can occur, but merely the range 
in composition in the particular samples studied. They serve to tell 
the reader that the food is variable, and that the average does not 
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necessarily give the exact composition of any particular sample. 
The average serves, however, as a working estimate of the composition 
of the food. 

In actual practice food tables are used in making calculations to 
determine the nutritive value of the diet as a whole or in determining 
what the individual foods contribute to the diet. For example, the 
nutritionist may want to determine how much protein, how much 
calcium, how much of the other minerals, and how much of the 
vitamins a given population group is getting according to its dietary 
habits ; the dietitian may need to plan a diet that will furnish just so 
many calories and contain so many grams of carbohydrate, protein, 
and fat; and the layman may need to know merely in a general way 
what foods can be relied on as good sources of the various minerals 
and vitamins. 

It is not necessary either for diet calculations or for general infor- 
mation on relative food values to know how variable in composition 
each food may be, but it is essential to have for all foods representa- 
tive average values that will provide a reasonably good basis for 
calculations. Such averages or general estimates of the proximate 
composition and fuel value of a great number of common foods have 
been summarized in convenient form for publication. 

Tables that have been compiled cover practically all classes of foods 
and extend to many items not included in the earlier bulletins. Many 
of the values reported are the same as those in the older tables, but 
many others are newly derived. This is particularly true for proc- 
essed foods, for which new figures were needed in line with present-day 
standards and processes. The data given cover the gross or proxi- 
mate composition of foods, that is, their moisture, protein, fat, 
carbohydrate, and ash content, and their fuel or calorie value. Tables 
of proximate composition do not give such details as the kinds of 
protein present in a food, the quantities of different minerals, or the 
vitamin content. 

WHAT FOOD-COMPOSITION TABLES CONTAIN 
Moisture is a constituent of all foods and represents essentially the 

amount of free water present. It is determined as the amount of 
substance lost in drying the material under specified conditions of 
analysis. That which is not moisture constitutes the "solids" and 
is made up of protein, fat, carbohydrate, and ash. Thus fresh fruits 
contain 75 to 90 percent of moisture, the remainder being chiefly 
sugar. Certain leafy vegetables such as beet greens, spinach, or 
lettuce may contain as much as 90 to 95 percent of moisture, and 
certain fruit forms such as tomatoes, summer squash, and cucumbers 
are also largely water, averaging about 95 percent. Fluid whole milk, 
however, averages only 87 percent of moisture, since it has measurable 
amounts of protein, fat, and sugar held either in true solution or in fine 
suspension. At the other extreme, dry beans and peas, cereals, and 
nuts have a moisture content of 5, 10, or 15 percent, and such foods 
as sugar and lard contain almost no moisture. The moisture contents 
of other foods lie between these extremes. 

Proteins, unlike carbohydrates and fats, characteristically contain 
the element nitrogen.    It is customary, therefore, to determine the 
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total amount of nitrogen in a food, and then to multiply this 
by an appropriate factor, such as 6.25, which gives a working 
estimate of the total amount of crude protein. Other factors 
than 6.25 are sometimes used, depending on the type of protein 
present. 

The food tables show that our richest sources of protein are cheese, 
meats, eggs, certain nuts, and dry legumes. Within this group the 
protein runs from 10 to 35 percent. Cereals are the next richest 
source of protein, while the fresh fruits and vegetables, except for 
beans and peas, contain about 1 percent or less. The figures for crude 
protein, however, express only the total amount of protein present 
and give no indication of its quality, that is, the efficiency with which 
it meets the body's needs. 

Fats are soluble in ether, and the fat content of foods is determined, 
therefore, as the portion extracted by ether. The term ^ether ex- 
tract" is sometimes used in place of fat. Data indicate that the 
vegetable oils and lard stand at one extreme of fat content, being 100- 
percent fat, while fresh fruits and vegetables, with a few exceptions, 
are at the other extreme, containing less than 1 percent. Avocados 
and olives are exceptions among the fruits; certain kinds of avocados 
contain as much as 25 percent of fat and the usual ripe pickled olives 
about 19 percent. Among the vegetables, dry soybeans average about 
18 percent of fat. Nuts as a group are rich in fat, the content vary- 
ing from 33 percent in coconuts to 70 or more in pecans. Meats are 
exceedingly variable in fat content, the amount being determined 
chiefly by the fatness of the entire animal and by the way it is cut and 
trimmed. 

Aside from moisture, protein, and fat, carbohydrate is the only 
other constituent of foods that may occur in large quantities. Here 
again, however, the amount varies, from 100 percent or nearly that 
in purified sugars or starches down to negligible amounts in meats. 
Several kinds of carbohydrate occur in foods. Sugars, dextrins, and 
starches, forms of carbohydrate readily utilized by the body, are of 
chief importance. Crude fiber, on the other hand, represents the 
indigestible residue from plant foods; it is not present in any of the 
animal foods. ^Total carbohydrate by difference" is usually reported 
in food tables and represents the solids left after deducting protein, 
fat, and ash. The term includes organic acids and any undetermined 
solids as well as carbohydrate. Sugar, starch, and fiber are often 
reported separately, thus giving information about the nature of the 
carbohydrate present. 

The amount of mineral matter in foods is indicated in a general 
way in the tables by the component designated as ash, the material 
left after the organic portion is burned away. From the nutritional 
standpoint, values for total ash are not so important as data on the 
individual mineral elements, such as calcium and iron, for example, 
which need special consideration in diet plans. 

For the constituents other than minerals, average values in pub- 
lished tables give a basis for making fairly good estimates of the 
quantities present in the total diet. Such estimates cannot be exact 
because of variations in the composition of foods, but for practical 
purposes they do very well when the diet is taken as a whole. 
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MINERAL CONTENT OF FOODS 

Dietary estimates for minerals are much less satisfactory than those 
for other constituents because of the limitations of present knowledge 
concerning them. Calcium, phosphorus, and iron have been studied 
more than other elements because of their known significance as 
measures of the adequacy of the diet, and information about them, 
though meager in comparison with that on proximate composition, 
is of first importance to nutritionists. Enough is known to indicate 
what foods are especially good as sources of each of these elements, 
and also to indicate that diets are frequently too low in one or more 
of them. From the information at hand it is possible to plan diets 
that contain safe allowances of the minerals, even though the esti- 
mates of the quantity in any given food are relatively crude approxi- 
mations. 

FOODS RICH IN CALCIUM 

The foods regarded as excellent or good sources of calcium are listed 
below. If they were placed in the order of importance, milk in its 
various forms (other than butter) would head the list of common 
foods, and green leafy vegetables would rate among the next best. 

Excellent 

Amaranth 
Broccoli 
Buttermilk 
Cabbage: 

Savoy and non headed 
Chinese, nonheaded varieties in- 

cluding tendergreens 
Chard 
Cheese : 

American or Cheddar 
Swiss 

Clams 
C ollar ds 
Cress, garden 
Dandelion greens 
Kale 
Milk, whole or skimmed; evaporated, 

condensed, and dried 
Molasses 
Mustard greens 
Orach 
Sesame seed 
Tendergreens 
Turnip tops 
Water cress 

Good 
Almonds 
Artichoke, globe or French 
Beans,   common   or   kidney,   dry   or 

fresh, shelled; also snap or string 

Good—Continued 

Burdock, roots 
Cabbage, headed, especially green 
Carrots 
Celeriac 
Celery 
Cheese, cottage 
Chickpeas, whole 
Chicory, leaves 
Cottonseed flour 
Crabs 
Cream 
Eggs, whole 
Egg yolk 
Endive or escarole 
Figs, dry 
Kohlrabi 
Leeks 
Lettuce, head or leaf 
Lobster 
Maple sirup 
Okra 
Oysters 
Parsnips 
Romaine 
Rutabagas 
Sorgo sirup 
Soybeans, dry or as green vegetable 
Soybean flour 
Sweetpotato tops 
Turnips 
Vegetable-oyster or salsify 

Certain plant foods, the calcium content of which was high enough 
to justify inclusion in this list, have been omitted because of their 
oxalic acid content. Beet greens, dock, rhubarb, spinach, and New 
Zealand spinach were left out on this account.    If a food contains 
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enough oxalic acid to combine with all of its calcium to form calcium 
oxalate, the evidence seems to show that the calcium is of little or no 
use to the body. This may be because the calcium oxalate is already 
formed in the food; or it may be that the oxalic acid combines with 
calcium during or after digestion, making it insoluble so that the body 
cannot utilize it. These same foods, of course, may be valuable for 
other elements than calcium. 

FOODS RICH IN PHOSPHORUS 

There is a longer list of foods rich in phosphorus, and more food 
classes or groups are represented. Nearly all of the calcium-rich foods 
contain significant quantities of phosphorus, and in addition lean 
meats, fish of all kinds, and several other classes of foods are rich in this 
element. All animal tissues except fat contain liberal quantities, and 
many grain products are among the better sources. The following list, 
though far from complete, will suggest that choosing a diet with enough 
phosphorus should be comparatively easy: 

Excellent Good—Continued 

Barley, whole 
Beans: 

Common or kidney, dry, shelled 
Lima, fresh or dry 

Brazil nuts 
Buttermilk 
Cheese, Swiss 
Cottonseed flour 
Cowpeas, or black-eye peas, shelled 
Crabs 
Eggs, whole 
Egg yolk 
Fish 
Liver, any kind 
Lobster 
Meats,   lean   or  medium  fat,   having 

more than 12 percent of protein 
Milk, whole or skimmed; evaporated, 

condensed, and dried 
Oysters 
Poultry 
Rice bran 
Rice polish 
Sesame seed 
Shrimps 
Soybeans 
Soybean flour 

Good 
Almonds 
Artichokes, globe or French 
Bamboo shoots 
Barley, pearled 
Beans, mung, dry 
Broccoli 
Brussels, sprouts 

Buckwheat flour 
Cashew nuts 
Celeriac 
Cheese : 

American or Cheddar 
Cottage 

Chickpeas 
Clams 
Cocoa 
Collards 
Corn, green, sweet 
Corn meal, whole ground 
Cress, garden 
Dasheen or taro 
Hazelnuts and filberts 
Kohlrabi 
Lentils 
Meats, fat, having more than 6 percent 

of protein 
Millets 
Oatmeal or rolled oats 
Orach 
Parsnips 
Peanuts 
Peas 
Pecans 
Pistachio nuts 
Rice, brown 
Rye flour 
Walnuts 
Wheat: 

Flour, graham or whole-wheat 
Shredded or puffed 
Whole grain or meal 
Bran 
Germ 

FOODS RICH IN IRON 

Meats, egg yolks, and green leaves are the foods most often accented 
in lists of iron-rich foods.    Whole-grain cereals, although they are not 
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as high in iron, are among the most useful sources because they can 
provide much of the necessary iron in low-cost diets that have very 
limited quantities of the more expensive sources. All of the foods in the 
following list are regarded as rich sources. 

Excellent—Continued 

Water cress 
Wheat bran 

Good 

Excellent 

Apricots, dried 
Beans: 

Common or kidney, shelled 
Lima, shelled, fresh or dry 

Beet greens 
Broccoli leaves 
Chard 
Cowpeas, shelled, dry or fresh 
Dandelion 
Eggs, whole 
Egg yolks 
Heart 
Kale 
Kidney 
Lentils, dry 
Liver 
Meats, lean or medium fat (beef, veal, 

pork, or lamb), over 15 percent of 
protein 

Molasses 
Mustard greens 
New Zealand spinach 
Oysters 
Peaches, dried 
Poultry, especially dark meat 
Shrimps 
Sorgo sirup 
Soybeans, dry or as green vegetable 
Spinach 
Tongue 
Turnip greens 

OTHER MINERALS IN FOODS 

Numerous mineral elements other than calcium, phosphorus, and 
iron are required by the body. Some of them, including sodium, 
potassium, and magnesium, occur in fairly large quantities in foods— 
that is, in quantities comparable to those of calcium and phosphorus. 
A fair number of mineral analyses of foods cover these elements, but 
no summary of these analyses has been made in the Department of 
Agriculture nor is any contemplated at the present time. This is 
partly because these elements occur so commonly in foods that 
nutritionists question whether any freely chosen diets of human beings 
are deficient with respect to any of them, and partly because authentic 
analytical data are even more meager for them than for calcium, 
phosphorus, and iron. 

Copper, because of its established nutritional importance, has been 
determined in a variety of foods. It has been found to occur in 
measurable amounts in all or nearly all of the natural foods studied. 
The quantities are very small, barring contamination from spray 
materials used in combating plant diseases or from industrial sources. 
Enough is present naturally, however, so that the likelihood of a 
deficiency of copper seems rather remote except on very restricted 

Barley, whole 
Beans, snap or string 
Brains 
Broccoli 
Brussels sprouts 
Cabbage greens or outer leaves 
Collards 
Corn meal, whole ground 
Dates 
Dock or sorrel 
Endive or escarole 
Figs, dried 
Leaf lettuce 
Meats, fat (beef, veal, pork, or lamb), 

over 10 percent of protein 
Oatmeal or rolled oats 
Peas, green or dried, whole seeds 
Poultry, light meat 
Prunes, dried 
Rye flour, whole 
Seedless raisins, or "currants" 
Sugarcane sirup 
Vegetable-oyster or salsify 
Whole-wheat cereals 
Whole-wheat flour 
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diets in areas where the soil is poor in this element and the bulk of 
the food supply is produced locally. Such a deficiency may occur 
in sections where the livestock are subject to the condition known as 
salt sick, but this has not been established. 

Cobalt has only recently been recognized as an element of which 
a deficiency in the diet may be serious. Only very minute quantities 
are needed. The effect of such a deficiency in the ration of sheep 
and cattle is mentioned in the article on Mineral Needs of Man (p. 215). 
It is remotely possible that in some areas of the world, possibly 
some in the United States, cobalt deficiencies in human diets may 
exist; but it seems improbable that freely chosen diets will fail to 
provide enough of this element unless they are very poor in several 
other respects. 

Manganese is another mineral element for which the body appar- 
ently has need. The need is very small, however, and there is no 
evidence that diets are ever deficient in this element. As a matter 
of fact, in experimental studies with animals it was found exceedingly 
diificult to prepare diets that would be free from manganese. Al- 
though there have not been many quantitative studies on the amount 
of this element in foods, the results show that it is widely distributed, 
occurring in fruits and vegetables, nuts and grains, milk, animal 
organs, and other foods. Nuts and seeds, including all the cereal 
grains and the legumes, seem to be among the richer sources. 

Zinc is probably necessary in minute amounts in human nutrition, 
but the evidence on this point is meager. There is little or no danger 
of a deficiency of this element, since it seems to be present in trace 
amounts or more in a wide variety of foods. 

Various studies have shown that arsenic often occurs in human 
tissues. On the other hand it is known that only very small amounts 
of arsenic can be tolerated without toxic efïects. In a survey made a 
few years ago to determine the amount and distribution of arsenic 
naturally occurring in foods, a great many samples were analyzed. 
Practically all classes of foods were examined, and it was found that 
arsenic was much higher in sea foods than in any other class, barring 
of course those carrying spray residues. Even in the marine pro- 
ducts, however, the quantities are so very small that, at the most, 
arsenic as it occurs naturally in foods can be considered only a trace 
element. 

Chlorine, chiefly in the form of chlorides, is present in relatively 
large amounts in almost all foods. In addition, table salt, which 
is sodium chloride, is added freely to our diet. 

Iodine is necessary for the proper functioning of the thyroid gland. 
It is needed in only very small amounts, but unless special provision 
is made, even these small quantities are çften lacking in the diets of 
people living inland in certain areas where iodine is deficient in the 
soil and the water. Plants grown on these soils are very low or 
even altogether lacking in iodine. Foods grown or raised in coastal 
regions, on the other hand, generally contain more iodine than those 
grown inland, and in some cases they may even be rich in this element. 
In coastal areas the soils and the water contain more iodine, and the 
plants in turn absorb more. In foods of animal origin, such as eggs 
and milk, for example, the iodine content depends upon the amount 
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of iodine received by the animal either in natural feed or forage or in 
the form of special iodine supplements to the ration. In general, 
then, foods cannot be listed as good, fair, or poor sources of iodine, 
since actually the iodine content does not depend upon the kind of 
food, but rather upon the locality where it is grown, if it is a plant 
food, or upon the iodine supplied to the animal if it is a food of animal 
origin. The one exception to this is the sea foods, such as marine 
fish and shellfish. These are always rich in iodine, obtained from the 
sea water. 

So little is known at present about the need for bromine, or its 
occurrence in foods, that any discussion would necessarily be 
unsatisfactory. 

Sulfur, while very necessary to the animal body, is generally not 
considered in connection with the mineral elements in nutrition. " This 
seems logical when it is considered that sulfur plays its important 
role in the body, not in the form of an inorganic substance but in 
complex organic compounds. Moreover, practically all of the sulfur 
obtained from food is in organic combination, chiefly as a constituent 
of proteins. If the diet contains sufficient protein of the right kind, 
this element will be furnished in adequate amounts. 

Fluorine, boron, and silicon are found in the body but there has been 
no evidence to indicate that they are really necessary for the physiologi- 
cal functioning of the animal organism. Their occurrence in foods has 
not, therefore, assumed particular importance from the standpoint of 
nutrition. 

Carbon, hydrogen, and oxygen are never given consideration as 
individual elements in studies on foods. They do not occur separately, 
but only in combination in complex organic compounds—the proteins, 
fats, and carbohydrates. Foods, therefore, are not analyzed for these 
elements. Nitrogen, of chief importance as a constituent of proteins, 
is likewise not regarded as a mineral element. 

SHORTCOMINGS OF MINERAL ANALYSIS 

Compilations showing the quantities of the more important mineral 
elements in many of the common foods have been published {152, 519, 
10Jf8), and numerous publications give data from a limited number of 
original analyses. Such tables are in wide use for diet calculations. 
It is plain that quantitative values are to be preferred to such simple 
classifications as have been presented here. But the data now avail- 
able on this subject are far from satisfactory, for several reasons. 

In the first place, many of the existing analyses were made by 
methods now known to give erroneous results. When such data are 
discarded, too few findings remain, except for a very few foods, to give 
satisfactory estimates. Fewer authentic analyses have been made for 
these constituents than for moisture, protein, carbohydrate, fat, and 
ash, whereas more analyses are required if the resulting averages are 
to be equally good. 

The number of determinations should be greater in the case of the 
minerals, because variations due to the variety and kind of a certain 
food material and differences in sampling or preparation of the food 
for analysis frequently affect the minerals much more than they 
influence the total solids, protein, or carbohydrate.    It is clear that 
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with wider variations more observations are needed to provide equally 
good determinations of the average composition. 

Existing data also fall short of present needs because of the character 
of the materials that have been studied and the design of the experi- 
mental work. Many of the analyses on which averages in such com- 
pilations are based, perhaps the majority of them, were made for other 
than dietary purposes, and the food samples often were not well 
chosen from the standpoint of nutrition. When analyses are made in 
connection with studies in agronomy, plant or animal physiology, food 
inspection or control, or industrial investigations, the materials 
selected for analysis are apt to be quite different from samples that 
would be chosen in an experiment designed for deriving average values 
for use in diet calculations. 

A good example of the need of careful discrimination in making food 
analyses can be given in the case of common cabbage. The percentage 
of calcium in dark-green cabbage is many times higher than that in 
white, but most authors in publishing results of analysis of this 
vegetable have failed to tell whether any or all of the dark-green outer 
leaves were left in the part sampled. Those who do give this informa- 
tion usually neglect to state the variety of cabbage, or to what extent 
the inner part was bleached. 

Evidence to show how much better the greener leaves are as a source 
of calcium is given in a more technical discussion at the end of this 
article (p. 283). From the chemist's or nutritionist's standpoint the 
data available are nevertheless inadequate except to give crude esti- 
mates of the average quantity in the several kinds of cabbage that are 
consumed. There is enough evidence, however, to warrant advising 
consumers to watch for greenness in picking out cabbages at the market 
and to see that some of the bright-green outer leaves are left with the 
lighter-colored inner part in preparing cabbage for the table. It is 
worth while mentioning here that the vitamin A and the iron as well 
as the calcium content are higher in the green leaves. 

Another vegetable that shows wide variations in calcium content is 
the soybean. In this case the variations are associated with variety 
and with maturity, and probably to some extent with the soils on 
which the plants are grown. On the average, green vegetable soybeans 
have enough calcium to rate as good sources of that element, but the 
individual variation is so wide that some of the specimens analyzed 
would count as excellent and others would fail to rate even as good, 
according to the criteria on which the list of calcium-rich foods was 
prepared. The degree of variation is shown in the more technical 
part of this article. 

Most other natural foods probably vary similarly in their mineral 
content, but even less is known of the mineral constituents of the 
majority of them than of the calcium in cabbage and soybeans. 
Highly refined foods like sugar, patent flour, and cooking fats, all low 
in minerals, are probably less variable in their mineral content; but 
manufactured foods that contain more minerals are usually less 
standardized as to processes and formulas, and may vary in mineral 
content even more widely than the natural foods. 

In view of this variability in composition it must be plain that 
tables on the mineral content of foods should be based, not on a few 
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scattered analyses of poorly described specimens of each item listed, 
but on well-planned chemical investigations. Better analytical data 
are needed so that the mineral estimates in food-composition tables 
will give a more nearly correct means of determining whether a par- 
ticular diet is satisfactory. 

For nutrition purposes, moreover, it is not enough to know how 
much of each of these elements is present in the food materials. 
Chemists are now being called on not only to give the quantity of 
calcium or of iron in different substances but also to supply informa- 
tion that will throw light on the availability of these elements to the 
body. The relationship between calcium and oxalic acid, already 
mentioned, is a case in point. More information is needed on the 
oxalic acid in foods because of its bearing on calcium metabolism. 
There may be other calcium compounds in foods besides oxalate that 
the body cannot absorb or metabolize, but so far the chemist has been 
asked to account only for the total amount of calcium, not to say in 
what form it exists in the food. 

Phosphorus compounds in foods also are dissimilar in their avail- 
ability to the body. Some work has been done toward finding what 
kinds of compounds are available and devising chemical methods for 
distinguishing between them as they occur in foods. Information on 
this problem, however, is not of first importance from a dietetic stand- 
point, because nutritionists believe human beings rarely suffer for 
lack of phosphorus unless the diet is so bad that several other nutrients 
are deficient at the same time. Other food-composition problems 
that are far more urgent have prior claims on the chemists' attention. 

Iron compounds are by no means alike in their value to the body. 
Some, the soluble inorganic compounds, are generally admitted to be 
effective nutritionally while others, complex organic compounds like 
hematin, are known to be almost if not completely inert. Chemists 
are attempting to develop methods that will distinguish available iron 
from iron that the body cannot use, but their efforts so far have not 
been entirely successful. No one denies that a determination of total 
iron in a leafy vegetable, for example, may be a very poor measure of 
the iron that vegetable will contribute to the body. Some progress 
has been made toward determining what part of the total iron is 
present in available form in a number of food materials, but much more 
chemical work in this direction is needed, and to accomplish the end 
in view, it must be performed in connection with biological experi- 
ments. 

It has been established by means of experiments with laboratory 
animals that the quantity of total iron in a good many foods is not 
a measure of their value as a source of iron to the body. This method 
usually consists of feeding weighed quantities of the food under in- 
vestigation as a supplement to the ration of rats first made anemic on 
a milk diet, and observing the rate of gain in hemoglobin that follows. 
It has been shown by several investigators that the gains on particular 
foods are significantly slower than they would be if all of the total iron 
were physiologically available. This indicates the need for further 
work to establish satisfactory chemical methods. 

Further discussion of this subject from a more technical standpoint 
follows. 
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TECHNICAL NOTES ON MINERAL ANALYSIS3 

CALCIUM IN CABBAGES 

The differences in calcium content between inner and outer leaves of cabbage, 
as shown in figure 1, are wide enough to merit careful consideration by chemists 
and nutritionists. The variations in calcium are shown in this chart as relatively 
wider than either those in solids or those in total ash. In fact, the variations in 
calcium are so great that a logarithmic scale is necessary to show the values for 
green and bleached leaves in proper perspective. The unshaded area represents 
the frequency of analyzed samples that were more or less bleached in the cases 
that were described, or assumed to be bleached in those reported only as "cab- 
bage." Included with these samples are five from red or violet-colored cabbages 
which on inspection did not appear to differ materially in calcium content from 
the white or nearly white kinds. The shaded area represents the frequency of 
analyzed samples that were either dark-green outer leaves or leaves of the non- 
headed samples. In the upper distribution, based on calcium, it will be noted 
that the mean of the standard area is eight or nine times the mean of the unshaded 
and that the extreme is more than 20 times the lower mean. 

The similar distributions based on solids and on ash show that there are dis- 
tinctions between dark-green and bleached leaves in these constituents too; 
but here the degree of variation is not nearly so great. Attention is called to the 
position of the two samples of savoy cabbage which, so far as we know, are the 
only ones of this variety that have been analyzed as the inside portion of the 
head. This variety is light green in color throughout the head, possibly because 
it is not tightly headed. At any rate it is not white or completely bleached, 
and there are several varieties other than savoy which are like it in being loosely 
headed and light green to the center of the head. The assumption is that other 
varieties that resemble savoy in color will be similar in calcium content, but 
actual evidence on this point is lacking. 

If calcium, even more than total solids or total ash, is associated with green- 
ness, it seems obvious that a comparison between varieties that are white inside 
and savoy, as well as other kinds that are light green, should be made in the analyt- 
ical laboratory. The light-green headed, kinds would be distinctly superior, it 
seems, as sources of calcium, but chemists, horticulturists, and physiologists 
apparently have not recognized this as a problem; none of the analyses of cab- 
bage made incidentally to their problems has provided a direct answer to the 
question. 

CALCIUM IN SOYBEANS 

A study has been made of the available data on calcium variations in imma- 
ture soybeans, that is, in the green-vegetable stages of certain varieties that 
agronomists and home economists have selected as suitable to use in this way. 
This study, based chiefly on the work of two laboratories {1261),* covers 78 sam- 
ples, the majority of which are on 11 varieties picked at intervals during ripening. 
The investigations on this vegetable are better designed in several respects than 
those on most foods, and the results here admit of drawing some generalizations. 
According to these data it appears that varietal and other differences in calcium 
are so wide that they tend to obscure the changes associated with advancing 
maturity, but the latter are by no means insignificant. 

Results on the entire 78 samples give an average of 0.074 percent of calcium 
(0.034 to 0.109 percent) on the fresh basis and 0.251 percent of calcium (0.161 to 
0.356 percent) on the dry basis. Chemists usually prefer the dry basis on the 
ground that the dry substance is more nearly constant in composition. The 
deviations are not quite so wide, relatively, in the data on the dry basis as on the 
fresh, but even at best these variations are fully as wide as those in total solids 
on the fresh basis.    Total solids average about 30 percent and range from 16 to 38. 

Varietal differences arc probably chiefly responsible for the wide variations in 
calcium content as expressed on the dry basis, although maturity has some effect 
and soil differences and other factors not yet studied may also play some part. 
The data indicate that as the seed matures the total solids and the calcium on the 
fresh basis increase rather steadily, while the calcium on the dry basis decreases 

3 This section is intended primarily for students and others technically interested in nutrition. 
4 Unpublished data on the work of the second laboratory furnished by W. J. Morse, Bureau of Plant 

Industry. 
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somewhat. Thus the younger, more succulent seeds, having less than 30 percent 
of solids, average 25 percent of solids and 0.068 of calcium, while the older seeds 
average 34 percent of solids and 0.080 of calcium in the original material.    This 
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Figure 1.—Frequency dis tribu dons showing calcium (^4), solids (fí), and ash (C) o. 
bleached and unbleached samples of the common cabbage {Brassica olerácea capitata)í 
Among these three constituents calcium shows the greatest variation. The mean in 
each case is the mean of data on the bleached or partially bleached samples (including 
two of savoy cabbage). For calcium, the mean is 46.0 mg. per 100 gm.; for solids it is 
7.6 percent; and for total ash it is 0.72 percent. Frequencies are shown in percentages 
of these means, using a logarithmic scale. In this way the very high calcium values 
for unbleached cabbage can be given on the same scale as the low ones for bleached 

cabbage, and still show the variation in the latter. 

increase coincides with a small but significant decrease in the calcium as a per- 
centage of the dry matter. 

It is customary in estimating the mineral content of a diet to use a single 
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calcium figure—expressed as a percentage of the fresh material—to represent 
any particular vegetable, disregarding all such variations as those under considera- 
tion here. The fresh green vegetable might be estimated at one figure and the 
mature seed in the air-dry form at another, but generally no finer distinction is 
feasible. Thus a single figure for calcium in green vegetable soybeans, say 0.074 
percent, would ordinarily be used for any kind that was not fully mature. A 
general estimate of 0.251 percent of the dry matter is slightly better as an estimate 
than the average that disregards differences in maturity or in total solids; but 
even this small improvement in making estimates has no practical value in cal- 
culating a given diet unless either the stage of maturity or the moisture or total 
solids content of the particular sample is known. 

In preparing tables it would seem that the calcium content of each variety 
might be given separately. This would offer a logical solution to the problem, 
since varietal differences appear to be of most importance; but there are many 
varieties that might be used, and data are available for only a very few of them. 
Further experiments may show that the varieties that tend to have more calcium 
have certain other characteristics in common; and as evidence is accumulated it 
may be feasible to present data on several classes of soybeans according to type 
or variety. 

Green vegetable soybeans taken as a whole are apparently no more irregular 
in their calcium content, relatively, than the bleached leaves of cabbage; but 
since they are a richer source of calcium, the absolute errors introduced into diet 
estimates by using a single value for all varieties and stages are potentially much 
greater. Calculations on a day's diet that contained a single helping of 100 
grams or Sji ounces of the vegetable could be in error from this source alone by 35 
or 40 milligrams, and this would correspond to an error of about 5 or 6 percent 
of the daily calcium standard for an adult man. 

The two examples, cabbage and soybeans, were chosen not as extreme cases 
but to show, from material at hand, the variability in foods and its bearing first 
on the preparation of food-composition tables and finally on dietary calculations. 

AVAILABLE IRON 

One method for determining the ionizable iron in foods, using the dipyridy 
reagent, gives results in a number of foods that parallel the biological effect, that 
is, the hemoglobin response, to some extent (5./^, 1029). The parallel is not com- 
plete, however. The gain in hemoglobin is even slower on some foods than would 
be expected if the body could make good use of all of the iron determined as ion- 
izable by this chemical method {1080). Such lack of correspondence between the 
quantities that are ionizable and the physiological effect may be due to some other 
property of the food that hinders the utilization of the iron by the body, or to 
peculiarities in the biological response of the individual {456^ 457). In spite of 
this lack of agreement, the dipyridyl method may still be suited to measure the 
kind of iron that the body can utilize when conditions are favorable. In any case, 
however, further work is needed to develop a more acceptable chemical measure 
of the quantity of iron that may potentially function as available iron in nutrition. 

Nutritionists can now say with some certainty that part of the iron in foods is 
in effect inert, and that the part that is inorganic and soluble is in a form that, 
potentially at least, can be utilized by anemic animals. Determinations of 
ionizable as well as total iron in foods, then, are much to be desired; until further 
developments, the quantity of ionizable iron in foods, determined by the current 
modification of the existing method, is tha best chemical index we have to the 
way the food will perform as a source of iron for the body. It has been shown 
elsewhere in this Yearbook (p. 197) that progress in establishing the iron require- 
ments of human beings can also be advanced when a sharper distinction can be 
made between iron that is ohysiologically available and that which is not. 



VITAMIN  CONTENT  OF  FOODS 

by Esther Peterson Daniel1 

IN AUDIllUNto analyzing foods for their content of water, 

protein, fat, carbohydrate, and minerals, the modern food chemist must 

determine their vitamin content. Methods for doing this are still difficult 

and tedious, though the recent discovery of several of the vitamins in 
pure forms will be a great help. This article gives lists of foods that are 
exceptionally good sources of vitamins A, C, D, thiamin, riboflavin, and 
nicotinic acid. The author also tells how the vitamin content of foods 
is affected by various conditions of production, storage, processing, and 

cooking, and suggests some practical ways to prevent undue vitamin 
losses. 

SOME twenty-odd years ago the public responded to its introduction to 
vitamins with a single question: ^What good are they?'1 This ques- 
tion was dramatically and convincingly answered by the production of 
deficiency diseases in experimental animals receiving diets lacking 
these important nutrients. Interest immediately centered in dis- 
covering vitamin-containing foods which could prevent or cure such 
deficiency diseases in man, and a long series of tedious experiments 
was begun in which one food after another was tested on laboratory 
animals to determine its importance as a vitamin carrier. 

Qualitative tables were set up showing what vitamins were present 
in certain foods, but these soon proved insufficient.2 It had become 
evident that vitamins play an important part in health and well- 
being, and it was seen to be essential not only to learn where to find 
them but to ascertain in what quantities they are available. And so 
from the original crude biological tests more carefully controlled meth- 

! Esther Peterson Daniel is Associate Nutrition Chemist, Foods and Nutrition Division, Bureau of Home 
Economics. 

2 Tables of numerical values for the vitamin content of foods have not been included in this article. In 
recent years scientists have adopted new units of measure for the well-known vitamins. These units are 
being used throughout the world to obtain more reliable vitamin values for foods. Too few of our ordinary 
foods have been measured in terms of the new International Units to justify making a table of numerical 
values at this time, and it would be unfortunate to perpetuate the older units of measure which are certain 
to be replaced in the near future. 

286 
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ods were gradually devised and units were adopted for measuring the 
exact vitamin content of a food. Just as it was once arbitrarily de- 
cided to let the weight of a grain of wheat be the unit upon which to 
build the English system of weights, so in the present case it was 
agreed that a certain defined response in laboratory animals would 
indicate the presence of 1 unit of vitamin. This is the biological 
method of measurement. 

Meanwhile, the chemical identification of several of the vitamins 
has aroused interest in finding chemical methods of measurement. 
The amounts of vitamin A, carotene, and ascorbic acid in foods are 
now being determined chemically by several investigators, with vary- 
ing degrees of success. 

Knowledge of the vitamin content of foods is essential in analyzing 
human dietaries and is necessary in providing a practical means of 
establishing vitamin requirements and in recommending foods that 
will best meet these requirements. 

As the list of vitamin-containing foods grew, it became apparent 
that each vitamin has its own characteristic distribution. An attempt 
is made here to point out the more important sources of the different 
vitamins {255, 363) 3 and to indicate some of the factors that influence 
and limit the vitamin content of foods. 

NATURAL OCCURRENCE OF VITAMINS 
VITAMIN A 

Vitamin A activity was early associated with highly pigmented 
foods, particularly those having a deep green or yellow color. This 
association became extremely puzzling when it was discovered that 
vitamin A itself is an almost colorless substance that occurs only in 
a limited number of animal and marine foods. It was some time 
before scientists recognized that certain yellow-orange pigments, 
which are contained in many plant and some animal foods, are changed 
over into vitamin A in the body. These substances, belonging to a class 
of pigments known as carotinoids, are precursors of the vitamin, and are 
often referred to as provitamin A. The yellow-orange color of provi- 
tamin A may be masked in some foods by the presence of chlorophyll 
(the green coloring matter in plants), or by other pigments such as lyco- 
pene (the red coloring matter in tomatoes). The depth of color of a green 
or yellow plant food is often a rough indication of the amount of pro- 
vitamin A that it contains. For example, yellow corn is richer in 
provitamin A than white corn; sweetpotatoes contain more than 
potatoes; and green leaves are a better source of this pigment than 
bleached leaves. On the other hand, there are a few very highly 
colored foods, such as cranberries and beets, that display little or 
practically no vitamin A activity. 

Although animal foods may contain besides vitamin A some pro- 
vitamin A which influences their color, depth of color in animal foods 
is never a dependable index of their vitamin A activity. For instance, 
although egg yolks generally contain these vitamin A-active pigments 
in varying amounts, by controlled feeding of the hen it is readily possible 
to produce highly pigmented egg yolks that contain practically no 

3 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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vitamin A activity.    It is equally easy to produce pale-colored yolks 
that are exceedingly rich in vitamin A. 

Foods in which vitamin A and provitamin A occur 4 are listed in 
table 1. 

TABLE 1.—Food sources of vitamin A and provitamin A 

Type of food 

Animal products. 

Vegetables  

Fruits. 

Cereal-. 

Excellent sources 

Fish-liver oils, liver, fish roe, eg^r yolk, 
butter, cheese, 

Kale, spinach, dandelion greens, dock, 
escarole, chard, lambsquarters, turnip 
tops, green lettuce, collards, water 
cress, Chinese cabbage, broccoli, mus- 
tard greens, beet greens, carrots, sweet- 
potatoes, yellow squash, sweet pep- 
pers, red tomatoes, green peas, green 
beans. 

Apricots, papayas, mangoes, prunes, 
yellow peaches. 

Good sources 

Cream, kidney, oysters, whole milk, red 
salmon. 

Green asparagus, okra, Brussels sprouts, 
globe artichokes, yellow tomatoes. 

Avocados, guavas, cantaloups, black- 
berries, black currants, blueberries, 
bananas, pineapples, green and ripe 
olives, dates, deep-yellow juice oranges. 

Yellow corn men!. 

VITAMIN D 

The natural distribution of vitamin D appears to be limited to a 
comparatively few animal and marine foods; as yet there is insuffi- 
cient evidence to establish its occurrence in foods of plant origin. 
Cod-liver oil had been outstanding as an effective cure for rickets even 
before the recognition of vitamin D, a deficiency of which was found 
to be the cause of this disease. For many years after the discovery 
of vitamin D, cod-liver oil was the richest known source of this 
vitamin. Now it is known that a number of other fish-liver oils, such 
as those of halibut, tuna, salmon, sardine, and swordfish, outrank cod- 
liver oil in vitamin D activity, some of them being many times richer 
in this vitamin than cod-liver oil. 

On the other hand, some foods of plant origin contain a substance 
that is changed into vitamin D upon irradiation with ultraviolet light. 
Animal foods contain a similar substance which can be activated by 
irradiation. The ultraviolet rays may be furnished either by the sun 
or by so-called sun lamps. This method of supplying vitamin D 
through the irradiation of foods is known as the Stèenbock process, 
from the name of its discoverer. Since one of these provitamin D 
substances exists in the human body, it is possible to supply an 
individual with vitamin D by exposure of the body to ultraviolet light. 

In addition to foods enriched with vitamin D by the Steenbock 
irradiation process, the following animal products are natural sources 
of the vitamin: 4 

Excellent sources: Fish-liver oils and egg volk (from hens on diet high in 
vitamin D). 

Good sources: Salmon, sardines, eggs, and butter. 
Small amounts: Liver, cream, whole milk, and oysters. 

4 These foods and those listed as sources of the other vitamins have been classified on the basis of equal 
weights. Consequently their vitamin value in the diet depends not only upon vitamin content but also 
upon the quantities eaten. A food which contains only a fair amount of vitamins may become a good or 
an excellent source if liberal quantities are used. Likewise, a food having a very high concentration of 
vitamin may be included so infrequently or in such small amounts that it offers no real vitamin 
contribution. 
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Methods for determining the amounts of vitamin E in foods have 
not been so well worked out as for some of the other vitamins, and 
less is known about its quantitative distribution. It appears to occur 
in a great many foods, at least in small quantities. The germ portion 
of the wheat grain is an especially rich source, while vegetable oils, 
green leaves, and eggs contain considerable amounts. Scientists at 
the University of California, who have been interested in vitamin E 
for a number of years, have published a report in which they discuss 
its general distribution (34-S), 

ASCORBIC ACID (VITAMIN C) 

In his efforts to alleviate scurvy among sailors, James Lind, a 
surgeon in the British Navy, in 1747 found orange and lemon juices 
effective in curing this condition. By 1795, well over a century before 
ascorbic acid was discovered, the British Navy was regularly ad- 
ministering lime juice to sailors for the prevention of scurvy. Today 
citrus fruits are universally recommended, and tomatoes, although 
containing less ascorbic acid than most citrus fruits, have proved to 
be a popular and very valuable source of this vitamin. 

In some countries it has been said that the potato has been extremely 
valuable in decreasing the incidence of scurvy. Potatoes are not a 
particularly rich source of ascorbic acid, but considering the relatively 
large quantities in which they are generally used, they may contribute 
important amounts of this vitamin to the diet. Foods containing 
ascorbic acid fi are listed in table 2. 

TABLE 2.—Food sources of ascorbic acid (vitamin C) 

Type of food Excellent sources Good sources 

Animal products  
Vegetables _  

Liver, brain  
Collards, turnip greens, mustard greens, 

kale, water cress, spinach, dandelion 
greens, sweet peppers, kohlrabi, ruta- 
bagas, turnips, Brussels sprouts, cauli- 
flower, cabbage, broccoli, asparagus, 
fresh and canned tomatoes, green peas, 
corn salad, radishes. 

G navas, mangoes, oranges, lemons, grape- 
fruit, tangerines, currants, strawberries, 
gooseberries, raspberries, cantaloups. 

Sprouted seeds               _   _    _     _         _ _ 

Kidney. 
Endive, cucumbers, potatoes, sweet- 

Fruits     

potatoes,    green    beans,    parsnips, 
rhubarb,  leeks, onions,  globe  arti- 
chokes. 

Pineapples, cherries, cranberries, papa- 

Seeds    

yas, bananas, peaches, apples, avo- 
cados, watermelon. 

THIAMIN (VITAMIN BO 

Our forefathers, in the days before modern machinery made possible 
the present refining of foods, were unknowingly blessed with a greater 
abundance of thiamin (sometimes called aneurin) than is generally 
found in present-day diets. The polishings from rice and the bran 
and germ portions of grains are among the richest sources of this 
vitamin. In an effort to meet the human requirement for thiamin, 
nutritionists are urging the greater use of whole-grain cereals and 
breads. Meanwhile new milling processes are assisting in providing 
more thiamin in the diet by replacing in patent flour the germ portions 
of the grain. 

Besides the outstanding plant sources—whole grains, legumes, and 
s See footnote 4. p. 288. 

141394°—39 20 
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nuts—thiamin occurs in many animal and marine foods. A curious 
observation, which is as yet without explanation, indicates that lean 
pork is an exceptionally rich source. 

Since the chemical isolation of thiamin has made possible its use as a 
standard for vitamin Bi assay, methods for determining the quantity in 
foods have greatly improved. In order to extend the meager reliable 
information regarding the thiamin content of foods, the Bureau of Home 
Economics tested some 90 foods for thiamin content during 1938-39. 

A list of foods containing thiamin in varying amounts 6 is given in 
table 3. 

TABLE 3.—Food sources of thiamin {vitamin Bi) 

Type of food Excellent sources Good sources Fair sources 

Animal products.- Lean pork, chicken, kid- Egg yolk, brains, lean beef, lean Fresh milk  (whole or 
ney, liver. mutton, fish roe, codfish, sar- 

dines, whiting. 
skim). 

Vegetables  Green   peas,   green  lima Potatoes, sweet corn, sweetpota- Turnips, broccoli, kohl- 
beans. toes, Brussels sprouts, cauli- 

flower, cabbage, mushrooms, 
spinach, turnip greens, water 
cress, garden cress, lettuce, col- 
lards, kale, onions, leeks, to- 
matoes, wax and green beans, 
parsnips, beets, carrots. 

rabi, eggplant. 

Fruits       Prunes,   avocados, pineapples, 
oranges, grapefruit, tangerines, 

Bananas, watermelons, 
raspberries,      black- 

dates, figs, plums, pears, ap- berries. 
ples, cantaloups. 

Seeds  Wheat germ, corn germ, 
rye  germ,  rice polish- 

Hazelnuts,    chestnuts,    brazil 
nuts,  walnuts,  almonds,  pe- 

ings, wheat bran, oats, cans. 
whole-grain wheat, rye, 
barley, brown rice, pea- 
nuts,    soybeans,    cow- 
peas, navy beans, dried 
peas. 

RIBOFLAVIN (VITAMIN G) 

Riboflavin, one of the more recently isolated vitamins, has an 
extremely wide natural distribution. Milk, eggs, meat, green leafy 
vegetables, whole cereals, and legumes all furnish liberal quantities. 
Glandular meats such as liver, kidney, and heart are better sources 
than the muscle meats, and dark meats contain more than light ones. 

Food sources of riboflavin 6 are given in table 4. 

TABLE A.—Food sources of riboflavin {vitamin G) 

Type of food Excellent sources Good sources Fair sources 

Animal products _ 

Vegetables  

Fruits . 

Liver, kidney, heart, lean 
muscle   meats,   eggs, 
cheese, dried (whole or 
skim),  condensed,  and 
evaporated milk. 

Turnip  tops,  beet tops, 
kale, mustard greens. 

Fresh (whole or skim) milk, but- 
termilk, whey. 

Peas, lima beans, spinach, water 
cress, collards, endive, broc- 
coli, green lettuce, cabbage, 
cauliflower, carrots, beets. 

Pears, avocados, prunes, man- 
goes, peaches. 

Whole-grain wheat,  dried   leg- 
umes. 

Bananas,   cured   figs, 
grapefruit,    oranges, 
apricots, guavas, pa- 
payas, muskmelons, 
apples. 

Seeds       _   .._ Germ  portion  of wheat, 
rice polishings, peanuts, 
soybeans. 

6 See footnote 4, p. 288. 
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NICOTINIC ACID (PELLAGRA PREVENTIVE FACTOR) 

Probably no vitamin-deficiency disease is more prevalent in the 
United States than pellagra, yet the factor or factors effecting its 
cure are still only partly understood. Only recently has the value 
of nicotinic acid in the prevention and treatment of this disease been 
recognized. 

The Public Health Service has made a rather extensive study of 
foods which have pellagra-preventing properties. Over a period of 
years, certain foods have been found by trial to be more or less effec- 
tive in preventing or curing pellagra in human beings. Those known 
to be most effective are lean meats, chicken, liver, green leafy vege- 
tables, legumes, and tomato juice. 

A list of good to fair sources of nicotinic acid7 follows: 
Animal products: Liver, salmon, rabbit, fresh and corned beef, lean pork, 

chicken, buttermilk, egg yolk, skim milk (fresh and dried), evaporated milk, and 
haddock. 

Vegetables: Green peas, collards, turnip greens, kale, tomato juice, cowpeas, 
soybeans, green cabbage, spinach, and mustard greens. 

Seeds: Wheat germ, peanut meal, and green (dried) peas, 

OTHER VITAMINS 

Vitamin K, the antihemorrhagic factor, is known to occur in large 
quantities in green leaves. Withering or yellowing of the leaves 
appears to have no effect on the vitamin. Flowers^ roots, and seeds 
contain much less than green leaves (253). 

Experiments with laboratory animals have proved the existence of 
several vitamins other than those discussed, but practically nothing 
is known concerning their importance in human nutrition. 

FACTORS AFFECTING VITAMIN CONTENT OF FOODS 

A great many factors affect the vitamin content of foods. Some 
are environmental influences which can be only partly controlled; 
others are the result of artificial processes carried out in the attempt 
to preserve and prepare foods for human consumption. Such factors 
are universally recognized, but their specific influences on the different 
vitamins in various classes of foods are still little understood. 

The physiological functions of the vitamins, although by no means 
clearly understood, undoubtedly determine the site of vitamin con- 
centration in plants and animals. In plants ascorbic acid is always 
present in greatest amounts in the growing parts, and both ascorbic 
acid and vitamin A are more concentrated in the protective covering, 
or skin, and in the fleshy portion directly beneath the skin than in 
the inner flesh. 

In animal foods likewise, the vitamins occur in greater concentra- 
tion in certain body tissues. Liver is the storehouse for many of the 
vitamins and is thus richer in these nutrients than are muscle meats. 
Riboflavin occurs in larger quantities in dark meat than in light meat. 

VARIETY, SOIL, AND CLIMATE 

The variety of plant and the type of soil are factors influencing vita- 
min contentions, 114-6)-    Over these, man has only partial control. 

' See footnote 4, p. 288. 
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He is frequently restricted to certain varieties of fruits and vegetables 
best adapted to a given region. The weather conditions and the sea- 
sons further influence vitamin formation. An interesting observation 
made by members of the Bureau of Plant Industry indicates that 
oranges picked from outside branches well exposed to sunlight contain 
more ascorbic acid than shaded fruit grown on the same tree. 

DEGREE OF MATURITY 

The stage of maturity of many plant foods also has an effect on 
vitamin content {358). For example, the vitamin A, thiamin, and 
ascorbic acid content of tomatoes increases with maturity. In corn, 
the vitamin A increases until the seed is fully ripened, while ascorbic 
acid decreases with maturity and ripening. Likewise, as green peas 
mature the ascorbic acid content diminishes. The Bureau of Plant 
Industry found that green oranges contain more ascorbic acid than 
the fully ripened fruit. Spinach, snap beans, and rhubarb show no 
significant change in ascorbic acid value as they become mature (1146). 

FEEDING PRACTICES AND BREED 

The vitamin value of animal products such as milk and eggs is de- 
pendent to a considerable extent upon the diet of the cow and hen 
(273, 275, 38ö, 10Ö6). At present many poultry and dairy managers 
recognize the value of feeding vitamin-rich foods for the production 
of vitamin-rich eggs and milk. Pasture-fed cows give milk that is 
richer in all the vitamins than stall-fed animals, and plenty of sun- 
shine for the cows assures milk richer in vitamin D. 

As the period of lactation progresses, the vitamin A content of milk 
decreases {380), while the quantity of thiamin remains practically 
constant. Eggs at the beginning of the laying season contain more 
vitamin A than those produced later by hens receiving the same diet 
during the entire period {1056), 

There is also evidence that the breed of cow may slightly influence 
the vitamin content of milk {410). 

PRESERVATION AND STORAGE 

Very little of our food comes directly from the garden to the table. 
Much of it is canned, frozen, or dried for later use, when it may be 
either unavailable fresh or prohibitive in price for the average indi- 
vidual. A large part of the unprocessed food may be delayed for a 
considerable time in getting to market, held in the market itself, or 
kept in our own pantries and refrigerators before it is finally prepared 
and served. 

This unavoidable temporary storage of food is always accompanied 
by certain vitamin losses {358, 1146). Type and condition of the 
food and the length and temperature of storage all influence the degree 
of loss. Riboflavin, nicotinic acid, and vitamins D and E appear to be 
little affected during storage; but vitamin A and thiamin are gradually 
lost, and there may be serious destruction of ascorbic acid. 

The effect of storage on ascorbic acid, of all the vitamins, is best 
understood. As soon as fruits and vegetables are gathered, certain 
changes take place in their structure that allow a gradual destruction 
of   ascorbic   acid.    Certain   enzymes   that  are  present  hasten  this 
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destructive action. Thus, delays in marketing or the holding of 
vegetables like spinach, beans, and peas in household refrigerators or 
pantries too long before they are used may result in considerably de- 
creased ascorbic acid content. Any bruising, peeling, cutting, chop- 
ping, or shredding of the food breaks down the cell walls,, frees the 
enzymes mentioned, and thus accelerates ascorbic acid loss through 
oxidation (362). This explains the recommendation to prepare 
chopped fruit and vegetable salads immediately before use. The acid 
in such foods as tomatoes, citrus fruits, and rhubarb helps to preserve 
ascorbic acid, and extracted juice from these may be stored in the 
refrigerator for 2 or 3 days and still retain considerable quantities of 
this vitamin. 

Freezing 

There is very limited information on the effect of freezing and 
freezing operations on vitamins other than ascorbic acid (858, 860, 
586). As a matter of fact, freezing itself appears to have no destruc- 
tive action upon the vitamin content of foods. Losses sometimes 
attributed to freezing generally occur before the foods are frozen or are 
a result of improper handling during and after freezing. For example, 
the manufacturing operations concerned with shelling, washing, and 
blanching of lima beans and peas have often been found to result in a 
loss of as much as 50 percent of the ascorbic acid. Slow freezing, 
slow thawing, or storage of the frozen product above 0° F. (a tem- 
perature lower than zero is preferable {587)) adversely affects the 
vitamins. Frozen foods, especially vegetables such as peas, beans, 
and spinach, rapidly lose ascorbic acid if allowed to stand after thaw- 
ing, and it is generally recommended that cooking be started while 
they are still in the frozen condition. Fruits which are to be used 
uncooked should be served immediately after thawing. 

Drying 
Foods lose vitamin A, thiamin, and particularly ascorbic acid 

during drying {858), and if the dehydration process is prolonged, these 
vitamin losses may be serious. Several investigators have found sun 
drying more destructive than artificial dehydration. Sulfur dioxide, 
frequently used in commercial practice, tends to prevent the destruc- 
tion of vitamin A and possibly of ascorbic acid, but does not conserve 
thiamin. In fact, thiamin is readily destroyed when sulfur dioxide is 
present. 

Very little is known about the effect of drying on the other vitamins. 
The riboflavin values of dried and evaporated milks would indicate 
no appreciable destruction of this vitamin. Extremely meager evi- 
dence suggests no appreciable loss of vitamins D and E and nicotinic 
acid in foods due to drying. 

Canning 

Most vitamin losses in canning are due to oxidation {858, 862: 64-1)- 
Consequently the aim in canning methods devised to preserve vitamin 
content should be to exclude air from the hot food just as much as 
possible. The so-called open-kettle method of canning with subse- 
quent transfer of the hot food to containers permits greater vitamin 
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destruction than methods in which the foods are processed directly 
in the jars. Removing the air from the containers before processing 
further helps to keep down vitamin loss by oxidation. It also mini- 
mizes the loss of vitamins during storage of the canned material. 

As in cooking, acid foods retain more of their vitamin content during 
canning than nonacid ones. After canning, citrus fruits and tomatoes, 
for example, are still excellent sources of ascorbic acid, even though 
this is the most easily destroyed of the vitamins. 

COOKING 

Today the art of cooking is more than the production of a tasty 
dish attractively served; it also includes the conserving of food 
values {358, 362). ^ While certain vitamin losses during cooking are 
unavoidable, considerable quantities of these valuable protective 
substances are needlessly thrown away every day. 

Under certain conditions, the oxygen in the air changes vitamins 
into other substances that do not have the protective properties of 
vitamins. This process of oxidation is accelerated by heat. Thus, 
stirring air into foods while they are cooking or sieving them while 
they are still hot is a frequent cause of vitamin destruction {577), An 
alkaline substance like soda, frequently used to preserve green color 
in vegetables, also intensifies oxidation, which has a destructive effect 
on all of the vitamins. Acid, on the other hand, either when added 
or naturally occurring as in tomatoes and many fruits, helps to protect 
the vitamins in food during cooking. 

In the case of ascorbic acid, oxidation is accelerated by an enzyme 
referred to as ascorbic acid oxidase {623) and also by certain metals 
such as copper. The enzyme is inactivated by heat; thus, for the 
conservation of ascorbic acid, it is desirable to employ a method of 
cooking that rapidly raises the temperature of the food to the boiling 
point. It was found, for example, that about one-fourth of the 
ascorbic acid of cabbage was destroyed before boiling and very little 
after the boiling point was reached, although a considerable quantity 
was dissolved in the cooking water (^7). 

Ascorbic acid, thiamin, riboflavin, and nicotinic acid all dissolve 
readily in water; therefore the water in which foods are cooked may 
acquire considerable amounts of these vitamins. The more water 
that is used, the greater will be the amount of vitamin dissolved out 
of the food. It has been pointed out that the cooking water which 
remains after preparing certain vegetables may be as rich a source of 
ascorbic acid as tomato juice {1146), It is recommended that cook- 
ing be done in as little water as possible, and that the water drained 
from cooked vegetables be served in gravies, sauces, or soups; other- 
wise, valuable food substances will be lost. The insolubility of vita- 
mins A, D7 and E in water prevents loss of these vitamins in this way. 

Either steaming or the so-called waterless method of cooking dis- 
solves out less of the water-soluble vitamins than boiling. On the 
other hand, the more rapid process of boiling helps somewhat to pre- 
vent ascorbic acid destruction. These methods of cooking appear to 
have no significant destructive effect on the vitamins other than 
ascorbic acid and, to a lesser extent, thiamin. Long cooking processes 
such as stewing permit greater vitamin losses.    Frying is probably 
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the most destructive of the ordinary cooking methods and may result 
in a complete loss of ascorbic acid, considerable loss of thiamin, and 
significant destruction of vitamin A. Limited experiments indicate 
that baking causes somewhat less destruction {246, 359, 362, Ï20Ô). 

Far too little is yet known about the effects of various methods of 
cooking on the vitamin content of different foods. Ascorbic acid, 
as the most easily destroyed of the vitamins, has been most intensively 
studied, but even with it much is still to be learned concerning the 
effects of various processes. 

Most of the foods of man receive some treatment before they reach 
his dinner table. It is from these cooked, canned, frozen, dried, and 
stored foods that much of his vitamin requirement must be supplied. 
In order to establish these requirements and meet them adequately 
nutritionists realize the great need for extending the present meager 
knowledge concerning the vitamin losses which occur as a result of 
these various treatments. 

SUGGESTIONS FOR SAVING VITAMINS 

So far as the homemaker is concerned, present knowledge might 
be summed up in the following practical suggestions for the preserva- 
tion of vitamin values in cooking and serving foods: 

Don't stir air into foods while cooking. 
Don't put them through a sieve while still hot. 
Don't use soda in cooking green vegetables. 
In boiling foods, raise the temperature to the boiling point as rapidly as possible. 
Use as little water as possible. 
Don't use long cooking processes such as stewing when shorter methods are 

feasible. 
Don't throw away the water in which vegetables have been cooked. Use it in 

making gravies, sauces, and soups. 
Don't fry foods valuable for their content of vitamins A, Bi, or C. 
Prepare chopped fruit and vegetable salads just before serving. 
Start cooking frozen foods while they are still frozen. 
Serve raw frozen foods immediately after thawing. 



PRESENT-DAY   DIETS 

IN   THE   UNITED  STATES 

by Hazel K. Stiebeling and Caliie Mae Coons1 

W H A I are the food habits of the people of the United States? How 
far do they conform to what is known of good nutrition? What propor- 
tion of the families in this country are well nourished, passably nourished, 
and poorly nourished? Does everyone get as good a diet as he might for 
his money? In this article, old and new data are examined to answer 
these and other questions. 

IT IS NOW POSSIBLE to say with a fair degree of accuracy what nutri- 
tive elements people should have if they are to gain and maintain the 
best health possible for them as individuals. Thanks to many years 
of patient research by such men as Sherman at Columbia, McCollum 
at Johns Hopkins, Mendel at Yale, Atwater of the United States 
Department of Agriculture, and a host of others in this country and 
abroad, there is now considerable evidence as to how much of each 
nutrient a diet should supply and how much can be contributed by 
each of the many kinds of American food materials. 

Hence it is not the insurmountable task that it might appear at 
first glance to compare meals superficially as different as those of 
a family whose forebears arrived on the Mayflower and those of a 
family from the Orient, The family of a laborer making $500 a year 
might never see many of the foods served regularly at the table of a 
corporation president with an income of $100,000. Yet in both 
instances the foods comprising the diets can be classed into the same 
dozen or so food groups, and the food values can be translated into 
the same nutritional terms. 

It is vital to know the kinds and quantities of food people eat. 
Careful analyses can then show whether diets have nutritional short- 
comings, and recommendations for improvement can be made, taking- 
food preferences and incomes into account. This is important not 
only for individuals and families, but for communities and even for 
nations. It takes a surprising amount of work collecting facts and 
compiling figures to find out what the dietary habits of even a com- 

1 Hazel K. Stiebeling and Caliie Mae Coons arc Senior Food Economists, Bureau of Home Economics. 
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paratively small segment of a population really are, but such work 
must be done if there are to be any accurate pictures of food needs on 
which to base efforts at dietary improvement. 

This article will deal with food-consumption habits in the United 
States, considering farm families first, then city and village families, 
and pointing out various factors that influence the diets of each group. 
It will draw on scattered data collected over many years, including 
much unpublished material obtained in a recent study of consumption 
in relation to income, made by the Bureau of Home Economics in 
cooperation with other Federal agencies. This study is one of the 
broadest and most complete, as well as the most recent, made in the 
United States. 

DIETS OF FARM FAMILIES 

Most farm families differ from city families in that they not only 
buy food but produce it for themselves (fig. 1). They count heavily 
on the garden, the orchard, the poultry flock, the cow, and the meat 
animals. Food produced on the farm may represent less than half 
or more than three-fourths of the total money value of the food supply 
for the family. The amount of food produced varies with the eco- 
nomic status of the family, the size of the farm, the type-of-farming 
area—including climate and soil—the amount of capital and labor 
that can be invested in production for home use, and the family's 
attitude toward home production. 

Some people insist that food production for family use is not 
worth the effort unless the farmer is willing to accept the mere joy of 
the work as compensation. Others are just as sure that no other acre 
of land and no equal amount of effort spent in commercial farming 
have a money-earning value equal to the money-sparing value of 
farm-furnished food. Few appreciate fully the contributions of farm- 
furnished food to the family diet—nutritive values worth more 
than the amount of money involved and not ordinarily purchased 
even when there is plenty of money. If, as studies indicate, rela- 
tively more farm families than city and village families have diets 
that can be rated as good, this must be attributed to the use of home- 
produced food. But even with extensive programs of production for 
home use, expenditure for food still tends to be the largest cash outlay 
for farm-family living. Usually as much as 20 percent and often 
more than 30 percent of the cash spent for all family needs goes for 
food. 

How much do farm families actually produce for home use? Ac- 
cording to estimates of the Bureau of Agricultural Economics {1157)? 
farm families in 1938 produced some $1,250,000,000 worth of food and 
fuel (valued at farm prices) for home consumption. On the whole, 
1938 was a good year for gardens and orchards and for feed crops for 
poultry, dairy cows, and meat animals. Considerably more food was 
reserved for home consumption than in 1937, although its money value 
was lower because of lower prices. But a decline in market values 
does not diminish the use-value of these goods. 

A comparison of the amount and kind of food furnished in 1935-36 
by farms in selected type-of-farming areas is shown in table 7 in the 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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Figure I.—Why farm families have heller diets lhan city families.    They produce part of their own  food supply. 
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appendix (p. 316). These figures 3 refer only to families of nonrelief 
native-born farm operators. Families on relief, foreign-born, Negroes 
(except in the Southeast) and other colored races, broken families, 
families on farms where they had not lived for a year, and share- 
croppers and farm laborers were excluded from this study. The reader 
should keep in mind that the exclusion of these classes of farm families 
tended to eliminate many of those with the lowest incomes. In addi- 
tion, the areas chosen as being well adapted to a specific type of farm- 
ing (as cotton or wheat) often were not typical of the State as a whole 
but represented better farm land than the average. 

Milk appears to be most freely consumed on farms in those counties 
noted for milk production and in areas where little milk goes to com- 
mercial markets and the families tend to consume most of that pro- 
duced. Many eggs and chickens are used in the Grain Belt, much 
pork in the Corn Belt, and other meat in the grazing area. A con- 
siderable quantity of potatoes are grown for home use in the North, and 
gardens and orchards are possible in most parts of the country. In 
some sections, however, notably the Great Plains, climatic conditions 
interfere with the success of gardens and orchards often enough to 
discourage plantings. In the Southeast, the amounts of sorghum, 
field beans and peas, and corn for family use add up to sizable propor- 
tions. The fruit and nut section of southern California represents a 
highly specialized type of agriculture, and families there enjoy com- 
paratively high incomes and more urbanized ways of living than are 
found in most rural areas of the United States. The effect is seen in 
the very limited amount of food produced for home use in that section. 

In most areas the cash-sparing value of home food production is 
generally acknowledged. For families consisting of husband, wife, and 
one child under 16 years of age, living in general farming areas of 
Pennsylvania and Ohio, and having an average of $630 a year to spend 
for family living, the general relationship between expenditures for food 
and the money value of farm-furnished food is shown in figure 2. 

The money expenditures for food by these families dropped steadily 
with increasing volume of home production until a minimum of about 
$160 a year was reached. This minimum represents the expenditures 
for articles which could not be furnished by the farm or which, in the 
families' judgment, it did not pay to produce. Had no food been home- 
produced, it seems likely from the data at hand that these families 
would have spent about $265 a year for food. 

The difference, about $105, between this estimated maximum ex- 
penditure for food and the average minimum does not, of course, 
represent clear cash gain. Time, energy, and land as well as money 
must be invested in producing food for family consumption. But 
when families have only $630 at their disposal for all of their living 
expenses, they can command many more goods and services that cannot 
be home-produced if they are able to obtain their food for a direct cash 
outlay of only $160 rather than $265 a year. The saving represents 
about 40 percent of the possible food bill and about 17 percent of the 
total cash spent for living. 

The benefits of a suitable program of food production for family use 
are not confined to cash sparing, however.    They also include the 

3 Unpublished data, Bureau of Home Economics, Consumer Purchases Study. 
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health-conserviDg values of nutritionally adequate diets. The lower a 
family's money income, the more its well-being depends upon these 
farm-furnished supplies. Home production tends to improve diets 
because it helps even families with very low incomes to obtain generous 
supplies of eggs, milk, butter, and green-colored vegetables—foods so 
important for their mineral elements and vitamins that they are often 
called protective foods. The diets of urban families buying all of their 
food are frequently deficient in these protective foods because they are 
relatively expensive in city markets.    Not only do these foods take 
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Figure 2.—The more food the farm produces for home use, the less cash the family 
spends on groceries. Preliminary data based on reports for 1935-36 of 84 nonrelief 
families of husband and wife (both native-born) with one child under 16 years of age, 
living in general farming areas of Pennsylvania and Ohio, and having an average of 

$630 a year for family living expenses. 

much time and effort on the part of farmers to produce, but being 
perishable, they are costly to transport from farm to market. 

Since farm families tend to increase the volume of food produced 
for home use more rapidly than they reduce the amounts spent for 
food, there is a much better chance that they will get satisfactory 
diets as programs of food production are enlarged and geared to 
family needs. Scarcely half of the three-person families just described 
could have bought even fair diets7

4 nutritionally speaking, if they had 
spent as little as $265 for food and produced none for family use. On 
the other hand, probably as many as 7 out of 10 obtained fair or good 
diets when they produced $150 to $250 worth of food in addition to 

4 See p. 310 for the definition of a fair diet. 
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what they bought. It is likely that about 9 out of 10 of those families 
that produced as much as $350 worth of food in addition to what 
they bought obtained fair or good diets. 

The money value of the food consumed usually is greater, and at 
each income level represents a somewhat larger share of the net income 
(money and nonmoney), with farm families than with families living 
in urban or village communities. Farm-family food consumption is 
large because the heavy outdoor labor of farm workers means high 
food-energy requirements. As a rule, too, farm families include more 
members than those of city dwellers. 

Diets tend to show more variation from season to season on the 
farm than in urban centers. Even with extensive canning and storage 
programs some foods are more plentiful in the country at some 
periods than at others. 

With rising income, quantities of each of the various types of food 
in the diet tend to become more generous, but the increases are more 
pronounced for some foods than for others. This is illustrated in 
table 8 (p. 316), which shows the quantities of food available to families 
of white nonrelief farm operators during the summer months, for four 
income classes, in two parts of the country. In the Northeast, 
families with the higher incomes consumed much larger quantities of 
cheese, meats, fresh vegetables, and canned fruits. In the Southeast, 
families with higher incomes consumed larger quantities of eggs, 
cheese, and meat than those with lower incomes. Farm supplies of 
these foods tend to be low during the summer months, and only 
families with higher incomes can purchase them in considerable 
quantity. 

There are also certain regional differences in food supplies. Farm 
families in the Northeast tend to use more eggs, especially at the 
lower income levels, than do those in the Southeast. They also 
consume more cheese, cream, and ice cream, but less fluid milk. 
Perhaps fewer of the southern families produce milk for sale, and so 
more is consumed when it is available. Families in the Northeast 
tend to use less fat but more sugar; less flour and other grain products, 
but more potatoes; fewer fruits and vegetables in the fresh state, 
but more in canned form than do farm families in the Southeast. 

How adequate are the diets reported by these families of three or 
four persons? How do they compare with recommendations for 
good diets? 

A good diet may well include an egg a person a day. For three- to 
four-member families this would mean an average of about 2 dozen a 
week. Families in the Northeast reported this many eggs or more, 
but those in the Southeast had somewhat fewer. A quart of milk 
for each child and a pint for each adult would amount to an average 
of 17.5 quarts weekly. This amount or more of fluid milk was 
reported by families in the Southeast. Families in the Northeast had 
the equivalent of this amount in the form of milk, cheese, cream, and 
ice cream. 

Fully adequate diets for families of this size probably should 
include also at least 40 pounds of potatoes, other vegetables, and fruit 
a week. Even in the summer months the diets of families with 
incomes under $1,000 a year (money and nonmoney) scarcely included 
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this quantity. Since more than 60 percent of the families of non- 
relief farm operators in the Southeast and more than 40 percent of 
those in the Northeast had incomes (money and nonmoney) below 
$1,000 in 1935-36, according to estimates of the National Resources 
Committee {1160), it would appear that a large proportion of farm- 
family diets are poorly supplied with fruits and vegetables. In con- 
sequence, many farm families consume too little vitamin C to support 
optimal nutrition. 

Of the money spent by farm families for food, the smallest share 
goes for milk and cheese and the largest for bread, flour, and cereals. 
But all of the major food groups are represented in cash expenditures. 
The proportion spent for different groups varies with the extent of 
the home-production program, but those that produce less have to 
spend considerably more of their cash for meat and eggs, fruits and 
vegetables. The following tabulation shows about how each food 
dollar is spent by families who have to purchase less than one-fourth 
of their food, and by families who have to purchase more than one- 
fourth: 

Less than More than 
one-fourth one-fourth 

purchased purchased 
Bread, flour, cereals   $0. 33 $0. 27 
Sugars       . 18 , 13 
Fats i        . 15 . 15 
Coffee, tea, seasonings       . 13 . 10 
Meat, eggs       . 09 . 15 
Fruits, vegetables       .09 .18 
Milk, cheese        . 03 . 02 

Total      1. 00 1. 00 

Few farm families have enough cash to buy adequate diets without 
producing some food at home. To get the most out of home produc- 
tion, the farm family would do well to find out by some careful figur- 
ing how much of each of the several kinds of foods are required to 
furnish a fully adequate diet. After such estimates are made, the 
family can decide how much and what to buy, how much and what to 
undertake to raise, and what and how much to can and store for out- 
of-season consumption. The answers will depend on many factors, 
but careful consideration should be given not only to cash savings 
but also to maintaining a high dietary level. 

The last few years have seen a definite trend toward better planning 
on the part of the farm family to meet its food needs. The Extension 
Service has given this program special emphasis since 1930. The 
Farm Security Administration places the home-production program 
at the center of the home-and-farm-management plan which is basic 
to its program of loans and emergency grants. The Farm Credit 
Administration likewise encourages its borrowers to produce the 
major part of their food supply. 

DIETS OF CITY AND VILLAGE FAMILIES 
The food purchases of a city or village family depend largely on 

two things—the size of the income and the number in the family. 
At each income level there seems to be a rather striking uniformity 
in the ideas of families the country over as to what percentage of 
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their incomes should go for food. As table 1 shows, families of wage- 
earning groups in villages in different parts of the country allotted 
an average of about 40 percent of their living expenses to food when 
incomes were under $500 and about 30 percent when incomes were 
approximately $2,000.5 

TABLE  1.—Food expenditures: Average proportion  of expenditures for familx 1 living 
allocated to food, villages, 1935-36 2 

Income class 
(dollars) 

New 
Eng- 
land s 

North 
Cen- 
tral 

Pacific 
coast5 

South- 
east 6 

Income class 
(dollars) 

New 

land s 

North 
Cen- 
tral 4 

Pacific 
coast5 

South- 
east 6 

250-499  
Percent 

1 
40 
38 

Percent 

: 
40 
37 

Percent 
39 
40 
38 
35 

Percent 
41 
88 
38 
34 

1,250-1,499  
1,500-1,749.  
1,750-1,999  
2,000-2,499  

Percent 
35 
34 
35 
33 

Percent 
36 
34 
31 
31 

Percent 
34 
31 
31 
30 

Percent 
33 

500-749     _ 32 
750-999       30 
1,000-1,249  28 

1 White nonrelief families of wage earners, including husband and wife, both native-born, and 0 to 8 other 
persons. 

2 From preliminary unpublished data, Bureau of Home Economics, Consumer Purchases Study. 
3 14 villages in Vermont and Massachusetts. 
4 46 villages in Pennsylvania, Ohio, Michigan, Wisconsin, Illinois, and Iowa. 
5 24 villages in Washington, Oregon, and California. 
6 33 villages in North Carolina, South Carolina, Georgia, and Mississippi. 

At any one income level, the proportion spent for food by large 
families is higher than that spent by small. Thus city families of 
two in the $750-$999 income class may use 35 percent of their living 
expenses for food; families of three or four, 38 percent; and families 
of five or six, 44 percent. 

But though the larger family spends more for food, it seldom spends 
enough more to maintain the same level per person. For example, 
table 2, covering small North Central cities in 1935-36, shows that 
families of two persons with an income of $500 to $749 could afford 
meals costing about 11 cents a person.6 When there were four in 
the family, it took an income of $1,250 to $1,499 to afford approxi- 
mately 11-cent meals; and with five or six in the family, an income 
of $2,000 to $2,249. 

Though some economies are possible in the purchasing of food for the 
larger-sized family as well as in the management of food preparation, 
these seldom compensate for the reduction commonly observed in 
expenditures per consumption unit. This may be seen from a study 
of table 9 (p. 317), which compares the quantities of food purchased 
by families of two persons (husband and wife only) with those of 
families of three or four persons (husband, wife, and one or two chil- 
dren under 16 years of age) in each of four income classes. 

A city or village family with one or two young children bought 
only one or two more eggs a week than the childless couple with, the 

6 Unpublished data, Bureau of Home Economics, Consumer Purchases Study. 
6 On a "food-expenditure unit" basis. This unit is equivalent to the expenditure for food for a moderately 

active man. In comparing the food expenditures of families of different sizes, it is desirable to determine 
the number of food-expenditure units to which the family is equivalent, i. e., the number of moderately 
active men that probably could be equally well fed for the same sum as the family group. Expenditures 
for the food of teen-age cbildren may be 10 percent more than for a moderately active man; for that of other 
school children and of moderately active women, 10 percent less; and for that of infants and preschool chil- 
dren, from one-half to two-thirds as much. The family's total expenditure for food is then divided by this 
number of food-expenditure units. The result is the expenditure per food-expenditure unit. When dealing 
with large groups of families, this corresponds fairly closely with the expenditure per person but it makes 
possible more accurate comparisons between different families. 
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same income. The family with children bought only about a pint of 
milk more each day, and usually less than a pound more of meat 
weekly. But they bought 2 to 3 more pounds of cereals and flour (or 
its equivalent in bread) each week, and from 2 to 5 pounds more of 
potatoes. In the case of fresh vegetables the larger families had from 
0,1 to 2.5 pounds more per week than the small families, and in the 
case of fresh fruits, from 0.2 to 5.6 pounds more. 

TABLE 2.—Food expenditures: Average amounts spent per food-expenditure unit per meal 
by families 1 of different size and income, small North Central cities, 1935-36 2 

Income class 
(dollars) 

250-499._.. 
500-749.__ 
750-999... _ 
1,000-1,249 
1,250-1,499 
1,500-1,749 

Expenditures per meal per 
food-expenditure unit3 by 
families of— 

2 persons4 

Cents 
8.4 

11.3 
13.0 
15.8 
15.7 
17.3 

4 persons 

Cents 
5.9 
7.9 
8.8 

10.3 
11.4 
11.8 

5 or 6 per- 
sons 6 

5.0 
7.0 

9.1 
9.8 

Income class 
dollars) 

1,750-1,999 
2,000-2,249 
2,250-2,499 
2,500-2,999 
3,000-3,999 
4,000-4,999 

Expenditures per meal per 
food-expenditure unit.3 hv 
families of— 

2 persons* 4 persons s 

Cents Cents 
17.8 12.8 
18.6 12.7 
21.0 13.6 
20.7 15.3 
22.3 13. 5 
19.8 12.7 

5 or 0 per- 
sons G 

Cents 
10.5 
10.8 
10.6 
10.9 
12.3 
15.6 

i White nonrelief families including husband and wife, both native-born. 
2 From preliminary unpublished data, Bureau of Home Economics, Consumer Purchases Study. 
3 See footnote 6, p. 303. 
4 Husband, wife, and no others. 
6 Husband, wife, and 2 children under 16 years ofa^e. 
ß Husband, wife, 1 child under 16 years. 1 person 16 or over, and 1 or 2 other persons. 

Thus the larger families tend to buy proportionally more grain 
products and potatoes but proportionally smaller quantities of eggs, 
milk, and fresh vegetables and fruits. As a result, in each income 
class the diets of the larger families were relatively less well fortified by 
protective foods and hence less satisfactory from the standpoint of 
nutrition than were the diets of the smaller families. 

Diets of city and village families, like those of farm families, are 
more generous at higher than at lower income levels, particularly 
with respect to eggs, milk, meats, fresh vegetables, and fresh and 
canned fruits. The differences in food consumption of different 
family groups are more clearly brought out when families are classi- 
fied öy their expenditures for food per unit7 or per person than when 
classified by income. The effect of the competition between food and 
other items for a place in the family budget is eliminated as a variable. 

Table 10 (p. 318), based on a recent study of diets of employed city 
workers (1104), shows that families who spend comparatively little 
for the food of each person buy about as many potatoes, as much of 
cheaper fats, and as much of flour, cereals, and other grain products 
for each family member as do those with high food expenditures. 
But families with more to spend for food buy larger quantities of 
milk, butter, eggs, meat, fruits, and succulent vegetables, and usually 
increasingly expensive forms of these foods. 

Thus, families in North Atlantic cities spending as little as $1.60 a 
person a week for food and those spending as much as $4 a person a 

7 See footnote 6, p. 303. 



PRESENT-DAY DIETS 305 

NORTH   ATLANTIC 
CITIES 

0 

40 

'     30 

'    20 

10 

o- 

50 

,     40 

I    30 

'    20 

10 

o- 
300 

0- 

500 

, 400 

i 300 

- 200 

100 

0- 
500 

^ 400 

:300 

Z2OO 

100 

0 

Jl i 
Jl 

EAST NORTH 
CENTRAL CITIES 

PACIFIC 
CITIES 

MILK 

BUTTER 

ji II 
EGGS 

MEATS, POULTRY, FISH 

■III    Mill 
VEGETABLES 

nil ill 
FRUITS 

jll 
GRAIN PRODUCTS 

EAST   SOUTH 
CENTRAL CITIES 

stiL 

A 

jul 

jil 

SOUTHERN 
CITIES 

ill 

Jll 

Jl iL 

I 

jjl 

'& * ¿~ à> ¿i i- t-°      (ß^NmN^h. 

~cJt<i rí* 

oNoot-r-foQ      ow 
oc tvjroio^r^      o: — 

30 — ""WtOíOV       3 O 

íi coo n %% 
FOOD EXPENDITURES A PERSON A WEEK (DOLLARS) 

Figure 3.—In the cities, those spending more for food buy more food of practically all 
kinds.    This chart shows the consumption of specified foods by families of employed 

city workers spending different amounts for food, 1934-37. 
141394°—39 21 



306 YEARBOOK OF AGRICULTURE, 1939 

week bought approximately the following quantities of certain items 
for each person: 

$1.60 a week $4 a week 
for food for food 

Milk, fresh pmtvS__       4 6 
Butter poimcl.-_      ^ H 
Eggs number __       3 8 
Meat, poultry, fish pounds,_       2 4 
Fresh vegetables and fruits do       3 10 

At the higher food-expenditure level the average per capita pur- 
chases of citrus fruit were five times as large as those at the lower 
level. For other fruits and for leafy, green, and yellow vegetables 
they were about three times as large. Increases were also sharp in 
purchases of pork, lamb, poultry, and cream. Purchases of potatoes, 
sugar, and grain products were only one-third to one-half larger at 
the higher level of food expenditure. 

Figure 3 summarizes for different parts of the country what city 
families of employed workers buy when they have increasing amounts 
of money for food. Almost without exception, the purchases of all 
foods increase, but those of some foods, such as eggs, meat, and fruits, 
go up more rapidly than others. In the South, milk consumption 
increases unusually rapidly as the level of food expenditure rises. 

When city families have about the same amounts to spend for the 
food of each person there seem to be few regional differences in the 
purchases of major groups of food. Vegetable and fruit consumption 
tends to be high in Pacific coast cities and low in the Southeast. Prob- 
ably characteristic of southern Negro families is the low consumption 
of milk and butter and the high consumption of pork, poultry, and 
fish and of grain products. 

The average per capita purchases of food by families of employed 
workers in cities of different regions are given in table 11 (p. 319). But 
many differences in food consumption commonly considered regional 
are merely reflections of differences in economic status. The middle 
half of these families spent the following amounts a person a week 
for food (figures adjusted to a 1935 base): 

White: 
North Atlantic  $2.15-S3.50 
East North Central  2.10- 3.35 
East South Central  1.60- 2.75 
Pacific  2.25- 3.60 

Negro: South  1.05- 2.15 

Computations based on table 11 show that workers' families8 in 
Pacific cities—half of whom had between $2.25 and $3.60 a person 
a week for food—used about six eggs a person a week, while the low- 
income southern Negro families, with $1.05 to $2.15 a person a week 
for food, had an average of only about two eggs a person a week. 

In the purchase of milk also, Pacific families were highest, but even 
these averaged only about a pint a person a day. White families in 
the Southeast had an average of only three-fourths of a pint a day, 
Negro families scarcely a quart a week.    These variations also reflect 

s This study (1104) included only nonrelief families with yearly incomes of $500 and over, in which the 
chief earner had had at least a certain minimum of employment. In Pacific coast cities and among Negro 
families in southern cities those willing to keep food records are believed to be above average in economic 
status for this population group and the southern white families, below average. 
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differences in level of food expenditure to some extent. Half of the 
families studied in Pacific coast cities were spending $2.85 or more a 
person a week for food. In the Southeast, half of the white families 
studied were spending less than $2.10 a person a week, and half of the 
Negro families less than $1.55. Southern white families bought as 
much milk as white families in other regions when they had compara- 
ble amounts to spend for food, though Negro families did not. Low 
milk consumption seems to be traditional among southern Negro 
families. 

These figures on milk consumption include not only milk purchased 
in fluid form, but also that purchased as evaporated or dried milk 
or as cheese. About one-fourth of the total fluid milk used by south- 
ern white families and more than one-half of that used by Negroes 
was in the form of skim milk and buttermilk. 

Marked differences were shown in the consumption of butter and 
other fats. North Atlantic families purchased the least amount of 
fats and fatty foods, but they, with Pacific families, were the largest 
consumers of butter. Negro families used the most fat, largely in 
the form of lard, bacon, and salt pork—two to four times as much as 
families in other regions. By region the average quantities con- 
sumed by city workers' families per person per year were as follows: 
Butter:                                                  Pounds Other fats, oils, and fatty foods:   Pounds 

Pacific      22 North Atlantic      _     11 
North Atlantic     21 Pacific      17 
Southeast, white        S Southeast, white     41 
Southern Negro        7 Southern Negro      58 

Less striking were differences in the consumption of meat, poultry, 
and fish. North Atlantic families purchased an average of 139 
pounds a person a year, and southern white families only two-thirds 
as much—83 pounds a person a year. Consumption of beef and lamb 
was higher in the North and West than in the South. Southern 
Negro families used nearly twice as much fish as any other group. 

The figures for sugar represent only the quantities purchased as 
such and do not include the amounts consumed in commercially pre- 
pared foods—baked goods, canned fruit, and bottled or other drinks. 
These figures, therefore, do not compare the actual quantities of sugar 
consumed in different parts of the country. 

In the consumption of cereals, meals, and flour (or its equivalent 
in baked goods) Negro families in southern cities were highest with 
an average of 196 pounds a person a year, and Pacific coast families 
lowest with 160 pounds. In the North and West a large proportion 
was purchased in the form of bread, rolls, and other ready-to-eat goods 
made largely from wheat flour. In the Southeast, flour and meal for 
hot biscuits, corn pone, and other quick breads apparently were pre- 
ferred to commercially baked bread and other products. White 
families in this part of the country bought two to three times as much 
flour and corn meal as those in other regions. Negro families were 
by far the largest purchasers of hominy and rice. 

Potatoes and sweetpotatoes together were used in largest quantities 
by families of the North Atlantic cities, 157 pounds a person a year, 
and in smallest quantities by Negro families in southern cities, 91 
pounds a year.    In the North and West potatoes were used chiefly, 
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but in the southern dietary sweetpotatoes were more prominent. 
This varying proportion affects the vitamin content of the diet. 
Potatoes contribute outstandingly to the vitamin C and sweetpotatoes 
to the vitamin A value. 

Tomatoes and citrus fruit, important for vitamin C, were used 
most freely in the Pacific coast cities, and least by Negro families in 
the Southeast. Families in Pacific cities consumed two to three 
times as much citrus fruit as white families in other regions. 

The purchases of succulent vegetables (vegetables other than 
potatoes and mature beans and peas) were almost twice as great 
among Pacific families as among southern Negro families. Leafy, 
green^ and yellow vegetables are important among these foods because 
of their high mineral and vitamin content. Families in Pacific cities 
consumed by far the largest quantities of the green, leafy, and yellow 
vegetables of any group studied and those in East North Central 
cities the least. The average consumption by the two groups was 
122 and 60 pounds a person a year, respectively. The average for 
Negro families in the South was about 91 pounds a person a year. 

In consumption of fresh and canned fruit, as in the case of fresh 
and canned succulent vegetables, the Pacific coast families ranked 
first, and southern Negro families at the foot of the list. Of the 
fruits, apples, oranges, and bananas were most largely used. The 
Pacific city families bought more peaches and grapes than did families 
in other regions. Southern families, particularly Negroes, depended 
largely upon their local supplies of fruit, especially on watermelons. 
In fact, the Negro families studied in the South had meager quantities, 
5 pounds or less a person a year, of any one fresh fruit except water- 
melons. 

NUTRITIVE VALUE AND ADEQUACY OF DIETS 

An estimate of the nutritive value of diets can be made by applying 
average figures on food composition to the quantities of food con- 
sumed. The reader should keep in mind, however, that the figures 
on the nutritive value of many foods are tentative and subject to 
revision, especially in the case of minerals and vitamins. Recent 
work (1939) suggests that the estimates given in this article for 
vitamin A value of diets may be too low. The figures were based 
on data available prior to 1.937. 

Figure 4 gives a graphic picture of the nutritive value of diets at 
different levels of expenditure in different regions. It shows nutri- 
tive values of food purchased by families of employed city workers 
(1104) representing five color-regional groups and several different 
levels of expenditure. These average figures on nutritive content 
tend to be high, however, inasmuch as they refer to food brought into 
the kitchen and take no account of the edible food waste, which 
probably increases with prosperity, or of the losses of nutrients in 
food preparation. Only average quantities of inedible refuse were 
deducted. 

Figure 4.—In general, the higher the level of food expendilnre, the better the diet. 
This chart shows the nutritive value per nutrition-requirement unit—equivalent to 
the allowance for a modéraieîy active man weighing 154 pounds per day—of diets 
of families of employed city workers spending different amounts for food, Í934-37. 
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When food expenditures were as low as $1.25 to $1.87 a person a 
week, diets were rather restricted. With more money to spend for 
food, the nutritive content of diets increased. 

Families in North Atlantic cities may be taken as an example. 
The following comparison shows the nutritive values per nutrition- 
requirement unit for diets costing $1.25 to $1.87 a person a week and 
for those costing $2.50 to $3.12: 

$1.25-$]. 87 $2.50-$3.12 
a week a week 

Energy value calories__ 2, 530 3, 320 
Protein grams. _ 64 88 
Calcium do  0. 44 0. 65 
Phosphorus do  1. 07 1. 46 
Iron   milligrams., 11.30 15.40 
Vitamin A value Internationa] Units, . 2, 100 3,400 
Vitamin Bi do  340 500 
Ascorbic acid (vitamin C)     milligrams. 41 70 
Riboflavin (vitamin G) .. _Sherman units, 470 700 
Pellagra-preventive value .        . percent of minimum. _ 120 190 

Individual families, however, varied widely from the prevailing pat- 
terns of nutritive values in relation to expenditure. For example, 
some families selected diets furnishing only 45 grams of protein per 
nutrition-requirement unit a day at an outlay of $1.88 a person a week 
for food; on the other hand, for this sum half of the families obtained 
diets furnishing 70 grams or more per nutrition-requiremeut unit a 
day. Or, to take a more striking illustration, some families spent as 
much as $4.50 for food a person a week without obtaining 0.45 gram 
of calcium a day per requirement unit. On the other hand, half of the 
families spending $3 a person a week succeeded in getting 0.70 gram 
or more of calcium per requirement unit daily. 

Diets may be classified as good, fair, or poor according to their 
nutritive content. In recent studies made by the Bureau of Home 
Economics, they have been designated good or fair if the food mate- 
rials (uncooked) furnished per nutrition-requirement unit at least the 
quantities of nutrients shown in table 3. Diets were classed as poor, 
in need of improvement, if per nutrition-requirement unit the raw 
foods provided less of any one nutrient than the quantity shown for a 
fair diet. 

TABLE 3.—Specifications for diets rated good und fair: daifv atioivanccs of certain 
important nutrients per day for a 154-pound moderately active man 

Nutrient 

Protein grams _ 
Calcium do___ 
Phosphorus do_-. 
Iron milligrams. 

Good diets 

07 
0.6S 
1.32 

15 

Fair diets 

45 
0.45 

Nutriimt 

Vitamin A 
International Units. 

Vitamin B, do._. 
Ascorbic. acicl_milligrams_ 
Hiboflavin 

Sherman units. 

Good diets 

6, 000 
500 

Fair diet> 

3,000 
250 

37 

300 

Table 12 (p. 320), gives the specifications for a good diet in greater 
detail—that is, for persons of both sexes and various ages. 

Poor diets are seldom deficient in only one nutrient. But in this 
study of the diets of families of city wage earners, relative shortages 
of some nutrients were encountered more frequently than others. 
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Less than 2 percent of the employed white workers studied are 
believed to have diets furnishing less than 45 grains of protein per 
requirement unit daily—the average minimum below which the diet 
is classed as poor. About 5 percent had diets furnishing less than 
10 milligrams of iron per unit per day; about 16 percent, less than 
0.45 gram of calcium; and about 40 percent, fewer than 3,000 Inter- 
national Units of vitamin A.9 

In the studies just cited, diets of families of employed workers in 
cities were practically always found to be in definite need of improve- 
ment with respect to one or more nutrients when families spent for 
food less than $1.25 (1936 price levels) a food-expenditure unit a 
week. Farm diets ^ were poor when families had food valued at 
less than $0.80 a unit a week. (The monetary value of farm diets 
is lower because home-produced food was valued at prices that were 
less than those found in city retail stores.) Five percent of the non- 
relief city, village, and farm families were found to have food valued 
at less than these amounts. This does not mean, however, that only 
5 percent had poor diets. Even some of the relatively well-to-do 
families spent far too little for food to buy adequate diets. 

For village and city families 10 the chances for better diets increased 
with rising per capita expenditures for food. This was due chiefly 
to the purchase of more liberal quantities of milk, meat, eggs, leafy 
green vegetables, and fruits. About 10 percent of the diets classed 
as good were actually purchased by city and village families for less 
than $2.50 a person a week. This amount may perhaps be taken 
as a reasonable yardstick of the minimum cost of a good diet. Al- 
though 65 percent of city and village families were spending $2.50 or 
more, far too few bought diets that could be rated as good from the 
standpoint of nutrition. A fairly large proportion bought diets 
rated fair. The others, a too large number, bought diets that had 
to be classed as poor. It is clear, therefore, that expenditures for 
food are not the only factor influencing nutritive adequacy of diets. 
Knowledge of food values is also essential. 

A larger proportion of farm families than city families were found 
to have fair or good diets, thanks to the farm-furnished protective 
foods. In every region families living on farms tend to rank first in 
the proportion having good diets. Those in metropolises, large cities, 
and middle-sized cities rank second. Village families fare worst of all. 
This parallels the finding of Dorn (279) that the number of cases of 
illness per 1,000 person-years of exposure was greatest in village com- 
munities and smallest in the open country. 

The chief difference between good diets and average diets is in the 
quantities of protective foods.   For the country as a whole, it is esti- 

9 An idea of the general level of imtritive content of diets can be obtained by leavinsr out the poorest one- 
fourth and the best one-fourth. The middle 50 percent of the diets of white families included in this study 
provided the following quantities of nutrients per requirement-unit per day; 

Protein grams.. 70-95 
Calcium do      0.50-0.83 
Iron milligrams.- 14-17 
Vitamin A value International Units-. 2.000-4,500 
Vitamin Bi do____        400-600 
Ascorbic acid (vitamin O) milligrams__ 50-100 
Riboflavin (vitamin G) Sherman units,- 550-900 

These diets appear to have been least well fortified in vitamin A value and in calcium, and best fortified in 
protein. 

-o Unpublished data, Bureau of Home Economics. 
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mated that freely chosen diets rated as good probably include 20 
percent more milk than do customary diets. They also include 15 
percent more batter, 35 percent more eggs, 70 percent more tomatoes 
and citrus fruit, and about 100 percent more leafy green and yellow 
vegetables. 

The quantities of certain protective foods found in the city, village, 
and farm diets rated as good are given in table 4, together with 
quantities included in plans for good diets devised by the Bureau of 
Home Economics. Each family diet from which these average quan- 
tities were derived met the specifications for a good diet described 
earlier. The low quantities of milk, tomatoes, and citrus fruits appear- 
ing in the diets of southern Negro families are balanced to give good 
diets by the large quantities of leafy, green, and yellow vegetables 
consumed. 

TABLE 4.—Content of good diets: Average quantities of specified foods per person per year 
found in diets classed as good, compared with plans for good diets 

Item 

Family diets graded good: 
Nonrelief families:i 

Farms  
Villages  
Small cities  
Middle-sized cities  
Large cities  

Families of employed city workers:' 
White families: 

North Atlantic  
Pacific  
East South Central  

Negro families, South  
Plans for good diets6  

Eggs 

Dozen 
28 
25 
35 
27 
32 

23 
24 
32 
18 

17-30 

Milk or 
its equiv- 

alent l 

Quarts 
330 
130 
240 
200 
200 

187 
228 
273 
1H 

230-260 

Butter 

Pounds 
23 
18 
23 
20 
20 

18 
18 
15 
14 

20-40 

Toma- 
toes, 
citrus 
fruits 

Pounds 
90 
05 

175 
110 
140 

115 
290 
131 

31 
65-120 

Leafy, 
green, and 

yellow 2 

vegetables 

Pounds 
180 
200 
150 
150 
150 

128 
217 
166 
203 

100-180 

Other 
vegetables 
and fruits s 

Pounds 
285 
295 
315 
305 
310 

174 
473 
177 
208 

130-350 

1 The following are approximately equivalent to the food value of 1 quart of fluid whole milk: (1) 17 ounces 
of evaporated milk; (2) 1 quart of fluid skim milk and 1½ ounces of butter; (3) 5 ounces of American Cheddar 
cheese: (4) 4½ ounces of dried whole milk: (5) 3½ ounces of dried skim milk and VA ounces of butter. 

2 Does not include swcetpotatoes. 
3 Does not include potatoes, swcetpotatoes, mature dry legumes. Includes fresh fruit equivalent of 

dried fruits. 
* Preliminary unpublished data, Bureau of Home Economies, Consumer Purchases Study. 
5 Families of employed wage earners spending less than $3.13 a person a week for food (llOj.). 
« Based on quantities suggested by Bureau of Home Economics for good diets at 3 food-expenditure 

levels, described in detail in the article, Planning for Good Nutrition, p. 321. 

FIFTY-YEAR TRENDS IN FOOD CONSUMPTION 
Differences in food habits by regions, especially among- urban 

groups^ probably are less apparent now than formerly. Modern city 
markets offer throughout the year a great variety of foods from which 
the housewife may choose. Fresh fruits, vegetables, and other perish- 
able foods are rapidly transported in good condition, perhaps thou- 
sands of miles from the site of production, or are kept under special 
storage conditions for weeks beyond the production period. Much 
variety has been made possible also by commercial canning. In 
addition, there is a growing assortment of foods preserved by quick 
freezing, which retain many of the characteristics of fresh products. 
The effect of these improved facilities and methods for storing, shipping, 
marketing, and preserving food products has been to eliminate the 
influence of time and place upon the availability of many foods and 
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to extend the season for others. As a result, the modern city family 
can choose from a variety and abundance unheard of 50 years ago. 

Trends in the consumption of important groups of food may be 
seen from the summary given in table 5 of dietary studies made decade 
by decade among village and city families. 

TABLE 5.—City and village family food:  Trends in average per capita consumption per 
year of specified foods by level of food expenditure, 1885-1937 1 

Level of food expenditure 2 and period 
Grain 
prod- 
ucts 

Meats, 
fish, 

poultry 

Milk 3 
or its 

equivalent 
Eggs 

Leafy, 
green, and 

yellow 
vegetables4 

Tomatoes, 
citrus 
fruits 

$1.25-$1.87 a person a week: 
1886-1904.. _ 

Pounds 
294 
240 
174 
152 
155 

222 
239 
178 
172 
160 

218 
204 
163 
174 

Pounds 
123 
124 
84 
85 
85 

169 

11 
104 
106 

204 
115 
129 
139 

Quarts 
41 
90 

101 
112 
118 

90 
90 

186 

li 
84 

191 

Dozen 
12 
12 
15 
12 
16 

24 
14 
18 
15 
23 

: 
24 
27 

Pounds 
24 
31 
35 
43 
53 

29 
39 
62 

% 
48 
67 
83 
95 

Pounds 
10 

1905-14  
1915-24.   

15 
38 

1925-34  
1935-37. 

37 
45 

$1.88-$2.49 a person a week: 
1885-1904.   _                   . _         22 
1905-14.  40 
1915-24        57 
1925-34  39 
1935-37..     _                    _    __    __ 75 

$2.50-$3.12 a person a week: 
1885-1914    59 
1915-24  73 
1925-34 68 
1935-37...   98 

i Based on averages from many scattered family dietary studies, published and unpublished, compiled by 
the Bureau of Home Economics. 

2 Adjusted to 1935 levels by use of U. S. Bureau of Labor Statistics index of retail food costs. 
a See table 5, footnote 1. 
* Does not include sweet pot atoes. 

Over the 50-year period a sharp decline took place in the consump- 
tion of grain products and meats among families at a comparatively 
low level of food expenditure ($1.25 to $1.87 a person a week, at 1935 
retail food-price levels). This decline was also evident for families 
with average and high er-than-average expenditures, but to a lesser 
degree. Per capita purchases of grain products before 1915-24 were 
higher among families with little money for food than among their 
more affluent neighbors. Today, this is apparently reversed. Among 
families spending less-than-average amounts for food, meat consump- 
tion fell to a low level in 1915-24, and since that period has increased 
very little. On the other hand, among families spending more-than- 
average amounts, meat consumption declined relatively less in the 
decade  1915-24, and since then has increased somewhat. 

In general there has been a marked upward trend at each food- 
expenditure level in the consumption of milk, the green leafy vege- 
tables, and tomatoes and citrus fruits. These are the so-called 
protective foods that abound in the nutrients often deficient in low- 
cost diets. 

The trends recorded by these dietary studies are corroborated in 
general by estimates of the per capita disappearance of food in retail 
markets. One such estimate,11 covering approximately the last two 
decades, is given in table 6. It shows how the emphasis in consump- 
tion has shifted from one food group to another, even though the total 

H Unpublished data, Agricultural Adjustment Administration. 
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weight of food consumed a person a year has remained fairly constant. 
These figures indicate a downward trend for meats, grain products, 
and potatoes, and an upward trend for the protective foods—milk 
and cream, succulent vegetables, and fruits. 

TABLE 6.—Food sold in  retail market: Estimated yearly per capita disappearance of 
specified foods or groups of food s, by periods, 1920-371 

Item                                              1920-24 I92Ö-29 1930-33 1934-37 

Cereal products :  
Pounds 

229 
178 
106 

315 
17 
23 

179 
6 

135 
138 
28 
U 
44 

Pounds 
226 
164 
118 

334 
17 
28 

192 
6 

148 
133 
32 
14 
47 

Pounds 
211 
156 
107 

3Í¡ 
28 

184 
5 

154 
129 
32 
16 
47 

Pounds 
196 
157 
110 

328 
17 
32 

189 
6 

169 
126 
30 
16 
45 

Potatoes, sweetpotatoes- 
Sugar and sirup  
Dairy products: 

Milk and cream 3__  
Butter  
Other manufactured  

Fruits; 
Fresh*      _. 
Dried       

Vegetables s   
Lean meats and fish ._ . 
Eggs._   
Beans, peas, nuts    _    ._   ._. ___ 
Fats other than butter ?  

i Data from Program Planning Division, Agricultural Adjustment Administration, Dec. 15, 1938. 
a \\ heat, rye, buckwheat flour, corn meal and corn flour, rice, and cereal breakfast foods; grain for linuors 

malt, and cornstarch excluded. 
3 Whole milk and cream in terms of whole milk, 
* Fresh and canned fruit in terms of fresh fruit, on basis of total population: consumption of watermelons 

and cantaloups per urban inhabitant. 
5 Fresh and canned vegetables in terms of fresh, per urban inhabitant. 
6 Lard and lard compounds, vegetable oils, margarine, bacon, and salt pork. 

Figure 5, based on year-by-year estimates (1159) covering a longer 
period than table 6? 1910-31, shows similar trends for certain foods. 
There has been a phenomenal rise in the consumption of citrus fruits, 
a marked upward trend in the consumption of succulent vegetables¡ 
and a moderate but steady increase in milk consumption. Among 
foods high in energy value, sugar has risen rapidly, while grain prod- 
ucts and potatoes show a marked decline. 

ROOM FOR IMPROVEMENT IN DIETS 

If the total quantities of food produced in this country were dis- 
tributed in proportion to need, a fairly satisfactory diet would be 
provided for every individual. As it is, the national dietary level 
appears high because of the high consumption of certain foods by 
some families. Urban families with limited funds for food and rural 
families with restricted opportunities for home production tend to lay 
emphasis on the kinds of food that satisfy obvious hunger cheaply 
and to neglect those that satisfy also the' "hidden nutritional hun- 
gers"—for vitamins and minerals—described by science. 

Many diets in this country are in need of improvement. For some 
families this reflects a lack of appreciation of the relation of diet to 
buoyant health, physical efficiency, and long life. For others it indi- 
cates that the family's knowledge of food values in relation to food 
prices is inadequate for practical application to the planning of every- 
day meals. _ For still others it implies insufficient purchasing power. 

Modification of present-day diets so as to improve their nutritive 
qualities without adding much to their cost is chiefly a matter of put- 
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ting considerably more emphasis upon milk in its less expensive forms 
and upon the  cheaper leafy and green-colored vegetables.    Many 

200 

1920 1925 1930 
YEAR 

Figure 5.—How the Nation's food habits have changed.    This chart shows trends in 
per capita consumption of specified groups of food, based on 5-year moving averages. 

varieties and forms of these foods yield excellent returns in nutrition 
for their cost. 



316 YEARBOOK OF AGRICULTURE, 1939 

APPENDIX 
TABLE 7.—Farm-furnished food for home use:  The average supply for a household 1 for a 

year in areas representing different types offarming, Í935-36 2 

Selected counties in - Typo of farming repre- 
sented 

Vermont  
Ohio  
Illinois  
Kansas  
Colorado,   Montana, 

South Dakota. 
Oregon.  
Southern California.. 
South Carolina: 

White..  
Negro..  

No. 
Dairy.. '■■    513 
General !    814 
Corn or cash grain. 
"Wheat, or cash grain  
Range    livestock    and 

cash grain. 
General and fruit  
Fruit and nut.  

838 
557 
794 

1,611 
1, 080 

Cotton and tobacco.....¡2, 048 
.---.do '    478 

Average quantities or money value of food pro- 
duced for home consumption 

Gal. 
326 
212 
248 
264 
281 

251 
93 

287 
158 

Doz. 
124 
146 
160 
170 
178 

138 
74 

113 
59 

iVo. 
17 
30 
68 

Lb. 
139 
440 
637 
328 
290 

Lb. 
112 
155 
148 
159 
296 

119 
11 

64     659 !    12 
36 ! 363 i      5 

Bu. 
42 
23 
12 

2 

I)oL 
43 
38 
22 
10 
43 

Bol 
4 

15 
4 8 

H : 0) 
23 
30 

1 Nonrelief families of farm operators, including husband and wife, both native-born, 0 to 8 other family 
members, and household and farm help. 

2 From unpublished data, Bureau of Home Economics, Consumer Purchases Study. 
3 Includes sirup, molasses, honey, grain products, and cowpeas and other foods grown in fields. 
4 $0.50 or less. 

TABLE 8.— Farm-family 1 food:   The average supply for a household for a week, by region 
and income class, summer 1936 2 

Region and income 3 
class (dollars) Eggs Fluid 

milk 

Northeast: 
500-999.... 
1,000-1,499. 
1,500-1,999. 
2,000-2,999. 

Southeast: 
500-999.... 
1.000-1,499. 
1,500-1,999. 
2,000-2,999. 

!   Kvapo- 
I    rated 
|     oon- 
'■■   densed 

milk 

noz. 
2.2 
2.6 
2.8 
2.7 

1.4 
1.7 
2.1 
2.9 

Qt. 
15.6 
16.6 
16.5 
17.3 

19.7 
23.9 
23. 6 

Lb. 
0.1 
0 
.1 
.1 

(6) 

Cheese 

Lb. 
0.5 
.6 

1.0 
1.0 

.1 
A 
A 

Cream, 
ice 

cream 

■  Meats,4 i 
Fats   ; poultry, 

i      fish      ' 

2.3 
2.5 
2.8 
2.5 

Lb. Lb.      ,       / 
3.3 8.0 i 
3.9 10.9 ! 
3.6 11.7 ; 
4.0 14.1; 

5.2 9.4 | 
5.5 12.3 | 
6.0 14. fi ! 
5.8 14.3 1 

cereals 

Lb. 
11.4 
12.9 
14. Ü 
14.8 

24.4 
27.0 
24.0 
25.7 

Region and income » class 
(dollars) ^-,= 

^- I       Other vegetables Fruits 

^oes"  ;  Fresh   Canned   Dried i Fresh   Canned   Dried 

Northeast: 
500-999 
1,000-1 
1,500-1, 
2,000-2, 

Southeast: 
500-999 
1,000-1 
1,500-1: 
2,000-2; 

,499. 

,499. 
999. 
999. 

Lb. 
5.6 
6.6 
6.8 
7.6 

4.8 
5.1 
5.5 
5.8 

Lb.    i 

1.9 ! 
3.0 l 
2.1 i 
1.7 i 

Lb. 
17.1 
20.6 
22.5 
23.8 

4.7 Í 
6.0 
4.7 

Lb. 
0.7 
7.9 

10.0 
14.0 

16.1 
15.2 
19.1 
20.7 

Lb. 
3.3 
3.0 
3.1 
3.1 

Lb. 
0. H 
.6 
.3 

Lb. 
7.5 
9.1 

11.8 
11.0 

15.0 : 
17.2 i 
8.9 ! 

11.2 

Lb. 
1. 
1. 
2. 
2. 

0.5 
.4 
.6 
.4 

.1 

.2 
,3 
.1 

1 White nonrelief families of farm operators, including husband and wife, both native-born, and i or 2 
children ander 16 years of age. 

2 From preliminary unpublished data, Bureau of Home Economics, Consumer Purchases Studv 
3 Money and nonmoney. 
4 Includes bacon and salt pork. 
' Two-thirds of the weight of bread and other baked goods has been added to the weight of the flour 

meals, and other cereals. 
ß 0.05 pound or less. 
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TABLE 9, LE 9.—City- and village-family food: Average supply for a week for two types of 
families,1 by income, small East North Central cities, spring-summer-fall, 1936 2 

Degree of urbanization, type of family, 
and income (dollars) 

Small citie?: 
Families of husband and wife with in- 

comes of— 
500-1)99  
1,000-1,499  
1,500-1,999  
2,000-2,999  

Families of husband, wife, and 1 or 2 
children under 16 years, with incomes 
of— 

500-999    
1,000-1,499    
1,500-1,999  
2,000-2,999  

Villages: 
Families of husband and wife with in- 

incomes of— 
500-999  
1,000-1,499  
1,500-1,999  
2,000-2,999  

Families of husband, wife, and 1 or 2 
children under 16 years, with incomes 
of— 

500-999  
1,000-1,499..   
1,500-1,999    . ... 
2,000-2,999  

Degree of urbanization, type of family, 
and income (dollars) 

Eggs 

Milk 
or its 
equiv- 
alent » 

Fats 

Meats/ 
poul- III

 

Sugar Other 
sweets 

Dozen Quarts Pounds Pounds Pounds Pounds Pounds 
1.2 5.7 2.5 5.2 6.2 3.0 0.6 
1.5 8.5 2.5 7.4 7.2 3.8 
1.4 7.2 2.0 6.2 5.8 3.6 ,8 
1.8 9.6 2.7 9.2 6.1 4.0 ,9 

1.4 9.3 2.6 5.9 8.0 4.0 .8 
1.6 11.7 2.6 7.3 8.1 4.3 1.0 
1.6 11.7 3.1 7.9 8.6 4.5 1.2 
1.7 11.6 3.2 10.1 7.8 4.3 1.0 

1.3 7.5 2.2 5.6 6.8 3.1 .8 
1.0 8.6 2.4 7.4 6.7 2.9 1.2 
1.6 9.7 2.6 7.6 7.1 3.2 1.4 
1,6 9.8 2.7 8.7 7.8 3.9 1.0 

1.0 10.2 2.9 6.4 10.0 3.8 1.5 
1.7 12.3 3.0 8.0 10.0 4.0 1.4 
1.7 13.4 3.0 9.6 9.9 3.8 1.4 
1.9 15.% 3. 1 9.9 11.0 4.2 1.7 

Small cities: 
Families of husband and wife with in- 

comes of— 
500-999  
1,000-1,499  
1,500-1,999  
2,000-2,999  

Families of husband, wife, and 1 or 2 
children under 16 years, with incomes 
of— 

500-999  
1,000-1,499  
1,500-1,999  
2,000-2,999  

Villages: 
Families of husband and wife with in- 

comes of— 
500-999    
1,000-1,499    
1,500-1,999    
2,000-2,999  _. 

Families of husband, wife, and 1 or 2 
children under 16 years, with incomes 
of— 

500-999  
1,000-1,499  
1,500-1,999    
2,000-2,999   

Pota- 
toes, 

sweet- 
pota- 
toes 

Pounds 
7.2 
9.0 
7.3 
7.5 

10. 5 
10.9 
10.8 
9.8 

9.4 
7.7 
9.1 
8.8 

12.6 
12.5 
11.0 
11.0 

01 her vegetables 

Fresh Canned Dried 

Pounds Pounds Pounds 
2.7 2.4 0.9 
5.0 2.2 .5 
4. 1 2.6 .4 
5.9 1.6 .4 

4.2 2.9 .7 
5.1 3.1 .6 
6.6 3.5 .3 
7.6 2.7 .3 

3.3 2.6 .4 
5.5 2.3 .3 
7.3 2.8 .2 
5.6 2.7 .2 

4.5 3.0 .5 
5.8 3.0 .4 
7.6 3.6 .3 
7.9 3.1 .2 

Fresh 

Pounds 
5.1 
8.7 

10.2 
10.8 

8.5 
10.3 
13.8 
16.4 

5.4 
8.0 

10.5 
8.7 

6.4 
8.2 

11.0 
12.6 

Pounds 
0.7 
.8 

1.1 

.9 
1.2 
1.7 

1.1 
1.2 
1.9 
1.4 

1.3 
1.6 
1.9 
2.3 

Dried 

Pounds 
0.4 
.3 
.3 
.3 

.4 

.4 

.3 

.3 

i White nonrelief families. 
2 From preliminary unpublished data, Bureau of Home Economics, Consumer Purchases Study. 
3 The following are approximately equivalent to the food value of 1 quart of fluid whole milk: (1) 17 ounces 

of evaporated milk; (2) 1 quart of fluid skim milk and 1 V¿ ounces of butter; (B) 5 ounces of American Cheddar 
cheese; (4) 4½ ounces of dried whole milk; (5) 3½ ounces of dried skim milk and 1½ ounces of butter. 

■* See table 8, footnote 4. 
5 See table 8, footnote 5. 
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TABLE 10.—City-family í food: Average per capita consumption in a year, hv level of food 
expenditures. North Jtlantic cities, 1934-372 

Food items 

Eggs dozen.. 

Milk, whole, skim, buttermilk quarts.. 
Milk, evaporated, condensed pounds.. 
Cheese do  
Cream, ice cream do  

Total milk, fluids-not-fat equivalent ^..quarts.. 

Butter  
Other table fats  
Cooking or salad oils, dressings... 
Lard, other cooking fats  
Bacon, salt pork, suet   

-pounds 
 do._ 
 do.. 
....do.. 
....do.. 

Total fats  

Beef, veal  
Mutton, lamb  
Pork (exclusive of bacon and salt pork) _ 
Miscellaneous meat products  
Poultry  
Fish, other sea foods  

.do._ 

..do_- 

..do . 
.do.. 
..do., 
.do.. 
-do... 

Total meat, poultry, fish- -do. 

Sugar  
Sirups, jellies, etc.. 

_do- 
.do_ 

Bread, rolls do. 
Other baked goods do. 
Ready-to-eat cereals do_ 
Other breakfast cereals do. 
Flours, meals do. 

Total flour equivalpiu ' do. 

Potatoes, sweetpotatoes  
Dried legumes, cooked or eanned  
Dried legumes and nuts  
Dried fruits  
Tomatoes  
Citrus fruits  
Leafy, green, and yellow vegetables s. 
Other vegetables ^  
Other fruits s  

..do. 

..do_ 
-do_ 
_-do- 
..do. 
_.do_ 
..do. 
-do. 
-do- 

Consumption ^ by famiiius spending for food per 
capita per week averages 4 of about— 

$U)(» $2.20 $2.80 

116 
16 

4 
26 
26 

133 
6 
8 
3 

19 
16 
47 
29 
00 

111 
11 

116 

121 
26 

6 
21 
29 

150 

132 
16 

8 

128 
30 

6 
22 
32 

170 
9 
9 
6 

34 
51 
83 
56 

105 

$3.40 

28 

136 ¡ 

10 : 

162 
10 
11 
14 

181 

25 
1 m 

139 
47 

6 
23 
26 

178 
8 
9 

66 
92 
80 

13.S 

26 
48 
14 
28 
30 

72 
11 

145 
4.T 

9 
24 
35 

181 
6 
S 

12 
38 
90 

130 

i Families of employed wage earners and low-salaried clerical workers. 
- Adapted from U. S. Department of Agriculture Circular 507 (1Í04). 
3 Based on records for 1 week. 
* Representative   of   expenditure  ranges   as   follows:   $1.25-$1.87; $1.88-$2.49;   $2.50-83.12:   $3.13-$3.74; 

$3.75-$4.37.    Adjusted to 1935 levels by use of U.S. Bureau of Labor Statistics index of retail food costs. 
5 See table 9, footnote 3. 
6 0.5 pound or less. 
7 See table 8, footnote 5. 
8 Fresh and canned. 
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TABLE 11.—City-family1 food: Average per capita consumption in a year in 
five region-color groups, 1934-37 2 

Food items 

Consumption' by- 

Whitp families in cities of— 

North 
Atlantic 
region 

Eggs.. .dozen... 

Milk, whole, skim, bauermilk quarts.. 
Milk, evaporated, condensed pounds.. 
Cheese...   do  
Cream, ice cream do  

Total milk, fluids-not-fat equivalent ^quarts.. 

Butter   pounds.. 
Other table fats   do_.._ 
Cooking or salad oils, dressings do  
Lard, other cooking fats do  
Bacon, salt pork, suet  do  

East 
North 

Central 
region 

23 

122 
14 

109 
13 

J26 
24 
11 
11 

102 188 

Total fats.. 

Beef, veal  
Mutton, lamb  
Pork (exclusive of bacon and salt pork) _ 
Miscellaneous meat products  
Poultry  
Fish, other sea foods  

_do_. 

.do. 
_do. 
.do., 
.do., 
.do., 
.do.. 

49 I 

Total meat, poultry, fish. 

Sugar  
Sirups, jellies, etc.. 

Bread, rolls  
Other baked goods.., 
Ready-to-eat cereals.. 
Corn meal  
Rice- 
Flour  
Other cereal products. 

do_. 

do. 
do... 

. do. 

.do.. 
_do_. 
.do. 
do. 
do.. 
do. 

m 

J32 128 

129 
31 

fí 
] 
4 

28 
18 

Total flour equivalentf- 

Potatoes, sweetpotatoes  
Mature legumes, cooked or canned. _. 
Mature dry legumes and nuts  
Dried fruits  
Tomatoes  
Citrus fruits  
Leafy, green, and yellow vegetables 7. 
Other vegetables :  
Other fruits : 

do.... J.57 
do  8 
do  8 
do..... 
do.... 28 
do  43 
do.__- 74 
do  03 
.do.... 99 

117 
39 

7 
4 
3 

40 
13 

105 
28 

0 
2 
3 

42 
18 

160 

138 

n ¡ 

¿\ 
39 
60 
54 
99 

7 
6 

25 
16 

62 

Negro 
families 

southern 
cities 

36 ; 

83 

139 
4 

1] 

i' 
122 : 
78 I 

180 ; 

100 I 

1 
38 I 

ii 
89 ; 

10 

30 
11 
2 
1 

7 
3 
2 

33 
25 

34 
1 

22 
16 
13 
40 

52 
14 

C) 

26 
3 

54 
15 
94 
14 

196 

91 
2 

16 
2 

14 
6 

91 
30 
54 

1 Families of employed wage earners and low-salaried clerical workers. 
2 Adapted from XL 8. Department of Agriculture Circular 507 (H0J,). 
3 Based on records for 1 week. 
i See table 9, footnote 3. 
5 0.5 pound or less. 
0 See table 8, footnote 5. 
' Fresh and canned. 
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TABLE 12.—Specifications for diets rated good; daily allowances of calories and certain 
important nutrients 

Sex, age, and activity of 
individual I Energy- Protein 

I 

Men, 20 years and over:        i 
Moderately active work.j 
Very active work  _ I 
Light work j 
Sedentary work : 

Women, 20 years and over: ; 
Moderately active work-i 
Very active work ! 

Light work  
Sedentary work  

Boys: 
16-19 years  
13-15 years  
11-12 years  
9-10 years  
7-8 years  
4-6 years  

Girls: 
14-19 years  
11-13 years  
8-10 years  
4-7 years  

Children: 
2-3 years  
Under 2 years  

Gal- 

Cal- 
ones Grams 
3, 000 67 
4,500 67 
2,700 67 
2,400 67 

2, 500 67 
3,000 67 
2,300 67 
2,100 67 

3. 600 75 
3,000 75 
2.500 75 
2. 400 75 
2,100 65 
1.500 55 

2.500 75 
2, 400 75 
2.100 65 
1,500 55 

1,200 45 
900 45 

Grams 
0.68 
.68 
.68 
.68 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 

1.00 
1.00 

Phos- i 
phorus | 

Grams 
1.32 
1.32 
1.32 
1.32 

1.32 
1.32 
1.32 
1.32 

1.32 
1.32 
1.20 
1.20 
1.00 
1.00 

1.20 
1.20 
1.00 
1.00 

1.00 
1.00 

Iron 

Mi/li- 
grams 

15 
15 
15 
16 

15 
15 
15 
15 

15 
15 
13 
12 
U 

8 

13 
12 
11 

Vita- 
min A 
value ' 

ÍTiter- 
nationai 

Units 
6, 000 
6.000 
6,000 
6.000 

6, 00U 
6.000 
6.000 
6.000 

6,000 
6,000 
6,000 
5, 400 
5,400 
4, 500 

6,000 
5. 400 
5, 400 
4, 500 

4, 500 
4. 500 

Vita- 
min Bi 

Inter- 
imtional 

Unit s 
500 
500 
500 
500 

500 
500 
500 
500 

600 
500 
420 
400 
350 
250 

420 
400 
350 
250 

Vita- 
min C 

Inter- 
national 

Units 
1, 500 
1,500 
1,500 
1.500 

1. 500 
1,500 
1,500 
1,500 

1,800 
1,500 
1,350 
1,200 
1,000 
1,000 

1, 350 
1,200 
1,000 
1,000 

200       1,000 
200       T. 000 

Eibo- 
fltiviii 

Sher- 
man 
units 

600 
600 
600 
600 

600 
600 
600 
600 

600 
600 
600 
540 
540 
450 

60U 
540 
540 
450 

450 
450 

1 From natural foods, exclusive of vitamin A concentrates. 



PLANNING  FOR  GOOD  NUTRITION 

by Hazel K. Stiebeling and Faith Clark i 

I U U D IAIN an adequate diet, it is necessary to apply the newer 

knowledge of nutrition to the daily selection of food. Here is a method 

for accomplishing this without, in many cases, having to spend an extra 

amount for food, and without violating personal tastes. The authors 

explain how to group foods so as to permit ample choice, how to plan a 

diet to fit the pocketbook, and how to figure the needs of different 

members of the family. 

ONE of the main objects of modern biological science is to discover how 
we human beings can attain the greatest possible fitness and well-being 
within the limits of our inheritance. In this, nutrition is one of the 
biggest factors, since it is food that builds our bodies and gives us the 
energy we must have for everything we do. Much research has been 
conducted to discover what the nutritional needs of the body are and 
how they can be supplied. Enough has been learned so that fairly 
definite nutritional goals can now be set up for human beings. There 
are numerous gaps in our knowledge, and some things accepted as 
facts will undoubtedly have to be modified; yet in general it is now 
possible to outline what is needed in the way of food energy, protein 
supplies, minerals, and vitamins to keep the body fit, though this 
cannot be done as definitely for some of these essentials as for others. 

The purpose of this article is to present some suggestions for diets 
based on the knowledge now available from the work of many scien- 
tists, and to do this in such a way that there will be as much oppor- 
tunity as possible for individual choice, to allow for personal taste and 
for the size of the pocketbook. The size of the pocketbook is es- 
pecially important, for the more limited the purse, the more difficult 
it is to provide enough of all the nutritive elements the body needs. 
To nourish a family adequately on a very small budget taxes all the 
wisdom and ingenuity of the homemaker; yet many liomemakers ac- 
complish it.    Fortunately, it is possible to work out many different 

1 Hazel K. Stiebeling Is Senior Food Economist and Faith Clark is Junior Uoine Economist, Bureau of 
Home Economics. 
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combinations of foods each of which will provide the same total 
quantity of nutrients. 

In selecting foods for such diets, five questions must be considered: 
(1) What do families at different economic levels spend for food? 
(2) How do different kinds or groups of foods rate as economical 

sources of required nutrients? 
(3) What quantities of protective foods do people actually use in 

diets that can be rated as good, and can everyone afford these quan- 
tities? 

EXPENDITURE PER        WHAT   WE   SPEND   FOR   MEALS 
MEAL PER 
ADULT UNIT 

20 CENTS OR OVER. 

15-20 CENTS. 

10-15 CENTS- 

t5-IO CENTS. 

fi fä ft ft ft ft (S ft ft ft 

ftftftftft 

 ß UNDER  5 CENTS- 

EACH  SYMBOL REPRESENTS 4  PERCENT OF NONRELIEF  FAMILIES 

Figure 1.—More people in  this country spend 20 cenl.s or more per meal  than  are 
restricted to less than 5 cents, bm nearly half (40 percent) spend amounts half-way 

between—10-15 cents per person per meal. 

(4) What diets can be recommended in line with what people can 
afford? 

(5) What is the range in costs of recommended diets in different 
parts of the United States? 

WHAT FAMILIES SPEND FOR FOOD 

What do families at different economic levels spend for food? 
An extensive study made in 1936,2 showed that about 1 out of every 

1 Consumer Purchases Study, Bureau of Home Economics, data unpublished. 
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25 families not on relief ate less than 5 cents^ worth of food a person 3 

a meal for the meals taken at home. For about 25 percent of the 
families, the amount per meal was 5 to 10 cents ; for another 40 percent, 
10 to 15 cents; for 20 percent, 15 to 20 cents; and finally, 11 percent 
of families, or about one out of every 10, had 20 cents worth of food 
or more per unit per meal (fig. 1). 

These calculations are based on the food prices of 1936. If the 
figures are adjusted to fit 1938 (January-October) prices, and all the 
families are divided into four equal groups, the conclusion is that the 
least prosperous one-fourth of nonrelief village and city families prob- 
ablv is spending less than $2.10 a week per food-expenditure unit for 
food; another fourth, $2.10 to $2.70; another fourth, $2.70 to $3.40; 
and the top fourth, $3.40 and more. In the case of nonrelief farm 
families, the food of the least prosperous one-fourth probably is valued4 

at less, than $1.50 per unit per week; another fourth, $1.50 to $2; 
another fourth, $2 to $2.60; and the top fourth, $2.60 and more. 

Thus few families in this country spend enough for food to be able 
to disregard economy in selection. Diets must be planned in the light 
of these actual expenditures. 

ECONOMY AND NUTRIENTS 

How do different kinds of foods rate as economical sources of re- 
quired nutrients? 

For the purpose of simplifying dietary problems, the foods common 
in this country can be classified into about a dozen major groups, each 
of which has fairly distinctive usefulness in the diet. The 12 groups 
are (1) milk; (2) potatoes and sweetpotatoes; (3) dry mature beans, 
peas, and nuts; (4) tomatoes and citrus fruits; (5) leafy, green, and 
yellow vegetables; (6) other vegetables and fruits; (7) eggs; (8) lean 
meat, poultry, and fish; (9) flours and cereals; (10) butter; (11) other 
fats; (12) sugars. Diets will differ not only in the quantities and pro- 
portions of the foods which represent each group, but also in the 
variety, form, and grades selected within each group. Although the 
nutritive values of the foods within a single group differ somewhat and 
the nutritive content of diets will be somewhat affected by choices 
within groups, yet foods within a group are more like each other than 
like those in other groups. 

Each of these groups may be considered an economical source of 
certain nutrients.    Figure 2 shows this graphically.    It is based on the 

s Or more accurately, per food-expenditure unit per meal p. (303). The following scale may be used to 
determine family size in terms of food-expenditure (F, E.) units; that is, the approximate number of moder- 
ately active men that could be fed for the same sum: 
Men 20-74 years:                                    F. E. units Boys—continued. F.E. units 

Moderate work  LOO                9-10 years  0.93 
Active work  1.12                7-8 years  .85 

Men 75 years and over  .92                4-6 years  .64 
Women 20 years and over: Girls: 

Moderate work  .92                14-16 years  1.00 
Active work  1.02                11-13 years  .93 

Boys:                                                                                             8-10 years  .85 
16-19 years  1.13                4-7 years  .61 
13-15 years  1.10          Children 2-3 years  .57 
11-12 years  1.00          Children under 2 years  .53 

4 To the cost of purchased food is added the worth of farm-furnished food valued at prices families would 
have paid had they bought similar quantities of food of comparable quality from neighbors or other likely 
sellers. Valued thus at less than city retail prices, more food is represented by a given sum than in cities or 
villages. 
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actual food purchases of city workers in the East North Central region 
in the spring of 1936—families spending $1.88 to $2.49 a person a week 
for food (1104)? Suppose 5 cents out of every dollar goes foritems in one 
of these food groups. Then the black lines show how much of various 
nutrients that proportion of the total food expenditure will buy in 
terms of the percentage of the total purchases of each nutritive ele- 
ment. For instance, 5 percent of the total food expenditure going for 
milk, cheese, and ice cream bought 26 percent of the total calcium, 7 
percent of the protein, and 14 percent of the riboflavin. Five percent 
spent for potatoes and sweetpotatoes supplied, among other things, 
about half of the vitamin C, and so on. 

The following list shows this in another way. Here the food groups 
are placed under the nutritive elements instead of the nutritive elements 
under the food groups. A food group not marked with an asterisk 
furnished 5 to 9 percent of the total of that nutritive element for each 
5 cents of the food dollar spent on it. A food group with one asterisk 
furnished 10 to 24 percent. A food group with two asterisks furnished 
25 percent or more. Each food group may be considered an econom- 
ical source of the nutritive element under which it is.placed, but the 
double-asterisk groups are the cheapest sources of that particular 
nutrient, the single-asterisk the next, and the others the least cheap. 

Calories Meats, poultry, fish 
^Potatoes and sweetpotatoes *Floiir, meals, other cereals 
Mature dry beans, peas, nuts Vitamin A value 
Bread and ready_to_eat grain prod- Milk,ehee8e,iceGream 

*Flour, meals, other cereals *^D^Z^o^^°^ 

*OtherfaCtrs
eam **Leafy, green, yellow vegetables 

*^^            frokiw BAL, cream 

Milk, cheese, ice cream Vitamin Bi 
^Potatoes, sweetpotatoes Milk, cheese, ice cream 
^Mature dry beans, peas, nuts **Potatoes, sweetpotatoes 
?#gs.           ^       ^ n **Mature drv beans and peas 
Meats, poultry, fish Tomatoes/citrus fruit 
Bread and ready-to-eat gram prod- Meats, poultry, fish 

nets 
^Flour, meals, other cereals Vitamin C 

Calcium **Potatoes, sweetpotatoes 
**Milk  cheese ^Tomatoes, citrus fruit 

Potatoes, sweetpotatoes %afy, green, yellow vegetables 
*Mature drv beans, peas "Other vegetables 

*Other fruits 
Iron 

^Potatoes, sweetpotatoes Riboflavin 
^Mature dry beans, peas ^Milk, cheese, ice cream 

Leafy, green, yellow vegetables ^Potatoes, sweetpotatoes 
Fruit, other than citrus Eggs 
Eggs Meats, poultry, fish 

Thus in the total diet each food group may be thought of as an 
economical source of certain necessary nutritive elements. 

6 Italic numbers in parentheses refer to Literature Cited, p. 1075. 

Figure 2.—Percentage of total of specified nutrients contributed to the diet by different 
food groups when 5 percent of the food money was allocated to each.    Families of city 

workers, East North Central region, spring 1936, 
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MtLK, CHEESE, ICECREAM  . 
EXPENSE   5.0  ^-^ 1 

TOMATOES AND 
EXPENSE    5.0 
CALORIES 
PROTEIN 
CALCIUM 
IRON 
VITAMIN A 
VITAMIN 8 
VITAMIN 0   34.5 
RIBOFLAVIN 3.5 

CALORIES 
PROTEIN 

CALCIUM 
IRON 
VITAMIN A 
VITAMIN B 

OTHER   VEGETABLES 
EXPENSE   5.0 
CALORIES     1.9 
PROTEIN 
CALCIUM 
IRON 
VITAMIN A     I.I 
VITAMIN B, 4.8 
VITAMIN C  13.9 
RIBOFLAVIN 2.8 

OTHER FRUIT 
EXPENSE    5.0 
CALORIES 
PROTEIN 
CALCIUM 
IRON 5.1 
VITAMIN A 3.8 
VITAMIN B, 4.6 
VITAMIN G 17.5 
RIBOFLAVIN 3.7 

EGGS 
EXPENSE 
CALORIES 
PROTEIN 
CALCIUM 
IRON 
VITAMIN A 
VITAMIN B, 4.2 
VITAMIN C .0 
RIBOFLAVIN   7.4 

MEATS, POULTRY, F 
EXPENSE     5.0  r 

2.4 
6.6 

.5 ^ 
5.9 
1.6 
6.5 

CALORIES 
PROTEIN 
CALCIUM 
IRON 
VITAMIN  A 
VITAMIN  8 
VITAMIN   C        .2 
RIBOFLAVIN   5.9 

BREAD AND READY-TO-EAT GRAIN PRODUCTS 
EXPENSE 5.0 M 

7.1 
5.9 

WÊ— 
1 

3.0 
4.1 Hl 
1.3 
1.9 
y 

1.9 

FLOUR, MEALS, OTHER-CEREALS 
EXPENSE     5.0 

10       15       20      25       30 
PERCENT   OF  TOTAL 

y 0.05   PERCENT  OR  LESS 

5 10       15       20 
PERCENT   OF  TOTAL 

y 0.05  PERCENT OR LESS 
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CONTRIBUTIONS OF EACH FOOD GROUP TO THE DIET 
Milk is a cheap and important source of protein, calcium, vitamin 

A value, vitamin Bi, and riboflavin. The forms in which it is taken— 
whether as cheese, or as fluid, evaporated, or dried milk-—are largely 
matters of taste and relative cost. But without a generous supply of 
milk it is difficult to obtain the calcium needed for building and main- 
taining teeth and bones and for promoting a high level of general 
health. If skim instead of whole milk is used, extra butter or its 
equivalent in fat and vitamins A and D should be included in the 
diet. Whole-milk cheese furnishes practically the same food value as 
whole milk; 5 ounces of American Cheddar cheese has approximately 
the same food value as a quart of milk. 

Vegetables and fruits in general are rather costly to produce and 
also to distribute, since they deteriorate easily in shipping, and their 
high water content means that they occupy much space in proportion 
to the nutritive value they carry. But they make outstanding con- 
tributions to the diet in minerals and vitamins, particularly vitamin C. 
They also help to maintain the alkaline reserve of the body, furnish 
roughage, and aid in maintaining good intestinal hygiene. They add 
variety in color, flavor, and texture to the diet. 

Potatoes, sweetpotatoes, and mature dry beans and peas are com- 
paratively cheap to grow, transport, and store. All furnish calories 
cheaply. Potatoes are especially valuable also for vitamins Bi and C 
and for iron; sweetpotatoes, for vitamin A value; and mature beans 
and peas for protein, iron, and vitamin Bx. 

Tomatoes and citrus fruits deserve special mention as a source of 
vitamin C. Since they can be served raw or with very little cooking, 
they help to protect the diet in this vitamin, which is readily destroyed 
by prolonged cooking. 

The kinds of green leafy vegetables used for food differ greatly 
from one section of the country to another. The thinner and greener 
the leaf, the higher its value for iron and vitamin A tends to be. 
Aside from this consideration, it is economical to use the varieties 
common to a given locality because they are likely to be lowest in 
price. Turnip greens, kale, and collards are widely used in the South, 
and have about the same nutritive qualities as the beet tops, Swiss 
chard, and spinach that are more popular in the North. These 
vegetables play so important a part in diets of southern families, 
especially of the Negroes, that they might well be added with an aster- 
isk to a list of foods important for calcium and riboflavin. Other 
green-colored vegetables, such as snap beans, peas, asparagus, and 
broccoli, are also valuable, though usually they are not so rich as the 
green leaves in vitamins and iron. Bleached leaves or stalks, such 
as those of blanched celery, certain types of lettuce, and hard-headed 
winter cabbage, are much poorer in vitamin A and iron than the 
green-colored ones. 

Lean meat, fish, poultry, and eggs are highly prized for the interest 
and flavor they add to the diet. They have an important place, too, 
because their proteins are of excellent quality; they are rich in ribo- 
flavin, and they are pellagra-preventive. Eggs, liver, and lean meats 
are good sources of iron. Liver and eggs are also rich sources of vita- 
min A.    But as sources of energy, meats, fish, and poultry are rela- 
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tively expensive, and they tend to be deficient in calcium and vitamins 
A and C. 

Fats, besides being cheap and important sources of fuel, are useful 
for the flavor and "staying'' quality they give to foods. A certain 
quantity of unsaturated fatty acids appears to be nutritionally essen- 
tial, and some fats, such as butter and fish-liver oils, are important 
carriers of the fat-soluble vitamins. 

Flours, meals, and other grain products have always formed a large 
part of the food supply in most parts of the Temperate Zones through- 
out the world. The grains are easily and cheaply grown; they are 
cheap to distribute, since they occupy relatively little volume in 
proportion to food value; and they are comparatively easily protected 
against deterioration. They are especially important in low-cost 
diets because they are cheap sources of several nutritive values— 
calories, proteins, and iron. The less highly the grain is milled or 
refined, the more it contributes in minerals and vitamins, particu- 
larly in iron and vitamin Bi. Even when they are lightly milled, 
however, they are relatively deficient in calcium and in vitamins A, 
C, and D and ribofiavin. 

Sugar in ordinary commercial form also is a cheap fuel food, but it 
is a pure carbohydrate and contains none of the needed proteins, 
minerals, or vitamins. Cane and sorgo sirups contain considerable 
calcium and iron in addition to the carbohydrates. 

Thus, some foods contribute more kinds of nutrients than others, 
and some provide certain food values more cheaply than others. 
Milk products, tomatoes, citrus fruit, and the green leafy vegetables— 
the protective foods—should be emphasized in diets at all economic 
levels because of their many-sided contributions, including unusual 
quantities of calcium, vitamin A, and vitamin C. If incomes are low, 
potatoes, mature dry beans and peas, and the grain products, espe- 
cially in their cheaper and less highly refined forms, should be used in 
generous proportions. With greater purchasing power, the consump- 
tion of eggs, meats, and other vegetables and fruits may be increased 
beyond minimum quantities, in order to give the diet greater 
psychological appeal as well as physiological value. The flavorful 
sugars and fats are important as inexpensive sources of calories, but 
they should not displace nutritionally indispensable protective foods 
which safeguard diets in minerals, vitamins, and protein of high 
quality. 

PROTECTIVE FOODS 

What quantities of protective foods do people actually use in 
diets that can be rated as good, and can everyone afford these 
quantities? 

Nutritionally, the difference between good diets and usual diets 
lies chiefly in the larger quantities of protective foods in the good 
diets. In table 1 are shown average quantities of eggs, dairy products, 
succulent vegetables, and fruit found in diets rated good 6 in the 
recent studies of family food consumption already referred to. Note 
that these are only the protective foods. They do not include all the 
foods in the diet. 

e See the article on Present-Day Diets in the United States for the definition of a good diet. 



328 YEARBOOK OF AGRICULTURE, 1939 

TABLE 1.—Average quantities of protective foods a person a year in diets graded good, by 
families 1 living in communities of differing size, 1935-36 2 

Size of community Eggs 
Milk 
or its 

equiva- 
lents 

I Leafy, 
I Tomatoes, , jireen, and 

Butter citrus yellow 
|      fruits vege- 
1 tables i 

Other 
vege- 
tables 
and 

fruits í 

Farm  
Village.   
Small cities     

Dozen 

:¡     1 
Quarts 

330 
130 
240 
200 
200 

Pounda 

20 i 

Pounds   : 

: 
175 
110 
140 i 

Pounds 
180 i 
200 ¡ 
150 i 
150 ; 
150 ! 

165  ■ 

Pounds 
285 
295 
315 

Middle-sized cities ..    . . ...J             27 305 
Large cities  32 310 

Weighted average  30 225 21   ¡ 115 300 

i Native nonrelief families including both husband and wife. 
2 From preliminary unpublished data, Bureau of Home Economics, Consumer Purchases Study. 
^ Approximately equivalent to the food value of 1 quart of fluid whole milk are: 17 ounces of evaporated 

milk; 1 quart of fluid skim milk and 1¾ ounces of butter; 5 ounces of American Cheddar cheese 4½ ounces of 
dried whole milk; 3½ ounces of dried skim milk and 1} i ounces of butter. 

4 Sweetpotatoes not included. 
s Potatoes, sweetpotatoes, and mature dry legume? not included; fresh fruit equivalent of dried fruits included. 

The figures indícate that many different combinations of protective 
foods can be evolved which will meet or exceed a definite set of specifi- 
cations in terms of nutrients. The average quantities of eggs ranged 
from 25 to 35 dozen a person a year; of milk, from 130 to 330 quarts; 
of butter, from 18 to 26 pounds; of tomatoes and citrus fruits, from 
65 to 175 pounds; of leafy, green, and yellow vegetables, from 150 to 
200 pounds; and of other succulent vegetables and fruits, from 285 
to 315 pounds. 

If neither the high nor the low, but rather an average figure is taken 
as representative, the list of protective foods would be as follows: 

Per capita Per capita 
per year per year 

Eggs dozen _ . 30 Leafy, green, yellow vegetables 
Milk, or its equivalent quarts,_ 225           "                "                pounds. _   165 
Butter pounds__ 21 Other   vegetables   and   fruits 
Tomatoes, citrus fruit do  115                                              pounds. _  300 

The combinations of protective foods—and other foods, too- in 
current diets rated good tend to be more expensive than can be af- 
forded by the less prosperous half of the population. Taking as 100 
the average outlay that probably is now made for protective foods 
by families in this country, the relative cost of the protective foods 
just listed amounts to 141. 

It is necessary, then, to adjust the quantities of protective foods 
according to what people can afford to spend. Table 2 presents 
combinations of protective foods, arranged on this basis, that will 
safeguard most freely chosen diets. Again compared with 100 as 
representing the average outlay that is now afforded, the relative 
costs of these lists of protective foods, priced at identical market 
values per unit, are as follows: 

Relative 
Protective foods specified in plans for: cost 

An economical fair diet  82 
A low-cost good diet        112 
A moderate-cost good diet        143 
An expensive good diet        166 
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TABLE 2.—Quantities of protective foods a person a year suggested for diets adapted to four 
economic levels 

Diet plan Eggs Milk or its 
equivalent1 Butter Tomatoes, 

citrus fruits 

Leafy, 
green, and 

yellow 
vegetables î 

Other 
vegetables 
and fruits3 

An economical fair diet 
Dozen 

13 
17 
26 
30 

Quarts 
160 
230 
260 
260 

Pounds 
16 
20 
25 
40 

Pounds 
50 
65 
90 

120 

Pounds 
140 
160 
180 
180 

Pounds 
100 

A low-cost good diet.         __ 130 
A moderate-cost good diet  
An expensive good diet 

285 
350 

i See table 1, footnote 3. 
2 See table 1, footnote 4. 
» See table 1, footnote 5. 

McCollum (7^) has said that a good diet should include the equiva- 
lent of a quart of milk every day throughout life; a liberal serving of 
greens or potherbs every day; twice each day a salad containing raw 
fruits or vegetables. The quantities of protective foods suggested in 
table 2 for the diets at four cost levels are somewhat less generous than 
McCollum/s specifications. Nevertheless each represents a step in 
advance of present food-consumption habits at a comparable economic 
level. The more expensive diets furnish somewhat wider margins 
of safety in certain nutrients than do the cheaper diets. However, 
with average choices within each food group, the chances are high 
that the quantities of protective foods included in the three diets 
called ^good" will be fully adequate nutritionally. 

DIET PLANS 
What diets can be recommended in line with what people can 

afford? 
McCollum/s rule (722), "Eat what you want after you have eaten 

what you should/? may in general be followed in supplementing these 
budgets of protective foods to round out the daily menus. Habit, 
taste, and economy in nutritive values will affect the choices made. 
Food should be appealing as well as nourishing, but if circumstances 
call for strict economy, families should know when they are paying 
primarily for nutritive values and when for other satisfactions. 

To help families in different economic groups to apply the prin- 
ciples of nutrition to their food supply, four diet plans are suggested 
in tables 4 to 7. (For. the convenience of the reader, these are grouped 
together as an appendix to this article on pp. 337 to 340.) The quan- 
tities of food proposed for the economical fair diet, table 4, provide 
only a small margin of safety and hence may prove inadequate for 
individuals whose bodily requirements are far above average, or for 
any family if the nutritive values of the foods are much reduced 
through wasteful methods of storage or preparation. The sugges- 
tions for the three good diets in tables 5, 6, and 7 furnish, at three 
cost levels, a wide margin over and above average minimum require- 
ments. As might be expected, the plans for good diets suggested for 
families of moderate and high incomes permit wider choice than 
those indicated for families with limited incomes. 

These four diet plans are outlined in terms of the 12 major food 
groups already described.    They are sufficiently broad that the foods 
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FigurcS.    In |il;i,',iiiij for home food production, the farm family can begin by figuring I he quantities of certain foods they will need for good nutrition. 
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can be obtained in markets in any part of the country, or through 
the varied food-production programs possible in any of the different 
land-use areas (fig. 3). The forms, grades, and varieties of food 
selected within each group will be governed by family tastes, by the 
amount of money that can be spent for food, and by the possibilities 
of local production. Much of the satisfaction that a family will 
derive from its diet will depend upon the skill of the housewife in 
choosing, preparing, and presenting the food, taking into account 
special needs and family preferences as well as market or farm- 
furnished supplies. 

In using any given diet plan, a family might follow these sugges- 
tions: 

Write in the blank column provided in the table, beside the description that 
fits, the initials of every person who eats regularly with the family. If a descrip- 
tion fits more than one person, write the initials of the extra person or persons on 
one or more of the blank lines, and copy the correct food quantities across the 
line. Next cross out the quantities of food having no one's initials beside them. 
Add the figures remaining in each column, and the totals form a yearly list for a 
balanced diet for the family. 

The yearly quantities divided by 12 will give monthly figures, 
and divided by 50, somewhat more than is needed for a weekly list. 
Yearly or monthly figures are useful to farm families in planning pro- 
grams of production and conservation. Weekly figures are more 
useful for current buying. 

Diet plans should be treated as guides, not hard and fast rules. 
Between the maximum and minimum figures for any food group indi- 
cated in one plan or another, many combinations may be made. 
Thus, if vegetables and fruits are very plentiful or cheap, the quanti- 
ties included in the moderate-cost or expensive diets may be sub- 
stituted for those in the plan for the low-cost good diet. Or if meat 
and eggs can be home-produced or cheaply obtained, the quantities 
listed in the moderate-cost or expensive diets may be substituted for 
the quantities suggested in the low-cost diet. Thus, within limits, 
the plans may be combined or altered. Without expert guidance, 
however, it is unwise to reduce the quantities of eggs, milk, butter, 
vegetables, and fruit below those suggested in the economical fair diet 
plan (table 4), or to increase the quantities of grain products and 
potatoes above those listed in the same plan, or to increase the quan- 
tities of meat, sugar, and fats above those listed in the plan for the 
expensive good diet (table 7% 

Occasionally there are special dietary needs not provided for in the 
general plan set up in the tables. These may be met by careful 
choices from available foods. For example, if more food energy 
must be supplied to persons doing exceptionally heavy work, or to 
very athletic growing youths, extra quantities of foods that are cheap 
sources of calories, such as potatoes, mature beans and peas, breads, 
cereals, fats, or sugars may be added to satisfy the need. ^ Or if a child 
is large for his age and very active physically, the quantities listed for 
the next older age group may be followed instead of those listed for 
his age. Fortunately, the appetite is usually a good guide for needed 
fuel value and may be catered to after the minimal quantities of pro- 
tective foods suggested in the general plans have been used to insure 
all-around dietary adequacy. 
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GOOD DIETS AT LOW AND MODERATE COSTS 

These plans for low- and moderate-cost good diets are geared to the 
food-expenditure level of the middle half of the non relief families in 
this country. In 1938 this included city and village families that 
could afford from $2.10 to $3.40 per expenditure unit per week for 
food. Low-income farm families may wish to adopt the low-cost good 
diet if they can produce only a limited supply of their food at home, 
as in first years on the farm, or in general farming areas when crops are 
short, or in land-use areas poorly adapted to food production. Other- 
wise a plan as generous as the moderate-cost good diet or one even more 
liberal probably will be preferred by farm families. 

When reduced incomes or rising food prices compel families to 
adjust to a cheaper food supply, such adjustments should first be 
sought in cheaper forms, varieties, or grades within food groups rather 
than in changes in the proportions of foods from the groups. 

The specifications for the low-cost and moderate-cost good diets in 
terms of quantities of major groups needed by individuals are given 
in tables 5 and 6, pp. 338-339. Summarized, the plan for a good diet 
at low cost provides: 

Milk (to drink or in cooked food) : 
3 to 4 cups daily for each child. 
3 cups daily for each sedentary person. 
1 quart daily for each expectant or nursing mother. 
1 pint daily for each other adult. 

Vegetables and fruits : 
Potatoes and sweetpotatoes—10 or 11 servings a week. 
Mature dry legumes and nuts—2 or 3 servings a week. 
Tomatoes and citrus fruits—4 or o servings a week (at least 4 to 6 table- 

spoons of tomato juice or 2 tablespoons of orange juice daily for each 
child under 4 years). 

Leafy, green, and yellow vegetables—9 or 10 servings a week. 
Other vegetables and fruits—9 or 10 servings a week. 

Eggs: About 4 a week for each person. 
Lean meat, fish, and poultry: 6 or 7 small servings a week. 
Other foods: 

Cereal dish—usually once a day, sometimes twice. 
Bread—at every meal. 
Dessert—about once a day if desired. 

The plan for the moderate-cost good diet provides: 
Milk (to drink or in cooked food) : 

3 cups daily for each child under 2 years. 
4 cups daily for each other child. 
3 cups daily for each sedentary person. 
1 quart daily for each expectant or nursing mother. 
1 pint daily for each other adult. 

Vegetables and fruits: 
Potatoes and sweetpotatoes—10 or 11 servings a week. 
Mature, dry legumes and nuts—1 or 2 servings a week. 
Tomatoes and citrus fruits—5 or 6 servings a week. 
Leafy, green, and yellow vegetables—10 or 11 servings a week. 
Other vegetables and fruits—2 or 3 servings a day. 

Eggs:  5 or 6 eggs a week for each person. 
Lean meat, fish, poultry: 7 or 8 servings a week. 
Other foods: 

Cereal—daily. 
Bread—at every meal. 
Dessert—once a day, sometimes twice. 
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AN ECONOMICAL FAIR DIET 

This plan for an economical fair diet is intended for village and 
city families in straitened circumstances or for low-income farm 
families that either have not yet established a good program of food 
production for home use or must buy all of their food because their 
food-production program has met with disaster. 

If this plan? shown in table A, is followed, the family will have a 
diet that more than covers average minimum requirements but does 
not afford as wide a margin of safety as is desirable, unless unusual 
precautions are taken in food selection. Also, it may not prove 
satisfactory from the standpoint of nutrition if any members of the 
family chance to have requirements decidedly higher than average, 
or if nutrients are wasted through poor methods of storage or 
preparation. 

This economical diet provides: 
Milk {to drink or in cooked food) : 

2 or 3 cups each day for children under 7 years. 
2 cups daily for children 7 years and over. 
1 quart daily for each expectant or nursing mother. 
2 cups daily for each other woman and sedentary person. 
1 cup daily for each man. 

Vegetables and fruits: 
Potatoes and sweetpotatoes—10 or 11 servings a week. 
Mature, dry legumes and nuts—4 or 5 servings a week. 
Tomatoes and citrus fruits—3 or 4 servings a week (4 to 6 tablespoons of 

tomato juice or 2 tablespoons of orange juice daily for each child under 
4 years). 

Leafy, green, and yellow vegetables—8 or 9 servings a week. 
Other vegetables and fruits—1 serving a day. 

Eggs: 2 or 3 eggs a week for each person. 
Lean meat or fish: 3 or 4 servings a week. 
Other foods: 

Cereal dish—once or twice a day. 
Bread—at every meal. 
Dessert—occasionally, such as cereal pudding, gingerbread, dried fruit, 

one-egg cake, and other inexpensive kinds. 

AN EXPENSIVE GOOD DIET 

This diet plan, shown in table 7, is suggested for village and city 
families that do not have to count food dollars closely, and for farm 
families that can produce for home consumption generous quantities 
of milk, eggs, poultry, and meat, as well as vegetables and fruit. 

This interesting, flavorful, but expensive good diet provides: 
Milk {to drink or in cooked food) : 

3 cups daily for each child under 2 years. 
4 cups daily for each other child. 
3 cups daily for each sedentary person. 
1 quart daily for each expectant or nursing mother. 
1 pint daily for each other adult. 

Vegetables and fruits: 
Potatoes and sweetpotatoes—1 serving daily. 
Mature, dry legumes and nuts—about 1 serving a week. 
Tomatoes and citrus fruits—1 serving daily. 
Leafy, green, and yellow vegetables—11 or 12 servings a week. 
Other vegetables and fruits—about 3 servings a day. 
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Eggs:  1 egg a day for each person. 
Lean meaty fish, poultry: 9 or 10 servings a week. 
Other foods: Cereals, bread, dessert, as desired. 

MONEY VALUE OF THE FOUR PROPOSED DIETS 

What is the range in costs of recommended diets in different parts 
of the United States? 

With food prices constantly shifting, it is obvious that the cost or 
money value of any given diet may vary greatly from time to time. 
However, for purposes of comparison, the estimated money value 
per expenditure unit per week of each of the suggested diets is given 
below, as of January-October 1938 price levels: 

Villages and cities: 
Economical fair diet  $1. 50-$2. 00 
Low-cost good diet  1. So- 2. 90 
Moderate-cost good diet  2. 30- 3. 70 
Expensive good diet  3. 10- 4. 10 

Farms : 
Economical fair diet  1. 25-  1. 60 
Low-cost good diet,    1. 60- 2. 00 
Moderate-cost good diet  2. 00    2. 60 
Expensive good diet  2, 60- 2. 90 

Comparing these figures with the amounts spent for food by non- 
relief families (pp. 322-823), it is evident that the costs of the four diet 
plans correspond roughly to the food expenditures of the four groups of 
nonrelief families in this country. Probably the food expenditures 
of families on relief are fairly similar to those of the least prosperous 
quarter of nonrelief families. 

The difference between farm costs and village and city costs is due 
to the large amount of home-produced food which makes up the farm 
family's diet and which has been valued at less-than-city prices, as 
previously explained (footnote 4, p. 323). 

The range in costs given for each diet plan has two explanations. 
The first and more important is that families in various parts of the 
country make different choices of items within each food group. The 
second is that the retail prices of these foods may vary from region to 
region. Since the second factor is less important in its effect on the 
unit price of a food group than the first, much less variation in the 
costs of the diets would be apparent if the diets were priced region by 
region using an identical list of choices within each food group. 

Differences both in the assortment of items selected within food 
groups and in the retail prices of different articles lead to variations in 
the average cost per market unit for different food groups. This is 
illustrated in table 3, which shows average prices paid by families of 
wage earners and low-salaried clerical workers in 1934-37 (^)0^). Xo 
information is available as to the market quality of the food repre- 
sented by these prices, or regarding other influences affecting prices. 
Most of the unit prices refer to groups of food with similar though not 
identical nutritive value, rather than to individual items. For an in- 
dividual item such as eggs, the regional price differences at each season 
reflected differences in market quality and in production or handling 
charges. 
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TABLE 3.—Average prices reported per unit of specified food groups hy families of em- 
ployed   workers    in   cities,   classified   by   level   of  expenditure,  color  of family,  and 

region, December 1934-February 1937 i 

i 1 i & 1 ^ 1 'S 

Weekly per capita expenditure fe i; h 11 II iî 
i 

f for food, color of family, and a 
ä 

l§ sê •s g c S 138 c ftg '3§ -!§ 
region 

1 
II 
1 î 1 ? 1 # 

S 
i« le 

i 
1 
1 

§ s ^ A._ S o K S 1 s à 

$1.2Ô-$1.S8: 
White- CÜL Cts. Cis. Cts. Cts. Cts. as. eu. Cts. Cts. Cts. 

North Atlantic _   10.3 
10.1 
9.2 

1.6 
1.6 
2.2 

11.5 
11.2 
10.2 

8.5 
7.9 
6.4 

7.2 
6.6 
5.7 

6.2 
6.0 
5.4 

32.1 
29.7 
29.8 

22.4 
20.8 
19.5 

25.9 
25.0 
20.9 

11.5 
11.4 
7.9 

6.3 
Pacific         __      6.8 
East South Central  7.5 

Negro: 
South  9.9 2.4 7.3 7.1 4.0 4.6 27.9 15.8 19.5 5.9 7.0 

$2.50-$3.13: 
White: 

North Atlantic   11.2 
10.1 

1.8 
2.3 

12.0 
13.2 

8.0 
5.7 

7.5 
5.7 

6.7 
6.1 

35.9 
29.4 

26.4 
21.9 

28.0 
28.8 

13.8 
13.2 

7.2 
Pacific  8.0 
East South Central  9.9 2.5 11.6 6.4 6.4 6.2 32.6 24.1 23.0 10.4 8.1 

Negro: 
9.9 2,2 14.4 6.7 4.2 3.4 31.5 19.6 22.7 6.7 6.7 

i From U. S. Department of Agriculture Circular 507 (1104). 
2 See table 1, footnote 3. 
% Includes flour purchased in forn.' of baked goods. 

In the case of food groups including two or more articles of food 
differing in retail price per market unit, the average price is affected 
by the proportion of the more expensive foods included in the total 
quantity. Whereas the price of whole fresh milk in cities studied in 
the Southeast was 12.6 cents per quart, as compared with 11 and 12 
cents in the North Atlantic and Pacific regions, southern families 
spending $1.25 to $1.88 a person a week for food paid an average of 
only 9.2 cents per quart for fluid milk or its equivalent in other forms. 
This was lower than was paid by families at the same economic level 
in other regions because larger proportions of the less expensive forms 
of milk, such as evaporated milk and buttermilk, were used in the 
Southeast than elsewhere. 

The average price paid for potatoes and sweetpotatoes was higher 
in the South than in the North. This was partly because a larger 
proportion of sweetpotatoes was used in the South, where they were 
slightly more expensive than potatoes, and partly because potatoes 
also were higher priced in southern than in northern markets. 

For leafy, green, and yellow vegetables as well as other vegetables 
and fruits, average prices paid in the South, particularly by the 
Negroes, were less than in other regions. Southern families com- 
monly selected inexpensive locally grown foods, such as collards, kale, 
mustard and turnip greens, and okra. Nevertheless, the nutritive 
value of these cheaper vegetables was as high as or higher than the 
nutritive value of the more expensive vegetables selected by northern 
families. 

Northern families paid comparatively high prices for meats. They 
bought a large proportion of rather expensive tender cuts, such as 
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steaks, roasts, and chops. These cuts may be cooked quickly by 
methods that develop highly prized flavors, but there is little differ- 
ence in the nutritive values of the edible portions of different cuts of 
muscle meats. In the South cheaper cuts of pork and beef were 
consumed. Negro families tended to use more poultry and fresh 
fish than did white families. 

Prices paid for fats by families in the South were lower than those 
in other regions, because a smaller proportion of the fats bought by 
southern families was in the form of butter and a larger proportion 
was in the form of shortenings and fat meats. This choice resulted 
also in a reduction of the vitamin A obtained from fatty foods. 
However, southern families compensated for this in a large measure 
by choosing large quantities of the vitamin A-rich green, leafy, and 
yellow vegetables. 

Families of the North and West increased their expenditures for 
grain products by choosing many in highly processed forms, such as 
baked goods and ready-to-eat cereals. Southern families bought 
more flour and corn meal for biscuits and quick breads, and more rice 
and hominy, bringing the average cost per pound to half or less than 
half of that paid by families of the North and West. 

These few examples indicate how the prices paid per market unit 
for foods similar in nutritive value may differ from one part of the 
country to another. As a result of differences in habitual selections 
within various food groups, city families might pay as little as $1.85 
per expenditure unit per week or as much as $2.90 even when following 
the same general low-cost diet. Thus, the costs of the recommended 
diets in different parts of the United States will vary according to the 
habitual selection of foods by the family and to any regional differ- 
ences in food prices. 

The figures given on the costs of the suggested diets are valuable 
chiefly for comparative purposes. Given favorable market conditions, 
intelligent, thrifty families might buy these diets for less. Many will 
spend more. But the point should be emphasized that families can 
be expected to obtain nutritionally satisfactory diets when spending 
moderate or small sums for food only if they follow guides such as 
those outlined in this article. When they spend equal sums in accord- 
ance with prevailing food choices, the chances are that the resulting 
diets will be in need of improvement in one or more nutrients. 

Only an application of the newer knowledge of nutrition to daily 
food selection can bring the goal of dietary adequacy within the reach 
of all. 



APPENDIX-DIET TABLES 
TABLE 4.—An economical fair diet 

Family members Kinds and quantities of foods for a year 

Name Description Milk 
Potatoes, 

sweet- 
potatoes 

Mature 
dry 

legumes, 
nuts 

Toma- 
toes, 
citrus 
fruits 

Leafy, 
green, 
yellow 

tables 

Other 

tables, 
fruits 

Eggs 

Lean 
meat, 

poultry, 
fish 

Flour, 
cereals Butter Other 

fats Sugars 

Children under 2 years  
Children 2 to 3 years  

Quarts 
260 

180-260 

Pounds 
80 

100 

Pounds Pounds 
50 
50 

Pounds 
80 

120 

Pounds Dozen 
18 
18 

Pounds Pounds 
50 

100 

Pounds 
7 

10 

Pounds Pounds 
3 

3 30 10 10 

Boys: 
4 to 6 years.__   
7 to 8 years  

180-260 
180 
180 
180 
180 
180 

1,20 
130 
140 
140 
160 
220 

10 
20 
25 
25 
25 
25 

50 
50 

Ig 
50 
50 

120 
160 

z 
120 
100 

40 
75 

100 
120 
150 
130 

15 
15 
15 
13 
13 
11 

20 
40 
50 
65 
70 
80 

120 
180 
210 
230 
270 
365 

15 
15 
15 
15 
15 
15 

3 
15 
25 
25 
40 
50 

20 
30 

9 to 10 vears 40 
lito 12 years  50 
13 to 15 years 65 
16 to 19 years. _. 65 

Girls: 
4 to 7 years.__    __   180-260 

180 
180 
180 

120 
130 
140 
140 

25 
25 

50 
50 
50 
50 

120 

160 

40 
75 

100 
120 

15 
15 
15 
13 

20 
40 

210 
230 

15 
15 
  

3 
15 
25 
25 

20 
8 to 10 years  30 
11 to 13 years  40 
14 to 19 years  50 

Men 20 years and over: 
Very active  
Moderately active  
Sedentary  

90 
90 

180 

300 
160 
140 

50 
40 
25 

50 
50 
50 

100 
120 
160 

130 11 
11 
13 65 

440 
270 
210 

15 
15 
15 

65 
30 
25 

80 
65 
40 

Women 20 years and over: 
Very active.           _ _ 180 

180 
180 
365 
365 

160 
140 
100 
140 
180 

25 
25 
15 
15 
15 

50 

1 
160 
160 
160 
200 
200 

150 
120 

ii 
13 
13 
13 
15 
15 

80 
65 
65 
65 
65 

270 15 
15 
15 
15 
15 

30 
25 
25 
25 
30 

65 
Moderately active  
Sedentary  
lu pregnancy  

50 
40 
40 

In lactation  50 

Vfiarlv tntftl fnr fntnilv 1 
Monthly total (divide by 
Weekly total (divide by 5C 

12) 
1             "T 

)    
  

l 1 j  
' 

> 
z 
z 
z 
o 
o 
TO 

G) 
O 
O 
O 
z 
c 

O 
z 

U) 



TABT.E 5-—A low-cost good diet 

Family members Kinds and quantities of foods for a year 

Name Description Milk 

i 

Potatoes, 
sweet- 

potatoes 

Mature 
dry 

legumes, 
nuts 

Toma- 
toes, 
citrus 
fruits 

Leafy, 
green, 
yellow 
vege- 
tables IH

I 

Eggs 

Lean    [ 
meat,    1 Flour, 

poultry,    cereals 
fish      | 

i 

Butter    0fr ¡Sugars 

! 

Children under 2 years  
Children 2 to 3 years  

Quarts 
260 
366 

Pounds 
80 
90 

Pounds Pounds 

: 
Pounds 

80 
130 

Pounds Dozen 
18 
22 

Pounds Pounds 
50 
80 

Pounds 
7 

10 

Pounds \Pounds 
               3 

40 15 7 

Boys: 
4 to 6 vears               365 

260-365 
260-365 
260-365 
260-365 
260-365 

130 
140 
160 
220 

7 
10 
10 
15 
15 
15 

65 
65 
65 
65 
65 
65 

130 
180 
200 
200 

z 

75 
100 
140 
140 

1% 

22 
22 
18 
18 
18 
13 

25 
65 
80 
90 

100 
140 

100 
140 
160 
180 
230 
310 

15 
20 
20 
20 
20 
20 

3 
20 
20 
30 
40 

15 
7 to 8 years _             25 
9 to 10 years,- _      40 
11 to 12 vears 40 
13 to 15 years 50 
16 to 19 vears __ 65 

Girls: 
4 to 7 years 365 

260-365 
260-365 
260-365 

100 
120 
130 
140 

7 
10 
10 
15 

65 
65 
65 
65 

130 
180 
200 
200 

75 
100 
140 
140 

22 
22 
18 
18 

25 
65 
80 
90 

100 
140 
160 
ISO 

15 
20 
20 
20 

-- 
20 
20 

15 
8 to 10 years 25 
11 to 13 years __   40 
14 to 19 years 40 

Men 20 years and over: 
Very active             180 

180 
260 

300 
160 
140 

25 
20 
10 

65 
65 
65 

160 
160 
180 

175 
175 
140 

13 
13 
18 

160 
130 

420 
230 

20 
20 
20 

60 
30 
20 

  
80 

Moderately active  
Sedentary  

65 
90 1        160 40 

Women 20 years and over: 
Very active  
MndPTfitelv notivo 

180 inn 15 
15 
10 
10 
10 

65 
65 
65 
65 
fin 

I 
180 |            175 
180              165 
180 !           140 
250 !           200 
StfO                 900 

18 
18 li 
9.9. 

100 |        230 
90          ISO 
90 1        120 
90 !        170 

mo i      910 

20 
20 
20 
20 
20 

30 
20 

65 
ISO  1             140 50 

Sedentary. ,      260 |          100 
In pregnancy         365 i          140 
Tn lantntinn                            1         Sfi5                170 

20 i           40 
20              40 
30 ;           50 

Yearlv total for familv-                                                       i                                  ; 
Monthly total (divide by 
Weekly total (divide by 5f 

12)   '  ....,..: .  __.! i   i !  
))_           !____      _      '  !    : \____ i__ _           '            1 !      _       

-< m 
> 

O 
g 
o 
> 
o 

c 
73 



TABJ.E 6.—A moderate-cosl good did 

Family members 

Name Description 

Children under 2 years.. 
Children 2 to 3 years___. 

Boys: 
4 to 6 years-__ 
7 to 8 years--. 
9 to 10 years._. 
U to 12 years- 
13 to 15 years-. 
16 to 19 years-. 

Girls: 
4 to 7 years--- 
8tolüyears- 
11 to 13 years-. 
14 to 19 years-. 

Men 20 years and over: 
Very active  
Moderately active— 
Sedentary- 

Kinds and quantities of foods for a year 

Milk 

Quarts 
260 
365 

365 
365 
365 
365 
365 
365 

365 
365 
365 
365 

180 
180 
260 

Potatoes, 
sweet- 
potatoes 

Pounds 
50 
90 

100 
100 
120 
130 
160 
220 

100 
100 
120 
130 

300 
160 
130 

Mature 
dry 

legumes, 
nuts 

Founds 

Toma- 
toes, 
citrus 
fruits 

Pounds 
80 
80 

Leafy, 
green, 
yellow 
vege- 
tables 

Pounds 
80 
130 

80 
80 
90 
90 
100 
100 

130 
180 
200 
200 
160 
160 

100 
100 
90 

130 
180 
200 
200 

160 
160 
180 

Other 
vege- 

tables, 
fruits 

Pounds 

100 

135 
180 
240 
280 
365 
410 

135 
180 
240 
280 

390 
330 
210 

Dozen 
18 
26 

Lean 
meat, 

poultry, 
fish 

Pounds 

20 

40 
80 
100 
130 
140 
160 

40 
80 
100 
130 

200 
160 
130 

Flour, i 
cereals \ 

Pounds 
40 
65 

80 
100 
130 
130 
170 
200 

80 
100 
130 
130 

300 
180 
120 

Butter 

Pounds 
7 

10 

Other 
fats 

Pounds 

25 i 
25 I 
25 ; 

Sugars 

Pomids 
3 
7 

15 
15 | 
25 
55 

15 
15 

75 
40 
15 

15 
25 
40 
40 
50 
80 

15 
25 
40 
40 

100 
65 
40 

65 
50 
40 
40 
50 

Women 20 years and over: 
Very active---    
Moderately active  
Sedentary  
In pregnancy   
In lactation  

180 
180 
260 
365 
365 

160 
130 
90 
130 
160 

100 
90 
90 
90 
100 

210 
210 
1.80 
250 
250 

365 
280 
210 
325 
380 

160 
130 
130 
130 
130 

170 
140 

25 
25 

80 25 
130 25 
160 25 

Yearly total for family- 
Monthly total (divide by 12)-. 
Weekly total (divide by 50)... 

40 
25 
15 
15 
40 



TABLE 7.— in expensive good diet 
è 

Family members Kinds and quantities of foods for a year 

Name Description Milk 

Quarts 
260 
3(>5 

Potatoes, 
sweet- 

potatoes 

Pounds 
50 
80 

Mature 
dry 

legumes, 
nuts 

Pounds 

Toma- 
toes, 
citrus 
fruits 

Leafy, 
green, 
yellow 
vege- 
tables 

Other 
vege- 

tables, 
fruits 

Pounds 

150 

Eggs 

Lean 
meat, 

poultry, 
fish 

Flour, 
cereals Butter Other 

fats Sugars 

Children under 2 years 
Children 2 to 3 years  

Pounds 
80 
80 

Pounds 
80 

130 

Dozen 
IS 
20 

Pounds Pounds 
40 
50 

Pounds 
7 

10 

Pounds Pounds 
3 

20 7 

Boys: 
4 to 6 years.   __ _ 365 

365 
365 
365 
305 
365 

90 
100 
100 
120 
100 
220 

80 
90 

100 
120 
130 
130 

130 
180 
200 
200 
180 
180 

225 
290 
330 
300 
420 
470 

30 

: 
30 
30 
30 

40 
90 

130 
160 
200 
250 

65 
80 

: 
100 
130 

15 
25 
40 
40 
40 
40 

--- 
40 

15 
7 to 8 years 3 

3 
3 
7 
7 

25 
40 9 to 10 years  

11 to 12 years  
13 to 15 years  
10 to 19 years  

40 
50 
80 

Girls: 
4 to 7 years. .    
8 to 10 years   
11 to 13 vears 

365 
365 
365 
365 

90 
100 
100 
120 

80 
90 

100 
120 

130 
180 
200 
200 

225 
290 
330 
300 

30 
30 
30 
30 

40 
90 

130 
100 

65 
80 
80 
80 

15 
25 
40 
40 

3 
3 
3 

25 
40 
40 14 to 19 years 

, "   
Men 20 years and over: 

Very active  
Moderately active  
Sedentary  

180 
180 
9nn 

300 
100 
190 

7 
7 
3 

130 
130 
120 

180 
180 
200 

450 
400 
325 

30 
30 
30 

250 
210 
130 

230 
1.20 
90 

40 
40 
40 

60 
25 

100 
65 
40 

Women 20 years and over: 
Very active 

 1  
180 !            160 
180              120 
200 ,             SO 
3^   !               190 

3 
3 
3 
3 
3 

1 
^nn !           910 400 30 

rtn 

 1 _ -_    .,   _ 
200          120            40 
160            90            40 
130            05            40 
160 '         90 1         40 
200 !       120            40 

25 
10 

25' 

65 
50 
40 
40 
50 

Moderately active  
Sedentary  
In precnancv 

190   1                  91A   :                  'iAñ 

120              200 1           325 i         30 
120 !           250 i           380 ,         30 
isa              9%n 1           AOK 1         Qo In lactation  365 130 

i ; 
Yearly total for family         1 _       "          "     " 
Monthly total (divide by 
Weekly total (divide by 5C 

12)  
). —   —  i ;..__:.:__J i - , - -— :  "" " 



MICRO-ORGANISMS  IN  FOODS  AND 

FOOD  PRESERVATION 

by Harry E. Goresline l 

BACTERIA, yeasts, and molds cause enormous losses in the food 
industries every year, attacking and spoiling practically every kind of 

food. Preventing this loss is one of the most important problems in our 
modern economy. It can be done only by using correct methods and 
continual care. In this brief account, the author tells how such spoilage 
occurs and outlines what is done to prevent it. He also describes the 
use of micro-organisms for making many products, including such every- 

day foods as bread and cheese. 

THE MICRO-ORGANISMS that act on foods may be divided into two 
general groups: (1) Those bringing about spoilage and deterioration, 
and (2) those employed by man as a means of preservation. 

Bacteria, yeasts, and molds are microscopic forms of plant life that 
utilize the soluble constituents of food in their life processes, or that 
secrete enzymes that bring about decomposition of food tissue, which 
renders many of the constituents soluble and available to the micro- 
organisms. These processes are going on in nature continuously, and 
they account for a large proportion of the decomposition of organic 
matter to material which increases the fertility of the soil. The decay 
of leaves, wood, grass, etc. is brought about by these minute forms 
of life. 

Bacteria, yeasts, and molds cause enormous losses in the food 
industries. Since these micro-organisms are everywhere in nature, 
they are present on the surface of nearly all fresh food products. As 
long as the plant or animal is alive and in good condition it has the 
ability to prevent the action of the micro-organisms on its tissues, but 
if the healthy condition of the organism is lowered or the plant or 
animal is killed, then the micro-organisms gain access to the tissue 
and decomposition results. 

For example, an apple hanging on the tree is ordinarily free of decay 
although bacteria, yeasts, and molds are present on its surface. Like 
most fruits it has a waxy coating, which protects it from invasion, but 

i Harry E. Goresline is Senior Bacteriologist, Food Research Division, Bureau of Agricultural Chemistry 
and Engineering. 
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once this is removed or the surface broken or bruised the micro- 
organisms gain access and begin to destroy the tissue. When this 
apple is picked and placed in storage certain natural changes begin 
that soften and mellow it and bring it to the stage called ripe. If the 
apple is left in storage long enough, or has been bruised, its resistance 
to the invasion of micro-organisms will be lowered to the point where 
some form of rot will set in. This invasion of the tissue is generally 
made by some form of mold, which, by enzymatic action, softens the 
tissue and makes it relatively easy for bacteria and yeasts to gain 
entry. Within a very short time the apple is reduced to a dark, soft, 
mushy mass of soluble material. It is by this process that nature pre- 
vents the accumulation of insoluble organic material that would other- 
wise clutter up the earth, 

PROTECTION AND STORAGE OF FOODS 

FRUIT 

In common with other forms of life, micro-organisms grow best 
under certain conditions of acidity, oxygen supply, and carbohydrate 
and nitrogen metabolism. Since most fruits are acid, they are attacked 
principally by molds and yeasts, which are acid-tolerant and grow best 
under acid conditions. Bacterial spoilage of fruit is of secondary im- 
portance. Pectin, starch, and other carbohydrates are broken clown 
by these micro-organisms, and the fruit becomes soft, unsightly, and 
unfit for consumption. Even in the early stages of the decomposition, 
it becomes nnpalatable. 

A number of methods have been devised to prevent spoilage of fruit 
in storage. Cold storage is used almost universally for the preserva- 
tion of fruit and fruit products. Low temperatures retard the natural 
processes in the fruit and retard the growth of micro-organisms. 
Waxy or fungicida! coatings are applied to the surface of fruits, es- 
pecially citrus fruits, and fungicida! wrappings have also been used on 
various kinds of fruits. 

FRUIT JUICES 

Freshly pressed fruit juices contain many micro-organisms that 
quickly multiply unless some preservation process is employed. The 
surface of the juice generally becomes covered with a white to gray 
wrinkled scum of mycoderma, which destroys the fruit acids and the 
sugars and gives rise to musty flavors. Since the scum must have ac- 
cess to oxygen in order to grow, one method of preventing this surface 
growth is to seal the juice from the air. A cottony type of mold also 
may form on the surface of fruit juices that are not sealed from the 
air. 

Yeasts multiply quickly in fresh fruit juices and convert the sugars 
to alcohol and carbon dioxide. Under controlled conditions the juices 
are converted into wines by this process, but in open containers a large 
amount of acetic acid is formed. This fermentation and acetification 
make fruit juices unfit for consumption in a short time. The preser- 
vation of the juices may be accomplished by pasteurization, filtering 
to remove all germs, or freezing. The process most universally em- 
ployed is pasteurization, in which the juice is either heated in bulk and 
bottled hot, or heated in the bottle.    The temperature and method 



MICRO-ORGANISMS IN FOODS 343 

employed are different for each juice owing to the differences in acid- 
ity, sugar content, and initial contamination with micro-organisms. 
Freezing prevents fermentation, but this process starts as soon as the 
iuice is thawed. 

VEGETABLES 

Fresh vegetables differ in composition and character from fruits, and 
naturally the flora of the surface and manner of spoilage are somewhat 
different. Most vegetables are nonacid, and many types of bacteria 
and other micro-organisms will grow on the surface and in the tissue 
that will not grow on fruits. Bacteria and molds growing on vege- 
tables break down the pec tic material, and the tissue becomes soft and 
watery through loss of structure. If piled together, most vegetables 
undergo a sweat with a considerable rise in temperature. This steamy, 
warm environment is ideal for the growth of many micro-organisms 
and spoilage of the product takes place in a few hours. Fresh vege- 
tables should be handled rapidly, kept as cool as possible, and not 
placed in large containers or piles. Ample circulation of air should 
be afforded in any storage place. 

Certain bacteria convert the soluble sugars present in the vegetables 
to lactic acid, which gives the product a sour smell and taste. This 
souring takes place in fresh and cooked vegetables, as well as in thawed 
frozen products, and should be used as one criterion in judging when 
material is fit for consumption. 

FROZEN FOODS 

In the last few years the increased production and consumption of 
frozen foods, includmg ice cream, meat, fish, poultry, eggs, fruits, and 
vegetables, has renewed interest in the action of micro-organisms at 
low temperatures. Thirty-two degrees Fahrenheit has not proved 
sufficiently low to prevent growth over prolonged storage periods of 
many bacteria, yeasts, and molds capable of bringing about changes in 
appearance, flavor, texture, and general usability of the stored foods. 
Storage at temperatures above 15° F. is not considered safe from the 
standpoint of microbial spoilage, nor is this temperature sufficiently 
low to prevent undesirable enzymatic changes in certain products. 
The rate of destruction of microbes and the predominating forms sur- 
viving are determined by such factors as rate of freezing, the nature of 
the product, acidity, size and type of container, airtightness of the 
pack, subfreezing storage temperature, length of storage, original con- 
tamination, etc. Less resistant microbial forms are destroyed during 
the first intervals of freezing. Thereafter the rate of destruction is 
slow.    Some microbial forms may remain viable for several years. 

Most spoilage encountered in the frozen-food industry is due to 
improper handling of the product prior to freezing or after it is thawed. 
Vegetables are scalded (blanched) before being frozen to inactivate the 
enzymes present in the tissue, and during this process many micro- 
organisms are killed by the heat. If vegetables are held for a time 
before scalding or freezing, there is danger of the growth of micro- 
organisms that will produce lactic acid, musty flavors, softening of the 
tissue, and general loss of quality. Frozen-food products are not 
sterile, but their microbial content may be kept low by sanitary prepa- 
ration and handling, by the maintenance of subfreezing temperatures 
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below which microbial growth is known not to take place, and by 
immediate use of the product after thawing. 

As soon as the frozen food is thawed and left at room temperature 
the micro-organisms start to grow. Owing to the partial cooking of 
such vegetables during the scalding process, the tissue is softer than 
that of fresh vegetables and the product will sour in a very few hours 
unless it is kept cold. 

Fruits are generally packed in sirup or dry sugar just before they are 
frozen. Yeast growth starts quickly both in material to be frozen and 
in that which has been thawed. Mold growth is to be expected on 
portions exposed to the air, and the combined action of the micro- 
organisms and the oxygen of the air give rise to darkening and to off 
flavors and odors in unfrozen material. 

Fish to be frozen should be handled rapidly, and only freshly caught 
fish should be used, for decomposition sets in rapidly. Even though 
they may look fairly acceptable in the frozen state, products of low 
initial quality will have undesirable odors and flavors when thawed. 

To secure and maintain high quality in frozen food it is necessary to 
start with high-grade material, handle it rapidly under sanitary con- 
ditions, store and transport at proper freezing temperatures, and use it 
within a short time after thawing. 

CANNED FOODS 

In the canning process foods are packed in hermetically sealed con- 
tainers, and the enzymes are inactivated and the spoilage micro- 
organisms killed by the action of heat. When improper processing is 
employed certain micro-organisms survive and multiply in the product. 
Certain types of bacteria produce gas that swells the ends of the cans. 
Other types produce acid without producing gas; this type of spoilage 
is referred to as aflat sour/' Canned food that shows evidence of 
spoilage or has an off odor or flavor should be discarded. 

Molds do not grow in the absence of air, but yeasts may ferment 
fruits that are improperly processed and cause spoilage. Yeast fer- 
mentation produces carbon dioxide and swells the cans. The time 
and temperature of processing have been worked out in commercial 
practice for the various food products until there is relatively little 
spoilage. 

EGGS 

Much of the spoilage and deterioration encountered in fresh, stored' 
and processed eggs are due to micro-organisms. The presence of large 
numbers of micro-organisms is an indication of improper handling and 
often of unsanitary conditions. A certain percentage of eggs contain 
bacteria at the time they are laid, but most eggs are sterile. The 
white of the egg contains a product known as lysozyme, which kills 
bacteria and which no doubt accounts for much of the freedom from 
contamination. 

If the flock is handled in such a way as to produce a large per- 
centage of "dirties/' or the eggs are subjected to improper treatment, 
a much higher loss from bacterial spoilage is to be expected. The 
principal types of bad eggs found during and after storage are green 
whites, digested whites^ white rots, and black rots. As a rule these 
types show decided chemical decomposition and are heavily infected 
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with bacteria. Owing to their high nitrogen and sulfur content, eggs 
have very bad odors and flavors when decomposed by bacteria. 
Musty eggs also are caused by bacterial growth. In commercial prac- 
tice nearly all infected eggs are detected by candling so that few bad 
eggs reach the consumer. 

The molding of the surface of eggs in storage gives them an un- 
sightly appearance, but this trouble can be avoided by proper handling. 
If the humidity is properly controlled and contaminated cases and 
packing materials are eliminated, very little trouble should be en- 
countered. Such molding does not affect the food value of the egg 
unless it is allowed to remain in storage for a considerable length of 
time, in which case the mold will penetrate the shell and cause 
darkening. 

Rigid sanitary measures are essential in egg-breaking plants if 
quality products are to be produced. Great care should be exercised 
in breaking to eliminate all bad eggs, since whole batches can become 
infected by one musty egg accidentally included through careless in- 
spection. This musty flavor or odor is very penetrating, and every 
precaution should be employed to keep such materials out of the com- 
mercial pack. The eggs should be broken separately, examined, and 
smelled before being added to the main batch in the mixer. 

Speed is essential in handling eggs to be frozen. The fresh eggs 
should be kept in cold storage until ready for breaking. As soon as 
they are broken they should be churned, poured into the final con- 
tainers, and frozen as rapidly as possible. If any chance is given for 
bacteria to multiply in the egg mass there is likelihood of the produc- 
tion of off flavors and odors and of general loss of quality. 

MILK 

Milk is a highly perishable article of food, chiefly because it is an 
ideal medium for the growth of micro-organisms. The souring of milk 
is a well-known example of this activity. Certain bacteria convert 
the milk sugar to lactic acid, and under ordinary conditions at room 
temperature this process is carried on very rapidly. When a certain 
acidity has been reached the casein is converted to its insoluble state 
and sets in the form of curd. Bacteria of the Bacillus subtilis type 
produce a rennetlike enzyme which forms sweet curdling of milk, but 
later the curd is more or less completely digested. The growth of 
undesirable micro-organisms often gives rise to very objectionable 
odors, soapy or bitter flavors, and various abnormal colors, or they 
may produce gums in the milk. Yeasts may grow in cream and cause 
it to ^gas" or become frothy. Pasteurization is generally employed 
to kill the bacteria, and it greatly prolongs the time that milk may be 
kept in wholesome and palatable condition. Cold storage should be 
used wherever possible to retard the growth of the micro-organisms in 
milk, and needless to say, every sanitary precaution should be taken 
in handling. 

MEAT 

If meats are handled rapidly under sanitary conditions and the 
proper cold-storage methods are employed, relatively little micro- 
biological spoilage should occur. A bacterial infection next to the bone 
known as ^ham souring^ or ^bone souring/^ which has caused consider- 
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able difficulty, is clue without doubt to slow withdrawal of animal 
heat or to improper penetration of brine. Injuries to the bone and 
tissue during slaughter may play an important role. Beef souring 
is also sometimes encountered. Under certain conditions of humid- 
ity, long cold storage, and contamination in handling, fresh meat may 
become covered with a growth of mold, but this is of little consequence 
unless it affects the appearance of the product. Under conditions 
of improper handling and storage, bacteria and molds may produce 
putrefaction and thus render the product unfit for human consump- 
tion. Salting, smoking, drying, and freezing are employed to prevent 
bacterial action, retard enzyme activity, and reduce possibility of 
rancidity. 

CARBOHYDRATE MATERIALS 

Bacteria, yeasts, and molds seldom develop in sugar, starch, or 
sirups, because of lack of moisture. However, certain types of food- 
spoilage bacteria sometimes occur in carbohydrates, and when the 
carbohydrates are added to canned foods they may cause spoilage 
unless extreme care is taken to safeguard the keeping quality. This 
group of bacteria is known as ^thermophilic/' which means ^heat 
loving," The optimum temperature for growth is about 131° F., 
which is well above the temperatures tolerated by most forms of 
bacteria. The spores of this group are highly resistant to heat and 
are not easily killed during the normal processing of food products. 
Spoilage of processed foods by this group of bacteria usually results 
from undercooling after processing or from storage in too warm 
places. 

The manufacturers of sugar are cooperating with the food industry 
by eliminating food-spoilage bacteria from sugar. Yeasts and molds 
do not survive processes now used in manufacturing sugar and sirup. 
If present they are the result of contamination in handling and storage. 

Some trouble is encountered in the action of yeasts in candy and 
other confections. These yeasts have the ability to grow in sugar of 
very high concentration. The pressure of the carbon dioxide they 
produce causes the candy to burst open or foam. 

Beverages of the soft-drink type constitute an important item of 
the Nation's food bill, and several hundred tons of energy-giving sugar 
and other ingredients are used each year in their manufacture. 

The presence of sugar often makes a product a potential medium 
for the growth of bacteria, yeasts, and molds, and unless measures are 
taken to safeguard against their entrance, spoilage often results. 
Yeasts and bacteria are more often the cause of spoilage of beverages 
than are molds. Spoilage evidenced by cloudiness and by the accu- 
mulation of a sediment at the bottom of the bottle occurs more often 
in the winter than in summer, owing to slower turn-over of the stock. 
Continued improvements in bot tie-washing methods, preparation and 
handling of ingredients, and automatic bottling machinery have 
resulted in the manufacture of beverages relatively free from spoilage. 

FOOD PRESERVATION AND PROCESSING BY THE USE OF MICRO-ORGANISMS 

So much emphasis is placed on the role of micro-organisms in food 
spoilage that the importance of their use in food preservation is often 
overlooked.    Yet a number of large industries rely on fermentation 
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under controlled conditions to preserve food products or to alter their 
character, and such methods are among the oldest employed by man for 
the preservation of food. 

WINE AND BEER 

Without doubt the first use man made of micro-organisms was in 
the conversion of the juice of grapes and other fruits to wine. This 
natural process, which prolonged the length of time a fruit product 
could be kept, was employed wherever fruit was available. Over 
100,000,000 gallons of wine is now being produced every year in the 
United States. 

Yeasts are naturally present on the stems and skins of grapes and 
on most other fruits as well. When the berries are crushed, the yeasts 
multiply rapidly in the juice, forming carbon dixoide and alcohol from 
the sugar. If the proper control is exercised over the fermentation, 
almost all other micro-organisms can be prevented from growing in 
the material. Most scum or surface-growing forms can be eliminated 
by sealing the product from the air and allowing the carbon dioxide 
formed by the yeast fermentation to sweep all of the oxygen out of 
the container. In making champagne, the carbon dioxide is retained 
in the liquid by keeping the container stoppered; a pressure of as 
much as 120 pounds per square inch is developed. 

In order to insure a good clean fermentation, most wineries inoculate 
the must or juice with a pure culture of wine yeast, which gets a head 
start on the other micro-organisms and prevents an undesirable type 
of fermentation. Most wine yeasts grow well in acid solutions and 
at temperatures slightly below the optimum for the growth of most 
bacteria. Where low temperatures are not available treatment with 
sulfur dioxide or pasteurization of the must is often employed. Yeasts 
are tolerant of concentrations of sulfur dioxide that will kill most 
spoilage organisms. 

When all of the sugar of the must has been converted to alcohol, the 
yeasts die for lack of food and because of the killing action of the 
alcohol. Light wines contain up to 14 percent of alcohol by volume, 
but 16 or 17 percent may be obtained by natural fermentation when 
the juice has a very high sugar content. By special methods of feeding 
the yeast an alcohol content as high as 21 percent has been attained. 
Wines stored in casks should be sealed from the air to prevent spoilage, 
and spoilage organisms in bottled wines can be killed by pasteurization. 

Beer is made by a yeast fermentation of malted cereal grain extracts. 
The sugars are converted to carbon dioxide and alcohol as in the wine 
fermentation, but the percentage of alcohol produced in beer is very 
much lower. In the case of beer the carbon dioxide is retained in the 
product under considerable pressure. This not only adds to the 
palatability but aids in the preservation of the product. Since the 
acidity of the beer is relatively low there is danger of souring by the 
action of the lactic acid bacteria unless the proper precautions are 
taken. Most present-day beer is pasteurized in order to insure its 
keeping quality in the bottle or can. 

VINEGAR 

The first step in any vinegar process is the production of alcohol as 
in making wine or beer.    Cider vinegar is produced from fermented 
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cider, while white or distilled vinegar may be made from the alcohol 
distilled from fermented mashes, molasses, or other saccharine 
materials. After fermentation, the alcohol is converted to acetic acid 
by an oxidation process carried on by acetic acid bacteria. Whereas 
the yeast fermentation is carried out in the absence of air, the con- 
version of the alcohol to acetic acid can be carried out only in the 
presence of air. In the old barrel method the acetic acid bacteria are 
allowed to grow on the surface of the alcohol solution, while in the 
generator process the alcoholic solution is allowed to trickle down 
through towers filled with shavings, pumice, rattan, or other filling 
material. Millions of gallons of vinegar are produced each year by 
this use of micro-organisms in these two relatively simple processes. 

BREAD AND YEAST 

Leavened bread has been an article of diet for centuries. A culture 
of yeast is allowed to grow in a dough made of flour and water. As it 
grows the yeast produces carbon dioxide, which causes the dough to 
rise or become light. In addition, flavors are produced in the bread 
by the yeast or certain types of bacteria. In certain breads the 
growth of lactic acid bacteria is encouraged and characteristic flavors 
are obtained. When the bread is baked the alcohol produced by the 
fermentation is driven off and the micro-organisms are destroyed. 
Under abnormal conditions bread may become ropy, moldy, or highly 
pigmented by the growth of micro-organisms. 

The yeast used in bread making, or bakers' yeast, is not the same as 
those types used in making wine or beer. It is manufactured on a 
large scale, and a high yield of yeast is obtained by a process that 
suppresses the formation of alcohol. The use of this type of yeast as a 
food for man and a feed for animals has built up a large industry 
with the sole function of growing and harvesting a yeast crop. Yeasts 
of this general type are the only micro-organisms that man eats as 
such, and they are consumed for their vitamin and mineral content. 

FERMENTED FOODS 

The ability of certain bacteria to form lactic acid from sugars is 
utilized in the preparation of so-called ^fermented foods.^ These 
include pickles, sauerkraut, olives, and animal feeds on the order of 
silage. In these processes the sugars are converted into lactic acid. 
The preservation is of a twofold nature, since (1) the increased acidity 
exerts a selective action that inhibits the spoilage micro-organisms, and 
(2) most of the food for bacteria has been used up in the process of 
fermentation, so that there is no further material to encourage large 
microbial populations. 

Since these lactic acid bacteria are tolerant of salt, and since salt 
exerts a curing action, it is employed in almost all fermented foods. 
Cucumbers are fermented in brines strong enough to discourage most 
spoilage micro-organisms, the salt and acid being soaked out before 
the product is used as food. This general process is also used in the 
production of pickled olives. In the case of sauerkraut, the salt con- 
centration is only about 2¾ percent, and the product is consumed in 
its final fermented form. The pleasant acid flavor of sauerkraut is 
the result of the bacterial activity.    The process in all three cases 
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should be carried out in the absence of air if possible in order to pre- 
vent scum formation. In 1937 the production of pickles took almost 
8,000,000 bushels of cucumbers, of sauerkraut 127,000 tons of cab- 
bage, and 25,000 tous of olives were pickled, a total farm value of over 
$7,800,000 for the material used in the making of these fermented 
foods. 

The utilization of micro-organisms in the production of silage is 
quite similar except that very little, if any, salt is used. The process 
is described in Losses in Making Hay and Silage (p. 992), 

MILK PRODUCTS. 

Micro-organisms are used extensively in the manufacture of cheese, 
butter, and fermented milk products. Various types of micro- 
organisms and various procedures are employed to produce different 
products and flavors. Bacteria are employed to sour milk for cheese 
making, and the growth of other bacteria is encouraged in pressed 
cheese to produce ripening. This is brought about by bacterial diges- 
tion of the curd, resulting in the development of certain flavors. 
Types of cheese such as Camembert, Brie, and Roquefort are produced 
by the action of molds, and specific flavors are produced by their 
growth. 

Sour-cream butter is made by churning cream that has been ripened 
by bacterial action with a resultant production of lactic acid. The 
fat globules are more easily coalesced during the churning, and they 
take up certain desirable flavors that were produced by the bacteria 
during the fermentation process. Undesirable micro-organisms may 
produce bitter and off flavors in the cream unless proper handling 
methods are employed, such as pasteurization, cooling, and the use of 
starters. 

Micro-organisms are used in the production of various sour-milk 
drinks, such as culture buttermilk, acidophilus and bulgaricus milks, 
kefir, and koumiss. The latter two are produced by the combined 
action of yeasts and bacteria and contain an appreciable amount of 
alcohol. 



ENZYMES  IN   FOODS  AND 

FOOD  PRESERVATION 

by A. K. Bails1 

E N Z Y MES, which are within the food material itself and necessary 

to life processes, continue their chemical activity after harvesting or 

storage and produce decomposition. Thus micro-organisms, described 

in the previous article, are not the only cause of food spoilage. Here is 

a brief account of this enzyme activit} and the methods used to prevent 
or minimize it. 

BECAUSE agricultural production is seasonal while food consumption 
is steady, the storage of food in some edible form has always been one 
of mankind's greatest problems. Practically all natural foodstuffs 
except ripe seeds undergo decay unless measures are taken to prevent 
it. Dried fruits, pickles, preserves, cheese, and fermented drinks 
probably all have their origin in attempts at food preservation. 
Today there is an increasing tendency, due to the possibilities of cold 
storage, to keep foods in their natural state as long as possible. Cold 
storage in itself merely delays the natural processes of decay, although 
when the temperature is extremely low the rate of destruction is very 
slow. Frozen meat, if it were kept cold enough, would probably last 
a great many years without agoing bad/' Defects such as poor 
flavor and appearance and loss of moisture are about the worst that 
might be expected. It has been reported that the flesh of prehistoric 
animals found frozen in the Arctic was eaten by dogs without any 
apparent ill effect. 

There are two agencies that cause decay in natural—that is; 
unprocessed—foods: (1) Micro-organisms, which come from contami- 
nation, and (2) enzymes, which already exist in the living tissue. 
The number of micro-organisms can be greatly reduced by keeping 
things clean, but under no circumstances is it possible to get rid of 
the enzymes, because they were a part of the material while it was 
alive. Enzymes are curious special proteins built up by the plant 
for the purpose of accelerating the chemical reactions that must go on 
if the tissue is to live.    After the death of the tissue many such 

1 A. K. Balls is Principal Chemist in Enzymology, Food Research Division, Bureau of Agricultura] 
Chemistry and Engineering. 
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substances continue to function, and they cause the disintegration 
known as autolysis when enzymes only are present, and as decay 
when both enzymes and micro-organisms are present. 

If food could be stored for a very much longer period than is possible 
today, it would be an advantage to everybody. There do not seem 
to be any insuperable difficulties in the way of finding out how this 
can be done. Predictions are always hazardous, but it is perhaps not 
too rash to predict that the differences between large and small crop 
yields will some day be smoothed out more completely than can be 
done now by long-time storage. 

STORAGE OF LIVE FOOD MATERIAL 

Foods are stored either alive or dead. Fruit, for example, is usually 
stored in the living state, whereas meat is invariably stored as dead 
material. It is obvious that dead material may be frozen without 
necessarily injuring it, whereas live material cannot usually be frozen 
without killing it. Therefore different considerations underlie the 
best methods of preserving these two groups. 

FRUIT 

Fruit meant for storage is usually picked green and ripens during the 
storage period. Fruit should not be frozen nor should it be chilled too 
close to the freezing point. The optimum temperature for its storage 
varies with different fruits, but it is usually a few degrees above freezing. 

The changes that fruit undergoes during live storage have been 
worked out very well for apples {624)? It has been found that fruit 
respires—that is, it takes in oxygen and gives off carbon dioxide. The 
production of carbon dioxide is easily measured and serves as an 
indicator of the vital processes taking place. As an apple ripens the 
amount of carbon dioxide given off increases, some of the starch 
changes to sugar, and some of the sugar forms carbon dioxide. At the 
moment of ripeness the apple gives off carbon dioxide at the highest 
rate; this rate then gradually decreases during a long period while the 
fruit grows old. The life processes as indicated by the evolution of 
carbon dioxide slow down in intensity and the amount of sugar 
present is lessened because there is no more starch to replenish it. 
The apple finally dies, at which time there is a short burst of biological 
activity followed by a fall to zero. The dead fruit then decays. 
The presence of molds and bacteria, of course, hastens this process, 
but even without them the enzymes within the cells carry on the 
disintegration. 

Respiration is the most striking chemical process that goes on in 
stored fruit. Since respiration is a process of oxidation, the ripening 
of fruit requires a supply of oxygen. Oxidation is also observed on the 
exposed surfaces when some kinds of fruit are cut open. The well- 
known darkening of apples, pears, and the other fruits is due to this 
reaction. The darkening is caused by the activity of an enzyme either 
of the peroxidase type or of the phenol oxidase type, the difference 
between which is that the latter can use the oxygen of the air but the 
former can use only the hydrogen peroxide that is produced by the 
fruit during respiration.   From present knowledge it seems probable 

2 Italic numbers in parentheses refer to Literature Cited, p. 1076. 
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that the respiration of the whole fruit, bound up as it is with the 
process of ripening, depends on oxidizing enzymes in which the protein 
of the enzyme is combined with a metal such as iron or copper. 

The final result of the chemical reactions which constitute tissue 
oxidation, or respiration, is the same as though the food substances 
used (sugars in this case) were burnt. It is therefore obvious that 
respiration produces heat. The heat of respiration can amount to a 
great deal in a cargo of fruit. It is known that the rate of respiration 
is greatly diminished at low temperatures. Consequently, the lower 
the temperature, the less respiration takes place in the fruit and the 
less heating occurs in storage. A small increase in temperature may 
entail a large increase in respiration, with the result that a refrigerat- 
ing machine capable of maintaining the fruit at a low temperature 
already reached becomes overloaded when it is necessary to cool the 
fruit down to that temperature. Figures showing the amount of 
heat evolved by respiration at different temperatures are given in 
table 1 {980), In other words, the higher the temperature, the greater 
the heat produced by the cargo: and the greater the heat produced 
the higher the temperature goes, because beyond a certain point the 
cooling machinery is unable to take the heat away fast enough. 
Once started, this vicious circle ends in the complete spoilage of the 
fruit. For this reason the best method of shipping fruit is to precool 
it before it is stored in the car or hold, thus avoiding the danger of 
overloading the refrigerating machinery. 

TABLE 1.—Heat evolved in a ton of fruit per day at several temperature levels 

Temperature 
(OF.) Apples Pears Canta- 

loups 
Temperature Apples            Pears Canta- 

loups 

32   
40           

British ther- 
mal units 

660-880 
1,100-1, 760 

British ther- 
mal units 

660-880 

British 
thermal 

units 
213 
506 

60  
8o  

British ther- 
mal units 

4, 400-6, 600 
0. 600-15, Ö00 

British ther- 
mal units 

8,800-13. 200 

British 
thermal 

nuits 
3,988 

There is another way of slowing down respiration and thereby 
lengthening the time required for ripening. It does not take the 
place of cooling but augments its effect. The process is based on the 
principle of storing fruit in the presence of carbon dioxide. Since 
carbon dioxide is a product of respiration, it is reasonable to suppose 
that a high concentration of the gas on the outside of the fruit might 
prevent more of the same gas from forming on the inside. Apples stored 
in air containing about 10 percent of carbon dioxide actually respire 
and ripen very slowly, and the length of time that they may be stored 
without damage is said to be at least twice the ordinary period {625). 

Carbon dioxide is not the only gas given off by ripening apples, 
which in this respect are probably typical of most fruit. At least, 
two other volatile substances are produced, one of which is ethylene. 
The effect of ethylene on green fruit is to speed up the ripening process 
very markedly, so that an accumulation of ethylene in a storage 
space would defeat the purpose of the storage—the retardation of 
ripening. It is thus evident that there is need for ventilation in 
storage. The disadvantage of ventilation, however, is that the fruit- 
now loses water by evaporation and may become dried out and 
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unsightly. To prevent this, the humidity of the air is generally 
controlled and made as high as is possible without furthering the 
growth of molds. A relative humidity of about 75 or 80 percent is 
usually employed. 

GRAIN 

Ripe grain, though alive, is dormant. The germ continues to respire 
slowly, but the remainder of the seed behaves like dead material. On 
long-continued storage the proteins of soybeans and of corn have been 
observed to become partly denatured. This change may cause the 
loss of a certain amount of food value {692). It has been found that 
such changes in grain take place more slowly at low temperatures. 

Flour is no longer living matter, but it is still capable of undergoing 
oxidative changes. There is always a large quantity of air in flour, 
which assures a supply of oxygen. The alterations that occur in white 
flour while in storage appear at first to improve its bread-making 
properties. White flour is therefore "aged" as a rule. The oxidation 
is said, to cause, among other things, the partial inactivation of a pro- 
tein-digesting enzyme that tends to make the dough sticky {59). 
The effect is probably similar to that of certain oxidative bleaching 
agents, to which improvement in baking quality is often ascribed. 

STORAGE OF DEAD FOOD MATERIAL 

MEAT 

Meat is the best example of material stored in a nonliving state. 
No respiration takes place as with living material, but enzymes cause 
other changes. A loss of water is always to be feared in any material 
stored below freezing. Ordinary cloth wrappers usually ^suffice to 
decrease evaporation in stored meat. In a process recently developed 
a whole side of meat or a large fowl is encased in a tight-fitting rubber 
bag. Since meat is kept at temperatures at which biological activity is 
very low, the importance of ventilation is not great. 

Stored meat is subject to all the natural processes of decomposition, 
and these are ordinarily held in check only by low temperature. Car- 
bon dioxide, however, is an aid to preservation of meat as well as of 
fruit. The color unfortunately suffers, but the process is useful when 
meat must be shipped a long way, as from Australia {811). The effect of 
the gas is evidently to inhibit the growth of micro-organisms, but in view 
of the results with other products it probably inhibits enzymes as well. 

When the micro-organisms are left out of the picture, meat, like all 
dead tissue, autolyses—at ordinary temperatures, rather rapidly. 
The most prominent feature of the autolysis of meat is the decomposi- 
tion of the protein. 

Chemically, autolysis and digestion are not dissimilar, though of 
course in stored meat autolysis should not proceed far enough to make 
the similarity apparent. Autolysis is caused by a different set of cata- 
lysts, for the enzymes inherent in meat are not the same as those of the 
digestive tract. The Department of Agriculture has studied the 
changes that occur in stored beef {518). In particular, there is a libera- 
tion of ammonia and the production of other break-down products from 
protein, apparently pep tides and peptones. There is also a separa- 
tion of phosphate from organic compounds originally occurring in the 

141394°—39 24 
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tissue. Not only is the protein broken down during autolysis, but the 
fat also undergoes some decomposition, becoming more acid and some- 
times rancid also. There may be no connection between these two 
results, but both indicate that the fat 1ms been broken down. 

EGGS 

Though eggs are dead material they cannot be frozen in the shell 
because freezing causes the shell to burst. A storage temperature 
slightly above freezing is therefore necessary. Broken-out eggs may 
of course be frozen. 

It is not often realized how rapidly au egg deteriorates just after it is 
laid. The nest is usually warm and not a good place for storage. 
The sooner the egg can be brought to a low temperature the better, 
and a few hours' difference may make possible many weeks more of 
commercial storage. 

Eggs give off carbon dioxide, though they absorb little or no oxygen. 
This is not respiration but a form of decomposition. As with meat, 
however, this decomposition is inhibited by the presence of carbon 
dioxide outside the egg in the storage room. The result is of course an 
accumulation of carbon dioxide iu the egg, where it inhibits the reaction 
by which more would be formed. The same result could be obtained 
by plugging up the pores of the shell and preventing the escape of the 
carbon dioxide formed within the egg, A coating of thick mineral oil 
tends to do this. According to a process tried out by the Department of 
Agriculture {1115) the eggs are dipped in oil, then the air is pumped out 
of them by a vacuum pump, and finally the oil is pushed into the pores 
of the shell by releasing the vacuum. Such eggs have been found 
by the candling test to grade higher after storage than untreated eggs. 
Just how far candling or any other method may be taken as a test of 
the flavor of an egg is at present hard to say. Candling probably does 
give some indication of flavor, but it does not seem to be very direct. 

The loss of moisture by eggs in storage is serious for it causes them 
to lose grade. Since candling grades are based to a large extent on 
the size of the air cell, the prevention of evaporation is important. 
In order to reduce the loss of water very high humidities are often used. 
This is safe only if everything is clean and the ventilation is good; 
otherwise mold growth is favored too much. Oiling the eggs also 
helps to minimize evaporation of the water. 

VEGETABLES 

Vegetables stored in a frozen state may be considered as dead mate- 
rial, since no respiration takes place in them. Because of the enzymic 
changes to which they are subject, however, vegetables are frequently 
pasteurized before freezing—a process known as ^blanching." This 
brief heating destroys some of the enzymes and prevents any rapid 
action in the frozen material. Enough activity remains, however, to 
require low storage temperatures for good results. The chemical 
changes in frozen vegetables are as yet little understood. Curious 
off flavors sometimes arise, such as the haylike flavor that occasionally 
develops in frozen black raspberries. To prevent loss of water in 
fruits and vegetables stored below freezing, waxed-paper wrappings are 
used to decrease evaporation. 



UNITED  STATES   MEAT   INSPECTION 

by Edward C. Joss1 

D I L L I U N O of pounds of meat foods are prepared annually in the 
United States under Federal inspection to protect consumers where they 

cannot protect themselves. The man in charge of this service here tells 

how it works and what it does. 

INSPECTION of meat by the Federal Government was first authorized 
by Congress in 1890. It was at first designed to satisfy a demand 
from European countries that American 
meats be officially inspected before ex- 
portation. Subsequent statutes have 
improved the character and expanded 
the scope of the inspection until it is 
now applied to about two-thirds of the 
meat produced from cattle, sheep, swine, 
and goats in the United States and to 
all consignments of meat foods offered 
for importation. The main purposes 
of the present system of inspection are 
to search out and destroy diseased and 
otherwise unfit meat; to see that meat 
and meat products are kept clean during 
the stages of preparation into articles 
of food ; to guard against the use of harm- 
ful preservatives and other deleterious 
substances; to cause sound and whole- 
some meat to be marked ^Inspected and 
Passed^ (fig. 1); and to prevent the use 
of false or deceptive labels and state- 
ments on meat foods offered for sale. 

Severe penalties are provided for vio- 
lators   of   the   laws   involved.    When 
consideration is given, however, to the 
billions of pounds of meat foods prepared annually under inspection 
and the hundreds of thousands of consignments which yearly enter 

Figure /.—Mark of Federal inspec- 
tion placed on inspected and passed 
fresh beef. Ciphers here occupy 
the space reserved for ihe official 
number of the establishment. A 
harmless purple fluid is used for 
s lamping. Identical marks, bul 
smaller in size, are placed on the 
fresh meat of calves, sheep, lambs, 
swine, and goats. The mark of 
inspection on horse meat is hexag- 
onal in shape and green  in  color. 

Edward C. Joss is Chief, Meat Inspection Division, Bureau of Animal Industry. 
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into interstate and foreign  trade, there is, happily, comparatively 
little willful disregard of the national meat-inspection laws. 

SCOPE OF INSPECTION 

Inasmuch as the authority of the Federal Government to inspect 
domestic meat foods is limited to the supply prepared for the channels 
of interstate and foreign commerce, the inspection service in practical 
application is restricted to the slaughtering and processing establish- 
ments that prepare meat or meat food products for transportation 
outside the State or Territory. In other words, inspection cannot be 
maintained at an establishment that does not prepare a reasonable 
amount of meat for consumption outside the State or Territory 
wherein it is located. About two-thirds of the Nation's supply of 
beef, veal, mutton, lamb, pork, and derived products is examined 
and its preparation and processing watched over by veterinarians and 
lay inspectors of the Department of Agriculture. Primarily their job 
is to protect consumers of inspected meat at places where they can- 
not protect themselves. The other third of the domestic supply, with 
the exception of that part which is adequately inspected under State 
and municipal authority, receives little or no official attention as to its 
fitness for human food. 

The statutes provide for the exemption from inspection of animals 
slaughtered by a farmer on the farm and sold or transported beyond 
the borders of the State or Territory and, in certain cases, of the 
meat of retail butchers and retail dealers. 

The need for adequate inspection of meat foods is emphasized 
by the results obtained in the Federal meat-inspection service, which 
is administered by the Bureau of Animal Industry. During the 10- 
year period comprising the fiscal years 1930 to 1939, inclusive, there 
was an average annual slaughter of 72,244,260 animals at establish- 
ments where Federal inspection was maintained. In the same period 
the average number of carcasses condemned and destroyed annually 
was 230,741, and many hundred thousand parts of carcasses were 
likewise eliminated. Also, several thousand animals were annually 
found to be unfit for food purposes when submitted to veterinary 
examination in the pens of the establishments, and these were de- 
stroyed by official action. 

The national system of inspection is well rounded out through au- 
thority to continue the examination of meat for soundness and whole- 
someness as long as it remains at an establishment where inspection is 
maintained. These supplemental inspections in the year 1939 in- 
cluded 8,440,446,161 pounds of meat and meat products and resulted 
in the elimination of 5,338,945 pounds as unfit for food. 

The cost to the Government of maintaining the Federal meat-in- 
spection service for the fiscal year 1939 was 7.6 cents per animal 
inspected. On the basis of meat and meat food products, the cost 
was about one thirty-ninth of a cent per pound. 

The statutory provision against false and deceptive labeling of 
meat and meat food products is emphatic, and the enforcement of this 
part of the law is given careful attention to prevent fraud and de- 
ception. 
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HOW INSPECTION IS CARRIED OUT 

Before Federal inspection is granted to a slaughtering or processing 
plant, the plant is required to be so constructed, remodeled, equipped, 
and otherwise arranged as to provide the means for the maintenance 
of proper sanitation, and the plant must be otherwise arranged to 
furnish the facilities necessary for carrying on the inspection. Some 
of the requirements are: Ample space for cleanly operations, abundant 
supply of potable water, predominance of impervious floors, smooth 
flat-surfaced walls, means for adequate lighting and ventilating, 
predominance of impervious material in equipment for handling meats, 
hot water under adequate pressure, modern plumbing, proper sewer- 
age, pavement with drainage connections for livestock pens, and out- 
side premises free from objectionable conditions. 

INSPECTION OF MEAT ANIMALS 

Of highest importance in all good systems of meat inspection are the 
removal from the food supply and proper disposal of badly diseased 
animals and meat. These procedures require the services of veteri- 
narians and technical assistants skilled in the work. Under the Federal 
system, examination begins in the pens at the inspected establishment. 
Here unfit animals are condemned and promptly destroyed; those less 
affected are specially marked and placed apart for slaughter; while 
those appearing normal are allowed to proceed to the slaughtering 
departments. 

Each animal passed on ante-mortem inspection—that is, before 
slaughtering—is subjected to the close scrutiny of the inspectors from 
the time it enters the slaughtering department until the dressed car- 
cass is conveyed into the chill rooms. While the carcass is being 
dressed and eviscerated the inspectors search for lesions and signs of 
disease. The procedure of inspection of the carcass and its vital 
organs varies somewhat according to the species, but in each case the 
veterinary examination is carried to the point where the inspector is 
sure that he has found and eliminated any possible bad meat. In 
the event disease or other sign of unfltness is present, the carcass and 
its organs are tagged and held in the custody of the inspector until dis- 
position is made of them. Animals marked ^suspect" and held apart 
on ante-mortem inspection are slaughtered separately and in a manner 
to allow the inspector to make an extended examination, if necessary. 
All condemned carcasses and other condemned material are so 
branded immediately and are held in the custody of the inspector until 
destroyed. 

Carcasses that pass the post-mortem inspection are imprinted with 
round stamps carrying an abbreviation of the phrase "U. S. Inspected 
and Passed^ and the number used officially to designate the establish- 
ment (fig. 1). These stamps constitute the Government's certifica- 
tion that the meat was derived from healthy animals and prepared 
under sanitary conditions, 

INSPECTION OF MEAT PRODUCTS 

A considerable proportion of the several billion pounds of meat pro- 
duced annually under Federal meat inspection reaches the consumer 
as fresh meat.    The remainder is ultimately transformed by curing, 
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salting, smoking, cooking, melting, refining, canning, chopping, mix- 
ing, and stuffing into such foods as hams, bacon, corned beef, lard, 
cooking compounds, sausage, and many kinds of canned meat and 
soup. The preparation of such articles under the surveillance of the 
inspector requires thorough knowledge on his part of the various proc- 
esses to which the meat is subjected. These duties are largely per- 
formed by technically trained lay inspectors who develop expertness 
in detecting un soundness of meat. Spoilage may occur at all stages of 
preparation. Therefore, the product is inspected and reinspected 
repeatedly during the whole time it remains at the inspected establish- 
ment. Not only are the meat and derived product guarded as to 
soundness and cleanness, but care is taken to see that ingredients and 
seasonings, such as vegetables, cereal, salt, spice, and vinegar, are 
clean and fit for the intended use, and that no coloring matter, chemi- 
cal, or other substance not officially approved is added to meat food. 

It is during the processing stages that articles which contain lean 
pork and which, when passed on to the consumer, are customarily eaten 
without cooking, are required to be specially treated to destroy pos- 
sible live trichinae in the meat. These are very small parasites some- 
times present in pork. This safeguard to human liealth is accom- 
plished by one of three official methods: (1) Heating all parts to a 
temperature not lower than 137° F.; (2) freezing all parts to a tem- 
perature not higher than 5° F. for not less than 20 days; or (3) curing 
the meat or article according to one of four special methods. Some 
of the products that are treated under Federal inspection to insure 
the destruction of trichinae, if present, are the commonly known 
bologna, frankfurt, and vienna-style sausages, various kinds of dry 
or summer sausage, cooked ham, and Italian-style smoked ham. 
The ordinary smoked pork such as ham, shoulder, shoulder butt, 
shoulder picnic, and cured loin, and all fresh pork and fresh pork 
sausage should be thoroughly cooked before serving, as there is no 
practical way of inspecting pork to give assurance that it is free from 
trichinae. 

As a supplement to the continuous inspection conducted at the 
time meats are prepared, samples of curing materials, spices, added 
ingredients, and of meat and finished food articles are collected and 
sent to specially equipped regional meat laboratories for tests and 
examination to determine the suitability and acceptability of the 
articles. Careful watch is also maintained to see that water and ice 
supplies do not become polluted. 

EXPORTS AND IMPORTS 

Upon application, certificates of inspection are issued to exporters 
for consignments of inspected and passed meat and meat products to 
any foreign country. These certificates, along with the serially 
numbered inspection stamps which are affixed to each outside con- 
tainer, are this Government's guarantee that the animals from which 
the meat was derived were given veterinary ante-mortem and post- 
mortem inspection and that the meat or product is healthful and 
wholesome. 

Foreign meat intended for sale in this country must be accom- 
panied   with   proper  veterinary   inspection   papers.    An  inspection 
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is made of the shipment at the port of entry, and if necessary represen- 
tative samples are sent to a laboratory for examination. That which 
does not conform to requirements is refused entry or is condemned 
and destroyed. 

MISCELLANEOUS SERVICES OF MEAT INSPECTION 

Cooperation is furnished to the Navy Department, Marine Corps, 
Coast Guard, Veterans7 Administration, Bureau of Indian Affairs, 
and other agencies of the Government in the selection and inspection 
of meat and meat products for condition and conformance to the 
respective purchase specifications. During the year ended June 30, 
1939, there were examined for these agencies 81,715,307 pounds of 
meat and products, with rejection of 2,048,224 pounds for not meet- 
ing contract requirements. 

In 1919 Congress passed the Horse Meat Act, which was largely an 
export measure. It is required that horse meat be prepared and pro- 
cessed at establishments separate from those in which meats derived 
from cattle, sheep, swine, and goats are prepared and processed. 
Horse meat is conspicuously marked as such. It is mostly exported 
to Europe or used as feed for carnivorous animals in this country. 

By reason of the far-flung Federal meat-inspection service and the 
large proportion of food animals that ultimately pass under the ex- 
amination of the several hundred veterinarians and assistants inspect- 
ing these animals before and at the time of slaughter, the Bureau of 
Animal Industry is able to furnish aid to livestock owners and sani- 
tary authorities in locating centers of communicable diseases. A 
single diseased animal in a shipment received at an inspected estab- 
lishment sometimes serves, when traced back to farm or ranch, to 
locate a danger spot for the dissemination of animal disease. Another 
economic benefit of Federal meat inspection is the prevention of the 
spread of animal diseases and parasites through the prompt reduction 
into grease and tankage of condemned material at the inspected 
establishments, the process making it noninfectious. 



SUPERVISION  AND  INSPECTION 

OF  MILK 

by Ernest Kelly1 

M O S T of the control over market milk and cream is in the hands of 

State and municipal authorities. Some communities show very little 
interest in efficient milk inspection, though the cost is low—10 cents a 

year per capita or less. Here is a hrief account of the principal points 
covered in milk supervision and inspection. 

MUCH market milk and cream (milk and cream consumed in the 
fluid state) is shipped interstate, but final processing and delivery to 
the consumer is largely local in character. For this reason most of the 
control over these products is exercised by State and municipal 
authorities. State laws may be administered by the State department 
of agriculture^ the State dairy commissioner,'or the State board of 
health. Municipal ordinances are enforced almost entirely by city 
health departments. 

State laws usually arre more general in character than city ordi- 
nances.    They contain certain standards for fat and other milk solids 
prohibit adulteration and misbranding, and usually carry essential 
items of sanitation.    Municipal ordinances are apt to be more explicit 
and exacting in sanitary requirements. 

In the supervision and inspection of milk and cream three main 
factors are involved: (1) Maintenance of nutritive value, (2) preven- 
tion of fraud, and (3) sanitation. 

MAINTENANCE OF NUTRITIVE VALUE 

Most States and cities have established standards for the nutritional 
value of milk. These have been set rather arbitrarily, and may or 
may not be optimum figures from a dietary standpoint. Also/ the 
relationship required between the several components sometimes 
varies from the ratio normally found in milk. It is believed, however, 
that the consumer is more than adequately protected so far as nutritive 
value is concerned. There has been a decided trend in recent years 
toward making these standards more uniform, but the latest compila- 

' Ernest Kelly is Chief, Division of Market-Milk Investigations, Bureau of Dairy Industry. 
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tion of State laws still shows a considerable variation. For example, 
requirements for percentage of fat range from the highest, 8.5, to a low 
of 3.0; those for percentage of solids not fat, from 8.5 to 8.0; and those 
for percentage of total solids, from 12.5 to 11.0. 

Early laws setting fat and solids-not-fat standards were enacted 
largely to prevent the old practices of skimming and watering milk. 
Years ago these operations were fairly common, and many families 
received a concoction which had been diluted to stretch out the milk of 
a few cows to serve many customers. Fortunately scientific tests 
have been developed which readily detect such tampering, even to the 
slightest degree, and it is now extremely rare to find milk either 
skimmed or watered. 

PREVENTION OF FRAUD 

Formerly it was quite common to find false or misleading statements 
on the milk bottle or cap. The writer once examined a sample of milk 
labeled ^Special Baby Milk," which contained several million bacteria 
per milliliter. Obviously such milk was not "special" in the usual 
sense, nor was it a good food for babies. Some doubtful claims are 
still made for certain milks, but modern supervision has held them to 
a minimum. 

If efficient milk inspection is in force, there is little danger of the 
consumer's receiving adulterated or falsely advertised milk. Not only 
have milk-control authorities interested themselves in this question, 
but it has been taken up by medical and other public health bodies. 

SANITATION AND INSPECTION 

While it is extremely desirable to see that milk consumers are not 
defrauded by misleading statements or robbed of essential food values, 
it is even more important that their health be protected by every 
known sanitary precaution. For this reason, most milk inspection 
centers around sanitary conditions, from the cow to the consumer's 
doorstep. 

The germs of many diseases may be carried by milk. Most of these 
originate from human sources, but it is well known that certain diseases 
of dairy cattle may be transmitted by milk to human beings. Chief 
among these are tuberculosis and undulant fever, the latter being the 
human form of brucellosis, or contagious abortion, in cattle. Cows' 
udders may serve as hosts to certain streptococci, such as those causing 
septic sore throat and scarlet fever in man. Infection from polluted 
water, by flies, or by direct human contact has caused outbreaks of 
typhoid fever. 

Nearly all cities and towns of any importance have milk ordinances, 
which are enforced according to the local interest shown and the funds 
available for such purposes. It is astonishing to note the apathy in 
some communities regarding such a vital problem. It is often difficult 
to secure sufficient appropriations to obtain well-trained personnel and 
adequate facilities. According to the United States Public Health 
Service, the cost of local enforcement where its type of ordinance was 
in effect was about 7 cents per capita per year in cities of over 10,000 
population and 9.5 cents per capita per year for cities under 10,000. 
It seems quite possible to secure efficient milk inspection for 10 cents 
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per capita per year, a small sum for such protection, but even this is 
often not made available. 

Milk inspection falls into two main divisions—sanitary inspection 
and examination of the product itself. The former seeks to eliminate 
possible causes of contamination, while the latter is a final check to 
make sure, so far as possible, that contamination has not occurred. 

Sanitary inspection covers the whole field of production, transpor- 
tation, processing, and final delivery. It starts with the cow herself 
and should include careful examinations and tests to exclude the 
possibility of such bovine diseases as tuberculosis, Bang's disease, and 
udder infections, which might be transmitted to man. The Federal 
Government, in cooperation with the States, has almost eliminated 
bovine tuberculosis and has done much to abate other diseases of 
cattle.   But there should be a careful and frequent local check-up. 

At the dairy farm many items need close scrutiny. Among the 
most important are purity of water supplies, sewage and waste 
disposal, health of milkers and milk handlers, cleanliness of milk 
utensils, prevention of contamination by flies and dirt, and prompt 
and efficient cooling. Cows must be comfortably housed in sanitary 
quarters and milk handling must be done separately and under clean 
conditions. Inspectors make visits to the dairy farms and evaluate 
the equipment and methods used. Some use a numerical score card 
that assigns various weights to different factors. Others use report 
blanks on which to record observations of existing conditions. Farms 
that score below a certain figure or persistently violate requirements 
of the milk ordinance are excluded from the market until corrections 
have been made. 

Bacterial counts on milk are made as frequently as personnel and 
facilities permit. While large numbers of bacteria do not necessarily 
mean that milk is unwholesome, in market milk high counts indicate 
carelessness in production or lack of proper refrigeration and call the 
inspector's attention to the need of a close scrutiny of methods and 
operations at the dairies involved. Pathogenic, or disease-producing, 
bacteria may cause sickness if present in relatively small numbers. 
Careful and frequent medical, veterinary, and sanitary supervision 
is essential for all milk that is to be sold raw, and vigilance should not 
be relaxed even if the milk is to be pasteurized. 

Most of the milk in our cities is now pasteurized. This process 
consists of heating the milk to a temperature high enough to kill all 
disease-producing bacteria that might usually be found in milk without 
injuring its nutritive qualities to any serious extent. It is true that 
vitamin C is partly destroyed by heating, but in any case milk is 
seldom an adequate source of this vitamin. Vitamin C can be sup- 
plied to infants in orange or tomato juice, and the normal adult diet 
usually does not have to be supplemented. 

Milk pasteurizing and processing plants should have very close 
supervision, for it is here that milk receives the final treatment before 
it reaches the consumer. Usually such plants are inspected quite 
frequently. Inspectors must be sure that the pasteurization process 
is properly performed, especially that the required temperature is 
maintained for the allotted time. Care must be exercised to prevent 
recontamination from human sources or unclean equipment. 
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There should also be adequate inspection of milk that is to be manu- 
factured into other dairy products. Much of this milk is subjected to 
high temperatures during the manufacturing process, but the need 
for sanitary supervision is not thereby eliminated. Much less atten- 
tion has been paid to milk for manufacturing than to market milk, 
but the present trend is to tighten regulations in this field. 

Many cities classify milk into various grades, such as Grade A Raw, 
Grade A Pasteurized, etc. Grades with similar names may vary con- 
siderably in different parts of the country. The United States Public 
Health Service has endeavored to unify grading systems by advocating 
a milk ordinance for adoption by cities. Several hundred localities 
have enacted this uniform legislation. When all is said and done, 
however, the purity of milk supplies depends to a very large extent 
upon the intelligence and diligence of the enforcement officials. 

CARE OF MILK IN THE HOME 

It is the consumer's responsibility to preserve the high quality of 
milk after it is delivered. As soon as possible after the milk is set on 
the doorstep, it should be taken in and put in a cold part of the ice box. 
If some time must elapse between delivery and care by the consumer, 
an insulated box should be provided to protect the milk from heat in 
summer and freezing in winter. 

Milk should be put only in clean pitchers or receptacles. Milk that 
has stood at room temperature during a meal should not be poured 
back into cold, fresh milk but kept in its own container. "Keep clean 
and cold" is a rule that will preserve good quality and flavor in milk. 



FOOD  GRADES  AND  THE 

CONSUMER 

by Marius Farioletth 

THE question of consumer grades for foodstuffs is one that has aroused 

widespread interest as well as many heated disputes. There are strong 

arguments for such grades from the economic standpoint, and there are 
also very real difficulties in the way of applying a widespread grading 

system. This article does not attempt to solve the problem, but rather 

to show the reader the kind of problem it is and what it involves. 

THE PURPOSE of standardization is the reduction of uncertainty and 
waste in buying and selling. Quality grades for such merchandise as 
foods are a form of standardization. Devising a set of grades for a 
given foodstuff is an orderly and generally accepted method of account- 
ing for significant differences in the characteristics that make up 
quality. Like the dollar and the ounce, a set of grades is a unit of 
account in exchange transactions, but it is applicable only to the 
commoditv defined. 

COMMERCIAL GRADES 

The grade standards at present in use are mainly commercial grades; 
that is, they have been developed and promoted by traders and pro- 
ducers to standardize their daily (wholesale) business transactions. 
The consumer seldom knows what these commercial grades are. In a 
highly specialized economy producers and traders gain indispensable 
advantages from objective grades that are uniform throughout the 
market for the commodity. ^ Generally accepted quality standards 
provide the food trades and industries with a common language by 
means of which the financially interested parties to a transaction will 
know what is being purchased, sold, and delivered without having to 
see it and test it themselves. Consequently, contracts can be made in 
clear-cut terms that minimize disputes and establish orderly bases for 
settling those that arise. Purchases and sales by telephone and tele- 
graph are facilitated. Market prices are more precise in their meaning 
when they specifically refer to grades of a commodity. The buyer can 
compare the price differences between qualities and make his business 
decisions more intelligently.    Lower grades are not shipped to distant 

- Marias Farioletti is Agricultural Economist, Consumers' Counsel Division, Agricultural Adjustment 
Administration. 
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markets at a cost for transportation that cannot be borne in competi- 
tion with the top grades. Different prices for the same grade of com- 
modity in different markets are more readily compared and uneconomic 
price differences eliminated by arbitrage. Markets for trading in 
futures are established and hedging is made possible. Farmers re- 
ceive a premium for high-quality products and are thus encouraged to 
minimize low-quality output. Credit financing, by banks and others, 
is facilitated by means of warehouse receipts and the certain knowl- 
edge of the commodity characteristics involved. 

The method was developed through the process of trial and error. 
A food trade or industry may build up a fund of technical knowledge 
with respect to the quality characteristics that have been found to be 
marketable at different prices. When this fund of information is 
crystallized sufficiently to permit general agreement among traders as 
to the possible classification of the characteristics, the trade or industry 
ordinarily will agree on a definition of those quality factors that are 
subject to measurement within a working range of error. These de- 
fined standards of quality are not made up of exact, unchanging, or 
even easily measurable factors. For example, changes in methods of 
production or distribution, or the introduction of new varieties of the 
product, or even, changes in the techniques of measuring the quality 
factors themselves, may require changes in the standards. Conse- 
quently, in different food trades or industries there are found different 
degrees of development and acceptability of quality standards. In 
the relatively new frozen-foods industry, trading is carried on largely 
by brands or private grades. Trading in wheat, however, is conducted 
on the basis of mandatory United States grades. 

Individuals in trade and industry set up standards of quality and 
labeled them with brand names designating quality. Such brands 
constitute a kind of grade-labeling system. Apart from brands there 
are commodity exchanges that have promulgated or accepted more 
objective quality standards, which are mandatory for all trades on the 
exchange. States prescribe or authorize grade standards for certain 
foodstuffs. The Federa] Government promulgates official and tenta- 
tive grade standards for practically all foodstuffs. The tentative 
grades are permissive—that is, the producer or dealer may use them 
or not, as he wishes. Official United States grades are either manda- 
tory or permissive. For example, wheat shipped by grade into inter- 
state commerce must be graded according to the United States official 
wheat grades. Inspectors licensed by the Federal Government per- 
form the necessary tests. All future contracts in butter must be in 
terms of official United States grades. For other foodstuffs, such as 
canned and fresh fruits and vegetables, and meats, the United States 
grades are permissive. Mandatory grading under United States 
grade standards introduces a degree of uniformity and reliability in 
interregional trading that would otherwise be most difficult, if not 
impossible, to achieve. Furthermore, national uniformity in grade 
standards lessens the likelihood of local, State, or regional barriers to 
internal trade due, for example, to nonuniformitv of the standards for 
the same foodstuff in different States {112S).2Z " 

2 Italic numbors in parentheses refer to Literature Cited, p. 1075. 
3 See especially the section on Grades, Standards, and Labeling in reference {im). 
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Since trade demand is derived from consumer demand, consumer 
preferences play a most important part in the determination of effec- 
tive commercial grades. And to the extent that commercial grades 
accurately reflect consumer preferences it may be said that grading 
for the consumer is really a problem of synchronizing consumer grades 
with the commercial grades. The crux of the consumer-grading or 
grade-labeling problem is the choice of a method for carrying forward 
to consumers the knowledge of how a foodstuff was graded in the 
trade or industry. 

THE CASE FOR CONSUMER GRADES 

Consumers express preferences for commodity qualities such as 
taste or palatability, freedom from foreign matter, maturity, size and 
shape, color, uniformity of size and variety, and a minimum of defects 
such as those due to disease or mechanical injury. Since only a 
limited part of a total food supply will conform to the better-quality 
characteristics, the top grade will command a relatively higher price 
than lower grades. Many consumers are willing to pay premium 
prices for higher quality. The grading of foods in conformity with 
consumer preferences would increase the probability that consumers 
would receive, in their everyday transactions, the higher qualities for 
the higher prices paid. 

Grade labeling for consumers is a method for increasing consumer 
purchasing efficiency. It is a practical and honest way of telling 
consumers the quality of foodstuffs in order that they may intelli- 
gently compare the different qualities with the different prices. If 
buying and selling by uniform and objective grades is generally 
accepted as necessary to reduce uncertainty and waste at the first and 
middle links of the chain of exchange transactions, it is no less neces- 
sary at the final link. In general, consumers have a limited amount 
of money with which to satisfy their food wants. Consequently, 
they are under pressure to minimize waste and get the most for each 
dollar spent for food. In the sense that it would prevent waste of 
consumer purchasing power, efficient consumer purchasing would 
increase the real income of the Nation. 

Consumer grade labeling would not mean that all consumers would 
purchase only the best grades. Only a relatively small percentage of 
a food supply will ordinarily make the top grade. There is a market 
for all of the several qualities of wholesome foodstuffs. But making 
quality grades known to the public would eliminate one important 
element of confusion and enable consumers to make their choices and 
selections more efficiently. Furthermore, if all purchases and sales 
are made on the basis of grades beginning with consumers and going 
back to the producers, the probability that producers will receive 
higher prices for higher quality is also increased and, in turn, produc- 
tion methods that increase the likelihood that the foodstuffs produced 
will conform to the qualities consumers prefer are encouraged. 

While grade labeling for consumers is, in most instances, an effective 
and highly certain means for evaluating price differences, it is not fool- 
proof and requires consumer education if it is to be used to the best 
advantage. Moreover, the form of consumer grade labeling should 
be such that it will not in itself introduce confusion.    The purpose of 
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consumer «irado liiholinji is to provide a practical and uniform method 
wherein consumers can evaluate quality différences without regard to 
private brand or price. This would increase the chance that quality 
and price would go together. Consequently, consumer grade labeling 
should be independent of private grades or brands, and should trans- 
cend them. 

Consumers who desire high quality should not need to resort to the 
uncertain and wasteful method of paying high prices in the hope of 
getting it. They have the right to know what quality they are buy- 
ing. Consumers are in fact demanding truthful, concise statements 
of grades, as simple as A, B, C, or 1, 2, 3. Simple A, B, C grade label- 
ing may be complemented by such additional descriptive information 
as may be appropriate to the product—in canned foodstuffs, for ex- 
ample, count of pieces in the case of peaches, sieve size in the case of 
peas (fig. 1), strength of sirup in the case of fruit. Simplicity in grade 
labeling includes uniformity of grade names. If U. S. No. 1 designates 
the highest quality for some fruits and vegetables, whereas for other 
fruits and vegetables there are grades above U. S. No.  1, such as 

A   TRUTHFUL, 
CONCISE  STATEMENT 

OF  GRADE.' EARLY JUNE 

PEAS 
SUCH   ADDITIONAL 

DESCRIPTIVE 
INFORMATION   AS MAY 

BE   APPROPRIATE 
FOR  THE   PRODUCT, 

SUCH AS  SIEVE   SIZE 
IN   THE  CASE  OF 

PEAS." 

¡■'igure I.—Method of lubcliiig 1<> designate grade as recommended by the IJnreau of 
Agriciiliural Economics. 

U. S. Fancy and U. S. Extra Fancy, consumer confusion is to be ex- 
pected and the effectiveness of grade labeling will be lessened. 

The extent to which grade labeling for consumers can be synchro- 
nized with existing commercial grade standards varies with individual 
foodstuffs according to the method of handling or processing; the cus- 
tomary point of grading; the degree of perishability and the interval 
between the time of grading and the consumer's purchase; and finally 
the technical ability to translate consumer preferences into defined 
quality differences capable of objective measurement with reasonable 
accuracy and at insignificant cost per unit of product. 

Research in consumer preferences may discover that for some food- 
stuffs, at least, the grade standards used in a trade or industry are not 
so closely related to these preferences as they might be for optimum 
consumer satisfaction.    If such discoveries are made, a reappraisal of 
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the grade standards will be in order. Until then, however, it may be 
assumed that there is a real and significant relationship between a set 
of grade standards used in the trade and consumer preferences. Con- 
sequently, if it is technically possible to measure quality differences 
with a degree of objectivity acceptable to the trade, in all probability 
this objectivity can be transmitted to consumer grade labels. 

BRAND NAMES 

It is generally agreed that canned foodstuffs need to be grade 
labeled for consumers. The containers are opaque, and consumers 
have no opportunity to determine quality until after the purchases 
have been made. In this case, the problems of grade labeling for con- 
sumers are not technical but economic. The canned foods are graded 
for commercial purposes, and the grades could be made known to con- 
sumers easily. The canned foods purchased by consumers are for all 
practical purposes of the same grade as when they were graded at the 
cannery. 

However, the practice of selling to consumers by brand or private 
grades is the rule. The owners of these brand names have a vested 
interest in the names that is competitively valuable to them. In most 
food trades or industries individuals have little control over market 
conditions. Advertising and other sales efforts are a form of control to 
which an individual can turn and expect results. Consequently, 
traders and processors brand their commodities and through adver- 
tising and other sales efforts try to associate in the minds of consumers 
the desirable quality characteristics of a commodity with a particular 
brand. In this way the individual can expect partly to protect himself 
from unknown changes in market conditions over which he has no con- 
trol and which may be detrimental to his business interests. His costs 
of processing and distributing the brand of commodity may be appre- 
ciably increased, yet his competitive position in the industry may be 
bettered if the sales efforts have developed a relatively steady demand 
for his brand. 

It is easy to understand the unwillingness of the trade to accept a 
uniform and simple A, B, C grade-labeling system in preference to 
private brand labels. The owners of brand names believe that they 
will lose whatever advantage they derive from the names even though 
consumers definitely gain. Branding is not a simple and uniform 
grade-labeling system. The large number of brands and the multi- 
plicity of descriptive labels, when there is a description, confuse con- 
sumers. They cannot evaluate the different prices of two different 
brands of a foodstuff without an accurate knowledge of the compara- 
tive qualities of the foods. Consumers should have no objection to 
brand labeling if it is accompanied by a statement as to quality and 
such additional descriptive information as may be appropriate to the 
foodstuff. Some progressive canners and merchandisers are already 
labeling canned foods with simple statements of quality such as 
A,B,andC. 

MEAT, BUTTER, EGGS, FRUITS, AND VEGETABLES 

For some foods, such as meats, butter, and eggs, grade labeling for 
the consumer involves a reclassification of commercial grades.    The 
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quality gradations in the trade are finer than is necessary or significant 
for consumers. Small price differences that are not significant to 
consumers are often of importance to traders, such as waste and cut- 
out value in carcasses. As a result there are many more commercial 
grades than are necessary for consumer differentiation. These fine]' 
gradations which may be called trade preferences, are in addition to 
consumer preferences, but nevertheless closely related to them. 
Obviously, cut-out value is important to traders simply because con- 
sumers purchase meat by specific cuts, the yields of which vary by 
certain carcass characteristics. 

For meats, consumer grade labeling is almost entirely permissive. 
The one exception is the ordinance of Seattle, Wash., which requires 
that only graded meats be sold at retail. These retail grades designate 
the same qualities as commercial grades, but the gradations are not so 
fine. Some retail outlets in various cities voluntarily sell fresh meats 
by United States official grades (fig. 2). For such meats as hams and 
bacon, packer brands or grades are the rule. Poultry is sometimes 
voluntarily grade labeled for consumers. 

For butter the quality score standards are the same for consumers 
as for the trade, though they are not always understood by consumers. 
Butter is ordinarily sold to consumers by brand. However, in Cali- 
fornia all butter sold must be grade labeled, irrespective of brand, as 
first, second, and third quality, each quality representing a range of score. 

There are official United States retail grades for eggs which are 
differentiated from the trade grades primarily by lower tolerance for 
off-grade characteristics. These retail grades are permissive. How- 
ever, New York requires all eggs sold at retail to be grade labeled. 
The grades conform closely to the Federal standards. Oregon also 
requires the grade labeling of eggs. 

Grade labeling of fresh fruits and vegetables for consumers presents 
certain problems. Such foodstuffs are perishable, and because of the 
time and distance involved before reaching the retail markets, they 
would often have to be regraded if the grade labels were to represent 
accurately the quality received. In fact, even though shippers, 
dealers, and wholesalers ordinarily purchase fresh fruits and vegetables 
by grade, retailers Und consumers ordinarily purchase by personal 
inspection. Furthermore, fresh fruits and vegetables are not generally 
sold to the consumer in the package originally graded, but from the 
bins or counters of the retailers. This adds to the difficulty of main- 
taining the grade-label identity through to the consumers. Consumer 
packaging and regrading might add significantly to the cost of market- 
ing, and it is a question whether the advantages of grade labeling are 
worth the increased costs in such cases. However, even though 
consumers can purchase by inspection, they cannot always identify 
quality characteristics with a high degree of certainty. All is not gold 
that glitters, and consumers do overemphasize appearance, though it 
is only one determinant of quality and may not be closely related to 
other quality factors. Purchasing fruits and vegetables by telephone 
would be facilitated if consumers could purchase by grade, and the 
housewife with limited shopping time would benefit. For some 
fruits and vegetables, such as potatoes, the grade-labeled consumer 
package is proving to be economically feasible for the top grade. 

141394^-39 25 
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Figfire 2.—Some retail stores voluntarily sell fresli meats graded b) 
the I nited Stales Government. 
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CONSUMER LABELS OTHER THAN GRADING 
Inspection services such as those performed by the United States 

meat inspectors are not equivalent to grading. They are for the 
purpose of maintaining the health of the community by assuring con- 
sumers clean and wholesome foodstuffs. Grades, on the other hand, 
imply consumer evaluations of qualities that apparently give different 
degrees of satisfaction. The determination of whether or not a food- 
stuff is clean and wholesome is independent of what its quality may be. 
Consequently, the fact that a foodstuff has been inspected and passed 
in itself carries no information to the consumer as to its probable 
grade. 

Under the Federal Food, Drug, and Cosmetic Act of 1938, standards 
of identity for foods (excepting dried fruits and fresh or dried vege- 
tables) are promulgated by the Secretary of Agriculture. That is, 
after public hearings for industry and consumers, determinations arc 
made of such problems as how much fruit and how much sugar jam 
should contain to merit the name ^jam.'' Minimum standards of 
quality are also determined. These minimum standards are a kind of 
mandatory consumer grade-labeling system. However, it is a very 
incomplete grade-labeling system because the grade-labeling mandate 
applies to substandard quality only. That is, the Food and Drug- 
Ad ministration really sets up two grades, a minimum standard of 
quality that can normally be met by industry, and a substandard 
quality that is below the minimum standard. If a foodstuff meets the 
minimum standard required, or surpasses it, no label need be attached 
declaring the fact. If it falls below the minimum it must be labeled 
'Substandard.''■ The foodstuff determined to be substandard is 
nevertheless a wholesome food, generally as nutritious as the standard 
foods of higher quality. 



WHAT  THE  MODERN  HOMEMAKER 

NEEDS  TO  KNOW 

by Miriam Birdseye 

I H t author of this article contrasts a country Christ mas dinner in 
1680 with a city Christmas dinner today to show what has happened to 

food production and processing in our modern industrialized money 

economy. She points out that homemakers must develop a new kind 

of skill in food management, but that the farm home has much to gain 

by adapting some of the o Wer ways to modern needs. 

CHANGES IN 250 YEARS 

IN THE American colonies 250 years ago almost every step in the 
preparation and processing of food, from the raw material to the table, 
was performed in the home, much of it by the housewife or under her 
direction. This meant that she had first-hand knowledge of the in- 
gredients and the quality of practically every product the family ate. 
Today, on the other hand, almost every food product that is suscep- 
tible of primary or secondary processing 2 is available for sale in com- 
mercially prepared form for those who have the money and the desire 
to buy it. 

Farm families constitute the only appreciable group in our popula- 
tion which still finds it possible and* to a large extent advantageous 
to perform for itself the bulk of the food-processing operations that 
industry performs for a large part of the wage-earning city pop- 
ulation, and that the middleman, the wholesaler, and the retailer 
distribute. 

To visualize the changes brought about by industrialization of food 
processing, let us contrast the preparation of a holiday meal in a 
colonial homestead and in a typical modern apartment without a maid, 
where, by virtue of the fact that the homemaker holds a job, the family 

1 Miriam Birdseye is Extension Nutritiom.si, Extension Service. 3 The term "primary processing" as used in this article refers to the conversion of raw products into usable 
and durable form, as in making flours and breakfast cereals from grain, sirup and cornstarch from corn, and 
molasses from sugarcane or sorgo, or in canning vegetables and curing meat. Secondary processings involve 
the combination of several raw and primary-processed products into a product wholly or partly ready for 
immediate use. Typical examples of secondary-processed foods are baked goods, ready-made mixes, soups, 
salad dressings, and toppings. It is a question whether cold storage in wholesale quantities without pre- 
liminary treatment, as in the case of eggs, meat, fowl, and fruit, or the holding of other products like sweet- 
potatoes at higher temperatures should be classed as primary or preliminary processing. Much of the in- 
dustrialization of food handling, of course, begins at this point. 
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of two has a reasonably good income but comparatively little time out- 
side of office hours for homemaking activities. 

Present-day Americans are amazed by well-authenticated accounts 
of foreigners who visited the Colonies in the early 1700's and actually 
saw wild turkeys weighing 30, 40, and even 60 pounds and selling for 
25 cents apiece, oysters 12 inches long, o-foot Chesapeake Bay lobsters, 
flights of pigeons that broke down whole branches under their weight, 
a wealth of waterfowl and fishes, deer and bear that might be had for 
the taking, and stupendous combs of wild honey stored in bee trees. 
Small wonder that after the first few years of privation pioneers from 
the Old World, with reasonable industry, could feast on occasion. 

CHRISTMAS DINNER, SEVENTEENTH CENTURY STYLE 

Let us attend a not-too-elaborate Christmas dinner on a Maryland 
tidewater plantation about 1680. The menu includes oysters on the 
half shell, turtle soup, ham, venison, turkey and ducks, potatoes, 
sweetpotatoes, and other vegetables, jellies, conserves, and pickles, 
pumpion (pumpkin), mincemeat, and apple pies, custards, syllabubs, 
and other desserts, coffee, and sweetmeats. Good cheer is provided 
by cider and udiwers wines and spirits.?i 

Such a feast was literally the climax of a year's planning, planting, 
and preserving, with several days given up to intensive preparations 
at the last. 

The oysters, of course, could be had for the gathering. The terrapin 
was caught locally and simmered in the pot hanging from the lugpole 
of green wood that spanned the huge fireplace, or from its successor, 
the iron crane. The hams, cut from choice home-raised porkers, were 
sugar-cured, hickory-smoked, and aged for months before they were 
ready to boil in home-pressed cider. The meats and game were 
roasted on spits in tin reflector ^ovens" before the fire, with constant 
turning and basting, and the fire itself must be constantly replenished 
and burned to glowing coals. The herbs used for seasoning, cut last 
summer at their prime, were hung from the rafters to dry, and care- 
fully stored. The vegetables were planted, gathered, and stored, and 
wild and cultivated fruits garnered in their season and made into 
sparkling jellies, plain or brandied preserves, or candied sweetmeats. 
Relays of hot, flaky biscuits will supplement wheaten loaves baked 
iu the chimney oven, first heated with its special fire of twigs and 
small wood, and then brushed clean. The veritable fleet of ^pyes" 
sweetened with honey or molasses has been made well ahead and 
set away in the north pantry. But before either the bread or pastry 
could be made, the grain had to be taken to the mill and ground 
into flour, the lard tried out with sprigs of rosemary and stored in 
wooden tubs, the cooking butter churned and packed down with salt 
or brine in big stone crocks. Of course, fresh churnings have been 
made for table use on the festive day. 

Wines of dandelion, blackberry, elderberry, plums, and grapes were 
made in season and stored in cool cobwebbed cellars months or even 
years ago, but the cider has been prepared just far enough ahead to 
give it a bead and a tang. The choicer wines, brandies, and rum 
were imported, of course, from the Old World or from the West Indies. 
From the West Indies, too, come gleaming 10-pound cones of pure 
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white sugar, kept under lock and key in a metal-lined casket. It has 
been the sweet duty of one of the young ladies to cut with a pair of 
dainty sugar clippers from such a cone a store of beautifully propor- 
tioned sugar cubes, sufficient to serve with that delicious new-fangled 
drink, the after-dinner coffee—imported green, and freshly roasted and 
ground at home. 

Now at last the table, with its gleaming damask and abest chany,; 

imported from France or England, is ready. The mistress and her 
daughters, having planned or supervised the preparations from first 
to last, withdraw to rest and make their festive toilettes, against the 
coming of kinfolk and guests. For though a holiday dinner requires 
all this work, it is an event in the lives of servants as well as masters, 
and the more guests the merrier. 

When the meal is over comes the aftermath of clearing up. The 
soft soap made last spring from the winter's discarded fat combined 
with lye leached from hardwood ashes in a wooden trough may be 
hard on the hands, and the dishwater has to be carried from the creek 
or the well and slowly heated in huge kettles, but what of that? Who 
stops to think that the firewood was cut last winter in the wood lot, 
dragged home on a sledge, and chopped to the proper size; or that if 
the fire goes out, it must be rekindled with flint, steel, and tinder, or 
with embers borrowed from some other hearth? If the wind scatters 
ashes over the floor, they can be swept up with the birch broom or the 
turkey-wing fan. Many hands make light work, and in a new country 
there are few occasions to compete in interest with a big family 
gathering. 

CHRISTMAS DINNER, MODERN 

Now to look in on the assembling of an apartment-house feast, modern 
style. In the 6- by 8-foot kitchen there is not much room to store 
things away or to lay out dishes, and it costs a lot for the homemaker 
to stay away from the office. What with the desire to keep slender 
and the need for hurry-up meals at both ends of the business day, her 
hand just is not ''in" for preparing rich, time-consuming dishes. ^ This 
household has no children, no maiden aunts, no servants to call on 
except the woman hired by the hour to serve and clean up. Plans 
must be laid well ahead, of course, but the actual work consists mostly 
of buying and assembling. 

The cocktail, ready mixed or as "makings/' comes from the drug 
store in the basement of the huge apartment building, and from gro- 
cery or delicatessen come ingredients for the hors d'oeuvres to go with 
it. The oysters and clear soup are easy—the radio has been pleading 
for weeks that you "buy that soup today!" Wafers? From a box, 
of course. 

Just smell that turkey roasting! The housewife-business woman 
bought it quick-frozen in a bag, thawed it in her mechanical refriger- 
ator, and stuffed it with day-old baker's bread, Minnesota butter, 
Utah celery, local parsley, and poultry seasoning from a freshly pur- 
chased tin. Cranberry sauce comes in a can, or even in dried flakes. 
Quick-frozen lima beans and spinach need only to be dumped from 
their cartons into boiling salted water and wilf be ready in less than 
10 minutes.    There is no substitute for the personal ^touch to the 
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sweetpotatoes, however. Boiled and sliced, they are baked with a 
glaze of butter, brown sugar, and a spoonful of bottled honey. The 
salad is put together by hand, crisp from the refrigerator, and colorful; 
and French or mayonnaise dressing from the store can be given an 
individual touch from the jar of dried salad herbs or a silvered wedge 
of Roquefort cheese. If the hostess mixes her own dressing, the olive 
oil may come from California, the vinegar from the Shenandoah Valley, 
the lemons and the pot of chives from Florida. Cloves of garlic, 
grown in the Connecticut Valley, were slipped into their cellophane 
envelope in Philadelphia. Along with Jersey endive, Texas lettuce, 
and greenhouse cucumbers and tomatoes, all are waiting in the base- 
ment grocery store. 

The pies are made from canned pumpkin, canned mincemeat with 
trimmings, and pie-crust mix, and served with assorted cheese seg- 
ments in tinfoil. The hostess preferred them finally, after consider- 
ing a plum pudding, heated in the can and served piping hot with a 
ready-prepared sauce, and ice cream, which the daily delivers packed 
with adry ice.^ 

Raisins and salted nuts come in cellophane wrappings or glass con- 
tainers. And last, of course, the coffee, ground a few days ago for 
her favorite kind of pot and vacuum-packed or sealed and dated, to 
be served with tiny sugar lumps and multicolored mints from a box. 

Even with so much labor paid for in the form of processed goods, 
there's plenty of work to assembling and clearing away a holiday 
meal for six. But when the dishes are scraped and stacked, washing 
is easy with scalding water from the swinging faucet and plenty of 
soap flakes. Rinsed and placed in the dish drainer, the china dries 
itself. The waxed linoleum is brushed up, a spot or two wiped off, 
and the kitchen floor is in shining order. 

NEW SKILLS NEEDED BY HOMEMAKERS 

These changes have come about through many causes, chiefly 
industrialization and the shift to a money economy. This means that 
instead of producing and processing at home much of what they need, 
the town and city populations produce no raw material, but instead 
market their time, labor, and skills for wages or salaries, which they 
in turn use to buy goods provided and services rendered by others. 
The processing of food has been transferred from the household to 
larger and larger industries, and these industries aim for survival 
through greater volume of production and wider distribution. 

Home consumers have benefited by the industrialization of food 
processes, but they have lost by it too. The family as a unit loses 
through the reduction of the contribution that the housewife and the 
children previously made to the home by their labor, which added to 
the real income of the family. Shifting of work to the processing 
plants has minimized the home as a center of training for technical 
skills and postponed the time when a child feels himself a useful 
member of the household. The early training in the skills that kept 
the family going and the consequent association of children and parents 
were very real influences in developing character and personality. 

Processing for profit is subject to the temptations that beset any 
business.    The unscrupulous resort to adulterations and misrepre- 
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sentations that may enhance profits at least temporarily. The chief 
of the bureau of food and drugs of a State department of health re- 
cently listed among the duties of his staff the inspection of milk for 
cleanliness, freedom from adultération, and proper pasteurization; 
ice cream for butterfat content and sanitation; butter for fat content; 
oil for freedom from adulteration; chopped meat for freshness, adul- 
teration, and preservatives; canning factories for sanitary condition 
of foods, machinery, and workers; fruit for poisonous spray residues 
beyond the legal tolerance ; shellfish, and the water in which they 
grow, for pollutions injurious to public health. 

Processing as now practiced also adds a whole series of material and 
labor costs to the original price of the raw material. Some of this 
increase is necessary and some is not. Thus the percentage of the 
family budget required for food may increase to a point where it is 
out of proportion to the other items. 

Placing food production and processing within the money economy 
requires that consumers develop an understanding of a different 
economy field and a new series of skills to take the place of the old. 
Tf enough money and understanding are available, consumers have a 
better opportunity to obtain a superior year-round diet. But the very 
poor, especially if they lack understanding, find the cost of a good 
diet prohibitive. 

What do modern homemakers need to understand if they are to 
profit the most and suffer the least from the present industrialized 
stage of food distribution and food processing? Since homemakers do 
most of the consumer food buying, let us set down the minimum 
essentials of the guidance they need. 

As a background, they need to know the proportion of the family 
income that may safely or wisely be allotted to food, and the quality 
of diet the allotted sum will provide if intelligently expended. This 
necessitates at the very least a working knowledge of the food groups 
that must be included in the daily diet, the representatives of each 
group that are cheap or dear in terms of food value and price, the 
relative contributions of refined and nonrefined foods in the same 
group, and the value in the diet of the ^protective^ foods. They 
must understand the rudiments of body requirements for growth, 
maintenance, and muscular work, and the main contributions the 
various food groups make to those needs. The foregoing information 
helps them to keep food expenditures within bounds and shows how 
important it is to secure health essentials first. 

Homemakers also need to form the habit of planning meals several 
days ahead and of checking them by a daily food guide to insure that 
they follow the meal pattern or the diet plan selected. 

A food list for a week or other convenient period, which tells how 
much of each particular food group must be used to build up the 
selected diet, is the next aid needed ; and since there is a wide selec- 
tion in most of these groups, homemakers must also make a market 
list based on the food list and on considerations of food values and cur- 
rent prices. For the city consumer, Thursday or Friday evening is a 
good time to make plans for the week, for the newspapers then carry 
information on week-end specials and prices. 

This minimum background could advantageously be greatly ex- 
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panded, but it prepares the housewife for the actual selection of raw 
and processed foods from the various sources of supply. 

In these days food guides and food lists are easily obtained in Gov- 
ernment publications and popular texts and through free classes or 
groups conducted by home economics teachers or home economics ex- 
tension workers. 

It will help the housewife greatly if she knows and takes advantage 
of customary seasonal price fluctuations for the various commodities. 
The effects of good and poor growing seasons and of carry-overs from 
last season's supply are also reflected in prices, as well as the long- 
swings in the supply of animal foods known as cycles. 

The homemaker should make it a habit to study at the store the 
label of any product she proposes to buy. The law requires that this 
label state the weight of contents. Comparing weights and prices of 
the same article in containers of different sizes guides her in selecting 
the best value for her own conditions. She will need to know also 
what brands and commercial grades give the most satisfaction for the 
money expended and the use she wishes to make of them. She is 
fortunate if in her neighborhood she can find canned goods not only 
commercially graded for quality but also labeled with Government 
quality grades. Such quality-grade labeling tells her at a glance the 
characteristics of the contents and their suitability for her immediate 
purpose and for her budget. 

What has already been said of the need for supervision of the sani- 
tation and the quality of food products moving in local, State, and 
interstate channels indicates that consumers need to understand, stand 
back of, and when necessary promote appropriate laws and regula- 
tions for their own protection. 

All this will develop the homemaker's discrimination in studying 
claims made by food distributors, whether through magazine adver- 
tisements, the radio, or the press. Thus she will be less likely to be 
swept off her feet and away from her buying plan by glittering promises 
and beguiling offers. In fact, she will develop that ^stop, look, and 
question" attitude which is the first requirement of the shrewd buyer 

HOME PRODUCTION AND PROCESSING 
ON THE FARM 

The farmer, drawing the major part of his gross cash income from 
the raw materials produced on the land he cultivates, is like the mer- 
chant in that the expenses of his business must be subtracted from 
gross income to determine net income available for family living. In 
this respect the farmer differs from the wage earner, whose gross and 
net income are almost identical. 

The merchant's family has an advantage in being able to obtain at 
wholesale prices such items as the business and business acquaintances 
handle. The farm family is benefited through its so-called farm 
privileges—the cash-sparing housing and fuel that come with the 
farm, plus such amounts of the cash crops as the family makes use of. 
In addition, it is at an advantage when available land and labor can 
be employed in raising and processing additional foods needed for the 
family table without correspondingly reducing cash profits. 

Considerations of climate,  soil, labor,  skill,  inclination,  and the 
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profits that may conservatively be anticipated year iii and year out 
from land and labor invested in cash crops, or from labor performed 
by family members off the farm, help a farm family decide for each 
essential food whether it is better economy to raise and home-process 
it or to buy it from retail stores or from neighbors. These are de- 
cisions which the family should reconsider yearly, keeping* in mind that 
farm people often go without the protective foods that they do not 
raise. Strangely enough, some families consider it economy to sell, 
at farm prices, protective foods that they produce, like milk and eggs, 
which they really need for proper nutrition, in order to buy at retail 
other foods that contribute far less to the diet. 

Were it not for the advantages derived through farm privilege and 
the opportunity to draw upon unpaid family labor as needed to process 
the raw foods the farm provides, the cash incomes of farmers as a 
group would be inadequate to maintain a desirable standard of living. 
The Bureau of Home Economics includes, in gross and net farm- 
income figures, not only the cash income but the money value of the 
housing and fuel the farm provides and of the food the family raises 
and actually consumes. 

The availability of raw materials and family labor, of storage space, 
work space, and equipment of a sort, combine with small cash incomes 
and the inconvenience of buying at a distant food center to make the 
farm household a link between the self-contained production and con- 
sumption cycle of the early colonial homestead, which fed and clothed 
the family with almost no exchange of cash, and the city family where 
all or most members of working age market their services for cash and 
pay out cash in turn for the necessities of living. 

When the farm family raises its own raw foods, processes and stores 
them at home, and finally prepares them for the family table, it short- 
circuits price increments arising from such operations as farm market- 
ing, manufacturing, and wholesale and retail distribution, with the 
contributory costs of transportation, storage, advertising, and financing. 

A sizable portion of our population earns its livelihood or invests its 
savings in the transportation of foods by rail, steamship, or motor- 
truck, in storage under diverse conditions, in advertising through 
various channels, and in financing the whole series of movements 
between farm producer and ultimate consumer. The farm family 
that produces much of its food supply at home and thus uses raw 
materials minus these price increments usually has a much more 
generous and well-balanced diet than the family that uses its land and 
labor for cash crops, subject to all the hazards of production and price 
fluctuation, and then buys most of itsf oocl out of net cash income. 

posts of farm production and marketing are heavy, and climate and 
price fluctuations take their toll of farm profits. This is shown by the 
recent consumer purchases study of the Bureau of Home Economics. 
In 1935-36 net family income was compared with gross farm income in 
selected counties in Vermont, Pennsylvania, Washington, and southern 
California, Net income was never more than about 50 percent of 
gross farm income. As gross farm income increased, net income 
increased also, but never at as rapid a rate. 

Purchased at retail, an adequate, well-balanced food supply costs 
between $100 and $165 a person a year.    The farm family In the 
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median- or lower-income brackets simply cannot get ahead, and indeed 
is fortunate if it does not fall behind, when the amount available for 
family living must defray a major part of the food cost. The alter- 
native is a diet below a desirable level. 

Canning and preserving, butchering, curing meat, making sausages 
and other meat products, butter, soft or hard cheese, bread, and 
pastry, and in certain areas grinding cereals and meals from home- 
grown grain are still familiar processes on farms, where family labor 
shifts rapidly from one operation to another as the week or the 
season progresses. 

That home processing actually does spare cash has been shown 
again and again by records kept in more or less detail. In 1937, a 
Kansas housewife, following up a lesson on home bread making, re- 
ported: ^1 can easily save half the cost of our weekly bread supply 
by making my bread instead of buying it." A bulletin of the Vermont 
Agricultural Experiment Station (881)2, recently stated that for a 
family of five or six persons about $24 a year could be saved by making 
bread instead of purchasing it. To the salaried worker this saving 
may seem negligible; but added to a farm-family clothing budget of, 
say, $100 a year for three persons, it offers definite possibilities. 

An enthusiast for home processing of food (136) quotes figures 
based on time and cost studies of actual operations in a well-equipped 
home kitchen, which indicate that home processing results in sufficient 
savings to compensate the housewife for her time at a price consider- 
ably above the average factory or clerical wage. She estimates 
that out of a possible total of $101 spent yearly for baked goods by 
the average American city family of three or four persons with a cash 
income of $2,100, $45 could be saved yearly, with a time expenditure 
of approximately 2 hours a week. The return on the housewife's time 
would thus average 43 cents an hour—varying from 32 cents for 
making whole-wheat crackers to $1.28 for baking muffins and chocolate 
nut brownies. She contends that these savings would justify the 
ownership of a modern electric or gas range with temperature controls, 
an electric mixer, and $200 to $300 worth of equipment, the investment 
totaling between $300 and $500. Needless to say, the farm families 
who most need to save could not afford many of these labor-saving 
devices, but would contribute more hours of labor. 

The farm kitchen has a long history as a processing plant, however. 
Early American kitchens were a combination of cooking center, 
dining room, living room, and factory for the periodic or seasonal 
processing of foods and often for spinning, weaving, and garment 
making. Pioneer kitchens often served as bedrooms at night. 
Since the kitchen was the only really warm room in cold weather, it 
was necessarily the family gathering place and the domestic workshop. 

The farm kitchen is still a real food-processing plant. The volume 
and variety of work turned out in it demand good ventilation, good 
lighting, and efficient arrangement. The cash savings brought about 
by home processing justify a reasonable investment in efficient equip- 
ment for cooking, refrigeration, storage, washing up, and cleaning; 
and up-to-date canning equipment is a necessity. 

3 Italic numbers in parentheses refer to Literature Cited, p. 1075. 



BETTER  NUTRITION  AS  A 

NATIONAL  GOAL 

RAISING the nutritional level of any large proportion of the people 

of the United States is far more than an individual problem. It would 

involve a great deal of education: increased purchasing power, or lower 

food distribution costs, or both; and in the long run—at least if a really 

high nutritional level is to be attained—considerable increases in the 

production of the so-called protective foods. These are not problems 
that can be solved overnight. The first step, in fact, is to find out what 

the problems are;  and this article explores them from several angles. 

THE PROBLEM 

by Hazel K. Stiebelingl 

IF OUR present knowledge of foods and nutrition were generally 
applied, it would revolutionize dietary habits and have far-reaching 
implications for national health and for agriculture. 

Diets that can be classed as good, nutritionally speaking, include 
more of the protective foods—milk, leafy green-colored vegetables, 
and vitamin C-rich fruits—than do usual diets. According to pre- 
liminary estimates based on all data now available, the percentage 
increases of these foods needed to raise present levels of family con- 
sumption to the rather generous level of freely chosen diets that can be 
rated good nutritionally are approximately as follows: 

Percent 
increase 

Milk  20 
Butter  ]5 
Tomatoes, citrus fruit  70 
Leafy, green, and yellow vegetables        100 
Eggs         35 

Even these freely chosen "good" diets are far from optimal 
According to the best estimates of internationally recognized experts 
in this field, we should do well to double our consumption of dairy 
products. 

' Hazel K. Stiebeling is Senior Food Economist, Bureau of Home Economics. 
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Even if the consumption of these products were increased only 
among those families that are now consuming less than the quantities 
specified in a plan for an economical fair diet (see Planning for Good 
Nutrition, p. 333), and then only to the level specified in that plan, 
much more food would be consumed than at present. The per- 
centages are approximately as follows: 

Percent increase 
Milk  10 
Butter  10 
Tomatoes, citrus fruit  10 
Leafy, green, and yellow vegetables         80 

And if all nonrelief families chose to select their food in accordance 
with plans for satisfactory diets suited to their incomes (see Planning 
for Good Nutrition, pp. 332-340), the increases called for (assumitig 
the 1935-36 distribution of families by income) would amount to: 

Percent increase 
Milk  16 
Butter  26 
Tomatoes, citrus fruit  _.  8 
Leafy, green, and yellow vegetables  80 

These figures indicate the proportionate deficiencies in the con- 
sumption of protective foods in this country. The consumption of at 
least 10 to 20 percent more milk, 10 to 25 percent more butter, 25 to 70 
percent more tomatoes and citrus fruit, and about twice as much of 
leafy, green, and yellow vegetables would be advantageous to the 
nutrition of our population. 

The deficit is found chiefly, though not exclusively, among low- 
income groups. These include families on relief and the many non- 
relief families whose incomes are so low in comparison with the 
number of family members requiring support that their levels of living 
are just as low as and often lower than those of relief clients. 

From the standpoint of health better diets could mean smaller out- 
lays for illness, less loss of working time, greater physical efficiency, 
and longer, more productive life. For agriculture, better diets would 
mean increased production of fruits, succulent vegetables, butter, and 
milk, and hence more cows and the production of more feed. With 
increased longevity, people would need all kinds of nutritious foods 
over a greater number of years. 

Farm families that can produce a large share of their own protec- 
tive foods enjoy certain advantages over their village and city neigh- 
bors. With favorable growing conditions and a willingness to invest 
the necessary land and energy in the project, farm families, even at 
comparatively low economic levels, can have an abundant and varied 
food supply the year around. But to make sure that the food supply 
will be patterned according to the family's nutritional needs, takes more 
capital and more planning ahead than many yet manage. 

In cities and villages one family out of every seven not on relief is 
handicapped as consumers of food by lack of purchasing power. At 
current retail prices, their food expenditures do not cover the cost of 
even an economical diet providing average nutritive requirements, 
and it is scarcely to be expected that they use the money now spent for 
food most advantageously for good nutrition. 

Many families spend enough to buy adequate diets, but some have 
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too little knowledge of food values or appreciation of the importance 
of good nutrition to select diets as good nutritionally as low-cost 
adequate diets could be. Such families need the kind of information 
that will arouse their interest and help them get better value for their 
food money—better not only in weight and market quality, but in 
the ^hidden" nutritional values. 

PURCHASING POWER AND THE DIET 

One important factor determining quality of diet is the level of ex- 
penditure for food. With food prices and buying habits as they were 
in 1934-37 {ÎÎ04), in most parts of the country families of employed 
workers in cities spending $1.25 or less a person a week for food had 
poor diets. Of those affording $2.50 to $3 a person a week, almost 
half were found to have fair or good diets, the others, diets considered 
to be in need of improvement in one or more nutrients. At a still 
higher level of expenditure—about $4 a person a week for food—about 
three-fourths of the families had fair or good diets and about one-fourth 
poor.    High purchasing power contributes to improvement in diets. 

Purchasing power may be increased through increased incomes, 
lower food prices, or both. Without increasing purchasing power, 
better diets might be obtained by spending a larger proportion of 
present income for food. 

The number of persons in a family as well as the size of income is 
important in determining how much money can be spent for food. 
Of course a given income does not go so far in covering the needs of a 
large family as of a small one. As in the case of a reduction of income, 
the support of a larger family on a given income generally leads to an 
increase in the proportion of total expenditures devoted to food, but at 
the same time there is usually a decrease in the absolute amount spent 
for the food of each person. 

Table 1 shows which of the four diet plans described in the article 
Planning for Good Nutrition (p. 321), could be obtained for the sums 
now spent for food by city and village families differing in size and 
income. The estimates of the costs of the diets were obtained by 
pricing the food groups listed in the diet plans according to regional 
food choices and retail prices. 

TABLE 1.—Diets purchasable (1938 prices) for sums generally allotted to food by families 
differing in size and income 

Annual income Diets purchasable by a family of— 
class 2 persons ' 3 or 4 persons ^ 3 to 5 persons 3 5 to 8 portons í 

$r)00-$999  

$1,000-$! ,499 „. 

$lf500-$l,999.... 

$2,000-$2,999..., 

$3,000-$4.99P.... 

Low cost or moder- 
ate cost good diet. 

Moderate-cost or ex- 
pensive good diet. 
 do  

Economical fair diet 
or low-cost good 
diet. 

Low-cost or moder- 
ate-cost good diet. 

Moderate-cost or ex- 
pensive good diet. 

Economical fair diet 
or  low-cost   good 
diet. 
 do  

Low-cost or moder- 
ate-cost good diet. 

Moderate-cost or ox- 
pensive good diet. 

Poor   or   economical 
fair diet. 

Economical   fair   or 
low-cost good diet. 

Do. 

Low-cost or moder- 
ate-cost good diet. 

Do. 

1 2 adults. 
2 2 adults and 1 or 2 children under 16 years of age. 
3 2 adults, 1 person 10 years of age or over, and 0 to 3 other persons. 
* 2 adults, 1 child under 16 years of age, and 2 to 5 other persons. 
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The proportion of income now spent for food is low in the United 
States as compared with many other countries. In 1935-36 food 
expenditures in this country took more than 40 percent of all expen- 
ditures for family living only among very low-income groups and 
among large families; 25 percent or less was spent for food by the well 
to do. A proper appreciation of the value of nutritionally adequate 
diets might lead families to allocate a somewhat larger proportion of 
their incomes to food. 

The question is often asked whether families, particularly those at 
low-income levels, would spend appreciably more for food if incomes 
were increased, or whether the extra money would go chiefly for auto- 
mobiles, clothes, or other uses. The income bracket in which a family 
is found seems to influence the share of an income increase that prob- 
ably would be put into food. A preliminary analysis of the spending 
ways of families in different classes in 1935-36 indicates: 

When an extra $100 for living expenses is available to families in 
the $250-$500 income class, an average of about $33 extra tends to go 
for food in the case of farm families and $37 in the case of city and 
village families. 

In the $500-$ 1,000 income class, an extra $100 for family living 
expenses means about $18 extra for food in the case of farm families 
and $27 in the case of village and city families. 

In the $1,000-$!,500 income class, an extra $100 for living expenses 
means about $9 additional for food in the case of farm families and 
$22 in the case of village and city families. 

Village or city families with $3,000 or more a year for family living 
expenditures probably would average not more than $3 additional for 
food out of an extra $100 for all expenditures for family living. 

Low-income families—especially those with incomes under $750 a 
year—are the ones that need more and better food ; they are the ones 
that probably would spend a goodly share of an increase in income for 
food. 

Something like $60 a year extra (at 1936 price levels) would be 
needed to buy the extra protective foods—eggs, milk, butter, fruits, 
and vegetables—needed by poorly fed families of average size to make 
up the difference between present diets and the plan for the economical 
fair diet referred to. These figures are minimal, since it is scarcely to 
be expected that all of the extra money for food would be spent for 
the food groups named. It may be expected that families living on 
$250 to $750 a year would spend $60 extra for food only if they have 
an increase of at least $150 to $250 for all living expenses. 

It is evident that low-income families need further opportunity and 
greater ability to produce industrial goods or services if they are to 
have purchasing power sufficient to buy the farm products they need. 
The question here is whether industrial production can be increased 
sufficiently to provide income increases of the required magnitude. 

Lowering food prices while maintaining present incomes could mean 
that the same number of dollars, with their increased purchasing 
power, would be available for food, and that better diets could be 
bought at each income level. But a reduction in food prices (relative 
to incomes and other prices) does not always result in proportional 
increases in the consumption of food.    The purchasing power thus 
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gained may lead to an increase in the consumption, not only of the 
foods for which prices have changed, but also of clothing, transporta- 
tion, education, or other items, according to the family's standard of 
living. 

Even if all the additional purchasing power were devoted to food, 
consumption of every kind of food would not increase at the same 
rate. While a significant decline in the relative prices of certain foods 
has been known to take them out of the luxury class—for example, 
citrus fruits, once available only to the wealthy, are now common arti- 
cles of consumption—this would not be true of every food. Bread 
purchases, for instance, might not increase much in spite of relatively 
low prices. On the other hand, consumption of milk and meat might 
increase faster than prices fell. 

Families at the higher income levels tend to consume considerably 
more fruits, succulent vegetables, eggs, meats, butter, and milk than 
low-income families, but not much more grain products, sugar, fats 
(other than butter), potatoes, and dry mature beans and peas. Hence 
it seems probable that if prices of food were reduced (relatively, of 
course, to incomes and other prices), the consumption of the latter 
groups of food products would increase comparatively little, and most 
of the released purchasing power devoted to food probably would be 
spent mainly on other food groups. 

The question here is whether prices of protective foods can be 
reduced, and how much reduction would be needed to increase the 
consumption of these foods significantly among low-income groups. 

WISE FOOD SELECTION AND DIETARY ADEQUACY 

Apart from deficiencies due to inadequate purchasing power, many 
families fail to secure satisfactory diets because they lack information 
about the fundamentals of nutrition. Village and city families face 
the problem of making the best possible use of the money available. 
For farm families, the problem is tied up also with planning home 
production and conservation of food to meet the family's needs. 
The same sum of money or the same amount of land and work can 
secure diets very different in nutritive value, depending on the 
combinations of foods selected. 

While the chances for better diets increase with rising per capita 
expenditures for foods, owing chiefly to the purchase of larger quan- 
tities of milk, meat, eggs, leafy green vegetables, and fruits, to depend 
solely upon increased purchasing power to insure dietary adequacy 
would unduly postpone attaining the goal. According to a 1936 
study, it was only among groups of families spending $6 or more a 
person a week for food to be prepared and served at home that ade- 
quate diets were attained by practically every familv. 

A better knowledge of nutritive values in relation to cost, together 
with an intelligent appreciation of the importance of dietary adequacy 
to well-being, could result in an increased proportion of good diets 
at every food-spending level. 

Many agencies, public and private, are concerned with spreading 
information about food values, nutritional needs, food buying, and 
food preparation. Chief among these are the schools and colleges, 
the Extension Service, club study groups, health centers, and child 
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welfare, public health, and nutrition climes. Discussion, demon- 
strations, illustrated lectures, film strips, special pamphlets, and 
articles in newspapers and in popular periodicals help to bring the 
matter before the public. 

Wise food choices and the development of skill in food buying and 
preparation can mean diets that are much better nutritionally for 
comparatively little or no increase in average food expenditures. 
Taking advantage of the fact that food prices are based primarily on 
costs of production and distribution and on the interplay of supply 
and demand rather than on the nutritive values of food, many agen- 
cies, including the Bureau of Home Economics, have evolved several 
broad patterns for food budgets suited to different economic levels or 
different types of home food-production programs. (See Planning for 
Good Nutrition, p. —.) Such diet plans, stated in general terms, can 
be adapted to markets in any part of the country or to any of the 
more important land-use areas with their differing programs of food 
production for home use and still leave considerable room for catering 
to family tastes. 

The motive behind such educational programs has been effectively 
put bv McLester in his presidential address to the American Medical 
Association in 1935 (736):2 

In the past, science has conferred on those peoples who availed themselves of 
the newer knowledge of infectious diseases better health and a greater average 
length of life. In the future it promises to those races who will take advantage 
of the newer knowledge of nutrition a larger stature, greater vigor, increased 
longevity, and a higher level of cultural attainment. To a measurable degree, 
man is now master of his own destiny where once he was subject only to the grim 
hand of Fate. 

The question is whether the general public can be persuaded that 
the matter is worth its attention and worth the price. 

THE PROBLEM OF INCOME AND ITS DISTRIBUTION3 

by Marius Fariolettii 

ATTAINING the goal of adequate nutrition for all persons at all levels 
of income is only a part of the problem of attaining a higher consump- 
tion of all goods and services. It may be examined from several 
different viewpoints so far as raising the purchasing power and real 
incomes of at least the lower third of the Nation's families and single 
individuals is concerned. 

Even if it is assumed that family food expenditures would be made 
on the basis of sound selection of foods at minimum cost, most of 
the low-income families—especially those with incomes under $750 
a year—probably could not afford economical fair diets at a level of 
food prices such as existed in 1936. Almost 82 percent of the families 
and single individuals in the Nation received incomes under $750 in 
1935-36. Over 27 percent of the Nation's families—exclusive of 
single individuals—realized incomes under $750. This low-income 
group needs additional purchasing power if it is to have a fair chance 
of achieving an economical fair diet. 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
s All 1935-36 income distribution data cited have been drawn from Consumer Incomes in the United 

States, of the National Kesources Committee a^O). ..       .    .    ^     ,,^    ^ 
4 Marius Farioletti is Agricultural Economist, Consumers' Counsel Division, Agricultural Adjustment 

Administration. 
141394°—39 26 
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THE SIZE OF THE NATIONAL INCOME 

It was stated earlier in this article that families with incomes from 
$250 to $750 would probably spend an additional $60 for food if their 
incomes were increased by $150 to $250, and that this would give 
them a good chance of achieving an economical fair diet. The average 
income of the families in the levels of $250-$750 was about $520 in 
1935-36. The average income of all families under the $750 level 
was about $460. Adding $250 to these two average incomes would 
raise the averages to $770 and $710, respectively. Suppose that 
increasing the purchasing power of all the families and single indivi- 
duals receiving less than $750 up to an average of $750 would increase 
appreciably the ability to purchase economical fair diets, how big 
need the national income be to raise the average purchasing power of 
the families and single individuals receiving less than $750 up to the 
average of $750? 

The amount would depend entirely on how the increase in 
purchasing power was made. Three possibilities will be given as 
examples: 

(1) It is estimated that the 1935-36 national income received by 
families and single individuals aggregated $59,259,000,000, and that 
the aggregate family income—as distinct from that of single indivi- 
duals—was about 80 percent of this total, or $47,679,000,000, If the 
incomes of the 32 percent of all families and single individuals receiv- 
ing less than $750 were raised to an average of $750, and if the pro- 
portionate distribution of incomes were maintained as it was in 
1935 36 for the 68 percent of the families and individuals that received 
$750 or over, the national income would need to be increased to about 
$98,000,000,000 (1935-36 values), as compared to the actual national 
income of $59,000,000,000. If a similar calculation is made on the 
basis of the 27 percent of the families who received less than $750 aud 
73 percent who received $750 or over, the aggregate income received 
by families—as distinct from single individuals—would need be in- 
creased to about $77,000,000,000, as compared to about $48,000,000,000 
actually received by families. 

These are large figures because if the distribution of incomes were 
not changed, all incomes would have to go up in proportion. Under 
these conditions, the value of the total output (in terms of 1935-36 
dollars) would have to be increased 12 to 13 times the size of the addi- 
tional purchasing power necessary to bring the low-income families 
and single individuals up to an average of $750, Any such increase, 
it need hardly be said, would have to be a long-run, not an immediate, 
objective, 

(2) Suppose that any increase in the national income could be 
directed solely to increasing the purchasing power of the low-income 
families and single individuals up to an average of $750, leaving other 
incomes unchanged. In this case the uecessarv increase in the national 
income would be less than $4,000,000,000 (1985-36 values) for families 
and single individuals, or a little more than $2,000,000,000 for the 
families alone. Either of these increases would be more than achiev- 
able with the existing capacity to produce. Here the problem would 
be not so much, how to increase the national income as how to direct 
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the additional income specifically to the low-income families and single 
individuals. 

(3) Suppose that with a total income of the same size as the 1935-36 
national income, an additional 2 to 4 billions of dollars of purchasing 
power could be diverted from the families and single individuals in 
the higher income levels to the families and single individuals in the 
level below $750. In this case an approximation to the goal of ade- 
quate nutrition would be immediately achievable in the sense that no 
increase in the size of the national income would be necessary. 

These three examples have been presented solely for the purpose of 
showing the nature of the problem and limiting the scope of the dis- 
cussion. The great range in the estimates, which run from a zero 
increase in the national income to an estimated increase of $39,000,- 
000,000, indicates the difficulty of choosing definite policies because 
several combinations of the various possibilities probably would lead 
to attaining the goal. Other examples could be given. These serve to 
indicate the importance of the distribution of incomes and the factors 
affecting it. 

THE DISTRIBUTION OF INCOMES 

How was the $59,259,000,000 estimated to have been received by 
the Nation's families and single individuals in 1935-36 distributed 
among them? 

One-half of the families and individuals received incomes under 
$1,070. They got 21 percent of the aggregate income. The other half 
realized incomes of $1,070 or over and got 79 percent of the aggregate 
income. Thirty percent of the families and individuals received 
incomes under $720,5 and got about 9 percent of the aggregate income. 
At the top income levels, 30 percent of the families and single indi- 
viduals received over 62 percent of the aggregate income. The 
middle 40 percent of all families and single individuals received about 
29 percent of the aggregate income. It is a startling fact that indi- 
viduals and families with incomes as low as $1,540 have to be included 
in any reference to the 30 percent in the top income levels,6 

Most of the Nation's families and single individuals received incomes 
smaller than the average for all families and individuals. For example, 
in 1935-36, the average income for all families and single individuals 
was $1,502. However, 69 percent of the Nation's families and indi- 
viduals received incomes under $1,500 and got only 36 percent of the 
aggregate income. 

This distribution of income is often called a ^maldistribution." What 
is a maldistribution? Is it a concentration of wealth? 7 Is it a concen- 
tration of income? In 1935-36 the highest 10 percent of the income 
recipients received $2,600 and over and got about 36 percent of the 
aggregate income. However, over half of this went to the 2 percent 
of the income recipients receiving $5,800 or over.    The lowest  10 

a About 32 percent received incomes under $750 and got less than 10 percent of the aggregate income. 
6 The aggregate income of $47,679,000,000 estimated to have been received by the Nation's families—as 

distinct from individuals—in 1935-36 was distributed in about the same proportions, although the levels 
of income were higher. One-half of the families received incomes under $1,160 and got 21 percent of the 
aggregate family income. The other half received incomes of $1,160 or over and got 79 percent. Twenty- 
seven percent of the families received incomes smaller than $750 and accounted for less than 8 percent of the 
aggregate family income. Twenty-seven percent of the families received incomes of $1,750 or over and got 
about 59 percent.   The middle 45 percent received about 33 percent of the aggregate family income. 

7 Allyn A. Young, Do Statistics of the Concentration of Wealth in the United States Mean What They 
are Commonly Assumed to Mean? (1276). 
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percent of income recipients were under the $340 level and obtained 
less than 2 percent of the aggregate income. The fact that 10 percent 
of the families and single individuals received 36 percent of the 
aggregate income may not appear to be a glaring concentration when 
it is realized that persons receiving incomes as low as $2,600 have to 
be included, but the inequality does appear to be glaring when the 
physical needs of the lowest 10 percent are considered in relation to 
their incomes of under $340. 

EMPLOYMENT AND THE DISTRIBUTION OF INCOMES 

The long-time problem of acliieviug a higher consumption level is 
in large part the problem of increasing the productive capacity of the 
Nation's economic plant in the sense that a full utilization of re- 
sources will mean full employment of the Nation's labor power. It 
includes not only the full utilization of existing physical produc- 
tive capacity and the consequent reduction of cyclical unemploy- 
ment but also a building up of the Nation's economic plant in 
order that an adjustment to the problems of long-time unemploy- 
ment may be made. It may appear academic to say that a "correct" 
distribution of national income is one consistent with attaining 
and maintaining full employment of our human resources. Never- 
theless, it is a starting point for analyzing the probable direction of 
change if a change in the distribution appears necessary to attain 
the objective. 

It was pointed out that a national income of about $100,000,000,000 
would be needed if all incomes were increased proportionately to raise 
those at the lower levels up to $750 a year. Suppose that this 
$100,000,000,000 national income, in terms of 1935-36 values, were 
achievable within the limits of our physical and human resources 
along with our technical knowledge of how to produce goods and 
services efficiently, and suppose that it would mean a substantially 
full employment of labor. Would it still be possible to maintain the 
present distribution of incomes? 

A concentration of a large part of the national income in the hands 
of a very few people, as in the prevailing distribution of incomes, is 
conducive to a relatively high ability to save. When the national 
income is increasing, this high ability to save appears to increase, in 
some periods, at a faster rate than do the opportunities for profitably 
coverting the savings into new capital goods. The inability to con- 
vert savings into what appear to be profitable forms of production 
takes the savings out of the flow of purchasing power. That is, sav- 
ings which result in capital formation (new investment for production) 
provide workers with purchasing power to obtain consumption goods 
and services; savings that lie idle are not distributed to workers. As 
a result, the Nation's total purchasing power available for consump- 
tion does not increase enough to maintain prices that would tend to 
effect a full utilization of the increasing capacity to produce. 

On the other hand, if the prices of consumers' goods and services 
could be decreased so that they could be bought even with a low level 
of consumer incomes, a high level of output could presumably be 
maintained, and the opportunities for converting savings into profit- 
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able investments would not decrease in spite of the increasing volume 
of savings. 

In other words, when most of the people receive incomes below the 
average, industrial price policies and the large-scale production of 
consumption goods ajid services must be adjusted to the purchasing 
power of low-income families—on the farms and in the cities—if the 
savings at a high level are to be converted into new capital goods. 
New capital formation is to be expected whenever savings appear to 
be convertible into profitable investments. But these low prices must 
be effected by increased efficiency in production, which in turn has 
been brought about in combination with the new capital formation; 
for low prices do not induce the conversion of savings into new capital 
formation when the prices are unsound and are brought about solely 
by economic distress. When consumer purchasing power is high 
because of high productivity, the prices of consumers' goods are 
relatively low. When consumer purchasing power is low because of 
inefficiency and unemployment, even though prices of consumers' 
goods are so low as to bankrupt producers, they are nevertheless high 
in relation to purchasing power. Inflexible price policies, such as may 
exist under imperfectly competitive conditions, or the creation of new 
capital goods that cannot effect price reductions (that is, capital goods 
that are not self-liquidating) are inconsistent with the fact that most 
of the people receive incomes below the average, and therefore defeat 
their very purpose- production for profit. 

Certain national and international growth factors may more than 
offset the difficulty of maintaining an increasingly larger number of 
profitable investment outlets for a high level of savings. These 
factors demand large volumes of new investment continually, and 
therefore tend to favor a distribution of incomes that brings about a 
high level of savings. Some of the major factors that in the past 
provided great opportunities for profitable investment through growth 
have been: 

(1) The exploitation of new frontier resources. The physical building up of 
the Nation's ability to produce has demanded great volumes of savings to under- 
take the profitable opportunities presented. 

(2) New inventions that promised to cut costs of production significantly and 
required large aggregations of plant and equipment to exploit the techniques 
involved. 

(3) New industries and new ways of satisfying old wants, such as the auto- 
mobile. 

(4) An increasing population, and the consequent increasing demand for dur- 
able consumers' goods, such as housing. 

(5) An increasing foreign demand for our savings, capital goods, and con- 
sumers' goods. 

In the past, various combinations of these growth factors were so 
greatly increasing the demand for new capital formation that the 
United States annually borrowed large sums from foreign countries. 
In fact, we were net borrowers of foreign savings until the World 
War. Our history has been one of spectacular expansion, and it may 
be said that we needed a distribution of incomes that effected large 
volumes of savings to facilitate the desired capital formation. During 
this period the distribution of incomes could not be called a maldis- 
tribution in the sense that it effected too large a volume of savings. 
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Nor was it maldistributed in the sense of causing low levels of con- 
sumption, for the consumption levels increased significantly along with 
the capital formation. The Nation/s increasing employment and 
national income oscillated up and down, but as long as the factors 
of growth were potent enough the main course was definitely 
upward. 

Today, when the factors of growth have either disappeared or are 
not operating, we must look for alternative ways to increase the 
volume of employment and national income. With a large volume of 
idle savings and idle man power the question is whether we still need 
a distribution of incomes that permits high ability to save. Idle 
savings do not provide the Nation with greater ability to produce. 
They do not provide work for the unemployed. Nor do they provide 
low-income people with purchasing power to buy the consumption 
goods and services they need to maintain their health and welfare. 

The continued accrual of large sums of idle savings suggests the 
need of a change in the proportions of the distribution of incomes, 
insofar, at least, as it would facilitate the attainment of a higher level 
of employment and a higher level of consumption. If a larger portion 
of the national income were directed to low-income families and 
individuals who would buy the goods and services that the Nations 
farms, factories, and labor stand ready to produce, consumer demand 
would be increased appreciably and the savings of the Nation again 
would find profitable investment opportunities. Such a change would 
force the economy to utilize more completely its existing capacity for 
producing goods and services. As the Nation's ability to consume 
was increased, its proportionate ability to save would be decreased. 
This would tend to effect a balance between savings and capital forma- 
tion, and once again the Nation could work its way up to a higher 
level of employment and consumption. The object of such a change 
would be to eliminate only idle savings, on the theory that idle 
savings like idle men reflect a social unbalance that cannot be allowed 
to continue. 

If it is true that the prevailing distribution of incomes is the source 
of these idle savings, a way must be found to invest them in ventures 
that promise to increase the real income of our people, or else a way 
must be found to redistribute them. That is, finding a way to invest 
idle savings usefully is an alternative to redistributing the income. 
However, if the idle savings are not employed they will be eliminated, 
in the process of economic deterioration, by capital depletion and the 
exigencies of unemployment. 

MORE DURABLE CONSUMERS 

Besides the possibility of increasing all incomes proportionately, 
it was pointed out that the purchasing power of those at the lower 
levels might be raised by directing a small increase in the national 
income to them, or by diverting an equivalent amount to them from 
present higher-income levels. In other words, if the Nation believed 
that adequate diets for all of its people were necessary to protect its 
health and welfare, it would not need to wait for a great increase in 
employment and an enormously increased income to achieve this goal. 
Through Government aid it could place otherwise idle savings in the 
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bauds of people who would spend them for the necessities of life. 
This would also tend to increase the demand for the products of farm 
and factory and limit deflationary forces.8 

It is a truism that in periods of great economic disorder, Government 
aid is the only large-scale alternative to destitution for large numbers 
of citizens. Tbc real costs of relief to a nation are the economic, 
social, and political consequences of not providing adequate relief. 
Adequate relief includes adequate diets. Malnutrition for large 
numbers of citizens means physical and mental depletion of human 
resources. Hungry people do not produce a rich nation. Sick people 
do not produce a rieb nation. 

As a Nation we are constantly striving to finance the production of 
durable producers' goods and the consumption of durable consumers^ 
goods. But how about the durability of the consumers? Adequate 
diets would make consumers more durable citizens and workers. 
How practical is the suggestion that some means of financing adequate 
diets be found? If an adequate diet made the consumer more durable 
and more productive over his life span, would not his greater durability 
decrease national health costs? Would not his greater productivity 
decrease production costs? Would not these decreased costs offset 
the cost of financing adequate diets? What is the value to the Nation 
of a more durable consumer? 

Relief to the needy during periods characterized by various forms of 
capital depletion has the added advantage of limiting the effects of 
deflationary forces. Moreover, if the sums expended were large 
enough, it might be expected that the deflationary forces would be 
completely offset or even reversed through the cumulative effect of 
additional employment of men and savings. Financing adequate 
diets for low-income families and individuals would materially lessen 
the depressing effects of surplus agricultural foodstuffs. 

ADEQUATE NUTRITION AND AGRICULTURAL SURPLUS 

A strong force contributing to the agricultural surplus problem and 
limiting agricultural adjustment is the inability of consumers—on 
farms and in cities—to purchase adequate amounts of food at prices 
that tend to maintain the farm family's health and labor efficiency as 
well as the farm plant. About 40 percent of the nonrelief families 
who received incomes below $780 in 1935-36 were farm families. 
Lower farm prices for foodstuffs will not help many of these low- 
income families to attain the goal of adequate nutrition. In fact, 
farm prices that are too low mean liquidation not only of the farm 
family's health and labor efficiency but also of agricultural capital 
including the fertility of the soil, which is the largest part of the 
farmer's capital. The result is higher food prices in the future. The 
fertility of the soil is not reproducible in the same sense as is a manu- 
facturing plant or machinery.    Maintaining the fertility of the soil, 

s It may be pointed out that governmental policies designed to increase consumption directly, as distinct 
from those designed to aid producers directly, may be viewed as indirect aids to industry. This is true 
particularly when Government policy increases consumption significantly, or retards a decrease, at the 
same time that industrial operations are appreciably less than optimum. These policies are not startling 
innovations in governmental action. Many Government policies, both historical and current, affect the 
distribution of incomes. That is to say, Government aids directed at both the lower and higher levels of 
income already exist. The former include such readily recognizable forms as unemployment relief, aid to 
dependent children, and assistance to the blind; the latter, direct grants and loans to industries, and protec- 
tive tarins.   What is weighed in the balance is the design of the aid and not its precedent. 
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like inîûiitîîining publie health and labor efficiency, is of paramoimt 
importance to the future. 

Though lower farm prices of foodstuffs may give some low-income 
consumers an immediate advantage in purchasing better diets with 
small incomes, lower prices to consumers for food-distribution serv- 
ices 9 and other nonfood goods and services would be even more 
helpful, provided incomes were not decreased as a consequence of the 
decreased prices. 

The dollar cost to the Nation of financing adequate diets for low- 
income families and individuals should be compared with the costs of 
ill health, lowered productivity, and lost working time due to malnu- 
trition. When surplus foodstuffs exist at the same time that inade- 
quate diets prevail among low-income groups, another strong justifica- 
tion for the public financing of adequate diets is the relief afforded to 
farmers and the Nation by limiting the deflationary effects of sur- 
pluses. However, adequate diets for many low-income families and 
individuals need to be subsidized just as much when there are no 
price-depressing surpluses, for then food prices are higher while the 
incomes of many people are not. Food subsidies need to be extended 
to undernourished, needy people whether or not surpluses exist, ami 
an adequte subsidy program designed to increase the food-purchasing 
power of needy people has advantages over a program that distributes 
surplus foods directly.10 

SUBSIDIZING CONSUMPTION OF FOODS 
by F. V. Waugh ^ 

FROM one standpoint, the most fundamental approach to the joint 
problem of agricultural surpluses and undernutrition would be to 
combine education and research in nutrition with public policies 
designed to increase the earning power of the low-income groups of 
the population. But it must be admitted that very little seems to be 
known about practical ways to increase the earning power of these 
groups. Though a start has been made by the establishment of min- 
imum wages, unemployment insurance, and old-age pensions, it is 
clear that there is a long way to go before poverty and want will be 
abolished. 

MORE EFFICIENT METHODS OF PRODUCTION AND 
MARKETING NEEDED 

Families whose incomes are so low that they cannot now afford 
adequate diets would be benefited about equally either by an increase 
in earning power or by a drop in the price of food. In the long run 
it is possible to have lower prices of food only with the development 
of more efficient methods of production and marketing. 

A large part of the research done by both the Department of Agri- 
culture and the State experiment stations has been devoted to a search 
for methods of producing agricultural products at the lowest possible 
cost.   This includes research on plant and animal breeding, the use of 

»There have been cases when iuodstuffs have involuntarily wasted on farms beoanse low-income con- 
sumers could not afford to pay the distribution costs. 

10 Eating the Surplus—address by Milo Perkins at a meeting of the National Association of Retail Grocer?, 
Kansas City, June 21, 1939. 

n F. V. Waugh is Principal Agricultural Economist, in charge, Divisioi: of Marketing and Transporiation 
.Research, Bureau of Agricultural Economics. 
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fertilizers, crop rotations, the control of insect pests and diseases, the 
development of efficient farm machinery, and many other important 
lines of work. 

A smaller but important part of agricultural research has been 
devoted to the development of efficient methods of marketing. Sub- 
stantial improvements in marketing have resulted from this work. 
They include, for example, the adoption of official grades, standards, 
and inspection for certain products; the development of widespread 
and detailed services of crop and livestock statistics and market 
reporting; and the regulation of certain marketing methods and prac- 
tices. This research has also been very useful in developing sound 
policies for farmer-owned cooperative associations for buying farm 
supplies and selling farm products. 

There is room for more progress in the development of efficient 
methods of production on the farm, and only a fair start has been 
made in developing efficient methods of marketing. The latter field 
remains largely unexplored and seems to offer substantial possibilities 
for increased efficiency that would benefit both the farmer and the 
consuming public. 

As indicated in table 2 the American farmer ordinarily gets less 
than half of the money the city consumer spends for food. 

T \BLE 2.—Estimated retail value and equivalent farm value of 58 foods purchased annually 
by a typical American ivorkingman*s family 1 

Year 

1913. 
1923.. 
1929,. 
1932. 
1936 . 
1937. 
1938.. 

Retail 
value 

Distrib- Farm value 
Far-m value utors' as percentage 

margin of retail value 

Dollars Dollars Dollars Percent 
252 134 118 53 
384 173 211 45 
415 195 220 47 
270 88 182 33 
342 152 190 44 
353 160 193 45 
321 130 191 40 

; Estimates of annual purchases of foods by a typical workingman's family were obtained from the 1918-19 
Cost of Living Survey made by the U. S. Bureau of Labor Statistics. The 58 foods include meat, dairy and 
poultry products, bakery and cereal products, a number of fresh and canned fruits and vegetables, and sev- 
eral miscellaneous items. Retail price data are from the Bureau of Labor Statistics; farm price data are 
mostly estimates of the Bureau of Agricultural Economics. 

Table 2 shows, for example, that in 1938 a typical American work- 
ingman's family spent $321 in purchasing the 58 foods included in the 
study. Of this $321 spent by the consumer, the farmer received $130 
and the other $191 went to pay the various charges for transportation, 
processing, and marketing. Not only do these costs represent a high 
proportion of the consumer's food dollar; they also tend to be rela- 
tively stable, not responding quickly to changes either in business con- 
ditions or in the incomes of consumers and farmers. The relative 
inflexibility of marketing charges results in extreme variations in 
prices at the farm. For example, in a period of declining business 
activity and decreasing employment, retail prices of foods in cities 
tend to drop fairly slowly, but because the costs of marketing are 
rather fixed this results in a large proportional drop in the prices 
received by farmers. 

Not only the farmer but the public as a whole would benefit decid- 
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edly from any substantial increases in the efficiency of marketing or 
from any practical method of bringing about a desirable flexibility in 
marketing charges in order to prevent violent price swings. The very 
fact that marketing costs and charges acconnt for over half of the 
retail value of foods indicates that efficient marketing is necessary if 
foods are to be sold at a price that will encourage better nutrition. 
However, it will not do simply to complain of the high cost of market- 
ing and to condemn the present marketing system as inefficient. The 
present system can be called inefficient only when it is possible to 
point out definite, practical ways of improving it so that foods can be 
handled at lower costs. 

The Department of Agriculture is giving increased attention to this 
problem. Results of some of its recent studies indicate several prac- 
tical possiblities for reducing marketing costs. Among them are the 
reorganization of market facilities and the better regulation of their 
use; the development and maintenance of low-cost outlets such as 
push-cart markets and farmers' curb markets; the more effective use 
of methods of mass production and distribution in the marketing of 
farm products; and special drives to increase the volume of foods 
handled and thus to reduce the unit cost of distribution. 

MAKING USE OF SURPLUS FOODS 
FREE DISTRIBUTION 

Perhaps the simplest and most direct method of meeting the farm- 
surplus problem and at the same time combating undernutrition is 
for the Government to purchase surplus commodities and distribute 
them through relief agencies to destitute and undernourished families. 
Since 1935 the Federal Surplus Commodities Corporation has been 
cooperating with local welfare agencies on such a program. This 
program has been of definite benefit to both, farmers and consumers. 
When surpluses are so big that the market price does not cover har- 
vesting and shipping costs, both the farmer and the consumer lose. 
For the farmer such a surplus means practically a total loss of income 
from the crop. For the consumer it usually means a complete 
waste of unharvested food that people need and also the danger that 
the disastrously low prices at the farm may discourage production in 
the future and bring about shortages that will be very harmful. 

During the past 4 years the Federal Surplus Commodities Corpora- 
tion has bought and given to welfare agencies almost 3,000,000,000 
pounds of surplus foods. ^ These products have contributed to the 
nutrition of needy families. In many cases these families have 
learned to use protective foods that they had not previously been 
consuming. The following tabulation indicates the amounts of 
several foods distributed during the 4 years: 

Million pound* 
Meats and fish _          . _ 932 
Grain products             450 
Potatoes, sweetpotatoes          450 
Other vegetables  115 
Fruits    _     565 
Cheese, dry skim milk, evaporated milk  133 
Butter, lard, other fats  104 
Sugar, and sugarcane and sorgo sirups_   26 
Eggs                  ._   _     14 
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Farm surpluses must not be allowed to go to waste when there are 
thousands of needy families who are not getting enough food. The 
free distribution of surpluses to such families is one of the simplest 
ways of meeting the situation. There are, however, two difficulties 
from the standpoint of nutrition: (1) The particular foods of which a 
surplus exists at any time may not be the foods most needed in the 
diets of relief families; and (2) since this form of free distribution 
must be limited to destitute families, it does not offer a very large 
outlet for surpluses, at least in normal times. 

MAKING SURPLUS FOODS AVAILABLE TO LOW-INCOME FAMILIES 

In addition to the free distribution of surpluses, therefore, the 
Department of Agriculture is naturally interested in any other prac- 
ticable methods of expanding the use of surplus foods by making 
them more readily available to a fairly large group of low-income 
families. 

The Department has been studying in some detail several approaches 
to this problem. One of the simplest is the encouragement of special 
low-cost methods of marketing. To a certain extent this might be 
accomplished by research and education of the type familiar in com- 
merce and industry, but in other cases it may require some kind of 
subsidy in order to promote low-cost types of markets, the use of 
cheap packages, and the elimination of expensive processing and manu- 
facturing methods. Such a program should be effective in moving 
surpluses of certain foods to market and making them available at 
low prices to families who are not able to afford the more expensive 
grades of foods and the expensive services that commonly go with 
them. If a program of this kind could be kept flexible, it might be 
possible, even in the case of a large surplus, to move a large part of it 
through the low-cost channels and make it available to low-income 
groups without greatly disturbing the price in the rest of the market. 
The prices of the best grades or the most refined forms of these foods 
might be kept fairly stable so that farm income could be maintained 
at a reasonably satisfactory level so far as it depended on the marketing 
of these grades. 

A somewhat similar plan would be the conversion of surpluses into 
lower-priced products. For example, surplus milk or eggs might be 
dried and made available at comparatively low prices. Surplus meats 
might be ground or manufactured into products that could be sold at 
prices substantially below those of the usual market cuts of meat. In 
a similar way surplus fruits might be made into juices or other foods 
that could be made available at low prices. Such a program would 
move more surplus products into consumption than are being moved 
at present and at the same time would benefit undernourished families. 
The lower-priced products probably would be bought mainly by 
families who could not afford these foods in their usual forms, or who 
could afford to use them only in small quantities. Families with 
moderate to high incomes doubtless would continue to buy fresh milk, 
fresh eggs, fresh meats, and fresh fruit. 

Another possibility is the sale of surpluses at special low prices in 
distress areas where there is a large amount of unemployment, where 
wages are very low, or where, for any other reason, malnutrition may 
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be especially prevalent. Such a program might be carried out in 
fairly large distress areas. For example, surplus foods might be 
distributed at low prices in a coal-mining area, including parts of 
several States. On the other hand, if it could be properly regulated a 
program of this kind might also be adapted to small areas within a city. 
In most large cities there are definite areas of low incomes and under- 
nutrition. It might be possible to work out practical methods of 
distributing surpluses at low prices in such areas, although it is obvious 
that the problem of administration would be much more difficult than 
in the case of a large area. 

The Stamp Plan 

Methods such as those suggested are well worth considering and 
trying, but they all approach the problem rather indirectly and per- 
haps would not benefit either the farmer or the consumer so much as a 
plan specifically designed to give low-income families a greater pur- 
chasing power for foods. Several such plans are being studied in the 
Department. Some of them would give a higher purchasing power for 
all foods and some for a limited number of foods. The stamp plan 
now being tried experimentally in several cities combines both. The 
families eligible to take advantage of this plan are those eligible for 
Federal, State, or local relief. When they buy orange-colored food 
stamps they are given a certain number of blue stamps usable only for 
purchasing foods designated as surplus. This plan gives this low- 
income group an increase of purchasing power for foods in general 
of about 50 percent, but in effect it also gives them a special induce- 
ment to increase their purchases of foods that are particularly abun- 
dant.^ 

It is too early to evaluate in any detail the results of the stamp plan. 
These results should be studied very carefully and objectively. The 
plan is being tried as an experiment in the hope that practicable and 
suitable ways of meeting at least part of the problem outlined in this 
article may be found. There are many other ways that are well worth 
considering. The stamp plan can be greatly modified if experience 
indicates that changes are desirable, or it can be abandoned if some- 
thing better can be found to take its place. However, the problem is 
so important, both to agriculture and to the consuming public, that 
any method offering a reasonable possibility of a solution should be 
given an honest trial. 

AGRICULTURAL PROGRAMS AND THE NUTRITIONAL GOAL 
by J. P. Gavin ^ 

PROVIDING adequate diets for the entire population of the United 
States would in the long run involve more than the education of con- 
sumers^ the provision of special market facilities of one kind or another 
to get rid of surpluses, and even increased incomes. It would involve 
certain rather far-reaching adjustments in agricultural production, in 
some cases supplementing, in some cases counteracting, those already 
under way. 

Agriculture has the task of providing the raw food material for feed- 
12.7.   P.   Cavin  is  Agricultural  Economist,   Program   Planning  Division,  Agricultural  Adjustment 

Administration. 
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ing the Nation. It already contributes materially toward the goal of 
superior nutrition by supplying the market throughout the year with 
important foods at reasonable prices. 

The maintenance of adequate supplies of food and fiber is and un- 
doubtedly will continue to be a major criterion in establishing the goals 
of agricultural adjustment. No one can challenge the objective of 
providing our present and future population with supplies of food 
sufficient for good health and nutrition. As Viscount Astor and B. S. 
Rowntree said in a recent report on British agriculture (^): 

It seems probable, indeed, that the improvement of the standards of nutrition 
will come increasingly to be regarded as an important aim of national policy 
analogous to the improvement of sanitation in the pre-war and of housing stand- 
ards in the post-war period. 

When dietary standards are formulated strictly from the point of 
view of nutritional needs, they indicate that there should be consider- 
able changes in dietary habits and increased expenditures for food 
on the part of the bulk of our population. Hence such standards 
constitute an ideal or a long-run goal rather than one immediately 
attainable. 

GOALS OF AGRICULTURAL ADJUSTMENT PROGRAMS 

To the extent that dietary adequacy is introduced as a criterion in 
the establishment of goals of agricultural adjustment for action pro- 
grams, it must be both attainable and consistent with other valid 
objectives. In recent years, these other objectives have been prin- 
cipally (1) adjustment to export demand, (2) soil conservation, 
and (3) the economic and social well-being of agricultural producers. 
This interplay of objectives appears in the declaration of policy of 
the Agricultural Adjustment Act of 1938, which states that the act 
was designed, among other things— 
for the purpose of conserving national resources, preventing the wasteful use of 
soil fertility, and of preserving, maintaining, and rebuilding the farm and ranch 
land resources in the national public interest; . ..to assist in the marketing 
of agricultural commodities for domestic consumption and for export; and, with 
respect to the commodities specified in the act, for assisting farmers to obtain, 
insofar as practicable, parity prices for such commodities and parity of income, 
and assisting consumers to obtain an adequate and steady supply of such commodi- 
ties at fair prices. 

In introducing consumption requirements as a determinant of the 
goal of agricultural adjustment, it has been usual to take as a criterion 
some recent average level of consumption adjusted for population 
increase and for trends in the consumption of individual products. 
Thus under the present adjustment act, a normal year's domestic 
consumption is defined as the annual average quantity consumed in 
the United States ^during the 10 marketing years immediately pre- 
ceding the marketing year in which such consumption is determined, 
adjusted for current trends in such consumption." In establishing 
annual marketing quotas under the Sugar Act of 1937, for example, 
the Secretary of Agriculture is required to fix them at such a level 
^that the supply of sugar made available . . . shall not result in 
average prices to consumers in excess of those necessary to maintain 
the domestic sugar industry as a whole/' and shall not be less than 
^the quantity of sugar required to give consumers of sugar in the conti- 
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nental United States a per capita consumption equal to that of the 
average of the 2-year period 1935-36." 

The justification for using a statistical average as a norm is to be 
found in the remarkable stability of the average per capita consump- 
tion of all food products in the United States since 1920, from which 
year fairly complete data are available. During the 18 years 1920-37 
the average annual per capita consumption of all food products, in 
terms of estimated weight available for sale in the retail markets, 
was 1,446 pounds. During the boom period 1925-29, when consumer 
income available for living was at a peak, consumption averaged 
1,476 pounds, or only about 2 percent above the average for the entire 
18-year period. There was no significant decline during the depres- 
sion following 1929, as consumption during the period 1930-33 
averaged 1,442 pounds per capita, which was only a fraction of 1 
percent below the average of the entire post-war period. 

This suggests that, given the existing eating habits of the Nation 
(including trends in the consumption of specific foods) and the exist- 
ing distribution of income, the total demand for food in the United 
States approximates a definite physical requirement that depends 
primarily on the size of the population. The consumption of specific 
foods, such as sugar and certain canned products, tends to vary directly 
with consumer income, but this movement is overshadowed b^ the 
more stable forces in the situation. From the point of view of national 
agricultural policy, this analysis indicates that proposals for establish- 
ing, as an integral part of action programs for agriculture, national 
goals substantially in excess of recent actual consumption, must be 
carefully examined with a view to determining whether effective 
means for securing these desired increases can be put into operation. 

In determining acreage and production goals for basic crops under 
the Agricultural Adjustment Act of 1938, the requirements of normal 
exports and normal reserve stocks are added to those of normal 
domestic consumption. Normal exports are 5- or 10-year averages 
adjusted for current trends, while normal stocks vary from 7 percent 
of a normal year's domestic consumption and exports for corn to 
175 percent of a normal year's domestic consumption plus 65 percent 
of a normal year's exports for tobacco. 

PRODUCTION REQUIREMENTS UNDER PRESENT STANDARDS 

Before proceeding to the problem of the interrelations of agricul- 
tural adjustment programs and programs designed to raise the nutri- 
tional level on a Nation-wide scale, the results of the application of 
the criteria of average per capita consumption, adjustment to foreign 
demand, soil conservation, and adequate farm income to the American 
agricultural problem will be briefly surveyed. 

During the 5-year period 1928-32, our total harvested cropland 
averaged about 365 million acres. With normal growing conditions, 
and in the absence of control measures or the diversion of soil-deplet- 
ing acreages to soil-conserving uses, a return to this high level might 
easily take place. Assuming average yields and a population of 130 
million persons, 260 to 265 million acres would be required to maintain 
average per capita consumption of food and fiber at the level prevailing 
during the period 1920-29.    If 40 to 45 million acres of feed grains 
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and hay for work stock are added to this, and 25 to 30 million acres 
to care for probable export demand, the result is a total harvested 
acreage requirement of 325 to 340 million acres. This is 25 to 40 
million acres below the 1928-32 average. Even if our 1930-34 export 
market of approximately 45 million acres should be regained, which 
seems extremely unlikely, total acreage requirements would still be 
about 15 million acres below the 1928-32 average. Reductions of such 
magnitudes are consistent with the requirements of soil conservation 
and good farm management, which indicate a downward adjustment 
of 20 to 30 million acres, and with the requirements of parity income, 
which indicate a reduction of 30 to 50 million acres, depending pri- 
marily on the general price situation in agriculture. 

In summary, the application of these several criteria indicates a 
reduction below the 1928-32 average of 365 million acres lying some- 
where between a minimum of 15 to 25 million acres and a maximum 
of 35 to 50 million acres. The reduction appropriate to any given 
year would vary with changes in the relative weights given to the 
several criteria, which in turn would be influenced by such factors as 
the supply conditions existing in agriculture and the state of domestic 
and foreign demand. 

PRODUCTION REQUIREMENTS IF DIETARY STANDARDS ARE TO BE RAISED 

The problem of agricultural production will now be reexamined 
with special reference to the need for raising the consumption of food 
in the United States above existing levels or altering appreciably the 
structure of that consumption. This will involve an attempt to give 
approximate answers to three broad questions: (1) To what extent 
does an agricultural output geared to recent average consumption 
requirements approach or fall short of dietary standards established 
primarily from the point of view of nutrition? (2) What would be the 
effect on agricultural output if it were adjusted to provide the quan- 
tities of the several foods that nutritional standards would require? 
(3) To what extent is it practicable to introduce into agricultural 
adjustment a goal based on dietary standards conforming to a struc- 
ture of consumption differing appreciably from that evidenced by 
actual consumption? 

The over-all dietary standards discussed in this Yearbook have been 
formulated from two standpoints: (1) Securing the best nutritional 
values at four levels of cost, and (2) increasing the consumption of 
protective foods over the present average level of consumption in the 
Nation as a whole. The recommendations on the basis of cost give 
rise to four recommended diets, namely, an economical fair diet, a 
low-cost good diet, a moderate-cost good diet, and an expensive good 
diet. The desirable increases have been formulated in three ways 
earlier in this article: (1) Increases required to raise present average 
consumption to the level of existing freely chosen diets that can be 
rated good nutritionally; (2) increases required to raise present average 
consumption of families consuming less than the quantities specified 
for an economical fair diet up to the level of that diet; and (3) increases 
required to raise present average consumption to the level that would 
be attained if all families selected their diets according to plans 
adapted to their income. 
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It appears that the total acreage required to raise supplies of agri- 
cultural products sufficiently to enable the Nation to secure the moder- 
ate-cost good diet would be slightly higher than the total acreage 
required to maintain recent actual levels of per capita consumption. 
This diet provides for substantial increases in the consumption of a 
number of foods, including milk, certain fruits, and certain vegetables, 
which would necessitate an expansion in the acreage devoted to the 
production of feed crops and hay, to take care of the increases in milk, 
and in the acreages of fruits and vegetables. With the various adjust- 
ments involved, the total acreage required for domestic food consump- 
tion would be approximately 285 to 295 million acres, slightly higher 
than the 280 to 285 million acres required for the maintenance of recent 
levels of actual per capita consumption. This acreage is, of course, 
greatly in excess of the requirements of the two lower standards—the 
economical fair diet and the low-cost good diet. 

If the Nation were actually able and willing to expand its consump- 
tion of food to conform with the ^expensive good diet/' it would prob- 
ably be necessary to utilize about 30 to 40 million acres more than are 
needed to cover requirements based on actual recent consumption.13 

This would not only result in a tremendous improvement in national 
health, but would take us a long w-ay toward a solution of the agri- 
cultural problem as a whole. 

Of the dietary changes recommended from the standpoint of increas- 
ing the consumption of protective foods, those formulated on the 
assumption that all families select their diets according to plans 
adapted to their incomes appear to be the most promising. Could such 
selection be secured, the result would be substantial increases above the 
present level of consumption of protective foods. As indicated on 
page 381, consumption of milk might be increased 10 to 20 percent; 
that of butter, 10 to 25; of tomatoes and citrus fruit, 25 to 70; and of 
leafy, green, and yellow vegetables, 100 percent. It is difficult to 
estimate the precise effects of such consumption on acreage. Probably 
impending increases in the acreage of bearing trees will come close to 
providing the needed increase in citrus fruits. Close to a million 
additional acres might be needed for vegetables, including tomatoes. 
The greatest effect on agriculture would come from the desired in- 
creases in the consumption of milk and butter ; probably 7 to 8 million 
acres more would be required to support the increased numbers of 
dairy cattle. 

THE ROLE OF AGRICULTURE IN ATTAINING THE NUTRITIONAL GOAL 
Granted that substantial increases in consumption along the lines 

indicated by the various dietary standards are possible, there wmild 
still remain the problems involved in attaining these nutritional goals, 
including the role that agriculture might be expected to play. Actual 
food consumption depends upon the interplay of a considerable 
number of factors, among the more important of which are: (1) Size 
of the total national income and its distribution; (2) eating habits; (3) 
consumers' knowledge of the economics of food purchasing, including 

is In this connection it should be noted that there is not one structure of consumption that commends itself 
above al] others, but rather a number of attainable structures, each of which embodies merits and defects, 
and each of which may indicate a somewhat higher or lower total acreage without thereby implying 
greater or less nutritional well-bein^. 
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knowledge of dietary values, opportunities for food purchasing, and 
dietary values relative to costs; (4) prices of food, which are a function 
partly of supply, partly of consumer buying power, and partly of the 
cost structure, particularly distribution costs. 

The size and the distribution of the national income are important 
limiting factors to programs designed to increase the consumption of 
any commodity or group of commodities. Not until there is some real 
solution of the problems of industrial fluctuation and chronic under- 
employment of resources will it be possible to launch with confidence 
programs designed to increase the welfare of the total population along 
any particular front. The case for bettering the distribution of income 
rests upon strong grounds, both with respect to the welfare of the 
Nation as a consuming unit and with respect to the operation of an 
economy that probably needs to be geared to a lower rate of capital 
accumulation than has been characteristic of the last century or so. 
But here again the ways and means are nebulous and controversial, 
and important changes in the distribution of incomes in the near future 
cannot be taken for granted in formulating programs if their success 
depends upon such changes. 

Eating habits and consumer knowledge of the economics of food 
purchasing are usually considered, and rightly so, as problems best 
attacked by education. There is no doubt that education in these 
spheres needs to be greatly expanded and intensified; but it is hardly 
feasible to ask agriculture to produce supplies of commodities appro- 
priate to better nutritional goals unless the persons directing the 
educational programs can furnish evidence that their efforts will 
affect consumer demand in such a manner that the agricultural pro- 
ducers will not suffer economic losses from altering their structure of 
production. 

The problem of distribution costs in relation to food prices has 
already been discussed, and attention will here be centered on prices 
in relation to supplies of agricultural products. The question has been 
raised as to whether agriculture can adapt itself to a changing demand, 
involving in particular an increased consumption of the protective 
foods, and also whether agriculture can anticipate the movement on 
the supply side and facilitate it. 

There can hardly be any doubt about the ability of agriculture to 
meet changes in consumption evidenced by expansion in effective 
demand. As stated in the final report of the mixed committee of the 
League of Nations on the relation of nutrition to health, agriculture, 
and economic policy {671), '¡the best proof that agriculture is able 
to adapt itself to the expansion in demand for the protective foods 
lies in the fact that it is already doing so." The need for profitable 
outlets for agricultural products is so great that a quick response to 
increased demand seems inevitable. 

Through its rapid adoption of cost-lowering techniques, agriculture 
has long been, and undoubtedly will continue to be, a powerful factor 
in the improvement of dietary habits. Furthermore, agriculture as a 
whole has characteristically turned out a relatively large and stable 
quantity of food products during both prosperity and depression. 
On the average this production has been so large in relation to demand 
that agricultural income has suffered, with the result that there has 

141394°—39 27 
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been a steady depletion of agriculture's greatest resource—the soil. 
It is difficult to see how further burdens in the production of foods 
can be thrown upon agriculture without an assurance of a fair return, 
particularly when the bulk of the recommended consumption is in 
the relatively high-cost foods. To attempt to do so would be to force 
the cost of a general food subsidy on agriculture and further depress 
it in relation to the rest of the economy. Large increases in consump- 
tion must come primarily from better consumer knowledge, increased 
national income, better distribution of income, and perhaps some sub- 
sidizing by the Nation as a whole of the food consumption in certain 
underprivileged groups. 

Given desirable changes in these spheres, there is no doubt of the 
ability of American agriculture to respond with an appropriate output. 
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SOURCES  AND  CYCLES  OF   THE 

NUTRITIVE  ELEMENTS 

by E.J. Kraus1 

I H t soil, the atmosphere, the plant, and the animal are parts of a great 
cycle of life in which the same materials are used over and over again. 

This article shows how the cycle operates, how plants alone have the 
power to store up the energy needed by animals and man, and how they 

furnish other nutritive elements derived from the soil. The author makes 

a plea for a new, unified approach to the problems of nutrition, arguing 

that much can be done to control the nutritive value as well as the quality 

of plant products by proper cultural methods, beginning with the handling 

of the soil. 

ANIMALS depend upon plants for their existence and both depend 
upon the soil, or rather the nutrients in the soil. People now take 
this for granted, although the recent publicizing of the use of water 
cultures has somewhat confused the issue by making soil seem un- 
necessary. The vast quantities of food obtained from rivers, lakes, 
and other bodies of water are ultimately derived from the nutrieut 
salts that are present in the water and are constantly being renewed 
or added to from the land areas. These nutrient materials must be 
in solution in the water or in soil moisture before they enter the plant. 
After entrance they become a part of the vast complex of compounds 
that make up the plant body. They also make up the body of the 
animal that consumes the plant. 

Attempts to determine which of these elements are essential, what 
their relative proportions for any desired type of plant development 
must be, and above all, the means of supplying them and providing 
for their renewal and replacement constitute the major portion of the 
investigative work dealing with plants. As scientific knowledge pro- 
gresses, it becomes increasingly obvious that the whole cycle of inter- 
actions and interdependencies of plants and animals must be studied 
simultaneously. These must then be integrated in terms of the 
environment in  which  the  plants  and  animals  develop.    By  this 

1 E. J. Kraus is Chairman of the Department of Botany, Univei-sity of Chicago. 
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method a comprehensive grasp of the biologic problem of agriculture 
may be gained, and the whole interpreted in terms of its social sig- 
nificance. 

HOW PLANTS STORE ENERGY 
The vital or living process, whether in plant or animal, always 

involves a greater or lesser expenditure or release of energy. The 
source of this energy used by both plants and animals is food. Food 
occurs in a very great variety of forms and degrees of complexity, 
and technically the term would include many substances not commonly 
recognized as food. But whether foods are relatively simple or 
complex in their chemical make-up, their principal importance in the 
economy of the plant and animal worlds is due to the energy they 
yield. 

In general, animals possess only the capacity of releasing energy 
from foods, whereas green plants have the capacity not only of re- 
leasing energy from foods but also of manufacturing food or accumu- 
lating energy in a form utilizable by themselves or animals. This is a 
very important function. The capacity of green plants for manu- 
facturing food, that is, accumulating energy as food, places them at 
the forefront in any system of economy dealing with living things. 

Green plants accomplish energy accumulation by decomposing 
carbon dioxide and water, two substances relatively low in energy 
content, and recombining a part of these products, in the presence of 
light, to form sugar, a substance relatively high in energy content 
and of great food value. The release of oxygen into the atmosphere 
during the process of decomposing carbon dioxide and water and 
making food is scarcely less important, for oxygen is essential to 
many animals and plants for the utilization of the energy stored in 
foods. 

Without green plants all the higher animals existing today would 
eventually perish. They are completely dependent upon the foods 
made by green plants or stored in excess of their own needs for growth 
and development. 

In addition to carbon dioxide and water the green plant requires 
for its living processes a fairly wide variety of other chemical elements, 
which are supplied to it from the soil, water, or the atmosphere. 
Without any one of these necessary elements, the plant cannot build 
up foods nor can it continue to live. Even though all these elements 
may be present in any given medium in which a plant may be living, 
there may be a wide variation in the relative quantities. It has been 
found that the character of growth and rate of development of a 
plant varies greatly with the abundance or scarcity of these various 
elements in relation to one other. One of the principal problems of 
the agriculturist is to determine these relationships and balances and 
to correlate the different types, quality, and quantity of plant growth 
with them. 

On the basis of his knowledge of these relationships and balances 
it is possible for the agriculturist so to manipulate or alter the factors 
making up the environment of a plant that within rather wide limits 
he can produce the amount, kind, and quality of plant product he 
desires.    The production problems of agriculture, whether in field, 
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forest, garden, or greenhouse, are all of this sort, the chief difference 
being the degree of control of the environment exercised or economi- 
cally possible. In a greenhouse, for example, many more environ- 
mental conditions are under control than in a forest or on open pasture 
land. What may be considered economical practices under one set 
of conditions would be quite out of the question under another. 

THE WHEEL OF LIFE 

The interrelation of the soil, the atmosphere, the plant, and the 
animal is a cycle in which the same materials are used over and over 
again. The sum total of elements in the world remains relatively fixed, 
but there is a more or less constant movement of them from place to 
place. At any particular location there may be a large accumulation 
at one time or a decided deficit at another. 

The point of greatest concern in the living process is the amount 
of energy available in foods made of these elements. Minerals, 
moisture, and certain elements of the atmosphere, under appropriate 
conditions of light and temperature, find their way to and into the 
living green plant, which splits up many of the old combinations and 
forms new ones. Of these new combinations some represent great 
stores of potential energy capable of being released again by the same 
plant or other plants or animals. This process of food building and 
the storage of the excess not immediately used in life processes by 
either plant or animal could not go on indefinitely for the simple reason 
that eventually the free supply of elements out of which foods are 
built would be exhausted. Such exhaustion does not occur in nature 
because the living process goes through destructive, energy-releasing 
phases or cycles when the elements are again set free. They are 
then once more available to be rebuilt into a living system. 

The common idea that green plants build up foods but do not 
destroy them is erroneous. During periods of darkness and very 
low light intensity plants use up large quantities of food. In fact 
they do this in bright light also, but the quantity is overbalanced 
by the amounts constructed. Such plants as yeasts and molds 
manufacture little or no new food, merely reworking that already 
formed and more or less completely destroying much of it. But they 
are of great value through these destructive processes in rendering 
available the materials out of which new foods may be made. 
Animals do the same thing by consuming the food stored up by plants 
and other animals, building part of it into their own bodies, and de- 
stroying much of it, which is released into the atmosphere or returned 
to the soil in simpler combinations. It may then be taken up again 
and built into new plant bodies. 

Thus, a great cycle or wheel of life is established, constructive 
processes balancing the destructive. The basic elements are com- 
bined, taken apart, and recombined, the green plant being the prin- 
cipal constructive force, nongreen plants and animals the destructive. 
New individuals come into being and pass away again, but the^ are 
all made from the same stock of elemental substances, kept in circu- 
lation by the constructive processes of food manufacture and the 
destructive  processes  of  food  utilization,   through   the medium of 
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green plants, nongreen plants, and animals. Sometimes storage in 
excess of utilization has resulted in vast accinnalations of coal, oil, 
and similar materials, which when eventually burned or oxidized 
are also put back into circulation in forms that can be utilized by the 
green plant. 

Minor cycles may be established for individual elements. For 
example, nitrogen is taken from the air, soil, or water into the plant 
body, where it forms part of a great variety of compounds, some of 
the most complex and important being the proteins. These plant 
proteins, as well as other nitrogen-containing compounds, may sub- 
sequently be built into the animal body, eventually to be broken 
down and reworked into simpler compounds and again excreted to 
the soil. Thence the simpler compounds may enter other plants 
directly, or they may be still more completely decomposed and uti- 
lized in whole or in part by growing plants. There are several types 
of the nitrogen cycle, some of them very complex, others more simple 
and direct. 

Another important cycle is that of carbon. Carbon, in combination 
with oxygen as carbon dioxide, is universally present in the atmos- 
phere. From that source it enters the living leaves of green plants, 
and in the presence of light and in a suitable temperature it is made 
into sugar, a basic food. This sugar may be at once destroyed and 
its contained energy released by the living matter of the plant, or it 
may be compounded, together with other substances, into literally 
hundreds of compounds which constitute some portion of the plant 
body or which may be stored in its cells. These varied forms of food 
may then be consumed by animals and used by them as a source of 
energy or be built into the still greater variety of substances which 
constitute the animal body. Tn any event these compounds also are 
eventually destroyed, and the combinations of carbon, of greater or 
less complexity, find their way back to the soil or directly into the 
atmosphere as the relatively simple carbon dioxide. 

Thus, for even- one of the more than a dozen chemical elements 
which are required for the growth of green plants, a cycle of greater or 
lesser complexity exists. A critical understanding of these cycles, 
the necessary provision for the most economical return of the various 
elements to the soil or atmosphere, and their conservation in such a 
place and manner that they can again become a part of any living 
organism desired in human economy, is the basic consideration in 
soil management and in plant and animal husbandry. Around this 
fundamental understanding, in which many elements still remain to 
be determined and classified, practices must be bnilt. These practices 
may be simple and direct or vastly complicated. Their simplification, 
the finding of those practices which are least costly of human effort 
and involve the least loss of the various elements in the cycle of life, 
contributes directly to human welfare. 

MINERAL CONTENT OF PLANTS 
Many of the vitamins^ or at least their precursors—the substances 

from which vitamins are formed—are obtained by domestic animals 
from plants in the same way as other food elements. Most of the 
essential minerals may be obtained from plants, but these may be 



SOURCES OF NUTRITIVE ELEMENTS 409 

gotten in other ways also, some of them by direct consumption of 
mineral compounds. At the present time, there are few fields in 
which knowledge is making greater advances than in the whole 
problem of mineral metabolism in both plants and animals. View- 
points are constantly being shifted with added evidence. It is clear, 
however, that the chemical composition of plants, with respect to 
both their mineral and their organic content, may be greatly modified 
by the kind and amount of fertilizer applied to them, by irrigation, 
by pruning, and by many other factors. It is equally certain that 
the value of plants as food for animals varies with their chemicaJ and 
physical make-up. For example, nutritional diseases result when 
animals are fed on plants grown on certain pasture lands low in 
calcium or phosphorus. It is readily possible to change markedly 
the food value of plants, either fresh or cured, through methods of 
treating and handling the soil on which the crop is grown. A ferti- 
lized pasture as compared with an unfertilized one may be very 
different in value as range for livestock, not only because of greater 
yields of the crop but because of better quality. 

One of the most direct ways in which the composition of crops may 
be more or less regulated by the plant husbandman is through the 
kind, amounts, and time of application of fertilizers he adds to the 
soil. Different species or varieties of plants react in varying ways to 
the several elements which may be applied to soils, and specific 
practices must be devised for the many different relations of soil, 
moisture, and temperature that exist. The amount of soil nutrients 
and other substances entering the plant may vary greatly, though 
there is a lower limit of concentration below which plants will make 
no growth at all. This variation depends not only upon the amounts 
of nutrients in the soil, but also upon virtually every other cultural 
practice. When any available element is present in the soil in quan- 
tities somewhat greater than the amounts directly utilized by a plant 
for growth, building of tissues, and storage, compounds of the ele- 
ment, of greater or less complexity, may still accumulate within the 
plant body. This excess accumulation or what might be called 
luxury consumption of calcium, phosphorus, potassium, nitrogen, and 
many other elements is well known. An excess intake of mineral 
salts is of very great importance not only for its effect on the total 
quantity of plant tissue utilizable as feed for animals, but also for its 
effect on the quality of the feed. 

Many experiments are being conducted in human and animal 
nutrition to determine the specific conditions in which the various 
mineral elements necessary for growth and development must exist 
within the plant, or what combinations of them may be added as 
supplements to foods or feeds in order to be most readily or completely 
utilized by the animal. The evidence seems clear that it is possible, 
through the medium of the plant alone, to balance the mineral nutri- 
ents and organic foods necessary for the full development of the animal 
body. Many soils, however, are so deficient in certain elements that 
they are not supplied in sufficient quantity to the animal through the 
plants grown on these soils. The solution of such problems of animal 
nutrition goes back largely to the soil, where the deficiency may be 
made up by increasing the supply of nutrients. 
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Conditions within the digestive tract of the animal must also be 
given attention. For example, it is well known that the acid or 
basic reaction of the digestive tract and other factors may affect the 
absorption or elimination of a mineral salt. Thus the composition of 
the feed is not the only factor to be considered. This is one reason 
why recommendations for the use of certain species or varieties of 
plant to supply this or that element in the diet are subject to change. 
The fact remains, however, that the value of feeds may be very 
greatly modified by the conditions under which they are grown in the 
field. Soil-management practices and the use of fertilizers should be 
given more critical study from this viewpoint. 

WATER IS NOT ENOUGH 
The amount of water available to the crop during the various periods 

of its growth may greatly affect its nutritive value. In general, this 
is due not simply to the amount of water but to a complex relationship 
between water supply and available nutrients. Increasing the amount 
of mineral nutrients if the water supply is deficient, or the water supply 
if minerals are deficient, is ineffective in improving crop yields. 

In general, experimental evidence indicates that there is a greater 
intake of minerals by the plant when the water content of the soil is 
relatively high. In the case of nitrogen the actual amount entering 
the plant is not markedly larger, but the total amount of growth 
made, especially on a wet-weight basis, is very much greater with an 
increase in the amount of water. That is, when the water content of 
the soil is high and nitrogen is available the plants are very much 
more succulent, but if relatively large quantities of nitrogen ^are not 
available, the plants cannot be made to grow vigorously or become 
succulent no matter how much water is applied. 

What is true for nitrogen is also largely true for other essential 
nutrients. The lack of any particular one becomes noticeable through 
certain deficiency symptoms which may be fairly well recognized. 
The fact that water cannot substitute for mineral deficiency should 
be obvious, but it is frequently lost sight of, particularlv in sections 
where irrigation is practiced. Certain cultural practices may also 
negate the effect of water supply. These may include excessive 
pruning of fruit crops, excessive cutting or grazing of field crops 
attacks by fungi and insects, and light and temperature conditions.   ' 

MANAGING THE TOP OF THE PLANT 
In considering the capacity of plants for absorbing and utilizing 

mineral nutrients, it is a mistake to confine attention exclusively to 
the soil. The manipulation of the top or aerial portion is also im- 
portant because it is closely related to food manufacture, or in other 
words, energy accumulation. It is probable that mineral nutrients 
are absorbed and accumulated only, or at least mainlv, when there is 
a food reserve within the plant to furnish the necessary energy If 
there is no food reserve, then the plant must be directlv exposed to 
light as an energy source. Agricultural practices, therefore, must 
include those that influence the relation of the top of the plant to the 
light as well as those that influence its relations to the moisture and 
nutrients in the soil.    Such practices directly affect the green part of 
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the plant where food is manufactured as well as the capacity of the 
various organs for transportation and storage of food. In brief, if the 
roots are to function at their best in absorbing and conducting minerals 
and water for their own development and that of the top, then the 
top of the plant must make food in quantities sufficient to send at 
least a portion to the roots. Tillage, fertilization^ and irrigation 
practices can be intelligently performed only when due consideration 
is given at the same time to the handling of the top. All too often 
practices applied to the soil have been antagonistic to those applied 
to the top, and loss instead of gain has resulted. 

In the production of forest, field, orchard and garden crops, it is com- 
mon practice to attempt to control the density of stand. In such prac- 
tices consideration should be given to the supply of mineral nutrients 
and moisture available in the soil, and also to the amount of light 
and the temperature. In a humid region, for example, these practices 
should be correlated with probable rainfall during any given season, 
the quantity of light received by the crop during the season, and the 
shading effect produced by plants growing close together. Many 
experiments have been conducted to determine the correct density 
of stand for the most economical production of certain crops, but 
frequently the data have been interpreted without sufficient reference 
to records of temperature and sunshine. Recently records of sunshine 
and temperature have been kept and studied in connection with 
fertilizer practices for pineapple and sugarcane particularly, but also 
for other crops. The result has been t'hat fertilizer practices have 
been changed in many instances, with a saving—as high as 60 percent 
in some cases—in the amount of fertilizer applied and a marked im- 
provement in the yield and quality of the crop. 

In irrigated sections, where the mineral intake of plants can be 
partly regulated by the amount and time of application of irrigation 
water, the quantity and quality of the crop may be improved by 
applying fertilizers at intervals instead of all at once, as is often done. 
The quantity and type of fertilizer to be used should be correlated 
with the amount of sunshine and the temperature conditions prevailing 
during the growth period. With perennial plants this method is 
particularly useful. Fertilizers may be supplied to fruit trees at the 
beginning or near the close of the growing season, and the type of 
growth made by the trees and the quality of the fruit produced may be 
carefully regulated. In regions where the amount of seasonal rainfall 
may be depended upon or irrigation water is available, it is often the 
best practice to supply fertilizers at several times during the growing 
season. The plant husbandman can judge with great accuracy the 
type and amount of fertilizer needed by the appearance of the crop or 
the relative state of its maturity; he can adjust the fertilizer supply 
to produce a crop of any desired size and quality, giving just enough 
fertilizer to be completely utilized in conjunction with the carbohy- 
drate and other materials synthesized by the leaves or other green 
portions of the plant. 

FERTILIZERS AND THE CARBOHYDRATE RESERVE 
The horticulturist also influences the capacity of plants to synthesize, 

move, and store carbohydrates by such practices as pruning, spraying, 
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and in some cases—tobacco^ for example—shading. The agronomist 
accomplishes the same end by seasonal cutting, mowing, and pasturage. 

It has been suggested above that nitrogen enters into many complex 
compounds within the plant. As in the case of other mineral nutrients 
what happens to the nitrogen taken into the plant is conditioned by 
the available supply of carbohydrates or the opportunity for their 
synthesis. Indeed, the primary intake of nitrogen, whether as 
ammonia, nitrate, or some other compound, is profoundly influenced 
by the conditions of temperature and light—particularly light. 
Nitrogen applied to the soil as a fertilizer may prove highly toxic to a 
plant if the carbohydrate content is low. The same concentration of 
nitrogenous fertilizers applied to plants which have a carbohydrate 
reserve, or ready opportunity for manufacturing carbohydrates, may 
cause no injury. In fact, the nitrogen may then enter the plant in 
large quantities and be utilized in conjunction with the carbohydrates 
in the formation of compounds used in general metabolism, tissue 
building, and storage. This has been demonstrated many times in 
the use of fertilizers on pasture lands, lawns, and truck and field crops. 

Nitrogenous fertilizers are sometimes applied to crops—less fre- 
quently now than formerly—with the expectation of increasing 
yields when the concentration in the soil is already too high to be 
effective. What is frequently needed is less shading or less or more 
cutting or pruning; in other words, a decrease of any practice that is 
limiting the capacity of the plants to manufacture, move, or store 
carbohydrates or similar coiñpoimds. To an appreciable degree this 
is true for other mineral nutrients as well. The fact that in the 
absence of carbohydrates or carbohydrate synthesis the plant can- 
not retain or metabolize such nutrients is frequently overlooked or 
neglected. Because it is so commonly neglected, it is difficult to 
overemphasize this relationship. 

FOUR TYPES OF RELATIONSHIPS 

It is worth while to describe here some of the effects of the interre- 
lation of the carbohydrate and nitrogen supplies. This relationship 
has been observed in greater detail with nitrogen than with most of 
the other nutritive elements. 

In many plants it is possible to establish a graded series of perfor- 
mances under environmental conditions frequently encountered in 
field or orchard culture. (There are, of course, fluctuations attri- 
butable to the influence of other environmental factors that in them- 
selves profoundly affect plant metabolism, including length of day. 
In some species and varieties, this is of prime importance, counter- 
acting nutrient conditions in the soil, temperature, and even specific 
growth promoting or inhibiting substances, such as the auxins, 
hormones, and vitamins.) The four grades of performance here 
listed are to be considered as rather broad and merging into one 
another. It is not possible to set up mathematical ratios of carbo- 
hydrates to nitrogen content of the plant or to total mineral supply 
as standards for agricultural practice. The grades or groups are 
sufficiently well defined, however, to be clearly recognized by plant 
husbandmen, and they are also characterized by differences in food 
value and palatability. 
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TYPE 1—TOO LITTLE CARBOHYDRATE 

In group 1 there is an abundant supply of nitrogen, but the supply 
of carbohydrates or the opportunity for their synthesis is limited. 
Under such conditions plants tend to be weakly vegetative, growing 
slowly or not at all, or dying if the carbohydrate restriction is very 
severe. They are generally succulent, relatively high in water con- 
tent, and often particularly susceptible to attack by fungus and 
bacterial diseases.^ They decay rapidly after death or when turned 
into the soil. Their relative mineral content is frequently low and they 
do not furnish large quantities of energy-supplying food for animals. 
They may be of value as dietary supplements because of their suc- 
culence and their content of vitamins or accessory growth factors. 

In practice, plants of this character are to be found growing in 
greater or less dense shade, either as intercrops or shaded by overtop- 
ping vegetation or by such structures as buildings, rocks, shade cloths, 
and the like. Very frequently the same conditions result when crops 
are subjected to excessive removal of leaves by disease or insects or by 
extremely heavy priming, very frequent heavy cutting, or unusually 
heavy grazing. This is one reason why many pastures die out or 
greatly decrease in forage value when very heavily grazed for a period 
of months or years. Sometimes only the more palatable species are 
severely eaten or cut back. Unable to make sufficient carbohydrates 
to supply the stem, storage organs, or roots, they grow feebly or die 
out and are replaced by the less palatable species, which have not been 
handicapped by so great a reduction in leaf area. This also helps to 
explain why some species will persist for a longer period in regions of 
high light intensity and perish where the light intensity is lower. 

This does not mean that grazing or cutting may not be advan- 
tageous under many circumstances. It is undoubtedly true that 
many native grasses will die out more quickly if not grazed at all than 
when subjected to moderate grazing. The old tops, ungrazed, may 
have a shading and smothering effect and also tie up some of the 
mineral nutrients, which are more quickly released to the soil under 
grazing conditions. 

TYPE 2-ABÜNDANT NITROGEN AND CARBOHYDRATE 

In group 2 there is on the one hand an abundant supply of mineral 
nutrients, moisture, and especially available nitrogen, and on the other, 
an available carbohydrate reserve which can be drawn upon for the 
metabolic processes of the plant, or ample opportunity for synthesis 
of new or additional carbohydrates. Under these circumstances the 
tendency of many plants is to grow vigorously, with lush green 
foliage. Some, including the tomato, the potato, and many others, 
will also produce flowers, but they frequently fail to mature fruit or 
at most set a few fruits of poor form, flavor, and quality. At the 
upper limits of this group, where it merges into the one next to it, in 
which carbohydrate accumulation is still greater, blooming and even 
fruit setting may take place, but even here there is generally a vigorous 
condition of vegetativeness. 

Growth of this type is common on rich alluvial soils high in nitrogen 
and other nutrients, and on soils to which nitrogenous fertilizers 
have been supplied copiously while the plants have been given little 
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or no pruning or only light grazing. The light pruning or grazing 
reduces an excessive supply of carbohydrates or somewhat restricts 
the manufacture of new carbohydrates. 

Plants in this group are large and succulent with a relatively low 
dry weight; at the upper limits^ they are slightly smaller, increasingly 
tough, and higher in dry weight. Many leafy or succulent vegetables 
have their greatest commercial value at this plane of nutrition. Some 
types of pasturage also can be most profitably maintained at this 
level, when they will furnish large quantities of succulent food high in 
nitrogen values. Some forage crops are cut for hay at this stage in 
their development because they are then relatively higher in nitrogen 
content and digestibility than later on, when they are more nearly 
mature and have accumulated greater quantities of crude fiber or 
related carbohydrate derivatives. Succulent plants, however, are 
in general relatively low in some of the carbohydrates and fats, and 
therefore in energy value. 

In some localities, where the intensity of light is very high, this 
vegetative condition is not maintained throughout the growing 
season, and in the case of perennial trees and shrubs it is temporary, 
in spite of large quantities of available nitrogen in the soil. This is 
a common experience on the range lands and in the irrigated valleys 
of the West and Southwest. As already stated, environmental 
factors such as day length and temperature may have a greater effect 
on the character of growth than does the supply of nutrients in the 
soil. Plants growing at higher altitudes or in northern latitudes 
respond differently from those at lower elevations or farther south, 
although the mineral supply may be the same. No one factor operates 
in the same manner in all types of environment. The whole environ- 
mental complex must always be considered as fully as possible. 

TYPE 3—ABUNDANT CARBOHYDRATE 

In the third group, the carbohydrates or, in some species, fats and 
fatlike compounds accumulate in excess compared to the nitrogen 
supply ; that is, more carbohydrates are manufactured than are 
built into the more succulent vegetative portions of the plant, and 
the excess is not removed. This particular relationship between 
nitrogenous and carbohydrate or fatty materials is brought about 
under natural or artificial conditions when the available nitrogen in 
the soil is limited or when there is increased opportunity for carbo- 
hydrate synthesis or accumulation. 

This group makes less vegetative growth than group 2. Such 
vegetative structures as are produced are less succulent; their tex- 
ture is more firm or tough owing to increased thickness of cell walls 
and lower water-holding capacity of the cell contents. Accompany- 
ing these vegetative characteristics there is increased tendency toward 
blooming, fruit setting, and maturing of seeds. This is a very desir- 
able condition for many crops grown primarily for their flowers and 
fruit, and also for many fiber crops. Hay and pasture plants in this 
condition are often relatively lower in soluble organic nitrogenous 
fractions and relatively higher in carbohydrates, carbohydrate deriva- 
tives, and fats. Their energy value is greater than that of plants in 
the second group.    At its lower limits, plants in this group are very 
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valuable for feed or food because of the reserves of carbohydrate and 
nitrogenous material they contain. At the upper limits, plants are 
frequently tough, woody, or relatively high in dry-weight substances 
and therefore less desirable as food. 

TYPE 4—TOO LITTLE NITROGEN 

In the fourth group, the supply of nitrogen or other mineral nutrients 
such as potash or phosphorus is a distinctly limiting factor. The 
result is that, unless some other restriction is imposed by the environ- 
ment, the carbohydrates or their derivatives come very greatly to 
predominate over the nitrogenous or mineral content of the plant. 
In general the condition is the reverse of that in group 1, though there 
is a superficial resemblance since in both groups vegetative growth is 
very greatly reduced. Frequently almost no growth is made. Be- 
cause of this general resemblance the two conditions have frequently 
been confused, and measures intended to correct the one have been 
applied to the other, naturally without success. In addition to slow 
vegetative growth, plants in this fourth group are characterized by 
very stiff, hard, woody stems or leaves. Flower production is some- 
times profuse, but when the mineral supply is extremely limited the 
plants fail to bloom as well as to grow. Fruit setting and develop- 
ment are greatly decreased, such few fruits as may mature being of 
small size, often of somewhat intense but inferior coloration, and poor 
in quality. Grasses and forage crops grow very sparsely and are 
often yellowish or grayish in color and tough or wiry and woody. If 
they have any feeding value, it is as roughage. 

The obvious means of correcting this condition is to apply water or 
mineral nutrients or both to the soil. If small amounts of these are 
already available, reducing the top through pruning or decreasing the 
light may bring about a similar response, but less growth is produced 
and valuable food reserves that could be used for growth and fruiting 
are removed with the cut material. The fact that many types of 
plants in this condition will send up a limited quantity of top growth 
when severely pruned, mowed, or grazed, has led to the erroneous 
idea, less commonly held than formerly, that the more the tops of 
plants are cut back the more vigorously they will respond in subse- 
quent growth. Taken at its face value no statement could be farther 
from the facts. Obviously this method must result in a marked 
decrease in the total amount of growth on a given area of land. 

The conditions prevailing in this fourth group are common over 
large areas, especially in the older agricultural districts, where crops 
have been removed from the land without provision for restoring 
available nitrogen and other nutrients through fertilizers or organic 
matter. These elements eventually become so decreased that the 
productive capacity of the soil is greatly reduced. 

This discussion applies to many other mineral nutrients as well as 
nitrogen. Only when a management system establishes a balanced 
relation between all soil constituents and the treatment given the tops 
can it be said to be sound. There is no exception to this even in the 
case of the so-called trace elements that must be present, though 
sometimes in extremely minute quantity, if the growth of plants is to 
be maintained at the highest levels. 



416 YEARBOOK OF AGRICULTURE, 1939 

FIELDS FOR FUTURE RESEARCH 
The full significance of the trace elements has been realized only in 

comparatively recent years. A great deal of investigation is still in 
progress in this field. Unquestionably some elements not now known 
to be essential will be found to be so for certain plants or under certain 
conditions. Much remains to be discovered, too, concerning the 
relation of some organic compounds, such as the vitamins, to the 
rate and character of growth on certain soils and in certain environ- 
ments. 

It is especially important at the present time to determine not 
only the value of all these elements and compounds in their relation 
to the development of the plant, but also the effect of different 
environmental conditions on the value of plant products as food 
or for industrial uses. Progress has been made in determining the 
effects of the various nutrient elements on the growth and develop- 
ment of plants and the role of these elements in animal nutrition. 
It is known that plants vary greatly in their composition according 
to the soil environment, but what the range of this variation may be 
is far less well understood. Future researches should be concerned 
with the value of agricultural products, particularly plant products 
of every kind, from the standpoint of health, disease, and human 
welfare in general. 

It is essential, for instance, to test the value of plants produced 
under different conditions by feeding them to the usual laboratory 
animals and making observations on rate of development and all the 
other factors involved in nutritional well-being. Eventually plants 
of known composition produced in q nan titles sufficiently large to note 
their effect on selected groups of human beings must be tested. The 
importance from the health standpoint of certain elements, such as 
iron, cobalt, copper, calcium, phosphorus, and iodine, and such com- 
pounds as the vitamins and hormones, is much better understood 
than formerly, and additional data are being secured fairly rapidly. 
Previous work has shown the nutritional significance of fats, carbo- 
hydrates, and proteins, and of the quality of proteins. Further inves- 
tigation should bring out the variations in the value of these food 
materials when they are supplemented with other compounds of 
dietary importance. 

In many studies up to now, a relatively small number of analyses 
has been made to determine specific elements in foods in relation to the 
geographic source of the food. The soil type on which the plant was 
grown or the climatic conditions to which it was subjected are gener- 
ally not known. There should be a concerted attempt to correlate 
composition of foods with soil type, climatic conditions, and cultural 
practices, including the use of fertilizers. That the same foods 
grown in different localities may show wide variation in content of 
nutritionally important elements is well illustrated in the cases of 
iodine, copper, cobalt, and others. Harmful effects have been demon- 
strated in the case of selenium. 

The importance of these trace elements in foods and the need to 
secure them through food plants grown on soils containing them or 
enriched with fertilizers of which they form a part are now fairly well 
recognized.    The effects on animals of deficiencies in phosphorus and 
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calcium in feed produced on deficient soils are well known. The 
occurrence of the same difficulties has been reported from many sec- 
tions throughout the world? and there is no reason to believe that 
similar conditions of deficiency for other elements are not widespread. 
An inventory should be made of the minor or trace elements in various 
soil areas and types to determine where these constituents occur in 
abnormally low, normal, or abnormally high amounts. It is certain 
that it is possible to correct some of the deficiencies and excesses. A 
further fundamental study of the physiological effect upon plants and 
animals of the absence of these minor elements or their presence in 
varying amounts, and their influence on the elaboration of vitamins 
and other organic compounds, remains largely still to be made. 

The fact that, in addition to those elements whose presence in food 
is a vital necessity, certain elements used in combating plant pests 
may be taken up from the foliage or the soil by the growing plants or 
found in solution in water supplies, is in urgent need of investigation. 
Such substances may modify the composition of plants so that they 
become definitely toxic to men or animals consuming them. This 
toxicity has been demonstrated conclusively in the case of fluorine in 
water and of selenium in plants. Other substances just as definitely 
increase the value of the food products to which they are applied and 
are in no sense toxic. The recent finding that the juice of oranges 
varies greatly in its nitrogen-phosphorus ratio and that this may 
furnish a single convenient figure indicating whether nitrogen or 
phosphorus is the factor limiting yield is of interest. 

In popular literature at least, attempts have been made to show 
that the form in which fertilizer elements are applied, whether organic, 
inorganic, or colloidal, results in very great differences not only in 
yield of crop, but in the resistance of plants to disease and insect 
pests. It is stated that the effects likewise are carried over to men or 
to animals consuming the crops. Great benefits to health are claimed 
under some circumstances. All this should be put to rigorous 
test. These studies should involve an evaluation of the composition, 
reaction, moisture supply, temperature, physical character, and bio- 
logy of the soil, and the effects of cultural practices, fertilization, and 
prior vegetation, on the ability of plants to accumulate, utilize, or 
modify soil constituents. The extent to which these differences may 
be passed on in the plants consumed as food is yet to be fully deter- 
mined. It may be quite possible to incorporate optimal quantities 
of essential elements in meat, dairy, and poultry products by way of 
the soil. 

The fact that such factors as light intensity, length of day, tempera- 
ture, and humidity greatly modify and in large part determine the 
character of growth of plants has already been emphasized. How 
to distinguish these factors, as well as inherent varietal differences in 
plants, from the effects due primarily to soil factors has not yet 
received the attention it merits. The scientific literature abounds 
with examples of differences in the chemical composition of plants 
and plant parts resulting from differences in fertilizers, day length, 
temperature, and perhaps other factors. Only a beginning has been 
made in following up these findings with actual feeding tests to show 
what they mean from a nutritional standpoint. 
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THE  DIGESTIVE  PROCESSES  IN 

DOMESTIC  ANIMALS 

by H. W.Schoenlngi 

I H t processes by which different food materials from the outside world 
are taken into the animal body and made ready for use are complex and 

wonderful. This article tells the story of digestion in cattle, sheep, pigs, 

horses, dogs, cats, and fowl in as much detail as is possible in a short space. 

It gives a background for the articles that follow on the nutritional 

requirements of animals and feeding practices. 

NEARLY all food materials are in too complex and insoluble forms as 
they are consumed by either animals or man to be absorbed and 
assimilated. The specific purpose of digestion, therefore, is to convert 
these food substances into simple and soluble materials fit for absorp- 
tion and assimilation. All animals except the most primitive types 
are provided with several highly specialized digestive organs. 

The digestive tract may be described as a tube extending from the 
lips to the anus, constructed with such dilations and constrictions 
throughout its length as to form a number of compartments, each of 
which has a specific function in the digestive process. The contents of 
the tube, that is, the foods taken in, or ingested, by the animal, are 
propelled by wavelike movements known as peristalsis. In addition 
to moving the food along the tract until it is eventually expelled, the 
movements serve to mix the food with the digestive juices, to promote 
absorption of digested material, and to enhance the flow of blood and 
lymph through the intestinal vessels. 

The degree to which this system has been elaborated in the several 
species under consideration suggests the kind and character of food 
usually eaten. The kind of foods habitually used brings each species 
of animal under one of three classifications: Carnivorous (meat- 
eating), herbivorous (plant-eating), or omnivorous (eating both meat 
and plant substances). Of the herbivorous species, the horse, ox, and 
sheep are the most important among domesticated animals; the dog 
and cat exemplify the carnivorous; and the pig and the barnyard fowl 
are representative of the omnivorous type. 

1 H. W. Schoening is Chief of the Pathological Division, Bureau of Animal Industry. 
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It is quite obvious that the herbivorous animal needs a different kind 
of digestive apparatus from that of the carnivorous animal, while the 
omnivorous one naturally needs a set of digestive organs adaptable in 
some degree to either type of diet. These differences involve the 
method of acquiring food as well as of preparing it for digestion and 
of actually digesting it. 

If the finding and selection of food are considered as essential pre- 
liminaries to the digestive process, it would seem proper to enumerate 
the senses of sight, smell, touch, and, in the case of predatory animals, 
hearing also as preparatory functions preceding the intake of food. 
The powers of sight and scent are useful to all animals in finding their 
food. In the case of the horse, the sensitive nerve structures of the 
upper lip assist the animal to discern by the sense of touch the presence 
of edible food substances. 

Strictly speaking, however, the digestive process begins with the 
prehension, or taking up of food; continues with its mastication 
(chewing), insalivation (mixing with the salivary secretions), degluti- 
tion (swallowing), and the digestion, absorption, and assimilation of 
those food elements that are of nutritive value; and terminates with 
defecation, or the excretion of the remaining ingested matter not 
capable of being absorbed or utilized as nourishment. To perform 
these functions, the digestive tract of the animal is equipped with 
mouth, teeth, tongue, pharynx, esophagus, stomach, intestine, and 
anus. Even among the various common domestic species, differences 
exist in certain portions of the digestive tract to accommodate the 
special requirements of the species. 

TAKING OF FOOD 
Prehension, or the taking up of food, is accomplished inmost animals 

by means of the lips, teeth, and tongue. In the horse, prehension is 
performed by the strong and flexible upper lip and incisor teeth (fig. 
1). When grazing, this animal employs lips and incisor teeth, cutting 
or tearing the vegetation seized by jerking movements of the head or 
neck. The ox is not endowed with such mobile Jips or with upper 
incisor teeth (fig. 2). Instead it uses its long, muscular tongue to pull 
the grass or hay into its mouth, cutting it off between the lower inci- 
sors and the upper gum by an upward movement of the head and neck. 
The sheep seizes its food in much the same manner, but it makes use of 
its mobile lips rather than its tongue in gathering food into the mouth. 
The native habit of the pig of burrowing or rooting to find its food 
has survived the domestication of this species. Prehension, however, 
is accomplished by the movements of the pointed lower lip and is 
assisted by the teeth and tongue (fig. 3). In the dog (fig. 4) and the 
cat, the food is seized by the incisor and canine teeth and brought into 
the mouth by jerking movements of the head and jaws. The organ 
of prehension in fowls is the beak. The fowl picks up its food in its 
toothless beak and passes it to the base of the tongue preparatory to 
swallowing. 

Drinking is accomplished by the horse, ox, sheep, and pig by sucking 
the fluid into the mouth by the aid of the tongue and pharynx. The 
lips form a small opening which is dipped beneath the surface of the 
water, and the tongue moving back and forth like a piston in a cylinder 
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creates a negative pressure in the mouth which causes water to pass 
into the mouth with the backward thrust of the tongue and to be 
swallowed with the forward thrust. The pharynx serves as a valve 
in this pumping process. The dog and the cat take up liquids by 
lapping with the tongue.    In the fowl, drinking consists merely of 

intestine 

Large intestine Small intestine 

Figure 1,—The ma lure horse has 6 incisors in upper and km er jaw and 6 molars on 
each side, upper and lower. The male horse has 2 canines in upper and lower jaw. 
The mare has no canines. Total for horse. 40 leetb; total for mare. 36 teeth. (After 
F, Smith, A Manual of Veterinary Physiology.) Capacity of stomach, 4.75 gallons; 
of small intestine, 16.86 gallons; of cecum, 8.8 gallons; of large intestine, 25.36 gallons. 
The small intestine is ahout 73.6 feet long. The cecum is 40 inches long. The large 
intestine is approximately 21.22 feet long. (Intestinal proportions after H. 11. Dukes, 

The Physiology of Domestic Animals.) 

Figure 2.—The ox has 8 incisors in the lower jaw and no upper incisors. This species 
has 6 molars on each side in the lower and upper jaws. It has no canines. Total, 32 
teeth. (Smith.) Capacity of stomach, 66.71 gallons; of small intestine, 17.43 gallons; 
of cecum, 2.6 gallons; of large intestine, 7.4 gallons. Length of small intestine, 150.88 

feel; of cecum, 2.89 feet; of large intestine, 33.3 feet.     (Dukes.) 
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scooping up the fluid into the lower beak and then elevating the head 
to permit it to flow by gravitation into the crop or stomach. The 
pigeon's method of drinking, however, more nearly resembles that of 
the horse or ox than that of other birds. This bird thrusts its beak 
deep into the water and by a very rapid movement of the tongue 
sucks in the liquid. 

Tongue 

Figure 3.—The pig has 6 incisors, upper and lower; 2 canines, upper and lower; 7 
molars on each side, upper and lower. Total, 44 teeth. (Smith.) Capacity of stomach, 
2.11 gallons; of small intestine, 2.43 gallons; of cecum, 0.31 gallon; of large intestine, 
2.3 gallons.   Length of small intestine, 60 feet; of cecum, 9.05 inches; of large intestine» 

16.4 feet.    (Dukes.) 

Small 
intestine 

Mouth 

tomach 

Cecum 
Small 
intestine 

Figure 4.--The dog has 6 incisors, upper and lower; 2 canines, upper and lower; 6 molars 
in each side of the upper jaw, 7 molars in each side of the lower jaw. Total, 42 teeth. 
(Smith.) Capacity of stomach, 1.14 gallons; of small intestine, 1.7 quarts; of cecum 
1.5 fluid ounces; of large intestine, 15.36 fluid ounces. Length of small intestine, 13.67 
feet; of cecum, 3.12 inches; of large intestine, 1.97 feet. (Dukes.) (The figures for 
size and capacity of the internal organs are average; they would of course vary with 

the size of the animal.) 
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CHEWING 

After the prehension of food, the next step, except of course in the 
toothless fowl, is mastication. Mastication, or chewing, of food is 
accomplished by means of grinding teeth so situated in the upper and 
lower jaws that they can be employed to crush and divide the food 
substance preparatory to swallowing. The mechanism of mastica- 
tion involves the use of the two jaws, the tongue, and the cheeks. 
The upper jaw is a rigid portion of the head, while the lower jaw is 
hinged to the skull so that it can be moved in a vertical and to some 
extent in a lateral or diagonal plane against the upper jaw. These 
movements are brought about by the muscles of the jaws. There is 
a pronounced sidewise or lateral movement of the lower jaw in the 
ruminants (ox and sheep), slightly less in the horse, and still less in 
the omnivorous pig. In the carnivores (dog and cat), there is very 
little lateral movement. 

Striking differences exist in the chewing structures of the various 
species, particularly as to the kind of teeth and their functions. Some 
animals have three kinds of teeth and others two kinds. The front 
or incisor teeth, which occur in all mammals, are used for detaching or 
cutting the food into suitable proportions for chewing. These teeth 
are in both the upper and lower jaws except in ruminants, in which 
the upper incisors are lacking. Ruminants, however, have a tough 
upper gum known as a dental pad, against which the lower incisors 
compress the forage in cutting or tearing it off. The canine teeth or 
tusks function both for seizing food and for combative purposes. 

The masticatory teeth, or molars, which are common to all species, 
are located laterally in both upper and lower jaws. Food material 
brought between the opposing rows of teeth by the movements of the 
cheeks and tongue are comminuted, or reduced to'fine particles, by 
the crushing or grinding movements of upper and lower molars as they 
are brought together during the chewing process. In the horse, ox, 
and sheep, the grinding surface of the molars slopes sidewise, those of 
the upper jaw presenting an acute angle on the outer side and those of 
the lower jaw being pointed on the inner side. In the pig, dog, and 
cat, the grinding surface is more nearly at right angles to the long 
axis of the tooth. 

Mastication in the horse, pig, dog, and cat is a single process pre- 
paratory to swallowing. The dog and cat chew very little, usually 
bolting their food in relatively large pieces. 

In the ruminants, represented by the ox and sheep, this process is 
divided into two phases: (1) Preliminary or incomplete mastication 
when the food is first taken, and (2) complete mastication, which is 
postponed for more leisurely performance. The ruminant is unique 
among animals in being equipped with a partitioned stomach consisting 
of four compartments (fig. 2). These are known as the rumen, paunch, 
or first stomach; the reticulum, honeycomb, or second stomach; the 
omasum, manyplies, or third stomach; and the abomasum or rennet, 
the true or fourth stomach. The food material, which is usually of a 
coarse nature, after being partly chewed enters the paunch or rumen, 
from which it is later regurgitated or returned to the mouth and re- 
chewed in individual boluses during repose. This process of rechewing 
is known as rumination.   Each bolus of food brought up for rumina- 
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tion is chewed for somewhat less than a minute. Grains form a part 
of the bolus only to the limited extent that they are accidentally 
caught in the roughage. Consequently, all unchewed grain passes 
through the animal and appears in the feces in an intact condition. 
In cattle a certain quantity of whole grain is not crushed during 
eating and rumination, and on this account grain is commonly ground 
for cattle. This is rarely done for sheep, which chew most grains 
very thoroughly. In ruminants the mucous membrane lining the 
cavity of the mouth is thicker than that of the horse and is furnished 
with many horny protuberances, known as papillae, which facilitate 
the manipulation of food during mastication. 

The exceptionally mobile tongue of the ox has a groove across the 
upper surface a few inches back of its tip. This groove is frequently 
the seat of injury caused by sharp spines, awns, etc., in forage eaten 
by cattle. The injury is not a simple wound, and in most cases it 
results in the formation of a chronic ulcer with slight tendency to heal. 
Although many types of the common wound-infection micro-organ- 
isms are found in the lesion, actinobacilli and actinomyces fungi are 
most often encountered and certainly cause the most damage. The 
latter organisms are responsible for the so-called ^wooden tongue" 
of cattle. Because of this peculiar anatomy of the cow's tongue with 
its susceptibility to injury, care should be exercised to exclude from the 
feed as much as possible all sharp, spiny substances. 

THE SALIVARY SECRETION AND SWALLOWING 
Mastication and the presence of food in the mouth cavity stimulate 

the secretion of saliva in the mouth in all mammals. In man the prin- 
cipal constituent of this secretion is a substance known as ptyalin, or 
salivary amylase, which functions in the digestion of starchy sub- 
stances, but of the domestic animals only the pig possesses enough 
ptyalin in its saliva to be of importance in digestion. The salivary 
secretion in most domestic animals serves mainly to lubricate the food 
for swallowing. In ruminants the presence of saliva in the paunch 
assists in the régurgitation of partially masticated food for rechewing. 
In digestion by ptyalin or salivary amylase, the starch is first changed 
to soluble starch and finally to maltose. 

Deglutition is the act of swallowing the food that has been taken 
into the mouth. It is accomplished by a series of muscular movements 
involving principally forcing the food to the rear of the mouth cavity 
by elevation of the fore part of the tongue and depression of the root 
of the tongue, followed by the dilatation of the pharynx. The bolus 
then passes through the pharynx and esophagus into the stomach. 
The initial phase of the act of deglutition, that relating to its passage 
into the esophagus, is entirely a voluntary process, but the comple- 
tion of the act is involuntary. 

The quantity of food material that can be swallowed at one time 
is comparatively small in the horse on account of the narrow lumen, or 
space between the walls of the pharynx and the esophagus. A much 
larger bolus can be swallowed by the ox, whose deglutitive organs are 
of more ample proportions. Nevertheless, ruminants frequently 
choke on apples, beets, turnips, and other pieces of food that have not 
been chopped fine enough for ready swallowing with little chewing. 
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There is no special or umisual factor involved in the swallowing process 
on the part of the pig, dog, cat, or fowl. 

Fluids are swallowed in inuch the same way as solids, except that 
they are passed into the esophagus and stomach with extreme facility 
and rapidity as compared with solid boluses. 

DIGESTION 
^ In general the processes of gastric digestion are similar for all domes- 

tic animals. In the horse, pig, dog, and cat, the food material passes 
into the stomach as soon as it is swallowed and is there brought into 
immediate contact with the digestive fluids of the stomach—principally 
pepsin and hydrochloric acid. The fluids are mixed with the food by 
churning movements of tlie organ. 

The action of bacteria upon food taken into the stomach of the horse. 
pig, or dog is short-lived owing to the rapid production of hydrochloric 
acid there. In the ox and other ruminants, however, considerable 
bacterial action is exerted upon the enormous amount of material 
taken into the capacious rumen prior to its régurgitation, remastica- 
tion, and digestion. This bacterial action is favored by the slightly 
alkaline reaction of that portion of the stomach and its freedom from 
gastric secretions, as well as by the prolonged sojourn of food matter 
therein. The changes brought about by bacteria inhabiting the 
alimentary tract include the breaking up of cellulose and fats, the pro- 
duction of organic acids such as acetic, butyric, and lactic, and the 
splitting of the carbohydrates known as polysaccharides. The gases, 
methane, carbon dioxide, hydrogen, etc., are formed during bacterial 
action in the rumen, but they are of no value to the animal and are 
excreted as waste. 

The first three stomachs of the ruminant are essentially for the pur- 
pose of storing and grinding the food material, true digestion taking 
place largely in the fourth stomach (the abomasum), and finally in the 
intestine. 

The stomach of the horse is comparatively small. According to 
Dukes {280)2— 
it has been estimated that a horse may swallow during a given meal two or three 
times the amount of material (food and saliva) remaining in the stomach at the 
close of the meal. The excess, together with the food remaining from the previous 
meal, must pass on into the intestine during the meal, the first food consumed 
being in general the first to pass out. This consideration means that a good deal 
of the food cannot remain long in the stomach and raises the question of the 
importance of stomach digestion in the horse. 

The true stomach of the ox or sheep is also comparatively small and 
receives food gradually in a well-macerated or ground-up condition 
from the first three stomachs. The stomach of the pig, dog, or cat is 
sufficient in size to contain all the food that may be consumed at a 
meal, and food may be retained in the stomach for a considerable time. 
In all mammals the food is mixed and softened in the stomach by 
muscular movements, assisted by the action of the gastric juice. The 
softer portions of the food material thus prepared are then passed into 
the intestine, but food not ready for intestinal digestion is not allowed 
to pass from the stomach, with the exception of whole grain in cattle. 

2 Italic numbers in parentheses refer to Literature Cited, p. :()75. 
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Fowl, having no teeth, must swallow their food whole or at best only 
coarsely broken by the beak at prehension. Such material passes 
through the pharynx and esophagus into the crop (fig. 5), which in most 
avian species is nothing more than a dilated portion of the esophagus. 
The purpose of the crop of the fowl, like that of the rumen of the ox 
and sheep, is largely bulk storage of food. This material then passes 
by slower stages into the proventriculus, or glandular stomach, a 
specialized gastric organ of small capacity whose wall is furnished with 
secretory glands supplying pepsin and hydrochloric acid. The food 
material after coming into contact with these digestive fluids continues 
on its way into the gizzard, or muscular stomach. That organ is lined 
with a tough membrane and is so constituted that it retains a certain 
portion of the grit normally swallowed by the fowl. The food sub- 
stance is somewhat softened by the time it reaches the gizzard, where 
it is subjected to crushing contractile movements stimulated by the 
presence of food. The food substance is reduced to a very fine con- 
sistency by the rubbing together of the grit and the tough, corrugated 
lining of the organ. This process corresponds to mastication. 
Strictly speaking, there is no true gastric digestion in the fowl, such 
as is common to mammals. The food material after being finely 
divided in the gizzard is passed on into the first portion of the small 
intestine, where it is more thoroughly mixed with and digested by the 
juices derived from the proventriculus as well as the other digestive 
enzymes emptying into the intestine. 

The alimentary tract of the chicken is for the most part representa- 
tive of those of the majority of species of domesticated fowl, but there 
are some minor differences. 

The pigeon is peculiar in not possessing a gall bladder, and in having 
ceca that are small and poorly developed as compared with those of 
the duck and chicken. Neither the duck nor the pigeon possesses a 
true crop comparable to that of the chicken, but in these species there 
is a specialized enlargement of the esophagus which serves the purposes 
of the crop. The small intestine of the pigeon is shorter in proportion 
to the size of the bird than that of the duck or the chicken. 

The pigeon is also peculiar in being specially equipped to nourish 
its young by regurgitating into the mouth of the squab a milklike 
substance secreted in the <£crop.,J The mechanism by which this sub- 
stance is secreted is as follows: Beginning about the eighth day of 
incubation of the eggs, the cells of the mucous membrane of the crop 
in both the female and the male birds increase in size and number. 
These cells, which contain considerable quantities of fat, secrete fat 
globules into the crop during the course of incubation in much the 
same manner as the cells of the mammary glands of mammals act in 
the secretion of milk. There is also a constant shedding of these 
cells, which then form a part of the milklike substance. At the time 
of hatching of the eggs, an abundance of "pigeon milk" is ready for 
feeding the squabs. The secretion of the milk continues until about 
the twentieth day after hatching. 

The following composition has been determined for this curious 
lacteal secretion: Dry matter, 14 to 25 percent; fat, 25 to 29 percent; 
protein, 13 to 14.5 percent; calcium, potassium, magnesium, and phos- 
phorus  (in the ash); no sugar ; enzymes ; amylase; and saccharase. 
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Figure 5.—The digestive tract of the fowl (after B. F. Kaupp, The Anatomy of the 
Domestic Fowl).    Capacity of gizzard, 0.089 pound.    Length of proventriculus, 1.62 
inches; diameter of glandular stomach  (proventriculus), 0.8 inch.    Length  of small 

intestine, 61.7 inches; of ceca, 7.6 inches each; of large intestine, 4.6 inches. 
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The striking features of pigeon milk are its high fat and protein con- 
tent and the absence of sugar. In this respect it resembles the milk 
of the rabbit. Young rabbits stand out as having the most rapid 
rate of growth among mammals, and the pigeon holds the record 
among birds for rapidity of growth during the first 20 days after 
hatching. The squab doubles its weight within 48 hours after hatch- 
ing, while the duck requires 6 days and the chicken 9 days. In 20 
days from hatching, a squab has shown an increase in weight from 20 
to 435 grams. 

There is evidence that a hormone, prolactin, an internal secretion 
of the anterior pituitary gland located at the base of the brain, is the 
inciting agent of pigeon milk. Injection of prolactin into pigeons 
produces the effect described in the membrane lining of the crop. 
Moreover, the injection of this substance into castrated male pigeons 
6 months after castration engendered a secretion in the crop. 

Sometimes the death of the squabs and the consequent failure to 
use the secreted material results in a congestion of the crops of the 
parent pigeons. Such a condition is best overcome by furnishing 
another squab for the pair to nurse. 

In the horse, ox, sheep, and pig, well-ground and softened food in 
the stomach undergoes gastric digestion through the action of the 
pepsin and hydrochloric acid of the gastric juice. In the dog and cat, 
in which mastication has been eliminated to a large extent, the food 
in the stomach is subjected to the same process as in the other animals 
but for a longer period. 

Digestion by the gastric juice is essentially the same in all animals 
(fig. 6). The pepsin of the gastric juice in the presence of hydro- 
chloric acid acts upon proteins of either animal or vegetable origin 
and converts native protein into the simpler products, proteoses and 
peptone. The latter substances are not yet ready for absorption but 
require further conversion into amino acids. This step in protein 
digestion remains to be completed in the intestine. 

Another digestive enzyme sometimes known as rennin is present in 
the gastric juice of young mammals. This enzyme coagulates milk 
so that the casein is prevented from too rapid passage through the 
stomach and the pepsin is enabled to convert it into proteoses and 
peptone. In all species, following gastric digestion the semiliquid 
substance is passed into the small intestine; at this point it is known 
as chyme. Digestion by pepsin occurs largely in the stomach, but it 
is continued to some extent in the first part of the small intestine. 

In the intestines the chyme undergoes further digestion by the 
action of pancreatic juice, intestinal juice, and bile. The pancreatic 
juice contains three important enzymes—trypsin, steapsin, and amyl- 
opsin. To a limited extent trypsin, like pepsin, converts native pro- 
tein into proteoses and peptone. Principally, however, it continues 
the digestion of protein where the pepsin leaves off? that is, breaks 
the proteoses and peptones into the amino acids, which can be ab- 
sorbed. The steapsin breaks down or hydrolyzes fats into fatty 
acids and glycerol, in which forms they are ready for absorption. 
Some of the fatty acids resulting from steapsin digestion combine 
with the available alkali in the intestinal juice to form soaps which 
assist in emulsifying any remaining undigested fat.    The amylopsin 
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Figure 6.—The break-down  of various food elements in tbc digestive system and the 
enzymes involved. 
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converts or hydrolyzes starch and the dextrines into maltose. Mal- 
tose requires further breaking up by other digestive juice before it is 
ready for absorption. 

The intestinal juice contains a number of digestive enzymes, for 
example, enter okinase, erepsin, maltase, sucrase, lac tase, lipase, 
amylase, and nucleinase. Enterokinase is largely concerned in the 
activation of the enzyme trypsin of the pancreatic juice. Erepsin, 
which is a proteolytic enzyme—that is, one that has the power to 
break down proteins into simpler diffusible substances—converts 
peptones and peptids into amino acids. Maltase converts the maltose 
resulting from the action of amylopsin on starch into glucose, in 
which form it can be absorbed. Sucrase breaks down or hydrolyzes 
sucrose into glucose and fructose, in which forms they are assimilated. 
Lac tase, which is present only in young mammals ingesting milk, 
converts lactose (milk sugar) into glucose and galactose. This 
enzyme is lacking in mature animals that do not consume milk as 
food. However, it is reported that lactase can be made to recur in 
adult animals fed milk or lactose. Lipase is the same as steapsin and 
converts fats into fatty acids and glycerol. Amylase hydrolyzes 
starch. Nucleinase converts nucleoproteins into protein and nucleic 
acid. 

Bile is a highly complex fluid formed in the liver. It is not an 
enzyme but plays an important role in the digestion of fats. The 
flow of bile into the intestinal tract is more or less continuous, but it 
increases after the entrance of food into the stomach. Its quantity 
is governed by the amount and character of the food received. The 
elaboration and storage of bile in the liver and its release into the 
intestinal tract are not the only or the most important duties of the 
liver, but the other functions of that organ have no place in this dis- 
cussion. The principal constituents of bile are bile pigments, bile 
salts, and cholesterol. The bile salts only are concerned in the di- 
gestive process. They aid digestion by activating the pancreatic 
lipase, enhancing the action of pancreatic amylase, emulsifying fats, 
and increasing the solubility of fatty acids and their soaps so that they 
may be ready for absorption. Bile also is necessary for the absorption 
of the fat-soluble vitamins. Bile being a reservoir of alkali helps to 
maintain the alkaline reaction so necessary for pancreatic intestinal 
digestion. 

In addition to the enzymes secreted by the various organs, there are, 
particularly in the digestive tracts of herbivores and omnivores, bac- 
teria which break down cellulose into substances that can be absorbed 
and used by the animal organism. This bacterial activity is of con- 
siderable importance, since the vegetable substance consumed in 
large quantities by the horse, ox, sheep, and pig contains a large 
proportion of cellulose, which is not digested by the enzymes in the 
various digestive juices. This bacterial digestion makes available 
for utilization by the body large quantities of otherwise indigestible 
food material. 

ABSORPTION 

The digestive processes by which carbohydrates and fats are broken 
down into soluble or emulsified forms ready for absorption have been 
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described. The inorganic salts, water, and vitamins contained in 
food require no breaking down but are absorbed as such. The end 
products of protein digestion are amino acids. Carbohydrates are 
broken into simple sugars (monosaccharides), principally glucose. 
The end products of cellulose digestion are probably the simple fatty 
acids (acetic and butyric) and glucose. The fats are broken down 
into fatty acids and giycerol. The absorption of all of these food 
elements occurs chiefly in the small intestine, though some absorp- 
tion occurs in the large intestine also, particularly in the horse. 

The principal avenues of absorption of food are the myriads of 
microscopic protuberances from the mucosa, or lining membrane of 
the intestinal wall, known as villi. These minute, fingerlike struc- 
tures are composed of an outer layer of absorbent cells, a wall con- 
taining many blood vessels, and in the center a lacteal or lymphatic 
vessel. Being in constant contact with the food in a digested state, 
the villi take up the digested fats and pass them through the lymph 
channels (commonly known as lacteals) into the blood stream. The 
lymph within the lacteals is a milky substance heavily laden with the 
digested fat and is known as chyle. The end products of protein and 
carbohydrate digestion, inorganic salts, water, and vitamins enter the 
blood vessels of the villi direct and are transported through the liver 
into the blood system of the body. These absorbed food substances 
are carried to the body tissues, where after having undergone complex 
metabolic processes they are utilized for growth, repair, and energy. 

After the digestive tract has taken from the food all the nutritive 
elements of value to the animal, the remaining material is excreted 
as waste (feces). 



FACTORS AFFECTING MAINTENANCE NUTRITION, 

FEED  UTILIZATION,  AND  HEALTH 

OF  FARM  ANIMALS 

by Louis L. Madsen1 

I H t first need of an animal is for sufficient food to maintain its body 
in good health. Then additional food must be given for production, 

whether the production is in the form of work or of some product such 

as meat or milk. Failing to supply fundamental maintenance require- 

ments may seriously, perhaps permanently, injure the animal. Much 
thought and some research have been given to the question, and this 

article deals with the problem rather thoroughly, discussing overfeeding 
as well as underfeeding.   Some technical material is included in the article. 

THROUGHOUT the entire life span of all animals, whether they are 
young and growing, mature or aged, producing or not producing, 
working or resting, healthy or diseased, there is a continual need for 
food to support the vital functions of the body. The minimum 
amount of the various foods required to sustain the essential body 
processes at an optimum rate without gain or loss in body weight or 
change in body composition, exclusive of the food used in growth or 
expended in work or other productive functions, is called the main- 
tenance requirement; and a ration which meets only the demands of 
maintenance is called a maintenance ration. To be ideal a mainte- 
nance ration must contain all the necessary nutrients in the proper 
amounts so that there is neither an excess nor a deficiency of any 
factor. If such a perfectly balanced ration is fed to an idle animal 
that is not growing nor yielding any product there would soon be an 
even balance between the food eaten and the materials lost from the 
body as body heat and excretions. 

These definitions of the maintenance requirement and the main- 
tenance ration refer to ideal conditions which are approached only 
during careful experimental studies. Values thus obtained serve as 
the minimum basal requirement of animals and provide control data 
to which must be added sufficient food to satisfy the additional factors 
incident to normal activity.    The Conference on Energy Metabolism,2 

i Louis L. Madsen is Nutritionist, Bureau of Animal Industry. 
2 NATIONAL RESEARCH COUNCIL, COMMITTEE ON ANCMAL NUTRITION,  REPORT OF THE CONFERENCE ON 

ENERGY METABOLISM HELD AT STATE COLLEGE, PA., JUNE 14-15, 1935 ... 93 pp.     1935.     [Mimeographed.} 
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which met under the auspices of the National Research Council to 
consider the status of energy metabolism and its place in the develop- 
ment of animal nutrition, recommended for tentative adoption the 
term ^physiologic maintenance^ to refer to the requirement of an 
animal under specified experimental conditions, and the term "eco- 
nomic maintenance" to include the additional requirements for mus- 
cular activity found under particular conditions of general feeding 
practice. Economic maintenance may be more literally expressed as 
"practical maintenance." 

Growing and producing animals need food in addition to their 
maintenance requirement or their bodies will not be sustained intact. 
This is because a portion of the food supplied for maintenance will be 
utilized and even some of the body tissues themselves will be broken 
down in an attempt to provide for growth and production. Such a 
process cannot continue indefinitely without seriously interfering with 
the growth and development of the animal body or reducing its pro- 
ductive capacity. It is evident therefore, that growth, development, 
and economical production by farm animals depend upon (1) ade- 
quate food to maintain the vital functions, or internal work, of the 
body, plus normal activity, and (2) sufficient additional food to fulfill 
the demands for growth and production. 

Cash returns above feed cost are the primary source of income in 
the livestock industry, and economy of production by animals depends 
upon how much food is consumed above that required for maintenance 
and how efficiently it is utilized and converted into products. Before 
any continued yield of products can be obtained or physical work 
performed by animals it is necessary that their maintenance nutrition 
be adequate. If an animal is forced to labor when existing on a 
maintenance or submaintenance level of food intake, wasting of body 
tissues will occur and working efficiency will steadily decrease. A 
good dairy cow will not stop secreting milk as soon as the ration 
becomes inadequate to sustain optimum production. Milk produc- 
tion will continue for a time, but at a decreasing rate and at considera- 
ble expense to the body tissues, and before it stops entirely considera- 
ble damage and possibly permanent injury may result. 

Uneconomical production by farm animals is not the only result of 
a failure to supply them with adequate food for maintenance and 
production. Other serious losses result from the so-called nutritional 
deficiency diseases, which not only may impair the development and 
producing capacity of animals but may be so severe as to cause death. 
Disease resulting from nutritional deficiencies may be mistaken for 
or complicated by the presence of certain parasitic and infectious 
diseases. In fact, animals suffering from the lack of one or several 
essential nutrients may lose their ability to withstand infection and will 
be overcome through the combined effects of malnutrition and disease. 

Henry Prentiss Armsby (1853-1921), an expert in animal nutrition 
for the United States Department of Agriculture and first director of 
the Institute of Animal Nutrition of the Pennsylvania State College, 
was one of the first American investigators to emphasize the import- 
ance of the maintenance requirements in the nutrition of farm animals. 
He wrote 

3 Italic numbers in parentheses refer tu Literature Cited, p. 1075. 
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A very considerable fraction of the feed actually consumed by farm animals— 
on the average probably fully one-half—is required simply for maintenance. 
But if half of the farmer's feed bill is expended for maintenance, it is clearly 
important for him to know something of the laws of maintenance—how its require- 
ments vary as between different animals, how they are affected by the conditions 
under which animals are kept, how different feeding stuffs compare in value for 
maintenance, etc.—as well as to understand the principles governing the produc- 
tion of meat, milk, or work from the other half of his feed. 

Farm animals must be supplied, therefore, with sufficient food to 
maintain their essential body functions before they can economically 
convert feeds into useful products or work. Inadequate nutrition 
leads to uneconomical production or faulty growth and development. 
A deficiency of essential nutrients in the ration, on the one hand, or over- 
feeding on the other will lead to nutritional diseases that may either 
impair the animal for further production or cause death.^ Adequate 
maintenance and the preservation of the health of farm animals enable 
them to use additional food for growth, development, and production. 

MAINTENANCE NUTRITION SUSTAINS VITAL FUNCTIONS 

Some of the essential body processes that are supported by the 
maintenance requirement are: (1) Heat production and the control 
of body temperature; (2) mastication, digestion, and assimilation of 
food and passage of material through the digestive tract; (3) glandular 
secretion; (4) circulation of the blood; (5) respiration; (6) normal 
muscular activity associated with a nonproductive life; (7) conduction 
of and response to nervous impulses; (8) excretion of waste products. 

CONTROL OF BODY TEMPERATURE 

Farm animals are warm-blooded and consequently must maintain 
their body temperature within rather narrow limits. The normal 
body temperature of all farm animals is usually above that of the 
surrounding air, so a continual supply of heat is required to keep the 
body warm. During the hottest days of summer the environmental 
temperature may at times approach or even surpass that of the body 
and at such times less heat is required to maintain body temperature. 
In winter, of course, more heat and consequently more food are re- 
quired to keep the body temperature constant. 

The principal means by which heat escapes from the body are 
radiation, conduction, convection, and the evaporation of water both 
from the surface of the skin, as sweat, and by respiration, in which 
heat is lost in vaporizing water in expired air. The control of these 
mechanisms is called physical regulation, and is accomplished mainly 
by increasing or decreasing the blood flow near the surface of the body 
to facilitate or retard heat loss and the evaporation of water. Within 
a certain range of air temperature physical regulation operates to 
maintain a practically constant body temperature without requiring 
a noticeable change in the rate of heat production. 

If the environmental temperature continues to rise to a point where 
physical regulation of temperature is not sufficient to prevent the body 
heat from increasing above its normal level, there is an increase in 
body metabolism. This temperature is known as the point of hyper- 
thermal rise. When the surrounding air temperature is decreased 
there is a minimum temperature at which the heat produced in the 
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body is just sufficient to replace that lost without increasing metabo- 
lism. This point is known as the critical temperature. Below the 
critical temperature extra food must be oxidized in order to prevent 
the body from cooling off. This means of regulating body tempera- 
ture is known as chemical regulation. The range of temperature 
between the point of hyperthermal rise and the critical temperature is 
known as the zone of thermal neutrality, and it represents the favorable 
air temperatures between which the metabolic rate, or heat production, 
is constant. Food is utilized most efficiently for maintenance or 
production when the air temperature is kept within the zone of thermal 
neutrality, and consequently a point within this favorable air-temper- 
ature range is established during experiments when the heat produc- 
tion during maintenance is being measured. 

The approximate critical temperature for several species, of farm 
animals has been determined. Preliminary work at the Agricultural 
Research Center, Beltsville, Md., indicates that the critical tempera- 
ture of hens is about 28.3° C. (83° F.) and for chicks 1 to 4 days of age, 
35.6° C. (96° F.). Other published values are: Pig, 21° C. (69.8° 
F.); steer with hair closely shaved, higher than 18.3° C. (64.9° F.); 
steer with full coat of hair, less than 15.6° C. (59.9° F.); dog, before 
clipping, 13.6° C. to 15.1° C. (56.5° F. to 59.2° F.); dog, after clipping, 
23.8° C. to 26.5° C. (74.8° F. to 79.7° F.); and man with ordinary 
clothing, 15° C. (59° F.). These values are not constant and may 
become higher under such circumstances as exposure to cold winds 
and stormy weather, or when an animal's natural insulating coat of 
hair, wool, or feathers is sheared or clipped off. Fasting raises the 
critical temperature, while food consumption and good physical condi- 
tion have the opposite effect. Diseases may also change the normal 
critical temperature of animals, depending on their effect on the 
complex heat-producing or heat-eliminating mechanism. This ex- 
plains why well-fed, sheltered animals can stand cold weather much 
better than thin or underfed animals or animals that are exposed to 
wind and storm. Knowledge of the approximate critical temperature 
and heat production of animals and of the various factors which 
affect them is of use in estimating the amounts of heat and energy- 
producing foods which must be supplied for maintenance, and in 
providing for adequate ventilation, insulation, or heating in barns. 

RELATIVE HEAT-PRODUCING VALUES OF FOOD CONSTITUENTS 

Students of energy metabolism have known for many years that the 
three general classes of foods, carbohydrates (starches, sugars, cellu- 
lose, etc.), fats, and proteins, have different effects upon the heat 
production of fasting animals following ingestion. The consumption 
of protein causes the metabolic rate of heat production to increase 
much higher above a fasting level than an equal quantity of carbo- 
hydrate or fat. Rubner (1854-1932), a distinguished German 
scientist, called this effect of food in increasing the metabolic rate of 
animals ^specific dynamic action/' and this term has been widely 
used. In the United States the extensive early work of Graham Lusk 
(1866-1932) and associates on this subject is particularly noteworthy. 
Specific dynamic action as defined by Rubner can be illustrated by 
one of the last published statements of Lusk {703): 
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If what we now call the basal metabolism of a typical animal be 100 calories 
per day and if 100 calories be administered to the animal in each of the several 
foodstuffs on different days, then the heat production of the animal after receiving 
meat protein will rise to about 130 calories, after glucose to about 106 calories, 
and after fat to about 104 calories.    These are typical, average results. 

A completely satisfactory explanation for this phenomenon has not 
yet been agreed upon. The heat produced in the body following 
consumption of food serves only to keep the body warm. Animals are 
never fed on single nutrients in practice, therefore heat-producing 
values of feeds or mixed rations and the factors influencing them are 
of most importance in estimating feed values. The heat production 
caused by the ingestion of a mixed ration is not a simple additive 
function of its component nutrients but a value which varies con- 
siderably with such factors as composition of the ration, plane of 
nutrition, kind and individuality of the animal, and conditions under 
which the measurements are made. 

The Conference on Energy Metabolism previously mentioned (foot- 
note 2, p. 431) outlined several terms with definitions for tentative 
adoption for use in energy metabolism studies. The term ^heat 
increment^ is suggested for the increase in heat production following 
and incident to the ingestion of any nutrient or ration. ^Specific 
dynamic effect?' is defined as the heat increment of a specific kind of 
nutrient and is therefore not logically applied to combinations of 
mixed nutrients as they occur naturally in feeding stuffs and in 
rations. The term "specific dynamic action^ is reserved for the 
process, as distinct from the result, of specific dynamic effect. If 
these definitions are applied to the example from Lusk (70S) quoted 
above, the specific dynamic effect of glucose under the conditions 
stated was equivalent to a heat increment of 6 calories per day (106 
calories minus the basal level of 100 calorics per day), and the process 
by which the food (in this case glucose) stimulates heat production 
above the basal level is the specific dynamic action. 

Most of the digestible food in a balanced ration that is consumed 
for the purpose of maintenance or production consists of energy- and 
heat-producing nutrients. Other feed constituents, however, such as 
protein, minerals, vitamins, and water, which make up the remainder 
of the ration, are just as important as an adequate supply of energy 
or heat. Feeds such as grains and grain products which are high in 
total digestible nutrients are called concentrates. Feeds high in 
bulky, indigestible constituents, and consequently relatively low in 
digestible nutrients, are called roughages. The relative values of these 
feeds in meeting the requirements of animals depend upon the age of 
the animal and its digestive ability. Swine and poultry are unable 
to utilize large quantities of bulky foods to advantage and therefore 
are fed largely on concentrates, while ruminants (cattle, sheep, and 
goats) and horses have digestive systems capable of utilizing large 
proportions of roughages as well as concentrates. 

Cellulose, a complex form of carbohydrate, is an important source 
of heat and to some extent of energy, especially for ruminants. 
Cereal straws, such as wheat and oat straw, and other bulky roughages 
high in fiber or cellulose are of considerable feeding value for main- 
tenance heat production of adult cattle, sheep, and horses, especially 
during cold weather.    These foods, however, are low in feeding value 
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for growth, fattening, or other forms of production. This is because 
most of the food energy they contain is expended as heat incident to 
the greater work of mastication, digestion, and assimilation. This 
also explains some of the feeding value of browse, which though very 
bulky supplies the energy and heat requirement for maintenance for 
many thousands of cattle and sheep during the winter season, par- 
ticularly in the Western States. 

Proteins also may be used for heat and energy transformation in 
the body. They have approximately the same caloric value as the 
starches when utilized in this way, but it is usually uneconomical to 
depend upon foods rich in proteins as the major source of energy in 
maintenance or production rations, since only a portion of these 
compounds are available for this purpose and the remainder of the 
nitrogen-containing fraction is largely wasted. An. equal weight of 
fat yields approximately two and a quarter times as much energy or 
heat as do the starches, sugars, or proteins. Even though the fats 
are the richest source of energy and heat for animals, it is necessary 
for starch or some other carbohydrate food that can be converted into 
sugar to be present in the body to aid in the last stages of fat oxida- 
tion. If there is a shortage of sugar in the body, resulting either from 
an inadequate supply of carbohydrates in the food or a derangement of 
carbohydrate metabolism in the body, certain harmful products of 
incomplete fat oxidation (acetoacctic acid, beta-hydroxybutyric acid, 
and acetone) will accumulate. 

HEAT, ENERGY, AND PROTEIN REQUIREMENTS OF ANIMALS 

Heat and energy transformation from absorbed food takes place in 
all the active, living tissues of the animal body. About 70 percent 
of the heat produced in the body comes from the skeletal muscles; 
most of the remainder originates from glandular activity (286). A 
constant source of cnei-gy is required to keep the skeletal or voluntary 
muscles in a state of tonus, or in a slightly contracted state, so that 
the animal can move about and have control over its posture, breathe, 
masticate food, etc. All of the muscles of the body are never com- 
pletely relaxed during life. The hi voluntary muscles, which act inde- 
pendently of the will, also expend energy continually to maintain such 
important activities as blood circulation, passage of food and food 
residues through the digestive tract, and many others. 

Activity increases the basal maintenance requirement for energy 
considerably, for example, a comparison of the metabolism of cattle 
during standing and lying indicates that the increase due to standing 
may be as much as 15 percent. Fat animals require more food per 
unit of body weight to maintain their live weight than thin animals. 
McCandlish and Gaessler {71Ï) give some interesting data from lim- 
ited observations on dairy cattle in high and low condition. They 
found that an average daily requirement of 0.62 pound, of digestible 
crude protein and 6.67 pounds of digestible carbohydrate were needed 
per 1,000 pounds of live weight when the animals were in high condi- 
tion, while 0.39 pound of digestible crude protein and 5.03 pounds of 
digestible carbohydrate per 1,000 pounds of live weight were ade- 
quate to maintain weight when the animals were thin. 

Several methods have been  used  to measure the maintenance as 
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well as the production requirement of animals. Direct measurements 
of heat production and respiratory gas exchange of animals has been 
the basis of many studies. Other methods involve the collection of 
urinary constituents and their correlation with the metabolism of 
specific nutrients and of the body as a whole. For example, Smuts 
{1086), working with Mitchell, recently measured the basal metabolism 
and total endogenous nitrogen excretion of several species and found 
that in mature animals 2 milligrams of nitrogen was lost from the 
body for every calorie of basal heat. Since 2 milligrams of nitrogen 
is approximately equivalent to 12.5 milligrams of protein (nitrogen X 
6.25% it is possible to calculate from the basal heat the amount of 
protein catabolized by the body equivalent to the endogenous nitrogen 
losses. 

Brody and associates {157), analyzed a large amount of basal metab- 
olism data on animals varying in size from mice to elephants and found 
that the basal metabolism of the animals within this range tends to 
vary with the 0.734 power of body weight. The general equation 
showing the relation between basal metabolism in calories {Q) and 
body weight (M) was calculated to be 0=70.5 M0-734. In substituting 
the relation between endogenous nitrogen and basal metabolism in 
this equation, the amount of protein (P) required to replace the 
endogenous losses in maintenance of adult animals is P=0.88 M 0-734. 
To convert P into food protein, Smuts recommends multiplying by 2 
in order to provide a margin of safety. This assumes that the food 
protein is only 50-percent utilized. This method of calculation of the 
maintenance requirement of protein results in 0.35 pound of protein 
for a 1,000-pound animal and 0.465 pound in a 1,500-pound animal, 
which is considerably lower than amounts given in older standards 
determined largely by the feeding-trial method. This new method 
must be further tested with the larger domestic animals and under 
conditions found in practice before it can be applied to general use. 

It has been recognized for a long time that some relation existed 
between body size and metabolism, and between body surface and 
metabolism. Since the smaller animals have a larger surface in pro- 
portion to their hoày weight, their metabolism must be greater per 
unit of body weight in order to replace the extra heat lost. Brody 
and associates and Kleiber {6SS), who have made significant recent 
contributions on this subject, are in approximate agreement on the 
relation between body weight and metabolism. 

Similar studies on the relation of endogenous urinary nitrogen and 
neutral sulfur excretion in adult animals indicated that these sub- 
stances tend to vary with the 0.72 and 0.74 powers of body weight, 
respectively. Since the difference in the numerical value of the expo- 
nent of body weight for each of the relationships studied is remarkably 
small, Brody and associates conclude that the ratio between body 
weight and basal metabolism and the relationship between endogenous 
nitrogen and neutral sulfur excretion tend to remain constant for 
mature warm-blooded animals. These workers have assembled exten- 
sive prediction tables on the basis of these findings, as well as a feeding 
standard for maintenance that includes total digestible nutrients, 
digestible crude protein, and calories for animals of widely different 
body weights. 
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These findings are mterestino- since they relate nutritive requirements 
for maintenance of many different kinds of animals to the single func- 
tion of body weight. However, there is still some question whether 
economic maintenance can be accurately expressed as a function of 
body weight. The activity factor and other factors such as age, sex, 
breed, species, and environmental conditions, all of which affect 
economic maintenance, are no doubt variables that cannot be evaluated 
by the same power of body weight. Gabies UOo), has come to the 
conclusion that his ^working maintenance" of dairy cows varies most 
nearly with the first power, or is directly proportional to body weight. 
Morrison {819) has arbitrarily used the 0.87 power of body weight in 
the calculation of digestible protein and total digestible nutrients 
required for maintenance by dairy cows of various live weights. 

The interesting relations revealed by these studies have contributed 
some substantial progress toward scientific evaluation of feeds and 
consequently of the economical feeding of animals. More work is 
needed, however, concerning the factors that affect the digestibility 
of feeds and rations by various species before individual feeds can be 
accurately evaluated in terms of feeding standards. Considerable 
additional work has to be done also in order to understand the needs 
of animals under the numerous conditions found in practice, and to 
discover more about the role of other specific food substances such as 
vitamins and minerals and the requirements of animals for these 
substances. 

EFFECTS OF DIETARY DEFICIENCIES ON FEED UTILIZATION AND 
HEALTH OF FARM ANIMALS 

QUANTITATIVE OR QUALITATIVE PROTEIN DEFICIENCY 

The question of quantitative and qualitative protein deficiencies 
in the nutrition, of farm animals is a matter of much concern to live- 
stock men and a subject of considerable interest, to research workers 
in nutrition. All animals require a source of protein in their diet to 
utilize for growth, for the replacement of body tissues and fluids, and 
for the production of such materials as milk and eggs. 

Growing animals require a higher percentage of protein in their 
ration than do adult animals. Experiments with swine fed rations 
containing increasing amounts of protein on. equal food intakes are 
reported by Mitchell and Hamilton. {800), Their studies indicate 
that as the protein content of the diet is increased from a low level 
the rate of nitrogen retention, rate of growth, and utilization of energy 
increase with increasing protein to a level that is higher for the 
younger animal. Hammond, Hendricks, and Titus [468) report simi- 
lar effects of protein on the growth and feed utilization of male 
chickens. The cockerels fed ad libitum during the first 14 weeks of 
life increased in efficiency on the basis of feed consumed up to a level 
of 21 percent of protein. After the birds were approximately half- 
grown there was only a slight difference in efficiency of food utilization 
down to as low as 15 percent of protein in the diet, and after maximum 
live weight had been attained 13 percent of protein in the diet was 
adequate for maintenance. 

Proteins are very complex compounds made up of amino acids and 
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other simpler compounds. The protein requirement of an animal 
is really a requirement for certain amino acids. At least 22 amino 
acids have been identified chemically, and 10 of these have been shown 
to be essential for the growth of animals. An essential amino acid is 
one that is needed by the body in some particular phase of metabolism 
but cannot be manufactured or synthesized by the organism. An 
amino acid is said to be nonessential if it can be synthesized or is not 
required, by the organism. _ If a protein contains a large proportion 
and variety of essential amino acids it has a high biological value for 
animal feeding and is called a protein of good quality. A protein 
that is deficient in one or several essential amino acids is called a pro- 
tein of poor quality, because its use by the body for structural purposes 
is limited. ^ As a general rule, proteins of animal origin such as those 
found in milk or meat contain a higher percentage and greater variety 
of the amino acids necessary for growth than do the proteins of plant 
origin. 

Most of the work with purified amino acids has been carried out with 
laboratory animals. The question of growth requirements has been 
investigated more thoroughly than that of other requirements. Little 
is known of the amino acid requirements for maintenance or for repro- 
ductive functions such as fertility, lactation, and egg production, 
although it is known that a supply of protein adequate from both the 
qualitative and the quantitative standpoints is essential if these 
processes are to be carried on to the physiological capacity of the 
animal. Physical work does not increase the protein requirement of 
an animal if it is receiving enough for adequate maintenance and 
growth and if the ration is adequate in energy-producing nutrients. 

If the protein intake of an animal is inadequate either quantita- 
tively or qualitatively the most obvious symptom is a slowing up or a 
complete cessation of growth together with very poor development of 
the skeletal muscles. An example of protein deficiency can be demon- 
strated by comparing the growth, fattening, and development of 
young swine on a ration of yellow corn alone with a suitable mineral 
mixture as compared to corn supplemented with milk or meat meal. 
Morrison (8Î9) has summarized experiments of this kind and gives 
data to show that a ration of corn alone required nearly 700 pounds of 
grain to produce 100 pounds of live-weight gain, while a properly 
supplemented ration requires only slightly more than half as much 
grain. This demonstrates the usual results of uneconomical conver- 
sion of food into livestock gains when the protein content of the ration 
is inadequate qualitatively or quantitatively. 

The nutrition of swine and poultry is improved if some source of 
animal protein such as milk, tankage, or fish meal is included in the 
ration in addition to plant proteins, while the Herbívora—cattle, 
sheep, and horses-—can of course be adequately nourished after normal 
weaning by proteins from plant sources alone. Leguminous roughages 
such as alfalfa and clover are important sources of protein for herbiv- 
orous animals, but if the nonleguminous roughages such as timothy, 
grass hays, corn fodder, cereal straws, or browse are fed, it is usually 
advisable to add some protein concentrate to the ration. This is 
especially true for young growing or breeding animals and for heavy- 
producing  animals  such  as  dairy  cows.    Linseed,  cottonseed,  and 
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soybean meals are typical plant protein concentrates used to supple- 
ment the rations of farm animals. A ration contaiumg a mixture 
of proteins from several sources usually gives better results than one 
in which the protein is from a single source, since the amino acids of 
one protein will often supplement any amino acid deficiencies of the 
others. It is likely that some of the beneficial effects which feeds 
containing proteins of good quality have on the growth or production 
of animals may be due to other essential factors present in these feeds, 
such as riboflavin, nicotinic acid, etc. 

In addition to poor growth and faulty muscular development a 
number of other abnormal conditions can result from rations low in 
protein. Pearson, Hart, and Bohstedt (903) have recently reported 
that a deficiency of amino acids interferes with the normal sexual 
rhythm of rats. However, no permanent sterility resulted from 
feeding diets qualitatively or quantitatively deficient in protein if 
adequate proteins were subsequently fed. Further studies, by 
Pearson, Elvehjem, and Hart (902), showed that regeneration of the 
hemoglobin level in nutritional anemia is affected by the level and 
quality of the dietary protein. These studies revealed that the 
proteins from liver or casein fed at a level of 4.8 percent permitted 
hemoglobin regeneration at approximately the same rate as the protein 
of corn or wheat gluten fed at about an 18-percent level. 

A deficiency of protein or specific amino acids is one of the factors 
which can apparently lead to the development of certain intestinal 
lesions. Dogs develop peptic ulcers of the stomach and duodenum 
when maintained on a diet containing no animal protein and only a 
small quantity of vegetable proteins {1197), This same diet also 
results in a lowering of the blood proteins, or hypoproteinemia, 
and an accumulation of fluid in the tissues and the body cavities, 
known as nutritional edema, Weiss and Aron [1200) believe that 
certain peptic ulcers of dogs produced experimentally are a result of 
a specific amino acid (histidine) deficiency. Rats and mice also 
develop ulcérations of the stomach as a result of starvation or when 
fed diets deficient in quantity or quality of protein {525). Diets too 
low in protein or inadequate for growth because of qualitative de- 
ficiencies usually have an adverse effect on the appetite. This leads 
to lowered food consumption and a deficiency of other factors. 

RELATION OF AN INADEQUATE INTAKE OF ENERGY-PRODUCING FOODS 
TO PROTEIN UTILIZATION 

When an animal is receiving an optimum quantity of energy- 
producing nutrients in the form of carbohydrates and fats the amount 
of protein required for maintenance or production is reduced to a 
minimum. If the supply of energy becomes inadequate, some of the 
amino acids that should be used for protein nutrition are oxidized 
to furnish heat and energy. When amino acids are utilized in this 
way, the nitrogenous portion of the molecule is excreted as a metabolic 
waste in the urine because the body does not have the ability to convert 
this fraction into heat or energy. This causes an increase in food 
nitrogen lost from the body, and the efficiency of protein utilization 
is consequently lowered.    To obtain maximum use of the protein 
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in a ration it is, therefore, essential that the supply of nonprotein 
energy-producing foods be adequate. 

If foods high in protein but relatively low in digestible carbohy- 
drates and fats, such as alfalfa and clover, are fed without grain or 
other carbohydrate-containing supplements, as is commonly done in 
many sections of the country, considerable amounts of protein are 
used to furnish energy and heat, with a resulting wastage of nitrogen. 
Turk, Morrison, and Maynard {1162) supplemented alfalfa and clover 
hay rations for lambs with starch, sugar, corn oil, or corn grain to 
increase the energy content of the ration. They demonstrated that 
the biological value of the protein of these hays could thus be materially 
increased. The average of the biological values obtained was 81 for 
clover protein, 79 for alfalfa protein, 80 for the protein in the com- 
bination of clover and corn, and 77 for the protein in the combination 
of alfalfa and corn, while the unsupplemented alfalfa ration gave an 
average value of 50. These investigators proved conclusively that 
the low biological value obtained when alfalfa hay alone is fed is not 
due to an inferior quality of protein but to an insufficient supply of 
energy-producing food in the ration. 

PHOSPHORUS DEFICIENCY AND FOOD UTILIZATION 

Probably no dietary deficiency of livestock, particularly cattle, is 
so common the world over as a deficiency of phosphorus. A lack of 
this mineral in livestock rations is due primarily to a deficiency of 
phosphorus in the soils on which the plants used for feed are grown. 
The question of soil relationships to plant and animal nutrition received 
special attention in the 1938 Yearbook of Agriculture (164,737). In 
the United States particular attention has been given to occurrence of 
phosphorus deficiency in Minnesota, Wisconsin, Michigan, Florida, 
Kansas, Montana, Utah, Texas, Pennsylvania, and California. The 
deficiency may be localized in certain areas within a State or may 
become evident only during seasons of drought. 

Symptoms of phosphorus deficiency are similar in nearly all classes 
of livestock. Animals suffering from a lack of this mineral may soon 
be lacking in other factors as well, such as calcium, protein, vitamin A, 
etc., or they may develop toxic symptoms from consuming bones and 
putrid animal carcasses in an attempt to satisfy the deficiency. The 
symptom of depraved appetite is so common that this condition has 
been called the ^bone-chewing^ disease, though the animals may eat 
other things, including wood, hair, feathers, soil, and flesh, which are 
usually ignored under conditions of normal nutrition. As the defi- 
ciency progresses the animals develop low blood phosphorus and such 
symptoms as marked emaciation, stiffness of joints, loss of appetite, 
decreased milk flow, failure in reproduction, and a general unthrifty 
appearance. 

The question of the effect of phosphorus deficiency on food utiliza- 
tion has been studied. Riddell and associates (963) at the Kansas 
Agricultural Experiment Station agree with the general conclusion of 
some previous workers that phosphorus deficiency is a limiting factor in 
the economical utilization of feed. They further conclude that this 
effect was not due to a lowered digestive ability of the animals but 
was a result of a higher energy metabolism as indicated by oxygen- 
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consumption measurements. Kleiber, Goss, and Guilbert {635) also 
found no difference in the digestibility of the food, but there was 
slightly lower utilization of energy. 

Forbes {869) has studied the question with laboratory animals and 
reports findings during a 10-week period of growth in young rats. 
In the first experiment the phosphorus-deficient rats had 15 percent 
less phosphorus in their bodies at the end of the experiment than the 
controls, but there was no difference in growth or utilization of energy 
and protein. In the second experiment a difference of 18 percent in 
body phosphorus was obtained by feeding a ration deficient in this 
mineral. In this case, a slight depression of the digestibility of food 
protein resulted without affecting protein and energy utilization or 
growth. Forbes states that there is a lack of clear-cut evidence that 
variations in the phosphorus content of the diet under conditions of 
practical nutrition affects the efficiency with which the food is utilized. 

VITAMIN DEFICIENCIES AND FOOD UTILIZATION 

The effect of vitamin D on the utilization of calcium and phosphorus 
in the diet is the most conclusive relation between food utilization and 
vitamins that has been demonstrated. In the absence of vitamin D 
large losses of calcium and phosphorus from the body occur in spite of a 
sufficient dietary supply of these elements, but when vitamin D is given 
losses decrease and unusual quantities of calcium and phosphorus are 
stored in the body until the normal balance is resumed. This is 
generally true for farra animals. Wallis {1179) has recently demon- 
strated it for mature la eta ting dairy cattle by feeding them rations 
deficient in vitamin D and keeping them away from direct sunlight. 

On a vitamin-deficient diet the appetite usually decreases, less food 
is eaten, and the animal begins to lose body weight. The food that 
is eaten is used principally for maintenance. Production decreases 
because of lowered food intake, and consequently economical conver- 
sion of food into useful products is seriously interfered with. Braman 
and coworkers {1^7) have conducted a series of experiments with rats 
on the effects of diets deficient in vitamins A, D, and G during limited 
periods on the utilization of energy-producing nutrients and protein. 
They found that in rats with moderate vitamin A deficiency the most 
prominent effect was to depress the appetite, while the complete diet 
resulted in slightly larger weight gains and nitrogen storage. The 
experiment was terminated soon after the symptoms of vitamin A 
deficiency became acute. When the effects of a normal ration were 
compared with those of a ration containing an equal number of 
calories but deficient in vitamin D, the rats on the deficient ration 
excelled those on the normal ration in utilization of food nitrogen, 
in body protein gained, and in heat lost. The animals on the complete 
ration showed better appetite, gained in body fat, utilized more 
energy, and eliminated more carbon in the urine. Vitamin G defi- 
ciency also depressed the appetite of rats and they grew less and 
formed less body protein and fat. None of these vitamin deficiencies 
appreciably affected the digestibility of the protein or energy foods 
of the diets. 

If a state of vitamin deficiency progresses to the point where violent 
digestive disturbances develop, such as the  diarrhea produced by 
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vitamin A deficiency or pellagra, absorption of food may become 
impaired. In such cases a deficiency of other factors may result in 
spite of an apparently adequate intake. 

Effect of Dietary Constituents on Vitamin D Requirements 
The amount of vitamin D in the diet necessary to meet the require- 

ment of an animal can be modified by the presence or lack of other 
substances in the diet. Early studies indicated that an adequate 
supply of vitamin D was not the only factor necessary for normal 
calcium and phosphorus metabolism and bone formation. Vitamin 
D exerted its optimum effect only when there was an adequate supply 
of calcium and phosphorus in the diet and when these elements were 
present in certain proportions with respect to each other. When 
either calcium or phosphorus is deficient in the ration or there are 
abnormally large quantities of either, efficient assimilation of these 
minerals does not occur even in the presence of vitamin D. A normal 
calcium-phosphorus ratio usually falls within 2:1 or 1:2. There are 
species differences with respect to the effect of the calcium-phosphorus 
ratio on the assimilation of these substances. Huffman {550) reports 
that ratios as wide as 1:4 to 10:1 did not interfere with calcium and 
phosphorus utilization in dairy cattle. 

An excess in the diet of salts of iron, magnesium, manganese, 
beryllium, strontium, thallium, and aluminum may interfere with 
phosphorus assimilation and favor the development of rickets even 
in the presence of adequate vitamin D, because these compounds tend 
to form insoluble compounds with phosphorus {ISO), Huffman {551) 
demonstrated that magnesium favored calcium and phosphorus 
metabolism and bone calcification in dairy calves. This action is 
described as a "vitamin D-sparing" effect; it is most evident on 
rations low in but not entirely devoid of vitamin D. There is little 
danger of these unusual relationships developing in practice unless 
excessive quantities of iron are given for treatment or for prevention 
of anemia or amounts of manganese are given far above the known 
required level. 

Too large a proportion of phosphorus in proportion to calcium 
tends to favor the formation of the insoluble calcium phosphate, which 
is not so readily absorbed. Milk sugar, or lactose, favors calcium, 
phosphorus, and magnesium absorption from the intestinal tract. 
This action is similar to that of vitamin D, and accounts for some 
of the favorable effects of milk on the calcification of bone in young 
growing animals. ^^ ^ ^,^^,^ 

Overfeeding of farm animals can result in heavy financial losses by 
causing temporary or permanent disability and even death of animals. 
Money and labor are also wasted by supplying more feed than the 
animals can utilize. Livestock will frequently overeat if given an 
opportunity. The consequences may be only temporary digestive 
disturbances or they may be so serious as to cause death. The pro- 
ductive capacity of farm animals has in many cases been increased 
beyond the point where they are physiologically able to assimilate 
enough food to maintain the desired level of high production. In the 
attempt   to   maintain   a   record   performance,   owners   may  induce 
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ammals to eat more than they can continue to utilize, and unfortu- 
nate results usually follow. The animal is said to go ^off feed," 
usually the result of a digestive upset. Such symptoms as diarrhea, 
constipation, bloat, colic, and failure to eat the usual quantities of food 
are danger signals, which if observed in time may be corrected. Diges- 
tive troubles from overeating may occur very suddenly, and even if the 
services of a veterinarian are immediately available a fatal outcome may 
not be prevented. Animals may be found dead in the morning without 
having shown any noticeable symptoms the evening before. Losses oc- 
casionally occur through accidental overfeeding, as when animals escape 
to the grain bin or into fields of abundant crops. Diseases due to over- 
eating are best controlled by preventive measures, although some cases 
may be successfully treated by prompt medical and dietary attention. 

Diseases from overeating of either balanced or unbalanced rations 
are an important cause of death among animals on a fattening ration. 
Newsom and Thorp (853) state that "overeating" may seem a peculiar 
designation for a disease, yet it probably causes more loss in the feed 
lots of Colorado than all other troubles combined. The "disease" as 
found in lambs has been called a variety of names descriptive of cer- 
tain phases, such as apoplexy^ indigestion, gastroenteritis, food intoxi- 
cation, and diabetes. Animals may develop nervous symptoms such 
as head retractions, staggering gait, walking in circles, and rapidly 
progressing weakness, followed by prostration, coma, convulsions, and 
death. They may suffer for several days and then die or recover. 
Diarrhea is usually present when the animal lives more than a few 
hours. Acute cases usually have a marked giycosuria, or sugar in the 
urine, which suggests diabetes, but which has not been proved to be 
a true diabetic condition. Frequently the heartiest eaters and fattest 
lambs are the ones that die from this disease. Many feeders start 
culling out the fat lambs and selling them before the rest are ready in 
order to reduce the possibility of losses from this condition. Some 
lamb feeders become alarmed as the death toll rises and sell all their 
lambs before they have reached a desirable market finish, being forced 
to take a lower price for them and in many cases incurring a serious 
financial loss. 

The exact cause of this disease and effective treatment of animals 
suffering from it still remain unsolved problems. Newsom and 
Thorp, in the reference previously cited, report work at the Colorado 
Agricultural Experiment Station in which the filtered (bacteria-free) 
intestinal contents from lambs dead of overeating were frequently 
found to be toxic to laboratory animals and sheep when injected but 
nontoxic when fed by mouth. The toxin in the filtrates was destroyed 
by heating to 60° C. (140° F.) or could be neutralized by antitoxins 
produced by bacteria of types B and D Clostridium welchii. Since 
bacteria of the Clostridnim welchii group are normally found in the 
intestinal contents of sheep and other farm animals it seems probable 
that the character of the feed and overeating or conditions associated 
with a digestive disturbance may favor growth of the bacteria or ex- 
cessive toxin production in the intestine, the absorption of which 
produces the disease. More work should be done on this important 
relation between dietary factors and the growth and toxin production 
of bacteria in the digestive tracts of animals. 
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Some preventive measures have been, worked out that have helped 
considerably in holding large losses in check. Losses are often asso- 
ciated with heavy grain feeding and lack of exercise. If the grain 
allowance is reduced when deaths begin, losses usually cease; but a 
given level of grain feeding does not cause unfavorable results under 
all conditions. Among the puzzling features of this disease are its 
sporadic occurrence and the frequent failures encountered in attempts 
to produce it experimentally. Losses can usually be reduced to a 
minimum by starting lambs on feed slowly and gradually increasing 
the concentrate allowance, carefully watching the appetites of the 
animals and gaging the increase accordingly. Considerable success 
has been attained through self-feeding of lambs by grinding grains and 
roughage and mixing them in the desired proportions. The propor- 
tion of grain is increased as the feeding period progresses until a 
satisfactory fattening ration is established. 

Cattle also are adversely affected by overfeeding. Frequent causes 
of heavy losses are bloat, indigestion, and acute distention or impaction 
of the stomach. "The eye of the master fattens his cattle" is a saying 
containing a wealth of advice. Satisfying the appetites of animais with- 
out feeding them beyond their ability to assimilate is the real problem. 

Lactating animals, particularly dairy cows, also may be overfed, 
especially when record-breaking production is desired. Symptoms 
appear suddenly, the milk yield drops, and the animal begins to scour 
and refuses feed. Production which has fallen because of digestive 
disturbances is difficult to restore. Cows that develo]) milk fever 
incident to calving are usually high producers in extra-good condition 
because of abundant feeding. Sjollema {1062) recalls that both 
milk fever and acetonemia, or ketosis, were less frequent toward the 
end of the World War and just after it, a period when food was scarce. 
Metzger and Morrison (7^) in studying the records of the Kentucky 
Agricultural Experiment Station herd found that a larger percentage 
of milk-fever cases occurred during the winter months ami suggested 
a possible relation of the increased incidence at that time of year to 
factors affecting the calcium metabolism of the cattle, such as the 
quality of the roughage or the lack of ultraviolet radiation from sun- 
light or both. 

The causes of milk fever and acetonemia are still not understood, 
but there is abundant evidence that they may be affected by nutri- 
tion, and this method of approach is being actively studied. Ketosis 
may occur in heavily fed, high-producing animals or in animals on 
a very poor ration. Chemical studies on the blood, milk, and urine 
of these animals show that they are unable to complete the oxidation 
of fats in the body and that the incomplete oxidation products, or 
ketone bodies (acetoacetic acid, acetone, and beta-hydroxybutyric 
acid), which are harmful to the body, accumulate in the bíood and 
tissues and are excreted in the urine and milk. Moderate supple- 
mentary carbohydrate feeding, as of beet molasses, grain mixtures, 
etc., or good pasture tends to correct the condition if it has not pro- 
gressed too far. 

Calves overfed with milk frequently develop digestive disorders 
that may be followed by scours and pneumonia. Diarrhea caused by 
nutritional means must not be confused with that due to specific 



446 YEARBOOK OF AGRICULTURE, 1939 

infections, although the control methods for either condition must 
be carried out simultaneously with, rational feeding and good 
management. 

Horses are very susceptible to overfeeding, especially during seasons 
when heavy work and consequent heavy feeding are followed by days 
of idleness. The grain ration should be reduced as much as 50 per- 
cent and the animals should be given an opportunity to get sufficient 
exercise when not working. Various digestive disturbances known 
collectively among livestock men as colic may be caused by errors in 
quantity as well as in quality of food. This is also true of heaves 
(broken wind) and founder. Azoturia, a disease known to some as 
^Monday morning sickness/^ is frequently fatal to horses; its develop- 
ment usually follows a period of insufficient exercise and heavy con- 
centrate feeding. 

When breeding animals are too fat as a result of overfeeding they 
frequently fail to breed normally. Asdell (-57) points out that an 
overfat condition affects the male as well as the female, and that 
because show-ring fashion tends toward very fat animals, some of the 
best stock is impaired, leaving the more mediocre animals to per- 
petuate the race. 

EFFECTS OF UNDERNUTRITION 

Undernutrition is the result of either quantitative or qualitative 
deficiencies in the ration or both, or of a failure of the ingested food 
to become available to the body. The effect of dietary deficiencies on 
an animal depends on a number of factors, chief among which are the 
nature of the deficiency; age and kind of animal, and whether it is 
producing or nonproductive; duration of the deficiency; and whether 
or not the animal has stored the missing essential nutrients from pre- 
vious adequate nutrition, A long-continued deficiency of vitamins 
and minerals usually leads to the development of the so-called nutri- 
tional diseases. A deficiency of other factors, such as a moderate 
energy or protein deficiency, tends to retard growth but is not par- 
ticularly harmful if not continued too long, especially if the animal is 
neither pregnant nor expected to produce efficiently. The body has 
considerable ability to repair itself and resume growth if normal 
nutrition is established after a period of deficiency, but a shortage of 
certain nutrients can cause irreparable damage and must be avoided. 
When an animal is growing more slowly or not producing at an 
optimum rate because of an insufficient supply of food or of specific 
nutrients, the major portion of the feed consumed is utilized for 
maintenance, and little or none is left for conversion into useful 
products or body increase. 

Underfeeding of breeding animals, both male and female, greatly 
decreases their normal reproductive activity. The undernourished 
female may not come in heat regularly, and if she does become preg- 
nant the young may not be carried to term, or if born, will probably 
be weak and unthrifty. 

Pregnancy disease of ewes {SI5), or toxemia of pregnancy, is often 
associated with undernutrition of the pregnant animal. It is closely 
associated with a derangement of the carbohydrate and fat metabo- 
lism,  and  usually occurs during the last few weeks of pregnancy, 
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particularly when the ewe is carrying more than one Iamb. Ewes 
fed forage of poor quality with little or no grain, and lambing before 
the pasture season begins are usually in poor condition and most 
susceptible to the disease. Typical symptoms of this condition are 
the development of a staggering gait, weakness, evidence of impaired 
vision, grinding of the teeth, and failing appetite. Breathing is 
usually labored and rapid, and the animal becomes progressively 
worse, finally going down and being unable to rise. The animals 
often lie with the head turned to one side of the body and may remain 
in this position for several days until death. A very yellow or clay- 
colored liver is usually found at autopsy. This disease may occur 
in fat ewes if they do not have an opportunity to get sufficient exer- 
cise. Animals subjected to periods of feed shortage due to stormy 
weather or while in transit, may also develop the disease. Curative 
treatment is not usually successful and the mortality is high. Pre- 
ventive measures through adequate nutrition and exercise have given 
best results. 

McCay and coworkers {716) have published some interesting data 
on the effect of a calorie or energy deficiency in an otherwise apparently 
adequate diet on the length of life and development of the albino rat. 
These investigators retarded the growth of rats by limiting their 
intake of energy, while the control animals that consumed all they 
wanted of the same diet grew to maturity and developed much faster. 
Individuals in the retarded groups, however, lived much longer than 
the control animals. These studies suggest the possibility of modify- 
ing the growth of young animals and thereby extending their produc- 
tive life. Maynard {769) discusses this question further and points 
out that the present standards for optimum nutrition, based largely on 
rapid growth and development, may not be an index of the life per- 
formance of the animal. This subject should be investigated further 
from the standpoint of farm-animal and human nutrition. 

Sherman and Campbell {1051) have reported a series of experiments 
in which they have shown that a diet of natural foods apparently 
adequate for rats results in further nutritional improvement when 
enriched by the addition of powdered milk. They have studied 
particularly the effect of increasing the allowances of calcium, vitamin 
A, and riboflavin, all of which have contributed to improvement in 
nutritional well-being, health, and length of life. Increasing the 
calcium content of the diet resulted in both more rapid growth and 
longer life. This work further emphasizes the fact that the minimum 
quantity of a nutrient necessary for normal nutrition may be less than 
the amount required for optimum performance when measured by the 
effects on life span and when observations are continued into succes- 
sive generations. These results should not be interpreted as con- 
flicting with those of McCay and coworkers, previously cited. By 
using vastly different diets and experimental procedures these inves- 
tigators have demonstrated other means by which the life span can 
be significantly increased above the present recognized normal stand- 
ards. These observations should be regarded as introductions to addi- 
tional fields of study, demonstrating that investigators in the field of 
nutrition should go beyond studies on specific short periods of growth, 
development, and maintenance, to include observations on Jongth of 
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life and lifetime production and the effects on successive genenitions, 
whenever possible or practical. 

MEASURING THE ECONOMIC, OR PRACTICAL, MAINTENANCE 
REQUIREMENTS OF ANIMALS4 

In accordance with the recommendation of the Conference on Energy 
Metabolism, referred to on page 431, the term ^economic maintenance 
requirement/' as used in the following discussion refers to the totiiJ 
quantity of feed required for the maintenance of body weight without 
material change in the composition of the living animal and for the 
performance of all involuntary and voluntary muscular* activity; it 
does not include any feed that is used specifically for the performance 
of work or for the production of meat, milk, or eggs. 

In factoring the total feed cost of work, meat, milk, or eggs it is 
very desirable to be able to measure or estimate the economic mainte- 
nance requirement. Furthermore, there are times when it is desirable 
to feed merely for the maintenance of live weight. For these reasons 
practical methods of measuring or estimating the economic mainte- 
nance requirement are of value to the student of animal nutrition and 
to the animal husbandman. 

The simplest method of determining the economic maintenance 
requirement of an animal is to ascertain by trial and error just how 
much feed it must consume each day to keep from losing weight. 
This method is applicable to adult animals but not to growing animals, 
because normal growth and maintenance of live weight do not occur 
simultaneously in the same animal. Moreover, this method is not 
very precise because an adult animal may consume appreciably more 
feed for several days than it needs for maintenance and still not show 
a gain in live weight. 

As yet no simple and dependable method lias been devised for deter- 
mining the economic maintenance requirement of the growing animal. 
The method tentatively suggested by Hendricks, Jull, and Titus {504) 
gives results that are definitely too low for all but the final stages of 
growth. However, it is possible to estimate the economic maintenance 
requirement of a growing animal by assuming that it is proportional 
to the 0.85 power of the live weight. It has not been demonstrated 
that this assumption is valid, but its use will give an estimate that 
probably does not differ from the true value by more than 15 percent. 

If the average economic maintenance requirement of a group of 
adult animals of approximately the same live weight is desired^ the 
following procedure may be followed: Carefully select at least eight 
animals of very nearly the same live weight and condition; roughly 
estimate the quantity of feed required daily for maintenance; feed to 
one of the animals slightly more than this quantity of feed each day, 
and to the other seven animals eleven-twelfths, ten-twelfths, nine- 
twelfths, eight-twelfths, seven-twelfths, six-twelfths, and five-twelfths, 
respectively, of the quantity of feed fed to the first animal; continue 
feeding the eight animals at these levels of feed intake until the animal 
receiving the least feed has lost about 15 percent of its initial live 
weight. If more than eight animals are available, or if greater 
accuracy in making the estimate is desired, more than one animal 

- This section was prepared by Harry W. Titus, Senior Biok^icai Chemist, Bureau of Animal Jndustrv 
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amy br used at each of one or more of the higher and lower levels of 
feed in lake. 

Plot the change in live weight of each animal against the quantity 
of feed it consumed daily as in figure 1. Draw a straight line through 
the plotted points, and the daily economic maintenance requirement 
will be the daily feed consumption at the point where the straight line 
crosses the horizontal axis.    If an estimate of the standard error of 
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Figure I.— Dclcrniiinng the economic maintenance requiremenl by feeding at approx- 
iniaLely ihe mamtenance level and al, a series of snhmaintenance levels. 

this value is desired, the straight line, d=sr+i, may be fitted to the 
plotted points by the method of least squares and the standard error 
of i/s estimated in the usual way.    In this equation, 

d is the change in live weight; 
s is the slope of the straight line; 
r is the daily feed allowance; 
i is the point at which the straight line intercepts the d axis; 

and 
i/s is the point on the r axis at which it is intercepted by the 

straight line and, hence, is numerically equal to the daily 
econ omic main ten a n ce requirement. 

if the average economic maintenance requirement of a group of 
animals producing milk or eggs is desired,   the general method  of 
Wood and Capstick {1252), or the modifications of Titus {1139) and 
of Brody {155)? may be used.    However, as was shown by Hendricks 
and Titus {505), the original method of Wood and Capstick may yield 
questionable results and hence should be used with caution.    Never- 
theless, this general method of attacking the problem of estimating the 
quantity of feed required for economic maintenance and for produc- 
tion holds much promise and deserves further study and application. 

5 Soo also pa.qos 12 to 23 of the roforence given in footnote 2. 
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GROWTH,  FATTENING,  AND 

MEAT  PRODUCTION 

by 0. G. Hankins and Harry W. Titus1 

H t K t is a discussion of some of the changes that occur in animaJs 

during growth and fattening—changes that affect the proportion of 

dressed carcass to total body weight, the proportion of edible meat, and 

the fat content of lean tissues. The article includes an account of the 

mathematical formulas proposed for comparing the efficiency with which 

difTerent animals utilize feed for growth—a problem of great importance 
in both feeding and breeding. 

FROM the standpoint of animal nutrition, growth is essentially a 
storage of protein. It is true that other substances are stored simul- 
taneously, and that water is stored in even greater quantity than is 
protein; nevertheless, the growth of an animal is peculiarly charac- 
terized by the increase in the protein content of its body. Since 
protein is the most valuable constituent of meat, it can readily be 
seen that the growth of animals—especially of cattle, swine, sheep, 
and poultry—is the basis of meat production. 

Aside from its importance in the production of food for man, growth 
plays an important part in man's efforts to learn more about animal 
nutrition. For example, growth, or gain in live weight, is often used 
(1) to detect nutritive deficiencies, (2) as the chief criterion in com- 
parisons of two or more diets or feeding systems, (3) for the evaluation 
of the quality of proteins, and (4) in measuring the quantity of certain 
vitamins in feeding stuffs. 

The growth of an animal is most commonly measured by the increase 
in its live weight, although at times increase in height, length, or girth, 
or some other characteristic may be used. If the live weights of an 
animal at different ages are plotted against the corresponding ages, a 
growth curve similar to that in figure 1 is obtained; but if the same 
live weights are plotted against the quantities of feed required to 
attain them, the resulting curve is like that in figure 2. 

If, in a similar manner, the efficiency of feed utilization—the ratio 

' O. G. Hankins is Senior Animal Husbanrlinan and Uarry W. Titus is Senior Bioiogical Chemist, Bureau 
of Animal Industry. 
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of the gain in live weight to the weight of feed required to produce 
the gahi ^-is plotted against age and against live weight, respectively, 
curves similar to those in figures 3 and 4 are obtained.    Efficiency of 

figure 1.—The re I a lion be- 
Ivvecn live weight and age; 
I he cross marks the point of 
inilcetioM, al which growth 
reaches  ils  maxim um rate. 

AGE 

feed  utilization is a straight-line function of live weight—that is, it 
decreases in  direct proportion to the increase in live weight—and 

Figure 2.—The relation be- 
tween live weight and cn- 
mulalive feed consumption. 

CUMULATIVE   FEED   CONSUMPTION 

this   simple   relationship   makes   comparisons   reladvelv   easy. A 
method  of measuring and comparing the  efficiencies of individual 

5 Forpamplr, if it, takes 3 pounds of feed to make 1 pound of gain in live weiimt, tlio offlciencv of feed 
utilization ii oTie-tlurd, or a little more than ().33. The efficiency of feed utilization is always a fraction—that. 
is, less than 1. 
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animals, or of groups of animals, in utilizing feed is presented in some 
detail, for readers with a technical background, at the end of this 
article. 

Figure   3.—How   the    effi- 
ciency    of   feed   utilization 
decreases as the age of the 

animal increases. 

AGE 

In general, the growth curves of most animals, with the exception 
of man, are very similar.    In man the growth curve indicates that 

Figure   4.—How   the    effi- 
ciency   of   feed   utilization 
decreases as the live weight 

of the animal increases. 

LIVE   WEIGHT 

there are at least two major growth cycles,3 whereas in most other 
animals there is a single major growth cycle.    This single cycle is 

3 In man the first cycle ends and the second cycle begins at the age oí about a^ years, 
continues until growth is complete. 

The soeond cycle 
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illustrated in figure 1; which shows that growth proceeds at an increas- 
ingly rapid rate until a certain point is reached, after which it pro- 
ceeds at a decreasingly rapid rate until it is completed. The point 
at which the rate of growth reaches its maximum, indicated by + in 
figure 1, is called the point of inflection. In some species of ariimals 
the first part of the cycle up to the point of inflection is relatively 
short, but in others the two parts of the cycle are of nearly equal 
length. 

Various factors, such as inheritance, relative completeness of the 
diet, and rate of feed, consumption, affect the shape of the growth 
curve (fig. 1). Growth may readily be limited by limiting the feed 
consumption of an animal, but it is difficult, if not impossible, to 
stimulate growth by nutritional means beyond the animal's inherited 
growth capacity. 

Whereas the gains of the young growing animal usually are com- 
posed largely of protein and water, those of the mature or nearly 
mature animal consist mostly of fat. It usually is not possible, how- 
ever, to fix any definite point as the one at which growth ceases and 
fattening begins. This is because the character of the gain varies 
during both the early and the late stages of growth, and, normally, 
the change between the period when the gain is mostly protein and 
the period when it is mostly fat is not abrupt but gradual. 

The changes in the character of the gain as the animal grows and 
fattens are reflected strikingly by changes in the ratio of carcass 
weight to the weight of the entire body and in the various characteris- 
tics of the carcass and its components. These latter changes are of 
particular interest and importance as they occur in meat animals. 
It is the purpose of this article to set forth the principles involved in 
the more important phases of the subject and, so far as space will 
permit, to present examples of their application to different species of 
meat animals. 

EFFECTS OF GROWTH AND FATTENING OF MEAT ANIMALS 

PROPORTION OF DRESSED CARCASS TO TOTAL BODY WEIGHT 

One of the most obvious and best known of the changes that accom- 
pany growth and fattening is the increase in proportion of dressed 
carcass based on live weight of the animal, or the ratio of carcass 
weight to the weight of the entire body. This point is well illustrated 
in figure 5, which presents results from more than 5,000 normally 
fed hogs that varied from approximately 60 to 380 pounds in final 
feed-lot weight. It is of marked interest and significance that with 
this increase in weight, when accompanied by normal change in the 
character of the gain, the proportion of carcass, or the dressing per- 
centage, increased from about 67 to 80 percent. This means, for 
example, that whereas the average 100-pound pig may be expected to 
yield about 71 pounds of dressed carcass (which in the case of this 
species includes the head), the 200-pound hog may be expected to 
produce approximately 152 pounds of dressed carcass, or 10 pounds 
more than twice as much as the 100-pound pig. Likewise, the 300- 
pound hog would yield a dressed carcass weighing approximately 
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237 pounds, or about 24 pounds more than three times as much as 
that of the 100-pound pig. Such disproportionate increases in car- 
cass weight mean much in the livestock end meat industry and to the 
consuming public, mainly because they represent similar increases in 
the proportion and energy value of the edible product and, generally 
speaking, in monetary value. 

The dressing yields of cattle range from approximately 42 to 60 
percent and those of unshorn lambs from approximately 33 to 53 
percent. The dressed weight of chickens, after bleeding and picking, 
is about 80 to 93 percent of the live weight; and the full drawn weight— 
the weight after bleeding and picking, removal of the head, feet, and 

entrails, and replacement of 
the heart, liver, and empty giz- 
zard—is approximately 60 to 
87 percent of the live weight. 

PROPORTIONS OF PARTS OR CUTS 

After considering the in- 
crease in proportion of dressed 
carcass as a result of growth 
and fattening, it is logical to 
give attention next to the 
changes that occur in the pro- 
portions of the different parts 
of the carcass. For the present 
purpose these parts probably 
are best represented by the 
common primary cuts, such as 
leg, loin, rib, shoulder, breast, 
and neck in the case of lamb. 
The public is accustomed to 
think of the carcass in terms of 
these cuts and is familiar with 
their respective advantages 
and disadvantages as well as 
the relative consumer demands 

for them. Any significant increase or decrease in proportion of a cut, 
especially if it is a major cut, is a matter of definite importance, 
mainly because of its effect on carcass value. 

Tables 1, 2, 3, and 4 indicate some of the changes in proportions 
of cuts that occur with growth and fattening of hogs, cattle, lambs, 
and chickens, respectively. It will be noted (table 1) that as the hog 
grows and fattens the percentages of ham, loin, shoulder, and head 
cut from the dressed carcass decrease. Ham and loin are two of the 
pork cuts for which there is greatest demand and which are relatively 
high in price. Shoulder is intermediate in this respect, while the 
head represents relatively low-priced product and therefore a 
reduction in the percentage of that cut is an advantage rather than a 
disadvantage. On the other hand, the table shows increases in bacon 
and cutting fat, those in cutting fat being remarkably large. While 
increase in bacon is desirable and represents an improvement, more 
fat ordinarily is considered undesirable. 
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represent averages of the several final feed-lot 

weight groups considered in the study. 
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TABLE 1.—Average percentages of certain parts of hog carcasses classified according to 
Jive weight of animal 1 

Data for hogs weighinsi- 

Hogs, carcasses, and parts 

Hogs iiuniber. 
Averago live weight at slaughter pounds. 
Average weight of chilled carcass do___ 
Haras 2 percent- 
Loins do___ 
Bacons do... 
Shoulders (3-rib, full cut) do___ 
Head do__.. 
Cutting fat s do _ _ _ 

IJOSS than    130 to 159 
130 pounds    pounds 

26 
106 
78.0 
19.9 
13.2 
9.4 

18.5 
10.7 
10.0 

41 
146 
116.0 
18.4 
12.2 
10.1 
17.7 
9.8 

15.0 

160 to 199 200 to 249 
pounds 

199 

pounds 

240 
183 218 
146. 0 177.5 
18.4 17.5 
12.1 11.6 
10.8 11.4 
17.4 17.0 
9.4 8.9 

16.8 19.5 

250 pounds 
or more 

92 
289 
238. 5 

17.0 
11.0 
11.9 
16.7 
8.5 

21.5 

1 Data from Warner, Ellis, and Howe {1182, p. 250).* 
3 Percentages of parts based on weight of chilled carcass, 
s Consisting of back fat, leaf fat, and fat trimmings. 

The results of a cooperative study by the Michigan Agricultural 
Experiment Station and. the Bureau of Animal Industry showed, in 
part, that the percentage of prime rib cut of Hereford steers, based on 
empty-body 5 weight, increased with increase in fatness of the animals 
(table 2, fig. 6). The percentages of plate, flank, and short loin also 
increased, while the percentages of round, loin end, and foreshank 
decreased. In chuck there was no definite trend, and in rump the 
percentage tended to increase although the change was small. 

TABLE 2.—Average percentages of certain parts of carcasses of full-fed Hereford steers 
classified according to fatness1 and average weights of the animals and carcasses - 

Data for carcasses containing indicated proportions of fat ^ 

Steers, carcasses, and parts 

Steers number- 
Final feed-lot weight pounds __ 
Live weight at slaughter do  
Empty-body weight do  
Chilled carcass weight do...  . 
Parts of carcass—percent of empty-body 

weight: 
Forequarters percent __ 

Prime rib cuts do..__ 
Chucks dü__.. 
Plates do  
Foreshanks do  

Hindquarters do__ .. 
Rounds do  
Rumps do  
Flanks do  
Loin ends do  
Short loins do  

12 to 15.99 16 to 19.99 20 Lo 23.99 24 to 27.99 28 to 31.99 32 to 35.99 
percent percent percent percent percent percent 

4 S 5 11 6 2 
604 748 769 809 883 972 
598 723 740 789 850 944 
557 679 711 751 832 918 
342. 0 425. 5 433. S 477.1 533. 1 603. 0 

31. 06 31.54 31.19 32.14 32. 58 33. 22 
5.15 5.36 5.36 5. 75 5.91 6. 29 

16. 66 16.73 16. 18 16. 2S) 16. 73 16. 39 
6.67 6.98 7.22 7.82 7.91 8. 45 
2. 60 2.43 132 2.17 2. in 2. 05 

29. 11 30. 41 20. 25 30. 77 31.00 31.70 
13. 32 12.99 12. 50 12.02 12. 03 11. 09 
2.93 2.93 2.83 2.97 2.99 3.01 
2.30 2.99 2.92 3. 55 3. 65 4. 15 
5.84 5.74 5.23 5. 50 5.39 5.32 
5. 06 5.78 5. 57 6. 46 6. 73 8. 13 

an Agricul tura I KxiM 'riment St a lion and the 17. Ö. Bureau of 
Animal Industry. 

s The 36 steers ranged from approximately 11 to 17 months of age at slaughter, 
s Based on ether-extract content of right side. 

4 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
5 The entire animal exclusive of the contents of the stomachs, intestines, and bladder is known as the 

"empty body." 
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Figure ó.—Rib culs illnätrating growth and fattening of cattle associated with increase in live weight from approximately 60« to 900 pounds. 
This increase in size also represents an increase in the proportion of this important cut in the carcass. 
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Table 3 shows that with an increase in the carcass weight of lambs 
from approximately 22 to 48 pounds, which was accompanied by a 
change from ^thin^ to ^fat/' there was a tendency for the percentages 
of leg, shoulder, neck, and probably breast to decrease. Only one of 
these four cuts—the leg—is included among the most preferred cuts 
from the lamb carcass. On the other hand, the rib and loin tended 
to increase, and both of these cuts are very popular and relatively 
high in price. 

TABLE 3.—Average percentages of certain parts of lamb carcasses classified 
according to fatness l 

Carcasses and parts 

Carcasses number.. 
Average weight of chilled 

carcass pounds.. 
Trimmed legs..percent._ 
Rib cuts (9-r.ib)...do_.._ 

Data for carcasses con- 
taining indicated pro- 
portions of fat 2 

2£t— ¿k 
13 

21.9 
30. 17 
15.31 

34.4 
25. 60 
16. 83 

47.5 
26.14 
17.92 

Carcasses and parts 

Shoulders (3-rib) 

Loins  
Neck  
Breast  

percent. 
___do.._ 
___do.._ 
-_-do..- 

Data for carcasses con- 
taining indicated pro- 
portions of fat 2 

Under 
20 

percent 

20 to 34 
percent 

7.64 
3.89 

15. 32 

percent 

9.08 i 
3.28 

15. 36 I 

9.78 
2.94 

14.83 

1 From unpublished data of ü. S. Bureau of Animal Industry. 
2 Based on ether-extract content of edible portion. 

Table 4 shows that as the live weight of White Plymouth Rock 
cockerels at the Illinois Agricultural Experiment Station (7^7) increased 
from 0.5 to 7 pounds, the weight of the legs above the hock and of the 
torso, when expressed as percentage of the empty-body weight, 
increased materially. The percentage of skin increased to some 
extent, while that of wings tended to decrease after the birds attained 
a live weight of 3 pounds. No distinct trend in percentage of neck 
was observed. 

TABLE 4.—Average percentages based on empty-body iveight of parts of carcasses of 15 
White Plymouth Rock and 70  White Leghorn cockerels at increasing tveights and stages 

of growth and fattening 

Breed of chickens and parts 
of carcass 

White Plvmouth Rock: 
Skin  
Neck  
Legs above hock  
Wings  
Torso  

White Leghorn: 
Skin  
Nock  
Legs above hock  
Wings  
Torso  

Data for birds of approximate slaughter we Wit of- 

0.5 1 
pound    pound 

Percent Percent [Percent 
7.7 
3.3 

19.0 
6.3 

22.4 

6.47 
3.24 

18.80 
6.98 

24.00 

6.5 7.8 
3.7 3.5 

16.2 18.0 
0.5 6.4 

21.3 22.5 

7.08 6.52 
3. 59 3.61 

15.60 17.30 
6. 65 6.93 

20. 50 23.30 

I ■ 

Percent 
7.3 
3.9 

20.2 
6.4 

22.0 

6.43 
3.21 

19.70 
7.03 

25.10 

3 4 5 
pounds pounds pounds 

Percent Percent Percent 
7.0 7.4 8.1 
3.7 3.7 3,4 

21.5 22.1 22.1 
6.7 6.6 5.9 

23.4 24.6 25. 0 

6.82 7.16 6.65 
3.34 3.10 2.85 

21.20 20. 90 21. 60 
7.29 6.74 6.41 

25.40 26. 60 26. 70 

pounds| pounds 

Percent 

22.2 
5.9 

26.4 

Percent 
8.5 
3,4 

24.9 
5.7 

26. M 

With White Leghorn cockerels, likewise, at the Illinois Agricultural 
Experiment Station (798), marked increases were noted in the propor- 
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tion of legs above the hock and of torso. No definite trend of the 
percentage of skin was found, but the percentage of wings increased 
up to a live weight of 3 pounds and then decreased. The proportion 
of neck decreased slightly. 

CHEMICAL COMPOSITION OF MEAT ANIMALS 

The chemical composition of the empty body of meat animals is 
generally regarded as the most significant measure of the stage of 

70 

I00 I50 200        250 
EMPTY-BODY WEIGHT   (POUNDS) 

300 350 

Figure 7.—The percentages oí ^aLer, protein, and ash in the empty body of hogs 
decrease and the percentage of fal increases as the animals increase from approximately 
50 lo 325 pounds in empty-body weight.     Crosses represent  averages of the several 

weight groups considered. 

growth or fattening that has been attaiued by the individual animal. 
But probably the greatest significance of chemical composition and 
the changes in it associated with growth and fattening is as an index 
of the nutritive value of the edible product from meat animals for 
human consumption. 

Chemical composition is usually expressed in terms of the percent- 
ages of protein, water, fat, and ash or mineral matter. As previously 
indicated, the gains of the younger growing animal are usually com- 
posed in large part of protein and water, whereas those of the more 
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mature or nearly mature animal consist mostly of fat. In conse- 
quence, as the live weight increases beyond a certain value it is 
generally true that the proportions of protein and water in the animal 
tend to decrease and the proportion of fat to increase.    The propor- 
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Figure 8.—The percentage of water in the euipty body of White Plymouth Rock 
cockerels decreases and the percentages of protein, fat, and ash increase as the chickens 
increase from approximately 200 to 3,200 grams in empty-body weight, or 0.5 pound 
to 7 pounds in live weight. Crosses represent averages of the several weight groups 
considered.      (Based on data from Illinois Agricultural Experiment Station Bulletin 

278(797).) 

tion of mineral matter does not change greatly but under usual con- 
ditions decreases slightly. 

The changes in composition that generally occur are well illustrated 
in figure 7, which shows the change in the composition of hogs ranging 
from 50 to 325 pounds in empty-body weight. The changes in water 
and fat content  are striking.    The water content decreased from 
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approximately 60 to 35 percent, while the fat (ether extract 6) content 
increased from about 20 to 55 percent. At the empty-body weight 
of approximately 230 pounds the water and fat percentages wore 
equal. Accompanying these changes in water and fat content, the 
protein decreased from about 16 to 10 percent and the mineral matter 
from about 3 to 2 percent. 

Such information gives a quick, reasonably satisfactory, though 
somewhat rough, estimate of the relative nutritive values of the edible 
portion of the hog at different stages of growth and fattening. For 
example, based on values in figure 7, calculations show the caloric or 
heat value per pound of the 250-pound hog to be approximately 25 
to 30 percent greater than that of the 150-pound hog. The differ- 
ence is due mainly to the higher percentage of fat in the heavier hog. 
More accurate estimates, of course, can be made in cases where the 
composition of the edible portion itself is known. 

Exceptions to the general rule relating to changes in chemical com- 
position, indicated above, are known to exist. An example of such 
exceptions is found in data obtained at the Illinois station in work on 
chickens. As shown in figure 8, accompanying a decrease in water 
content from approximately 70 to 60 percent there was a tendency 
not only for fat but also for protein and ash to increase in percentage, 
associated with an increase in live weight of White Plymouth Rock 
cockerels from about 0.5 pound to 7 pounds. Thus it is shown that 
the decrease in water content, which appears normally to be a function 
of growth and fattening, is not always compensated for, in. its entirety, 
by increase in fat content. Such variations are believed to be due to 
species differences. 

DISTRIBUTION OF FAT 

As is rather generally known, animals do not store fat evenly 
throughout their bodies. The fat is normally deposited at widely 
varying rates in different parts of the body, which results in marked 
variation in the proportions of fat found in different parts when the 
animal is slaughtered for meat. This fact is obviously not only of 
scientific interest, but also of definite practical significance through 
its effect on the food and energy values of the meat from various 
parts of the animal body. 

Figure 9 shows the changes that occurred in the percentages of fat 
that could be separated from the rib, loin, breast, neck, shoulder, and 
leg cuts of lamb, while the separable-fat content of the dressed carcass 
increased from approximately 5 to 37 percent. At low levels of the 
latter there were only small differences between the several cuts. 
However, generally speaking, the fat content of the cuts soon began 
to diverge, with the rib, loin, and breast tending to group themselves 
at a higher level of fatness and the neck, shoulder, and leg cuts at a 
lower level. It is also noteworthy that when the separable-fat 
content of the carcass became about 22 percent, that of the leg began 
to fall below that of all other parts. After the separable-fat content 
of the carcass attained a value of approximately 28 percent the rib 
cut tended to be fatter than all other cuts. At the extreme of 37 
percent in separable-fat content of carcass there was a difference of 

6 "Ether extract" is often used interchangeably with "fat" because in the analysis of foodstuiïs the total 
material extracted by other is largely fat. 
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about 30 percent between rib, the fattest cut, and leg, the cut con- 
taining the least fat. The loin tended to be next to the rib in fat 
content, but at high levels of carcass fatness the gains in the former 
did not keep up with those of the latter. Breast, neck, and shoulder 
were intermediate at the high levels of carcass fatness and were not 
greatly different from each other. 
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42 CARCASSES ARRANGED IN  ORDER  OF INCREASING FATNESS 
Figure 9.—Comparative increases in  the  separable-Cal conterU  of rib,  loin,  breast, 
neck, shoulder, and leg cuts of lamb as the separable-fat content of the dressed carcass 
increases from approximately 5  to 37 percent.     (Based on nnpublished data of the 

U. S. Bureau of Animal Industry.) 

FAT CONTENT OF LEAN TISSUE 

Although it is believed to vary greatly with species, the ability of 
animals to store fat within their muscle or lean tissues is of much 
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interest and significance. Considering- the heat or energy value of 
fat per unit of weight to be about 2.25 times that of other energy- 
producing nutrients, it is obvious that when fat occurs in muscle the 
energy value of the "lean meat" is materially increased. Moreover, 
intramuscular fat is regarded as having an influence on several other 
quality factors of meat, including color, firmness, and marbling of 
lean and behavior in cold storage, or the ability to withstand storage 
at a temperature slightly above the freezing point for a relatively 
long period without spoiling. It is even believed to have an effect on 
some of the palatability factors of cooked meat, such as the quality 
or richness of juice. 

Graphic evidence of the occurrence of fat (ether extract) in muscle 
or lean tissue and of the changes in amount of this fat associated with 
increase in. fatness of the dressed carcass is presented in figure 10. 
These results were obtained on high-grade yearling Hereford steers 
as a part of a cooperative study by the Michigan Agricultural Experi- 
ment Station and the Bureau of Animal Industry. It will be noted 
that the fat of the aeye" muscle, which is the large back muscle, ranged 
from about 1.8 to 6.5 percent while the fat of the entire dressed car- 
cass ranged from about 12 to 34 percent. Of special interest is the 
fact that the relationship is much better represented by a curve than 
a straight line. The curve shows that the fat content of the muscle 
increased relatively much faster after the fat content of the dressed 
carcass had reached 24 percent than at lower stages of fatness. 
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Figure 10.—Fatness of "eye'' muscle increases more and more rapidly as the fatness of 
the dressed carcass of high-grade yearling Hereford steers increases from approximately 
13 to 33 percent.     (Based on unpublished data of the Michigan Agricultural Experi- 

ment Station and the U. S. Burean of Animal industry.) 

PROPORTION OF EDIBLE MEAT 

The proportion of edible meat in the animal body or in the dressed 
carcass is one of the most interesting and significant of the factors 
which reflect growth and fattening of the animal. It is important 
not only from the scientific point of view but to all branches of the 
livestock and meat industry.    Moreover, it directly concerns every 
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Figure II.—Ratio of edible 
meal to bone increases more 
and more rapidly as the 
empty-body weight of high- 
grade yearling Hereford 
steers increases from ap- 
proximately 500 to 935 
pounds. Crosses represent 
averages for the steers as 
grouped at 50-pound inter- 
vals of empty-body weight. 
(Based on unpublished data 
of the Michigan Agricul- 
tural experiment Station 
and the U. S. Bureau of 

Animal industry.) 
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Figure 12.—Ratio of edible meat to bone increases more and more rapidly as the 
empty-body weight of White Plymouth Rock cockerels increases from approximately 
200 to 3,200 grams, or the live'weight from approximately 0.5 pound to 7 pounds. 
Crosses represent averages of the several weight groups considered. (Based on data 

from Illinois Agricultural Experiment Station Bulletin 278 (797).) 
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person or family purchasing and consuming a cut of meat. It goes 
almost without saying that the proportion of edible meat or, more 
specifically? the ratio of meat to bone in the chop, steak, or roast, and 
therefore in the dressed carcass or entire body, is a matter that com- 
mands and receives basic consideration. With fatness, which of 
course also has a definite bearing on the proportion of edible meat, 
this factor plays a large part in determining the economy of meat 
purchases. 

Figures 11 and 12 illustrate changes in this factor that have been 
observed in cattle and chickens, respectively. It is interesting that 
in both cases the relation between ratio of edible meat to bone in the 
dressed carcass and weight of empty body is represented by a curved 
line, indicating that at heavier weights the relative rate of increase in 
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Figure 13. — Comparative 
increases in weigh Ls of edible 
meal, lean, fat, and bone 
from the right side of high- 
grade yearling Hereford 
steers, associated with 
growth and fattening repre- 
sented by increase in ether- 
ex tract content of from 
approximately 13 to 33 per- 
cent. Crosses represent 
averages for 4-percent in- 
tervals of ether-extract con- 
tent of analyzed right side. 
(Based on unpublished data 
of the Michigan Agricultural 
Experiment Station and the 
U. S. Bureau of Animal 
industry.) 
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the proportion of edible meat was much greater than at lighter 
weights. Of course, it is rather generally recognized that fattening, 
as distinct from growth, plays a large part in this. The importance 
of fat is well illustrated by figure 13, in which it will be noted that the 
increase in weight of fat from the analyzed side of steer cattle is only 
slightly less rapid than the increase in weight of edible meat. These 
changes are associated with growth and fattening and represent an 
increase in the ether-extract content of the analyzed side from approx- 
imately 13 to 33 percent. 

Further examination of figures 11 and 12 shows that associated 
with the indicated increases in empty-body weight was an increase 
of approximately 50 percent in the ratio of meat to bone in cattle 
and of approximately 55 percent in chickens. 
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MEASURING THE EFFICIENCY OF UTILIZATION OF FEED FOR GROWTH7 

The need for a simple but accurate method of measuring and comparing the 
efficiency with which animals utilize feed for growth has been recognized for a 
long time. Such a method would be of great value to both the geneticist and 
the nutritionist. The geneticist could use it as an aid in selecting strains of the 
different meat-producing animals that would be more efficient than the average 
in converting animal feed into human food, and the nutritionist could use it for 
comparing the growth-promoting and other values of different diets or rations. 

Various methods of measuring the efficiency of utilization of feed for growth 
have been proposed, but most of them are of restricted applicability and some are 
too complicated for practical use. A method that offers much promise was 
developed from the growth studies of Titus, Jull, and Hendricks (1143) and has 
been discussed recently by Lambert, Ellis, Black, and Titus (657). In applying 
this method, the data of the ordinary feeding experiment may be used, but the best 
results.are obtained only when the utmost care is exercised in measuring the feed 
consumption and the resulting gains in live weight. 

- This method is based on the fact that the equation of the curve of diminishing 
increment expresses with a high degree of accuracy the relationship between live 
weight and feed consumption, a fact which was first pointed out by Spillman {1095). 
The equation of the curve of diminishing increment, as applied to the relationship, 
may be written— 

' w=Ä-Be-k^^.    (1) 

in which 

w is the live weight after any quantity of feed, /, has been consumed; 
A is the maximum live weight attainable as a result of growth, but not as a 

result of fattening; 
B is the total gain in live weight that is made in reaching the maximum live 

weight; 
e is the base of the natural system of logarithms; 
/b is a constant which is a measure of the rate of decrease in the efficiency of 

feed utilization; and 
/ is the quantity of feed that is required for attaining any live weight, w. 

The first derivative of equation (1) is 

d^ = kA-kio (2) 

Obviously, ~TT may be defined as the efficiency (E) of feed utilization for growth, 

because it represents the gain in live weight per unit weight of feed consumed. If 

for simplicity, E is written in place of -ry and c in place of kA, equation (2) be- 

comes— 

-   E=c-kw (3) 

in which 

E is the efficiency of feed utilization for growth, i. e., the gain in the live 
weight per weight unit of feed consumed; 

c   is the maximum efficiency of feed utilization for growth; 
k   is a measure of the rate of decrease in the efficiency of feed utilization ; and 
w is the live weight at which the efficiency of feed utilization is being meas- 

ured. 

Inasmuch as E=c — kw is an equation of a straight line, it may be written— 

ñ^c_k(m+^ (4) 
or    _ 

E=c-kw (5) 

in which 
? The following pages are intended primarily for students and others interested in the technical aspects 

of the subject. 
14i:-i940—39 31 
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E is the average efficiency of feed utilization while the live weight its chang- 
ing from n'i to w? as a result of the quantity of feed (/2-/0"having been 
consumed; 

c   and k have the same significance as before, and 
w  is the average of any two live weights, such as w^ and Wo. 

The usual method of dividing the total gain in live weight by the total weight 
of feed consumed yields a measure of the average efficiency of the utilization of the 
feed for growth; but it must be recognized that this average value gives no indica- 
tion of how the efficiency changed during the period the feed was being consumed. 
Thus, two animals may be equally efficient in their use of feed at one age but 
very unlike at some other age. However, the method presented here permits 
determination of (1) the initial efficiency, i. e., the efficiency when the first feed 
was eaten, (2) the rate at which the efficiency decreased as the live weight in- 
creased, and (3) the efficiency at any live weight within the range for which data 
were obtained. 

In order to apply the method it is necessary to have the following data: (1) The 
live weights of an animal, or group of animals, obtained at appropriate intervals, 
the number of which should be as large as possible, preferably not less than seven 
or eight; and (2) the cumulative weights of feed consumed up to each time the 
animal, or group of animals, was weighed. 

A typical set of data is given below: 

Live weight, w Cumulative feed consumption, / 
Pounds Founds 

6. 5 0. 0 
11. 4 12. 7 
18. Ci 31. 6 
26. 0 00. 9 
32. 8 83. 1 
38. 7 112. 2 
42.3 143.0 

The first step is to compute the average weights and the average efficiencies. 
This is done as follows: 

w, the average weight, 
or 

W2 -h Wi 
2 

8.95 
15. 00 
22. 30 
29. 40 
35. 75 
40. 50 

E, the average efficiency, 
or 

 ".WT _ 
0. 3858 

. 3810 

. 3045 

. 2500 

. 2027 
. 1169 

The numerical measures of efficiency of feed utilization are then estimated by 
the method of least squares, as indicated in table 5. 

TABLE 5.—Estimation of the values of c and k by the method of least squares 

  
a / 

_ . .. . 
ht> bl h* 

8.95 0. 386 10. 336 80. 1025 3. 45470 92. 50720 
15.00 .381 16. 381 225. 0000 5. 71500 245. 71500 
22.30 .305 23. 605 497. 2900 6. 80150 526. 39150 
29. 40 .250 30. 650 864. 3600 7.35000 901,11000 
35. 75 .203 36. 953 1, 278. 0625 7. 25725 1, 321. 06975 
40. 50 

151.90 

.117 

1. 642 

41.617 

159.542 

1,640.2500 

4, 585. 0650 

4. 73850 1,685.48850 

fi 35. 31695 4, 772. 28195 
or or or or or or or 

(«fl)i (ßo)i (0/)1 Wi (bbh (bl)!    - (Wi 
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Checks: (aa)i+#)i+(W)i = Wi and (aft)i+(öö)i+(W)i = (^)i. 

(66)2= (öö)i-^%(aö)i = 4,585.0650-^^Xl51. 90=739.4633. 

(6/)2=(601-^(001 = 35.31695-^^/1.642==-6.253016. 

c i^l ¿+^-0.21408+0.27366=0.48774. 
(aa)x       (afl)i 

The standard errors of c and k may now be computed. The numerical_vallies 
of c and /c, which have just been obtained, are substituted in the equation, E=c~ 
kw, yielding the equation, J5J= 0.488 —0.00846 w, from which values of £J may be 
calculated by inserting the values of w given in the second tabulation on page 466. 
The subsequent computations are indicated in table 6. 

TABLE 6.—Estimation of the standard errors of c and k 

K observed ^calculated Eo-Ec {Eo-'E^i Eohserved £0 Iculatcd E0-Ec (E0-Ec)* 

0. 3S58 
.3810 
. 3045 

9500 

0.4121 
. 3609 
.2992 
.2391 

-0.0263 
+.0201 
+.0053 
+. 0109 

0.00069169 
. 00040401 
. 00002809 
. 00011881 

0.2027 
.1169 

Total 

0. 1854 
,1453 

+0.0173 
-.0284 

0.00029929 
. 00080656 

.00234845 
1                  : 

n—u b—2 

n is the number of observations used in obtaining the values of k. and c (6 in this case); and 
u is the number of constants in the equation, E=c-kw (2 in this case). 

Standard   error   of   fc = 

,0.0005871125 
_'\     739.4633 

= V0.000000793971-0.000891, 

Standard   error   of   c = v {hh)2{aa)i 

mi 

0.0005871125 
'V   0.96765912 

Thus we have: 
= V0.0006067348-0.02463. 

c=0.488 ±0.025, and 
^ = 0.00846 + 0.00089. 

The initial efficiency, which is the efficiency when the first feed is fed, is com- 
puted by inserting the live weight at the time of the first feeding in place of tv 
in the equation E=c — kw.    In the present example we get: 

i?initiai = 0.488-0.00846X 6.5 = 0.433, 

ESTIMATING  COMPOSITION 

In most instances, the results of a study on growth or fattening cannot be 
regarded as complete unless they include information on the composition of the 
animal bodv, or at least of the dressed carcass.     Measuring growth or fattening 
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in terms of live weight or by the determination of such characteristics as height, 
width, length, and girth of the animal is at best an indirect method and furnishes 
only a rough approximation of the nutritive value of the meat animal. How- 
ever, the analysis of the entire body or carcass chemically, or even physically, is 
time-consuming and expensive. For that reason many research workers are 
interested in short cuts or in simplified methods that will enable them to estimate 
composition, or certain factors thereof, with satisfactory accuracy. A number 
of investigators, recognizing this interest and need, have worked on the problem, 
and several methods of this nature have been developed. Examples are pre- 
sented below. 

Lush (699) reported that the relation between the fat content of the entire live 
animal and the dressing percentage in steers was represented by a correlation 
coefficient of +0.84. The estimating equation was found to be as follows: 
Percentage of fat in entire live animal equals 1.782 times dressing percentage 
minus 86.40. 

It was also reported by Lush that in steers the relation between the fat content 
of the entire live animal and the percentage of caul fat based on live weight was 
represented by a correlation coefficient of +0.89, with the relation between the 
percentage of bone in the dressed carcass and the percentage of leg bones based on 
live weight represented by the coefficient +0.95. In the former instance the esti- 
mating equation was: Percentage of fat in entire live animal equals 14.55 times 
percentage of caul fat based on live weight plus 5.19. The equation in the latter 
instance was as follows: Percentage of bone in dressed carcass equals 0.04 plus 
10.22 times percentage of leg bones based on live weight. 

Warner, Ellis, and Howe {1182) determined that in hogs the relation between the 
percentage of fat in the edible portion of the dressed carcass and the combined 
weight of the cutting fat (leaf fat, skinned fat from trimmings, and skinned back 
fat) and belly, expressed as a percentage of the weight of the entire cold dressed 
carcass, was represented by the correlation coefficient +0.91. The following 
equation was developed: Percentage of fat in edible portion of carcass equals 
5.57 plus 1.54 times percentage of cutting fat and belly based on carcass weight. 

H an kins and Ellis {4?0) found the percentage of fat in the edible portion of the 
carcasses of hogs and the average thickness of back fat to have a correlation coeffi- 
cient of +0.84, and developed the following equation for estimating the former: 
Percentage of fat in edible portion of carcass equals 22.45 plus 0.691 times aver- 
age thickness of back fat, in millimeters. 

Workers in the Bureau of Animal Industry found8 a correlation of +0.98 be- 
tween the fat (ether extract) content of the edible portion of drf ised lamb car- 
casses and the percentage of the same component of the edible por Jon of nine-rib 
cuts from such carcasses. The same correlation value was found to represent the 
relation between the separable-fat content of lamb carcasses and the separable-fat 
content of the nine-rib cuts from such carcasses. The respective equations de- 
veloped are as follows : Percentage of fat (ether extract) in edible portion of car- 
cass equals 3.58 plus 0.73 times percentage of fat, or ether extract, in edible por- 
tion of nine-rib cut; and percentage of separable fat in carcass equals 4.28 plus 
0.72 times percentage of separable fat in nine-rib cut. 

s Results unpublished. 



SOME  EFFECTS  OF 

NUTRITIONAL  LEVELS 

by Paul E. Howe 1 

I H C different parts of the body develop at quite different rates at 
different periods in an animal's life. By raising or lowering the general 

level of nutrition, it is apparently possible to vary these rates consider- 

ably, producing animals with very different characteristics. This explains 

the production of "bacon type" and "lard type" hogs from animals with 

the same genetic constitution. Here is a brief account of new experi- 

mental work on this line which is significant for livestock producers. 

ADEQUATE nutrition is necessary to the full development of the in- 
herited characteristics of animals (and man also, of course). Various 
factors other than accident or disease interfere with or modify the 
inherited possibilities of an individual. Development may be modi- 
fied to a considerable degree by nutrition; hereditary defects may 
interfere with the utilization of food, although physical development 
may become normal when these defects are overcome; good nutrition 
may mask hereditary characteristics or defects; psychological, phys- 
iological, or pathological conditions may interfere with the taking 
of food or its utilization. 

The kind and rate of feeding has such a marked influence on the 
physical development of animals that it is necessary to define normal 
growth and physique before attempting to discuss the modifying effects 
of nutrition. In man, the objective of good nutrition is a strong 
healthy body capable of meeting the vicissitudes of a long life. The 
requirements for domestic animals, on the other hand, vary according 
to the purposes for which they are kept. Long life and good repro- 
ductive ability are important factors in animals used to replenish 
their respective species. Such animals are also used for productive 
purposes—for example, cows and goats for milk production, sheep for 
wool production, and horses for work. For animals that are fattened 
for food, however, long life is not so important as is the rapid develop- 
ment of flesh—muscle and fat. 

The growth and development of the body, as measured in terms of 
i Paul E. Howe is Chief, Animal Nutrition Division, Bureau of Animal Industry. 
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height and weight, is a fairly regular process, accelerated shortly 
before birth and at the time of puberty, with a gradual slight regres- 
sion during adult life. The development, however, is a composite 
of changes that occur at different rates in different parts of the body. 
Certain parts develop earlier than others. The results of work in 
Cambridge. England,2 indicate that the various tissues and anatomical 
parts of the body have a definite order and proportion in development. 
The limbs develop relatively early, with the fore limbs developing 
slightly earlier than the hind limbs. The latest development occurs 
in the middle of the back. There is a marked differential growth of 
the skeleton, muscle, and fat. The skeleton makes a greater propor- 
tion of its growth earlier in life than does muscle, and muscle earlier 
than fat. There are likewise differential growth relations]dps in these 
tissues. In the skeletal units the direction, of development is from the 
head to the trunk. The bones of the limbs develop from the feet 
toward the body. Muscle and fat surrounding the various skeletal 
units show a similar type of diiferential growth, and develop latest 
over the loin. The body organs show a marked differential growth; 
the parts essential to life processes and body functions are relatively 
well developed at birth and make a smaller proportion of growth 
after birth than the less essential tissues. The organs that i'unction 
primarily or largely as stores of nutrients, such as muscle and fat, 
show little development until the later stages of growth. 

The nutritional status of the body determines to a considerable 
extent the rate of development. Abundant nutrition permits the 
maximum expression of inherited characteristics, while undernutri- 
tion results in retarded development. An interesting example of 
the effects of different rates of feeding is shown in some experiments 
of McMeekan and Hammond on the development of swine fed in 
different ways to the same final weight. 

Young pigs of similar breeding were individu ally fed the same feed 
in such a way that they gained weight at predetermined rates until 
they weighed 200 pounds, as follows: (1) Rapidly throughout (high- 
high); (2) rapidly at first, then slowly (high-low); (3) slowly at first, 
then rapidly (low-high) ; and (4) slowly throughout. Up to 16 weeks 
of age there were 2 groups, low plane (3 and 4 above) and high plane 
(1 and 2 above), which were then divided to give a rapid and a slow rate 
of gain for animals selected for each group. The plan of experiment 
and rates of gain are given in figure 1. When the pigs were 16 weeks 
old a certain number of the animals were slaughtered and the weights 
of the organs, of various anatomical parts, and of the muscle, fat, 
and bone of the parts were determined. Similar observations were 
made when the remaining animals reached 200 pounds body weight. 

The following summary of McMeekan and Hammond's work indi- 
cates the effect of variation in rate of development on the character- 
istics of the pigs and the possibilities of modifying body characteristics 
by changes in nutrition : 

By making the growth curve rise quickly (high plane) instead of slowly (low 
plane) certain parts and tissues of the body arc made to develop more quickly 

2 Unpublished results of C. P. McMeekan and John Hammond. Presented in pari by McMeekan in 
the Proceedings of the American Society of Animal Production, 1038. Data presented here with the per- 
mission of Professor Hammond. 
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than others. For example at 16 weeks old (fig. 2) the weight of the loin in the 
high-plane pigs was 450 percent of that in the low-plane pigs, while the weight 
of the head was only 209 percent.    Similarly the weight of the fat in the high- 

30    32      34     36      38     40    42 

Figure 1. 

20     22     24     26     28 
AGE    fWEEKS) 

-Flan of the experiment described in the lex I.    Growlh curves of pigs fed 
at different nulritional levels to the same final body weight. 

THORAX 

LOIN 

PELVIS 

NECK 

LEGS 

SHOULDERS 
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Figure 2.—How the body proportions of the pigs on the different levels of nutrition 
varied at 16 weeks of age. Taking low-plane weights as 100 percent, the weights 
of the different body parts of pigs on the high plane exceeded them as shown. 

plane pigs was 1,007 percent of that of the low-plane pigs, while the weight of 
the bone was only 224 percent (fig. 3). This is equally true when the pigs are 
compared at the same body weight (200 pounds; high-high and low-low groups) 
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as well as at the same age. If the degree to which the different parts and tissues 
of the body are affected by the quick rise is compared with that resulting from the 
slow rise in the live-weight growth curve, it is found that these correspond to 
the order in which the parts and tissues develop as the pig grows. Thus, those 
parts and tissues which, like the loin and the fat, develop late in life are increased 
to a much greater degree by a high plane of nutrition (quickly rising growth 
curve) than are those parts and tissues that develop early in life, such as the 
head and the bone.    The reason for this is probably that the latter have the 
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Figure 3.—llow  the carcass (rornposilion of ihc pigs varied al diffcrcul levels oí nulri- 
lion al 16 weeks of age.     Low-plane weigh I laken as 100 pereenl. 

greatest metabolic rate and so have priority over the later developing tissues 
when the supplies of nutrition are low. 

By making growth rapid early in life and slowing it down later (high-low 
group) the early developing parts and tissues of the body are accentuated and 
the later developing parts and tissues are reduced. Conversely, by slowing 
growth early in life and speeding it up later (low-high group), the later developing 
parts and tissues of the body are accentuated and the early developing parts and 
tissues are reduced. Thus one can produce experimentally at the same age and 
same body weight, by controlling the shape of the growth curve, a bacon type 
(high-low) or pork type (low-high) from the same strain of pig (figs. 4, 5, and 6). 

The results of the'four differently shaped growth curves on the composition of 
the carcass at 200 pounds are summarized in table 1. 
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I'ifiiire 4.—Body proportions al 200 pounds, arranged at  the same shoulder height. 

HIGH-LOW LOW-HIGH 

figure 5.—Body |iroportions al 200 pounds, arranged at the same tota] length. 
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Figure (>.  -Loin rut at   the last  ril> at  2(H) pound«, arranged  at   tin- 
same eye-nmsrle length. 

TABLE 1.—Kesiilis of four ¡liffereni firoivth eunes on eampotition of ilw earcau of luifis 
iii'ifihiufi 200 jiounils 

Proportion of carcass weisln 

■rreatnieiil 

Fat Muscle Bone Skin 
Tandon, 

Klaiwl. 
etc. 

Iliiîli-liiKh  
Percent 

38.3 
33.4 
44.1 
27.5 

Percent 
40.3 
44.9 
30.3 
49.1 

Percent 
11.0 

12.4 

Percent 
5.3 
5.4 
4.8 

Percent 
5. 1 

Iliíh-low                                                    5. 1 
Low-high 5. 1 
Low low  5.8 5.2 

Under the practical conditions of animal production, meat-producing animals 
are reared under all the four systems of nutrition represented by the growth curves 
described. Thus the lard type of pig is reared under a low-high system and yields 
a high proportion of fat and a low proportion of muscle in the carcass, while the 
bacon type is reared on a high-high or high-low system and yields a carcass with 
more muscle and less fat. 

EFFECTS OF UNDERNUTRITION AND EXERCISE 

Undemutrition has its most pronoiniced effect first on the less 
essential portions of the body. The skeleton and essential organs 
continue to grow at the expense of muscular tissue and fat. A 
similar effect is produced by fasting, when the body draws primarily 
upon muscle tissue and fat to maintain the functional organs. This 
reserve of material, represented particularly by the muscle, fat, and 
bones, plays an important role in a period of undemutrition or drain 
upon the body tissues. Examples of the utilization of body reserves 
(luring certain periods of the year are found in the case of wild and 
bibernating animals or domestic animals in winter or drought. The 
ability to draw upon the body reserves is often shown during reproduc- 
tion and lactation, especially the latter. Even though the diet is 
inadequate, the fetus grows and milk is produced at the expense of 
tlte mother. In the case of the modern high-producing dairy cow, 
careful feeding is necessary to keep lier from drawing upon her reserves. 
In fact, it has been suggested that many animals are unable to meet 
their calcium requirements during the period of lactation even though 
well fed, but that these reserves are restored between lactations. 
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The occasional moderate utilization of body reserves is not det- 
rimental, since they are readily replenished when food is again available 
or the temporary drain is removed. An interesting example of periodi- 
cal drain and replenishment is seen on the range, where cattle go 
through the winter like wild animals, reproducing and often beginning 
lactation on restricted feed and replenishing these losses during the 
remainder of the year. 

The results of Hammond's experiments on the effect of different 
planes of nutrition on the development of pigs also apply to other 
animals that are relatively inactive. With man or with active animals 
such, as the horse and dog, exercise modifies the potential effect of a 
liberal diet in that the activity diverts the energy contained in the food 
away from the formation of fat. Under such conditions the body tends 
to develop muscle and bone without excessive fattening. The 
quantity of food required to cover exercise was illustrated in an 
experiment planned to show the effect of exercise on the quality of meat 
produced by steers. To remove the effect of fattening on the quality 
of the meat, it was necessary to feed the two groups so that the weight 
of pairs of exercised and unexercised animals would be the same. At 
one stage of the experiment the exercised cattle required roughly 8 
pounds of grain a day more than the unexercised cattle to maintain 
the same body weight. 

NUTRITION AND LONGEVITY 

Recent experiments have raised the question of the best level of 
nutrition for a long life, compatible with health. Length of life and 
maximum rate of growth are not necessarily related. Certain experi- 
mental results with rats indicate that the reverse may be true. Rats 
fed a diet adequate in proteins, vitamins, inorganic salts, and fats but 
restricted in calories lived longer on the average than those fed the 
same basal diet with an unlimited intake of calories. The males on 
the restricted diet lived roughly one-third longer than the well-fed 
rats, while the females lived a little longer than the female controls. 
About one-third of the rats on the restricted diets lived to the age of 
1,200 days, which is equivalent to approximately 120 years in man. 
In these experiments the females were not allowed to reproduce. 
While the rats on the restricted diet lived longer, they did not attain 
as great a body weight as the full-fed rats and the bones were lighter 
and more fragile. Animals on restricted diets had adequate amounts 
of the protective foods. 

Other experiments on the influence of diet on longevity indicate that 
a diet that has given satisfactory results with regard to growth, 
reproduction, and lactation may be improved by enrichment in 
certain factors, including vitamin A. 



THE  RELATION   OF   DIET 

TO   REPRODUCTION 

FOR many centuries it lias been a mal ter oí great im [3 or ta nee to farmers 

to have fertile livestock. In the old days, there were magic ceremonies to 
prevent infertility. Today farmers call on science. These authors discuss 
the many possible causes of infertility, with special emphasis on short- 
comings in the diet. The\ conclude that hi spite o I considerable research, 
some oí the remedies of loda\ are not much more trul\ scientific than the 

methods of the ma m ci a us. 

REPRODUCTIVE FAILURES IN LIVESTOCK 

by Ralph W. Phillipsl 

REPRODUCTIVE failures in livestock may be due to a number of factors 
and may occur at any of several points (luring the reproductive process. 
The occurrence of infertile ma tings is from 20 to 50 percent under 
conditions of good nutrition, management, and sanitation. This is 
true of laboratory animals as well. Thus there is room for consider- 
able improvement in reproductive efficiency; but most of the existing 
data serve only to indicate the extent of the problem, and relatively 
little information is available that gives help in indicating how the 
present results may be improved. It should be remembered, when 
studying this problem, that the use of medicinal, nutritional, or other 
therapeutic measures to correct the trouble may not be desirable where 
the sterility or low fertility may be demonstrated to have a hereditary 
basis. If offspring of such treated animals were saved for breeding, 
they would pass on their defects, and reproductive difficulties as well 
as the need for therapeutic measures would tend to increase. 

The problem should not be disregarded, in spite of the many diffi- 
culties that confront those who attempt to solve it. A wide field of 
research is open in determining the relative importance of the factors 
that contribute to reproductive failures. Such studies, if they are to 
be of real value, must include careful observations on the breeding 
history of the animals involved, complete data on all observable factors 

i Ralph W. Phillip is Physiologist, Animal Hushamlry Division, Bureau oí Animal Industry, 
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and post-mortem examination of a large number of cases. They must 
also include studies of control animals with good breeding records. 
Sufficient numbers, proper experimental design, and careful analysis 
are essential, and such studies will necessitate cooperation among 
physiologists, pathologists, nutritionists, geneticists, and perhaps 
others if the most effective work is to be done. When the contributing 
causes are known, investigation of indicated therapeutic measures, 
whether they be medicinal, nutritional, endocrine, or of some other 
type, will naturally follow, and the breeder can look with increased 
hope to the betterment of the breeding efficiency of his animals. 

CAUSES OF REPRODUCTIVE FAILURES 

Failures in reproduction occur frequently in all classes of livestock, 
in the form either of permanent or temporary sterility or of lowered 
fertility. The cases of lowered fertility and temporary sterility are 
probably more important causes of loss than those of complete sterility, 
since the latter are soon noted and eliminated. On the other hand, a 
male or female of reduced fertility or with recurring periods of tempo- 
rary sterility may be retained for years and reduce the breeding 
efficiency of the entire herd or flock. This is especially true of males 
that are able to settle the females but require a large number of serv- 
ices per pregnancy. 

The immediate causes of these failures may be (1) physiological, 
(2) genetic (hereditary) (3) pathological, (4) anatomical, including 
congenital defects of the reproductive tract and obstructions due to 
injury or disease, (5) mechanical injury to the reproductive tract or 
the fetus during pregnancy, or (6) nutritional; or there may be a 
combination, of causes. The normal course of the reproductive process 
may be interrupted at any of several points owing to (1) failure to 
form spermatozoa or ova, or a reduction of the number or quality of 
germ cells produced, (2) failure of animals to copulate owing to lack 
of sexual desire or to injury, (3) death of the liberated ova or sperma- 
tozoa before fertilization* (4) failure of fertilization, (5) failure of 
implantation in the uterus, (6) failure of normal embryonic and fetal 
development, and résorption or abortion, and (7) stillbirth at the end 
of a normal term. 

It should be evident that the diagnostician must proceed with great 
care if the specific cause of reproductive failure in any one case is to 
be accurately determined. In many instances it is impossible to 
separate the causes of infertility into well-defined classes. Apparent 
physiological disturbances may be due to pathological conditions or 
genetic causes. The occurrence of pathological conditions may be 
associated with inherited differences in resistance to infection or with 
inadequate nutrition. Anatomical defects of certain types are often 
inherited. 

Many of the available data give information on the total number 
of reproductive failures but little on the immediate or basic causes 
of the infertility. Many data have been taken from census figures, 
registration records, and questionnaires and surveys, and these are 
useful in giving some indication of the acuteness of the problem but 
of little value in locating causes. The latter information is essential 
if data are to be of value in indicating methods of increasing fertility. 
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OCCURRENCE OF REPRODUCTIVE FAILURES 

Before reviewing available information on the occurrence of repro- 
cluctive failures in livestock it should be pointed out that the problem 
is not limited to farm animals, but that there is a considerable propor- 
tion of infertile ma tings in laboratory animals kept under well- 
controlled conditions. For example, Hammond and Marshall (467)- 
reported 31.1 percent of sterile ma tings in 312 rabbit does that had 
not been pregnant recently, while only 1 or 2 cases of infertile ma tings 
were observed in several hundred where mating occurred just after 
parturition or at the end of pseudopregnancy. These findings are 
in general agreement with those of Kellogg (6Í4) and Friedman (396). 
In rats carefully selected as being in estrus, or heat, Evans and Bishop 
(34Ô) report 84 percent of fertile ma tings, and Mendel and Hubbell 
(783) report yearly averages of 86, 65, 68, and 93 percent of fertile 
ma tings in a'colony for the years 1912, 1919, 1925, and 1935, re- 
spectively. The high percentage in the last year was attributed to 
an improved, and very expensive, diet. Wright {1273) states that in 
guinea pigs, an estrus period follows parturition, and that 50 to 
60 percent of the ma tings at this time in a vigorous stock are 
fertile. 

Studies by three agencies in England have shown that more animals 
are discarded from dairy herds because of reproductive troubles than 
for any other reason, the percentages being 19.3, 26, and 23.7. 

In a study of the results of breeding a large number of dairy and 
beef cattle in Maine, Gowen (4^) found that 78 percent became 
pregnant at the first service, 15 at the second^ 4 at the third, while 3 
percent required further services or were infertile. 

The problem in range areas is more difficult to evaluate because of 
the lack of individual breeding records. The common method of 
evaluating breeding success in such herds is to determine the percent- 
age of calves born to each 100 cows in the herd at breeding time. 
Data from 16 different sources show a range of from 40 to 77 percent 
in different sections of the western range area, with an average of 
63. The calf crops on individual ranches included in these reports 
ranged from 25 to 95 percent. 

The importance of the bull as a cause of reproductive failures is 
often underestimated. Williams and Savage {1231) observed 276 
herd bulls, of which 198 had known breeding records. Of these, 34 
percent had poor breeding records as judged by the services required 
per pregnancy. Lagerlöf {656), who investigated the causes of early 
disposal of 2,313 bulls in Sweden, states that 24 percent were dis- 
carded because of reproductive failures in one form or another and 
indicates that the number of cases of incapacity to copulate surpasses 
those due to incapacity to fertilize. 

The incidence of sterility is usually higher in horses and jack stock 
than in other classes of livestock. Robinson {974) investigated the 
results of a large number of matings of horses in which all the stallions 
were certified as being healthy. Of 28,241 Clydesdale mares bred to 
390 stallions during a 6-year period, only 52 percent produced foals. 
Of 3,640 thoroughbred mares bred to 43 stallions during a 5-year 

2 Italic numbers in parentheses refer tu Literature Cited  p. 1()75. 
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period, only 42.8 percent produced foals. Hammond {465) found an 
average foaling percentage of 59 percent in draft mares bred to 358 
premium stallions in the British Ministry of Agriculture^ livestock 
scheme. Unpublished data collected by Èwing in Missouri show that 
of 2,895 mares bred, 55 percent appeared to be settled and 45 percent 
produced foals. Kern {622) presents census figures showing that the 
percentages of mares bred that produced foals in Germany during 
1932-35 were 56, 57, 55, and 52. In Rhineland horses the average 
was 61 percent in 1936, which was considered satisfactory. The 
number of matings per mare is not specified, but it is assumed that 
in many of the above eases mares were bred at more than one heat 
period. The problem of low fertility is perhaps even more acute in 
jack stock where experienced breeders do not expect more than 40 
percent of the jennets bred during a season to produce colts. 

Fertility in sheep is commonly expressed in terms of the percentage 
of lambs born to each of 100 ewes bred in one season. The size of 
the lamb crop will vary with the breed and with the environment. 
Nichols {858) reports a lamb crop of 154 percent for 1,033 ewes, kept 
under farm-flock conditions, that were flushed (fed heavily before 
breeding), and 140 percent for 4,054 ewes that were not* flushed. 
Lamb crops of 164 and 148 percent, respectively, were reported by 
Mold er {805) for similar conditions. Under range conditions the 
percentages are much lower, ranging from 70 to 80 percent in different 
sections. Figures of this type give no direct information on the 
proportions of ewes that fail to produce lambs or of rams that are low 
in fertility or sterile. 

Polovtseva et al. {930) state that in the Union of Soviet Socialist 
Republics sterility in sheep averages about 6 percent and is as high 
as 15 to 20 on some farms. These figures apparently indicate the 
proportion of ewes that fail to produce offspring each year. Richter 
{962) reports about 5 percent sterility in goats and 10 percent in 
sheep each year in Germany and Hungary. 

Examination of breeding records of the Bureau of Animal Industry's 
flock at Beltsville, Md., for a 10-year period shows the average number 
of services required per pregnancy in four breeds to be as follows: 
Hampshire, 2.5; Karakul, 1.4; Shropshire, 2.9; and Southdown, 2.9. 

Since swine produce a number of young at one time, estimates of 
fertility are more difficult to evaluate than in those species producing 
only one or two per litter. Examination of the breeding records of 
250 sows selected at random in the Bureau of Animal Industry^ herd 
at Beltsville, revealed that 42, or 16.8 percent, failed to produce 
litters. ^ Of the remaining 208, 84 percent required only one service, 
12 required two services, 2.5 required three, and 1.5 percent required 
four. Of the 42 that failed to produce litters, 25 were bred once and 
the remaining 17 from two to five times. Many of these were ap- 
parently settled, as judged by failure to return in estrus during the 
breeding season, but failed to produce litters. 

RELATIVE IMPORTANCE OF THE VARIOUS CAUSES 

Information on the relative importance of the various possible 
causes of sterility or lowered fertility is entirely inadequate for draw- 
ing definite conclusions.    Many reports have appeared, but in few 
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cases have all or most of the possible coiitributmg factors been con- 
sidered. This problem is one which by its nature demands a careful, 
systematic approach if data are to have real value. For example, 50 
cows that were sterile or had very poor breeding records might be 
examined and a certain type of infection found in a large proportion. 
Unless the infection is of a type that actually blocks the passages of 
the reproductive tract or inhibits the production of germ cells, it 
cannot be positively concluded that this is the true cause of poor 
breeding results. If, however, 50 other cows with good breeding 
records, kept under comparable conditions, were examined simultane- 
ously and this type of infection was not found or was present in a 
much smaller proportion of the cases, then there would be better 
ground for suspecting that the infection was a contributing factor to 
the breeding difficulties. Similar precautions must be observed in 
obtaining and interpreting data, whether the factor being investigated 
is pathological, nutritional, physiological, or of some other nature. 

A number of articles have appeared to which the reader is referred for 
an introduction to the literature on this subject. These include reviews 
by Orr and Darling (880) on physiological, genetic, and nutritional fac- 
tors and by the Imperial Bureau of Animal Nutrition {569a) on nutri- 
tional factors, and a series of papers by Hammond {^66), Parkes {891^), 
Korenchevsky {645), and Edwards {810) on genetic, endocrine, vitamin, 
and disease factors in relation to sterility in domesticated animals. 

Edwards points out that there is much ground for holding the 
view that the chief cause of sterility in our larger animals is some 
form of infection, and he gives a careful review of literature on this 
phase of the problem. This should not be interpreted to mean that 
elimination of infection will eliminate most of the cases of sterility 
or lowered fertility, but it does indicate that in approaching the 
problem of improving breeding results infections must be eliminated 
first. Any experimental studies of the effects of nutritional, endocrine, 
or other factors would certainly be unsound if infections were not 
eliminated or at least carefully controlled. 

Polovtseva et al. {930) studied 100 ewes having a record of 2 to 3 
years' sterility. In 85 percent of the cases pathological conditions 
were found in the reproductive organs. These were distributed as 
follows in the 100 ewes: Ovaries, 16 percent; uterus, 15; Fallopian 
tubes, 9; vagina, 25; and cervix, 78 percent. 

Richter {962)^ found that in Germany and Hungary following the 
World War sterility in goats increased from a normal of 5 to 20 to 25 
percent, and in sheep from 10 to 40 percent. These increases in 
sterility were attributed to inadequate feed, but it is possible that 
there were other contributing factors. 

Andrews and McKenzie (¾) studied 79 mares of which 26 wore 
showing deviations from the normal picture at the particular estrual 
period during which they were being bred. Of these 26 mares, 9 
exhibited the condition of split estrus in which all signs of estrus 
proceeded in a normal manner except that the mares showed two 
periods of receptivity to the stallion instead of one continuous period, 
4 ovulated 2 or more days after the end of estrus, and 7 ovulated with- 
out showing signs of receptivity to the stallion even though other 
signs of estrus were present. 
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McKenzie and Terril] (733) found that of 17 ewes operated upon at 
the first estrus of the season, 16 had corpora hi tea that were approxi- 
mately one estrus cycle old, indicating that ovulation occurred without 
estrus in these ewes. 

Hammond (/+65) found that only 67.4 percent of the ova shed by 
22 sows were represented by normal fetuses, the observations being 
made at various intervals during pregnancy, while Corner (^7) found 
that 10 percent of the ova in swine do not divide after fertilization, 
approximately 10 percent develop part way (blastocyst stage) and 
then degenerate, and another 5 to 10 percent become abnormal 
during later periods of gestation, so that only about 70 percent of the 
ova are represented by living pigs. These are losses in sows that 
actually became pregnant and do not include infertile ma tings. 

Reports by many workers have shown that failure to properly 
synchronize the time of breeding with the time of ovulation results 
in lowered fertility. The life of spermatozoa is short after ejaculation 
into the female tract and the ova must be fertilized within a short 
time after ovulation. Ovulation, occurs near the end of estrus, hence 
the chances of fertilization are increased if breeding takes place at 
or after the middle of the estrus period. 

The use of artificial insemination has increased rapidly in recent 
years and much research has been done to develop and improve 
techniques. This promises to be a very useful method in areas of 
intensive livestock production, particularly by allowing the increased 
use of outstanding proved sires. The hope has been expressed by 
some that it would cure many problems of low fertility. The pro- 
portion of fertile breedings resulting from artificial insemination with 
fresh semen is essentially the same as that obtained from natural 
insemination. The chief advantage of artificial insemination is that 
contact of the male with females is avoided, when collections are 
made with the artificial vagina, thus reducing the chances of spreading 
infections such as contagious abortion. This assumes, of course, 
that sterile instruments are used and that other necessary sanitary 
precautions are observed. When a well-trained man manages the 
operation and also checks the females carefully for pregnancy the 
breeding record should be improved, because infertile animals should 
be discovered earlier than is the case otherwise and proper attention 
may be given to them. This close attention may also make possible 
closer observation of the females so they may be bred at the optimum 
time in the heat period. Close observation of the male is also neces- 
sary under these conditions and any lowering of fertility in the male 
should be detected earlier than would otherwise be the case. 

While artificial insemination gives promise of being useful in these 
and other ways, it must be remembered that it is a technique which 
should be used only by persons familiar with the anatomy and physi- 
ology of the reproductive organs and with the fundamentals of sani- 
tation, and who are equipped with adequate instruments and trained 
in their use, 

Phillips and McKenzie (92%) and McKenzie and Berliner (731) 
report cases in which low fertility and temporary sterility in rams was 
associated with high temperatures during the summer months. 

Work of the type discussed is indicative of what may be accom- 
141X94°—80 32 
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pushed in increasing knowledge of the causes of sterility or low 
fertility. 

NUTRITION AND REPRODUCTION 

by M. H. Friedman and W. A. Turner3 

AT ONE TIME or another claims have been made that almost every 
dietary ingredient is indispensable for normal breeding performance. 
To some extent this is undoubtedly correct insofar as normal breeding 
performance is associated with general health. The matter is con- 
siderably different if the question is asked, What are the requirements 
for reproduction above those necessary to maintain a mature animal 
in good health and to support normal growth in the immature animal? 
If the discussion is limited to breeding and excludes lactation, the 
answer is none—with one or two questionable exceptions. Undeni- 
ably, there are conditions on deficient pasture and on restricted diet 
under natural conditions in which breeding performance is below par, 
but these examples do not afford evidence that the requirements for 
reproduction are different quantitatively or qualitatively from the 
requirements for growth and maintenance. These naturally occur- 
ring difficulties, moreover, do not incriminate any one element of the 
diet specifically, because these deficiencies usually iiivolve not one 
dietary element but several elements at the same time. For example, 
pasture deficient in phosphorus is deficient in protein also (494), and 
perhaps in still other nutritive ingredients not yet investigated. 

For the satisfactory determination of the dietary requirements for 
reproduction we must rely upon carefully controlled experiments in 
which the deficiencies are limited to single dietary ingredients, with 
all other ingredients supplied in ample amounts. There are not 
many data available from experiments of this character on the larger 
animals, so that we are forced to be guided by the laboratory data 
secured from experiments on the rat. In many other kinds of work 
it is justifiable to assume that results obtained with the rat will be 
very similar to results obtainable from the larger animals. In nutri- 
tion, however, the significant differences between species are numerous 
enough to prohibit the use of any one species of animal for the deter- 
mination of the nutritional requirements of other animals. It is 
therefore necessary to examine the available data critically, realizing 
their possible shortcomings, and citing those instances in which data 
from the larger animals are in accord with the results that have been 
obtained with the rat. 

THE RELATION OF PLANE OF NUTRITION 
TO REPRODUCTION 

In the rat serious abnormalities of the sexual function are encoun- 
tered on a completely balanced ration, even when the food intake is 
sufficient to maintain a body weight of 200 grams though insufficient 
to permit any further gain in weight (344)- In terms of energy intake, 
a decrease of not more than 25 to 30 percent below what the rat 
consumes on a self-feeding regime will affect reproduction adversely 

s M. H. Friedman is Senior Physiologist and W. A. Turner is Associate Chemist, Division of Nutrition 
and Physiology, Bureau of Dairy Industry. 
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{84/+, 738). < With underfeediDg severe enough to cause a marked 
retardation in the growth of the immature animal, or a loss of weight 
in the mature animal, the estrus cycle stops completely, ovulation 
fails entirely, the testes show atrophy and a loss of motile sperm, and 
the male loses sex interest and vigor {38, 3U, 738: 7^8, 761). The 
female rat may show these abnormalities in as little as 2 days {74-8). 
The guinea pig is almost equally susceptible to reduced food intake 
{692, 893). Although the breeding performance of Nigerian (Africa) 
cattle afford an example of the effects of restricted energy intake {22), 
there has been no extensive investigation of this question in farm 
animals as a whole. 

This also applies to studies on human beings, all of the data avail- 
able being complicated by specific dietary deficiencies in addition to 
energy deficiency. For example, the lowered fertility of both the 
human and animal populations in central Europe following the World 
War may have been due to underfeeding, but it must be remembered 
that the diet in these countries was severely restricted with respect 
to protein. 

On the other hand, almost all nutritional deficiencies in animals are 
complicated by underfeeding. Any diet deficient in one or more 
ingredients is apparently less palatable to the animal than a well- 
balanced ration, so that food intake on the deficient ration is much 
below normal. If the missing items are added to the deficient ration, 
the food intake increases and a gain in weight follows. 

Because of this situation, it is almost impossible to arrange a satis- 
factory laboratory experiment that will show the effects of the defi- 
ciency of a single dietary ingredient without encountering at the same 
time the unavoidable effects of partial starvation. Practically every 
experiment on the rat or on larger animals reported in the literature 
suffers from this complication. Almost without exception, animals 
on the deficient diets eat less than the control animals on the complete 
ration. Obviously the only fair comparisons in such situations would 
be with control animals limited to the same energy intake as the experi- 
mental animals. To put the situation in another way, it is necessary 
for the experimental animals to eat the ration if the effects of this 
ration are to be studied. From a scientific standpoint, it does not 
matter whether an animal starves to death by refusing to eat a diet- 
low in phosphorus or by refusing to eat a diet" low in iron. In either 
event death would be attributable to starvation and not to a specific 
deficiency of phosphorus or iron. 

In view of the dramatic effects of undernutrition on reproduction 
it is something of a paradox that a high plane of nutrition is suspected 
of leading to sterility. Yet those who accept as fact that what is 
called uhigh condition^ leads to sterility also accept without question 
the practice of flushing sheep. These^ two ideas do not fit well to- 
gether unless we can accept the proposition that a high plane of nutri- 
tion for a short time leads to increased fertility, but over a longer 
period of time leads to sterility. 

The practice of flushing sheep needs no defense by this time. Well- 
controlled experiments {212, 262,-750, 752, 858) in several countries 
have amply demonstrated that flushing results in a larger lamb crop 
even though it will not bring about heat at an earlier elate.    For 
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successful flushing two conditions must be fulfilled: (1) The flushing 
must result in a significant gain in weight over the unfiushed ewes 
{212, 262, 750)] (2) the nutritional plane of the ewes before flushing 
must be below the level that permits the highest possible lamb crop 
for that particular breed. If the ewes are on a very high nutritional 
plane to start with, flushing may lead to a significant gain in weight 
without an increase in the lamb crop (212, 262). However, it is 
important to emphasize that there is no evidence of decreased fer- 
tility as the result of flushing a flock already in a very high state of 
nutrition. In fact, two reports indicate that no decrease occurs under 
such conditions (212, 262). 

If the results of flushing are accepted without further question, it 
may still be objected that these results follow a high plane of nutrition 
maintained for a short time. In the rat colony at Yale University, 
the animals have been inbred for many years without addition to 
the original stock. The manner of handling the animals has not 
changed. But since 1932 the stock diet has been changed by increas- 
ing the vitamin content and the protein content to allow a greater 
rate of growth. With the new diet, the average daily gain has increased 
about 100 percent. The size of the mature animals has increased 
enormously. The largest rats in this colony fully equal the largest 
rats yet produced by injections of the pituitary growth hormone. 
Yet with this increased growth rate and increased size on the higher 
plane of nutrition, the percentage of fertile matings has increased 
from about 70 percent to over 90 {23, 38, 173). 

To be sure, this experiment has not been precisely duplicated with 
other species of animals. But a flock of purebred range ewes with a 
lambing record of 80 to 100 percent produced lamb crops that aver- 
aged 135 percent for 6 years after being transferred from the range to 
an experimental farm (498), and reached a high of about 160 percent 
for the 3 years in which they were in their prime. During this 6-year 
period the plane of nutrition was continuously higher than that on 
the range. It might be argued that a still higher plane of nutrition 
would have led to a decrease in the lamb crop, but there is no satis- 
factory evidence that a high plane of nutrition, or fatness by itself, 
leads to sterility in  any species. 

Granting for the moment that fat animals may be found to have a 
lower fertility as a group than leaner animals, this does not necessarily 
mean that fatness is the cause of the sterility. It might just as well 
be the other way around—that the sterility is the cause of the fat- 
ness. The effects of castration on body weight and fat deposition 
in most species of animals are well known. Perhaps a more likely 
situation is that fatness and sterility occur together as the result of 
some cause common to both. In the human species, a condition 
of obesity and sterility results from a lesion in the brain base that 
also involves the pituitary gland. This can be duplicated in the 
experimental animal {1083). This example is cited not with the 
intention of explaining the often cited relation between fatness and 
sterility on any particular basis, but merely to show one condition 
in which fatness is not the cause of sterility. 

Careful experimental work is needed to determine whether it is 
possible to lower the fertility of a group of healthy animals by sub- 
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jecting them to a contiTiued high plane of nutrition, and to raise the 
fertility of the same group by returning them to a lower level of 
feeding. Until this is done, perhaps a fresh point of view would be 
helpful—a point of view willing to accept sterility as the cause of 
fatness just as easily as to accept fatness as the cause of sterility. 

VITAMINS AND REPRODUCTION 

There is no evideuce to indicate any special requirement of vitamin 
D for reproduction, and this is true also of vitamin C. Diets produc- 
ing definite symptoms of scurvy in the guinea pig do not interfere 
with estrus or ovulation U%í, 761). Male guinea pigs dying of 
scurvy have normal testicles with normal sperm. A deficiency of 
vitamin B (old terminology) in the rat does interrupt the estrus 
cycle and stop ovulation in the female {344)- However, such a 
deficiency also causes a severe decrease in energy intake. Restriction 
of energy intake to an equal degree on a complete diet results in 
equally severe disturbances in the sex organs {748). Consequently, 
it is difficult to say that the vitamin B complex affects reproduction 
beyond its effect on food intake. It is also noteworthy that male 
rats dying from vitamin B deficiency may show normal testes {S4O). 
In view of the difficulty of producing vitamin B deficiency in the 
larger domestic animals and the abundance of this vitamin in the 
common stock feeds, there is probably little need to be concerned 
about vitamin B deficiency in the breeding of farm animals. 

Two vitamins, A and E, do influence reproduction markedly. In 
the rat, diets low in these vitamins may be sufficient to maintain 
animals in apparently good health and to permit growth at a rate 
not very far below normal, but not sufficient for normal reproduction 
(0, 344, 346). The reproductive system is therefore somewhat more 
sensitive to lack of vitamins A and E than the rest of the body, 
and apparent good health is not a safe guide. 

In the rat a mild deficiency of vitamin A leads to an abnormal 
formation of horny scales on all of the soft membranes of the body 
(5, 344, 760). Not all parts of the body are equally susceptible to 
this change. Among the first to be affected in the female rat is the 
soft membrane of the vagina. At this level of deficiency there is no 
loss in weight. In fact the animal may continue to gain at a satis- 
factory rate, but there are definite abnormalities in reproduction. 
The estrus cycle, as determined by mating behavior, and ovulation 
are not at all affected (^, ^ &A ^44, ^, M#, ?#0), nor is the 
early development of the growing young in the uterus. The difficulty 
appears after the middle of pregnancy {762), when degeneration of 
the placenta takes place, resulting in hemorrhage and abortion. 
Many of the pregnancies that are not interrupted at this stage con- 
tinuée beyond the normal term. In such cases labor is abnormally 
long, and many of the young are stillborn. Mortality of the mothers 
is high during such prolonged labor. 

Male rats are somewhat more resistant to vitamin A deficiency than 
female. While the female is showing early evidence of a lack of 
vitamin A, males show no damage to the testicle. With more severe 
deficiencies, when lesions begin to appear in the membranes of the 
eyes, the testes begin to show some damage {761).    Even at this stage, 
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however, the lesions are not very severe, and motile sperm is still 
being formed. More pronounced lesions are found only after the 
animal has lost some weight. Strikingly, this damage to the testicle 
can be repaired by doses of the vitamin too small to permit a gain in 
weight. The condition in the female rat also can be relieved by proper 
treatment with the vitamin even after a long period of deficiency. 

The symptoms of vitamin A deficiency in the rat are almost identi- 
cal with those seen in the cow and the sheep. In these species also 
the difficulty does not appear in the estrus cycle or ovulation, but late 
in pregnancy, leading to abortion or premature labor with the birth 
of weak or dead young (496, /¿98, 776), In these larger animals also, 
the abnormalities of pregnancy may occur on diets that do not produce 
pronounced impairment of the general health of the mature animal. 
From the evidence in the rat, the cow, and the sheep, therefore, it 
would seem clear that the vitamin A requirements for successful repro- 
duction are somewhat higher than the minimum requirements for 
maintenance of the mature animal. It is not at all clear, however, 
that the requirements for reproduction are any higher than those for 
normal growth.4 

In the female rat, vitamin E deficiency resembles vitamin A defi- 
ciency to the extent that here again the trouble does not involve the 
estrus cycle or the ovary (3/+6). It occurs after the middle of preg- 
nancy and leads to the résorption of the growing young in the uterus. 
The disease differs from that produced by vitamin A deficiency in 
that the membranes are not attacked and abortion does not occur 
{348, 762), The disease may be regarded as one that interferes with 
the growth of the young before birth. In the male, the disease at- 
tacks the germ cells which produce the sperm, and the condition 
cannot be cured by the administration of vitamin E, so that permanent 
sterility may result. This is in sharp contrast to the effects of a lack 
of vitamin A. 

So far, vitamin E deficiency has been studied chiefly in the rat 
because it has been impossible to produce pathological symptoms from 
it in other animals. On a diet that produces complete sterility in rats, 
goats and rabbits continue to breed for two or more generations 
without difficulty (766, 1239). Regarding vitamin E deficiency 
purely as a laboratory product is probably justified. Although 
definite cases of a natural deficiency of other vitamins are recorded for 
man and animals, there is on record no known instance of a vitamin 
E deficiency occurring in nature. This is undoubtedly a reflection of 
the widespread distribution of this vitamin in all natural foodstuffs. 
Nevertheless one continues to hear of miracles performed by vitamin 
E concentrates, especiallv in curing habitual abortion in women and 
sterility in cows {69, 1059, 1171, 1172, 1173). 

It will be recalled that true vitamin E deficiency in the rat does not 
produce abortion, nor does it interfere with estrus or ovulation. The 
publications on the effects of wheat-germ oil (vitamin E concentrate) 
on bovine sterility have not been concerned with any abnormality of 
pregnancy that could conceivably be attributed to a vitamin E 
deficiency. They have dealt with cows that failed to become preg- 
nant following service at normal heat periods.    It is difficult to under- 

4 See th( article on The Vitamins in Milk and in Milk Production, pp. 668. 
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stand how a single injection of wheat-germ oil at the time of service 
would facilitate pregnancy in such cows unless the injection somehow 
or other stimulated ovulation or prolonged the life of the egg. To be 
sure, there are reports that vitamin E injections in the rat induce 
estrus (1117) and also stimulate the ovary (1166), It has also been 
claimed that pituitary hormones are suitable substitutes for vitamin 
E in deficient animals (1166). Finally, the statement has been made 
(990) that the pituitaries of vitamin E-deficient rats are lower than nor- 
mal in hormone content, though this claim has been disputed by com- 
petent investigators (£76, 843). The claims for estrus-inducing or 
ovary-stimulating activity of vitamin E have been thoroughly dis- 
credited (276, 869, 1009). Perhaps it is permissible to characterize 
most of the vitamin E miracles as products of enthusiasm rather than 
of prudence. At least one group of American workers has not been 
able to confirm the reported beneficial effects of vitamin E concentrate 
in the breeding of cattle (593). 

THE RELATION OF MINERALS TO REPRODUCTION 

The minerals that have been most prominently mentioned in con- 
nection with reproduction are phosphorus, calcium, and manganese. 
It is easy to find in the literature reports that a deficiency of one or 
another of these elements will interfere with reproduction. However, 
a critical analysis of the available data does not bear out these claims. 

Perhaps the experiments most often cited are those dealing with 
phosphorus deficiency in range cattle. It is true that cattle on phos- 
phorus-deficient ranges experience difficulties in breeding, but this is 
not necessarily due to a lack of phosphorus. In the first place, the 
low phosphorus content of the pasture is paralleled by a very low 
protein content, and there may in addition be still other deficiencies 
not yet recognized (288, 494,1129), Again, pasture low in phosphorus 
is not very palatable, so that the food intake is far below normal 
(494, 1129). As a result the animals are obviously in poor condition 
(1129), and the multiple deficiency is complicated by partial starva- 
tion. 

It has been reported that the addition of bonemeal to the diet of 
cattle on such ranges results in marked improvement in general condi- 
tion and in breeding performance (1129, 1131) following the increased 
food consumption upon administration of the supplement. But in 
recent experiments on cows an uncomplicated phosphorus deficiency 
did not interfere with estrus or ovulation, despite the fact that the 
phosphorus deficiency was severe enough to lower the blood phosphorus 
to levels below those usually seen in range cattle on low-phosphorus 
ranges (299). Unfortunately the data are not yet extensive enough 
to warrant the statement that phosphorus deficiency is likewise 
without effect upon the number of live calves born. It is possible to 
state, however, that if phosphorus deficiency, uncomplicated by 
protein and other deficiencies, has any effect whatever on reproduction, 
it is not great enough to be indicated clearly in the experimental data 
so far obtained from cows. 

The situation is similar in the rat. The low-phosphorus ration is 
not so palatable as one with a higher phosphorus content, so that food 
consumption is below normal by 25 percent or more (443).    Never- 
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tb el ess} when mature rats are placed on such a diet there is no inter- 
ference with the estrus rhythm. When somewhat less mature rats 
are used, the low-phosphorus diet results in a marked diminution in 
rate of growth and a cessation of the estrus cycle. After an interval, 
however, the slowly growing rats eventually reach a mature size and 
the estrus cycle once more makes its appearance, despite the contin- 
uance of the phosphorus-deficient ration {^S). 

The mineral most closely associated with phosphorus is calcium, 
and claims have been advanced concerning the necessity of this ele- 
ment for normal reproduction. In the rat there appears to be no 
reason for such a claim, although there is some evidence that the addi- 
tion of calcium to some diets results in better growth and more 
economical gains in weight {10^9). In the cow, a calcium deficiency 
sufficient to lower blood calcium had no apparent effect on reproduc- 
tion {892). Only in swine have any real effects of calcium deficiency 
been reported {80S). Even here, however, the results of the deficiency 
are much more noticeable on the general health of the animal than 
on reproduction. With a disease severe enough to produce rough 
scaly skin, bending of the bones, and periods of temporary paralysis, 
estrus occurred normally for two or three generations {263, 349). 
The number of young per litter and the average weight of the young 
at birth were undiminished, although one observer reports an increased 
percentage of stillbirths {263), There is general agreement, however, 
that lactation is seriously impaired by the low-calcium diet. 

There is a widespread belief that manganese deficiency in the rat 
interferes with estrus and ovulation despite the fact that one of the 
most comprehensive studies on this question indicates the contrary 
(875), The early experiments in which the manganese deficiency was 
produced by milk diets fortified ,by iron and copper are responsible for 
this erroneous impression. Later work has demonstrated that the 
limiting factor on the milk diet was not manganese but energy, since 
the difficulty with estrus and ovulation was remedied by the addition 
of sugar to the diet {1064). Still unexplained, however, is the sterility 
in the male rat produced by diets low in manganese. The early experi- 
ments on this phase of the subject have not yet been repeated so that 
it is impossible to decide whether the sterility was due to an uncom- 
plicated manganese deficiency or to some other factors not yet appre- 
ciated.   No data are available on manganese deficiency in other species. 

CARBOHYDRATE, FAT, AND PROTEIN 

There is no evidence that carbohydrates have any influence upon 
reproduction {344). Completely fat-free diets do finally stop estrus 
and ovulation in the rat in about half of the females and decrease 
fertility in the males. This occurs, however, only when the experi- 
mental ration has produced severe kidney disturbances and skin lesions 
in badly undernourished animals. A small amount of fat in the diet 
will restore reproductive functions long before the animal has made 
any significant recovery in general health {173, 174). 

With protein the situation is a little different. Not only must the 
protein in the diet be quantitatively sufficient, but in addition it must 
be of satisfactory quality. A diet in which wheat is the only source 
of protein is inadequate for reproduction in the rat {344).   When the 
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dietary protein is gliadin (derived from wheat), estrus and ovulation 
fail even though the protein is fed at the level of 18 percent {B31, 901). 
The amino acid lysine appears to be a limiting factor in this situation 
inasmuch as the addition of small amounts of lysine to the diet readily 
correct the abnormalities. When a better protein is fed, abnormalities 
of estrus and ovulation are encountered only at much lower levels. 
For example, casein must be reduced to 4 or 5 percent before the estrus 
cycle is interrupted {/+42, 903). With such a level of casein, however, 
the estrus cycle may stop in 4 to 5 days, and as long as the animals 
are held on this diet neither estrus nor ovulation occurs despite the 
fact that body weight and general health are well maintained. On 
such a diet growth does occur, but it is very much below the normal 
rate. On the low casein diets neither lysine {90S) nor cystine {900) is 
a limiting factor. It is therefore not possible to state that lysine or any 
other single amino acid is exclusively concerned with the maintenance 
of ovarian function. There is one report that the administration of 
pituitary material will cure the ovulation failure resulting from protein 
deficiency {281). This is highly interesting but cannot yet be accepted 
as proof that low-protein diets produce their effects by diminishing 
pituitary function. Aspirin sometimes relieves headaches, but no one 
would contend that headaches are due to a lack of aspirin in the body. 

In the rabbit very severe protein restriction (2-percent-protein 
diets and protein-free diets) for relatively long periods have very 
little effect upon estrus and ovulation despite the fact that the animals 
lose about 25 percent of their initial body weight. Moreover, no 
evidence could be obtained that such protein restriction interfered in 
any way with pituitary function.5 In the larger domestic animals 
there are some experiments on protein deficiency, but the information 
at present does not permit a completely satisfactory comparison with 
the rat or rabbit. In general, it would appear that the larger 
domestic animals are not quite so sensitive to low-protein diets as is 
the rat (gßg, #%). 

The question has often arisen as to the optimum level of protein in 
the diet. Even with the rat the impression has been that about 14 per- 
cent by weight is the optimum level for protein. Yet the magnificent 
results in growth and reproduction in the Yale rat colony have been 
obtained on a diet containing about 30 percent of protein {22, 783). 
When rats are allowed complete freedom in selecting their own diets 
from a choice of pure foodstuffs, they choose a diet containing about 
30 percent of protein {959). So does the rabbit, and on this higher 
level of protein the rabbit gains weight faster and more economically 
than upon the kind of ration most breeders feed their stock {125). 
Cows, too, choose a diet containing much more protein than is usuallv 
fed(24ß). 

It is strenuously objected that such diets contain more than the 
^requirements/' and that therefore the cow is in error. Judgment in 
favor of the requirements as set up by man is perhaps unduly biased. 
Certainly the rat has an uncanny ability to choose precisely what it 
needs at any given time. If the adrenal glands are removed and the 
salt requirements go up, the rat voluntarily chooses the correct amount 
of salt to maintain its life.    When the parathyroids are removed, the 

« FRIEDMAN, M, 11., and FRIEDMAN, GERTRUDE S.    Unpublished experimental data. 
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rat voluntarily increases the calcium intake without increasing the 
intake of other salts {958, 960). On diets deficient in vitamins of the 
B complex, the rat decreases the intake of both protein and carbohy- 
drate and increases the intake of fat {961). To enable the rat to 
make these amazingly intelligent adjustments, however, it is necessary 
to give the animal a wide enough selection so that the diet can be 
balanced readily to fit the needs. Perhaps some of the difficulty in 
self-selection experiments on the larger animals is that the choice has 
been limited to a few concentrates and supplements which may not 
represent the best possible combinations for the particular situation 
confronting the animai. The fact that pigs will not balance their 
rations with respect to protein if allowed a choice of cereal concen- 
trates and linseed meal (507, pp. 615-616; 820) may be a reflection 
upon the amino acid and calcium deficiencies of linseed meal rather 
than upon the pig's judgment. If the pig is allowed a somewhat 
wider choice—for example, meat scrap in addition to the cereal and 
linseed meal—the animal will do very well indeed {820). What is 
really best for the animal may not always coincide with what is best 
for the farmer's pocketbook, but it would be very interesting to repeat 
some of the self-feeding experiments on larger animals with a technique 
similar to that used on the rat. 

DIETARY INGREDIENTS NOT YET IDENTIFIED 

Unfortunately it is not at all certain that present knowledge encom- 
passes all of the dietary ingredients necessary for successful reproduc- 
tion, especially in herbivorous animals, it is probably significant 
that synthetic rations that are completely satisfactory for the rat are 
altogether unsatisfactory for the rabbit, goat, or sheep, even for 
maintenance {628, 7^1). There may be some very important ingredi- 
ents in roughage or in pasture that have not yet been identified. 
Cows maintained on dry rations do not seem to reproduce as well as 
those allowed some access to pasture (77i>), and shy breeding, which 
develops in the barn on winter rations, seems to be alleviated by 
pasture. These impressions cannot be accepted as proof of the pres- 
ence of some unidentified essential ingredients in pasture grass, but 
neither can they be ignored, especially in view of the finding of ovary- 
stimulating substances {397\ 398, 399) in young grasses, as noted else- 
where in this Yearbook.6 

NO SPECIFIC DIETARY REQUIREMENTS FOR REPRODUCTION 

Throughout the entire literature on the relation of nutrition to 
reproduction the factor of underfeeding has not received sufficient 
attention. Even with a, completely balanced ration, decreased food 
intake is capable of stopping the estrus cycle and ovulation in the 
female and sperm formation in the male. Owing to the decreased 
palatability of diets severely deficient in one or more elements, this 
factor of underfeeding has complicated much of the experimental 
work, so that breeding difficulties that have been attributed to specific 
dietary deficiencies may very well have been merely the result of 
partial starvation. 

With notably few exceptions, the dietary requirements for reproduc- 
6 See Glands. Hormones, and Blood Constituents—Their Relation to Milk Secretion, p. 685. 
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tioTi, qualitatively and quantitatively, do not exceed the requirements 
for maintaining mature animals in good health. Vitamin E is one 
exception to this statement, but this vitamin is so widely distributed 
in nature that, for the present at least, vitamin E deficiency may be 
regarded as a laboratory curiosity. 

Not in the same class are the exceptions which must be made with 
respect to protein and vitamin A. It is quite possible that protein 
deficiencies not readily detectable by any signs in the mature animal 
can produce lowered breeding performance. In the case of vitamin A, 
there is a problem of practical importance, for with moderate restric- 
tion of vitamin A intake mature animals may suffer abnormalities of 
pregnancy without showing any obvious signs of ill health. More- 
over, the degree of vitamin A deficiency required to produce these 
abnormalities can probably be reached in ordinary farm practice 
when the stock is fed low-grade hays for a period of several months. 

Yet even in the case of protein and vitamin A, the requirements for 
successful reproduction have not been shown to be beyond those for 
normal growth. Hence, if breeding difficulties are encountered in 
any stock in which the immature animals show normal growth and the 
mature animals show general good health, it would probably be profit- 
able to search for some infection or sexual pathology before giving 
serious consideration to possible dietary defects. 



THE  RELATION   OF   NUTRITION  TO  THE 

PRODUCTION   OF   HIDES  AND   WOOL 

by John I. Hardy and Imogene P. Earle1 

I H t K t is no doubt that nutrition affects hides and wool, but research 

has been too limited to give any detailed results. In summarizing the 
existing information, this article shows definitely that the level of feeding 
of sheep greatly influences both the quantity and the quality of the wool 
produced. 

THE MANY USES of animal skins and their associated fibers—wool, 
hair, and fur—make the production and quality of these materials 
important in the economics of essential commodities. However, ex- 
cept in those few enterprises specifically devoted to the production of 
furs, animal skins are more often than otherwise only byproducts of 
other industries, and the production of animal fibers, even in the sheep 
industry, is frequently secondary to the production of meat. Rela- 
tively few studies have been devoted primarily to the factors influenc- 
ing production and quality of skin compared with the large amount 
of research on the production of animals for meat. More attention 
has been given to the production of animal fibers, especially as repre- 
sented by the wool of sheep, and considerable progress has been made 
in this field. 

Breeding, nutrition, climate, sex, age, and management of the 
animals all probably influence the growth of skin and its associated 
fibers—wool, hair, and fur. Fraser {389) 2 has pointed out in a review 
of the influence of nutrition on wool that "the maximum quantity and 
optimum quality of wool grown by sheep is determined by its genetic 
constitution/' and that "the importance of nutrition lies in the pro- 
vision of concrete materials for the full expression of genetic potential- 
ities/' This generalization, probably applies to the production of other 
animal fibers and of skins as well. So far as is known, nutritive factors 
affecting the production of hide and hair are either dietary deficiencies 
or the factors that correct dietary deficiencies. It is believed that the 
amount and quality of body covering of an animal cannot be increased 

i John T. Hardy is Senior Animal Husbandman, Animal Husbandry Division, and Imogene P. Earle is 
Associate Biochemist, Animal Nutrition Division, Bureau of Animal Industry. 

? Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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through change in the diet beyond the level resulting from a diet that 
supplies in adequate amounts all the dietary essentials for mainte- 
nance, growth, and reproduction. An improvement in quality beyond 
that attained on an optimum ration for health must be theresult of 
changes in genetic factors or possibly in external environment. On 
the other hand, the kind and quantity of hide and hair produced modify 
the nutritive requirements of the animal. 

STRUCTURE OF SKIN AND WOOL 

A brief consideration of the nature and structure of skin and wool 
may lead to a better understanding of the role of nutrition in their 
production. 

Skins of all mammals are anatomically and physiologically similar. 
Leather may be made from them all, although there is a wide range 
in the texture of the product obtained. Skins in their raw state con- 
sist of three layers, the epidermis or thin outside layer, a second thicker 
layer known as the corium, and a third layer of adipose tissue or flesh. 
In the process of tanning, the first and third layers are removed. 

The epidermis is made up of cells—an underlay er of living epithelial 
cells and an outer layer of dead cells. This outer layer consists mostly 
of an insoluble protein, keratin, and affords surface protection to the 
body. As these outer cells are lost they are replaced by the under 
layer of living cells. The epidermis has no blood vessels of its own and 
must obtain its nourishment from the blood and lymph supplied by the 
blood vessels of the corium. 

The corium is made up of interlacing connective-tissue bundles, 
elastic fibers, and smooth muscle fibers. The texture of the 
corium nearest to the epidermis is finer and the connective-tissue 
bundles are more closely interwoven, while the deeper portion nearest 
to the adipose tissue is more coarsely meshed. The fine-textured 
portion is recognized as the papillary layer and the coarser textured 
part as the reticular layer. It is the upper papillary portion that makes 
the grain in leather. 

Wool, hair, and other animal fibers grow from cavities (follicles) 
that surround them. The wool fibers are first visible to the naked 
eye as they push up from the follicle through the minute recesses of 
the skin. The actual growth of a wool fiber takes place at the papilla 
in the bulb at its lowest extremity. The root ends of the fiber extend 
to varying depths in the skin. The cells formed at the papilla are 
pushed upward by the formation of new cells and become keratin- 
ized, or hardened, before they appear above the skin. Associated 
with the wool follicles are the sebaceous or fat-secreting glands, which 
provide oil to lubricate the fiber. There are also the sudoriferous 
glands, which exude sweat and suint. The excretions of these two 
kinds of glands form what is known as the yolk in a fleece of wool. 

Pure wool substance is essentially a structure made of the protein 
keratin. This protein constitutes the major substance of hoof, nail, 
and hair and is present to a lesser extent in the cells of the upper layer 
of the epidermis. There are apparently many keratins differing 
somewhat in composition according to the structure in which they 
are found, the species and color of animal, and other factors, including 
the nutrition of the animal.    All keratins are characterized by a high 
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content of the sulfur-containino- amino acid, cystine. Keratins differ 
from other proteins chiefly in their insolubility in neutral solvents 
and in their high sulfur content. 

Hides also consist chiefly of protein ; because of the complexity of 
their structure they are made up of a number of different proteins. 

FACTORS INFLUENCING HIDE QUALITY 

According to Tänzer (1121) both thickness and quality of hides- 
and consequently of leather—are influenced by sex, age, breed, man- 
agement, and environment of the animals producing the skins, and 
in the case of sheep, by the amount of wool grown on the hide. Fur- 
ther, there is considerable variation in the hide from one part of the 
animal to another. The larger animals grow thicker hides, and 
the skin on the main body of the hide is thicker than that found on 
the head, neck, and legs. The skin is also thicker on the back than 
on the belly. Tougher skin is found on and near the shank, owing 
to the sparseness of hair and the mechanical activity of this portion of 
the animal. Bulls have thick hides, but the leather is soft and is held to 
tear more readily than that made from cows and steers, which have 
smooth, strong, elastic skin. Rams have thicker and firmer skin than 
ewes and wethers. Leather from young animals is softer and lighter in 
weight than that from older ones. Generally speaking, heavily 
wooled sheep seem to have thick, spongy skins. The skin of Merinos, 
for example, is thicker than that of wild sheep. Both cold and highly 
variable warmer climates are believed to cause the production of thick 
skin. Mountain range cattle, for instance, have coarser skins than 
those of lower altitudes that are fed in barns. 

That nutrition also affects the thickness and quality of hide has been 
demonstrated by the work of Clark, Stuart, and Frey^íg), who made 
a comparative study of the hides of full-fed and underfed lambs. 
In this study nine lamb wethers on full feed received a daily ration 
of 1.20 pounds of grain, 0.60 pound of corn silage, and 1.01 pounds of 
clover hay, while their twin brothers received an ''under feed^ daily 
ration of 0.22 pound of grain, 0.59 pound of corn silage, and 0.50 
pound of clover hay. The feeding test lasted for 112 days, during 
which the full-fed lambs nearly doubled their weight while the weight 
of the underfed lambs remained practically the same throughout the 
feeding period. The final average body weight of the full-fed lambs 
was 88.7 pounds and that of the underfed lambs 49.9 pounds, and 
the weight of the whole skins was 7.888 and 3.72 pounds respectively. 
Grain, reticular layer, and whole skins all averaged thicker for the 
full-fed group (fig. 1). The finished leather in'the full-fed group 
averaged 0.046 inch and that in the underfed group 0.026 inch in 
thickness. The leather of the full-fed group averaged much stronger 
and had a greater tear resistance and a greater stretch at the point 
of rupture, but the strength of cross sections of equal area was approxi- 
mately the same. The grain surface of the leather from the full-fed 
lambs was more developed than that of the underfed group, which 
was appreciably flatter. The most significant chemical difference 
in the skins was that those of the full-fed group contained a higher 
percentage of fat and also more cystine. 

Frey, Clarke, and Stuart (394) investigated the cause of fatty spots 
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Figure 1.—Cross sections of skins of lambs showing differences in development  as a result of feeding:   A, From full-fed lamb; B, from 
underfed lamb.     X35. 
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or "kidney grease" in heavy cattle hides and leather and found indi- 
cations that this defect may be associated with the increased fat 
content of hides from animals that have been on full feed. 

EFFECT OF PLANE OF NUTRITION ON WOOL 

Nutritional research on animal fibers has been concerned almost 
wholly with the wool fibers produced by sheep. For over 100 years 
reported casual observations have indicated that gross weight and 
quality of wool can be influenced by nutrition factors occurring under 
natural feeding conditions. The production of a fine light fleece has 
been associated with light soils, strong harsh wool with limestone 

Figure 2.—A weak spot in a staple of wool caused by serious nutritional disturbance. 

soil, and a characterless wool lacking in crimp with a heavy clay soil. 
Further, it has been said that the best quality of wool is grown in a 
country that produces short sweet grass, and that liberal feeding 
increases weight of fleece. Experimental evidence obtained from 
controlled feeding trials tends to support these popular beliefs. 

Tinley's observations {1138) indicated that lush pasture is asso- 
ciated with the production of a coarse, heavy fleece and sparse pastur- 
age with a finer grade of wool. There is ample proof in the literature 
that any combination of feeds that maintains sheep in good vigorous 
condition tends to produce a heavier fleece than rations that are less 
satisfactory for maintaining general health and vigor.    Wilson {1235) 
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compared the fleeces of sheep on a fattening ration with those of sheep 
kept on a submaintenance ration. The sheep on the fattening ration 
produced 343 percent more scoured wool, and it was 141 percent 
longer and 207 percent higher in breaking strength than that produced 
by sheep on the submaintenance ration. Results reported by Snell 
{1087) are somewhat similar in that he observed that sheep on a low 
plane of nutrition produced lighter, shorter, finer, and more crimpy 
wool than their mates that were receiving more feed (fig. 2). Snell 
also showed that a lower plane of nutrition may result in shed fleeces. 

It has been observed that when sheep have been improperly fed, 
even for a short time, and also in cases of disease, the fibers of the 
fleece often become reduced in diameter and as a result break easily 
(fig. 3).    Such fleeces are said to be tender.    When the condition of 

Figure 3.—A normal wool liber contrasted with a weak broken one. 

malnutrition or disease continues for a protracted period, the fleece 
becomes so weakened that it is easily plucked from the skin. This 
condition is thought to result from any cause that results in low 
vitality or poor health. In some of the Southern States considerable 
difficulty is encountered in maintaining sufficient control over parasites 
to keep the sheep healthy. In such localities shed fleeces are not 
uncommon. 

Authorities are not agreed, however, as to the extent or limitations 
of the effect of plane of nutrition on quality and growth of wool. 
It appears that the change in fleece weight resulting from a lowered 
plane of nutrition is in general associated with a decrease in length 
and diameter of fiber. The fact that improved nutrition of the sheep 
results in an increased coarseness of wool has occasionally been con- 
sidered a disadvantage, but the slight lowering in count is more than 
offset by the increased value of the fleece as a whole. 

111:(94--39 33 
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ENERGY AND PROTEIN NEEDS FOR WOOL PRODUCTION 

The energy and total protein stored in the production of wool have 
been estimated by Mitchell, Kammlade, and Hamilton (801) in the 
course of a study of the utilization of a ration of alfalfa hay and corn 
by lambs. They estimated that during the process of fattening, while 
body weight increased from 65 to 70 pounds to 90 pounds, the increase 
in amount of wool accounted for 8.8 percent of the dry matter gained, 
26.3 of the protein, 2.1 of the fat, and 5.2 percent of the energy. 
The daily wool growth of these lambs contamed 0.086 pound of protein 
and 377 calories for each 1,000 pounds of live weight. These same 
investigators in an earlier experiment with mature sheep found a 
more rapid daily wool growth equivalent to the deposition of 0.149 
pound of protein and 566 calories per 1,000 pounds of live weight. 

Since wool fiber is chiefly protein, the study of effect of nutrition 
on the production, of wool is especially concerned with the metabolism 
of protein and the conditions modifying it. Considerable work has 
been done to determine the effect of feeding high and low levels of 
protein. Results of such trials have sometimes seemed contradictory, 
but in general they tend to support the conclusion that the total protein 
requirements of sheep are not remarkably high in spite of the extra 
protein required for wool production, and that protein in excess of the 
requirement for maintenance and growth is apparently without 
effect on wool production. 

Marston (753) fed blood meal as a protein supplement to a large 
group of Merino ewes and lambs on the range and obtained a So- 
percent increase in clean fleece weight as compared with the group 
of controls receiving no^ blood meal. He attributed this increase 
to the content of the amino acid, cystine, in the protein of the blood 
meal. However, Fraser (389) has pointed out that these results are 
also open to the interpretation that the level of protein, rather than 
content of cystine, may have been the controlling influence, since 
Marston did not feed the control group a like amount of protein poor 
in. cystine. Fraser and Roberts (391) were unable to show that wide 
variations in the protein level when other nutritional factors were 
kept constant caused any significant difference in wool charactersitics. 
It is believed, however, that the basal ration in this study contained 
sufficient protein to provide for both body growth and wool growth. 

CYSTINE REQUIREMENT 

Much of the research on the relation of nutrition to wool production 
has been directed in recent years to the role played by sulfur or 
sulfur-containing compounds in the growth of wool. Sulfur occurs in 
protein as one or both of the two sulfur-containing amino acids, 
cystine and methionine, and as inorganic sulfate. In the protein of 
wool or hair, most of the sulfur present is accounted for by the cystine, 
which constitutes approximately 13 percent of the keratin, whereas 
the proteins in animal and vegetable foods contain only 0.3 to 4 
percent of cystine. 

For many years cystine has been ^ considered indispensable for 
growth and health and incapable of being synthesized by the animal 
body from other substances.    If it is assumed that cystine must be 
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supplied preformed in the food, a low level of protein in the pasture 
or other feed or protein low in cystine would seriously limit wool 
growth. It has been suggested that the capacity of any territory for 
carrying sheep is determined by the content of cystine in its pasture 
grasses. 

However, the requirements of sheep for preformed cystine have 
not been determined. Several workers have suggested that cystine is 
synthesized within the body of the sheep. Fraser and Roberts {391) 
estimated that the consumption of cystine was not sufficient to account 
for all that was laid down in the wool grown. They suggested that 
cystine was synthesized by the wool follicle. Rimington and Bekker 
{967) also calculated that the amount of cystine deposited in the wool 
of sheep during a year was more than was contained in all the pasture 
grass they could possibly have consumed. These workers suggested 
that cystine must be synthesized from proteins by bacteria in the 
rumen and intestine. Such conclusions, however, are based on 
available analyses of the cystine content of pasture herbage and other 
feeds and are open to question because of the unreliability of methods 
used in the determination of cystine in feeds containing carbohydrate. 

Another line of investigation that may have an indirect bearing on 
the problem of the requirements of the sheep for preformed cystine 
deals with the relationship between cystine and methionine. Recently 
Rose {986) has shown, as a result of experiments with rats, that methio- 
nine rather than cystine is the indispensable factor. The inclusion of 
methionine in a cystine-free diet induced as rapid growth as the inclu- 
sion of both cystine and methionine. Cystine without methionine, 
however, was without effect, although cystine with a suboptimal quan- 
tity of methionine stimulated growth. Marston {754) studied the 
effect of administration of cystine, cysteine (a compound that yields 
cystine on oxidation), sulfur, and methionine on the growth of wool 
on a ewe receiving protein-poor rations. It had been found that on 
the basal ration alone ewes could maintain their weight and produce 
about 60 percent of the wool usually grown on pasture. Marston 
found that 1 gram of cystine added to the daily ration increased the 
growth of wool about 14 percent. Wool production was increased 34 
percent when 1 gram of cysteine was injected daily, instead of being 
fed, to avoid destruction of the bacteria in the intestinal tract. The 
daily addition of 1 gram of sulfur to the ration was without effect. 
A small but not very significant increase in wool growth resulted from 
the daily injection of sufficient methionine to supply the same amount 
of sulfur as 0.5 gram of cysteine. 

This work indicates that cystine (or its derivative cysteine) is more 
readily available for the keratinization of wool protein than methionine 
and lends support to the idea that the feed is the chief source of wool 
cystine. 

EFFECT OF CARBOHYDRATE ON WOOL GROWTH 

Fraser and Nichols {890) have studied the relation of the carbohy- 
drate content of the diet to wool growth and have shown that though 
wool is a protein structure it can be influenced by the carbohydrate in 
the diet. They fed a group of sheep on a balanced maintenance ration, 
half the sheep receiving 1 pound of maize daily in addition to the basal 
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ration. These animals had double the wool production of those not 
fed maize. The increase in weight of wool seemed to be chiefly due 
to the greater thickness of the individual wool fiber. This effect was 
probably due to the fact that the readily available carbohydrate in the 
maize could be used for energy and hence the available protein in the 
ration was utilized more efficiently for building and repair. 

OTHER NUTRITIONAL FACTORS 

Little work has been done on the specific effect of the various nutri- 
tive factors other than proteins on the development of wool. Experi- 
ences in practical sheep raising have demonstrated, however, that well- 
fed animals have good fleeces and that many nutritional deficiencies 
interfere with the growth of wool. 

The importance of a sufficient supply of minerals in the diet has been 
recognized, and mineral deficiencies have been the subject of much 
research. There is no evidence that mineral deficiencies interfere 
with the growth of wool except as they affect the general health of the 
animal. It has been observed that under circumstances that impose a 
phosphorus deficiency on sheep there is a decrease in wool production. 
The evidence indicates, however, that the decrease in feed consumption 
induced by the phosphorus deficiency, and not a specific lack of the 
mineral, is responsible for the interference with wool growth. Correc- 
tion of phosphorus deficiency, therefore, serves to improve wool growth 
insofar as it increases the intake of protein, carbohydrate, and other 
nutritive elements. 

The results of work with laboratory animals in connection with the 
study of vitamins has shown that dietary deficiency often causes a 
rough hide, a poorly developed coat, or even the loss of hair. A notable 
example is the dry, curly hair obtained by Hughes (ßöß) on pigs kept 
on diets deficient in vitamins of the B complex. 

With the knowledge that has been acquired from studies on small 
laboratory animals and on some kinds of livestock, a new field is indi- 
cated for research on animal fibers and hides that should yield funda- 
mental information concerning their production. New techniques now 
being perfected for measuring quality in fibers and hides should greatly 
expedite such a program. 



THE  NUTRITION  OF  VERY 

YOUNG  ANIMALS 

by Imogene P. Earle] 

V t K I young farm animals have rather special nutritional needs that 
are normally supplied by the milk of the dam. Sometimes, however, the 
young animal is an orphan, and frequently young animals are taken away 
from their dams at an early age. This discussion deals with calves, foals, 
kids, lambs, pigs, and puppies, telling about their nutritive needs and 
covering such subjects as the characteristics of colostrum milk, substitutes 
for mother's milk, and the weaning process. Another article in this book 
covers the feeding of dairy calves in greater detail. 

VERY young mammals have special nutritive requirements which, 
under natural conditions, are adequately met by the milk of the dam. 
This milk is a food adapted to the more or less undeveloped eating 
habits and digestive functions of the offspring and is designed by 
nature to meet the specific nutritive needs of the newborn of the 
species for which it is supplied. Thus for a period following birth, 
the young mammal remains more or less dependent on its dam for 
nourishment. This suckling period is one of changing requirements 
and of transition from the complete dependence of the fetal state to 
a condition of entire nutritional independence from the maternal 
animal. 

Immediately after birth most young mammals are nourished en- 
tirely on milk. Other foods are gradually substituted for milk until 
they have replaced it entirely, and from then on the young animal 
may be fed the same varieties of feeds supplied to the adults. 

Where the nutrition of the young is the sole consideration, the 
most satisfactory and economical procedure for feeding young mam- 
mals during the suckling period may be outlined as follows: (1) The 
proper feeding of the dam for the production of a sufficient supply of 
milk; (2) opportunity for the young to suckle their dams at will for a 
suitable period after birth; (3) at an advanced stage in the suckling 
period, the provision of suitable feeds to supplement the dam's milk. 

1 Imogene P. Earle is Associate Biochemist, Animal Nutrition Division, Bureau of Animal Industry. 
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Under certain circumstances it may be necessary or desirable to 
feed some substitute for the natural milk of the dam7 either from birth 
or beginning at some time after birth. In the case of the cow, where 
the economic value of the milk must be considered as wel] as the 
nutrition of the young, considerable attention has been given to 
studies of adequate methods of feeding the calves on a minimum 
amount of whole milk. Feeding of the young of all farm species 
becomes a problem when the dams die or refuse to suckle their young, 
or when their milk is insufficient in quantity or is unsuitable for some 
reason, such as disease. In such cases, particularly if the animals 
are of valuable stock, it becomes of practical importance to be able to 
feed the young animals by hand. The labor involved is no small 
item, however, and may be a limiting consideration. The careful 
preparation of feed, and the frequency with which the young must 
be fed during each 24 hours, all tend to make any system of hand 
feeding rather expensive aside from the actual cost of the feed, con- 
sumed. The saving effected on feed consumed by dairy calves more 
than offsets the cost of labor. 

The feeding of maternal animals for the production of milk is 
treated elsewhere. The present article is concerned primarily with a, 
discussion of the general nutritive requirements of the very young; 
the functions and characteristics peculiar to the colostrum and milk 
of maternal animals of different species; and some substitutes that 
have been used to replace, either wholly or partially, the natural food 
of sucklings. The article will also include a brief treatment of feeds 
suitable for supplementing the dam's milk during the suckling period. 
The animals with which this discussion is chiefly concerned are young 
calves, foals, kids, lambs, pigs, and puppies. 

INFLUENCE OF IMMATURITY ON NUTRITIONAL REQUIREMENTS 

From the point of view of nutrition, the birth of a young mammal 
marks an abrupt and radical change from the state within the uterus 
intra-uterine—in which it is passively nourished by the blood of the 
mother, to an environment in which the still immature organism must 
take in its own food, digest it, and absorb from it the factors required 
for maintenance and further development. The state of develop- 
ment of the newborn and the degree of dependence on the maternal 
animal vary in different species. For example, the young guinea pig 
at birth is quite active; it scampers about as soon as born, and will 
begin to eat whatever food is available to the mother almost at once. 
Young puppies on the other hand are entirely helpless; their eyes 
are not open until 9 to 14 days after birth, and it is not until some 
time later that they are able to walk about. 

While the newborn of some species are more mature, with respect 
to their ability to obtain and assimilate food, than those of others, in 
no mammalian species is the young animal equipped at birth to main- 
tain itself entirely on the kind of food suitable for the adult. In the 
first place it is deficient in the digestive enzymes operating in the adult. 
Further, its metabolic rate exceeds that'of the adult, and conse- 
quently its energy requirements for maintenance alone are greater in 
proportion to size. _ In addition to energy requirements, its demands 
for building materials—proteins and minerals -are great,  since  the 
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most rapid growth occurs in the suckling period. This means that 
the feed must be of a kind the young animal can easily digest, and that 
it must be fed frequently in order that it may have a sufficient quan- 
tity to meet its demands. 

Another factor which must be considered in connection with a 
young animaPs early nutrition is the undeveloped power for building 
up active resistance against bacterial infections. The mature animal 
actively resists many kinds of commonly occurring bacteria that 
invade its body by developing immunity-conferring substances that 
constitute a protection against diseases caused by these bacteria. The 
very young animal apparently has not the same ability as the mature 
animal for developing its own immunity to these diseases, and hence 
is largely dependent for protection on the antibodies that have been 
conveyed to it by the dam, either through the placenta before birth 
or through the colostrum, or first milk, shortly after birth. 

In all mammals the developing embryo or fetus is nourished 
through the placental tissues, which constitute the attachment of the 
fetus to the uterus. The placenta accommodates both maternal and 
fetal circulations, holding them apart physically so that the maternal 
blood can never be directly introduced into the fetus, yet permitting 
the passage through the separating membranes of those substances 
that make up the food supply of the fetus. The structure of the 
membranes separating the two circulatory systems varies in different 
species. 

It has been suggested {949)2 that the permeability of these mem- 
branes to immune substances varies according to the number of layers 
of cells composing the separating membranes. In human beings and 
in the rodents the placenta interposes only one layer of cells be- 
tween the maternal and fetal circulations, and immune substances 
are transferred, in part at least, through the placenta. The human 
infant at birth apparently has a supply of many, if not all, antibodies 
present in the circulating blood of the mother and hence is resistant 
to those diseases to which the mother is immune. In the pig, the 
horse, and the ruminants a multiplicity of cell layers intervenes be- 
tween the maternal and fetal bloods, and in these species there is 
apparently no transfer of immune bodies through the placenta. The 
newborn of these species are dependent on the absorption of such 
substances from the colostrum of the dam. In the carnivores, exempli- 
fied by the dog, the separating membranes are made up of only two 
or three cell layers, and the possibility of placental transfer of immun- 
ity appears greater than in other species of domestic animals. Hence 
immunity may well be less of a nutritional problem in the puppy 
than it is in the colt and calf. 

COLOSTRUM 

Observations over the course of many years have shown that nor- 
mally the products of mammary secretion of the maternal animal are 
satisfactory foods for her young. The requirements of the newborn 
differ from those of the older suckling in that they are those of a less 
mature animal. They are, however, adequately met by the colos- 
trum, the first product of mammary activity after birth. 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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The colostrum differs substantially from the later milk. It is a 
much more concentrated fluid—that is, it lias a higher percentage of 
solids. The constituents of the later milk are present but in different 
proportions. In addition, other factors are present winch give colos- 
trum certain biological properties that the later milk does not have. 
The composition of the colostrum varies within wide limits and 
changes rapidly following the birth of the young. There is consider- 
able variation in the length of time during which the colostra! ch:r- 
acteristics of the milk persist, even in different individuals of the 
same species. Usually, however, these characteristics are not observed 
in the milk after the fourth or fifth day following birth. 

The most significant difference in chemical composition lies in (he 
high concentration of protein characteristic of colostrnni from all 
species. This protein belongs largely to the group called globulins, 
and it has been found to be identical (^), 1206) with the globulins in 
the blood serum of the same animal. The concentration of globulins 
has been reported to run as high as 17 percent in mareas colostrum 
and as high as 1.5 percent in ewe's and sow's colostrum (280). The 
percentage of globulin rapidly decreases in a few hours, as the data 
presented in table 1 show for the mare, goat, and ewe {2H0). 

TABLE I.—Rapidity of change in concentration of ccriain proleins in cofostmni 
of the mare, goat, and eue 

Species of 
animal 

Marc. 

Goat_. 

Time 
after 

parturi- 
tion 

Pro reins present in colos- 
trum 

Globu- 
lins 

Albu- 
min 

Casein 

"I"" 
Hours Per cent 

1 U.45 
\         12 2. on 

24 .42 
1 8.18 

1          16 1.83 
l         24 .49 

Percent I   Percent  \ 
1.70 | 
1.22 
.m 
.69 
.39 
.49 

G. 04 
2.40 
1.84 
0. 32 
3.43 
3.19 

Species of 
animal 

Ewe. 

Time 
after 

parturi- 
tion 

/        0.5 
I      24 

iJroteins prcst-ni in eoio^- 
tmm 

.'Vlhu- 

Pcrcnt' 
M 2% 

1.21 

Pcrceit' i  I'ncciil 
1.79 ,       n, m 
.99 I 17^ 

It has also been shown that the colostrum of the mare, cow, gonl, 
and ewe may contain antibodies—bodies that protect the au im a I 
against foreign substances, such as bacteria ami toxins—in higher 
concentration than does the blood and that these are associated with 
serum globulins of the same animals (óY). 356, 691, 758) The con- 
centration of antibodies apparently diminishes as globulin concen- 
tration diminishes following parturition, although it is possible to 
have colostrum of relatively low globulin and high antibody con- 
centration. It has been assumed that the colostrum globulins íire 
probably serum globulins that have been secreted unchanged together 
with the associated antibodies from the blood of the animal. 

Practical observations have shown that newborn mammals have a 
better chance of survival when they receive the first milk of their 
dams soon after birth. Hence several functions have been attributed 
to this first milk or colostrum. Many livestock owners still think 
the chief function of the first milk is that of a. hixative essential for 
the removal of the meconium, the first mattei discharged from the 
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bowels of the newborn. Bauer (6>7) and Birk {105) have expressed 
the view that colostrum, with its high concentration of blood proteins, 
is especially designed as a suitable and necessary food for the young 
animal in the first and most difficult stage of adjustment after leaving 
the uterus, where he has been nourished wholly by the maternal blood. 
The high concentration of nutrients in an easily digested and assimi- 
lated form is doubtless one of the advantages of colostrum to the 
young. 

The possible function of colostrum in supplying the newborn 
animal with vitamins should not be overlooked. Dann {2-60) found 
that cow^s colostrum has a concentration of vitamin A which may 
be 70 times as great as that in later milk. This is especially significant 
in view of the fact that the body of the newborn calf has a very low 
supply of vitamin A (44-4). Cow's colostrum may contain also 3 
times as great a concentration of riboflavin (vitamin G) as the later 
milk {64-7), This concentration of vitamins in the colostrum may 
not occur in all species. 

The most important function of colostrum, however, is undoubtedly 
its role in the passive immunization of the young against disease. 
The young calf, foal, kid, lamb, and pig {S56, 691, 758, 842) lack at 
birth the antibodies present in the blood of the dam and the protein 
fractions (globulins) with which these antibodies are closely asso- 
ciated in the blood serums {289), Shortly after the ingestion of 
colostrum, both antibodies and globulins appear in the blood serum 
of the young suckling. These substances absorbed from the colostrum 
usually endow the newborn with sufficient resistance to protect it 
from infection by many of the kinds of bacteria commonly present 
in the usual farm environment until it is able to elaborate an active 
immunity. Without the passive immunity conferred by the colostrum, 
a large percentage of the young succumb to infection by organisms 
that do not affect older animals. 

SERUM AS A SUBSTITUTE FOR COLOSTRUM 

The remarkable ability of the gastrointestinal tract of the newborn 
to absorb immune bodies and globulins from the colostrum diminishes 
rapidly after birth. After the second day following birth, absorption 
can no longer be readily demonstrated. This permeability is some- 
what selective, since it permits the passage of large amounts of 
colostrum globulins, while apparently no demonstrable amounts of 
casein and lactalbumin are absorbed. 

That antibodies can also be absorbed from serum either of the same 
species or of another species when these products are fed by mouth 
or are injected under the skin has been demonstrated in foals, lambs, 
puppies, and calves (7^). Since serum from the dam contains the 
same immune bodies found in the colostrum and is an easily absorbed 
substance, serum from the same species is the most obvious substitute 
for colostrum in the transfer of passive immunity. In fact, it has 
been fed as a substitute for colostrum to calves {1085) and to foals 
and lambs {406), 

Smith and Little found 200 to 350 cubic centimeters of cow serum 
fed in milk to young calves to be partially successful as a substitute 
for colostrum.    Better results were obtained when 60 cubic centi- 
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meters of serum was injected and 120 cubic centimeters fed. In some 
experiments reported by the Bureau of Animal Industry 1 liter or 
more of horse serum substituted for a like volume of Vater in a 
dried-milk mixture was used with entire success to replace colostrum 
in rearing healthy foals {J+OG), Other colts in the same experiment, 
fed the milk mixture without the serum, all died. This represents an 
extreme rather than an average death rate, since it is not impossible 
that some colts may survive without the benefits of colostrum or 
serum. Sheep serum to which was added 15 percent of dried whole 
milk was used as a substitute for ewe's colostrum, but with somewhat 
less striking results. 

COMPOSITION AND NUTRITIVE VALUE OF MILKS 

The milks of all species are similar in that they are all mixtures 
of similar chemical substances, including fat, lactose (milk sugar), 
proteins, vitamins, inorganic salts, and water. Yet there are marked 
species differences in all milks, the most apparent of which are in the 
relative proportions of the various constituents. Abderhalden {4) 
directed attention to a relationship between the concentration of 
protein and minerals in the milks of different species and the length of 
time required for the young of the species to double their birth weight. 
The data he compiled to illustrate this relationship indicate that the 
more rapid the rate of growth and development of the young, the 
greater is the concentration of protein and minerals needed in the milk. 

The percentage composition of the milks of the six species with 
which this discussion is concerned are given in table 2. The quantita- 
tive differences in the chemical composition of the different milks are 
obviously of considerable importance in meeting the nutritive require- 
ments of the young. If one can assume that normal milk of the same 
species is the best food for the nutrition of the young, then the carbo- 
hydrate-fat-protein ratio in each milk is probably one particularly 
favorable to the digestion and metabolism of the food factors required 
by the suckling of that species. 

TABLE 2.- -Average composition of different milks 

Species    ; Water Pro- 
tein Fat Lac- 

tose 

1 
Ash Species Water Pro- 

tein Pat Lac- 
tose Ash 

ii 

Percent 
80.04 
87.90 
87.14 

Per- 
cent 
2.09 
3.13 
3.71 

Per- 
cent 
1.59 
3.05 
4.09 

Per- 
cent 
6.14 
4.50 
4.20 

Percent 
0.51 

.72 

.78 

Sheep4  
Percent 

82.90 
82.02 
80.1 

Per- 
cent 
5.44 
6.22 

8 7.3 

Per- 
cent 
6.24 
6.77 
8.5 

Per- 
cent 
4.29 

6 4.02 
2.8 

Per- 
cent 

0.85 
.97 

1.3 

i Linton (686). 
2 White (857, p. 56). 
3 Frahm (381), 
i Weiner (1198). 

* iluííhes and Hart (557). 
6 Difference between total solids and proteins+fat+ash. 
' Linton (688). 
6 Difference between total solids and fat+lactose+ash. 

Campbell, publishing in collaboration with Supplée and Ware (188), 
has stated that the carbohydrate-fat balance tolerated by young 
puppies has a very narrow range, particularly in artificïalÎv fed 
puppies. There is evidence that the limits of the carbohydrate-fat 
ratio tolerated by the young of other species is much wider. Linton 
(686),t analyzing milk from 142 mares, observed that those foals 
receiving milk abnormally low in lactose, a carbohvdrate, appeared 
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malnourished, whereas milk somewhat high in lactose was well 
tolerated. Variations in fat, on the other hand, unless the fat con- 
tent of the milk was quite high, seemed to be without influence on the 
condition of the foal. Eitzman (970) made some observations on the 
relation between the fat content of ewe's milk and the weight increase 
in lambs on the different milks. He found a considerable fluctuation 
in rate of weight increase; but it bore no definite relationship to the 
percentage of fat in the milk. He concluded from his practical obser- 
vations that a quantitative variability in milk fat is not significant 
in the nutrition of lambs so long as the demands for protein, minerals, 
and vitamins are met. The excellent results reported by Converse 
and Meigs 3 and by Archer, Archer, Bond, and Dunlop (^7) from the 
feeding of calves on skim milk plus cod-fiver oil show that the carbo- 
hydrate-fat ratio well tolerated by the calf has very wide limits. 

While it is evident that the amount of fat in the ration of the 
suckling foal, calf, and lamb may be considerably reduced below the 
average of fat in the normal milk of the respective species without 
unfavorable effects on the sucklings, it seems that some milk fat is 
necessary in the ration of the growing animal to supply the essential 
fat acids or fat-acid compounds necessary for growth and to serve as 
a medium for fat-soluble vitamins. 

Lactose serves as a source of energy in the ration of the young 
animal. It also plays a part in the utilization of calcium and phos- 
phorus. French and Cowgill (393) have shown that in the immature 
animal lactose has a definitely favorable influence on the utilization 
of calcium and phosphorus. There is some indication that the ratio 
of protein to lactose is an important factor in this role of lactose, since 
a favorable effect on calcium metabolism is obtained from lactose in 
parathyroid tetany {374-), & disease condition marked by a low level 
of calcium in the blood, only if the ratio of protein to lactose does 
not go above 4 parts of protein to 1 part of lactose, or below 2 parts of 
protein to 25 parts of lactose. 

There are other differences in milk the importance and significance 
of which are not so obvious as are differences in the percentages of 
constituents. Differences in such factors as the physical state of 
the fat, the size and toughness of the curd formed, and the capacity of 
the milk to resist change in acidity with the addition of acid or alkali 
may be important in the digestion of the milk. Again, differences 
in the composition of the various constituents themselves may be of 
as great significance as differences in their concentration. 

Milk fat has characteristic physical properties and fat-acid com- 
position for each species. It is to be expected that it also differs in 
biological properties. 

Milk proteins likewise vary with the species in chemical composition 
and in immunological properties. Usually an immunological or 
defensive reaction occurs when a protein from one species is intro- 
duced into the blood stream of an animal of an unrelated species. 
When such a reaction is produced the protein causing it is designated 
as antigenic. Milk proteins are antigenic, some producing more 
marked antigenic reactions than others.    The term "milk proteins" 

' CONVERSE, H. T., and MEIGS, E. B.   VITAMIN IIEPLACES WHOLE MILK IN THE CALF RATION.   U. S. BUT. 
Dairy Indus. Leaflet 73], 3 pp.    [Mimeographed.] 
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includes at least three chemically distinct proteins—casein, lactal- 
bumin, and lactoglobnlin. These three proteins vary by species in 
their ratios to each other. Casein, which is found only in milk, 
forms the bulk of the protein in that of most domestic species. 
Though the caseins of all species are rather closely related immuno- 
logically and are similar in chemical composition, species differences, 
though not great, do exist. Lactalbumin also is a protein found only 
in milk, although it is somewhat similar to the serum albumin of the 
same species. The lactalbumin s of different species are distinct and 
different. Lactoglobnlin has been shown to be identical with serum 
globulin of the same species and, like the serum globulin, to differ 
with species. 

These three milk proteins differ from each other in their value as 
body-building material. Osborne and Mendel (888, 883) have shown 
that the fraction of milk proteins containing lactoglobnlin and lactal- 
bumin is utilized much more efficiently in the growth of young animals 
than the casein fraction. That milk proteins as a whole are more 
efficient than vegetable proteins has been indicated by data from 
many experimenters. 

In the feeding of milk of one species to the young of another the 
potential effects of the antigenic differences in the milk proteins are 
often overlooked. It has long been recognized that in general the 
young of one species thrive better on milk of their own kind than on 
that of another species. Furthermore, the sooner after birth the milk 
of another species is substituted for milk of the same species, the more 
unfavorable is the outlook for the young animal. The results of some 
studies published by Bilek {100) are cited as indicating that some of 
the unfavorable effects so often obtained from feeding milk of another 
species may well be attributed to qualitative rather than quantitative 
differences. In these experiments, cow's milk and goat's milk were 
fed to the young of several species. The different species did not react 
alike. Kids used both milks equally well, while calves reacted to 
goat's milk with severe gastrointestinal disturbances which lasted as 
long as goat's milk feeding continued. Pigs showed no disturbance 
on cow's milk but reacted to goat's milk in a fashion similar to that 
observed in the calves. Foals showed a stubborn diarrhea when fed 
undiluted cow's milk but not the slightest disturbance on goat's milk. 
Since the two milks are very similar in percentage composition, the 
results indicate the presence in the milk of substances incompatible 
or toxic to the animals that reacted unfavorably. It is suggested that 
the incompatible factors are proteins. 

It is known that the presence of a foreign protein undigested in the 
circulating blood is more or less toxic to an animal and may produce 
a sensitization to further additions of the foreign protein. It has been 
established that the newborn animal normally absorbs considerable 
protein undigested through the gastrointestinal wall. Although this 
apparent permeability decreases rapidly after birth, it probably does 
not cease abruptly, since, as Ratner {948) has shown, it still occurs to 
some slight extent, in about 50 percent of adults. The possibility of 
the absorption in the very young suckling of appreciable amounts of 
undigested and sensitizing foreign protein might be a major factor in 
the incompatibility of the milk of one species for the young of another. 



NUTRITION OF VERY YOUNG ANIMALS 509 

PRACTICAL POINTS ON THE FEEDING OF SUCKLING ANIMALS 
Whether a newborn animal is to be suckled by its dam or by a 

foster mother or is to be fed by hand, it should if possible receive 
colostrum of its own species. When this is not available serum of its 
own species is suggested as the substitute most likely to be successful 
in protecting the animal against disease. Since normal serum for 
feeding is not at present readily available as a commercial product, the 
farmer or stockman will probably require the services of a veterinarian 
in the preparation of blood serum from adult animals for use as a 
colostrum substitute. This serum may be fed with milk, it may be 
injected, or it may be administered in both ways. Only sterile serum 
should be injected, of course. It is important that the protective food, 
whether colostrum or serum, be fed as soon as possible after birth, 
since the protection it confers is probably needed within the first few 
hours. 

FREQUENCY OF FEEDING 

Where a system of hand feeding is to be employed, the frequency 
of feeding is an important factor in its success. The young pig left 
with the sow has been observed to suckle 24 times within 24 hours, 
the young foal 20 times in the same interval. Calves, kids, lambs, and 
puppies probably suckle with a similar frequency. Thus the nutritive 
requirements of the young animal are met naturally by small quanti- 
ties frequently supplied. Such frequency is obviously impractical in 
hand feeding. It has been found that calves, after the period of colos- 
trum feeding, do quite well on two or three feedings a day. Newborn 
foals, kids, lambs, and pigs have done very well when started on five 
feedings a day. This schedule was arbitrarily adopted with good 
results in some feeding experiments carried out at the Animal Hus- 
bandry Experiment Station at Belts ville, Md. Equally good results 
may perhaps be obtained with less frequent feedings. The five daily 
feedings may certainly be reduced to four within 4 or 5 days, and to 
three within 2 weeks. Frequent feeding is much more important 
during the first few days after birth, while the animal is making its 
adjustment to a new environment, than at a later period. 

FEEDING CALVES 

The methods in use in the feeding of calves may be enumerated as 
follows: (1) Suckling by dam ; (2) feeding whole milk ; (8) feeding skim 
milk or separated milk; (4) feeding reconstructed dried skim milk, 
that is, with water added; (5) feeding calf meals or gruels with a mini- 
mum amount of liquid milk (fig. 1). Unless the cow dies or is diseased 
every calf should be left with its dam from 1 to 4 days to receive 
colostrum. With calves from dairy cows whose milk is marketable, 
unless the calf is a very valuable animal from the breeding standpoint, 
it is practical to substitute as soon as possible a less expensive food for 
either a part or all of the whole milk. In such cases the general prac- 
tice seems to be to feed whole milk for the first 2 weeks. Beginning 
about the third week whole milk may be gradually replaced with the 
milk substitute, which may be fresh skim milk, reconstructed dried 
skim milk, or some form of calf starter, either a gruel or a dry meal. 
For general directions for feeding management of dairy calves the 
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reader is referred to Department of Agriculture Farmers' Bulletin 
1723 (1087) and to the article beginning on page 597 of this yearbook. 

Contrary to the general belief that calves should receive whole 
milk for the first 2 weeks at least, Converse and Meigs4 found that 
dairy calves fed skim milk supplemented with cod-liver oil beginning 
the fourth day after birth were indistinguishable in general appearance 
after the first month from calves that had received equal amounts of 
whole milk for the first 20 days and skim milk thereafter. Archer, 
Archer, Bond, and Dunlop (J87) also have reported good results from 
feeding, beginning the fourth day after birth, of 1 gallon of separated 
milk plus 1 tablespoonful of cod-liver oil daily. This amount of milk 
was increased to 1% to 1¾ gallons by the third week.    Meadow hay 

Figure I.—Calves, like other young animals, do best on their mothers" milk, hut they 
can be successfully raised by careful band feeding. 

and a meal mixture of 4 parts of flaked maize and 1 part of linseed 
cake were made available after the first week. 

Dried skim milk can be reconstructed and fed ; in this form it is 
apparently as good as fresh skim milk in calf feeding. It has the 
further advantage that at an early age it can be fed dry in a meal. 
Knott, Hodgson, and Ellington (640) have reported that a group of 
experimental calves weaned at 5 to 6 weeks from reconstructed skim 
milk to a dried skim-milk meal were healthy and vigorous, and at the 
age of C months were indistinguishable from heifers raised on separated 
skim milk. 

Calves begin to supplement a milk diet by nibbling at other feeds 
when 2 or 3 weeks old. For a description of calf starters or calf meals 
the reader is referred to the New York (Cornell) Agricultural Experi- 
ment Station Bulletin 622 (1012). 

It is of interest that attempts to raise calves on diets of milk alone 
( Seo footnote 3, p. 607, for reference. 
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have consistently failed. In some experiments reported by Herman 
{510) calves fed exclusively on whole milk appeared practically normal 
for about 6 months, but when the exclusive milk diet was con- 
tinued beyond this period, became increasingly anemic and died 
within a few months thereafter. With the addition of iron, copper, 
manganese, and cod-liver oil to the ration the period of growth was 
prolonged and the calves lived about a month longer than those 
receiving milk alone. 

FEEDING FOALS 

Since in this country mare's milk commonly has no value as a 
marketable product, it is the cheapest feed for the young foal as well 
as the best that can be provided (fig. 2).    The suckling period of tbe 

T^. ;W*   - 
J& 

lifiurr 2.—The foal gels   the heal and   cheapest  íood from   its mother  for the lirst 
6 months of its life. 

foal varies widely with custom in different localities, with the avail- 
ability of other feeds for the foal, and with the use which it is desired to 
make of the mare. According to Ehrenburg {S12), in certain sections 
of Germany foals are always separated from the dam at 3 months, 
while in Spain it is the custom to allow them to suck for 9 or 10 months. 
In old Rome the foal was often permitted to suckle for 2 years. The 
first 6 months of the foal's life constitute the period of most rapid 
growth and development, and the nutrients most suitable for this 
growth should be supphed to him during this time. Especially where 
there is a shortage of good feed, the foal should be permitted a suckling 
period of fully G months or longer, since the mare is better able to utilize 
poor food. Where the mare is required for heavy work or is being used 
to produce another foal, the suckling period may possibly be reduced 
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to 3 or 4 months without retarding the development of the foal if an 
ample supply of other suitable feeds is available. In such cases, 
fresh cow's mi% whole, or preferably skimmed, has been fed after 
weaning with good results. Dried skim milk mixed with the grain 
can also be used to advantage. 

Hand-fed foals are sometimes fed fresh cow's milk modified as 
follows: One-half to two-thirds cow's milk, the other half or third 
water, with 1 tablespoonful of sugar to every pint of mixture. Cow's 
milk thus modified roughly approximates mare's milk in the concentra- 
tion of fat and sugar, although protein and minerals are low. Whole 
cow's milk is usually unsuited to very young foals, perhaps partly 
because of its fat content. The following mixture of dried cow's 
milk has been used with excellent results: Dried whole milk, 8.69 
percent; dried skim milk, 5.49; sugar, 3.9; lime water, 6; and water for 
mixing, 76,2 percent. In this mixture the concentration of total 
solids exceeds that in mare's milk, but the proportions of carbohy- 
drate, fat, and protein are approximately the same. 

The quantity of milk supplied by a mare to her foal 4 to 6 weeks 
after birth has been estimated at figures varying between 4 and 35 
quarts a day. According to Blechschmidt {127) a draft mare should 
give 18 or more quarts and a mare of one of the lighter breeds 10 to 12 
quarts daily. A foal will require 4% to 6 quarts of mare's milk for each 
100 pounds of its own weight until such time as it is eating an appre- 
ciable quantity of supplementary feed. Three to four quarts of the 
dried-milk mixture described in the previous paragraph will supply 
approximately the same amount of energy as 4¾ to 6 quarts of mare's 
milk. 

It should be mentioned that, while little is known of their vitamin 
requirements, unless foals have access to green pasture or to good- 
quality alfalfa hay, it seems advisable to include some cod-liver oil in 
their ration. 

The foal begins nibbling grain and hay about 3 weeks after birth. 
Crushed or ground oats or bran are good feeds for him to start on. A 
mixture of 2 parts of cracked corn, 4 parts of crushed oats, 2 parts of bran, 
and 1 part of linseed meal is also excellent. The foal should be eating 
approximately 0,5 pound of grain per 100 pounds of body weight 
daily at 3 months and twice this much at weaning time. Good 
legume hay should be made available as soon as the foal will eat it. 

FEEDING KIDS 

Goat kids, after the colostrum feeding period, apparently do 
equally as well on whole cow's milk as on whole goat's milk. Where 
comparative feeding tests have been made with the two kinds of milk, 
the differences in results have been attributed to differences in the 
energy values of the milks. That is, the animals on the richer milk 
made slightly greater gains. 

In a herd of dairy goats, the kids are customarily removed from 
the does after the colostrum feeding period and thenceforth are 
hand-fed from bottles (fig. 3), or preferably from pails. The milk fed 
may be either goat's or cow's. Kids grow well when fed 24 ounces of 
milk daily, given in four feedings, during the first week. This amount 
is increased gradually until  the kid is receiving approximately 64 
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ounces at 10 weeks of age. At 4 weeks alfalfa hay and a grain mixture 
of 4 parts of ground corn, 2 parts of oats, 1 part of bran, and % part of 
linseed meal are made available. As the kids consume more grain 
and hay the amount of milk may be decreased. 

Kids are sometimes milk-fed for 5 months, but this seems unneces- 
sarily long. A milk-feeding period of 3 months, as is customarily 
followed in feeding lambs, is probably quite sufficient. There seems 
to be no reason why the amount of whole milk consumed by kids cannot 

I'igure 3. — kids do well «lien hand-fed on COw't milk. 

be reduced as in the case of calves by substituting fresh skim milk or 
dried skim milk for whole milk at an advanced stage in the milk-feeding 
period. 

FEEDING LAMBS 

Lambs are usually allowed to run with their dams until thev are 
3 to 5 months old (fig. 4). They begin to nibble at feed from lOto 16 
days after birth. Unless the lambs are dropped after the pastures 
are ready, it is good practice to supply hay and grain in a small 
enclosure accessible to the lambs but inaccessible to the ewes. Green 
alfalfa hay is excellent roughage. A grain mixture which has been 
recommended by the Ohio Agricultural Experiment Station (464) for 
lambs that are to be marketed consists of 5 parts of com, 2 parts of 
oats, 2 parts of bran, and 1 part of linseed meal. 

Orphan lambs, once the needs occurring during the colostrum period 
are satisfied, can be raised without difficulty on whole cow's milk, 
whole goat's milk, or a 20-percent mixture of dried whole cow's milk 
in water. Practical directions for feeding the orphan lamb are given 
in some detail in California Agricultural Extension Service Circular 

myo-r—an 'M 
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49 (791). In some feeding experiments carried out at the Animal 
Husbandry Experiment Station at Beltsville (406), in which dried-milk 
mixtures were used to replace ewe's milk, a 20-percent dried whole-milk 
mixture, which has the same energy value as ewe's milk, was found 
to give excellent results as a substitute for ewe's milk, but dried skim 
milk, even when supplemented with cod-liver oil, was found quite 
unsatisfactory. 

Lambs should be fed milk for at least 3 months. Frequent feeding 
of small amounts during the first 3 or 4 days is essential. Small 
lambs, weighing from 5 to 7 pounds, should receive about 1 pint or a 
little more a day.    Larger lambs, 8 to 12 pounds in weight, require 

Figure 4.—Lambs 10 to 16 days old nibble al feed, but they need milk from the ewe 
for 3 to 5 months.    The lambs shown are twins. 

1¾ to 2 pints a day. The total quantity of milk should of course be 
increased somewhat as the lambs increase in size. It has been shown 
(406) that lambs can make excellent growth on the following weekly 
allowance of dried whole milk, which is fed as a 20-percent mixture 
with water: At 1 week, 3.6 pounds of dried milk per 100 pounds of 
live weight; at 2 weeks, 2.6 pounds; at 3 weeks, 2.5; at 6 weeks, 2.1 ; at 8 
weeks, 1.3; and at 10 weeks, 0.9 pound. 

FEEDING PIGS 

For the first 3 weeks of life pigs live exclusively, except for the small 
amount of mineral matter picked up from the soil, on sow's milk 
(fig. 5). Usually they begin eating a little grain from the sow]s 
trough at 3 weeks, unless a special creep is provided for them, but their 
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most important feed is still sow's milk until they are weaned at 8 or 
12 weeks. Tlie average birth weight of a pig is doubled within 7 to 
10 days. This is possible only because sow's milk is a more concen- 
trated food than cow's milk and is supplied to the little pig in relatively 
liberal amounts. Thompson {1Í34) has reported, as the result of a 
study of the effect of milk consumption on the growth of pigs, that 
the average daily milk consumption of the pigs lie observed varied 
from 0.226 to 0.505 pound per pig. Pigs receiving the greatest amount 
of milk made the greatest gain even after weaning. Schneider {1016) 
has estimated that 1.534 pounds of sow's milk is required for each 
pound of live-weight gain the pig makes during the first 8 weeks of 
the suckling period.    The figure for average daily milk yield of sows 

Figure 5.—Pigs double llieir «eiglil «illiiii 7 I» Id ilais on I lie sow's milk.    The |>igs 
that  get the most  milk  make  I lie greatest  gains, anil eontinue to do so even after 

weaning at 8 or 12 weeks. 

varies widely with such factors as breed, size of litter, and nutrition. 
Published estimates have ranged from 4.5 to 18 pounds of milk a day. 

The daily milk yield of the sow reaches its maximum during the 
third or fourth week of lactation. From this time on she can no longer 
entirely satisfy the nutritive requirements of the pigs and it becomes 
necessary to supplement her milk with other feed. This supplemental 
feed may be supplied as a mixture consisting of SO percent ground grain 
and 20 percent protein supplement;or if the self-feeding system is em- 
ployed, shelled corn may be provided in one compartment of a feeder, 
a protein supplement in another compartment, and a mineral mixture 
in a third.   The protein supplement may be fish meal, tankage, linseed 
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meal, shorts, or middlings, which should be combined with alfalfa 
meal in a ratio of 3 parts of supplement to 1 part of alfalfa meal. A 
combination of animal and plant proteins may also be used as in the 
so-called trinity mixture, made up of 2 parts of tankage, 1 part of 
linseed meal, and 1 part of alfalfa meal. The inclusion of a good 
grade of alfalfa meal in the ration is especially important where 
pasture is not the best. 

The following mineral mixture has been found satisfactory: 
Parts Parts Parts 

Bonemeal    38     Sodium chloride-__   20 Copper sulfate______   0. 25 
Calcium carbonate--   39     Ferrous sulfate     2,5     Potassium iodide___    .03 

The mineral mixture may either be provided in a separate compart- 
ment of the self-feeder or it may be combined with the protein-supple- 
ment mixture in the proportion of 5 parts of mineral mixture to 100 
parts of protein mixture. 

Unless there is some special reason for doing so, pigs should not be 
weaned earlier than 8 weeks after birth. They are sometimes left 
with the sow as long as 12 weeks. A suckling period of 60 days is a 
good practice. 

Studies on the raising of orphan pigs on whole cow's milk and on 
modified cow's milk have been carried out on pigs 12 days or more 
old. The investigations of Washburn and Jones (1183) indicated 
that cow's milk with a relatively low fat content was satisfactory for 
young pigs 4 to 5 weeks old. Èvvard, Glatfelter, and Wallace (SSS) 
fed several small groups of young pigs from 12 to 72 days of age on 
cow's milk and on cow's milk plus various protein supplements. The 
number of pigs with which they worked was small and their results 
were complicated by diseases probably due to vitamin deficiencies, 
but the results indicated that cow's milk supplemented by 1 to 3 
percent of casein can be used in place of sow's milk after the pigs are 
2 weeks old. Pigs so fed should, however, have access to green pas- 
tures as well as to grain and a mineral mixture as soon as they will eat. 

The occurrence of nutritional or milk anemia among suckling pigs 
is an important factor in the mortality of pigs before weaning time. 
Most young animals are supplied at birth with sufficient stores of iron 
and copper to supplement the deficiencies of these elements in milk 
until such time as they begin eating solid food. The young pig 
seems to be exceptional in that he usually develops anemia within 
2 weeks after farrowing when restricted to a diet of milk alone and 
denied access to dirt or sod. The disease can be entirely prevented 
by the inclusion of a very small quantity of soluble iron and copper 
salts in the milk diet. 

The following are some practical methods that are in use for the 
prevention and cure of milk anemia in young pigs: (1) Placing soil or 
sod in pens; (2) painting a solution of iron and copper on the sow's 
udder daily; (3) a weekly dose of 180 milligrams of iron and 25 milli- 
grams of copper; (4) the incorporation of a mineral mixture in a pig 
creep to be used from the time the pigs are 8 days old. 

FEEDING PUPPIES 

Except in breeds such as the Alsatian, in which lactation is said to 
cease about 4 weeks after parturition, the pups of normal healthy 
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hitches are usually suckled for 6 weeks, sometimes for 8. In order 
that the transition to other foods may be gradual, supplementary 
feeding should be started while the puppies are still receiving milk 
from their dams. When puppies are to be weaned entirely at 6 weeks, 
it is well to begm feeding some solid food at 3 to 4 weeks after birth. 
It is recommended that at this time the pups be offered daily small 
amounts of chopped or ground lean meat and some dry bread, dry 
cereal, or puppy biscuit which has been moistened with milk or 
broth (fig. 6). 

Spaulding {1092) recommends feeding one-half teaspoonful of raw 
scraped beef once a day for 2 or 3 days beginning at 3 or 4 weeks of 
age. This amount is then fed twice a day and the number of feedings 
increased at 3-day intervals to three and then to four tunes a day. 
When meat is fed four times a day an equal quantity of dry cereal or 
puppy meal should be added to it.    A drink of cow's milk or a milk 

Figure 6.—Puppirs should be started on solid feed before they are weaned to prevent 
unfavorable effects on rate of prow tb after weaning. 

substitute may be given twice a day throughout the remainder of the 
suckling period. When the puppy has been taught to eat such 
foods before weaning, unfavorable effects on rate of growth after 
separation from the dam will probably not be noticeable. 

The artificial existence imposed on pets may result in a lack of 
of exercise and probable deficiencies in nutrition, in some instances 
with impairment of reproductive functions to the extent that the 
bitch produces either an insufficient supply of milk or even unsuitable 
milk. In such cases as well as in those in which puppies are orphaned 
at birth, it is necessary to feed some substitute for the dam's milk. 
The usual experience has indicated that unless the animals receive 
colostrum from the dam, the success of any hand-feeding procedure 
is doubtful. Whether this is due to the incompatibility of the sub- 
stituted milk that has been used or to a need for the immunizing bodies 
present in the colostrum is undetermined. 
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Fresh cow's milk is not satisfactory for feeding- very young puppies, 
partly at least because the concentration of protein, fat, a.nd minerals 
in cow's milk is so much lower and the sugar so much higher than it is 
in bitch's milk. Canned condensed milk has sometimes been used 
with success after the puppies are 3 to 4 days old. Whole dried milk 
may also be used by combining 20 parts by weight of milk with 80 
parts of water. Ano the]' mixture sometimes recommended consists 
of whole cow's milk, either fresh or reconstructed from dried mi% 
to which has been added half its volume of raw egg yolk. Still another 
mixture, suggested by Spauldiug {1092), is made by combining 2¾ 
teaspoonfuls of cream and 2¾ teaspoonfuls of casein with 4 ounces of 
milk. The same author recommends that puppies receiving a sub- 
stitute milk be fed every 2 hours during the day and every 3 hours 
during the night for the first week. These intervals may be increased 
to 3 and 4 hours during the second week. 

With artificially fed puppies, the supplementary feeding may be 
started in the third week. 



NUTRITIONAL  REQUIREMENTS  OF  BEEF 

AND  DUAL-PURPOSE  CATTLE 

by W. H. Black, Bradford Knapp, Jr., and J. R. Douglas1 

I H I O article summarizes a good deal of the existing materia Jon the needs 

of beef animals for energy, protein, minerals, and vitamins. Conflicting 

viewpoints are given and some of the gaps in our knowledge are clearly 

indicated.    The discussion is more or less technical in nature. 

A KNOWLEDGE of nutritive requirements for energy, protein, minerals, 
and vitamins is essential for the economical production of beef or of 
beef and milk. A substantial portion of the feed of cattle is utilized 
in the maintenance of body tissues and normal body functions. 
Additional amounts are required for utilization in growth, fattening, 
reproduction, or lactation. This article will consider the need for 
the various nutritive elements in relation to these functions in beef 
animals. 

The discussions on the requirements of beef cattle for energy, pro- 
tein, minerals, and vitamins also apply to dual-purpose cattle that 
are not lactating or are kept primarily for beef-production purposes. 
For lactating and pregnant cows of the dual-purpose type, kept pri- 
marily for dairy purposes, the various nutritional requirements as 
given for strictly dairy cows (in the article, p. 566) should be applicable. 

ENERGY REQUIREMENTS OF BEEF CATTLE 

FOR MAINTENANCE 

A relatively large portion of the feed consumed by beef cattle, 
whether the animals are being fed for growth, fattening, reproduc- 
tion, or wintering, is used in maintaining the normal body functions. 
This demand for food is referred to as the maintenance requirement; 
it is the amount of food required to maintain the tissues of an animal 
that is not growing, fattening, or reproducing. If there is not enough 
food, as frequently happens under winter-range conditions, the needs 
of the body are met by breaking down of tissue, with a resultant loss 
in weight. The maintenance requirement varies among animals of 
different breeds, sexes, and weights.    A knowledge of the mainte- 

i W. II. Black is Senior Animal Husbandman, in charge of Beef and Dual-Purpose Cattle Investigations; 
Bradford Knapp, Jr., is Associate Animal Husbandman; and James R. Douglas is Junior Animal Hus- 
bandman, Bureau of Animal Industry. 
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nance requirements of beef cattle is of considerable importance in the 
economical production of beef. 

Fasting catabolism is used as the basis for determining the mainte- 
nance requirements of all warm-blooded animals. This is the break- 
ing down of body tissue which takes place in the absence of food to 
supply the nutrients required to maintain the normal body functions. 
Fasting catabolism is measured by the use of a respiration calorim- 
eter which measures the energy used by the animal while receiving 
no food—in other words, the energy furnished by the break-down of 
the body tissues. It was found by many investigators that the energy 
required was in some way proportional to the weight of an animal. 
Later investigation suggested that the energy was not directly pro- 
portional to weight but rather to some function of body weight. 
While this relation holds in general, many deviations arise from specific 
body activities. Brody (157)2 has shown by investigation that 
the surface area of an animal and its weight are closely related and 
that this relationship may be expressed mathematically.3 By using 
this mathematical relationship, the average requirement for cattle of 
any weight may be computed. The standard as proposed by Brody 
is shown in table 1. 

TABLE 1.—Daily amounts of total digestible nutrients required for maintenance of cattle, 
as proposed by Brody (157) and by Morrison (819) 

Require- 
ment 

according 
to Brody 

Pounds 
1.26 
2.09 
2.80 
3.46 
4.07 
4.65 
5.21 
5.74 
6.25 
6.75 

?:?t 
8.18 
8.63 
9.08 
9. .32 
9.95 

10.37 
10.79 
11.20 

Minimum requirement, according to Morrison 
for— 

Weight of animal (pounds) 

Dairy 
cattle 

Wintering 
beef calve? 

Wintering 
beef year- 

lings 

Wintering 
beef cows 

100  
Poimds Pounds Pounds Pounds 

200  
300  3.9 

n 400  
500  
600  

y 700  5.13 
5.77 
6.38 
7.00 
7.60 
8.20 
8.80 
9.39 
9.96 

10..¾ 
11.11 
11.68 

800  
900  
1,000  
lilOO  8 0 
1,200  
1,300  
1,400  
1,500  
1,600  
1,700  
1,800  
1,909  
2.000  

Another  method   of   determining  maintenance   requirements   for 
cattle is by the use of data obtained in feeding experiments.    In its 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
3 It is believed that the surface area varies with the two-thirds to three-fourths power of the weight. 

Brody suggests the 0.734 power of weight. Thus Brody's equation is ¢=70.5.^-^, in which Q is the 
calories per day and M is the body weight in kilograms. A conference of workers of the National Research 
Council on energy metabolism 4 has recommended that the factor, body weight raised to the 0.73 power, 
be tentatively adopted as the base of reference for computing fasting heat production and the endogenous 
nitrogen metabolism. 

i NATIONAL RESEARCH COUNCIL, COMMITTEE ON ANIMAL NUTRITION,   REPORT OF THE CONFERENCE 
ON  ENERGY  METABOLISM  HELD AT STATE   COLLEGE,   PA.,  JUNE   14-15,   1935,   .   .   .    93 pp.    1935.     [MimCO- 
graphed.J 
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simplest form, this method involves the determination of the amount 
of food required to maintain mature animals at a constant weight. 
If, by trial and error, the experiment is successful in maintaining a 
constant live weight over an extended period, a fairly accurate 
measure of the maintenance requirement would be obtained, provided 
constancy of live weight implies a constant energy content of the 
tissues of the body. In young growing animals, for example, an 
increase in bone and muscle tissue may take place under weight- 
constant conditions, the increase being made at the expense of other 
tissues. Nevertheless, feeding standards based on this method have 
been in common use for many years. Armsby (30), Wolf-Lehman, 
and later Morrison (819) proposed feeding standards all based on this 
trial method. In table 1 are shown the feeding standards of Morrison 
in comparison with those of Brody. It will be noted that the Morrison 
standard is slightly higher. 

FOR GROWTH AND FATTENING 

Growth and fattening in beef cattle are in most instances simul- 
taneous and are therefore not easily separated. Growth is attained in 
several ways—by increase of skeleton size, by muscular increase, by 
fattening, etc. In beef cattle, only 3 to 4 percent of the mature weight 
of an animal is attained at birth, as compared with more than 50 
percent of the skeletal size and about 70 percent of the length of leg. 
Thus, there are different rates of increase and ages of maturity for 
various factors of growth. With growth and fattening, there is a 
change in the percentages of water, fat, protein, and bone. 

The first requirement of a fattening ration is that it contain an 
abundance of energy. Unless a surplus of energy above maintenance 
is supplied, growth and fattening are impossible. Thus the limit on 
the energy required for fattening is the quantity of energy-producing 
food that the animal can consume. Kleiber (634) proposed the 
following equation to express the relationship between quantity 
consumed and energy returned in the product: 

Energy in product equals total energy in food consumed, minus energy in 
feces, minus energy in urine and in methane,5 minus heat increment of food, 
minus fasting catabolism. 

Thus, for fattening an animal, total energy consumed must be in- 
creased to as large an amount as the appetitite of the animal will 
allow. The greatest efficiency of feed utilization has been found, 
however, in feeding at a rate slightly below the maximum capacity 
to eat. Experiments by the Bureau of Animal Industry and by 
various State stations have clearly shown that feeding below the 
highest level resulted in slightly increased efficiency from the stand- 
point of animal gains; but from the standpoint of energy return, the 
full-fed steers made the greatest return per unit of feed, owing to 
their greater fatness. 

Since gains are determined by the capacity to consume, the question 
arises as to the quantities that can be consumed by steers. Brody and 
others have shown that the size of the digestive organs in cattle varies 
with the surface area rather than with the weight.    However, there 

5 Methane is a constituent of marsh gas produced in the rumen by the action of certain micro-organisms. 
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are many factors other than size of stomach and intestines that 
determine capacity to eat, or appetite. The best measure of capacity 
may be by self-feeding steers to determine the quantity that they will 
eat. It is believed that in most of the reports on self-feeding steers one 
of the most important points is ignored by investigators—they fail to 
report feed consumption by periods.   In figure 1 is shown the consump- 

1,000 1,100 
LIVE    WEIGHT   IN 

1,200 

POUNDS 
1,400 

Figure 1.—Quantities of concentrates consumed per day by growing steers in self-fed 
and band-fed groups, in experimenls at ibe Illinois Agricultural Experiment Station 

and at Beltsville, Md. 

tion by self-fed versus that by hand-fed steers in two experiments.6 

It should be noted that in both experiments the self-fed steers ate 
more feed earlier and less feed in the later periods, while the hand-fed 
steers were fed according to common practice with increasing amounts 

6 One experiment was conducted at the Illinois Agricultura] Experiment Station ( 
ville, Md., by the Bureau of Animal Industry (data unpublished). 

, the other at Belts- 
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of concentrates. If the natural appetite of cattle leads to consump- 
tion of concentrates on a curve of the type shown for the self-fed 
groups, should not hand-feeding follow a similar curve? This point 
is in need of further investigation. 

Experiments by the Minnesota and Missouri Agricultural Experi- 
ment Stations have shown the body composition of steers at various 
ages during growth and fattening.    These data show that the per- 

4,000 2,000 

1,800 

BIRTH 18 24 30 
AGE   IN   MONTHS 

Figure 2.—Average live weight and daily increment of calories for beef steers on 
three planes of nutrition. 

centages of protein and water steadily decrease as the animal matures, 
while the percentage of fat increases steadily from birth to maturity. 
The percentage of ash decreases very gradually from birth to 1,500 
pounds (table 2). Data from the Missouri experiment {826) show an 
increase in the percentage of fat, a decrease in the percentage of bone, 
and an early increase followed by a more rapid decrease in the per- 
centage of lean meat.   In figure 2 are shown the average weights of 
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three groups of steers fed on three planes of nutrition, and the average 
daily storage of calories, or energy, during the same period. It should 
be noted that in group 1 the rate of gain is much greater than in the 
other two lots, and the storage of calories of group 1 tends to parallel 
that of the other lots, though at a much higher level. Group 1 was 
fed for maximum growth and fattening, and the less rapid decrease 
in caloric increment is probably due to the higher caloric value of 
fat in comparison to lean meat. However, the fact that 1,600 calories 
are stored each day by an animal does not mean that by feeding 1,600 
calories above maintenance this amount would necessarily be stored. 
The amount of food required for this storage level may exceed the 
amount stored by two or three times. 

TABLE 2.—Average composition of steers at various stages l of growth 

Normal weigrht (pounds) Steers Water Dry 
matter Protein Fat Ash 

100 ._                           
Number 

5 
4 
4 
5 
5 
3 
4 
3 
3 
4 
3 
3 
2 
1 
1 

Percent 
71.84 
70.43 
65.72 
65. 79 
62.90 
61.20 
60. 35 
58.44 
54.10 
52.03 
47. 77 
47.96 
47.93 
47.76 
43.48 

Percent 
28.16 
29.57 
34.26 
34. 21 
37.10 
38.80 
39. 65 
41.56 
45. 90 
47.97 
52.23 
52. 04 
52. 07 
52. 24 
56.52 

Percent 
19.89 
19.14 
18.77 
19.31 
19.15 
19. 40 
18.60 
18.80 
17. 66 
17.11 
16.38 

if.?i 
16.15 
15.72 

Percent 
4.00 
6.01 

11.19 
10. 56 
13.73 
15.04 
16.58 
18.52 
24.08 
26.91 
32.03 
32.32 
32.50 
32.58 
37.59 

Percent 
4.26 

200                                                        __ 4.42 
300                            4.30 
400                                                         - 4.34 
500 4 22 
600                               --.   4.36 
700                                                           4.48 
800- .          4.24 
900                                   4.16 
1,000 3.95 
1,100    -          .-          3.82 
1,200                                         -   3.70 
1,300              -  3.78 
1,400                                         --.               3.51 
1,500    _                      3.21 

i Not including contení s of the digestivp tract.   Yrom Morrison (819, p. 162). 

Morrison {819) has proposed a standard for fattening and growing 
beef cattle, based on experience in many feeding trials. In table 3 is 
shown the standard as proposed by Morrison. Results of feeding 
trials by the Bureau of Animal Industry tend to show that this stand- 
ard is in general adequate, though the upper figure for each weight 
may be exceeded. 

TABLE 3.—Total digestible nutrients required daily per head for groivth and fattening of 
beef cattle^ as proposed by Morrison (819) 

'%%^!Calves being 
Live weight (pounds)                         liberally for ! atened for 

rapid growth     baby bcGf 

Fattening 
yearling 

cattle 

Fattening 
2-year-old 

cattle 

100  ---- 
Pounds 

1. 2- 2. 0 
3. 4- 4. 2 
5. 2- 5. 9 
6. 6- 7. 2 
7. 6- 8. 5 
8. 5- 9. 6 
9. 2-: 0. 7 

10.0-11.8 
10.8-12. 9 
11.4-13.9 

Potinds Pounds Pounds 

200                  -         - _      ---      -   . 
300,    -      
400                                       _ -            -_.   _ 7. 4- 9. 8 

9.0-11.4 
10. 6-12. 9 
12. 0-14. 2 
13.1-15. 2 
13. 8-15. 8 

500                  
600                                                    -               10. 3-12. 7 

12. 0-14. 4 
13. 5-16. 1 
14. 8-17. 4 
15.9-18.5 
16. 9-19. 5 

700                                                                        . _ 
800                _ -  
900 14. 6-17. 4 
1,000  16. 0-18. 8 
1,100,-          -                         _             -  -        17. 0-19. 6 
1.200  17. 7-20. 1 
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There is need for further experimentation to determine the eating 
capacity, the nutrients required for fattening, and the method of 
feeding for greatest economy in beef production, 

PROTEIN REQUIREMENTS OF BEEF CATTLE 

The normal functions of the body make necessary a supply of 
protein to replace the daily break-down of the tissues of the body, as 
well as to provide for the growth of hair, horns, hoofs, and increase 
iu body weight due to growth as well as fattening. Since protein-rich 
feeds are generally more expensive than carbohydrate feeds, it is 
important to know the minimum as well as the most effective amount 
of protein supplement required for maintenance and for fattening, 

FOR MAINTENANCE 

The minimum needs of cattle for protein for maintenance of life 
has been the subject of considerable research during the last 30 years. 
Two methods of approach to the problem of determining the minimum 
requirements for protein have been used. One is by means of the 
fasting catabolism, in which the protein required for maintenance is 
ascertained from the amount of nitrogen (protein) in the urine of 
fasting animals or animals on a nitrogen-free diet, that is, a diet 
without protein. The second method consists of determining the 
protein requirements from the best results of experimentation with 
cattle. 

Brody {157), Mitchell {795), and others have attempted to ascertain 
the minimum requirements from the amount of what is called endoge- 
nous nitrogen secreted by the animal on a nitrogen-free but otherwise 
adequate diet. This endogenous nitrogen is assumed to be the nitro- 
gen necessary for maintenance, since it represents the loss of nitrogen 
which must be made good by dietary protein in order to maintain the 
nitrogenous (protein) tissues of the body. Brody has suggested that 
the secretion of endogenous nitrogen follows the same relationship to 
weight of the animal as does the requirement for energy.7 

Mitchell suggested that the protein requirements are proportional 
to weight. More recently Smuts ()06^), working under Mitchell, has 
accepted the same relationship to weight that Brody suggests.8 

Brody has proposed that four times the urinary protein equivalent be 
used as a basis of maintenance, while Mitchell uses twice the urinary 
protein equivalent. In table 4 are shown the amounts of protein 
required for maintenance as proposed by Brody, by Mitchell, and bv 
Morrison {819). 

Morrison's standard is based on experimental evidence of the best 
results obtained with cattle.. It is considerably above the standard 
proposed by Mitchell and in some cases above that of Brody. How- 
ever,  for wintering beef cows Morrison shows a little less protein 

■ Il is believed that the surface area of an animal varies with the two-thirds to three-fourths power of its 
body weight and thac basal metabolism varies with the surface area. From his data, Brody presented the 
following equation expressing endogenous nitrogen as a function of body weight: Ar=]46 M«-72, in which Ar 

equals the milligrams of endogenous nitrogen per day and Af equals the body weight in kilograms. By 
multiplying the nitrogen by a factor (6.25) the amount of conventional protein required for maintenance is 
obtained. 

s Smuts proposed an equation for determination of protein requirements as follows: P=0.88w 0,73S where 
P is the daily requirement expressed in grams. 
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required than  does Brody for the same weight animal    Morrison 
states (819), with reference to the Mitchell standard: 

Since it has not been proved by long-time feeding experiments that animals 
can actually be maintained in good health on this small amount of protein, the 
author has preferred not to recommend such small amounts in the feeding standards 
presented. 
TABLE  4.—Protein   requirements  for  maintenance of beef and dual-purpose cattle as 

proposed by several investigators 

Protein rtMiuire- Minimum protein requirement per day, 
iiirjii    IHM     uuy, 
according to 

according to Morrison, for— 

Live weight of animal (pounds)   — .                     

Brody MiMioil !%% i .^ »  (- 

PonndH Po raids Pounds      Pcund*      /^ounds  ■  Pounds- 
100  0.1:-5 0.04 
200  .22 .08 
300  . 29 . 11  -     i          0,52 '      -.     -  _!  
400  . 36 .15 
500  .42 .19 .71 
600     ,48 , 23 .79 0.67 :_..    
700  , 04 .27 0, 4-'l .76 :  
800  .09 .30 .49 .83 '  
900  .05 .34 --_   :           0.56 
3,000  .70 .38 . 60 '         .- ._._    -i             .00 
1,100                                     .:               . 75 .42 .65 ;   _   .       ,    _-    1              .64 
1 200 ._!           .80 .40 .70   .                                   _ - ■              , 09 
MOO _..        -!           .85 .49 .75  -      ..      ; ■  
] 400 . 89 . 53 
1,500                -      . 94 .57 
1,600       .99 .m .90 .           ..  .:_              ;  ._ 
1,700  1.03 . 65 
1,800    -;           1.07 ,68 i.oo    -     .       ;...-   
1,000  1,12 
2,000        ._-         i. 16 .76 

The amounts of protein given in table 4 are those required for 
wintering each class of beef cattle. It will be seen that the younger 
animals require more protein per unit of weight than do the older 
animals. 

FOR GROWTH AND FATTENING 

Differentiation of gain from growth and that from fattening is 
difficult, if not impossible, and for this reason they will be considered 
together. Growth may be considered as any increase in volume, or 
weight, of the animal, in which case fattening would be a form of 
growth. For purposes of differentiation, growth is defined in this 
discussion to mean increases in skeleton and the associated increase of 
muscular tissue, while fattening relates primarily to the increase in 
fatty deposits within the body due to the filling of certain tissues with 
fat. Fattening requires some increase in cellular material surrounding 
the fat and thus requires some protein. Likewise, an animal in the 
normal process of growth will fatten to some extent. 

The Missouri Agricultural Experiment Station (82Ô) has made a 
complete analysis of the carcasses of steers fed out on three planes of 
nutrition in order to ascertain the changes in composition due to 
growth and fattening. Group 1 was fed as much of the ration as 
they would consume. Group 2 was fed to produce the greatest growth 
without storage of surplus fat, and group 3 was fed to produce ap- 
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proximately half the rate of gain of the group 2 steers. A study of 
the change in the protein (nitrogen) content of these steers at various 
ages was obtainable from the analyses of the carcasses.9 From these 
data, Mitchell has computed the necessary nitrogen for gains of the 

2.0 

600 800 1,000       1,200 1.400 1,600 
LIVE  WEIGHT   IN POUNDS 

Figure 3,—Protein requiremenls for growth and fattening of beef cattle. 

three groups. If it is assumed that these steers were fed as planned, 
some differentiation between growth and growth and maximum fatten- 
ing might be made.    In figure 3 is shown the necessary protein re- 

9 The changes in the nitrogen content were observed to follow the normal growth equation, W=A-Be-kt, 
^o^0^)Sed by Brody (Î5S) ■ The nitrogen changes were expressed for the three groups by the three equations 
(^5): Group 1, ^=16.50-38.59-0-0^ group 2, W= 16.25-25.59,-00^; group 3, TF=15.oO-18.23ö-o-0246i in 
which Tr is the total weight of nitrogen in kilograms and t is the age in months from conception. From 
these equations the rate of deposition of nitrogen for any age or for any weight for a given rate of feeding 
can be computed. 
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quired per day for groups 1 and 2? based on the daily retention of 
nitrogen (protein) obtained from the equations in footnote 9. 

Morrison proposed a standard based on experimental evidence on 
the best results obtained in growing and fattening cattle. Except in 
the lighter weights, the Morrison standard is much higher than that 
proposed by Mitchell (fig. 3).^ It should be noted that where the 
Morrison standard requires an increasing amount of protein as weight 
increases, Mitchell shows a decreasing amount of protein required on 
the basis of daily retention. However, Morrison suggests less amounts 
per unit of weight for older cattle than for younger. 

It would seem from the present status of knowledge of protein 
requirements of beef cattle that much careful investigation on this 
subject needs to be done. Since protein supplements are usually 
purchased at relatively high prices, it would be of considerable value 
to ascertain the most effective amount of protein required for main- 
taining, growing, or fattening beef cattle. 

FOR REPRODUCTION 

The protein or nitrogen requirement for gestation and lactation has 
been computed for cattle on the basis of the amounts of nitrogen in 
the fetus at various ages from conception, and in the case of lactation 
on the number of pounds of milk produced per day. 

The additional requirements for the gestating female are not large, 
since the calf at birth weighs only about 70 to 80 pounds, of which 
approximately 71 percent is water. Mitchell (795) has proposed a 
standard based on the average changes in composition of cattle fetuses. 
The data do not contain the increase in maternal tissues, amniotic 
fluids, and other minor substances. From the data the information 
given in table 5 was available. 

TABLE 5.—Estimated daily protein requirement oj cattle fetuses 

Age from conception 
(months) 

Estimated   1    Estimated 
daily reten- | daily require- 
tion of nitro- !  ment of pro- 

gen                  tein i 

Age from conception 
(months) 

6 

Estimated 
daily reten- 
tion of nitro- 

gen 

Estimated 
daily require- 
ment of pro- 

tein i 

2 _    
Grams 

0.02 
.16 
.61 
1.6 

Pounds 
0.0005 

.0044 

.0168 

.0442 

Grams 
3.3 
5.9 
9.9 

10 0 

Pounds 
091] 

3 7  
á      2732 
5 4416 

i Computed on the basis of protein with a biological value of 50 percent. 

It can be seen from table 5 that the daily retention is very low up 
to the last 3 months, when the fetus makes rather rapid growth. The 
highest requirement for protein—nearly half a pound—comes in the 
last month. 

Since beef cattle do not produce large quantities of milk during 
lactation, the protein requirement for milk production is not high. 
Morrison recommends from 0.04 to 0.05 pound of additional protein 
for each pound of milk produced. Thus, a beef cow producing 10 
pounds of 4-percent milk per day would require an additional 0.49 
pound of digestible protein per day. 
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MINERAL REQUIREMENTS OF BEEF CATTLE 

MINERALS IN THE ANIMAL BODY AND THEIR FUNCTIONS 

That the animal body requires certain minerals is revealed through 
analyses of various species of animals. Such analyses were perhaps 
first made by Lawes and Gilbert (665) more than three-quarters of a 
century ago. To date, many animal bodies have been analyzed by 
scientists throughout the world. It is quite generally agreed as a 
result that the following minerals, which are always a part of body 
composition, are necessary to the perfect growth of the animal body 
and to the proper functioning of the organs: Calcium, phosphorus, 
sodium, potassium, chlorine, magnesium, iron, sulfur, iodine, man- 
ganese, copper, and zinc. It is the consensus of opinion that cobalt 
also is essential. Mitchell and McClure (803) state that a definite 
requirement for silicon, fluorine, bromine, aluminum, boron, or other 
minerals that occur in animal tissues or products has not been estab- 
lished. This might be done by the demonstration of nutritive failure 
in animals following the practically complete withdrawal of the indi- 
vidual element from rations complete in other respects; but only in 
the case of fluorine has such a test been made. There is the possi- 
bility that the presence in the body of these minerals, the functions 
of which are unknown, is attributable merely to their being in the 
feeds rather than to a need for them. 

One of the most obvious functions of minerals in the animal body 
is their relation to skeletal structure (bones and teeth). They are also 
associated with organic compounds which contribute to the functional 
activities of the body. The percentage composition of a steer has 
been reported by Hogan and Nierman (527), who express the results 
in terms of the fat-free body. (This is desirable because fat is low in 
minerals and is a variable constituent of the animal body.) The com- 
position is as follows: Water, 75 percent; protein, 20 percent; and 
mineral matter, 5 percent. The average of analyses of 18 steers of 
varying ages (3 to 48 months) shows the principal mineral constitu- 
ents of the body to be present in approximately the following pro- 
portions: 

Percent Percent Percent 
Calcium    1.33     Sodium 0.16     Magnesium   0.041 
Phosphorus     .74     Sulfur      .15     Iron     .013 
Potassium     . 19     Chlorine     . 11 

These investigations do not indicate that the mineral content of the 
lean and fat, or of the hide and hair, is affected by age or condition. 
There is, however, a distinct tendency for the percentages of all the 
mineral elements in the internal organs to decrease with age. Most 
of the mineral constituents of the blood are not affected by age, 
except that sodium tends to decrease in the blood of older animals. 
Calcium, phosphorus, and magnesium in the skeleton increase in 
percentage with age. 

All of these elements are considered essential to life and will be 
discussed briefly later, but the major part of the discussion will be 
devoted to calcium and phosphorus, since they are the ones most 
likely to be lacking in the diet. Approximately 90 percent of the ash 
or mineral matter resulting from the combustion or burning of an 

141394°—39—35 
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animal body consists of calcium and phosphorus, and about 99 percent 
of the calcium and 80 percent of the phosphorus are in the bones and 
teeth. There is a very close relationship between these elements with 
respect to their functions in the animal body, and an interrelationship 
likewise between their utilization and vitamin D. 

The satisfactory ratio of calcium to phosphorus in a ration seems 
to be between 2:1 and 1:2. With plenty of vitamin D the ratio 
becomes of less importance, and more efficient utilization is made of 
the amounts of the elements present. In the entire absence of this 
vitamin, assimilation is poor even though the other factors are 
optimum. 

Experiments by Theiler, Green, and Du Toit {USO) showed that for 
growth minimal requirements for phosphorus are higher than those for 
calcium, and that a ratio of calcium to phosphorus of approximately 
one to two is not necessarily disadvantageous. 

The inorganic phosphorus content of the blood is a useful measure 
of adequate or inadequate phosphorous nutrition. The inorganic phos- 
phorus content of blood from animals receiving sufficient phosphorus 
varies from 4 to 9 milligrams per 100 cubic centimeters of blood, 
depending on the age and species of the animal; the younger the 
animal, generally speaking, the higher the inorganic phosphorus con- 
tent. In phosphorus deficiency the inorganic phosphorus content of 
the blood decreases. The method reported by M alan and Van Der 
Lingen (%S), of South Africa, for determining the inorganic phosphorus 
and other mineral contents of blood from livestock and the detection 
of mineral déficiences through such analyses has contributed much to 
the livestock industry of South Africa. Similar methods are being used 
rather extensively by scientists in the United States and other coun- 
tries for locating areas of mineral-deficient soils and the extent of the 
deficiencies. 

THE NATURE OF MINERAL DEFICIENCIES 

A continued deficiency of phosphorus in the ration leads to a condi- 
tion called aphosphorosis, which was identified in 1924 by Theiler, 
Green, and Du Toit {1129). The first symptoms of a phosphorus de- 
ficiency are usually manifested by a perverted or depraved appetite 
(pica) on the part of the animal as evidenced by the chewing of wood, 
bones (osteophagia), dirt, and other miscellaneous material. When the 
disease advances to the stage where development of the bodies of 
affected cattle is materiallv impaired, it is known by such names as 
"stvfsiekte" in South Africa (#5). "stiffs^ or "sweenev" in Florida 
{83), and "creeps" in Texas {1015). 

The appetite of cattle in advanced stages of phosphorus deficiency 
becomes so depraved that even rotten bones are eaten, and when this 
material is infected with germs or organisms called Clostridium 
botulinum, a disease called lamsiekte in South Africa develops and 
usually proves fatal. This condition is probably identical with that 
known as loin disease, which is seen in cattle in certain parts of the 
United States. 

Calcium and magnesium deficiencies, like phosphorus deficiency, 
affect the skeletal structures and the function of reproduction. Theiler 
{1126, 11.27) has given the uame "acalcicosis" to calcium undernutri- 
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tion. It is likely, however, except in special cases, that magnesium 
and calcium deficiencies are not sufficiently serious in any section of 
the United States to have any material effect on mature beef cattle. 

Rickets is a nutritional disease closely related to a deficiency of 
phosphorus, calcium, or vitamin D, particularly in young animals. 
Rickets may develop with a sufficient supply of phosphorus and cal- 
cium or an abnormal ratio of calcium and phosphorus in the diet 
when there is a lack of sufficient vitamin D, the antirachitic vitamin 
which greatly influences the metabolism of calcium and phosphorus 
and bone formation. 

Chlorine is required by animals since it is a constituent part of body 
tissues and fluids and is used in many functions such as the formation 
of hydrochloric acid, which aids in certain phases of the digestion. 

Iodine deficiencies are quite common in the Northwest and the 
upper Mississippi Valley, and usually show in the form of goiter and 
weakness in newborn calves, lambs, foals, and kids, and hairlessness 
and goiter in newborn pigs. 

Iron deficiency produces anemia, which can readily be determined 
in the laboratory by the determination of hemoglobin, the red coloring 
matter of blood, or by counting the number of red blood cells per unit 
volume with the aid of a microscope. 

Cobalt, according to Marston, Lines, Marshall, and Hosking {756), 
is useful in correcting a specific nutritional deficiency disease in sheep 
in Australia, called coast disease, which is characterized by a severe 
anemia. Neal and Ahmann {836) of the Florida Agricultural Experi- 
ment Station report an experiment in which calves were fed cobalt, 
with and without supplementation of iron and copper, in conjunction 
with a basal ration consisting of Natal grass hay, shelled corn, and 
skim-milk powder. The hay and corn were produced on cobalt-de- 
ficient land.    The authors report that— 
the results of these trials indicate very clearly the beneficial effect of a cobalt 
supplement to the basal ration; and the deleterious effect of ferric ammonium 
citrate and copper sulfate. A malnutrition has been produced in calves that is 
prevented or cured by cobalt supplementation and is aggravated by the use of 
iron and copper supplement. 

The value of minerals in correcting a specific mineral deficiency 
depends upon the absorption, which in turn is affected to a great 
extent by the solubility of the particular compound fed and its ratio 
to other minerals present. 

MINERAL CONTENTS OF FEEDS 

By knowing the mineral contents of feeds and the approximate 
mineral requirements of animals it is possible in most instances to 
prevent or correct mineral deficiencies by proper supplementary 
feeding if the deficiency has not progressed to the point of permanently 
injuring the animals. 

Certain groups of feeds are high in calcium content and others are 
high in phosphorus. For instance, the legumes (alfalfa, clover, 
lespedeza, etc.), milk products, and fish meal are rich in calcium; and 
the wheat and rice products (bran, middlings, red-dog flour, and rice 
polish), legume seeds, protein meals (cottonseed and linseed), and 
milk and animal products (meat meal, tankage, fish meal, etc.) are 
phosphorus-rich feeds. 



532 YEARBOOK OF AGRICULTURE, 1939 

The mineral contents of some of the more common cattle feeds arc 
oiyen in table 6. In reviewing this table it may be noted that alfalfa 
bay contains approximately four times as much calcium as timothy 
hay, and that fish meal contains about six times as much calcium as 
alfalfa. Nevertheless, alfalfa is considered a good source of calcium, 
and owing to its relative availability, it is a more popular source than 
fish meal. Rice polish contains more than four times as much phos- 
phorus as timothy hay. Yet, even though timothy hay is low in 
calcium, limited experimental work has shown no bad effect on milk 
production or growth when it is fed to dairy cattle as the chief source 
of calcium. 

TABLE 6.—Mineral content of some feeds, in percentage of substance as fed t 

Seeds: 
Barley  
Corn  
Oats  
Wheat  

Seed byproducts: 
Brewers' grains  
Corn-glut en feed .._ 
Cottonseed meal __. 
Distillers' grains, corn___ 
Distillers' grains, rye  
Linseed meal     
Red-dog flour  _ 
Rice polish  _. 
Wheat bran  
Wheat middlings 

Forage crops, green: 
Alfalfa  
Bluegrass  
Clover, red.. 
Corn, silage. 
Oats  
Rye  

Dry roughages: 
Alfalfa     .   _ 
Clover, red 
Corn stover. 
Cowpea  
Soybean 
Straw, oat 
Straw, wheat. 
Timothy  

Roots and tubers: 
Beet pnlp  
Mangel-wurzel: 
Turnips  

Animal products: 
Bonemeal, steamed 
Fish meal  
Meat meal  
Skim milk  
Tankage  

Phos- Potas- Mag- Chlo- Sul- 
phorus sium nesium  —-"- rine fur 

Percent Percent Percent Percent Percent Percent 
0.32 0.51 

.32 
0.16 

.11 
0.14 

.26 0.02 0.04 .13 

.39 .42 .12 .17 .07 .20 

.37 .52 .13 .03 .08 .20 

.47 .17 .16 .20 .06 .39 

.81 1.06 .40 .97 .21 .71 
1.11 1.46 .59 .04 .03 .41 
.29 .01 .05 .14 .06 .47 
.42 .04 .18 .07 .03 .37 
.84 1.25 .53 .10 .40 .39 
.83 .38 .29 .66 .14 .26 

1.50 1.14 .66 .11 .13 .17 
1.15 1.12 .51 .04 .03 .20 
.89 .99 .34 .10 .03 .21 

.05 .77 .04 .05 .12 .11 

.06 .35 .06 .04 .06 .08 

.05 .92 .07 .06 .13 .08 
.06 .26 .08 .01 .05 .04 
.05 .83 .02 .07 .19 .05 
.06 .84 .01 .04 .22 .08 

.20 1.32 .27 .09 .20 .26 

.13 1.62 .25 .03 .05 .12 

.10 1.72 .09 .06 .29 .17 

.25 .78 .98 .65 .15 .32 
.21 1.58 .62 .13 .08 .23 
.20 1.29          .16 

.80  ;          .06 .04 .22 .20 .15 
.18 1.24,       .12 .06 .27 .06 

.06 .31 .25 .17 .04 .13 

.03 .44 .04 .08 .16 .03 

.05 .26 .01 .03 .05 .04 

13.90 .13 .78 .47 .06 .31 
4.70 

.89 1.15 .13 .44 .86 .32 

.09 .24 .01 .05 .09 .03 
1.63 .56 .15 1.66 2.44 .61 

i Data from Ohio Agricultural Experiment Station Bulletin 255 (371. pp. :2¿■'>-?:??), national Research 
Council Bulletin 99 (80S), and results of analyses made in the laboratories of the Bureau of Animal Industry. 

Tn many sections of the United States, particularly in the West in 
areas where beef cattle subsist almost entirely on the range, it is more 
practical and perhaps less expensive in the majority of cases to supply 
phosphorus, and perhaps other minerals, from sources other than 
grains and forage crops. Limestone, bonemeal, spent bone black, 
and oystershell are good sources of calcium.    Bonemeal, spent bone 
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black, and dicalcium and disodium phosphates are good sources of 
phosphorus. The chemical salts, such as dicalcium phosphate, as a 
rule are not palatable and cattle will not eat them unless they are 
mixed with common salt or with some palatable feed or dissolved in 
the drinking water. Superphosphate, dicalcium phosphate, or ground 
rock phosphate may be used as a source of phosphorus, but great 
caution must be exercised to be sure the product is low in fluorine. 
A chemical analysis should be made to see that there is not more 
than 0.10 percent of fluorine or of arsenic present. 

The minerals most likely to be needed to supplement feeds are 
common salt, calcium, phosphorus, and in some cases iodine and iron. 
The need in some instances for the addition of other minerals has been 
recognized, but the quantities required have not been adequately 
demonstrated. 

To a large extent, the judicious selection of feeds for purposes of 
providing supplemental proteins and vitamins as well as increased 
palatability will balance the ration with respect to minerals also. 
Mineral-deficiency problems are frequently local, being due to defi- 
ciencies in the soils producing the livestock feeds. A particular 
element may become a limiting factor to successful nutrition. Thus, 
a calcium or phosphorus deficiency leads to arrested or distorted bone 
development in young animals, an iodine deficiency to goiter, and 
iron deficiency to nutritional anemia, to mention the more common 
examples. 

Rations consisting largely of the cereal grains are relatively rich in 
phosphorus, but require the addition of calcium-rich supplements, 
such as the legume hays, limestone, or a combination of limestone 
and bonemeal, to provide a more favorable ratio of calcium to phos- 
phorus. When protein supplements of such rations consist of tankage 
containing considerable bonemeal, fish meal, or milk, the need for 
mineral supplements is not so great. Nonleguminous pasturage some- 
times may be supplemented by the addition of bonemeal or a mixture 
of equal parts of limestone, bonemeal, and salt. In certain regions 
the phosphorus content of grass or hay is low, and in such cases bone- 
meal, linseed meal, cottonseed meal, or some other phosphorus-rich 
feed can be supplied to balance the ration. 

CALCIUM AND PHOSPHORUS REQUIREMENTS 

The requirements of animals for calcium and phosphorus must be 
satisfied from feeds which may vary considerably in their content of 
these minerals. Accordingly, it is advisable to provide a margin of 
safety in feeding standards, based as they must be on average require- 
ments and contents. When legume hays—alfalfa, clover, or soy- 
bean—are liberally fed, little or no mineral addition is required. 

Table 7 shows the approximate calcium and phosphorus require- 
ments of growing, fattening, pregnant, and lactating beef cattle. It 
will be noted that the calcium and phosphorus requirements are 
greater for growing and breeding than for fattening cattle. 

Generally speaking, any feed mixture or mineral mixture that will 
supply 10 to 15 grams of P2O5 (phosphorus pentoxide) or its equiva- 
lent, 4 to 6.5 grams of phosphorus, per head daily should prevent a 
phosphorus deficiency in cattle grazing on phosphorus-deficient range, 



534 YEARBOOK OF AGRICULTURE, 1939 

TABLE 7.—Approximate calcium and phosphorus requirements of beef cattle, in percent- 
ages of the dry ration, and suggested types of feeds which, when fed in accordance with 

good practice, are usually capable of meeting the requirements 

Period of 
development 

of cattle 

Approxi- 
mate 

calcium 
require- 

ment 

Growing    (400 
pounds), 

Fattening (900 
pounds). 

Pregnant (late). 

Lact atina  

Feeds providing calcium to 
meet requirements or bal- 
ance the ration 

Percent    ! 

0.4 i Legume forage. 

Mixed grasses or hays   

Liberal ration high in legume 
forage. 

Legume   forage   as   part   of 
roughage,   or   bonemeal   in 
grain ration. 

Approxi-   , 
mate      ! 

phosphorus i 
require-    ! 

ment      | 

Percent 
0.3 

Feeds providing phosphorus to 
meet requirements or balance 
the ration 

Forage above average in phos- 
phorus or grains with cotton- 
seed meal or wheat bran. 

Usual grain ration adequate. 

Liberal ration including grain. 

Addition of concentrates such 
as wheat bran, linseed meal, 
cottonseed meal. 

and possibly correct an existing deficiency if the disease has not 
reached advanced stages. 

In South Africa where mineral metabolism of cattle has been one 
of the foremost nutritional problems for investigation for many years, 
Du Toit and Bisschop {287) obtained significant results from the feed- 
ing of bonemeal to breeding cows grazing on phosphorus-deficient veld. 
In the experiment the cows and heifers in calf and lactating cows 
were fed 5 ounces of bonemeal daily (except Sundays) and all growing 
and dry stock 3 ounces. The calves were fed the bonemeal supple- 
ment from weaning at 9 months of age until 30 months old. The 
results of this experiment were outstanding and are no doubt appli- 
cable to many of our range production areas, especially in the South 
and Southwest. Over a 3-year period bonemeal-fed cows had pro- 
duced an average calf crop of 87.3 percent as compared to 56.3 percent 
for the controls. In the bonemeal group 66.1 percent had 3 calves in 
3 years, while not a single cow among the controls produced a calf 
each year. 

The feeding of bonemeal hastened sexual maturity and favored 
breeding regularity. Of the bonemeal-fed heifers, 84.4 percent became 
pregnant when turned with the bull at from 2 to 2¾ years of age, 
whereas only 73.7 percent of the control heifers became pregnant. 
The average birth weights of the two groups were 68.8 and 68.1 
pounds respectively for the bonemeal and control calves; but at 
weaning time (about 9 months) the calves from the bonemeal-fed 
cows weighed 16.5 percent more, and at 30 months of age, 243 pounds 
or one-third more. The feeding of bonemeal significantly increased 
the milk flow of the cows, and this in turn favored increased growth 
and skeletal development of the calves. A study of skeletal develop- 
ment made through a series of body measurements showed a marked 
superiority of the bonemeal-fed calves in nearly every measurement 
taken. 

Hart and Guilbert {495) increased the calf crop by supplementing 
range pastures in California with bonemeal. Schmidt {1015) found 
that ^creeps^ could be prevented and bone chewing stopped in about 
75 percent of the cases studied in the Gulf coast section of Texas. 
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Beeson and Hickman (85) found that a ration containing 0.12 
percent of phosphorus and supplying 8.23 grams daily to growing 
calves in Idaho resulted in poor condition of calves, rough coat of 
hair, and chewing of wood and eating of dirt by the calves. Their 
results indicated that 2 grains of phosphorus for each 100 pounds of 
live weight would meet the requirements of growing calves. 

The South African investigators, Malan, Green, and Du Toit (7^), 
found that heifers on phosphorus-deficient pasture fed bonemeal from 
9 months to 2 years of age maintained a normal content of 5 milligrams 
of inorganic phosphorus per 100 cubic centimeters of blood, whereas 
control heifers showed only half that amount. 

Bekker (86) in South Africa reports experiments showing two-thirds 
of an ounce of dicalcium phosphate to be as effective as 3 ounces of 
bonemeal or 1¾ ounces of disodium phosphate. In choosing between 
these sources it should be taken into consideration that bonemeal is 
palatable to cattle and no trouble is experienced in getting them to 
eat it, whereas dicalcium phosphate and disodium phosphate are 
seemingly not palatable when fed alone. The former is only slightly 
soluble in water and accordingly must be hand-dosed or mixed with 
salt or a palatable feed. Disodium phosphate is soluble in water and 
can be placed in the drinking water, but this can be done satisfactorily 
only when the cattle are compelled to get their water from a supply 
treated with the salt. The South African investigators reported that 
when disodium phosphate (20-percent phosphorus pentoxide) was 
dissolved in the water supply at the rate of 45 grams per 6 gallons of 
water, the cattle drank 5.8 gallons of water each, and thus obtained 
1.56 ounces of phosphorus pentoxide daily, or 0.68 ounce of phos- 
phorus. 

The so-called deficiency diseases—loin disease, creeps, salt sick, 
stiff, hill sick, etc.—appearing in range-cattle herds, particularly 
in the South and Southwest, are being investigated in view of the 
excellent results obtained in South Africa in the feeding of phosphorus 
to range cattle. The Department of Agriculture and the Texas 
Agricultural Experiment Station are carrying on an experiment in 
cooperation with the King Ranch in south Texas to determine satis- 
factory methods of correcting phosphorus deficiencies in cattle on 
the range. A general survey covering several months and extending 
quite generally over southern Texas indicated through the chemical 
analyses of hundreds of forage samples and of several soils that a 
phosphorus deficiency of considerable consequence exists in many 
sections of the Texas Gulf coast country. The chemical analyses 
did not reveal a calcium deficiency of importance. 

The administration of mineral supplements to cattle in this experi- 
ment (fig. 4) was begun in January 1937. Four groups of 25 head 
each of yearling heifers were random-selected and are being handled 
as follows: 

Group 1: Controls (no supplement). 
Group 2: Fed approximately 3 ounces of bonemeal per head daily (Sundays 

excepted). 
Group 3: Fed approximately 1¾ ounces of disodium phosphate per head daily. 
Group 4: Fed approximately 3 ounces of bonemeal and 160 milligrams of iron 

supplied in the form of ferric ammonium sulfate, 100 milligrams of manganese 
as manganese sulfate, 15 milligrams of copper as copper sulfate, 15 milligrams of 
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Figure 4.—An experiment to determine satisfartory methods of correcting phosphorus 
deficiency in range heef cattle. Differ, nI groups of animals arc given different mineral 
supplements daily.   Results « ill he checked against a group that receives no supplement. 
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zinc as zinc sulfate, 15 milligrams of cobalt as cobalt sulfate, and 15 milligrams 
of boron as sodium tetraborate (borax) per bead daily (Sundays excepted). 

All groups, including the controls, are handled through the corrals 
and chute so as to reduce any variable in handling to a minimum. 
The heifers in the mineral-fed group are individually hand-dosed. 
Blood samples are taken every 14 days from five heifers in each 
group, so that the blood from each animal is sampled every 70 days. 
When this part of the experiment had been under way for only half 
a year, there had been a marked response to the feeding of the mineral 
supplements, as evidenced by the appearance and gains of the cattle, 
which were checked every 28 days. The analyses of the blood samples 
also showed a marked improvement in the inorganic phosphorus 
content of the blood in the groups fed mineral supplements over the 
control group. 

It is planned to conduct this experiment over a period of several 
years, taking at regular intervals weights and measurements of the 
calves produced, for growth and skeletal-development studies. The 
effect of feeding minerals or mineral supplements on percentage calf 
crop, sexual maturity, and milk or beef production or both will be 
studied. In this experiment the mineral supplements are fed so as 
to supply 15 grams of phosphorus pentoxide per head daily in addition 
to that in the pasturage. It is estimated that this quantity will 
not only meet the phosphorus requirement but leave a margin for 
safety.    Plans call for following this experiment with one in which 

TABLE 8.—Estimated daily calcium and phosphorus requirements of growing and 
fattening beef steers 

GROWING STEERS 

Body weight (pounds) 

300-. 
400.. 
500-. 
000_. 
700 _ 

900-- 
1,000- 
1,100. 
1,200- 

Dry Net 
matter require- 
require- ment of 
ment i calcium 

Grams Grams 
3, 552 10.6 
3, 993 9.9 
4,541 9.3 
4,801 8.6 
5, 291 7.9 
5,644 7.3 
5,971 6.7 
6,400 6.2 
6,783 5.7 
7, 154 5.3 

Feed 
calcium 
required 

Necessary 
percentage 
of calcium 
in ration 

Xet 
phos- 

phorus 
require- 

ment 

Grams Percent 
15.1 0.43 
14.1 .35 
13.1 .29 
12.3 .25 
11. 3 .21 
10.4 .18 
9.6 .16 
8.9 .14 
8.1 .12 
7.6 .11 

Grams 
8.6 
8.7 
8.7 
8.7 
8.6 
8.6 
8.4 
8.4 
8.4 
8.3 

in ration 

Grams 
12.3 
12.4 
12.4 
12.4 
12.3 
12.1 
12.0 
12.0 
12.0 
11.9 

Percent 
0.35 
.31 
.27 
.26 
.23 
.21 
.20 
.19 
, 18 
.17 

FATTENING STEERS 

800  
400     -       _-      

5,198 
o, 602 
6,190 
6, 501 
6,974 
7,348 
7,683 
8,157 
8,668 
8, 966 

17.3 
15.8 
14.5 
13.4 
12.4 
11.5 
10.6 
9.8 
9.1 
8.4 

24.7 
22. Ö 
20.7 
19.1 
17.7 
16.4 
15.1 
14.0 
13.0 
12.0 

0.48 
.40 
.33 
.29 
.25 
.22 
.20 
.17 
.15 
.13 

]2.5 
12.2 
11.7 
11.5 
11.2 
10.9 
10.7 
10.5 
10.4 
10.2 

17.9 
17.4 
16.7 
16.4 
16.0 
15.6 
15. 3 
15.0 
14.9 
14.6 

0.34 
.31 

500     _        .27 
600                               -        .25 
7()0            _ _    -_        .23 
800     .      _-      .21 
900 .20 
1 000                  .-      .18 
1 100 .17 
1 200                        .10 

i In computing the dry matter requirements, the ratios of dry matter to total digestible nutrients 
equired are the same at different body weights as those recommended in the Morrison standards (819). 
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phosphorus will be fed at different levels, so as to determine a more 
accurate measure of the minimum requirements. 

Until further experimental evidence is available on mineral require- 
ments of beef cattle, it may be the best plan^ with few exceptions^ to 
consider calcium and phosphorus as the minerals which have a real 
economic relationship to the cattle industry. In this connection the 
estimated daily requirements for growing and fattening beef steers, 
as reported by Mitchell and McClure (803) and presented in table 8, 
may be considered as a very good guide. 

VITAMIN REQUIREMENTS OF BEEF CATTLE 

Since the first vitamin was discovered some 25 years ago, knowledge 
in this field has steadily expanded, largely through the medium of 
laboratory experimentation with rats, guinea pigs, pigeons, and 
chickens. At present, according to Maynard (769), there are at least- 
eight vitamins for the existence of which there is definite evidence. 
That others undoubtedly exist should not be overlooked, though 
current evidence is somewhat conflicting and entirely too fragmentary 
to warrant any definite conclusions. 

Present knowledge with reference to the daily requirements of these 
dietary essentials in the feeding of beef cattle is extremely meager. 
It is known, however, that of the vitamins found to be essential for 
the well-being of beef cattle, relatively minute quantities are required 
to meet the daily needs. In the absence of these minute quantities, 
however, serious complications will develop, so that the feeding of 
nutrients containing sufficient amounts of the essential vitamins is 
necessary to insure health and well-being of the cattle, 

VITAMIN A 

Vitamin A, a fat-soluble vitamin, was identified by McCollum and 
Davis (7%S) and Osborne and Mendel (881). Animals are able to form 
vitamin A in their bodies from certain yellow pigments known as 
carotinoids, which are found in most plants. Vitamin A may also 
be supplied in fish oils. Results of experiments in feeding cattle in 
which such feeds as cottonseed meal, cottonseed hulls, and white 
hagari, or poor quality roughages are used, show clearly the need of 
this vitamin. 

It is generally agreed that animals fed rations deficient in vitamin A 
are usually more susceptible to specific infections, notably those of the 
respiratory tract, than are animals receiving an ample supply of this 
vitamin. There appears to be some difference of opinion among 
investigators as to whether animals receiving vitamin A in excess of 
that necessary to overcome deficiency symptoms have any increased 
resistance to infectious diseases. One of the major functions of this 
vitamin appears to be to maintain the epithelium, or lining, of the 
mucous membranes of the body in a healthy state and thus retard or 
prevent bacterial invasion (1247). 

An early symptom of vitamin A deficiency in cattle, commonly 
referred to as night blindness, is characterized by an inability of the 
animal to see in a dim light. If this condition is not alleviated com- 
plete blindness may follow. As the deficiency continues, a general 
degeneration of the nerves controlling vision and the coordination of 
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the extremities develops. This condition has been observed in other 
animals as well as in cattle (ôô8, îlîl), and spasms, paralysis, and 
death often result. 

Hart and Guilbert (496) have shown that cattle develop symptoms of 
vitamin A deficiency when grazed on ranges which, after an extended 
dry period, have become almost devoid of carotene. Cows on such ranges 
usually fail to breed regularly or they may abort at varying intervals 
after conception. Calves that survive are usually weak, frequently 
scour, and are very susceptible to respiratory diseases such as pneu- 
monia. Animals that have not been too seriously depleted of vitamin 
A usually recover when given access to feed rich in carotene or vita- 
min A. 

Because of the inconsistency between methods used by different 
investigators to detect quantitatively early clinical symptoms of 
vitamin A deficiency, a more desirable method has been sought. 
Moore (806) has suggested two methods. The first consists of follow- 
ing the level of blood carotene. In this test the proteins in the blood 
plasma are precipitated by the use of alcohol, and the yellow pigments 
soluble in petroleum ether are extracted. The concentration of the 
yellow color is taken as an index of the amount of carotene present. 
This is measured by the use of a Lovibond tintometer. Below certain 
levels reproductive diificulties and vitamin A deficiencies occur. The 
second method involves the observation of the head of the optic nerve 
of the eye by the use of an ophthalmoscope. When vitamin A defi- 
ciency exists changes described as papillary edema and clouding of the 
disk are observed. By the use of these two guides vitamin A defi- 
ciency can be diagnosed long before the health of the animal is so 
impaired as to make proper recovery impossible. 

In feeding tests at Spur, Tex., cooperatively conducted during 
1934-35 by the Bureau of Animal Industry and the Texas Agricultural 
Experiment Station (data unpublished), steer calves were fed differ- 
ent amounts of alfalfa hay to furnish carotene in rations largely com- 
posed of cottonseed meal and cottonseed hulls in order to establish a 
practical level of alfalfa feeding for the prevention of vitamin A 
deficiency in growing and fattening steers. Steers fed 1, 2.5, and 5 
pounds daily of alfalfa hay showed no indication of the deficiency, 
while steers receiving a ration composed of cottonseed hulls, cotton- 
seed meal, and white kafir chops exhibited symptoms of vitamin A 
deficiency after having been on the ration for 140 days. One group 
of five steers was fed 1 pound daily of alfalfa hay in addition to the 
meal and hulls for 500 days. These steers made an average daily gain 
of 1.6 pounds and there was no appreciable manifestation of vitamin 
A deficiency among them. In subsequent experiments yearling 
steers, depleted of bodily stores of vitamin A and carotene by a ration 
composed of 12 percent of cottonseed meal and 88 percent of cotton- 
seed hulls and fed a supplement of carotene from alfalfa at levels of 
200, 350, and 500 micrograms per 100 pounds of body weight daily, 
gave indication that these levels were insufficient for normal health 
and growth. Another group of steers fed carotene at a level of 750 
micrograms daily fared better than the three last-mentioned groups, 
but did not exhibit the alertness and activity of the fifth group, fed 
2,400 micrograms of carotene daily per 100 pounds of live weight. 
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In later experiments conducted on a narrower range of carotene 
levels, 40 steer calves were depleted of vitamin A storage on a ration 
composed of 3 percent of tankage, 10 percent of cottonseed meal, and 
87 percent of cottonseed hulls. As this group became depleted they were 
placed on fattening rations furnishing from 450 to 1,000 microgram s of 
carotene per 100 pounds of live weight daily through the medium of 
alfalfa meal. Another group of 10 steer calves was fed a ration similar 
to that for the depletion group and in addition received 800 micro- 
grams of carotene per 100 pounds of live weight daily, which was 
supplied in alfalfa meal. Night blindness first appeared at 101 days 
in the groups fed the depletion ration. The average length of time, 
however, was 136 days, with 65 percent of the cattle showing symp- 
toms between 125 and 160 days. Two steers withstood the effects of 
the depletion ration for 206 days. Symptoms in addition to night 
blindness included excessive discharge from the nose and eyes, slob- 
bering, swelling of the joints, loss in weight, unsteady gait, and 
convulsions. 

Feeding at a level of 450 micrograms of carotene produced com- 
plete night blindness in all steers on this ration. At levels of 600 and 
750 micrograms convulsions and sickness were prevalent and complete 
night blindness occurred in the majority of cases. When the carotene 
content was raised from 750 to 1,250 micrograms, this group of steers 
showed slight improvement at the end of 3 weeks. Night blindness 
occurred in. every case in which a level of 800 micrograms was fed 
from the beginning of the experiment, but the time required to pro- 
duce this condition in the calves of this group was greater than that 
for calves fed depletion rations from the outset. Normal vision was 
restored rapidly when the number of micrograms of carotene from 
alfalfa was increased to 2,000, or when an equivalent amount of vita- 
min A was furnished in cod-liver oil. The group receiving 1,000 
micrograms of carotene did not improve in night vision when fed at 
this level for 120 days. In fact, the steers slowly approached com- 
plete blindness. The variation in the rate of gain of the steers on 
different carotene levels was not significant. 

In still later experiments at Spur (1937-38), 50 steer calves were 
placed on the vitamin A-depletion ration. When the first 35 showed 
symptoms of vitamin A deficiency, they were divided into 5 groups 
and placed on a basal fattening ration consisting of 3 percent of 
digester tankage, 15 percent of cottonseed meal, 30 percent of ground 
white corn, and 52 percent of cottonseed hulls, with alfalfa meal in 
addition at carotene levels of 800, 1,000, 1,250, 1,500, and 2,000 micro- 
grams daily per 100 pounds of live weight, respectively. The remain- 
ing 15 were handled in similar fashion when they became depleted. 
After carotene was fed for 84 days it was evident that 800 micro- 
grams per 100 pounds of live weight daily was not sufficient to con- 
trol night blindness. The cattle on levels of 1,000 and 1,250 micro- 
grams of carotene approached total night blindness, but appeared to 
be more active than the previous group. The groups receiving 1,500 
and 2,000 micrograms showed the same average degree of night blind- 
ness but were markedly more alert and active than the 800- and 1,000- 
microgram groups. The 2,000-microgram group appeared to regain 
normal night vision entirely for a period of about 10 to 14 days after 
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starting on that level, but for the 4 weeks following they exhibited 
gradually increasing night blindness. 

Guilbert and Hart (444) report that lactation is probably a greater 
strain on the reserve supply of vitamin A than is gestation. They 
also state that the vitamin A reserve appears to be low for young 
growing animals but that it increases with age if the animals have 
access to feeds containing sufficient amounts of carotene. Maximum 
storage was found in the adult of advanced age. 

According to the work of Converse and Meigs {230), cows should 
receive, for normal calving, from 80 to 100 milligrams of carotene 
daily during the last months of gestation. A daily intake of only 
60 milligrams is liable to result in an appreciable number of dead 
calves. Although these results pertain to dairy cows, the data may 
be applicable to beef and dual-purpose cows in similar stages of 
gestation. 

Ward and others {1181), in an effort to determine the carotene 
requirements of growing calves, fed 27 dairy calves 1,200 to 1,400 
micrograms of carotene per 100 pounds of body weight without pro- 
ducing symptoms of vitamin A deficiency. Increasing the dosage 200 
to 300 micrograms did not appear advantageous. 

In determining the minimum vitamin A requirements of beef 
cattle ranging in age from 7 months to 4 years, Guilbert and Hart (44^) 
added carotene to deficient rations in the form of chopped alfalfa 
hay or dehydrated alfalfa meal of known carotene content. The dose 
was increased periodically until the amounts ingested were sufficient 
for normal weight increase and to alleviate all clinical symptoms of 
deficiency. Recovery experiments were inaugurated when the ani- 
mals exhibited complete blindness in semidarkness. The carotene 
level at which night blindness disappeared permitted gains up to 
2.86 pounds daily. These workers concluded that from 26 to 33 
micrograms per kilogram (2.2 pounds) of live weight were needed for 
minimum requirements. In most instances, symptoms reoccurred 
when the intake of carotene fell below 29 micrograms, but this level 
prevented or cured clinical symptoms of deficiency. This minimum 
requirement in micrograms per 100 pounds of live weight ranges from 
1,200 to 1,500. These investigators suggest that the carotene or 
vitamin A requirement of cattle and other animals is directly related 
to body weight rather than to energy requirement. 

Semb and his associates {1026) found the vitamin A and carotene 
content of butterfat prepared from colostrum to be 5 to 15 times 
as great as that of ordinary butterfat. Vitamin A and carotene 
were found in largest quantities in the milk immediately after 
freshening and appeared to drop rapidly the first week, with a 
continued but more gradual decrease in the subsequent weeks. 
Calves should be allowed to obtain colostrum whenever possible, 
since it serves as an important source of vitamin A as well as other 
factors. 

Halverson and Sherwood {^61) concluded that failure of cows on 
rations of peanut meal, linseed meal, or soybean meal with a mineral 
mixture and a poor roughage was due primarily to a vitamin A defi- 
ciency, and that symptoms of "cottonseed meal poisoning" were not 
due to the presence of a toxic substance in the meal. 
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VITAMIN B COMPLEX 

Experimental work has shown that the antineiiritic vitamin 8% 
(thiamin) is required by man, clogs, poultry, pigeons, rats, mice, and 
possibly swine. In experimental work with cattle, Bcchdel and 
others \75) fed rations to cattle insufficient in what was then (1926) 
known as vitamin B with no ill effects. Their work indicates that 
calves will grow normally to maturity and will produce normal off- 
spring on a ration that contains an insufficient amount of vitamin B 
(old nomenclature) to support growth and general well-being in the rat. 
However, successful lactation was never obtained for more than 
several weeks. 

Bechdel concluded that either the calf has a very low requirement 
compared to the rat, or that the vitamin is produced by synthetic 
action in the digestive tract. It has been shown that certain bacteria 
possess this synthesizing power. There can be little doubt that 
Bechdel and associates fed appreciable quantities of some vitamin B 
factors in their experiments, since crude commercial casein was in- 
cluded in their experimental rations. At present, there is no informa- 
tion available regarding the need of cattle and other large farm ani- 
mals for the individual vitamins known to make up the vitamin B 
complex. Eckles and Williams {301) studied the effect of yeast as a 
supplemental feed in rations for lactating cows and obtained negative 
results. However, Newman and Savage {852) recently reported that 
the use of dried brewers' yeast and cereal yeast feed in dry calf-starter 
formulas fed to calves which received a limited amount of milk re- 
sulted in greater growth, and body development than was obtained 
without these supplements. 

OTHER VITAMINS 

So far as is known today, the antiscorbutic vitamin (vitamin C or 
ascorbic acid) is required only by man, monkey, and guinea pig. 
The relatively few experiments which have been conducted have 
failed to disclose any need for this vitamin in the diet of cattle {1136). 
Phillips and associates {921) report that vitamin A or its precursors is 
concerned directly or indirectly with the maintenance of vitamin C 
levels in the blood plasma and urine of calves when they are main- 
tained on a certain experimental ration primarily deficient in vitamin 
A. These workers submit additional evidence that cattle require a 
dietary factor necessary for normal blood clotting that is believed 
to be vitamin K. 

It has been shown that beef cattle must have an adequate supply of 
vitamin D to enable them efficiently to assimilate and utilize the cal- 
cium and phosphorus in their feed and to prevent the development of 
rickets. There are no experimental data available as to the require- 
ments for this vitamin for growth, fattening, and reproduction of beef 
cattle.    Bechdel and his associates {76) state: 

The minimum level of vitamin D for growth, well being, and proper calcification of 
bones of calves from birth to 7 months of age as found under the conditions of this 
experiment, is approximately 300 17. S. P. units per day per 100 pounds live weight. 

Vitamin D supplement was fed in the form of irradiated yeast, oxi- 
dized cod-liver oil, and unaltered cod-liver oil. Long, Huffman, and 
Duncan {696) state: 
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When winter and early spring whole milk furnished the only source of vitamin 
D, the daily intake of 0.3 to 0.4 U. S. P. units per pound of body weight appeared 
fco meet the requirement of the growing calf, when normal plasma magnesium 
values were maintained. 

This may suggest a more efficient utilization of vitamin D by the 
calf from natural vitamin D in milk than from other sources. 

Vitamin E is of significance in the nutrition of some other species 
of animalsj but experiments planned to demonstrate the importance of 
or the requirements for this vitamin in the feeding of cattle have not 
been satisfactorily confirmed. Vitamin E is necessary for reproduc- 
tion in the rat, according to Evans (34%), and there is evidence that this 
vitamin is essential for normal reproduction in poultry also, Thomas 
and Cannon {1183) have shown that goats may reproduce without 
unusual difficulty on rations devoid of vitamin E; in fact, they report 
an original herd of 7 goats to have increased to 48 on rations treated 
to destroy vitamin E. 

From this review it is plain that the vitamin requirements of beef 
cattle and other farm animals, with the possible exception of poultry, 
are little known and therefore offer an important field for nutritional 
research. 



PRACTICES   IN   THE  FEEDING  OF   BEEF 

AND  DUAL-PURPOSE  CATTLE 

by W. H. Black * 

IN A L U U N I K Y as varied as the United States, feeding praetices 
with heef cattle differ eonsiderahly in different areas. The author of this 

article discusses his subject with these differences in mind. Some of the 

newer experiments and methods, including the creep feeding of calves, 

are described from the standpoint of their practical value or lack of value. 

A table at the end of the article gives suggested average rations, in terms 

of the common feeds, for various classes of cattle. 

BEEF CATTLE 

PRACTICES used in the feeding of beef cattle depend to a large extent 
on the relative availability of suitable grasses and grain. Where 
grass is the principal asset, as in the range country, and where grain or 
other concentrates are rather limited, the practices employed will or 
should be based on the maximum use of grass supplemented in some 
instances with hay, grain, highly concentrated feeds, or combinations 
of these. This will apply to essentially all methods or phases of 
beef-cattle feeding, including wintering, summer grazing, and fatten- 
ing. Therefore, where grass is the primary feed and concentrates are 
limited, the feeding practices are likely to be associated with the winter- 
ing and summer grazing of breeding herds and steers of various ages 
for feeder production rather than with the production of finished beef. 

In such areas as the Corn Belt, where fattening feeds are usually 
abundant and where pastures are somewhat limited, the extensive 
use of grain for steer fattening, and to a lesser extent for breeding herds, 
is the common feeding practice. But whether it be in the range 
country of the West, the fattening areas of the Middle West, or other 
beef-production areas, the feeding practices to use will hinge on the 
place filled by grass in the ration. In the broad sense, it is either grass 
or grain with the beef cattleman.    There are, of course, many modi- 

1 W, H. Black, Senior Animal Husbandman, is in charge of the Offtec of Beef and THial-Purpose Cattle 
Investigations. Animal Husbandry Division, Bureau of Animal industry. Acknowledgment is made hv 
the author for the valuable assistance in the preparation of the dual-purpose material of A. C. Cook, 
Associate Animal Husbandman. Animal Hasbandrv Division, in charge of records on beef and dual-purpose 
cattle. Agricultural Research Center. Belts ville, Md. 
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fications of these two practices within and between the various beef- 
prodnction areas, and these will be discussed under wintering, summer 
grazing, and fattening. 

WINTERING BEEF CATTLE 

Wintering beef cattle is an economic as well as a nutritional problem. 
The objective is to meet the minimum requirements of the animals for 
existence without impairment of function with feeds that are available 
and cheap and can be easily transported. Slightly different feeding- 
practices are followed with breeding herds, bulls, and steers. 

Breeding Herds 

The breeding herd, generally speaking, is wintered in the feed lot. 
The tendency to reserve range or pastures for winter grazing is rapidly 
increasing, however. In the range country of the Southwest and in 
the Southern States, particularly along the Gulf coast, thousands of 
cattle have always had to depend upon range the year round; as a 
result death losses are usually quite heavy, and while the majority 
come through, the ill effects of undernutrition are usually clearly 
revealed in their poor condition and small size. To remedy this 
situation is a big problem in many localities, such as the cut-over 
pinelands, where it is difficult to improve the range by the introduction 
of better grasses or to grow supplementary feed, especially during the 
winter months. Perhaps the most practical way to improve the 
methods of wintering beef cattle under these conditions is to feed a 
supplement of concentrates. Cottonseed cake has been used rather 
extensively throughout the Great Plains region as a supplement to 
winter range. 

At the United States Range Livestock Experiment Station, Miles 
City, Mont., experiments during 1929-34 (113)2 showed that in 3 
years out of 5 it was possible to keep the breeding cows on the range all 
winter. One group of the cows kept on the range throughout the 
winter received no supplemental feed, while the other received cotton- 
seed cake in an amount averaging 91 pounds per head for the total 
average winter period of 156 days. Cows fed cake made a winter 
gain of 23 pounds per head, whereas those on range alone lost about 
11 pounds. At the end of the following grazing season, however, 
there was a difference in yearly loss per cow of only 13 pounds, those 
fed cake during the winter losing 19 pounds as compared to 32 pounds 
for those wintered on the range without supplement. The loss in 
weight during the summer grazing seasons for the supplement-fed 
cows was 42 pounds, twice that of those carried on range alone. 
Calves from cows fed cottonseed cake were about 2 pounds heavier 
at birth and 13.6 pounds heavier at weaning time. The winter feed 
cost for the cottonseed-cake fed cows was $2.02 greater per cow, and 
the cost per 100 pounds of calf produced was $0.60 more than in the 
herd receiving no supplement. These results indicate that the use of 
cottonseed cake should be limited to seasons in which winter range 
conditions are severe. The experiments also showed that 1 pound 
of cake replaces approximately 10 pounds of hay fed in the feed lot. 

It should be taken into consideration that the range used in these 
2 Italic numbers in parentheses refer to Literature Ci tod, p. 1076. 

1 41304°—%9 36 
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experiments was typical of the northern Great Plains region, consisting 
largely of western wheatgrass, blue grama, and buffalo grass. Grazing 
was therefore somewhat better than that found in the southern part 
of the Great Plains and decidedly superior to that on native range in 
the Southeastern States. Progressive cattlemen have found, how- 
ever, that from 1 to 2 pounds of cottonseed cake a head daily or its equi- 
valent in grain or hay will usually carry breeding cows or growing 
stock 1 year old or older through the winter if they have access to 
reasonably good range for the area and if the season is normal. 

Other highly concentrated feeds will undoubtedly come into promi- 
nence for use in wintering beef cattle on the range. Up to the present 
time, the supplements for the most part have been protein-rich feeds 
such as cottonseed and linseed cake, but there is now a growing opinion 
that energy (carbohydrates and fats) is equally as important as a range 
supplement as protein—admitting that the protein-rich concentrates 
supply some energy. In view of this, some feed manufacturers are 
already putting on the market feeds in cube or pellet form which 
supply both protein and energy. Such feeds as beet pulp, alfalfa, 
molasses, and protein-rich meals are being used in the manufacture of 
these newer types of feeds. 

Whether cattle using winter range, which is usually deficient in 
nutrients at best, require additional protein only, energy only, or a 
balanced supplement, will have to be determined by carefully con- 
trolled experiments. This problem should be worked out by State 
experiment stations for specific areas, since what may be found to be 
true in one area may not be the best for others, owing to differences in 
the plant species making up the bulk of the grazing. 

In areas where winter range cannot be provided, some form of dry 
roughage (principally hays), or silages supplemented in some instances 
with grain or protein concentrates, or both hay and silage, may be 
used for wintering cows. There are few areas where either hay or 
silage crops cannot be produced. The place of silage made from corn, 
sweet sorghums (sorgos), and grain sorghums in the winter feeding of 
the breeding herd is well known in the areas where these crops are 
produced. It may not be amiss to mention that good-quality silage 
from these crops, when supplemented with small quantities of grain 
and dry roughage, is one of the most economical and otherwise satis- 
factory feeds for wintering breeding, feeder, and stocker beef cattle. 
The use and value of good-quality hays for wintering beef cattle are 
likewise known. Suggested hay and silage rations for various classes 
of beef cattle are given in table 2 (p. 564). 

In some areas, particularly the South, many forage and hay crops 
are produced, but owing to the humid climate, it is impossible to cure 
them as fodder or hay. New processes by which legumes or grasses 
can be ensiled with safety are already beyond the experimental stage. 
Two methods now being employed in the making of silage from these 
crops are by the addition of molasses3 and of acids {854, 1169)} The 
use of molasses in the making of silage from legumes and grasses is no 

3 WISCONSIN AGEICULTURAL EXPERIMENT STATION, MAKING MOLASSES LEGUME SILAGE. Wis. Agr. 
Expt. Sta. Spec. Bull., 6 pp.. illus. 1936 (rev. 19381.   [Mimeographed.] 

* VIRTANEN, A. I. THE A. J. v. METHOD OF ENSILAGE. Lecture . . . in Stockholm during Swedish 
Agriculture Week, March 15, 1932. 28 pp. fïypewritten copy in Bur. Anim. Indus.. Beef and Dual- 
Purpose Cattle Investigations.] 
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longer experimental. The preservation of silage by the use of mineral 
acids, such as phosphoric, offers possibilities, but so far has not been 
resorted to as extensively as the preservation by molasses. Further 
experimentation is needed in this field. 

The quantities of molasses used per ton of green material are approx- 
imately as follows (6¾) : 
Kind of crop: Molasses per ton 

Grasses or cereals      40 pounds (3¾ gallons) 
Mixed grasses and legumes      60 pounds (5 gallons) 
Alfalfa or clovers      80 pounds (7 gallons) 
Soybeans  100 pounds (8½ gallons) 

A survey (854) of the results on 34 farms showed that 16 pounds 
(1¾ gallons) of phosphoric acid to 1 ton of green material gave satis- 
factory results. Where smaller quantities of the acid were used, 
severe spoilage resulted. 

The making of grass and legume silage by use of molasses, and 
perhaps of acids, should have great adaptability to the Southeastern 
States and the Gulf coast region, where the harvesting seasons for hay 
are usually marked by frequent rainy spells. 

In the feeding of grass or legume silage, the fact should not be over- 
looked that the protein content is much higher than it is in corn silage. 
Alfalfa silage, for example, will supply approximately twice as much 
protein as an equal unit of corn silage. The use of grass silage will 
therefore make possible a reduction in the quantity of protein-rich 
concentrates usually fed with silage. 

In range operations it is often desirable to carry hay over from one 
season to the next or for a number of years. Such hay deteriorates in 
nutritive value particularly with regard to carotene. Small quantities 
of new hay or silage can be used to advantage to supplement old hay. 

Breeding cows should be wintered so as to be in thrifty condition in 
the spring. If they enter the winter season in good flesh, it is not 
necessary for them to make gains in weight during this period. It is, 
however, important that cows in good flesh have no appreciable weight 
loss during the winter. Cows going into the winter in thin flesh 
should be well wintered in order not only to increase their weight, but 
also to properly nourish the fetus. Suggested winter rations for cows 
under various conditions will be found in table 2 (p. 564). 

In well-managed herds, the breeding operations are controlled so that 
calves will be dropped in the spring. Emphasis should be placed on 
the wintering of young heifers as calves and yearlings. After the 
second winter they are usually turned in with the breeding herd and 
handled as mature cows. As calves, they should be given the 
opportunity for proper growth and development through liberal 
feeding during the winter season which usually follows weaning. 
There are few localities where it would be advisable to attempt to 
winter calves on the range. In the warmer climates, improved 
ranges or pastures that have been reserved for winter grazing may be 
used, but even then supplemental feed such as grain, protein concen- 
trates, and legume hay should be provided. Heifer calves intended 
for breeders should be fed so as to gain from % to 1 pound per head 
daily during the winter. 

Results of experiments (îl£) extending from the winter of 1926-27 
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through the summer grazing season of 1929 at Miles City, Mont., 
showed that calves could be wintered satisfactorily on alfalfa hay alone 
at the rate of 13 pounds per calf per day. When 0.7 pound of cotton- 
seed cake was added to a hay ration of 12 pounds, the rate of winter 
gain was increased but the subsequent summer gains were corre- 
spondingly decreased, indicating that the addition of cottonseed cake 
to an alfalfa-hay ration for calves was neither essential from a nutri- 
tional nor economical from a feed-cost point of view. The replacement 
of 3.6 pounds of alfalfa hay by 9 pounds of corn silage doubled the 
winter gain, but at the end of the following summer grazing season, 
the calves fed alfalfa hay and corn silage were only 18 pounds heavier 
than calves fed hay alone. Supplementing alfalfa hay should be 
desirable only when maximum gains are desired and an early sale of 
the animals is anticipated. The results of these experiments should 
be applicable to many beef-production areas throughout the United 
States. 

Experiments conducted by the New Mexico Agricultural Experi- 
ment Station (662), in which heifer calves were wintered on range 
supplemented with varying quantities of cottonseed cakes, showed 
that one-half pound of cake per head daily increased the total gain per 
heifer 42 pounds over those receiving no supplement. When greater 
quantities of cake were fed, winter gains were further increased but 
subsequent summer gains were decreased, indicating more efficient 
production for the calves fed one-half pound of cake per head daily. 
These results may be considered as applicable to most range areas. 

In wintering yearling heifers on the range, the New Mexico station 
{662) found that it was advisable to feed approximately 1 pound of 
cottonseed cake per head daily. The ultimate benefit derived from 
such feeding is not so much the effect on the weight of the cow as the 
fact that it enables the dam to produce considerably more milk, result- 
ing in rapid gains for the suckling calf. 

Experiments {55) at Miles City, Mont., showed that yearling heifers 
could be wintered satisfactorily in the feed lot when fed at the rate of 
approximately 20 pounds of good hay per head per day. The average 
rations used for two groups over a 3-year period were 22.7 pounds of 
alfalfa hay and 20 pounds of western wheat grass hay, which gave 
winter gains of 38 and 40 pounds, respectively. Additional rations 
suitable for growing heifers wintered on the range as well as in the feed 
lot will be found in table 2 (p. 564). 

Bulls 

Bulls are wintered under essentially the same procedure regardless 
of the area or locality. The common practice is to winter them in 
sheds or feed lots and to feed them liberally on grain, protein con- 
centrates, and roughage (hay, silage, or both). 

It is essential to have the bull in a thrifty condition at the beginning 
of the breeding season, which, except in the Southern States, is 
usually about July 1. Bulls liberally fed during the winter months are 
likely to become too fat if not allowed to get considerable exercise. 
Bulls should have access to paddocks or small pastures and be com- 
pelled to take exercise. 

Winter range is desirable for bulls if it is provided with shelter and 
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conveniently located so that supplemental feed can be provided each 
day. Feeding grain at the rate of K to 1 pound per 100 pounds of live 
weight with good range should be sufficient for properly wintering 
bulls that enter the winter in a thrifty condition. 

Where range is not available, roughage such as good-quality legume 
hay should be fed at the rate of approximately 1¾ to 2 pounds per 100 
pounds live weight, or half this quantity with about 3 pounds of silage 
per 100 pounds live weight per head daily. Suggested rations for bulls 
are given in table 2 (p. 564). 

Steers 

Methods of wintering steer calves are similar to those employed for 
heifers, and the feeding practices recommended for heifer calves may 
be applied to steer calves. 

In experiments during 1930-31 to 1934 {115) in the wintering of steers 
at the United States Range Livestock Experiment Station, steers were 
carried through two winters—as calves and yearlings—on high, me- 
dium, and low planes of nutrition, followed by two summer grazing 
seasons. No significant differences were apparent in average final 
weights of the three groups at the end of the summer grazing when the 
steers were approximately 2% years old. The average winter rations 
fed during the three experiments were as follows: The steers on a high 
plane of nutrition (group 1) received as calves 1.13 pounds of con- 
centrates, ] 1.97 pounds of alfalfa hay, and 0.59 pound of straw; and as 
yearlings, 0.09 pound of concentrates, 20.76 pounds of hay, and 1.86 
pounds of straw or straw and stover. The steers in group 2, on a 
medium plane of nutrition, received as calves 8.34 pounds of alfalfa 
and 4.01 pounds of straw or straw and stover; and as yearlings 9.65 
pounds of alfalfa hay and 8.58 pounds of straw or straw and stover. 
The steers on a low plane, group 3, received 3.74 pounds of alfalfa 
hay and 7.31 pounds of straw or straw and stover as calves and as 
yearlings, 4.22 pounds of alfalfa hay and 13.60 pounds of straw or 
straw and stover. Shredded corn stover was used to replace the straw 
in a part of the 1931-32 experiment. 

The group 1 steers made a total average gain of 169 pounds per head 
for the two winters, as compared to 93 pounds for those in group 2, and 
39 for group 3. The 2^-year-old steers averaged at the end of the 
summer grazing season 1,068, 1,036, and 1,031 pounds, respectively, 
for the steers carried on the high, medium, and low planes of winter 
feeding. Any increased gain between groups did not compensate for 
the increased production costs. Steers on the low plane made greatest 
use of the summer range, as revealed by increased summer gains. 
The steers wintered on the high plane made 74 percent of their total 
winter and summer gain on the range, as compared to 85 percent for 
those on the medium plane, and 94 percent for the low-plane steers. 
These experiments showed rather conclusively that, if steer calves in a 
thrifty condition are to be developed into 2-year-old feeder steers by 
the use of native summer range, they should be wintered so as to gain 
25 to 50 pounds per head during their first winter and kept in a thrifty 
condition on a plane slightly above maintenance during their second 
winter, as yearlings. 

These experiments have been discussed rather fully because the 
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principles involved and results obtained are more or less applicable to 
any feeder-production area in the United States. 

Experiments in wintering yearling steers (1933-36) in southwestern 
South Dakota (Î07) on the range with and without supplements and 
in the dry lot, showed that under the conditions prevailing the costs for 
wintering the steers on the range was only 40 percent of that for the 
steers wintered in dry lot, and that the feeding of supplements to steers 
on the winter range may be limited to days of extremely cold weather 
or when the vegetation is snow-covered. Supplemental rations of 
0.78 pound of cottonseed cake and 1.51 pounds of corn produced 
similar winter gains at approximately the same cost, which averaged 
$1.63 more per head than for the steers wintered on the range and fed 
alfalfa hay only during severe weather or periods of heavy snowfall. 

Suggested rations for wintering steers of various ages are given in 
table 2 (p. 564). 

SUMMER GRAZING 

Most classes of beef cattle are turned on the summer range or 
pasture and forgotten until frost appears in the fall (fig. 1). There is 
accordingly little difference among practices within and between the 
areas of beef production. Rates of stocking and methods of handling- 
pastures are the important summer grazing problems from a nutri- 
tional point of view. From the point of view of beef cattlemen, pas- 
tures are measured by the pounds of steer gain per acre or the num- 
ber of breeding cattle that can be grazed on a given unit without 
injury to the pasture or range. These measurements are influenced 
to a large extent by methods of fertilizer treatment, which is outside 
the province of this article. Methods of managing cattle on. pastures 
and ranges and of supplementing native pastures arc considered here, 
and the feeding of supplements for the production of slaughter cattle 
is discussed under fattening practices (pp. 552-562). 

Experiments by Hein and Cook (502) conducted at Belts ville, Md., 
showed that no significant differences in gains were made by yearling 
steers on pastures grazed heavily and alternately and on pastures 
grazed heavily and continuously at the rate of one head per acre 
over a 6-year period. Steers on a pasture grazed lightly and contin- 
uously, stocked at the rate of one animal to 2 acres, made an average 
summer gain of 287 pounds per head as compared with an average 
gain of 195 pounds for the steers on the pastures heavily grazed. 
The average steer gain per acre for the 6-year period was 145 pounds 
for the lightly grazed pastures and 195 pounds for the pastures 
stocked at the heavier rate. 

It should be taken into consideration that wdien pastures are not 
closely grazed, there will, in normal seasons, be surplus forage that 
can be used for thin feeder or stocker cattle in the late fall and early 
winter. When pastures are grazed heavily, some provision should be 
made for supplemental feed on pasture during late summer when 
plant growth is retarded by hot weather and lack of rainfall. 

Experiments in progress at Grain Valley, Mo.,6 indicate the advisa- 
bility of supplementing bluegrass pastures with Korean lespedeza 
during the latter part of July and through August.    A supplemental 

B Unpublished data obtained in cooperative experiments between the Bureaus of Plant and ,\nnnal 
Industry and the Missouri Agricultural Experiment Station. 
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acreage of Korean lespedeza, representing a 40-percent additional 
acreage, increased the steer gains 70 percent and enhanced the sales 
value of the steers an estimated 50 cents per hundredweight. The 
results of these experiments are quite generally applicable to the 
Middle Western and Eastern States. 

Experiments at Ardmore, S. Dak., over a period of years (1919- 
30) (106) showed that the vegetation making up the pasturage is not 
likely to be damaged by cattle if grazing is delayed until the middle 
of May and provided the rate of stocking is such that the cattle make 
fair gains during the growing season. Some loss in weight shown by 
cattle during the fall months does not necessarily mean that the carry- 
ing capacity of the range is impaired. Pastures that were more 
intensively grazed produced greater gains per acre for the season than 
the pastures less intensively grazed. A slight advantage was shown 
in steer gains and gains per acre for alternate grazing over continuous. 
It should be well understood, however, that it is not impossible to 
injure pastures and ranges by overgrazing. The unlimited use of 
public domain in many sections of the Great Plains in the past has 
demonstrated time and again the evils of overgrazing. 

FATTENING BEEF CATTLE 

Two general methods are employed in the fattening of beef cattle 
for slaughter purposes: (1) Fattening on grass, (2) fattening in the 
dry lot. Many practices are in use under each method. As the 
great bulk of beef cattle fattened are steers, the discussions which 
follow will apply to this class of cattle. 

Creep-Feeding Calves 
In recent years there has been an increasing demand for lighter 

cuts of meat on the beef market in the United States. In an attempt 
to satisfy this changing demand, producers have striven to have 
cattle fat enough for slaughter when they are comparatively young 
(fig. 2). The more economical use of grain by younger cattle has 
been a contributing factor in the growth of this practice, though the 
ability of older cattle to make extensive use of roughage not otherwise 
marketable has offset this advantage to some extent. However, when 
calves to be fattened are raised instead of purchased, the breeding herd 
of beef cows utilizes to advantage coarse roughages that are less 
suitable for calves. Consequently, the maintenance of a breeding 
herd and the fattening of the calves produced may replace the grazing 
and fattening of older cattle on many farms. 

To meet the demand for smaller cuts of beef and to produce beef 
more economically, it has been found practical, under certain condi- 
tions, to full-feed well-bred beef calves grain or concentrate mixtures 
previous to weaning and have them fat enough for slaughter at 
weaning time or a few months thereafter. This practice is termed 
"creep feeding." Three years of cooperative work by the United 
States Department of Agriculture and the University of Missouri at 
Sni-A-Bar Farms, Grain Valley, Mo., showed that grain-fed calves 
weighed about 100 pounds more at weaning time than similar calves 
fed no grain and were usually fat enough for slaughter when weaned 
at 8 months of age (117).    When such calves were not marketed at 
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weaning time, the practice of feeding grain before weaning shortened 
the subsequent feeding period. 

The most suitable grain ration for such feeding became a problem 
of importance. In 3 years of cooperative feeding tests {118) at Sni- 
A-Bar Farms comparing (1) shelled corn alone, (2) shelled corn, 8 
parts by weight, and cottonseed cake, 1 part, and (3) shelled corn, 2 
parts by weight, and oats, 1 part, it was found that suckling calves 
fed 140 days consumed less grain per 100 pounds of gain when fed 
shelled corn alone than when fed either of the other two rations. 
However, the calves fed the shelled corn and cottonseed cake made 
greater gains, were fatter, and were valued 50 cents per 100 pounds 
higher at weaning time than those fed corn alone or the corn-oats mix- 
ture. The increased value of the calves fed shelled corn and cotton- 
seed cake and their greater gains more than offset the cost of the 
increased feed consumed. 

Subsequent creep-feeding experiments (120) at Grain Valley over 
a 2-year period, showed that the addition of an alfalfa-molasses supple- 
ment to a shelled-corn and cottonseed-cake ration in which the corn 
was ground resulted in a mixture that required 25 percent more feed 
per 100 pounds of gain than did the un ground shelled corn and cot- 
tonseed cake. The higher and more economical gains of the calves 
fed shelled corn and cake more than offset a slightly higher valuation 
of the calves fed ground grain with the molasses supplement. Grind- 
ing increased cost of gains significantly but did not materially affect 
the rate of gain or the values of the calves. 

McComas and Wilson (726) found, in experiments conducted over a 
3-year period in West Virginia, that a grain ration (8 parts shelled 
corn and 1 part cottonseed meal by weight) fed to spring calves during 
the period previous to weaning, while they were running with their 
dams on good bluegrass pasture, increased the calf gain 8 percent over 
that for similar calves not creep-fed. Calves creep-fed for 168 days 
were suitable for slaughter at weaning time at an average age of 230 
days for the group, whereas those not creep-fed were strictly feeders. 
In these experiments, the calves not creep-fed were placed in a feed 
lot and fattened for an average period of 116 days for the 3 years, 
to determine which method of feeding grain to calves was preferable— 
that is, feeding the grain previous to weaning by the creep system or 
in the dry lot following weaning. The average grain ration for the 
calves fattened in the dry lot was approximately 8 pounds of the 
grain mixture and 3.75 pounds of hay per day. 

An important point in the creep-feeding method is the relatively 
small quantity of grain supplement required per 100 pounds of calf 
gain. In these experiments, this amounted to 125 pounds for the 
creep-fed calves and 688 for those fattened in the dry lot. The net 
returns per calf were slightly, but not significantly^ higher for the 
dry-lot-fattened calves. In the Sni-A-Bar experiments (120), there 
were no significant differences in average net returns per calf between 
those fed supplements for 140 days before weaning and those continued 
on those supplements for 196 days after weaning. 

Taylor, Willham, and Hawkins (1122) conducted experiments to 
study the effect of feeding grain to calves while they are nursing as 
compared to no grain while nursing, both lots of calves to be full-fed 
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in the dry lot after weaning. They reported that creep-fed calves 
started the dry-lot fattening experiment following weaning at 50 
pounds heavier than non-creep-fed calves, but owing to a slower rate 
of gain were only 4 pounds heavier at the close of the test. The results 
showed that creep feeding does not pay for calves that are to be full- 
fed on grain for 5 months or more after weaning. The practice of 
creep feeding is better suited to farming conditions than to range 
areas. On farms the herd can be confined to relatively small pastures 
with only one watering place, preferably located near shade where 
the herd will tend to congregate for rest. 

Fattening Steers on Grass 

Comparatively few areas in the United States produce highly 
finished beef on grass alone. However, very creditable strictly grass- 
fattened beef comes from the Appalachian region, the Flint Hills and 
sand-hill areas of Kansas and Nebraska, respectively, theOsage country 
of northern Oklahoma, the Mineral Point section of Wisconsin, and 
many sections of the Great Plains. Thousands of grass-fat steers and 
even greater numbers of feeder cattle are marketed annually from the 
areas mentioned. Feeder cattle require and receive more finish by 
fattening in the grain-production areas, principally the Corn Belt. 
Great numbers of 2- and 8-year-old steers are sent into the Flint Hills 
and Osage country from Texas in the spring for strictly grass fattening. 
The bulk of these cattle usually move to the river markets in the 
Middle West during August and September for slaughter. 

There has been a noticeable trend in late years in many grass areas 
(exclusive of the strictly range areas) to supplement grass with con- 
centrates. Generally speaking, fattening cattle on grass requires only 
about one-half the quantity of grain or other concentrates that 
strictly dry-lot fattening requires. The practice of supplementing 
the grass with grain for production of grass-grain finished steers is well 
suited to areas where the bulk of farm land is in grass with a limited 
acreage devoted to grain production. 

Three years of experimentation by Black, Warner, and Wilson {121) 
in the Appalachian region in West Virginia showed rather conclusively 
that the feeding of grain (corn and cottonseed meal) was advisable for 
fattening steers on grass, as the gains of the steers were increased 
37 percent and the selling price more than 10 percent. These increases 
in steer gain and sale price were sufficient to more than offset the 
additional expense incurred over that for the strictly grass cattle. 
It should be taken into consideration, however, that the buying and 
selling prices of the cattle may have a more direct bearing on the profits 
than feed costs, and accordingly the feeding of grain to steers on grass 
may not necessarily be done at a profit. Grain increased the dressing 
percentage and produced fatter, more attractive, salable carcasses. 

These experiments were immediately followed with another series 6 

to study the relative values of different methods of feeding the supple- 
ment. The average results during the 3-year period showed that the 
sales value of the steers fed grain throughout the grazing season of 135 
days was increased $1.13 per hundredweight over that of strictly grass 

6 Experiments conducted at Lcwisburg, W. Va., by the West Virginia Agricultural Experiment Station 
and the Bureau of Animal Industry, 1928 to 1931.   Data unpublished. 
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steers, but only 8 cents over the sales value of similar steers fed grain 
only during the last 79 days of the grazing period. This fact indicates 
that the feeding of grain supplements to steers on grass during the first 
half of the grazing season, provided grazing conditions are good, is not 
necessary for best results. The results also indicate that the practice 
of feeding a limited grain ration during the last half of the grazing 
season is to be preferred to the feeding of a more liberal ration of 
grain and hay in the dry lot for a short period immediately following 
the summer grazing season. The results of these experiments in the 
bluegrass region of West Virginia should be applicable to all bluegrass 
regions and to many other sections having improved pastures. 

There has been very little research to determine the value of feeding 
grain to steers on native grass in the range areas, due primarily, of 
course, to the scarcity of grain. However, in range areas adjacent 
to irrigation sections, or where dry-farming is practiced, as in the 
semiarid districts, the use of grain in a limited way for fattening steers 
on the range may be justifiable. The shipping of grain for this purpose 
into the range areas from a considerable distance is not recommended. 

Experiments by Black and Clark {107) in southwestern South 
Dakota, in which steers were fed grain (wheat and barley) on native 
summer range, showed that the feeding to 2-year-old steers of a grain 
supplement increased the steer gains materially over those made by 
steers on range without supplemental feed. In these experiments the 
increased cost of gains due to the use of supplemental feed was more 
than offset by the increased sales value of the steers as a result of more 
finish. The feeding of grain made it possible to market slaughter 
cattle rather than feeders. The grain used in these experiments was 
produced locally under dry-land farming conditions. As in the West 
Virginia experiments, there was no significant advantage in feeding 
the supplement throughout the summer grazing season rather than 
only in the last half. 

Fattening Steers in the Dry Lot 
The range areas west of the one hundredth meridian, extending 

from Canada to Mexico and including the Rocky Mountain region, 
supply the bulk of feeder cattle. Approximately one-third of these 
cattle are shipped to the Corn Belt for fattening (fig. 3). Of the re- 
mainder, some are shipped to other fattening areas in the Appalachian 
region, some are sent to grass areas within the range country for grass 
fattening, as exemplified by the movement of Texas cattle to the Kansas 
Flint Hills, and still others are fattened within the range area on such 
feeds as the grain sorghums and cottonseed and on beet products. The 
feeder cattle are shipped to the grain-finishing areas primarily as calves 
and yearlings, a tendency toward the feeding of calves being on the in- 
crease.   The feeders to be grass-fattened are usually 2 years old or older. 

The feeding of various ages or grades as such will not be discussed 
in this article^ but rather the different practices or methods of fatten- 
ing within the areas, with special reference to types and combinations of 
feeds used. A review of table 1 will perhaps be of interest, however. This 
table gives the approximate feed units required to produce 100 pounds 
of gain on cattle fed in the dry lot as reported by Wilcox, Jennings, 
Collier, Black, and McComas {1219, p. 45). 
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FignreS.—Ury-lol  fecdini; in  the Corn  Kelt.     Kations for fattening steers in  llie 
lot vary eonsiilerablv. especially as between silage and legume liav. 
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TABLE i-Feed units 1 required to produce 100 pounds of gain on cattle fed in dry Jot 

Woighi siroup (pounds^ 

Heavy cattle (over 1,000) 
Medium-weight cattle (75 
Tcarlings (501-750) _. 
Calves (under 500)__ 

Concen- 
trates 

Dry 
roughage 

.        ._.   _.._ 1.109 
[.00(^  .   _         841 

...    ! 691 
-      -.-  682 

Silage 

Jnits i Units i 
150 71 
151 108 
138 173 
110 65 

Total 
feed 
unit? 

; Percent- 
' age of re- 
i    quire- 
| ments for 
;   heavy 
'    cattle 

Vnits i 
1, 330 
1,160 
1.002 

857 

Percent 
100 
87 

i After due consideration of the analyses of ilie feeds and of îho value? given lo them in various feeding 
standards, they were put on a unit basis as follows: 

1 pound corn ._.... 1.00 unit 
1 pound protein concentrate 1.30 units 
1 pound legume hay .45 unit 

l pound mixed hay  0.3.Ï unit 
1 pound stover and straw     .25 unit 
1 pound corn silage     .17 unit 

Rations of fattening steers vary considerably be Ween areas, and in 
the Com Belt there are many variations in type of rations fed. In 
Iowa and Nebraska legume hay makes up the bulk of the roughage, 
whereas in Illinois and Indiana, corn silage and mixed hay are more 
widely used. A o-year (1919-23) study {1219) of cattle-feeding prac- 
tices in the Com Belt showed that in eastern Nebraska only 2 percent 
of the rations contained silage and 76 percent contained legume hay, 
whereas in north-central Illinois 85 percent contained silage and only 
26 percent contained legume hay. The use of silage, particularly in 
the Corn Belt, is governed usually by the quantity of legume and other 
dry roughage available, the price of grain, and the condition of the 
com crop as regards maturity. When corn fails to mature, owing to 
short seasons and early frosts, the crop can be ensiled and used very 
satisfactorily for cattle feeding. Silage, as already indicated, replaces 
not only hay, but also grain. As silage is used largely with mixed hay 
or other roughage, such as straw or stover, it is usually advisable to 
include a protein-rich concentrate, such as cottonseed meal, linseed 
meal, soybean meal, or tankage. 

Silage is better suited to the early part of the fattening period, when 
greater quantities of roughages can be used advantageously. Silage 
can probably be used more satisfactorily with the lower grades of 
cattle that are not intended to be fattened to a high condition. It 
is also more suitable for long periods when rapid steer gains are not 
necessarily desired. 

The Minnesota Agricultural Experiment Station7 treated corn silage 
with phosphoric acid at the time of filling the silo to determine whether 
the feeding value of the silage could be increased. In this experiment 
about 10 gallons of the diluted mixture containing 10 pounds of phos- 
phoric acid were used per ton of green corn. The results showed that 
while the silage treated with phosphoric acid kept it in excellent con- 
dition and possessed a dark-green, natural fresh-cut silage color, there 
was no increased feeding value as revealed in steer gains. In the same 
experiment the addition of bonemeal did not show any benefits 

In the Corn Belt one of the more important problems in the fatten- 
: PETERS, W. U., and ROGERS,  C. ¥.   THE FEEDJKG VALUE FOK FATIEMNG CATTLE OF COKN SILAGE 

TREATED  WITH PHOSPHORIC ACID   WHKX FED   TO ¡FATTENING   CATTLE.     Minn.   Agr. Expt.   S ta. Kept. B-32, 
ó pp. 1936.   [Mimeographed.1 
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iug of cattle is the source of protein. Generally speaking, the protein 
concentrate that will supply a pound of protein most cheaply should 
be the one to use, whether it be tankage, linseed meal, cottonseed meal, 
or some other product. All of these meals or feeds, of course, con- 
tain some energy and fat as well as protein, but usually the Corn Belt 
cattle feeder is interested only in protein and not in paying transporta- 
tion on ingredients he already has at hand. It is only in late years that 
tankage has been used in cattle feeding. It is not so palatable to 
cattle as the more widely used meals, but after a week little difficulty 
is experienced in getting cattle to eat rations containing tankage. 
Experiments by Johnson and Peters 8 show no advantage for tankage 
over linseed meal for fattening 450-pound calves fed at the rate of 1.5 
pounds of linseed meal or 0.9 pound of tankage per head daily, unless 
a pound of protein can be obtained more cheaply in tankage than in 
other protein supplements. 

In the absence of corn, such cereal grains as barley, rye, oats, and 
wheat are used in many sections of the Northern and Pacific Coast 
States. In the Southwest the grain sorghums are used very exten- 
sively as both grain and silage. In the sugar-beet areas, beet pulp 
and molasses are used, and in the Cotton Belt, cottonseed meal and 
hulls make up the standard cattle-fattening ration. According to 
Wilson and Wright {1237) in South Dakota, barley as a single feed is 
not equal to corn for fattening 2-year-old steers, since about one- 
eighth more barley was required for the same unit of gain. This 
would mean that barley was about 88 percent as efficient as corn for 
fattening 2-year-old steers. These same experimenters {1288) in com- 
paring rye (ground and unground) with shelled corn, when fed in 
conjunction with alfalfa hay, found that the steers fed ground rye 
consumed about twice the quantity of hay, and those fed unground rye 
about one-third more than the steers fed shelled corn, which indicated 
a vast difference in palatability of the two feeds. The rye-fed groups, 
instead of fattening, tended to grow, indicating an absence of the 
necessary nutrients for fattening. 

Stanley {1097) found, in two trials, no differences in the relative feed- 
ing value of rolled barley and hegari (a grain sorghum) when fed to 
high-grade range-bred calves weighing from 375 to 450 pounds. 
The addition of a simple mineral mixture composed of equal parts of 
steamed bonemeal and finely ground limestone to a ration of alfalfa 
hay, rolled barley, and cottonseed meal did not prove profitable, nor 
were any beneficial results apparent (one trial). 

Barley fed to fattening cattle frequently causes digestive disor- 
ders, principally in the form of bloat. No satisfactory method for 
preventing this trouble has been worked out. It is the consensus of 
opinion, however, that when cattle have access to dry roughage such 
as straw or stover there is less trouble from bloating due to barley. 

Oats are generally considered too expensive a feed for cattle-fatten- 
ing purposes. There are times, however, even in the Corn Belt when 
the feeding of oats to cattle is to be recommended. The addition of 
oats to the ration makes possible a reduction in the quantity of pro- 
tein concentrates such as linseed or cottonseed meal, owing to the 

s JOHNSON, D. W., and PETEES, W. H.   LINSEED OIL MEAL AND TANKAGE FOK CATTLE FATTENING.    Minn. 
Agr. Expt. Sta. Kept. B-31, 8 pp.    1935.    [Mimeographed.] 
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higher percentage of protein hi oats as compared with com. Fre- 
quently the oat crop is of inferior quality^ the oats being lightweight 
and very cheap, and under these conditions, especially when corn is 
comparatively high in price, it is advisable to replace corn in part at 
least by oats. Rogers and Gerlaugh (^7^, p. 172) found at the Ohio 
Agricultural Experiment Station that oats made a very satisfactory 
substitute for half of the shelled corn in a ration for fattening yearling 
steers for a period of 140 days, especially when both oats and corn were 
valued at the same price per pound. 

Wheat, like oats, is usually too expensive for cattle feeding. There 
are times, however, when the quality is inferior owing to drought or an 
otherwise unfavorable growing season, and it can be used advanta- 
geously to replace com in the fattening ration. Good-quality wheat 
should be nearly as valuable as corn. 

The grain sorghums are coming into prominence in steer-fattening 
rations as both grain and silage. Early experiments {108,110) in Texas 
and New Mexico indicated that the results from the feeding of grain 
from sorghums to fattening steers compared favorably with those from 
corn for beef production. Fodder and silage from the sorghums were 
likewise found to be valuable sources of roughage in beef-cattle rations. 

Subsequent experiments by Black, Jones, and Keating [109) showed 
that steers fed ad libitum on ground milo in conjunction with Sumac 
sorghum fodder and cottonseed meal made greater gains than those 
fed unground milo. Grinding of milo, either as threshed grain or 
in heads, was conducive to efficient feed utilization. The higher sale 
prices of the steers fed ground milo more than offset the cost of grind- 
ing and showed this to be a profitable method of preparing the grain 
for cattle. Tt decreased materially, however, the gains of hogs fol- 
lowing the cattle in the feed lots. 

Threshing of milo heads increased the gains of steers to a degree 
statistically significant but not sufficient to justify the expense of 
threshing. Differences in efficiency of feed utilization by steers due 
to threshing were not significant. Feed costs per steer and per 100 
pounds of gain were higher with threshed than with unthreshed grain. 
Furthermore, there was no significant increase due to threshing in 
gains of hogs following the cattle nor in sale price of the steers. 

These experiments showed conclusively that the grinding of milo, 
whether in the form of milo heads or of threshed grain, is to be recom- 
mended for fattening young steers, whether or not hogs are placed 
in the feed lots to follow the steers. They also showed that the 
threshing of milo heads for use in steer fattening is an added expense 
offset neither by significantly greater steer gains nor by net returns. 

In the beet-growing sections, beet pulp is being used rather exten- 
sively for cattle fattening, particularly in the wet form available in 
close proximity to the sugar factories. There are indications of 
phosphorus deficiency in beet-pulp and hay rations. Osland (884) in 
a series of experiments over a 5-year period reports that each ton of 
wet beet pulp replaced ]44.03 pounds of grain, 11.06 pounds of cotton- 
seed cake, and 331.93 pounds of alfalfa, when fed to feeder calves 
weighing approximately 400 pounds. Maynard, Greaves, and Smith 
(767) found that when a fattening ration for cattle consisting of wet 
beet pulp, beet molasses, alfalfa hay, and salt is supplemented with 
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steamed bonemeal, cottonseed cake, and mill-run bran, which contain 
phosphorus, pica (perverted appetite due to phosphorus deficiency) 
was eliminated, the appetite improved, and gains were increased, 
while feed cost per unit of gain was reduced significantly. Steamed 
bonemeal proved most efficient in correcting the phosphorus deficiency. 

Molasses, particularly blackstrap (cane molasses), has been used 
extensively in the manufactured or commercial livestock feeds for 
years, but as a feed by itself it did not come into prominence in cattle- 
fattening rations until recent years. Its greatest use by cattlemen 
has been in making unpalatable roughages palatable by spraying or 
sprinkling diluted molasses on the feed. Some experimenters have 
reported good results, while as many others have found the opposite. 
Experiments at the Iberia Livestock Experiment Farm in Louisiana 
{989) showed that the addition of 2.3 pounds of molasses to a ration of 
6.5 pounds of cottonseed meal and silage fed ad libitum decreased the 
gains of 2-year-old steers and increased feed requirements and costs. 

Snell,9 in experiments over a 2-year period in which molasses was 
fed in conjunction with corn, cottonseed meal, and hay with and with- 
out silage to fattening steer calves, found that the addition of molasses 
increased the consumption of hay and silage but did not increase 
gains materially. The molasses-hay steers made more efficient use 
of molasses than did the molasses-silage group, as 100 pounds of corn 
were equivalent to 112 pounds of molasses and 36 pounds of hay in 
one case, and to 114 pounds of molasses, 46 pounds of hay, and 68 
pounds of silage in the other. 

Edwards and Massey {309) in an experiment in which molasses 
replaced one-fourth and one-half of the corn, respectively, in rations 
for fattening yearling steers, found that molasses was not an economical 
substitute for shelled yellow corn. However, differences in results 
with the all-corn and the three-fourths corn and one-fourth molasses 
rations were not statistically significant. This experiment and others 
indicate that less than 3.5 pounds per head daily is more satisfactory 
than larger quantities for fattening steers. 

The most widely used steer-fattening ration in the Cotton Belt is 
one of cottonseed meal and hulls. Great numbers of steers are 
fattened on these products at the cottonseed-oil mills. The tendency 
is to feed them to the lower grades of yearlings and 2-year-old cattle, 
as this combination of feeds is not so suitable for calves, which require 
longer feeding periods. For many years when cattle were fed heavily 
on these feeds alone for long periods, they would often become blind 
and have a staggering gait. This trouble was usually termed ^cot- 
tonseed meal poisoning.'' In late years it has been found that the 
trouble was vitamin A deficiency. Á cottonseed meal and hull ration 
can be materially improved by the addition of some grain or molasses 
and leafy, green legume hay to supply carbohydrates and carotene, 
respectively. Rations low in carotene are responsible for vitamin A 
deficiencies, the first symptom of which is usually night blindness. 

At the Texas Agricultural Experiment Station {595, pp. 5-20) it was 
found that a cottonseed meal and hull ration could be greatly im- 
proved by the addition of corn.    The Texas experiments indicated 

8 SNELL, M. G. BLACK STRAP MOLASSES AS A FEED FOR FATTENING STEERS AND FARM WORK MLLES. La. 
TJmv. Cir., 7 pp.   1933.   [Mimeographed.] 
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that cottonseed meal and hulls should not be full-fed for periods of 
more than 90 to 100 days. 

Stanley {1096) found in experiments in Arizona that corn silage when 
fed with cottonseed meal gave larger and more uniform daily gain 
than did a ration of cottonseed meal and hulls. Gains of 2-year-old 
steers fed cottonseed meal and hulls were satisfactory for the first 60 
to 80 days, but after that diminished rapidly. In the same series of 
experiments 100 pounds of cottonseed meal were found to equal 170 
pounds of whole cottonseed. 

In the fattening of cattle in the dry lot it may be stated as a general 
rule that 50 bushels of good-quality corn and one-half ton of choice- 
quality legume hay will fatten a good-quality feeder steer of beef 
breeding in thrifty condition, regardless of its age. It will naturally 
take the younger animals a longer time to consume this feed and 
reach approximately the same degree of finish. If these feeds are 
not available, their equivalents in other feeds can be estimated rather 
closely. For instance, good silage should replace good hay at about 
the rate of 3 pounds of silage to 1 pound of hay. Grain can likewise 
be replaced with beet pulp, molasses, and cottonseed meal and hulls 
to a certain extent. 

Table 2 (p. 564) gives suggested average rations for various classes 
of beef and dual-purpose cattle. 

DUAL-PURPOSE CATTLE 

Many farmers, in the Central, Western, and Eastern United States 
especially, are neither characteristically dairymen nor strictly beef 
producers. They have found by experience that at one time it may 
be desirable to produce beef, while at other times the selling of dairy 
products may be preferable. This situation has brought about the 
raising of calves and the handling of the breeding herd as dual-purpose 
cattle. 

Unless very high milk production is desired good pastures may be 
depended on to produce most of the milk in such herds. A new feed- 
ing practice suggested for dairy cows producing 4-percent milk is to 
feed about 0.45 pound of grain daily for each pound of milk produced 
above 14 pounds {1268), When dual-purpose cows not on pasture are 
fed all the silage and good- to choice-quality hay they will eat, the 
feeding of grain could well be limited to those producing more than 
14 pounds of milk per day. 

In those sections where the farmer is neither a beef nor a dairy 
specialist, he is interested in a cow that will produce a calf of acceptable 
beef conformation and at the same time produce sufficient milk to 
raise two calves or to justify hand milking. A 3-year study bv 
the Federal Trade Commission {229, pp. 11-38) indicated that the 
keeping of cattle for both beef and milk production was adaptable to 
the more intensive types of farming. The results also indicated that 
profits obtained from the raising of calves on Corn Belt farms were 
comparatively small. However, these facts must be taken into con- 
sideration: (1) Good returns were obtained for a large quantity of 
roughage which, had it not been utilized for livestock, would have been 
wasted ; (2) a home market was provided for salable crops ; (3) on many 
farms a large acreage suitable only for pasture was made use of; (4) 
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profitable employment was provided for a season of the year when 
labor otherwise might be idle; (5) a return was obtained for capital 
invested in equipment which otherwise in many instances would 
return nothing. 

Perhaps the most practical method of handling a dual-purpose herd 
where both beef and milk are desired is to follow a system that fits 
into the plan of operating the farm. If fat calves are to be produced 
a satisfactory method of growing and developing calves is to feed 
them grain while they are nursing. The calves should be started on 
grain as soon as possible, or at 3 to 4 weeks old. If the breeder pro- 
poses to carry his calf crop over and market them as long yearlings or 
2-year-olds, however, the feeding of grain to suckling calves is not 
believed to be profitable, unless the cows and calves have poor pasture. 

The spring calf crop may be marketed when weaned in September 
or October as feeders or as fat calves if creep-fed, or the^ may be fed 
a full grain ration and finished as fat calves after weaning. Calves 
dropped early in the year may be marketed the following summer as 
fat yearlings 15 to 16 months of age, when they should weigh 850 
to 900 pounds if wintered well and fattened on grass with a grain 
supplement. 

The methods to be employed in the development of dual-purpose 
calves as feeders or fat cattle are the same as discussed for strictly 
beef calves. There should not be a significant difference in the fat- 
tening of strictly beef-bred calves and dual-purpose-bred calves as 
regards rate and efficiency of gain. Dual-purpose calves, however, 
have a tendency to grow instead of fatten, and accordingly require a 
greater length of time to attain the same degree of finish. 



TABLE 2.—Suggested average daily rations for various classes of beef and dual-purpose cattle 
£ 

Class of cattle Corn i 
Grain 
sor- 

ghums 

Bar- 
ley 1 Oats 

Mo- 
lasses 
(cane 

or 
beet) 

Cotton- 
seed 
meal 

or 
cake2 

Lin- 
seed 
meal 

or 
cake 2 

Wheat 
bran 

Silage 
(corn 

or 
sor- 

ghum) 

Beet 
pulp 
(wet) 

Le- 
gume 
hay 

Mixed 
hay 

Grass 
hay 

Straw 
(cereal) 

or 
stover 

Cotton- 
seed 
hulls 

Winter 
pasture 

or 
range 

Sum- 
mer 

pasture 
or 

range 

Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds 
30 
25 

Pounds Pounds 
8 

Pounds Pounds Pounds Pounds Pounds Pounds 

1.5 ^- 10 
10 
10 

Winterins breeding cows 2 2 10 

' X 
40 5 

1..5 
20 

10 Wintering   yearling heif- .1 15 
ers__ ...__.    ...    _...   . 2 1 1 1 12 

 "T 
' uT 

X 
4" 

3 1 
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10   5 
"        4 

13 
10 
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_._ Wintering calves., _    _ . 

-       ■ 

__   """ r 10   
    1 

1 
4 

  20 
s
- 

4 

X 

W i ntering yearling steers 1 
1 
1 

10 4 
.__ 

15 

I:.:-:. 
1    Í 

^- 2 1 20 .^ Wintering     buJls- 1,000 
pounds  weight.,  . 1 20 3 

Fattening on grass: 

Creep-feeding calves 2 X 
1 
1 

X 
2-year-old steers  X 

10 

10 

X 
Fattening in dry lot: 3 

Í       20 
17 3 3 

2. 50 
3 

15 

"1Í 
3 

^OOO-poiiiKi steers..__ 
18" 

20   
_.__. 

10 
a 1     "" 

 ;      5 '  ......     1 

m 
> 
TO 
CD 

O 
O 

o -n 

> 

s 
70 



18 0 
15 3 15 

8UU-poimd steers  4 
15 

3 50 10 
2 15 3 

r'w 15 2.5 2 20 
7 
8 2.5 40 

600-pouud steers  i    ^ 2 
2 
2.5 
2 
2 

9 
15 

4 
12 
12 
12 

4 15 
14 2 

4ÜO-1)üUIIC1 calves  5 
10 
12 

2 2 
1 

10 3 
5 

1 Corn and barley may be replaced wholly or partly by such feeds as wheat, rye, or rice products; however, these feeds arc usually not so palatable and are slightly less 
efficient than corn and barley, pound for pound. 

2 Cottonseed and linseed products may be substituted for with soybean, velvetbean, and peanut products. 
3 The rations for dry-lot fattening should be considered as average quantities of feed per head per day for the entire fattening ueriod.   Accordingly, the ration for a 1,000- 

pound steer as given would be for a steer weighing nearer 1,100 pounds. z 
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THE  FEEDING  OF  DAIRY  COWS  FOR 

INTENSIVE MILK PRODUCTION IN PRACTICE 

by Edward B. Meigs1 

HERE are the main considerations involved in modern dairy cattle 
feeding. The author shows the relative importance of roughage and 
concentrates and proper ways of feeding them, tells how to determine 
the amount of food required, and outlines a satisfactory procedure, hased 
on lengthy experience, for the feeding of dairy cows. He ends with a 

discussion of the requirements of the mature animal for various nutrients 

and some warning advice against overenthusiasm in certain directions. 

IN ATTEMPTING to give any kind of general advice in regard to the 
feeding and treatment of dairy cows, one is embarrassed by the im- 
mense extent and complexity of the subject.2 The cows themselves 
vary from the scrub animal that is with difficulty induced to give 
2,000 or 3,000 pounds of milk in a year to the high-bred modern cow, 
which will yield 20,000 or 30,000 pounds in the same period and will 
use up her own body if her food is insufficient to support this enormous 
production. Animals showing this wide variation are kept on farms 
that may be remote from cities, with unlimited pasture land and small 
facilities for importing manufactured concentrates; or they may be 
in expensive suburban districts where the cost of land is high and 
centers for the distribution of manufactured foods are close at hand. 

To meet the problems created by all these different situations, 
knowledge is still very inadequate. It has appeared in the last few 
years that animals suffer from numerous diseases due to the lack of 

i Edward B. Meigs is Chief of the Division of Nutrition and Physiology, Bureau cf Dairy Industry 
2 No one should write on the nutrition of farm animals at present without acknowledging that there are 

several recent, comprehensive, and admirable works on the subject. The latest edition of Morrison's Feed« 
and Feeding (819)3 was published in 1936. It contains a full and illuminating discussion from the practical 
point of view, with numerous references to the literature. Students who have had some training in physi- 
ology and biological chemistry may be referred to Maynard's Animal Nutrition (769) published in 1937, which 
also contains an illuminating comprehensive discussion and numerous references. A very full discussion 
of the mineral nutrition of farm animals was published by Mitchell and McClure (803) in 1937 Finally a 
general book on the vitamins was published by Sherman and Smith (1055) in 1931, and the very voluminous 
recent literature on this subject is discussed in articles on vitamins in the Annual Review of Biochemistrv 
(m,339, 479, 7%U % 91^ mD- The present article attempts to give only a brief discussion of some of the 
practical aspects of feeding dairy cows, and the writer's views are based partly on personal expérience in 
connection with experimental work at the Beltsville, Md., station of the Department of Agriculture and 
partly on the much fuller expositions of physiological and nutritional principles given in the works above 
mentioned. 

3 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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certain mysterious chemical compounds, which are present in normal 
foods in very small quantities and the existence of which was not even 
suspected until a few years ago. But such diseases often do not appear 
until after the deficient foods have been fed for several months or 
years, and therefore a great many of the old views regarding food 
which were based on short experiments must now be discarded. 
Many of the foods used in farm rations have not been studied at all 
from the point of view of the new discoveries. 

In spite of these difficulties and many others, dairy cows must be 
fed. But it must be clearly understood that the advice which can be 
given on the subject at present cannot be exhaustive and final. It 
can cover only certain parts of the situation to be met, and must be 
based largely on judgments and inferences which have not yet been 
fully tested out. 

The bovine species has been nourishing itself on pasture for count- 
less ages, but to determine how it has done so is difficult or impossible. 
It seems quite likely that these animals are fitted to select from the 
great variety of plants to be found in any field those which will keep 
them in good health and enable them to secrete enough milk to sup- 
port their offspring. The problems with which we can most legiti- 
mately concern ourselves arise when cows are bred to produce much 
more milk than their offspring require and are kept in barns and fed 
exclusively on foods selected by their human masters, many of which 
are more concentrated than and quite different from those which 
they could obtain under natural conditions. In the following dis- 
cussion, therefore, the problem considered will be that of the modern 
dairy cow, bred and kept for intensive milk production. It may be 
more specifically described as that of keeping a herd of modern high- 
producing cows in good health and near maximum fertility and milk 
yield4 through an unlimited number of generations. 

The dairy heifer is bred before she has attained her full growth, and 
from the moment of her first conception to the end of her useful life, 
she is always either carrying a calf or lactating or both. The inten- 
sively bred modern cow cannot eat enough during the first month or 
so of lactation to provide the material required for her milk, and 
during this period material from her body is used in the milk-produc- 
tion process. These losses of body substance are made up during 
other parts of the reproductive cycle. In view of this situation, the 
feeding of dairy cows cannot be divided, from the practical point of 
view, into periods of feeding for maintenance, growth, gestation, and 
milk secretion. The cows must be fed more than they require in the 
less active portions of the reproductive cycle in order to make up for 
unavoidable losses in the more active portions. 

Much knowledge regarding the importance of purified chemical 
compounds in nutrition has come from experiments with rats. But 
the use of purified chemical compounds is expensive, even with small 
animals, and experiments with such compounds are, therefore, not 
continued for any great length of time. We are still far from knowing 
what chemical compounds would be necessary and in what quantities 
to maintain a colony of rats in a high condition of fertility through 

4 "Near maximuin milk yield" means within, say, 5 or 10 percent of maximum. The problem of keeping 
cows actually at maximum milk yield for long periods has never been studied, but it would probably involve 
feeding large surpluses of expensive foods which could not be paid for by the extra milk obtained. 
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several generations. And even if we had such knowledge for rats, 
it could not be applied without great reserve to other species of 
animals. 

It is not economically possible to carry out long-continued experi- 
ments with chemically purified compounds on large animals like dairy 
cows, but there is no difficulty about studying the effects of the ordi- 
nary farm feeds on growth, reproduction, and lactation in these ani- 
mals. Such experiments have been carried out in vast numbers in the 
past; but in manv of them only one function of the animal, as for 
instance milk secretion, was taken into account, and many have not 
lasted long enough to show whether the rations used were capable of 
maintaining the cows at a high level of milk secretion and in good 
health and fertility throughout their lives. Tn the following discus- 
sion of the practical aspects of feeding dairy cows, such long-continued 
experiments as are on record have been given much consideration. 

RELATIVE IMPORTANCE OF ROUGHAGE AND CONCENTRATES 
AND PROPER WAYS OF FEEDING THEM 

A cow's food consists of concentrates and roughage. The concen- 
trates, as their name implies, are foods in which the nutritive energy 
is high in proportion to their weight and bulk; they are from 75- to 
100-percent digestible. In roughages, the nutritive energy is lower in 
proportion to weight, the digestibility being from 30 to 75 percent. 
The concentrates consist of grains and highly digestible materials 
manufactured from grains, while roughages are whole plants, with 
the exception of the roots, often made into hay by drying. Pasture 
and silage also are usually included under the head of roughage. 

In numerous experiments with cattle, the nutritive properties of 
grain and hay have been studied by feeding each kind of food without 
the other over long periods. Cattle cannot be kept alive for more 
than a year or so on grain alone, but they may remain alive and iti 
good health for many years on hay alone. High-producing cows, 
however, cannot be kept anywhere near their maximum milk produc- 
tion on hay alone, because they are not able to eat and digest the 
enormous bulk of this kind of food which would be necessary to supply 
the nutritive energy required for heavy milk production. 

In order to keep high-producing cows in good health and near maxi- 
mum milk production, therefore, it is necessary to feed both hay and 
grain—the hay to provide some nutritive energy, but more particularly 
certain nutritive essentials necessary to keep animals in good health; 
the grain to provide a large amount of nutritive energy in such con- 
centrated form that the cows can consume and digest enough of it for 
heavy milk production. 

Nutritive energy is that part of the energy of the food which can 
undergo chemical changes within the body and thus supply the energy 
necessary to keep animals warm, to enable them to move about, and 
to make possible certain chemical changes within the body. The 
nutritive energy of any food can be measured and compared with 
that of any other food, and may be designated simply as its energy 
value. It would perhaps be better to describe the parts played by 
grain and hay in the nutrition of dairy cattle by saying that the chief 
function of hay is to supply certain chemical compounds required to 
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keep animals alive and in good health, and that the chief function of 
grain is to supply the large amount of concentrated energy required 
for heavy milk secretion. 

Cows can be kept for many years in good health and near maximum 
milk production on rations of grain and hay alone without pasture or 
other green or succulent food. In order to do this, however, it is 
necessary to pay particular attention to the kind of hay fed. Hay 
varies greatly in the quantity of various important chemical com- 
pounds that it contains. 

If it were necessary to get along with only one kind of hay, it would 
be much better to use legume hay than grass hay. Legume hay con- 
tains more of almost every chemical compound necessary for nutrition 
than does grass hay. But experience has shown that cows will not 
eat as much hay or thrive as well on either legume hay or grass hay 
alone as they will on a combination of the two. The roughage of the 
dairy ration may, therefore, consist of about equal parts of legume 
hay and grass hay. The best known chemically and probably the 
best of the legume hays is alfalfa. Among the grass hays, timothy 
has been much studied and may be taken as an example of the kind 
of grass hay to be fed. Other roughage which, like timothy, is high 
in carbohydrate and low in protein may be substituted, as for instance 
corn silage. In this case, of course, about equal amounts of legume 
hay and of the dry matter of corn silage should be fed. 

The vitamins are contained in much larger quantity in hay of good 
quality than in hay of poor quality. It is important, therefore, to 
supply cows with hay of good quality, and this can be done by using 
hay of the U. S. No. 1 grade. For some years the Bureau of Agricul- 
tural Economics has been engaged in the task of grading various kinds 
of hay. Descriptions of the different grades are to be found in the 
Handbook of Official Hay Standards {1155), and agents of the Bureau 
of Agricultural Economics are stationed in various parts of the United 
States for the purpose of grading hay that is put on the market. It 
is a disadvantage in using silage that no system has yet been devised 
of judging the quality of this food from its appearance, although 
silage, like hay, varies greatly in quality. 

Since the vitamin content of hay is so important for dairy cows and 
it is not always easy to obtain hay of the highest quality, it is not 
only economically advantageous but also good for the health of the cows 
to induce them to eat as much hay as possible. This can be accom- 
plished not only by feeding a mixture of legume hay with either grass 
hay or some other low-protein roughage such as corn silage, but also 
by feeding the cows at all times as much hay as they will eat, and 
keeping the grain down to a point where they will be hungry enough 
to clean up quickly all that is given to them. This excellent practice 
is applied by all experienced dairy farmers. 

For cows that are not on pasture, then, the basic portion of the 
dairy ration is as much roughage of good quality as they will eat, at 
least a third of the dry matter of this roughage consisting of legume 
hay. But good dairy cows will not eat enough roughage to supply the 
total digestible nutrients required for maximum milk production, so 
it is necessary to add concentrates to the ration. Even when this is 
done, most good dairy cows do not consume enough nutrients to cover 
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the requirement for milk secretion in the early part of the lactation 
period and lose weight for the first few weeks after calving. The 
problem of how much to feed at this period resolves itself into giving 
as much roughage as they will eat at all times, and as much concen- 
trated feed as they will clean up in the first half hour after it is put in 
the manger. 

After the cow has become accustomed to lactation, however, and 
the milk yield has declined somewhat, a period is reached where she 
will eat more than enough roughage and concentrates to cover her 
requirement and will begin to gain weight unless the food supply is 
restricted. Numerous studies have been made to determine how 
much food should be given to maintain maximum milk secretion 
without waste during this part of the lactation period. 

DETERMINING THE AMOUNT OF FOOD REQUIRED 
The total-digestible-nutrient or energy content of many farm feeds 

has been determined, and the figures obtained have been compiled in 
tables published in Morrison's Feeds and Feeding {819, p. 95^). Morri- 
son's tables give not only the total digestible nutrients of the feeds, 
but also their content of a number of chemical constituents, as for 
instance protein, fat, phosphorus, etc. The requirements of cows are 
better known for some of these constituents of foods than for others. 

The requirement for total digestible nutrients has been much 
studied, and there is some approach to agreement among different 
investigators concerning it. In devising rations for dairy cows, the 
usual practice is to select one which contains in liberal quantities all 
of the chemical constituents known to be necessary for the nutrition 
of these animals, and then to feed to each cow enough of the ration to 
supply the total digestible nutrients that she requires according to her 
body weight and her milk and fat yield. The energy requirements of 
cows of various body weights and at various levels of milk and fat- 
yield have been determined in experiments in which cows have been 
fed for long periods on such quantities of good dairy rations as would 
keep them at uniform body weight. The quantities of energy or 
total digestible nutrients in the rations found necessary to maintain 
uniform body weight are then calculated, and from the results ob- 
tained the energy requirements for various body weights and various 
milk and fat yields are calculated and compiled in tables. The 
quantities of protein and total digestible nutrients given by Savage 
{1011) as required daily by cows for maintenance5 and milk and fat 
yield 6 are given in table 1. By using these figures in conjunction with 
those given by Morrison for the total digestible nutrients contained in 

5 As stated in table 1, the maintenance allowance may be increased or decreased in proportion to body 
weight for practical purposes. For very large or very small animals, the change in maintenance allowance 
should be somewhat less than in proportion to body weight, the mathematical formula used in calculating 

this change being X=M ( T^Q ) ' X here is the %%ú^tenance requirement to be determined; M, the main- 
tenance requirement of a 1,000-pound cow; W, the body weight in pounds of the cow whose requirement 
is to be determined; and e, an exponent in regard to the value of which investigators are not agreed, the values 
assigned varying from 0.63 to 0.87, 

G The Savage standard is used as the basis of the discussion in this article, partly because it was used as 
the basis in the experiments to be described later and partly because it is the most liberal of the feeding 
standards It is true that several less liberal standards have since been published, and that Savage himself 
has suggested a less liberal scale of feeding than his original standard. The writer, however, is of the opinion 
that, where milk production near the maximum is desired, it is advisable to feed at least as much protein 
and total digestible nutrients as are recommended in Savage's original standard. The reasons for this view 
are discussed in the proper place in the text. 
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dairy feeds, the amounts of various rations required by any cow, 
according to Savage, can be calculated. There is good reason to 
believe that the Savage standard for energy requirement is not far 
from giving the quantities of nutritive energy necessary to keep good 
dairy cows near maximum milk production, and it will be used as a 
basis for the procedure recommended in this article. 

TABLE 1.—The Savage standard of daily food requirements of dairy cows for maintenance 
and milk production 

Item 
Digest- 

ible crude 
protein 

Pounds 
0.700 

.053 

.057 

.061 

.065 

Total di- 
gestible 

nutrients 

Pounds 
7.925 

:i? 
.319 
.350 

Item 
Digest- 

ible crude 
protein 

Pounds 
0.069 
.073 
.077 
.081 
.085 
.089 

Total di- 
gestible 
nutrients 

For mainetance of cow 
weighing 1,000 pounds i  

Additional allowance for each 
pound of milk containing 
the following percent of fat: 

Additional allowance for each 
pound of milk containing 
the   following   percent   of 
fat: 

4.5  
Pounds 

0.379 
2.5     __ 5.0 405 
3.0  5.5   431 
3.5  6.0   _           . 457 
4.0      ... 6.5 484 íS:::::::"::—:"::" 508 

3 For cows weighing more or less than 1,000 pounds, it is sufficiently accurate for practical purposes io 
increase or decrease the maintenance allowance in proportion to the body weight. 

A concentrate mixture containing liberal quantities of protein, 
fat, and phosphorus may be made up by mixing four parts of corn 
meal and three parts of wheat bran with three parts of one or more 
of the oil meals. To this should be added 1 percent of salt. It is 
well known that cows must have salt as a part of their ration, and it 
is good practice to supply this, not only by adding this amount to the 
grain mixture, but also by providing a box of salt in the yard or in 
the pasture field, so that the cows can consume as much as they wish 
in addition. 

A SATISFACTORY PROCEDURE FOR THE FEEDING AND CARE 
OF DAIRY COWS 

The feeding procedure just outlined is one by which cows have 
been kept through one generation, without pasture or other green or 
succulent feed, in a normal condition of health and fertility and near 
maximum milk production for periods of 4 to 9 years in actual experi- 
ments. These experiments were carried out by the writer and collabo- 
rators with a herd of 20 to 30 cows at the experiment station of the 
Bureau of Dairy Industry at Beltsville, Md. The procedure will 
now be specifically and fully described. 

The rations consisted of hay combined with a concentrate mixture. 
The hay was either U. S. No. 1 alfalfa or about half and half U. S. 
No. 1 alfalfa and U. S. No. 1 timothy.7 The milking cows were offered 
at all times as much hay as they would eat. The concentrate mixture 
contained usually 4 parts of corn meal, 3 parts of wheat bran, 2 parts 
of cottonseed meal, 1 part of linseed meal,8 and 1 percent of salt. 
It was impossible to keep the cows from losing weight in the early 

'• Corn silage was sometimes substituted for the U. S. No. 1 timothy hay. 
^ The oil meals were not extracted with fat solvents but by the old process. 
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part of the lactation periods, although they were feel not only as much 
hay as they would eat, but also as much of the concentrates as they 
would clean up in half an hour after they were fed. In the later parts 
of the lactation period the cows were allowed to gain back as much 
body weight as they had lost at the beginning. After that they were 
still fed as much hay as they would eat and sufficient concentrates 
to bring their consumption of total digestible nutrients up to what 
they required according to the Savage standard. 

In their dry periods the cows were fed 20 percent more total digest- 
ible nutrients than they required according to the Savage standard. 
When the hay was alfalfa alone, they consumed about equal quantities 
of grain and hay; when it consisted of a combination of alfalfa and 
timothy, they consumed about half again as much total hay as they 
did grain. 

The cows were bred as nearly as possible 6 months after they calved. 
If they became pregnant on the first breeding, they were continued in 
milk for the first 12 complete calendar months after calving, and then 
had a dry period of about 3 months before calving again. If there 
was delay in conception, the cows were kept in milk long enough to 
make the milking period four times as long as the dry period. 

The cows were kept in stanchions and milked three times a day by 
hand. They were turned out for a part of each day in a fenced lot in 
which no grass grew. The time spent in the lot varied from a few 
minutes daily when the weather conditions were very bad to 16 hours 
daily when the weather was most favorable. 

The results of this procedure were found satisfactory for the first 
generation of cows subjected to it (fig. 1). But the heifers in the 
second generation subjected to such procedure were found difficult 
to get with calf. They came in heat regularly, but failed to become 
pregnant even though bred many times. Heifers from cows that 
had the same barn rations as those described above but with even 
small amounts of pasture occasionally in the summer wrere not difficult 
to get with calf; and the failure to conceive in heifers from cows that 
had had no pasture tended to be corrected if the heifers themselves 
wrere given pasture for fairly long periods. 

Pasture should, therefore, be made a part of the annual dairy 
ration. It is important not only because it helps to keep cows in a 
state of high fertility, but also, as will be shown later, because it 
contains large quantities of vitamin A which can be stored in the 
cows^ bodies and thus protect them from the effects of deficiencies of 
this vitamin that might occur in the. winter through the feeding of 
roughage not of the best quality. There is every reason to think 
that good pasture is rich not only in vitamin A but also in other 
organic nutritive essentials that have not been much studied up to 
the present time, and that turning cows out on pasture for a part of 
the year provides insurance against a number of deficiencies that 
cannot be avoided by any kind of barn rations known at present. 

In most cases pasture is not only a means of insurance against 
sterility and deficiency diseases; it is also economically advantageous. 
Farmers naturally turn their cow^s out on pasture for about 6 months 
every year. It should be kept in mind, however, that, unless the 
pasture is plentiful and of unusually good quality, high-producing 
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Figure 1.—Long-time feeding without pasture was satisfactory for one generation of 
cows. A, This cow gave an average of 7,391 pounds of milk a year for nearly 9 
years on a ration of grain and a mixture of alfalfa and timothy hay. ß. Grain, lale- 
cut U. S. No. 3 timothy hay, and 20 pounds daily of yellow carrots enabled this cow 

to give an average of more than 10,000 pounds of milk a year for 4 years. 
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cows cannot consume enough of it to support their milk yield, and 
grain must be fed in addition to keep this function near' its maxi- 
mum. The cows that were given the barn rations described above 
through the winter did not increase in milk yield when turned out on 
pasture in the spring, even though grain feeding was continued all 
through the pasture season. 

Under certain circumstances, as near cities where land is very 
expensive or where high records are the chief consideration, pasture 
adds little or nothing to the economy of feeding cows, and it is con- 
venient to reduce it as far as possible. There are no experiments to 
show how far pasture can be reduced without affecting the fertility 
of dairy cows, but there is strong evidence for the view that rations 
such as those described above are nearly complete without pasture. 
It may be supposed for the present, therefore, that if cows are turned 
out on good pasture for 2 months every year and fed at other times 
as described above, the rations will be sufficient to support the herd 
permanently. 

It has not been possible to keep many of the cows available for 
experimental purposes for many years under the procedure which 
has just been described either with or without pasture, partly because 
a large proportion of the herd was needed for experiments with less 
satisfactory rations, and partly because every herd of cows is subject 
in the course of years to such accidents as epidemics of positive 
reactions to tuberculosis or contagious abortion. In spite of such 
restrictions and accidents, satisfactory evidence was obtained which 
showed that cows were likely to remain in good health under such 
treatment either with or without pasture, to reproduce normally for 
one generation, and to yield liberal quantities of milk up to the age 
of 12 or 13 years. About 90 percent of normal calves were obtained. 
and it required less than two breedings on the average to produce 
pregnancy. 

The annual milk and fat yields are calculated by dividing the total 
yields for the periods under consideration by the total time in years 
from the time of first calving in the period to the end of the last dry 
period, and including all the intervening dry periods. There were 
two Holstein-Friesian cows and four Jerseys whose records while fed 
and treated as outlined above happened to extend to periods of 
nearly 4 to over 10 years. In spite of the long dry periods allowed 
(25 percent of the periods in milk), the Jersey cows yielded 4,613 
to 6,921 pounds of milk and 291 to 388 pounds of fat annually on the 
above basis, and the Holsteins, 13,644 to 15,098 pounds of milk and 
409 to 441 pounds of fat. The periods for the two Holstein cows 
were close to 4.3 years each on barn feeding alone, and they averaged 
14,371 pounds of milk and 425 pounds of fat annually in those periods. 

In the case of the four Jersey cows, the total periods on the feeding 
and treatment in question included periods on pasture and corn 
silage. The total periods ranged from 3.92 to 10.30 years, with an 
average of 7.23 years, and the cows gave 5,776 pounds of milk and 
332 of fat annually on the average. Three of them were on rations 
of grain and hay alone, without pasture or succulent feed, for con- 
tinuous periods ranging from 4.60 to 8.76 years, averaging 6.51. 
The fourth cow is omitted from  this calculation because she was 
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on dry feeds for a short time only. The three cows during the 
periods mentioned gave an average of 6,374 pounds of milk and 360 
of fat annually. The milk and fat yields were larger on the dry 
feeds partly because the periods on pasture included the first lacta- 
tions, in which the yield is normally smaller, and partly because the 
fourth cow happened to be a low producer. 

That the barn rations fed to these cows were well suited to main- 
tain liberal milk yields for long periods is shown by the way in which 
the milk yields were sustained in all cases. Both of the Holstein 
cows gave their largest milk yields in the last lactations in the periods 
studied at ages of over 5 years. The Jersey cows gave their largest 
yields at the ages ofo, 6, 6, and 8 years, respectively, and had de- 
creased less than 10 percent below their highest yields at the ages 
of 6, 7, 9, and 10 years. One of these cows had been on barn rations 
composed exclusively of dried feeds for more than 4 years in succession 
when she gave her highest yield. 

In actual practice, the cows ate about 10 percent more total digest- 
ible nutrients than they required according to the Savage standard 
during periods when they were not on pasture. They remained in 
very good condition, but were not extremely fat. 

If cows are fed and treated as just described, they will receive 
more protein, fat, vitamin A, calcium, and phosphorus than has been 
found to be the minimum requirement of these constituents in the 
experiments bearing on the subject. These are the constituents of 
farm rations that have been most studied up to the present time, and 
much information has been accumulated bearing on the quantities 
required by dairy cows and on the effects of a shortage of any one of 
them on the health and performance of the cows. It is known that 
a shortage of one of these constituents will have unfavorable effects 
on either health or milk yield, and it seems likely, therefore, that it 
will be good practice to feed somewhat more than the minimum 
requirement of each in the case of a herd of good cows that is being 
maintained for intensive milk production. Knowledge, however, is 
not yet sufficiently precise to make it possible to say just how cows 
ought to be fed in order to produce the best results with the highest 
economy. The procedure outlined has given satisfactory results in 
actual practice and may be regarded as at least an approximation of 
good feeding. The following discussion of the work on the require- 
ments of cows for the dietary constituents under consideration will 
throw light on the questions as to how the requirements may be 
supplied from other foods than those suggested, how far the rather 
liberal quantities allowed in the procedure outlined may be reduced with 
safety, and what the results are likely to be if they are reduced too far. 

ENERGY REQUIREMENTS 

The total digestible nutrients of a ration represent fairly closely its 
content of metabolizable energy. This is the total quantity of 
energy that can be obtained from the chemical transformations 
undergone by food within the animal body. It is to be hoped that 
tables of metabolizable-energy values will be compiled and published 
in the not distant future. In the meantime the tables for total digest- 
ible  nutrients   are  the  most  accurate  representation  available  of 
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metabolizable energy, and in the following discussion the two terms 
will be used as being sufficiently interchangeable for practical pur- 
poses. The question of net energy9 will be discussed only very 
briefly, and the metabolizable energy of food will frequently be spoken 
of simply as its energy content. 

The energy requirement of dairy cows and other farm animals has 
been much studied in the past—partly in rather brief balance experi- 
ments, in which the energy contained in the food has been compared 
with that given out as heat and in the milk and excreta ; and partly 
in longer experiments in which the quantity of food energy required 
to maintain milking cows at uniform body weight has been deter- 
mined. The balance experiments have shown that cows can often 
secrete milk more economically than is indicated by the results of the 
body-weight experiments, but there are many strong reasons for 
thinking that the results of the latter experiments should be accepted 
as a guide in practice rather than those of the former. These reasons 
may be outlined as follows: 

A cow responds to the demand that she secrete milk economically 
by reducing the rate of milk yield faster than she would under more 
liberal feeding. In.the balance experiments, the economy of milk 
yield is determined by comparing the energy intake in the food, over 
and above what is required for maintenance, with the energy output 
in the milk. From this point of view, if a cow consumed exactly her 
theoretical requirement she might be secreting milk very economically 
in the physiological sense, and yet this might be very wasteful as 
far as the farmer was concerned. 

The following example will illustrate the situation concretely. 
Suppose there are two cows, A and B, each of which requires 8 pounds 
of total digestible nutrients for maintenance. Cow A is yielding 40 
pounds of 4-percent milk daily, and cow B, 20 pounds of 4-percent 
milk. According to the Savage standard, cow A will require 14 
pounds of total digestible nutrients daily to cover her milk yield, 
which, added to the 8 pounds for maintenance, will amount to 22 
pounds altogether. Cow B requires 8 pounds of nutrients for main- 
tenance, and 7 pounds for milk yield, or 15 pounds altogether. Sup- 
pose cow B is consuming exactly her requirement, while cow A is 
consuming 20 percent more than her requirement, or 26.4 pounds of 
nutrients daily. In the physiological sense, then, cow B is secreting 
milk much more economically than cow A. But from the farmer's 
point of view cow B is consuming 15 pounds of nutrients in order to 
produce 20 pounds of milk, or 0.75 pound of nutrients per pound of 
milk, while cow A is consuming 26.4 pounds of nutrients to produce 
40 pounds of milk, or only 0.66 pound of nutrients per pound of milk, 
and is, therefore, decidedly the more economical producer of the two. 

In the most recent edition of Morrison's textbook {8Î9), two stand- 
0 Some years ago the view was put forward that stock feeders should be furnished with tables of "net 

energy values" for farm foods, which should represent the fractions of the metabolizable energy of the foods 
that could be used by animals to produce some product useful to the farmer, such as fat, The metabolizable 
energy of hay or corn cannot be converted by a steer completely into the metabolizable energy of body fat, 
A certain proportion of the food energy is always converted by the animal into heat, and several investi- 
gators have supposed that the fractions converted into heat and fat, respectively, would be sufficiently 
constant to be used in tables of food values. Morrison (819) has given a table of net energy values and dis- 
cussed the subject with references to the literature, Most recent investigators, including the writer, how- 
ever, think that the "net energy values" of individual foods are not sufficiently constant to be used as a 
basis in practical feeding. 
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ards of total digestible nutrients are given for milking cows, one more 
liberal than the other. In discussing these standards, Morrison states 
that it is often more economical to feed less total digestible nutrients 
than are required for maximum milk production, because cows can- 
not be maintained at maximum production without large amounts of 
concentrates, and in many areas of the country roughage is so much 
cheaper than concentrates that the extra amount of milk obtained by 
feeding the extra concentrates is not sufficient to pay for them. 
Morrison recommends that the higher amounts of total digestible 
nutrients be fed to good cows under usual conditions, but says that 
it may be more profitable to feed according to the lower figures when 
roughage is very cheap in comparison with concentrates. 

Morrison's more liberal standard recommends, on the average, about 
7 percent less total digestible nutrients per pound of milk than the 
Savage standard, and experiments have indicated that even the Sav- 
age standard does not provide quite enough total digestible nutrients 
to keep cows near maximum milk production. There are no experi- 
ments to show what effect it would have on the milk production of 
good dairy cows to keep them for several years on rations that do not 
supply enough total digestible nutrients to maintain milk production 
near its maximum. 

Experiments carried out in Minnesota, in Missouri, and in the 
Bureau of Dairy Industry Station at Beltsville, indicate that cows are 
kept close to maximum milk secretion when they are fed good rations 
containing the quantities of total digestible nutrients recommended by 
the Savage standard or 5 to 10 percent more, and that Jersey cows so 
fed will often go on secreting about 6,000 pounds of milk yearly for 
several successive lactation periods. In Holsteins, the milk yields 
obtained have been about 14,000 pounds annually. In both breeds 
the rate of decline in milk yield has been about 50 percent of the 
maximum monthly yield in the course of 12 months. 

For the reasons already given, it seems likely that yields near the 
maximum will coincide closely with the most economical yield, in the 
sense that by getting such yields the farmer will get the largest pos- 
sible quantity of milk per pound of total digestible nutrients given 
to his cows. To assign a level of feeding that will give the best re- 
sults in a strictly financial sense is a very complicated problem. To 
solve this problem, there must be taken into account, among other 
things, the varying prices of roughages and concentrates, the over- 
head expense represented by barn space and labor, as well as by food 
for maintenance required to keep a larger number of cows to produce 
a given quantity of milk, and the extra price that can be obtained for 
calves in some districts if the cows in the herd have good milk records. 
It would seem that this problem must be left to a large extent to the 
individual dairy farmer who knows his own particular conditions. 

The effects of a moderate reduction in the energy content of the 
ration below the requirement of milking cows are a decline in milk 
yield and a loss of body weight. In a few weeks the cow, without be- 
coming sick, reaches a milk yield and body weight that can be supported 
on the reduced ration and continues under the reduced conditions at 
a constant body weight. Severe reductions in the energy of the ration 
result in visible emaciation, but this can often be carried surprisingly 

141804°—no as 
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far without producing any strictly pathological results. The results 
of energy deficiency are in marked contrast to those of deficiencies in 
vitamin A, calcium, phosphorus, and iodine, which often produce 
pathological symptoms without the changes that are ordinarily at- 
tributed to lack of food. 

The situation with regard to the energy requirements of dairy cows 
may be summed up by saying that the figures given as the average 
requirements by different investigators vary from those given by 
Savage to figures about 20 percent lower than his. These figures are 
all based on body weight and balance experiments, and there is very 
little experimental evidence on the question as to how milk yield is 
affected by different levels of energy consumption over long periods. 
To devise experiments that would throw clear light on this question 
would be a difficult matter, because individual cows vary considerably, 
not only in their energy requirements for maintenance, but also in 
their tendency to convert food energy into milk or body fat. From 
considerable study of such experiments as bear on the question, and 
from many years' observation of a herd of cows fed at various levels 
of energy consumption, the writer has formed the opinion that good 
dairy cows will yield the largest amount of milk per pound of total 
digestible nutrients consumed over a period of serveral years when 
fed approximately according to the Savage standard. 

In this matter, however, it is both legitimate and desirable for the 
dairy farmer to experiment to some extent for himself. It will not 
seriously injure the health of his cows to feed somewhat more or some- 
what less nutritive energy than they require for maximum milk yield, 
and it is important for him to know which of the cows will respond to 
liberal feeding by large returns in milk. Furthermore, the effects of 
underfeeding and overfeeding are easily detected by changes in body 
weight and milk yield. The condition of the cows should be watched 
and should supplement the figures given in the standards as a guide in 
feeding. The response in milk yield of the individual cows to liberal 
feeding should also have great influence in determining the procedure 
to be followed. Cows in poor condition from long-continued under- 
feeding will often respond with a surprisingly increased milk yield to 
liberal feeding for a month or so before they calve. But the figures 
given in the standards set useful limits to the range within which 
experimentation is worth while. The dairy farmer can count on it 
that few cows will respond with profitably increased milk yields to 
continued feeding much above the Savage standard, and that still 
fewer will fail to show marked signs of undernutrition and disastrous 
reductions in milk yield if fed for any length of time 20 percent or 
more below this standard. 

THE MOST IMPORTANT CHEMICAL COMPOUNDS 

The number of chemical compounds known to be necessary to 
keep animals in good health is large. But most of them are needed 
in very small quantities and are present in natural foods in greater or 
lesser amounts. In the case of animals fed on natural foods, there- 
fore, deficiencies in most of the compounds necessary for nutrition 
do not occur; under practical conditions, deficiencies of only a few 
such compounds have been observed to produce pathological symp- 



FEEDING OF DAIRY COWS 579 

toms. The deficiencies known to have produced pathological or 
unfavorable conditions in dairy cows in practice are those of protein, 
fat, vitamin A, calcium, phosphorus, and iodine. 

THE PROTEIN REQUIREMENT 

Although much effort has been devoted to studying the protein 
requirement of dairy cows; authorities are by no means agreed as to 
what this requirement is. The quantities of protein recommended 
by Savage have been given in table 1 (p. 571). Some years previous 
to the publication of Savage's work? Haecker had published a standard 
which allowed about 20 percent less protein for each pound of milk 
than does Savaged standard. In the 1936 edition of Morrison's 
Feeds and Feeding {819, p. lOOJf) still other figures are given for the 
protein requirements of dairy cows. According to the Morrison 
figures, good cows under usual conditions should get about 7 percent 
less protein for maintenance and about 25 percent less per pound of 
milk than the Savage standard recommends; and for certain conditions 
where concentrates are expensive still lower quantities of protein 
are advised. 

The Savage standard allows 0.7 pound of digestible crude protein 
daily for the maintenance of a 1,000-pound cow, and, in addition, 
about twice as much protein as is secreted in the milk. Several other 
investigators have obtained results that suggest that a milking cow 
weighing 1,000 pounds need receive only 0.5 pound of digestible crude 
protein for maintenance plus 1.25 times as much protein as is secreted 
in the milk. 

Gary {196) studied the effects of feeding these levels of protein on the 
milk yield of good dairy cows for long periods. The cows were fed 
10 percent more totaf digestible nutrients than required by the 
Savage standard. The low-protein ration consisted of corn meal, 
wheat bran, a commercial dextrin preparation, alfalfa hay, and 
timothy hay. The high-protein ration was the same except that the 
protein content was raised by substituting for some of the dextrin 
preparation a quantity of casein with the same total-digestible- 
nutrient content.    Two cows were used in the experiment. 

When changed from the high-protein to the low-protein ration at 
the beginning of the dry period, one cow in the immediately succeeding 
lactation period produced 50 percent less milk and fat. The other 
cow maintained her production for nearly 8 months in the first lacta- 
tion on the low-protein ration, but lost about 100 pounds in body 
weight. At the end of the 8 months, the milk yield and percentage 
of fat dropped abruptly. In her next lactation on the low-protein 
ration, this cow gave only 22 percent of the milk and 15 percent of the 
fat yielded in the preceding high-protein lactation, and went dry in 
5 months. When the cows were put back on the high-protein ration, 
both immediately resumed their original higher level of milk and fat 
production. 

These results are instructive in showing how cows differ in their 
response to inadequate protein in the ration. Some reduce their 
yield immediately; others, not until after several months. In all 
cases the milk yield and the percentage of fat are finally greatly 
reduced, though no permanent damage is done to the cow, which 
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recovers in both milk and fat yield as soon as she is put back on an 
ad equate protein ration. The results show that, for the feeds used 
in this experiment, 0.5 pound of protein for the maintenance of a 
1,000-pound cow plus 1.25 times the protein secreted in the milk is 
not suiRcient to maintain maximum milk production. 

To determine the quantity of protein required for milk secretion is 
a very complicated problem. Proteins are made up of combinations 
of simpler chemical compounds called amino acids (see the article on 
Protein Requirements of Man, p. 173). Several of these amino acids 
are called essential because animals cannot manufacture them from 
other compounds, and, in order to remain in good health and secrete 
milk, they must obtain these essential amino acids from the protein of 
the food. Some proteins lack some of the essential amino acids or con- 
tain them only in small quantities, and all of the essential ones are 
required in considerable quantities for the formation of milk protein. 
Food proteins differ, therefore, in their ability to support milk secre- 
tion, according to their amino acid make-up, and it is not possible to 
say exactly how much protein is required for a given amount of milk 
without first knowing what kind of protein is to be fed. Strictly 
speaking, there is no such thing as a general protein requirement for 
dairy cows. 

Further, in the ordmary balance experiment, only the total amount 
of nitrogen taken in and given out by the cow is determined, and the 
protein intake and output is calculated from the figures obtained for 
nitrogen. The fact that an animal is not losing nitrogen from its 
body, which is taken to indicate that it is getting an adequate amount 
of protein, does not necessarily show that it is not losing one or more 
of the essential amino acids. Such loss might be concealed by the 
storage of a small amount of nitrogen in the form of some other amino 
acid. The problem of the protein requirement for milk secretion, 
therefore, is still far from being solved with any exactness. In view 
of these and many other results (774, PV- 207,210) tending to show that 
liberal feeding of protein is necessary for high milk production, it 
seems wise to feed as much protein as is called for by the Savage 
standard when maximum milk production is desired. 

In experiments continued over many years, cows have been fed 
from 30 to 100 percent more protein than is recommended by the 
Savage standard. The results indicate that cows may consume at 
least 30 percent more protein than is recommended by the Savage 
standard without any bad effects on their health or performance, 

THE FAT REQUIREMENT 

Recent experiments have shown that the milk yield of cows tends to 
be noticeablv reduced when the quantity of total fat—as distinguished 
from digestible fat—in the ration falls below 70 percent of that 
secreted in the milk {769, p. 417; 819. p. 494). The fat requirement for 
maximum milk production may therefore be said to be about equal 
to 70 percent of the fat secreted in the milk. Cows fed according to 
the procedure previously outlined and giving from 6,000 to 
12,000 pounds of milk annually would receive in their food only 70 to 
90 percent of the fat secreted in the milk, in spite of the fact that they 
were fed liberal quantities of a ^rain mixture containing 30 percent of 
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oil meal in which the fat had not been extracted by solvents. As oil 
meal of this character contains more fat than corn or the cereal grains 
and much more fat than hay or than oil meal from which the fat has 
been extracted by solvents, it is difficult to see how cows on dry barn 
rations could be supplied with sufficient fat without feeding liberal 
quantities of the old-process oil meals. The high fat content of these 
feeds, in addition to their high protein and high phosphorus contents, 
is probably an additional factor in making them almost indispensable 
foods for the maintenance of high levels of milk yield in good dairy 
cows. 

No bad effects on the health of cows have been observed as the 
result of feeding rations too low in fat to support maximum milk 
yield. The only effect of such feeding that has been so far observed 
is a reduction in the yield of milk, and it is interesting that this occurs 
without any accompanying reduction in the percentage of fat. The 
situation is in marked contrast to the effects of low protein feeding, 
which may greatly reduce the percentage of fat in the milk as well as 
the total yield. 

THE VITAMIN A REQUIREMENT 

Before discussing the vitamin A requirement of cattle, it will be 
worth while to give a very brief outline of what is known at present 
regarding the chemistry of this vitamin (see also the article on 
Vitamin Needs of Manu p. 221). Vitamin A has been identified in 
animals, particularly in their liver oils, as a definite colorless chemical 
compound of which the formula is known. This compound itself is 
not found in plants, but many plants contain yellow pigments called 
carotenes, the chemical formulas of which are closely related to that 
of the colorless form of vitamin A found in animals. Animals fed 
carotene can easily convert it in their bodies into vitamin A. Because 
of this conversion of the carotene of plants into true vitamin A, it 
will sometimes be convenient in the following discussion to speak of 
the carotene content of plants as their vitamin A content. 

Plants contain a number of different chemical modifications of 
carotene. Of these, jo-carotene has the highest vitamin A activity. 
In addition, plants contain other yellow pigments closely related 
chemically to carotene but without vitamin A activity. Finally, 
plants that have been converted into hay by drying or have been 
ensiled contain degeneration products of carotene which have little 
or no vitamin A activity. 

Carotene is usually determined in plant materials by the Will- 
stätter and S toll procedure or some modification of it. The figures 
given below were obtained by a modification of this procedure. 
They can be taken as representing within 10 percent the carotene 
content and vitamin A activity of fresh growing grass and alfalfa and 
of carrots, but in the case of hays and silage the carotene content and 
vitamin A activity is 18 to 40 percent less than is represented by these 
figures, the largest discrepancies being found in the low-grade hays. 

Fresh growing pasture grass and alfalfa contain 300 to 600 parts 
per million of carotene on a dry-matter basis ; yellow garden carrots,10 

about 1,000 p. p. m.; U. S. No. 1 alfalfa hay/40; U. S. No. 1 clover 
io The carotene content of carrots is closely correlated with their yellow color.   White field carrots con- 

tain only a small fraction of the quantity characteristic of yellow garden carrots. 
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hay light timothy mixed, 18; U. S, No. 1 timothy hay, 20; U. S. No. 3 
alfalfa hay, 4; U. S. No. 3 timothy hay, 5; and corn silage, 39 p. p. m. 
Yellow corn contains 5 p. p.m. of carotene on a dry-matter basis 
according to the Willstätter and Stoll procedure, but more than 
three-fourths of this is cryptoxanthin and other pigments that have 
only half as much vitamin A activity as ß-carotene. Grains and 
concentrates other than yellow corn have practically no carotene or 
vitamin A activity, so far as is known at present. From these figures 
it is evident that most cows are highly dependent on hay and silage 
of good quality and on pasture for their supply of vitamin A. 

All of these figures are subject to great variation in individual 
samples, particularly in the case of silage and the hays. The averages 
for these feeds are based on 10 to 40 separate analyses for each. 
They give as good an idea of the situation as can be obtained at present 
but will no doubt be more or less modified as more determinations are 
made. 

The experiments so far carried out indicate that dairy cows will 
receive about the minimum carotene required for successful repro- 
duction when the dry matter of their rations contains 10 p. p. m. of 
carotene. Approximately this quantity is supplied when the rations 
consist of equal parts of grain and hay, if the hay is U. S. No. 1 clover 
or U.S. No. 1 timothy. 

Animals fed on rations rich in vitamin A can store this vitamin in 
their bodies and thus remain in good health through a subsequent 
period when the supply is deficient. Good pasture is rich in vitamin 
A, and it is a question of practical importance how far a summer on 
good pasture will protect dairy cows against the effects of living on 
hay of low quality through the winter. 

Experiments carried out to throw light on this subject have shown 
that good pasture through the summer does protect cows against the 
effects of moderate vitamin A deficiencies in the winter. If, for 
instance, cows are fed on grain combined with timothy hay containing 
about 12 p. p. m. of carotene as the sole roughage for a year, there 
are likely to be a good many premature calvings after the first o 
months. The same kind of hay fed for 6 months after a summer on 
good pasture does not cause premature calvings. But if cows are 
fed on good pasture through the summer and then on U. S. No. 3 
timothy hay, which contains only o p. p, m, of carotene as the sole 
roughage, they are likely to begin calving prematurely after 5 months 
on the poor hay. 

The carotene and vitamin A content of milk fat is highly dependent 
on the quantity of carotene contained in the cow's food, A ration 
containing 10 to 20 p. p, m. of carotene will supply enough of this 
pigment to keep cows reproducing normally, but it is far from sufficient 
to keep the carotene and vitamin A content of the milk fat at its 
maximum. Even when the best hay is fed, the vitamin A potency 
of the milk fat still remains far below the figure to which it can be 
raised by turning cows out on good pasture. 

Just how much vitamin A milk fat should contain in order to supply 
the requirement of human beings is a complicated question that is 
still a long way from being solved. But it seems likely that milk 
that is to be fed to infants should contain more vitamin A than is 
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supplied by the rations of mediocre hay frequently fed to dairy cows 
through the winter. 

Vitamin A deficiencies are likely to occur where the quality of the 
hay crop is poor as a result of unfortunate conditions during curing, 
or where legume hay is not available, or where the roughage fed is 
reduced in amount on account of the cheapness of such concentrate 
byproducts as cottonseed meal. In the case of cattle on range or 
pasture, very serious vitamin A deficiency may be caused by long- 
continued drought. 

Mature cows suffering from vitamin A deficiency show the condition 
first by premature calving or by the throwing of weak or dead calves. 
This abnormality in reproduction is likely to appear in 5 months if the 
roughage of the ration consists entirely of either U. S. No. 3 alfalfa 
or U. S. No. 3 timothy hay. After 2 or 3 years on such rations, the 
cows are likely to fail to conceive though bred many times, and finally 
to die of some severe infection of either the lungs, the intestinal tract, 
or the udder. 

Calves less than 6 months old are likely to show the effects of vita- 
min A deficiency by marked retardation in growth, and finally by 
death from calf pneumonia. Blindness and infections of the eyes also 
are not infrequent symptoms. 

The effects of vitamin A deficiencies in farm foods can be warded off 
by feeding certain concentrated sources of the vitamin, such as young 
growing grass or legumes, yellow garden carrots, cod-liver oil, and 
alfalfa-leaf meal of high quality. Young growing grass is the best and 
safest source and should be used wherever possible. Under drought 
conditions, of course, such material is not available, and it will some- 
times be worth while to import cod-liver oil or alfalfa-leaf meal. 
Cod-liver oil must be used with some caution. To many animals, 
such as sheep, goats, rabbits, and guinea pigs, it is poisonous. Cattle 
resist its poisonous properties except when it is fed in large doses, but 
it has, in their case, the peculiar effect of reducing the quantity of fat 
in the milk. It should be bought under a guarantee as to its vitamin 
A content and should not be given to adult cows in doses of more than 
2 ounces daily, or to calves in doses of more than 1 ounce. Alfalfa- 
leaf meal readily loses its vitamin A potency. It should be bought 
under a guarantee in regard to this potency, and should not be kept 
more than a few months. 

Supplementing poor roughage with concentrated sources of vitamin 
A should be regarded as a temporary expedient to tide over an emer- 
gency; it cannot, for the present, be recommended as a permanent 
practice. One reason for this is that poor roughage is likely to be 
deficient in dietary essentials other than vitamin A, and the effects 
of these other deficiencies would appear if the animals were fed 
long enough on the poor roughage with the vitamin A supplements. 
Again and again, in nutritional experiments, supplementing deficient 
rations with vitamin concentrates has warded off nutritional disasters 
only for a time. It will be worth while, in this connection, to give a 
brief account of how far experiments on the particular subject under 
consideration have been carried. 

Heifers can be reared successfully without any hay of good quality 
up to the age of first calving  (fig. 2) by the following procedure: 
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For the first 3 days after birth they are given the colostrum from their 
dams, which is necessary to provide them with the requisite resistance 
to early infections. From 3 days to 3 weeks of age they are fed on 
skim milk supplemented with three-quarters of an ounce of cod-liver 
oil daily. The skim-milk feeding is continued up to the age of 6 
months, but from the age of 3 weeks they are given gradually increasing 
quantities of grain and U. S. No. 3 timothy hay up to the time of 
first calving. The feeding of three-quarters of an ounce of cod-liver 
oil daily is continued through the first year, after which the dose 
may be increased to 1¾ ounces until the time of first calving. 

The effects of adding cod-liver oil to the rations of milking cows on 
poor roughage in quantities fully sufficient to supply their vitamin A 

Figure 2.—On a ration of grain and U. S. No. 3 limothy hay, with a cod-liver oil 
supplement, the heifer on the left weighs at 1 year 532 iKuinds, only 148 pounds less 
than the 2-year-old heifer in the center, which was stunted by a deficiency of vitamin A. 
The healthy 2-year-old on the right, raised on grain, alfalfa hay, and pasture, weighs 

952 |M>unds. 

requirement have not been studied on account of the fact that cod- 
liver oil reduces the percentage of fat in the milk. Milking cows 
have, however, been kept on rations of grain, U. S. No. 3 timothy 
hay, and three-quarters of an ounce of cod-liver oil daily, which was 
sufficient to raise considerably the vitamin A content of the ration. 
They have also been kept on the same basal ration with a supplement 
of 20 pounds of yellow garden carrots daily while they were milking 
and 5 pounds daily while they were dry. This was more than sufficient 
to supply the vitamin A requirement. 

During the period of these experiments the herd was more than 
usually subject to various accidental circumstances which have some- 
what clouded the results. It has been clear that the results with both 
of these supplements have been much better than with the basal 
rations alone, though they were not so good as when legume hay of 
good quality formed a considerable part of the ration.    With the 
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cod-liver oil supplement there have been slightly less than 80 percent 
of normal calvings, and with the carrot supplement slightly less than 
50 percent. Because of the small number of animals involved, how- 
ever, and the accidental circumstances referred to, these figures should 
be regarded as subject to correction. With both rations there have 
been some normal calvings after the cows had been on them for about 
4 years. No large milk yields have so far been obtained on either 
ration. 

THE CALCIUM AND PHOSPHORUS REQUIREMENTS 

Calcium 

The calcium requirement of mammals is closely connected with the 
phosphorus requirement, as the two elements are stored together in 
nearly fixed proportions in the bones, and secreted together in nearly 
fixed proportions in the milk. If either element is deficient in the 
ration, both bone building and milk secretion are hindered. 

It is an old observation that cattle on range are likely to show 
softening of the bones and frequent fractures in periods of drought, and 
it seemed natural to attribute this to a deficiency of calcium in the 
range material. With the passage of time, however, it has become 
clear that such changes in the bones are more likely to be due to 
phosphorus deficiency. The evidence as it stands at present indicates 
that dairy cows can remain in normal condition with much smaller 
quantities of calcium in their food than was formerly supposed. 

Experiments have shown {769, p. 881 ) that dairy cows may reproduce 
normally for 3 years on a ration the dry matter of which contained 
only 0.18 percent of calcium, and then for 2 years more during which 
the calcium was still further reduced, to 0.12 percent. ^ There was some 
loss of calcium from the bones under these conditions, and these 
rations must therefore be regarded as supplying less calcium than was 
desirable. A consideration of other experimental work indicates that 
dairy cows giving liberal quantities of milk should receive rations 
in which the calcium amounts to at least 0.25 percent of the dry 
matter. 

The quantities of calcium contained in several farm feeds are given 
by Morrison (819) and from these figures it can be seen that the minimum 
calcium requirement would be supplied by feeds quite low in calcium. 
Timothy hay, for instance, has an average calcium content of 0.27 
percent—lower than that of most other roughages. A grain mixture 
made up of 4 parts corn meal, 3 parts wheat bran, and 3 parts linseed- 
oil meal would contain 0.14 percent of calcium. Cows receiving a 
ration of 12 pounds of such a grain mixture and 12 pounds of timothy 
hay with the average calcium content would receive calcium equal 
to about 0.20 percent of the dry matter of the whole ration. This is 
more than was found necessary to keep reproduction normal over a 
period of 5 years and not very much less than the 0.25 percent recom- 
mended as a minimum figure for cows giving liberal quantities of milk. 
If 3 pounds of alfalfa hay with the average calcium content were 
added to the above-described ration, the calcium content of the 
ration would be raised to 0.34 percent, higher than any of the figures 
suggested by Maynard as the calcium content of the ration required by 
dairy cows {769, p. ^¾).    The evidence at present at hand, therefore. 
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indicates that dairy cows are not likely to suffer from calcium defi- 
ciencies except under rather unusual conditions. 

There is definite evidence for the view that when the calcium con- 
tent of the ration is less than 0.25 percent of the dry matter, dairy 
cows are likely to suffer some loss of bone material; but apparently 
such loss may occur to some extent without bringing about any 
abnormality in reproduction. 

Becker and his collaborators (&£) have reported that rations low in 
calcium have caused fragility of the bones and reduction in the milk 
yield of dairy cows, and that these symptoms have been corrected by 
the addition of bonemeal. The calcium content of the basal barn 
rations was only about 0.18 percent of the dry matter. No figures 
are given for the calcium content of the pasture consumed by the cows. 

Phosphorus 
Phosphorus deficiency is a more common cause of trouble with 

cattle than calcium deficiency, because the soil in certain parts of the 
world is deficient in phosphorus, and roughage grown on such soil is 
also deficient in it. Cattle in these regions suffer from phosphorus 
deficiency when they are fed exclusively on home-grown roughage or 
when they are fed on such roughage combined with concentrates low 
in phosphorus, such as corn meal. 

Phosphorus-deficient regions have been observed in the United 
States in certain sections of California, Colorado, Florida, Minnesota, 
Montana, Nevada, New Mexico, North Dakota, South Dakota, 
Utah, and Wisconsin. A map showing more precisely the areas of 
phosphorus deficiency is given in another part of this Yearbook 
(p.  1029). 

Recent work indicates that the rations of dairy cattle should 
contain phosphorus to the extent of 0.25 to 0.30 percent of the dry 
matter {769, p. 4^4) • The average phosphorus content of many rough- 
ages falls below 0.25 percent (819), and it is easy to see how dairy cattle 
fed exclusively on roughage might suffer from phosphorus deficiency 
if the roughage contained this mineral in unusually low quantity. 
The feeding of concentrates, however, would greatly decrease the 
danger of phosphorus deficiency. Even corn meal, which has an 
unusually low phosphorus content for a concentrate, contains 0.28 
percent, and wheat bran and the oil meals contain 0.75 percent or 
more of this mineral (819). 

The effects of phosphorus deficiency on dairy cattle have been much 
studied in the phosphorus-deficient areas of the world. They consist 
of loss of appetite, often combined with an abnormal craving for 
unusual foods. The fertility of the cows is much reduced, owing to 
their failure to become pregnant when bred, and their milk yield is 
also reduced. In severe cases the mineral matter of the bones is 
depleted and fractures occur frequently. In less severe cases, the 
phosphorus content of the blood is reduced, and this may be used as a 
diagnostic sign of the condition (769, pp. 481-4^)- 

Animals on phosphorus-deficient rations are often greatly benefited 
by the addition of bonemeal or some mineral source of phosphate to 
the food. It would be difficult, however, to keep good dairy cows 
near maximum milk production without giving them one or more of 
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the concentrates rieb in phosphorus, such as wheat bran or the oil 
meals. 

Organic Factors Concerned in Calcium and Phosphorus Assimilation 
It is well established that the growth of bones in young rats and 

other animals is aided by a group of chemical compounds which has 
been called vitamin D. These compounds may be supplied in the 
food or may be produced in the blood and tissues of animals by the 
action of direct sunlight. As dairy cows that are producing large 
quantities of milk are likely to be losing calcium and phosphorus 
from their bodies, much attention has been given to the question 
whether these losses could be prevented or whether the storage of 
calcium and phosphorus in the cow's body during the dry period 
could be promoted either by vitamin D or by any other organic factor 
in the food. 

There is a good deal of evidence to indicate that calcium and phos- 
phorus are better assimilated by dairy cows from pasture, fresh green 
plant material, and hay of good quality than they are from hay of 
poor quality, bonemeal, or inorganic calcium phosphates. It has 
not been found possible up to the present time, however, to promote 
the storage of calcium and phosphorus in dry cows or to prevent the 
losses of these elements which often occur during lactation by feeding 
any form of vitamin D (769), There is no evidence at present that 
adult cows under practical conditions ever fail to get sufficient vitamin 
D from their rations and from sunlight, or that the feeding of con- 
centrated preparations of vitamin D has any favorable effect on 
their health or milk yield. 

THE IODINE REQUIREMENT 

Iodine is usually present in a wide variety of farm feeds in sufficient 
quantity to provide as much of this element as is required by dairy 
cows. There are areas, however, in the Great Lakes region and in 
the northwestern part of the United States, as well as in other parts 
of the world, where iodine is deficient in the soil and consequently 
also in the forage and grain grown in those areas, and where the 
iodine deficiency in the food causes pathological changes in farm 
animals (769). In dairy cows these changes show themselves in the 
birth of weak and dead calves with tumors in their necks. These 
are goiters, which consist of an enlargement of the thyroid gland. 

Iodine deficiencies can be corrected by adding 0.02 percent of 
potassium iodide to the salt given (769). No benefit is obtained, 
however, from feeding iodine to animals unless there is a deficiency in 
the food. As goiter in cattle is a very definite and constant symptom 
of this deficiency, it may be assumed that the deficiency does not 
exist unless goiter appears. 

GENERAL DISCUSSION OF DIETARY DEFICIENCIES 
The requirements of dairy cows for nutritive energy, protein, fat, 

vitamin A, calcium, phosphorus, and iodine have been discussed. 
The effects of deficiencies in the first three of these essentials differ 
in an interesting way from those of the last four. When cattle are 
fed moderately deficient quantities of nutritive energy, protein, or 
fat they decrease in body weight or milk yield or both, but their 
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health is not damaged unless the underfeeding is carried very far. 
Deficiencies in minerals or vitamins, on the other hand, produce the 
pathological effects which have been described. It is important for 
dairy farmers to be familiar with the effects of these various 
deficiencies, so that they may be able to attribute pathological 
conditions appearing in the herd to their true sources and take the 
proper steps for their correction. 

The deficiencies of vitamin A, calcium, phosphorus, and iodine 
are the only important vitamin and mineral deficiencies that have 
been observed to produce pathological changes in dairy cows under 
practical conditions. The possibility that deficiencies of vitamins B^ 
C, and E might cause pathological changes has been studied, and the 
results so far have shown that it is difficult if not impossible to produce 
such changes in ruminants by feeding them rations deficient in these 
vitamins even under experimental conditions. Maynard (769) gives 
an account of experiments showing that vitamins Bi and C are not 
required in the food of cattle and also reports others indicating that 
vitamin E is not required by goats and swine. Ruminants differ 
from other mammals in being provided with a paunch in which the 
plant material eaten is kept for several hours and subjected to bac- 
terial activity. Experiments have indicated that bacterial action 
going on in the paunch of cattle is capable of producing some of the 
factors that makeup vitamin B (769), and it seems likely that such 
bacterial action may provide cattle with other organic dietary 
essentials required by nonruminating animals directly in their food. 
Other vitamins and minerals needed by cattle are so widely dis- 
tributed in natural foods that the effects of their deficiency have 
not yet been detected under practical conditions. 

The procedure for the feeding and treatment of dairy cattle given 
in this article provides more protein than is called for by any of the 
studies of protein requirement, but very little more fat than is 
required according to the recent results reported by Maynard (7^9). 
The protein and fat of the rations under consideration is largely 
supplied by the oil meals they contain. Oil meals that have not 
been extracted by fat solvents contain more fat than the cereal 
grains and much more than the hays. It is difficult to see how cows 
on barn rations could be supplied with sufficient fat without including 
considerable proportions of oil meals in the concentrate mixture. 
Further, some legume hay is required in the dairy ration on account 
of its superior mineral and vitamin content, and legume hay, like the 
oil meals, is high in protein. It is difficult, therefore, to make up 
a dairy ration from the farm foods now on the market in such a man- 
ner that it will contain sufficient fat, minerals, and vitamins without 
more protein than is required. The excellent results widely obtained 
with dairy rations containing liberal quantities of oil meal and legume 
hay are sufficient evidence that a moderate excess of protein does 
no harm provided the ration contains all the other nutritive essentials 
in sufficient quantities. There is room for further experiment on 
the advisability of supplying fat in the dairy ration in some other 
form than as a constituent of the oil meals. 

The rations recommended contained about 20 p. p. m. of carotene 
instead of the 10 that have been found to be the minimum required 
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for normal reproduction. They contained about 0.56 percent of 
calcium and 0.44 of phosphorus, as against the 0.25 to 0.30 percent 
of each of these elements that has been determined as the require- 
ment for dairy cows. Where these animals are being fed for maximum 
milk production, it seems wise to feed more of these important 
dietary essentials than the quantities experimentally determined to 
be near the minimum requirement. As the cows fed and treated as 
described remained in good health and gave liberal quantities of" 
milk, it may be concluded that the surplus dietary constitutents did 
no harm. 

SUBSTITUTION OF OTHER FARM FEEDS 
FOR THOSE SUGGESTED 

There is every reason to think that dairy cows would do well on 
rations in which other similar farm foods were substituted for those 
that have been mentioned in this article as having been subjected to 
actual experiment. Corn meal, for instance, can be replaced satis- 
factorily by other grains of similar composition, such as oats and 
barley ; cottonseed meal, by other oil meals ; alfalfa hay by other legume 
hays; and so on indefinitely. 

A number of long-continued experiments have actually been carried 
out in which grain has been fed with single roughages other than the 
combination of alfalfa and timothy which was found to be so satis- 
factory. The cows were, of course, kept entirely off pasture. The 
roughages studied were U. S. No. 1 clover hav light timothy mixed, 
U. S. No. 1 timothy hay, U. S. No. 3 timothy hay, U. S. No. 3 alfalfa 
hay, and corn silage. The results with the ü. S. No. 3 alfalfa and 
Ü. S. No. 3 timothy hay were uniformly unsatisfactory, no living 
healthy calves being obtained after these rations had been fed for as 
much as 6 months. The results with the other rations were variable 
and by no means as satisfactory as with the combination of U. S. 
No. 1 alfalfa and U. S. No. 1 timothy hay. The proportion of weak 
and dead calves born on these rations ranged around 50 percent. 
Investigation showed that the chief shortage in the rations under 
consideration was of carotene. The rations of U. S. No. 3 alfalfa and 
timothy hay, on which all of the calves were born dead or weak after 
a few months, contained only very small quantities of carotene, while 
the other rations contained intermediate and variable amounts. All 
of the rations were improved by adding concentrated sources of 
vitamin A, as has already been said in the discussion of carotene 
requirements; and the rations containing intermediate and variable 
amounts of carotene produced no bad results when they were fed 
only in the winter and the cows were out on good pasture through the 
summer. Good pasture, containing some legumes and some grass, 
may be regarded as insurance against all sorts of vitamin and mineral 
deficiencies, and farmers who can provide their cows with such pasture 
for 5 or 6 months in the summer need have much less anxiety about 
incurring pathological effects by feeding hay that is not of the very 
best quality through the winter. But it should not be forgotten that 
the vitamin A potency of the milk and butter will be much reduced 
in a month or so on mediocre hay even after the cows have been on 
the very best of pasture previously. 
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SOME UNFORTUNATE RESULTS OF THE DISCOVERY 
OF DIETARY DEFICIENCIES 

Whenever it has been discovered that some pathological condition 
is due to a dietary deficiency, some organizations and individuals 
have tried to make as much money out of the new discovery as pos- 
sible. The course taken by these groups has always been about the 

' same, and may be illustrated by events that have taken place in con- 
nection with the discovery of calcium and phosphorus deficiencies. In 
the first place it is represented that the deficiency is much more wide- 
spread than it really is. In the case of calcium and phosphorus, for 
instance, the situation really is that these deficiencies occur only 
under certain not very common conditions of feeding and in certain 
restricted areas of the world. The pathological results of the defi- 
ciencies are also specific and not difficult to recognize. By certain 
groups who wish to sell mineral mixtures, however, it is represented 
that farm animals everywhere suffer from calcium and phosphorus 
deficiencies—indeed, that most of the ills from which they suffer are 
due to such deficiencies. To cure these numerous ills it is represented 
that the mineral mixture put out by such and such a firm is especially 
potent. As a matter of fact, the tests that have been made with such 
preparations are usually very scanty and inadequate. In particular, 
it has turned out that calcium and phosphorus mixtures have fre- 
quently been made from rock phosphate, which is a cheap source of 
calcium phosphate. Rock phosphate usually contains fluorine, an 
element that is poisonous in the quantities in which it is contained in 
the rock phosphate. It takes some weeks or months, however, for its 
poisonous effects to make themselves manifest, and certain rock- 
phosphate preparations put on the market as supplements for cattle 
feeds have had disastrous effects on the health of cattle when fed for 
any length of time. 

This is not the only known example of poisonous preparations being 
put on the market and widely advertised as beneficial supplements to 
feeds. Soon after the importance of vitamin A in the rations of dairy 
cattle was discovered, it was widely advertised that cod-liver oil or 
some preparation made therefrom should be added generally to the 
rations of farm animals. But it has been known for some time that 
cod-liver oil reduces the fat in the milk of dairy cows, and it has more 
recently become clear that, although cattle tolerate this drug fairly 
well, other animals such as sheep, goats, rabbits, and guinea pigs are 
readily poisoned by quite small doses of it. 

It should be emphasized, therefore, that when animals are fed on the 
proper natural rations, mineral and vitamin supplements are unneces- 
sary, and that it is not safe to assume that such preparations are harm- 
less. The price the farmer gets for his products ought to be adjusted 
to make the feeding of good natural rations economically possible, for 
it is far too early to say yet whether any of the manufactured mineral 
and vitamin products can be used successfully as supplements to 
inferior natural foods over long periods. Experience has shown that 
they can be used to tide over certain emergencies, but even when they 
are used for this purpose they should be subjected to the supervision 
of the experiment stations. 
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ESSENTIALS OF DAIRY CATTLE FEEDING 

Before cattle were domesticated, they subsisted on roughage and 
were able to get from this kind of food sufficient nutritive energy and 
nutritive essentials of all kinds to keep themselves in a state of fer- 
tility and to enable them to supply enough milk for the nourishment of 
their calves. As the milking function became exaggerated under 
domestication, it was found advantageous to feed more concentrated 
food in the form of grain. Still more recently, manufactured high- 
protein concentrates have been introduced into the dairy ration, and 
milk yields have risen to the astonishing point where some cows can 
furnish enough milk in a year to nourish half a dozen calves or more. 
The experiments that have been considered in this article show that the 
modern high-producing cow can be largely nourished on grain and 
high-protein concentrates and kept in good health and at a high level 
of milk production and fertility through the normal period of her life, 
provided she receives, in addition to the concentrates, liberal quantities 
of roughage of the proper kind and of good quality. One generation 
of cows can be maintained on concentrates and dried roughage of good 
quality without any fresh green feed and without the free choice of 
foods which is provided when cows are turned out on pasture. But 
when a herd of cows is maintained on barn feeding with dried feeds 
only, thé second generation is likely to show reduced fertility. 
The evidence at present at hand indicates that this can be avoided if 
the herd is turned out for a few months on good pasture every summer. 
Pasture not only tends to keep up the fertility of the herd, but also 
provides the cows with a surplus of various known and unknown 
nutritive essentials that can be stored in their bodies and thus insure 
them against such deficiencies as might occur from the feeding of 
roughage not of the highest quality through the winter. 

It is undoubtedly the best and safest procedure, under present con- 
ditions of knowledge, to provide the necessary minerals and vitamins 
as a part of such well-tried concentrates and roughages as those which 
have been suggested. If farmers desire to economize by feeding 
unbalanced concentrate mixtures and roughages of inferior quality, 
making up for deficiencies in such rations by feeding vitamin and 
mineral preparations, they should realize that they are entering the 
experimental field. They are departing from rations shown to be 
satisfactory by long years of practical experience, and are initiating 
practices that may turn out to be successful but are much more likely 
to result after several years in some obscure pathological condition of 
dietary origin, which it may take years of careful experimentation to 
trace to its source. 



FIGURING  THE  RATIONS  OF 

DAIRY   COWS 

by T. E. Woodward ' 

I H I O article contains material that supplements the preceding article 

on The Feeding of Dairy Cows for Intensive Milk Production in Practice. 

Primarily, the author is concerned with figuring the varying quantities 

of grain mixture that should be used to supplement roughage, including 
pasture. He considers this problem in relation to the breed of the cow, 
the season of the year, and the region in which the producer lives. 

GRAIN MIXTURES 

THE QUANTITY of protein needed in the grain ration of dairy cattle 
depends on the quantity supplied by the forage crops fed. As it is 
impracticable to attempt to feed each cow only as much protein as 
it actually requires, the aim should be to use a grain mixture of such 
composition that the cows with the highest requirement will be getting 
enough protein even though this will mean that some of the cows with 
lower requirements are getting an excess. There are hundreds of 
combinations of grains that can be used, and a great many are being 
used successfully. Grain mixtures made up of a few standard feeds 
and adapted for feeding with roughages of different kinds are shown 
in table 1. Other feeds may be substituted wholly or in part for the 
feeds specified in the table. It is assumed that the forages to be fed 
will be at least of average quality, that silage when used will be fed 
at the rate of about 3 pounds per 100 pounds of body weight of the 
animal, and that at least 1^ pounds of hay per 100 pounds of body 
weight will be eaten in addition to the silage. 

Part or all of the corn in the mixtures in table 1 may be replaced by 
barley, wheat, kafir, or hominy feed. Part of the oats may be re- 
placed by barley, wheat, kafir, hominy feed, or corn. Two parts of 
gluten feed or dried brewers' grain may replace 1 part of oats and 1 
part of cottonseed meal. Linseed meal, peanut meal, ground soy- 
beans, soybean meal, or fish meal may be substituted for part or all 
of the cottonseed meal.    High-grade tankage may be substituted for 

-T. E. Woodward is Senior Dairy Husbandman, Diviiion uf Breeding, Feeding, and Manaireiuem, 
Bureau of Dairy Industry. 
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cottonseed meal at the rate of 2 pounds of tankage for each 3 pounds 
of cottonseed meal. Until further investigations are conducted it is 
suggested that the quantity of fish meal should not exceed 10 percent 
of the grain mixture and that the quantity of tankage should not 
exceed 20 percent. 

TABLE   1.—Grain mixtuies having different protein contents to be fed 
with  different roughages 

Approxi- 
mate total 

Grain mixture 

Roughage protein con- 
tent desired 

in grain 
mixture 

Ground 
corn 

Ground 
oats 

Wheat 
bran 

Cotton- 
seed meal 

Legume hay i alone  _  

! 
Percent    \    Pounds 

12                 400 
Pounds 

200 

.    200 

Pounds 
200 

200 

Pounds 

Legume hay and silage,   or   mixed   hay 2 
Ifi                   300 TOO 

Mixed hay 2 and silage 20 !               200 l               200 
24 :               100 ;               200 

200 j                 200 
Grass hay and silage or either alone  200 1                 300 

: If clover, add 100 pounds of cottonseed meal to the grain mixture. 
'' One-half grass and one-half legume. 

On the basis of the energy value of the feeds, good hay is worth 
about 60 percent as much as the usual grain mixture, and silage is 
worth about one-third as much as good hay. If it should happen, 
therefore, that hay and silage cost more per unit of nutritive value 
than grains, it will pay to reduce the roughage allowance in the ration 
and to increase the grain; but in no case should the roughage be re- 
duced to a point at which mineral or vitamin deficiencies may be 
encountered. Usually it will be inadvisable to reduce the roughage 
below an amount that will supply enough total digestible nutrients for 
maintenance. This will be about 14 pounds of hay or hay equivalent 
(1 pound of hay is equal to 3 pounds of silage) per 100 pounds of body 
weight of the animal. Every reduction of 1 pound in the hay or hay 
equivalent fed will mean an addition of 0.6 pound of grain in order to 
provide a similar quantity of nutrients. 

The quantity of feed required over and above that needed for 
maintenance is directly proportional both to the quantity of milk 
produced and to the energy value of the milk. The nutrients required 
vary with the percentage of fat in the milk, but not proportionally so. 

One pound of a good grain mixture will have about 0.75 pound of 
digestible nutrients. After maintenance requirements are met, the 
amounts of grain needed for each pound of average milk produced by 
the different dairy breeds are shown in table 2. 

TABLE 2.—Amounts of grain needed for each pound of average milk produced by different 
breeds and digestible nutrients represented 

Breed i     Grain     ¡ Digestible 
!   mixture    !  nutrients 

Holstein- Fresian  
Ayrshire and Brown Swiss 
Guernsey  
Jersey  

Pound Pound 
0.41 0.307 
,46 .340 
.52 .391 
.56 .419 

141394°—39- -39 
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SUMMER FEEDING 

Good pasture provides the best feed there is for dairy cows, and 
besides is usually cheaper than harvested crops. Good pasture 
herbage contains all the factors required for perfect nutrition. If 
cows are permitted to graze such herbage, any nutritive elements 
that may have become depleted through the feeding of poor-quality 
roughage during the winter will be automatically restored in their 
bodies. Pasturage has always been and still is a lifesaver for dairy cattle. 

Good pasturage is young, tender, abundant, and grown upon soils 
that are not seriously lacking in any of the essential mineral elements. 
Such pasturage is inadequate for dairy cows in only one respect. 
Cows will graze about 150 pounds a day, which means a dry-matter 
intake of 30 or more pounds. If no allowance is made for the energy 
used in grazing, this is enough above maintenance to support a pro- 
duction of 30 to 45 pounds of milk, depending on the richness of the 
milk, or nearly 1% pounds of butterfat a day. However, there is no 
justification for disregarding the energy used in grazing. There is 
some evidence that cows over an entire pasture season actually use 
for productive purposes—maintenance and milk— only about 75 per- 
cent of the nutrients produced by the pasture. How much of the 
25-percent discrepancy is due to trampling and soiling and how much 
is due to the energy used in grazing has not been determined. Per- 
haps over most of the country good pasturage should not be depended 
on to provide the nutrients for the production of more than 1 or 1% 
pounds of butterfat a day. Pasturage, therefore, when used as the 
sole ration, is not a sufficiently concentrated feed to support a heavy 
production of milk. 

Only in certain favored sections of the United States do pastures 
remain good throughout the whole season. As a rule, they are at 
their best for not more than a month or so, after which their value 
declines rapidly. Milk-production surveys show that the milk yields 
increase markedly at the time the pasturage is at its best, but they 
also show that the declines in production thereafter are quite rapid. 
This indicates that good pasturage is unexcelled for the production 
of milk, but it also indicates that dairymen depend too much upon 
their pastures. Either supplementary pasturage must, be provided 
for use after the flush season, or more grain, hay, or silage must be 
fed. Since it is impossible to tell by looking at a pasture how much 
grass cows will graze from it, an estimation of the supplementary 
feed required cannot be made in that way. It is therefore suggested 
that cows be allowed all the good hay they will eat throughout the 
pasture season. When the grass is good they will eat very little 
hay, but as it becomes poorer they will eat more and in this way auto- 
matically tend to make up for what the pasture lacks. Silage can be 
fed to replace part or all of the hay if the quantity of feed needed is 
sufficient to permit the silage to be fed fast enough to prevent its 
spoiling. 

In localities where it pays to feed grain in winter, it usually pays 
also in summer. With the exception of the last 2 years, when Gov- 
ernment purchases have kept the price of butter almost constant 
throughout the summer, milk prices have ranged considerably lower 
in summer than in winter.    Even then, it has as a rule paid to feed 
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grain in addition to pasture to cows producing at a fairly heavy rate. 
Even if the margin between the price of milk and grain is a narrow 
one, there is also the condition of the cows to consider. Without 
grain good cows lose flesh to such, a degree that production is depressed 
later in summer when milk prices improve and below the natural level 
for the cow later in lactation—a level that otherwise could be sustained 
on forage. In addition to pasture and hay or silage, grain may be 
fed for all production over 1 to 1¾ pounds of butterfat a day while 
the grass is at its best. The grain may be increased if the pasturage 
for any reason becomes poorer. As long as the pasturage remains 
reasonably good, it should not be necessary to provide grain for any 
production below two-thirds of a pound of butterfat a day. 

An example will show how this method is applied. A Jersey cow 
on a fairly good pasture is producing 30 pounds of milk testing 5 
percent. Thirteen pounds of this milk (0.65 pound of butterfat) 
will be supported by the pasturage and hay, leaving 17 pounds that 
must be supported by grain. Seventeen times 0.56, the quantity 
of grain required for 1 pound of Jersey milk, equals 9.5 pounds of 
grain—the quantity to be fed daily in additon to pasturage and hay. 

It should be emphasized that ordinarily the greatest declines in 
milk production take place as soon as the quality of the pasturage 
begins to decline—in July in the Northern States and in June in 
the States a little farther south. It should also be emphasized that the 
effects of loss of milk and flesh at this season are carried over into 
the late summer and fall. It seems that midsummer is the time when the 
greatest improvement in the feeding of cows can be made. 

WINTER FEEDING 

The aim in winter feeding should be to get the milking cows to eat 
as much of the forages as possible and to feed only as much concen- 
trates as are required to bring the total nutrients up to the required 
level. Investigations have shown that cows in the West fed exclusively 
on good alfalfa hay produce at least 1 pound of butterfat a day- 
provided, of course, that they are inherently capable of producing this 
quantity. Alfalfa is usually cheap in these regions of the West, and 
grain may be relatively expensive. These facts, combined with a low 
price for the product, may make the feeding of roughage as the sole 
ration the most economical practice. Investigations have shown also 
that the addition of grain to the ration improves production. If the 
price of the grain is low enough or the value of the product is high 
enough, it may be economical to feed some grain even in those regions 
where good alfalfa hay is cheap. 

Generally speaking, the quality of hay produced farther east, say in 
the Central States, is not so good because of the less favorable hay- 
curing weather. For this reason, and also because much of the hay is 
made from grasses or mixtures of grasses and legumes, rations of hay 
alone or of hay and silage will not be eaten in as large quantities as the 
good alfalfa hay produced farther west and cannot be depended on to 
support a production of a,s much as 1 pound of butterfat a day. Fur- 
thermore, the price of grain is likely to be lower in relation to the price 
of roughage.    Fraser (392) 2 estimates that cows should have grain 

2 Italic numbers m parentheses refer to Literature Cited, p. 1075. 
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for all production over and above two-thirds of a pound of bntterfat 
a day. This quantity of bntterfat would be contained in about 20 
pounds of milk from Holsteins, 16 pounds from Ayrshires and Brown 
Swiss, 14 pounds from Guernseys, and 12 pounds from Jerseys. 

In the East the hay may be even poorer and the value of milk 
products higher on the average, A more satisfactory rule in this 
region is to base the grain feeding on the assumption that roughage 
alone will support a production of only one-half pound of bntterfat a 
day and that for all production exceeding that amount grain should 
be fed. This means feeding grain for all production above the follow- 
ing quantities (pounds) of milk: Holsteins, 15; Ayrshires and Brown 
Swiss, 12; Guernseys, 10; and Jerseys. 9. 

As an example of how this method would be applied in the East, 
let us assume that a Holstein cow is being fed all she will eat of average 
hay or of hay and silage and is producing 40 pounds of milk a day. 
Fifteen pounds of the milk will be supported by the forage, leaving 25 
pounds to be supported by the grain. Twenty-five times 0,41, the 
quantity of grain required for ] pound of Holstein milk, equals 10 
pounds of grain—the amount to be fed daily in addition to the hay 
or hay and silage. 

This method of feeding cows in the different regions contemplates 
providing them with all the average-to-good hay or hay and silage 
produced in the region that they will eat without undue waste. It is 
realized that certain modifications of this rule should be made if the 
price relationships between the feeds themselves and between the 
feeds and the product change materially. It is also realized that the 
protein content of the roughage may be so low as to require some high- 
protein grain even at the lower levels of milk production. The figures 
are offered only as a general guide. In practice, analyses of feeds 
usually are not used, and the exact quantities fed are not known. The 
distribution of the feed to the individual cows can never be done satis- 
factorily and economically solely on the basis of milk yields and feeding 
standards. The feeder should observe the condition of the cows as 
regards flesh. Thin cows should have more and fat cows less than the 
rule provides. The more extensive use of the artificial drier for hay 
and, what appears to be more important, the making of hay crops into 
good silage, offer possibilities of improving the roughage of the East 
to a point where it will compare favorably with that of the West. If 
that should happen, the quantity of grain fed could be reduced without 
reducing the quantity of milk produced. 

The methods of feeding described are admittedly somewhat crude^ 
yet they probably represent a considerable advance over present 
common practices. As dairying becomes more intensive and culti- 
vated crops and fertilized pastures, as well as more valuable hay crops, 
have to be husbanded carefully to make dairy farming pay, the farmer 
will no doubt adopt more scientific methods of feeding than the one 
just described, and an effort will be made to have each cow fed more 
nearly according to her individual nutritive requirements. Until the 
practice of frequent weighing of the roughage is combined with the 
weighing and testing of the milk, the quantity of grain needed to 
complete the ration must continue to be somewhat a matter of 
guesswork. 



PRACTICAL  FEEDING  AND 

NUTRITIONAL  REQUIREMENTS  OF 

YOUNG  DAIRY  STOCK 

by Joseph B. Shepherd and H. T. Converse1 

SOME 5,000,000 to 5,500,000 heifer calves are being saved in the 

United States each year to keep our dairy herds going. The total number 

of heifers under 2 years of age being raised for this purpose is about 

10,000,000, The heifers of today are the milkers of tomorrow, and good 

management begins with this young stock. Here are detailed directions 
for the feeding of young dairy animals from birth through first calving, 

followed by a discussion of the theory of nutritional requirements for 
their growth and health. 

TWENTY-FIVE MILLION COWS 2 years old or older are kept for milk pro- 
duction in the United States.2 The average dairy cow remains in the 
milking herd only about 5 years. To replace these cows, between 
5,000,000 and 5,500,000 dairy heifers under 1 year of age and approxi- 
mately 5,000,000 dairy heifers between 1 and 2 years of age are being 
raised each year.2 

The 1920 census reported 772,320 dairy bulls of serviceable age (1 
year old or older). No separate tabulations have been made for dairy 
bulls since that time. However, the 1930 census figures show a 
gradual decline in the total number of bulls between 1920 and 1930. 
At the same time, there has been a considerable increase in the number 
of milk cows and heifers of breeding age (1 year old and older).2 It 
therefore seems probable that the present number of dairy bulls of 
serviceable age may be somewhere between 700,000 and 800,000. 
Except for a few registered bulls whose daughters have proved to be 
high producers, most dairy sires do not remain in service more than 
2 or 3 years. On this basis, it is necessary to raise between 250,000 
and 300,000 dairy bulls to a serviceable age each year. 

In raising dairy calves for herd replacements the aim should be to 
raise only calves that will develop into healthy, high-producing stock 

î Joseph T3. Shepherd is Associate Dairy Husbandman, Division of Dairy Cattle Breeding, Feeding, and 
Management Investigations, and H. T. Converse is Associate Dairy Husbandman, Division of Nutrition 
and Physiology, Bureau of Dairy Industry. 

a Based on estimates of the Bureau of Agricultural Economics as given in table 466, p. 337, U. tí. 
Department of Agriculture, Agricultural Statistics, 1938. 
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that will be profitable to the farmer or dairymau. To this eucl calves 
raised should be out of high-producing cows. They should be normal, 
healthy, and vigorous at birth. They should be sired by a bull of 
good conformation and breed type whose ability to sire daughters of 
good type and production has been proved, or by a son of such a 
proved sire. They should be raised under clean sanitary conditions 
that will help protect them from disease. They should be fed rations 
that contain the right kind of high-quality nutrients in quantities suffi- 
cient for normal growth and development, but for economical produc- 
tion these nutrients should be provided at the lowest possible cost. 

In this article the practical feeding of young dairy stock will be 
considered first. A later section, devoted to the more theoretical 
aspects of feeding, will discuss nutritional requirements for growth 
and health and the experimental work that has led to present under- 
standing of these requirements. 

PRACTICAL FEEDING 

In actual feeding practice, it is more convenient to use age, rather 
than weight, and quantities of feed, rather than quantities of total 
digestible nutrients, as guides in feeding. At any given age, heifers 
fed the quantities of feeds that will provide the nutrients needed for 
maintenance and normal gains on a normal age-weight basis are 
less apt to be underfed than heifers fed on a weight basis without 
regard to age. A feeding guide based on age and quantities of feed 
in terms of whole milk, fresh skim milk, grain, and good hay or its 
equivalent, is presented in table 1 / Because of breed differences in 
size for age, separate feed requirements are given for growing heifers 
of each dairy breed. 

These kinds and quantities of feeds provide a normal ration con- 
taining moderate quantities of milk and grain and liberal quantities 
of roughage. The quantities of roughage at different ages are such 
as will be readily eaten in a ration of this kind if it consists of average 
good hay that has been cut fairly early and cured with the retention 
of most of the leaves and some green color. If the hay available is not 
so good as this, less hay will be eaten and more grain will be required. 
If the hay available is of the best quality and very palatable, more of 
it will be consumed, and the quantity of grain fed after the heifers 
are 9 or 10 months old can be reduced accordingly. Feed substitu- 
tions can be made on the basis indicated at the bottom of table 1. 

RAISING THE DAIRY CALF TO 6 MONTHS 

In the successful raising of young dairy stock the proper care of the 
calf at birth and during the first few weeks of its life is most important. 
Once past this critical period without any serious infections or diges- 
tive disturbances, the calf will be comparatively easy to raise and will 
grow well when fed by any one of a number of different methods. 

Care and Management of the Young Calf 

The calf should be born in a clean, properly disinfected, well-bedded 
box stall or, during warm weather, on a small well-grassed plct or 

3 Table 1 gives the quantities of feed that will provide the nutrients called for by the Gullickson-Ecklcs 
data (table 9, p. 627) on a normal age-weight basis calculated from the Ragsdale and Fohrman-Swctt growth 
data (table 7, p. 625). 
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pasture.    The box stall should be kept clean and well bedded while 
the calf remains with the cow. 

To guard against navel infection, apply tincture of iodine to the 
calf's navel at birth or soon thereafter, and dust with boric acid pow- 
der. If a long cord is attached to the navel, clip it off about 2 inches 
from the body before applying iodine. Do not tie the cord, but allow 
it to drain freely to encourage shrinking and healing. 

TABLE I.—Feed requirements for normal growth of heifers from birth to 2 years in terms 
of milk, grain, and hay 1 

Ayrshire Guernsey 1 Holstcin-Friesian 
¡ and Brown Swiss Jersey 

Period of life 11 
1 1 1 |i 

Lb. 

1 
4 

1 II 
Daily feed requirement: 

First week  
Lb. 

7 
8 
9 

10 
11 
12 

13 
13 
13 
13 
13 

Lh. : Lb. Lb. 
6 
7 
8 
9 

10 
11 

13 
13 
13 
13 
13 

Lb. Lb. 
8 
9 

10 
11 
12 
13 

14 
14 
14 
14 
14 

Lb. Lb. Lb. 
5 
6 
7 
8 
9 

10 

12 
12 
12 
12 
12 

Lb. Lb. 

Second week  
Third weck-_. 0.1 

.2 

.5 

.8 

1.0 
1.0 
2.0 
2.5 
3.0 
3.0 
3.0 
3.0 
3.0 

ÏI 
11 
3.0 

11 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 

3.0 

0.1 
.2 
.4 
.6 

.8 
1.5 
3.0 
4.0 

11 
It 

10.5 
11.0 
11.5 
11.9 
12.2 
12.4 
12.8 
13.1 
13.6 
13.9 

14.5 
15.3 

15.8 

0.1 
.2 
.5 
.8 

1.0 
1.5 
2.0 

IS 

1 
3.0 
3.0 
3.0 
3.0 
3.0 

11 
11 
3.0 
3.0 

3.0 

0.1 
.2 
.3 
.4 

.6 
1.2 
2.5 
3.5 

11 
7.6 

9.7 
10.1 
10.5 
10.9 
11.1 

%: 
11.9 
12.2 
12.5 
12.8 

13.4 
14.2 

14.7 

0.2 

:1 
1.0 

1.5 
2.0 
2.5 
3.0 
3.0 
3.0 

ÏI 
11 

3.0 
3.0 
3.0 

3.0 

3.0 
3.0 

3.0 

0.1 
.3 
.5 
.7 

1.0 
2.0 
3.5 
4.5 
5.5 
9.6 

10.5 
11.3 
11.9 
12.5 
13.1 
13.4 
13.8 
14.1 
14.4 
14.7 
15,1 
15.4 
15.6 
16.1 

16.5 
17.1 

17.6 

0.1 
.2 
.4 
.5 

.8 
1.2 
1.8 
2.5 

IS 
11 
It 
3.0 
3.0 

ÏI 
ÏI 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 

3.0 

0.1 
.2 
.3 
.4 

.6 
1.2 
2.5 
3.5 
4.5 

?:! 
8.0 
8.6 
9.0 
9.4 
9.8 

10.0 
10.3 
10.5 
10.7 
11.0 
11.4 
11.7 
12.1 

Fourth week 
Fifth week.__ 
Sixth week  
Seventh   and   eighth 

weeks  
Third month  
Fourth month  
Fifth month 
Sixth month __ 
Seventh month 
Eighth month..._ _ 
Ninth month  
Tenth month   _ 
Eleventh month  
Twelfth month  
Thirteenth month 
Fourteenth month. ._ 
Fifteenth month  
Sixteenth month 
Seventeenth month.__ 
Eighteenth month  
Nineteenth month  
Twentieth month  
Twenty-first months 
Twenty-second 

month 
Twenty-third month. 
T w o n t y - f o u r t h 

month  

13.3 

13.9 
Total feed: 

Birth to 6 months  
6 to 12 months  
12 to 18 months. 

2,202 305 
547 
547 
547 

434 
1,621 
2,197 
2,616 

2,190 305 
547 
547 
547 

376 
1,572 
2,052 
2,422 

2,415 367 
547 
547 
547 

504 
2,081 
2,608 
2,983 

2,007 284 
547 
547 
547 

376 
1,493 
1 935 

] 8 to 24 months 

Birth to 24 months__. 2,252 1,946 6,868 2,190 1,946 6,422 2,415 12,008 8,176 2,007 1,925 6,083 
Total digestible nutriems 

in feed: 
Birth to 24 months  209 1,459 3, 434 202 1.459 3, 211 225   L 505 4, 088 184 1,443 3, 042 

1 Calculated from Ragsdale and Fohrman-Swott growth data (table 7, p. 625) and nutrient requirements 
for growth based on Gullickson-Eekles data (table 9, p. 627). Ayrshire nutrient requirements per pound of 
gain are based on Holstein-Friesian data and Guernsey requirements are based on Jersey data. 

Feed calculations are based on whole milk to 3 weeks with a gradual change to fresh skim milk during 
the fourth week and average to good hay cut fairly early with the retention of most of its leaves and some 
green color. Average total digestible nutrient values used for feeds were: Whole milk 16.2 percent, fresh 
skim milk 8.6, grain 75.0, and hay 50.0 percent. Feed substitutions can be made on the following basis: 
3 pounds of silage (made with little or no wilting), 5½ of carrots or rutabagas, 6 of turnips, 7 of mangels, 2 
of sweetpotatoes, 2 of fodder (including uneaten portion), or 0.7 pound of grain are equal to 1 pound of hay. 
1½ pounds of hay, 8 of carrots or rutabagas, 9 of turnips, 10 of mangels, 3 of sweetpotatoes, or 9 pounds of 
fresh skim milk are equal to 1 pound of grain. 
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A normal calf is able to stand shortly after birth, and within a lialf 
hour it may be nursing. If the cow's udder is soiled, there is danger 
of the calf's being infected from this source. Wash the udder with 
warm water and soap and rub it dry at once with a clean cloth. 

Sometimes the calf is so weak that it must be held up to the cow's 
udder and helped in starting to nurse. If it does not suck at first, 
milk a small stream into its mouth. If the weak calf cannot be in- 
duced to suck by this method, try feeding it warm milk from its 
mother in a bottle, either with or without a nipple. 

If the cow and calf are progressing normally the calf should be taken 
from the cow within 12 to 24 hours after birth and placed in a small 
individual pen by itself where it will not be jostled or the navel in- 

t^S^^F., mm*m WBHnBHWBHTV 

mm 

■ 1 ^^H 

Figure 1.—Calves fastened in stanchions for individual feeding. 
of cither wood or steel. 

These may he made 

jured before it has healed. This pen should have tight sides at least 
3% feet high. It should be light and well ventilated but free from 
drafts and not too cold. It should be thoroughly cleaned and disin- 
fected before the calf is placed in it, and kept well bedded with dry 
material. The pen should be equipped with a small box for grain and 
a small slatted rack for hay, as the calf should learn to eat these feeds 
before it is placed with the other calves. 

By the time the calf is 3 or 4 weeks old, its navel has healed and it 
has gained in strength and vigor. It can then be placed in a larger 
pen with other calves of the same age. This pen should be equipped 
with stanchions so that each calf can be fed individually without inter- 
ference from other calves (fig. 1) and a separate manger or slatted rack 
should be provided for hay so that the calves can eat hay at any time 
when not confined to their stanchions.    At this age the calves should 



YOUNG DAIRY STOCK 601 

also have free access to water, and there should be a well-drained lot 
or small pasture where they can be turned out for exercise and direct 
sunlight wheu it is not too cold or windy. 

Scrupulous cleanliness should be observed in the feeding of the 
calves. All milk and other feeds should be fresh and clean. All dis- 
carded feed should be removed from the feed boxes each day. After 
each feeding the pails, cans, and other utensils used in the feeding of 
milk or gruel should be thoroughly washed and scalded or steamed. 
If steaming equipment is not available, the utensils should be placed 
on a drying rack in direct sunlight after they have been washed and 
scalded. 

Feeding dirty milk or milk alternately sweet and sour or warm and 
cold may bring on indigestion and scours (diarrhea). If the feeding 
is carefully supervised, milk that is uniformly cold or sour can be 
successfully fed after the calf is 2 to 3 months of age. Some calves, 
however, have a tendency to scour on such milk, and it is best to make 
a practice of feeding only fresh, sweet skim milk. In feeding skim 
milk it is best to remove most of the foam, as it may sometimes cause 
the calves to be slightly bloated immediately after feeding. 

Milk from cows infected with a communicable disease such as 
tuberculosis or Bangos disease (infectious abortion), and skim milk, 
buttermilk, or whey from a creamery or cheese factory should always 
be pasteurized before being fed. This can be accomplished on the 
farm by heating to 150° F. and holding at this temperature for 30 
minutes, or by heating to 180° and cooling immediately. 

Further information on sanitation, the care and management of 
dairy calves, and the treatment of common diseases and ailments 
will^be found in Farmers' Bulletin 1723, The Feeding, Care, and 
Management of Young Dairy Stock (1037),4 

Different Methods of Feeding 
Whole milk is the best food for the newborn calf. Where skim 

milk is available, it can be substituted for whole milk when the calf 
is 2 to 4 weeks old. In the case of normal vigorous calves, skim milk 
with a vitamin A supplement can be abruptly substituted for whole 
milk at the end of the 3-day colostrum feeding period. Where skim 
milk is not available, whole milk may be fed in limited quantities, 
either by hand or from a nurse cow, for 60, 90, or 120 days. If whole 
milk is too valuable for feeding in this manner, the calf may be raised 
on other milk products such as fresh buttermilk, fresh whey, dried 
skim milk, dried buttermilk, or condensed buttermilk. The dried 
products may be fed either in liquid form with water added, or dry, 
mixed in a special grain mixture or calf meal. The calf may also be 
fed a grain mixture with or without some animal product other than 
milk. Usually calves raised on grain or a calf meal with limited quan- 
tities of milk will not gain as rapidly or be as thrifty during this 
period as calves fed milk in liberal quantities to 6 months of age. 

Beginning at about 2 weeks of age, the calf requires hay of good 
quality and a suitable grain mixture to supplement these feeds. 
Later on, it can make good use of silage and pasture. 

The choice of a milk product to feed will depend upon availability, 
4 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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quality, and cost per unit of digestible nutrients. The chemical 
composition and digestible-nutrient content of normal whole milk, 
colostrum milk, fresh skim milk, fresh buttermilk, fresh whey, dried 
skim milk, dried buttermilk, and condensed buttermilk are shown in 
table 2. The relative yalue of these feeds (except colostrum), based 
on the total digestible nutrients, in comparison with fresh skim milk 
priced at 20 to 60 cents per 100 pounds, is shown in table 3. 

T^BLE  2.—Average composition  and total digestible nutrients  of normal ivhole milk, 
colostrum  milk, fresh  skim   milk, fresh  buttermilk, fresh   whey, dried skim   milk,  dried 

buttermilk, and condensed buttermilk 1 

Milk product 

Normal whole milk   
Colostrum milk  
Fresh skim milk  
Fresh buttermilk  
Fresh whey (from American cheese) 
Fresh whey (skimmed!  
Dried skim milk  
Dried buttermilk  
Condensed buttermilk  

Total 
dry 

matter 

Percent 
12.8 
25,5 
9.6 

91,6 
6.6 I 
6,6 

93,8 
92,2 
29,9 

Mineral 
matter 

Percent 
0.' 
1.6 
.8 

8.0 : 
10.5 ; 

3.7 

Protein 
Suííar or 
carbohy- 
drates 

Percent ; 
3. o ¡ 

17.6 I 
3.7 1 
3.5 ; 

34.8 
33.8 
11.3 

Percent 
4.9 
2.7 
5.0 
4.5 
5,0 
5.0 

50. 1 
41.9 
13.3 

Fat 

.1 

.fi 

.3 
,03 
.9 

5.6 
1.6 

Total di- 
gestible 

nutrients 

Perce ¡it 
16. 2 
27.0 
8.6 
9. 1 
fi. \ 
5.1 

84. 1 
85. 5 
27.:¾ 

' Data from Feeds and Feeding (67,9). except for colostnuu milk, which are from Missouri Research Bui- 
letin 35(^^1. 

TABLE 3.—Ratio of total digestible nutrients, and value for feed per 100 pounds of normal 
whole milk, fresh  buttermilk, fresh  whey,  dried skim  milk, dried buttermilk, and con- 

densed buttermilk, compared to fresh skim milk 1 

Milk product 

Fresh skim milk  
Normal whole milk  
Fresh buttermilk     
Fresh whey (from American cheese) 
Fresh whey (skimmed) _   
Dried skim milk  
Dried buttermilk  
Condensed buttermilk  

Total digest-   ;  Value per 100 pounds for feed with fresh 
i ble nutrients   !     skim milk priced per 100 pounds at— 
compared to 
fresh skim 

milk : 20 cents 30 cents 40 cent.- 

Dollars Dollars Dollars 
0.20 0.30 0.40 
.38 .56 .75 
.21 .32 .42 
.14 .21 .28 
.13 .19 .25 

1.96 2.93 3. 91 
1.99 2.98 3.98 
.63 .95 1.27 

Dollars 
0. 50 

.94 

.53 

.36 

.32 
4.89 
4.97 
1.59 

Dollar- 
0.6(1 
1.1X 
.64 
.43 
.38 

5. 86 
5.96 
L90 

1 Total digestible nutrients in feeds based on analyses from Feeds and Feeding (S19i, except for colostrum 
milk, which are from Missouri Research Bulletin 35 (294.). 

Where milk or milk products are not too high in cost, it is best to 
continue feeding them until the calf is about 6 months of age. By 
this time it should be eating large enough quantities of other feeds so 
that its growth will not be retarded to any appreciable extent. 

When the cost of feeding milk or milk products is excessive, they 
may be gradually discontinued after the calf is 2 to 3 months old. 
Usually such calves will not gain so rapidly at this time as calves fed 
milk for 6 months. 

Starting the Calf on Whole Milk 
The proper feeding of the dairy calf during the first month is of the 

greatest importance.    Since its digestive system is easily upset, it will 
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thrive better at this time if it is fed sparingly rather than too much. 
In hand feeding, precautions are necessary that are not required when 
the calf takes its food in a natural manner. 

It is essential that the calf get one or more good feedings of its 
mother's first milk or colostrum. Colostrum is much richer in pro- 
tein, minerals, and vitamins, particularly vitamin A (260), than nor- 
mal whole milk, and it has a laxative effect, cleaning out the meconium 
(first excretion from the bowels) so that the digestive system will start 
functioning properly. Colostrum also contains immunizing sub- 
stances, called antibodies, which protect the young calf from com- 
monly present harmful bacteria until it is able to establish its own 
natural resistance against them. Without this protection the calf 
may die from infections by bacteria that are not harmful to older 
animals (758). This subject is discussed at greater length in the 
article The Nutrition of Very Young Animals (p. 501). 

The average strong, vigorous calf should be fed whole milk for at 
least 2 weeks; the whole milk may then be gradually replaced by 
fresh skim milk, other milk products, or special calf meals. If the 
calf is weak or is especially valuable, whole milk is usually fed for 
3 or 4 weeks before making any change. During the first week the 
calf should get fresh warm milk from its dam. After that, warm 
mixed whole milk from the herd may be used. If the calf is weak, 
it may be desirable to feed small quantities of milk three times a day 
for a week or two, after which twice a day will be sufficient. Strong 
calves will usually do about as well if fed only twice a day from the 
start. 

The quantity of whole milk to feed will depend on the size and con- 
dition of the calf. Too often the tendency is to feed too much milk 
at the start. As a consequence, the calf gets indigestion and scours 
and does not thrive as well as if it had received a smaller quantity. 
A safe rule to follow is never to feed strong, vigorous calves more than 
1 pound of milk a day for each 10 pounds of live weight during the 
first 7 days. 

The following quantities of milk per day will be sufficient at the 
start for average-sized, vigorous calves of the different breeds: Jersey, 
5 pounds; Guernsey, 6 pounds; Ayrshire, 7 pounds; Holstein-Friesian 
and Brown Swiss, 8 pounds. (See table 1.) Large-sized, vigorous 
calves of these breeds may be safely fed 1 or 2 pounds more than the 
quantities indicated. Small calves and calves that are weak or sickly 
should receive smaller quantities according to their condition. If it 
is necessary to reduce considerably the quantity of milk fed, the calf 
may not get sufficient liquid to supply its needs for water. In such 
cases, enough warm water should be added to make up for the reduc- 
tion in the quantity of milk. If the calf is well and there is no indica- 
tion of scours during the first week, the quantity of whole milk fed 
may be increased by 1 or 2 pounds per day during the second week 
and by the same amount during the third week. No further increase 
in the total quantity of milk fed should be made while changing from 
whole milk to fresh skim milk or other liquid-milk products. 

To avoid indigestion and scours, the calves should be fed at regular 
hours, and the milk should be weighed or measured at each feeding 
and fed at a temperature of 90° to 100° F.    If the milk tests more than 
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4 percent of butterfat, it should be diluted with a little warm water or 
skim milk at each feeding. Until the calf is 3 or 4 weeks old, the 
addition of )i to 1 cupful of warmed limewater to the whole milk at 
each feeding may be beneficial. 

Feeding Fresh Skim Milk After Starting on Whole Milk 
Fresh skim milk contains the protein, minerals^ and carbohydrate 

of whole milk but lacks the milk fat and the fat-soluble vitamins 
A and D. Because of the high energy vralue of milk fat (2.25 times 
that of an equal quantity of carbohydrate) skim milk contains only 
a little more than half as much total digestible nutrients as normal 
whole milk (table 2). When it is supplemented by green, leafy, sun- 
cured hay. which provides vitamins A and D, and a suitable grain 
mixture to provide additional energy, calves will grow about as well 
on fresh skim milk as on whole milk. 

If the young calf is vigorous, is digesting its feed properly, and has 
begun to eat small quantities of hay and grain, fresh skim milk can 
be gradually substituted for whole milk when the calf is 2 weeks old. 
Otherwise the change to skim milk should be delayed until the calf is 
3 to 4 weeks old. Fresh, warm skim milk direct from the separator 
should be fed if possible. If not, it should be warmed to 100° F. before 
feeding. The change should be made gradually, substituting skim 
milk for whole milk at the rate of about 1 pound a day. To guard 
against digestive disturbances, the total quantity of milk fed should 
not be increased while this change is being made. If the calf has 
scours, any further substitution of skim milk for whole milk should be 
delayed until this condition disappears. If necessary, the calf should 
be given a purgative and the quantity of milk fed should be reduced. 

After the change from whole milk to skim milk, the quantity of skim 
milk fed may be increased by 1 pound daily every week or by 2 pounds 
daily every 2 weeks until the calf is getting the maximum quantity it 
is to be fed. If skim milk is plentiful, Jersey, Guernsey, and Ayrshire 
calves should be fed from 12 to 14 pounds and Holstein and Brown 
Swiss calves from 14 to 16 pounds daily. These quantities of milk, 
with 3 pounds of grain daily and all the hay of good quality the calf 
will eat, will be sufficient for growth at about the rate shown in table 7 
(p. 625). If hay is of the best quality and very palatable, the calf will 
eat more hay and can make normal gains to 6 months with the above 
quantities of milk and not more than 2 pounds of grain daily. 

Where additional skim milk is available, large calves may be fed 18 
to 20 pounds or even more to advantage {1262) and may be raised on 
a minimum amount of grain or with no grain at all. The calf getting 
no grain will not be so large nor appear so thrifty at 6 months [292, 
568, 953) as the calf getting some grain. Where skim milk is scarce, 
calves may be raised on as little as 10 pounds daily (885, 993, 995). 
To obtain near normal growth to 6 months with this quantity of skim 
milk requires the feeding of at least 3 pounds of grain daily with good 
roughage, or 4 pounds daily with roughage of ordinary quality. 

Usually the calf should be fed skim milk to at least 6 months of 
age. After the calf is 6 months old, it can grow and develop nor- 
mally without milk. However, if additional skim milk is available 
and especially good growth is desired, calves may be fed skim milk 
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to advantage up to 8, 10, or even 12 months of age {995).6 Where 
skim milk is scarce, it may be discontinued as early as 2, 3, or 4 months 
of age {24O) if the calf is fed roughage and all the grain it will eat up 
to 4 pounds daily between weaning time and 6 months of age. Calves 
receiving skim milk to only 50 or 60 days of age should be fed as 
outlined under limited-milk feeding (p. 608). 

Starting the Calf Without Whole Milk 
Though most authorities still recommend feeding whole milk for the 

first 2 or more weeks before changing to skim milk, the Bureau of 
Dairy Industry (217) has demonstrated that the main function of this 
whole milk is to supply vitamin A. Experiments showed that when 
late-cut brown timothy hay was fed so that milk was the main source 
of vitamin A, better growth was made by calves fed skim milk and 
cod-liver oil than by calves fed during the entire milk-feeding period 
on whole milk from cows on good winter rations. Later {219), calves 
were successfully reared when fed skim milk and cod-liver oil after the 
third day. To a very limited extent calves at the Bureau of Dairy 
Industry station at Beltsville, Md., have also been similarly fed after 
the third day with reconstituted skim milk made by mixing 1 part of 
skim-milk powder with 9 parts of water. 

For several years most of the calves in the nutrition herd of the 
Bureau at Beltsville have received their dam's milk (colostrum) for 
3 or 4 days and then have been changed abruptly to skim milk with 
cod-liver oil, carotene in oil, or grated garden carrots. Ten cubic 
centimeters (2 teaspoonfuls) of cod-liver oil, 15 milligrams of carotene 
in oil, or 180 grams (about 7 ounces) of grated yellow garden carrots 
fed in the skim milk have supplied sufficient vitamin A. These sup- 
plements have been safely omitted as soon as the calf was eating 1 or 
2 pounds of fairly green hay—usually at 60 to 90 days of age. Hol- 
stein whole milk contains about twice the energy of skim milk. Since 
calves cannot safely be fed twice as much skim milk as the amount of 
whole milk recommended, the gains are usually not quite so high for 
the first month, but at later ages the calves do not show any dis- 
advantage from being deprived of the customary whole milk. The 
calf shown in figure 3, B (p. 634) was fed by this method. 

This practice is spreading in the United States and has recently 
been tried out in Scotland {27) where the growth rates of Holstein 
and Shorthorn calves fed as described compared favorably with those 
of similar calves reared on whole milk, with a saving of about $15 per 
animal. 

Feeding the Calf Whole Milk 
Whole milk is too expensive to feed to the calf in liberal quantities 

after it is 3 or 4 weeks old. However, where fresh skim milk is not 
available, it is often practical to feed whole milk in limited quantities 
to 7 or 9 weeks of age and raise the calf on a special dry-fed grain 
mixture containing some dried skim milk or other animal product. 
This method of feeding is discussed in detail under the heading Feeding 
Limited Quantities of Milk With Dry Grain or a Dry-Fed Calf Meal 
(p. 608). 

ñ Data will soon be available on feeding experiments with dairy heifers at field experiment stations of the 
Burea a of Dairy Industry. 
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Where dried-milk products are high in price, or where the calf is 
especially valuable, the feeding of whole milk in quantities not to ex- 
ceed 8 or 10 pounds daily to 4 or even to 6 months of age may be 
justified. Fed whole milk at this rate, the calf should gain about as 
well as when fed to the same ages on more liberal quantities of skim 
milk. With the whole milk, the calf should receive all the green leafy 
hay it will eat, and up to 2 or 3 pounds of grain daily. Where whole- 
milk feeding is discontinued at 4 months of age the quantity of grain 
fed should be increased to 4 pounds daily until the calf is about 
6 months old. 

Raising the Calf on a Nurse Cow 
In many cases it may be practical to raise calves on a nurse cow if 

suitable cows are available to act as foster mothers {9If). Hard milk- 
ers^ low producers, low testers, cows with pendulous udders, or kick- 
ing cows may often be used to advantage for this purpose. One cow 
can nurse from tw^o to four calves, depending on the quantity of milk 
being produced, and may raise several sets of calves during a lactation 
period. 

Calves raised on a nurse cow are less trouble to feed, and if they do 
not get too little or too much milk, will thrive better than calves raised 
by other methods. The gains made by such calves will vary with the 
quantity of milk the calf gets by this method of feeding. Each calf 
should receive the first milk or colostrum from its dam before being- 
placed on a nurse cow. The calf should not get too much milk at the 
start, and may be raised to about a normal weight on a maximum 
quantity of 8 to 10 pounds of milk a day. If the calf keeps in good 
condition and does not get scours from overeating, it may be assumed 
that it is properly nourished. 

The calves are often allowed to run with the nurse cow. However, 
it is easier to regulate the feed of the cow and of the calves if they are 
kept in a separate pen or lot except at nursing time. Until the calves 
are between 1 and 2 months old, the cow should be turned in with them 
two or three times daily so that they can suckle, and then once a day 
until they are weaned. 

When the calves are 2 weeks old they should have access to good 
hay, all they will eat of a dry-fed grain mixture or calf meal, and 
plenty of pure water. They may be weaned between 60 and 90 days 
of age and handled like any other calves being raised on grain or calf 
meals. 

Feeding the Calf Fresh Buttermilk or Fresh Whey 
If a creamery or cheese factory is located nearby, it may be possible 

to obtain fresh buttermilk or fresh whey for calf feeding. ' To be suit- 
able for this purpose, buttermilk or whey should be strictly fresh and 
should not be diluted by wash water or to any appreciable extent by 
condensed steam. The product should also be pasteurized and hauled 
to the farm and fed while still fresh and wholesome. These products 
will not be desirable calf feeds except under these conditions. 

Fresh buttermilk has practically the same composition as fresh skim 
milk but contains a small amount of fat. It is higher in acidity except 
possibly when sweet-cream butter is manufactured. If fresh butter- 
milk is of good quality and properly fed it will give about as good re- 
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suits as fresh skim milk (880). Fresh buttermilk may be somewhat 
more laxative than fresh skim milk, so that it will usually be best not 
to change from whole milk to this feed until the calf is 3 to 4 weeks old, 
and then the change should be made very gradually to avoid digestive 
disturbances. The quantities of fresh buttermilk to feed, the method 
of feeding, and supplementary feeds are the same as for fresh skim 
milk. 

Fresh whey lacks not only the fat but also most of the protein con- 
tained in whole milk and has only about two-thirds of the feeding value 
of an equal weight of fresh skim milk. In addition it is somewhat 
laxative. When the whey is properly supplemented with legume hay 
of high quality and with a grain mixture high in protein, the calf will 
be thrifty and make a fairly good rate of growth on this feed {885, 993). 
For best results the calf should be given a good start on whole milk 
and not changed to fresh whey until it is 4 or 5 weeks old. The quan- 
tity fed should be gradually increased until the calf is receiving a 
maximum of 14 to 16 pounds daily. At the Wisconsin station {993), 
calves fed a maximum allowance of 14 pounds of fresh whey per day 
together with clover hay and a grain mixture consisting of 300 pounds 
of ground corn, 300 of standard wheat middlings, and 400 of linseed 
meal made an average gain of 1.48 pounds each daily compared with 
1.52 for calves fed fresh skim milk limited to 10 pounds daily, and 1.76 
for calves given a maximum of 14 pounds of fresh skim milk daily. 

Feeding Reconstituted Dried Skim Milk, Dried Buttermilk, 
or Condensed Buttermilk 

If fresh milk products cannot be obtained it is usually possible to 
purchase dried skim milk, dried buttermilk, or condensed buttermilk. 
These differ from the fresh products only in having most or part of 
the water removed through heating and evaporation. Because of 
the lower water content, approximately 1 pound of dried skim milk, 
1 of dried buttermilk, or 3 pounds of condensed buttermilk have 
about the same feeding value as 10 pounds of the fresh products. 
Dried skim milk and dried buttermilk are shipped in either paper- 
lined barrels or bags and will keep indefinitely if stored in a dry 
place. In the production of condensed buttermilk, only part of the 
water is removed, leaving the material in a semisolid or heavy liquid 
form. This product is shipped in sealed barrels or cans, will keep 
indefinitely in the sealed container, and can be fed without loss from 
spoilage if an even layer is removed from the entire surface each day. 

Feeding trials at a number of State agricultural experiment stations 
(% 685) indicate that calves will grow nearly as well on dried skim 
milk or dried buttermilk reconstituted to the approximate composi- 
tion of fresh skim milk or fresh buttermilk as they will on an equal 
weight of the fresh product. However, as a rule calves do not do 
quite so well on reconstituted semisolid buttermilk {296, 993) as on 
fresh or reconstituted dried skim milk or buttermilk. When the dried 
products can be obtained they are to be preferred to the semisolid 
products. 

The calf may be fed the reconstituted dried skim milk beginning 
at 2 to 4 weeks of age, or sooner if a vitamin A supplement is fed. 
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The feeding of reconstituted dried or condensed buttermilk should be 
delayed until the calf is 3 to 4 weeks old, as these feeds may be some- 
what more laxative than the dried skim milk. The change from 
whole milk to the reconstituted products should be made gradually, 
in the same way and with the same quantities as recommended for 
fresh skim milk. The method of feeding and supplementary feeds 
are the same as for fresh skim milk. 

To prepare the dried skim milk or dried buttermilk for feeding, 
mix 1 part of the dried product to a smooth paste with an equal 
weight of warm water. When the lumps are all broken up, add 8 more 
parts by weight of warm water and stir thoroughly. 

To prepare the condensed buttermilk for feeding, add 7 parts by 
weight of warm water to 3 parts of condensed buttermilk and stir 
until well mixed. For best results mix with the same proportion of 
water from day to day and feed at a temperature of about 95° F. 
Only enough should be mixed at one time for one feeding. 

Where these products do not cost too much they may be fed in 
the same quantities as fresh skim milk until the calf is 4 to 6 months 
old. If the cost of such products is too high, the calf may be weaned 
at 7 to 9 weeks of age and placed on a good grain mixture or a good 
dry-fed calf meal containing dried skim milk or some other animal 
product. 

If the calves have a tendency to scour, add one-half pint of lime- 
water at each feed until this condition disappears. To make lime- 
water, add 2 ounces of hydrated lime, or a lump of unslacked lime 
the size of an egg, to a pail of water. Allow the unslacked lime to 
slack. Stir vigorously. Allow the lime to settle and use only the 
clear solution. 

Feeding Limited Quantities of Milk With Dry Grain or a Dry-Fed Calf Meal 
Where skim milk or other milk products are scarce or high in price7 

the calf may be raised by feeding limited quantities of milk and 
gradually substituting a good grain mixture or calf meal for milk 
at an early age. Some calf meals are fed mixed with water in the 
form of a gruel. However, the calf may be raised with less labor 
and less trouble from scours if the meal is fed dry. Calves raised in 
this manner do not gain as rapidly or look quite as thrifty as calves 
fed liberal quantities of fresh skim milk, and they are sometimes 
difficult to raise. However, if given good care and attention and a 
good start on milk together with liberal quantities of hay and a good 
grain mixture or calf meal, they will make a satisfactory growth. 

Experiments have indicated that calves may be raised on as little 
as 150 pounds of whole milk, including colostrum, with no milk after 
30 days (98, 96, 321). However, taking milk away at this early age 
severely retards the growth of the calf for a while, since its digestive 
system has not developed to the point where it can digest large 
quantities of hay and grain. Feeding milk in limited quantities to 
50 or 60 days gives the calves a better start, and they are eating 
larger quantities of hay and grain by the time milk feeding is elimi- 
nated. During this period the calf may be fed on whole milk or on 
whole milk and fresh or reconstituted skim milk, or it may be raised 
on a nurse cow (¾ 2^0, 296).    Not more than 325 to 400 pounds of 
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whole milk or 150 to 200 pounds of whole milk and 400 to 600 pounds 
of skim milk will be required for this period of milk feeding. Small 
and weak calves require milk for a longer period and ordinarily 
should not be raised on limited milk feeding. 

Grain as a Substitute for Milk 
A grain mixture used as a substitute for milk should be composed of 

palatable feeds so that the calf will eat it readily. It should have a 
protein content of not less than 16 to 18 percent. Since the nutrients 
in grain are not so suitable for growth as the nutrients in milk, the 
growth of the calf will be retarded somewhat between 2 and 4 months 
of age. However, the calf will grow more rapidly from 4 months on 
and with good feeding may reach a normal weight when 6 months old 
or shortly thereafter. 

At the Minnesota (296) and Missouri (944) Agricultural Experiment 
Stations, calves fed limited quantities of whole milk or whole milk and 
skim milk for 50 to 70 days together with alfalfa hay and a grain mix- 
ture consisting of 400 pounds of ground corn, 100 of wheat bran, and 
100 of linseed meal (14.8-percent protein) failed by a considerable 
margin to attain normal weight at 6 months of age, but later reached 
normal size and were satisfactory breeding animals. Similar results 
were experienced at the Beltsville station of the Bureau of Dairy 
Industry 6 with calves fed a grain mixture with a protein content of 
17.1 percent consisting of 200 pounds of ground corn, 200 of wheat 
bran, and 100 of linseed meal. 

On the other hand, calves raised in a similar manner at several other 
State agricultural experiment stations, with either clover hay or mixed 
grass and legume hay for roughage, have attained a live weight at 6 
months of age equal or nearly equal to the Ragsdale and Fohrman- 
Swett growth standards (see table 7, p. 625) on the following grain 
mixtures: 

Wisconsin (993), protein 18 percent: Corn 25 percent, oats 25, wheat bran 25, 
linseed meal 25. 

New Jersey (93), protein 17.6 percent: Corn 25 percent, oats 37.5, wheat bran 
12.5, linseed meal 25. 

Maryland (96)  and Ohio  (B40), protein 16 percent: Corn 28.6 percent, oats 
28.6, wheat bran 28.6, linseed meal 14.2. 

South Carolina (381), protein 17.3 percent: Corn 40 percent, oats 40, cottonseed 
meal (41-percent protein) 20. 

Calf Meals as Substitutes for Milk 
Dry-fed calf meals or calf starters consist of a good grain mixture 

with the addition of protein from some animal source. The protein 
content is 20 percent or more. On a good calf meal the calf as a rule 
will maintain a better rate of growth following weaning from milk 
than on an ordinary grain mixture. With good feeding, calves should 
be normal or a little above average in weight at 6 months, and on a 
special calf starter may be considerably above average. ^ 

Animal products that have been used in calf meals include dried 
skim milk, dried buttermilk, soluble blood flour, ordinary blood meal, 
dry-rendered tankage, and fish meal.    Dried skim milk provides the 

6 Unpublished reports of experiments by H. T. Converse on the feeding of limited milk and grain to 
dairy calves. 

141394°—39 40 
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best possible source of animal protein for the calf and has given good 
results in many calf meals. Twenty to twenty-five percent of this 
product in a calf meal will give about as good results as larger quanti- 
ties (90, 1012). Dried buttermilk {567) that is of uniformly good 
quality and not too acid may also be used, but it may not give quite as 
good results as dried skim milk. 

Soluble blood meal or flour, rather unpalatable products, have been 
used to the extent of 12.5 percent of a calf meal as the sole source of 
animal protein at the New Jersey {93) and several other State agricul- 
tural experiment stations. When the calf can be induced to consume 
in large enough quantities a meal containing one of these products, it 
will grow about as well as on one containing dried skim milk. How- 
ever, some calves do not eat readily a calf meal containing soluble 
blood flour and as a result do not grow so fast nor look quite as thrifty 
as calves fed a calf meal containing dried skim milk. In a recent feed- 
ing trial at the Ohio Agricultural Experiment Station {6^8) ordinary 
blood meal and dry-rendered tankage, constituting 12.5 percent of a 
calf meal, gave about as good results as 12.5 percent either of soluble 
blood flour or of dried skim milk. 

Fish meal is made from several kinds of fish residues. Used as the 
sole source of animal protein, 12.5 percent of fish meal gave as good 
results as 12.5 percent either of soluble blood flour or of dried skim 
milk at the Ohio station. However, calves did not make satisfactory 
growth at the New Jersey station {63) on a calf meal containing 12.5 
percent of fish meal, nor at the South Carolina station {821) on one 
containing 15 percent of fish meal. Used to the extent of 10 percent 
of the calf meal to supplement or partially replace dried skim milk, 
fish meal has proved satisfactory at the Maryland {96) and New York 
(Cornell) {1012) stations, but gave unsatisfactory results at the South 
Carolina station. Only the best grades of fish meal, processed from 
fresh fish residues into a wholesome product low in moisture and fat, 
are suitable for calf feeding. 

As a rule, such products as fish meal, dried blood flour, blood meal, 
and dry-rendered tankage are better suited to supplement dried skim 
milk in a calf meal than for use as the sole source of animal protein. 

The following calf meal, composed of easily obtainable ingredients, 
is not very different in composition from calf meals containing dried 
skim milk on which calves have attained a size at 6 months equivalent 
to the Ragsdale and Fohrman-Swett growth standards at several State 
agricultural experiment stations: 

Percent Percent 
Ground yellow corn     30        Linseed meal    _   _   _   _       10 
Crushed or rolled oats     30        Dried skim milk  _ 20 
Wheat bran      10 

The ingredients used in. this mixture may be varied somewhat to 
meet conditions on individual farms. Oatmeal without the hulls will 
give a little better results than ordinary oats. White corn will be 
about as good as yellow corn. Ground or rolled barley may be used 
to replace part or all of the ground corn. Ten percent of soybean 
meal, cottonseed meal (41- or 43-percent protein), dried blood flour, 
or a high-grade fish meal may be used to replace the linseed meal or 
half of the dried skim milk. 
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At the South Carolina Agricultural Experiment Station (381), calves 
made slightly better than normal growth to 6 months on a simple calf 
meal consisting of 35 percent of ground yellow corn, 35 of ground oats, 
20 of cottonseed meal (41-percent protein), and 10 of dried skim milk. 

From 0.5 to 1 percent of salt should be added to grain mixtures and 
calf meals. Finely ground steamed bonemeal and ground limestone 
are also added to some calf meals at the same rate. These may be 
helpful if the hay fed is not a legume or is not of the best quality. 

At the New York (Cornell) Agricultural Experiment Station, Savage 
and Crawford {1012) found that a good calf meal containing 20 percent 
of dried skim milk gave better results when small quantities of white- 
fish meal and cod-liver oil were added in addition to the minerals. 
This calf meal, called a reinforced calf starter, is as follows: 

Percent Percent 
Ground yellow corn 32. 25         Dried skim milk  20. 00 
Rolled oats (oatmeal)   28.00        Salt  .50 
Wheat bran .    10.00        Ground limestone  .50 
Linseed meal     5.00        Steamed bonemeal  , 50 
Whitefish meal     3. 00        Fortified cod-liver oil  . 25 

In the above mixture, 0.5 to 1 percent of ordinary animal-feeding 
cod-liver oil may be substituted for the fortified cod-liver oil. In grain 
mixtures of this kind, cod-liver oil is known to lose most of its vitamin 
A potency within a short time, and the best way to supply cod-liver 
oil is to mix 2 to 4 teaspoonfuls in the feed of each calf every day. 

Recently Newman and Savage {852) at the New York (Cornell) 
station have found that the addition of either dried brewers^ yeast 
or a cereal yeast feed to a dry calf starter resulted in a more rapid 
growth of the calf with a little lower total digestible nutrient require- 
ment per unit of gain in weight. Six percent of dried brewers' yeast 
used to supplement 20 percent of dried skim milk, or 5 percent of 
cereal yeast feed and 5 of soybean meal, used to replace half of the 
dried skim milk, gave nearly as good results as when a 16-percent 
cereal yeast feed was used to replace half of the dried skim milk. This 
increased efficiency of the calf meal was thought to be due to the vita- 
min B factor in the yeast. However, yeast feeding has been found 
not to be beneficial for young calves being fed fresh milk in normal 
quantities? or for older calves. 

There are several ready-mixed calf meals or calf starters on the mar- 
ket. The best contain one or more animal products and give about as 
good results as a good home-mixed calf meal. Some of these have been 
compressed into pellet form. In a feeding experiment reported by 
Newman and Savage {852) calves fed a calf meal in pellet form did not 
make any better growth than calves fed the same meal in the usual 
ground form. 

Directions for Feeding Cali Meals 

The following directions for feeding apply to both commercial calf 
meals and home-mixed grain and calf meals. ^ They are made on the 
basis of feeding limited quantities of milk until the calf is 7 to 9 weeks 
old. Warm water is added as the quantity of milk is decreased so that 
the calves will not suffer from a lack of water until they are accustomed 
to drinking from the regular supply. 
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Limited whole milk:                                                                       Whole milk Warm water 
Holstein and Brown Swiss:                                               (pounds per day) ipouuds per day) 

First week  8   
Second week  9   
Third week  10   
Fourth week  8 2 
Fifth week  6 4 
Sixth week  4 6 
Seventh week  2 8 

Ayreshire, Jersey, and Guernsey: 
First week  6   
Second week  7 .   
Third to sixth weeks  8   
Seventh week  6 2 
Eighth week  4 4 
Ninth week    2 6 

Limited whole milk and skim milk: Feed whole milk as indicated above for the 
first 2 weeks and change from whole milk to skim milk during the third week. 
Increase the quantity of skim milk fed by 2 pounds daily each week until the calf is 
getting 12 pounds daily. Reduce the quantity of skim milk fed by 3 pounds a 
day each week during the fifth, sixth, and seventh weeks for Holstein and Brown 
Swiss calves, and during the seventh, eighth, and ninth weeks for Ayrshire, Jersey, 
and Guernsey calves, substituting warm water in the same way as above. 

Calves raised on nurse cows: Regulate the number of calves on a nurse cow so 
that each calf is getting from 6 to 8 pounds of milk daily. Allow the calves to 
suckle twice daily for the first 4 to 6 weeks, then once daily for 3 weeks until 
weaned. 

Feed each calf milk according to its size and condition, for a 
shorter or longer time as conditions warrant. Provide a convenient, 
abundant supply of pure water so that the calf will become accus- 
tomed to obtaining its own supply before the quantity of milk fed 
is reduced. 

When the calf is 10 days old, offer it both hay and grain. Use the 
best quality hay on hand, preferably a legume. Early-cut grass or 
mixed grass and legume hay are also suitable. Give the calf all the 
hay it will eat at all times and all the grain or calf meal it will eat up 
to 4 or 5 pounds daily. When the calf is 3 months old, the calf meal 
can be gradually discontinued and a cheaper grain mixture fed instead 
so that at 4 months of age the calf is getting all grain. Feed 4 to 5 
pounds of grain daily until the calf is ô months old. 

When the calf is weaned from milk at 50 to 60 days, it should be 
eating 1¾ to 2 pounds of grain or calf meal daily; at 3 months, 3 to 4 
pounds daily; and at 4 months, 4 to o pounds daily. The total quan- 
tity of grain or calf meal and grain required to 6 months of age on this 
basis is about 400 pounds per head for Jerseys and 500 pounds for 
Holsteins. When a calf meal is fed it will constitute approximately 
half of the grain. 

The amount of hay consumed will depend on its palatability and 
also on the quantity of calf meal and grain fed. With hay of good 
quality and the above quantities of calf meal and grain, the calf may 
be expected to consume nearly as much hay as grain from weaning 
time to 4 months of age, and somewhat more hay than grain between 
4 and 6 months of age, with a total hay consumption of between 400 
and 450 pounds of hay by Jerseys and 500 to 600 pounds by Holsteins. 
W'ith especially palatable hay, heifers may consume somewhat more 
than this. 
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Feeding Hay 
In order to grow and develop normally the calf requires hay and grain 

at an early age to supplement milk. These should be fed as soon as 
the calf can be induced to eat them, usually at about 10 days to 2 
weeks of age. A handful of the most palatable hay on hand should be 
placed in a rack where the calf can reach it conveniently but cannot 
soil it. Until the calf is eating hay readily, a fresh supply should be 
provided each day in order to tempt its appetite. 

Hay used for feeding young calves should be cut before it gets too 
mature and handled during curing so as to retain as much of its green 
color and leaves as possible. Such hay will be high in protein, as- 
similable minerals—particularly calcium—and vitamin A. Sun-cured 
hay will also be a good source of vitamin D, while artificially dried hay 
will be low in this vitamin. Legume hays (alfalfa, clover, soybean, 
cowpea, etc.) or grass hays cut before the blossom stage (timothy, 
prairie, a pasture-grass mixture, etc.) will usually be highest in these 
constituents and the most suitable for calf feeding. The calf will 
thrive on sun-cured hay that has a nice green color, but with hay that 
has lost its green color a vitamin A supplement will be required. The 
calf can also be fed principally on artificially dried hay if it gets plenty 
of sunshine and is fed a little sun-cured hay; otherwise a vitamin D 
supplement will be required. 

The calf should be fed at all times as much good-quality hay as it will 
eat. Where alfalfa hay is fed, the calf should not be given hay that 
is unusually leafy and palatable during the first few weeks, as calves 
will sometimes overeat on such hay and get indigestion and scours. 
The quantity of hay consumed will depend not only on its palatability 
but also on the quantity of other feeds consumed. Ordinarily the 
calf will be eating 1 pound of hay or a little more daily at 2 months of 
age, 2% to 3 pounds daily at 3 months, and 5 to 6 pounds daily at 6 
months of age. When the hay is especially palatable, or the quantity 
of grain fed along with milk is limited to 2 or 3 pounds or less daily, 
or the calf is being raised on grain or grain and a calf meal without any 
milk, the calf may consume larger quantities than this at 6 months of 
age {1222), Headley7 of the Nevada Agricultural Experiment 
Station reported a hay consumption of 13 pounds per head daily at 6 
months by Holstein heifers fed skim milk with one-half pound of grain 
daily and all the good alfalfa hay they could eat from an outside rack. 

Feeding Grain 
The calf can be taught to eat grain when 10 days to 2 weeks old by 

rubbing a little on its muzzle and placing a small handful in the bottom 
of the pail after it has finished drinking its milk. The grain fed to 
dairy calves should be palatable and provide the energy, protein, and 
minerals required for normal growth that are not provided in the milk 
and hay. The farm grains (corn, oats, barley, kafir, and milo) and 
the protein concentrates (wheat bran, linseed meal, and soybean meal) 
are all suitable feeds for the young calf. Cottonseed meafmay also be 
fed in limited  quantities    The protein concentrates contain more 

■ HEADLEY, F. B.   HAY CONSUMPTION BY HEIFER CALVES.   Nev. Agr. Expt. Sta. News Bull., v. 7, No. 1. 
1933.   [Mimeographed.] 
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minerals as well as more protein than the farm grains.    Wheat bran 
and linseed meal are particular^ good sources of phosphorus. 

The percentage of protein needed in the grain mixture will depend on 
the ration fed. When the calf is getting moderate or liberal quantities 
of skim milk or buttermilk along with a leafy legume hay or early-cut 
grass or mixed hay the grain fed can consist entirely of farm grains 
and the calf will make as good or nearly as good growth as where 
wheat bran and linseed meal are included in the grain mixture {570, 
885), A grain mixture containing 14 to 16 percent of total protein 
may be needed by calves fed limited quantities of skim milk or butter- 
milk with good hay. A grain mixture containing as much as 18 to 20 
percent of total protein may be required by calves fed whey or those 
fed grain as a substitute for milk, with good hay. Where the hay and 
grain are home grown and the soils of the locality are known to be low 
in phosphorus, it is best to include wheat bran or 1 percent by weight 
of bonemeal in such a mixture. Suitable grain mixtures are shown in 
table 4. 

TABLE 4.—Grain  mixtures for young dairy stock containing specified 
percentages  of protein 

Grain or concentrate 

Mixtures containing 10 
to 12 percent of total 
protein ' 

Mixtures containing 14 
to 16 percent of total 
protein - 

Mixtures   containing   18 
to 20 percent of total 
protein s 

A 

Lb. 

BCD 
1           i 

E    ,    F    i    G    ,    H 
i           1 

1 J K         L 

Corn 
Lb. 

10 
10 

Lb.   ;  Lb. 
30        20 
 1     20 

10 !     10 

1 
Lb.   '  Lb, 

20 i     sn 
Lb.  ■  Lb. 

30 ;      30 
Lb. 

10 
20 

" 10 

Lb. 
20 

10 

Lb. 
10 
10 
10 
10 

Lb. 
20 

Oats  
Wheat bran 

20    i      10 ¡     30 
     io '    io ;   so 

10         10          10 i      10 

20 
10 

Linseed meal           .    _ on   
1           1 

^ Suitable for calves under 6 inontks fed 12 to 14 pounds or more daily of milk or some milk product other 
than whey with good hay (leafy legume hay, early-cut grass or mixed hay); also for heifers and bulls over 0 
months fed good hay or such hay and grass or legume silage. 

3 Suitable for calves under 6 months fed not over 10 pounds daily of milk or some milk product other than 
whey, with good hay; also for heifers and bulls over 6 months fed (1) good hay (leafy legume hay, early-cut 
grass or mixed hay) with corn, kafir, or sorghum silage, or fodder; or (2) poor hay (made from mature grass 
or from legumes that are very mature and have undergone shattering), or corn, kafir, or sorghum fodder with 
grass or legume silage. 

3 Suitable for calves under 6 months fed whey or those fed grain as a substitute for milk, with good hay; 
also for heifers and bulls over 6 months fed poor hay (made from mature grass or from legumes that are very 
mature and have undergone shattering), or such hay with corn, kafir, or sorghum silage or fodder. 

* Corn alone or oats alone. 

In the grain mixtures given in table 4, barley, kafir, inilo, or hominy 
feed may replace part or all of the corn; soybean meal may replace 
part or all of the linseed meal. Cottonseed meal may replace one-half 
of the linseed meal until the calf is 6 months old, and either half or 
all of the linseed meal for older calves. Young calves seem to prefer 
whole corn or oats to ground corn or oats at first, and they do about 
as well up to 4 or 5 months of age on the whole grain {516), After the 
calf is 4 or 5 months old, the corn should be ground and the oats either 
ground or rolled. Kafir and milo should be ground and barley either 
ground or rolled for calves of all ages. 

A calf 2 weeks old will eat only a small handful of grain a day. 
Calves being fed liberal quantities of milk will eat about half a pound 
daily at 4 weeks, 1 pound at 6 weeks, 1½ pounds at 8 weeks, and 2 
pounds at 10 weeks to 3 months of age. This will be enough grain if 
milk is fed liberally to 6 months of age along with the best quality 
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legume or mixed hay. When milk is fed in limited quantities or discon- 
tinued at an earlier age, or a poor grade of hay is fed, it may be necessary 
to feed 8,4, or even 5 pounds of grain a day, including a calf meal. 

Feeding Silage 

Silage is not a suitable feed for the young calf {1209), The addi- 
tion of this feed to the ration is apt to cause digestive disturbances 
and scours. Furthermore, it is desirable that the calf eat as much 
hay as possible during the first 3 months. After that, however, silage 
makes a desirable feed to supplement hay. Corn, kafir, or sorghum 
silage, or silage made from pasture or hay crops, may be fed. 

Silage made from corn, kafir, sorghum, and grasses that are nearing 
maturity is low in protein, while that made from legumes and from 
grasses cut while still immature is high in protein. Corn silage con- 
tains essential amino acids that may be lacking in some hay crops 
and is a particularly desirable feed for supplementing alfalfa and other 
legume hays. If the plant material is put in the silo while green and 
not more than slightly wilted, the silage will be a good source of vita- 
min A to supplement poor hay.    Silage of all kinds is low in vitamin D. 

When the calf is 3 months old, it can be fed 1 or 2 pounds of silage a 
day. By the time it is 4 or 5 months old, it can be fed 1 pound of 
silage a day for each month of its age, or 2 pounds of silage a day for 
each 100 pounds of live weight. Care should be taken not to feed 
any moldy or frozen silage, and any uneaten silage should be removed 
from the manger each day. 

Pasturage for the Calf 
Pasturage is one of the best of feeds for the growing calf. However, 

the young calf will consume very little pasturage in addition to milk, 
hay, and grain, and young calves will do better in hot weather when 
kept in cool, well-ventilated quarters during the day than when allowed 
to run in a pasture or open lot in the sun. The calf will be able to 
make better use of pasturage after it is 3 months old provided the 
grass is abundant and the weather is not too hot. 

The pasturage provided for calves and heifers should be the best 
available, preferably consisting of immature, rapidly growing grasses 
and clover. Such pasturage is low in crude fiber and high in easily 
assimilable protein, carbohydrates, minerals, and vitamins (except 
vitamin D, which the calf gets from sunshine) and furnishes a well- 
balanced feed for body maintenance and bone and muscle building. 

Fall and early winter calves will make good growth the following 
spring and summer on pasture supplemented by skim milk and grain, 
or by grain alone when they are 4 to 6 months old. Spring calves will 
not be old enough to make much use of pasture until late in the 
summer and during the fall. Because pastures are often poor at this 
season, it is best to keep spring and summer calves off pasture, except 
for exercise, until the following summer. 

RAISING THE DAIRY HEIFER 

Feeding Heifers From 6 Months to 2 Years of Age 
By the time the heifer is 6 months old the feeding of skim milk or 

special calf meals has been discontinued.    At this age it is still grow- 
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ing rapidly but can make good growth largely on roughage feeds of 
good quality, supplemented by a little grain. By the time the heifer 
is a year old, it is usually past the period of maximum gains, can con- 
sume more roughage, and can make normal growth with still less 
grain. Plenty of good roughage should be supplied at all times 
in the form of good pasture in summer and hay or hay and silage in 
winter. Fodder may be used to provide part of the roughage for 
heifers over 1 year of age. 

During the grazing season the heifer should be provided with good 
pasturage when available (fig. 2). Except on irrigated land, perma- 
nent pasture may not furnish all the roughage the animals should 
have throughout the grazing season.    When available,  the second 
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I'igure 2.—Pasture should provide good grazing and if possible shade and water also. 

growth on a hayfield after cutting for hay or crops such as rye and 
vetch, oats and peas, Sudan grass, soybeans, Italian ryegrass, and 
sweetclover may be used as temporary pasture to supplement poor 
permanent pasturage (pasture with short, scanty growth). When 
temporary pastures are not available, heifers may be fed hay or hay 
and silage while on early spring pasture or poor summer pasture" 
If there is plenty of good hay on hand, it would be well to keep a 
supply available at all times throughout the grazing season, in a 
conveniently located rack so that the heifer can eat it at will. 

When pastures are at their best, with grass immature and abundant, 
or when poor pastures are supplemented by all the good-quality hay 
or hay and silage the animals will eat, heifers 6 to 9 months of age 
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will not require more than 3 pounds of grain a day, and heifers over 
9 months old will not need any grain. On the other hand, if a limited 
quantity of good roughage is fed with poor pasture, or the roughage 
fed with such pasture is poor in quality and unpalatable, it may be 
necessary to feed heifers 6 to 9 months old 5 pounds of grain, and 
older heifers 3 to 5 pounds, per head daily in order to maintain growth 
at a normal rate. 

During the winter season, the heifer should be fed so that it will 
make about normal growth but will not get too fat. Heifers in a 
high state of flesh make smaller than normal gains when they go out 
on pasture in the spring (503), As a rule, the growing heifer should 
be supplied with all the hay it will eat at all times. The hay fed may 
be either legume, mixed grass and legume, or grass hay. It should 
preferably be early-cut, fine-stemmed, and leafy, and grade not less 
than U. S. No. 2 for green color. Heifers over 1 year of age may 
receive part of their roughage in the form of corn, kafir, or sorghum 
fodder, if it has a good bright color. If silage is available, it may be 
fed to replace part of the dry roughage. Corn, kafir, or sorghum 
silage makes a good feed to supplement legume, mixed, or grass 
hays. Grass or legume silage makes a good feed to supplement mixed 
or grass hays, or corn, kafir, or sorghum fodder. If the hay or fodder 
is a good green color and is readily consumed in large quantities, 2 
pounds of silage per 100 pounds of live weight daily is enough to feed 
the growing heifer. If the hay or fodder is of only ordinary or poor 
quality, the quantity of dry roughage may be reduced to 4 or 5 pounds 
per head daily and the heifer fed in addition all the silage that it will 
consume. 

When fed all the roughage it will consume, the heifer 6 to 9 months 
old will need about 3 pounds of grain daily along with roughage of 
good quality, and 5 pounds of grain daily with roughage of only 
ordinary quality. Heifers more than 9 months old will not require 
any grain with good hay and silage, but may need 2 to 3 pounds 
daily with good legume hay or with silage and ordinary hay, and 
as much as 5 pounds of grain daily with ordinary hay or with such 
hay and corn, kafir, or sorghum fodder. In some irrigated sections 
of the West, heifers allowed free access to a good quality of alfalfa 
hay, so that they can eat all they want at all times without consuming 
the coarse stems, have made normal or near normal growth from 
birth on skim milk and alfalfa hay without any grain or with only 
very limited quantities of grain. Headley of the Nevada Agricul- 
tural Experiment Station reported8 a live weight at 12 months of 
age of 650 pounds for Holstein heifers fed this ration with only one- 
half of a pound of grain daily from birth to 6 months of age. These 
heifers were kept in a separate lot and were fed alfalfa hay from an 
outside rack. All hay was weighed. Hay consumption amounted 
to 13 pounds per head daily at 6 months of age, 19.5 pounds at 9 
months, and 26 pounds at 12 months. 

The ration will contain plenty of protein if grain containing 10 to 12 
percent of protein is fed along with immature, abundant pasture, 
leafy legume hay or early-cut mixed or grass hay, or with such hays 
and grass or legume silage.    The grain should contain 14 to 16 per- 

3 In the mimeographed bulletin cited in footnote 7. p. 613. 
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cent of protein with ordinary and less abundant pasturage, with 
good hays and corn, kafir or sorghum silage, or with poor hay made 
from mature grass or from legumes that were very mature and have 
undergone considerable shattering, or with such hay and grass or 
legume silage; and it should contain 18 to 20 percent of protein with 
poor hay alone or with such hay aud corn, kafir, or sorghum silage. 
Suitable grains and grain mixtures for feeding heifers are listed in 
table 4 (p. 614). 

The approximate quantities of feed required by the heifer at differ- 
ent ages for normal growth in terms of grain and good hay or its equiv- 
alent are given in table 1 (p. 599). The basis on which these quantities 
were calculated is shown at the bottom of the table. Feed substi- 
tutions to fit the ration and quality of feeds being fed may be made 
on the following basis: 3 pounds of silage (made with little or no 
wilting), 5¾ of carrots or rutabagas, 6 of turnips, 7 of mangels, 2 of 
sweetpotatoes, 2 of fodder (including uneaten portion), or 0.7 of 
grain may be substituted for 1 of good hay; 1% of hay, 3 of fodder, 
02 of silage, 8 of carrots or rutabagas, 9 of turnips, 10 of mangels, 
3 of sweetpotatoes, or 9 of fresh skim milk nre equal in feeding value 
to 1 pound of grain. 

Feeding the Heifer Before and After Calving 

The heifer should be making good growth and be in good flesh at calv- 
ing time ; otherwise she may not give as much milk as she should after 
calving or grow at a satisfactory rate during her first milking period. 
On. the other hand, she should not be excessively fat, as this will not 
make her a better milk cow and may result in calving difficulties and 
congestion of the udder. 

If at 3 or 4 months prior to calving the heifer is growing at about a. 
normal rate and is well fleshed, the ration being fed may be continued 
until near calving time without increasing the quantity of grain. Tf 
the heifer is in fair flesh, 4 or 5 pounds of grain a day will be sufficient 
to feed along with liberal quantities of good roughage. Tf she is 
somewhat thin or if the roughage is not of the best quality, it may be 
necessary to feed 6 to 8 pounds of grain a day in order to have her 
in good flesh by calving time. The grain mixture should contain 
enough protein to balance the roughage fed. (See table 4, p. 614.) 
Several weeks before calving, ground oats, wheat bran, and linseed 
meal are especially desirable feeds to include in the grain mixture. 
As calving time approaches, the heifer should have only moderate 
quantities of hay and silage, and the drinking water should not be 
too cold. 

After calving, the heifer should be fed sparingly for a few days in 
order to help prevent digestive disorders and reduce the swelling in 
the udder to a minimum. She should have warm water to drink after 
calving, and a little good hay as soon as she cares to eat it. The second 
day she may be fed hay, a little silage, and 4 pounds of grain. Rough- 
age may then be fed in as large quantities as the heifer will consume it, 
and the grain may be increased gradually until she is on full feed 
3 to 4 weeks after calving. From this time on throughout the first 
lactation period, the heifer should be fed total nutrients and protein 
for maintenance and milk production in the quantities called for by a 
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feeding standard such as those discussed in the articles on dairy cattle 
feeding' in this Yearbook, or in Farmers' Bulletiu 1626, Feeding Dairy 
Cows {1265), In addition, the heifer should be provided enough 
nutrients above these requirements to enable her to continue to make 
normal growth during the first lactation period. 

Heifers that are undersized at first calving because of underfeeding 
or calving at too early an age may, if properly fed during the first 
lactation, gain in weight as much as 125 to 150 pounds between first 
and second calvings, exclusive of the increased weight due to gestation 
or differences in weight due to differences in degree of fleshing at calv- 
ing time. On the other hand, heifers that are large at first calving 
because of liberal feeding or delayed calving may not gain more than 
50 to 75 pounds in weight during this period. 

As a rule, it will be well to provide additional nutrients for at least 
100 pounds of gain in live weight, and if the heifer is considerably 
undersized at first calving, for as much as 150 pounds of gain during 
the first lactation period. It is probable that at this age as much as 
3 pounds of digestible nutrients will be required to produce 1 pound of 
gain in live weight in the animal, or a total of 300 to 450 pounds of 
total digestible nutrients. These quantities of nutrients will be pro- 
vided by 400 to 600 pounds of grain or 600 to 900 pounds of hay. 
Spread out over a 10-month period beginning at 60 to 90 days after 
calving the daily quantity of feed required for growth would be 
equivalent to l)i to 2 pounds of grain or 2 to 3 pounds of hay. 

The Relation of the Ration and Age at First Calving to 
Growth and Production of Dairy Heifers 

The methods of feeding dairy calves and heifers that have been out- 
lined provide sufficient nutrients for growth at about the rate shown 
by the Ragsdale and Fohrman-Swett growth standards (table 7, p. 625). 
Some breeders feed an extra-liberal ration in order to raise heifers 
above normal in size. On the other hand, many heifers are fed such 
scanty rations that their rate of growth is considerably retarded. 
The time of breeding for first calving will depend on the rate of growth 
and size of the heifer rather than on age. 

The rate at which a calf grows and the mature size it may attain 
depend upon its inheritance, health, and nutrition. Disease or under- 
feeding will retard growth and may cause the animal to fail to reach 
its mature size at the usual age. If the disease is severe enough or 
underfeeding is continued long enough, the animal may be perma- 
nently stunted. Liberal feeding, on the other hand, will accelerate 
the growth rate, and the animal may reach breeding age and mature 
size a little earlier than usual. 

Calves may be fed only medium amounts of feed and allowed to 
reach calving size in, say, 30 months, or they may be fed more heavily 
and be large enough to calve at 24 months. Slow growth requires more 
feed per unit of gain because of the greater proportion of nutrients 
used for maintenance. On the other hand slow growth can be made on 
rations made up of rougher and cheaper feeds. In this discussion, it 
has been assumed that heifers will be sufficiently well grown to calve 
at 2 years to 2 years and 3 months of age, although there may be 
conditions under which slower growth is more economical. 
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The influence of scanty and liberal rations and of age at first calving 
on the growth and production of dairy heifers have been investigated 
by Eckles {29%) at Missouri, and by Reed, Fitch, and Cave {963) at 
Kansas. Eckles raised Jersey and Holstein heifers on an extra-liberal 
ration to first calving. This ration consisted of whole milk, liberally 
fed to 6 months, with all the alfalfa hay and grain the animals would 
eat. The heifers were above normal in weight from birth to the time 
of first calving. After calving, these heifers were fed a normal, good 
dairy ration consisting of alfalfa hay, corn silage, and grain according 
to production. Their growth then slowed down to somewhat below 
normal for age, and at 5 years of age their height at withers was just 
about normal (table 5). 

TABLE 5.— Ejfect of the ration on the groicth of dairy hvifvrs 

LIVE WEÍGUT 

Eckles : 

Holstein 

Age 

Birth  
6 months  
12 months  
18 months  
24 months  
After first calving.-. 
After second calving 
After third calving. _ 
After fourth calving. 

Skim 
milk % 
and 

alfalfa 
hay 

Whole 
milk,3 
alfalfa 

hay,and 
grain 

Pounds Pounds 
53 50 

252 298 
371 495 
495 722 
607 827 
65G 879 
734 863 
835 928 
875 941 

Skim 
milk 3 
and 

alfalfa 
hay 

Pounds 
94 

317 
432 
598 
731 
855 
956 

1,081 
1,149 

HEIGHT AT WITHERS 

Birth (or 1 month) 
6 months  
12 months  
18 months  
24 months  
30 months  
48 months  
¡•O months  

Inches Inches Inches Inches Inches J riche s 
27.6 27.4 30.3 30.7 30.1 30. 5 
35. 2 36.4 38.6 41.1 38.7 38. 6 
40. 5 42.9 42.2 46.3 42.0 42.8 
43.3 46. 5 45.7 49.6 45. 8 46.7 
45, 5 47.8 48.4 51.2 48.2 49.2 
47.7 J9.2 50.4 52.6 49.9 51. 3 
48.3 49.4 51.4 53. 1 50. 9 52. 2 
48.2 49.4 52.1 53. 4 51,3 52. 5 

Kred, Filch, ;,HHJ ravr 

Holstein 

Skimnjilk,3iSkiirimilk,Ä 
alfalfa hay.   alfalfa hay, 

and       ; corn silatre, 
corn       |       and 
silage      !      in-aln 

Pounds 
87 

316 
565 
800 

1,015 
J,055 
1,112 

* 1.250 

Inches 
30.3 
3Ü. 6 
44.8 
48.7 
50.6 
52.3 
53. 4 
53. 2 

i Light and heavy rations fed to first calving.   After first calving all heifers received a normal ration con- 
sisting of alfalfa hay, corn silage with grain according to milk production (corn 4, bran 2, linseed meal 1) (292). 

2 Fed the same ration before first calving and through the first and second lactations (MS). 
a Whole milk fed first 2 to 4 weeks on all rations.   No milk fed after 6 months of age. 
* Weights taken at 60 months of age, or at end of second lactation. 

Reed, Fitch, and Cave raised Holstein heifers on a ration consisting 
of whole milk to 1 month, skim milk to 6 months, alfalfa hay, corn 
silage, and grain. The heifers were fed the same ration during the 
first two lactation periods. These heifers were slightly below normal 
in weight and in height at withers at 2 years of age. After calving, 
their growth continued at a normal or slightly above normal rate, 
and at 5 years of age, their height at withers was approximately 
normal (table 5). 
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Eckles raised Jersey and Holstein heifers, and Reed. Fitch, and 
Cave raised Holstein heifers to first calving on a light or scanty 
ration. The ration feel in both cases consisted of whole milk to 2 or 4 
weeks, skim milk to 6 months, and alfalfa hay. Some of the Missouri 
heifers also received a little pasture. Both the Missouri and Kansas 
heifers grew at a considerably retarded rate and were considerably 
below normal in weight and height at withers from birth to 2 years 
of age (table 5). Following calving, the Missouri heifers received a 
good ration consisting of alfalfa hay, corn silage, and grain, and were 
able partly to make up this growth shortage by growing at a slightly 
accelerated rate from first calving to 5 years. The Kansas heifers, on 
the other hand, continued to receive a scanty ration during the first 
two lactations and were considerably below normal in height at 
withers at 5 years of age. 

Reed, Fitch, and Cave also raised Holstein heifers on a ration that 
was intermediate between light and liberal. This ration consisted of 
whole milk to 1 month, skim milk to 6 months, alfalfa hay, and corn 
silage. The same ration was fed during the first two lactation periods. 
The heifers were intermediate in weight and in height at withers 
between the lightly and liberally fed groups at both 2 and 5 years 
of age (table 5). 

The average age of the heifers on the different rations at the first 
estrus (heat) period as noted by Eckles for the Missouri heifers was 
about 9 months on the liberal ration and 12 months on the light 
ration. 

Eckles' data showed that gestation had very little effect on the 
growth rate of dairy heifers, but that after calving heifers grew at a 
considerably slower rate than pregnant heifers of the same age. A 
combination of heavy feeding and late first calving (over 30 months 
of age) was found to produce the largest heifers. Heavily fed heifers 
that calved early (from less than 2 years to about 27 months of age) 
did not reach quite the size at maturity as those calving later. Lightly 
fed, late-calving heifers attained about the same size at maturity as 
heavily fed, early-calving heifers. On the other hand, lightly fed, 
early-calving heifers were considerably below normal in size at ma- 
turity. A combination of scanty feeding and early calving was con- 
sidered by Eckles to be the cause of many of the undersized cows 
found in dairy herds. Such cows undoubtedly produce somewhat less 
milk and butterfat at maturity than they would have if raised to a 
normal size. However, Eckles as well as Reed and his coworkers found 
that, considering their size, cows raised on scanty rations produced 
just about as well later on when fed liberal rations as cows raised from 
birth on liberal rations. 

Turner {1153) studied the influence of age at first calving on milk 
production during the first lactation of large numbers of Ayrshire, 
Guernsey, Holstein, and Jersey cows on yearly Advanced Registry or 
Registe/ of Merit tests. He found that as age at first calving in- 
creased, up to about 36 months, there was an increase in milk and 
butterfat production with age, in quantities that seemed to be closely 
correlated with the growth or increase in size of the animal. The in- 
crease in production was found to be very small between 30 and 36 
months of age, and the heifers produced only 5 to 10 percent less than 
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the maximum quantity of milk when calving for the first time at 23 
to 28 months of age. 

Data by Eckles (£98) for Jersey and Holstein cows, and by Beam 
(7^) of the Pennsylvania Agricultural Experiment Station for Guern- 
sey cows, show that as the age at first calving increased up to about 
36 months, the average butterfat production per lactation for the first 
3 lactations (Eckles) and o lactations (Beam) also increased slightly. 
On the other hand, data by Chapman and Dickerson (199), which are 
presented in table 6 and which include 253 Holstein cows, each with 
5 lactations, on 40 Wisconsin farms, show that the butterfat that the 
heifers would have produced if milking, at any calving age from 22 
to 23 months of age or older, would have more than offset the increased 
butterfat production per lactation caused by delayed calving. For 
example, the total butterfat production to 7 years of age was 1,930 
pounds for cows calving at 22 to 23 months, 1,910 pounds for cows 
calving at 24 to 25 months, and 1,810 pounds for cows calving at 26 
to 27 months, the total quantity decreasing regularly until for cows 
calving at 34 to 35 months the total butterfat production to 7 years 
of age amounted to only 1,640 pounds. 

TABLE 6.—Relation of age at first calving to butterfat production for the first five lactations 
and to 7 years of age, and to the estimated mature live weight of the cows1 

Age fit first calving 

Item 
I   18-21   ■   22-23 
Í months months 

Cows number.. 
Average age at first calving 

months, _ 
Butterfat production, first 

lactation pounds. _ 
Total butterfat production, 

first five lactations 
pounds. _ 

Average age at end of 5 lac- 
tations months.. 

Time from first calving to 
end of fifth lactation 

months. _ 
Butterfat   production   per 

month 2 pounds.. 
Butterfat production to 84 

months of age- ..pounds.. 
Estimated     mature     live 

weight pounds.. 

14 

22.6 

335 

24-25   I   2(5-27       28-29   '   30-31   !   32-33   !   34-35   ,   36-42 
months I months months! months I months months! months 

56 

24.4 

330 

1,963 1,912 

86 84 

63 60 

31 32 

1,930 1,910 

1,260 1,250 

58 

26.4 

311 

1,875 

87 : 

61 ! 

1,810 | 

1,260 I 

36 

28. 6 

327 

15 

30.3 

355 

24 

32.6 

373 

23 

34.5 

333 

1,900 1,966 2,000 2,048 

89 92 96 98 

60 61 64 64 

32 32 31 32 

1,760 1,720 1,580 1,640 

1,240 1,220 1,310 1,300 

17 

38.2 

372 

2,016 

103 

65 

31 

1,490 

1. 350 

1 Data by Chapman and Dickerson (19 
: Includes dry periods. 

for 253 Holstein cows in 40 Wisconsin herds. 

Another factor to be considered is the cost of raising the heifer to a 
producing age. As the age at first calving increases, the cost of raising 
heifers to a producing age also increases. The feeding of scanty 
rations may be false economy, as it retards the growth of the heifer 
and increases the age at which she should calve for the first time, 
and she may require as much total feed to producing age as a well- 
fed heifer. This is demonstrated by the data of Reed, Fitch, and 
Cave {958). Holstein heifers raised on skim milk and alfalfa hay 
without any grain were considerably below normal in size for age. 
They calved at an average age of 31.2 months with a live weight after 
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calving of 767 pounds, consuming 420.3 pounds of whole milk, 2,360.7 
of skim milk, and 12,918.2 of alfalfa hay, with a total feed cost of 
$86.39. Holstein heifers raised on skim milk, alfalfa hay, corn silage, 
and grain were about normal in size for age. Calving at an average 
age of 25 months with a live weight after calving of 983 pounds, they 
consumed 351.7 pounds of whole milk, 2,449.7 of skim milk, 5,480.1 
of alfalfa hay, 7,265 of corn silage, and 1,947.1 of grain, with a total 
feed cost of $88.51. Calving at an average age of 28.4 months with 
a live weight after calving of 1,055 pounds, they consumed 354 
pounds of whole milk, 2,388 of skim milk, 8,085,7 of alfalfa hay, 
6,423.7 of corn silage, and 2,184.8 of grain, with a total feed cost of 
$102.23. 

Considered from all angles, the feeding of dairy heifers so that 
they will grow at a rate about equal to that indicated by the Rags- 
dale and Fohrman-Swett growth standards (table 7, p. 625) will 
usually be the most satisfactory as well as the most economical prac- 
tice. Such heifers will be sufficiently large and mature so that they 
can be bred at 15 to 18 months of age to calve when 24 to 27 months 
old. If properly managed and liberally fed after calving, heifers 
calving at this age will continue to grow at a nearly normal rate, and 
barring accident or disease, will produce the largest quantity of milk 
and butt erf at up to a mature age and over an entire lifetime. 

RAISING THE BULL CALF 

The bull calf is slightly larger at birth than the heifer calf and will 
have a considerably larger size at maturity. He soon starts to grow 
at a more rapid rate than the heifer, and if given all the feed he re- 
quires, will be noticeably larger at 6 months of age. For Holsteins, 
this difference in size on good feeding may amount to over 100 pounds 
at 1 year of age, to 300 at 18 months, and to 350 pounds at 2 years; 
and for Jerseys, to 80 pounds at 1 year, to 140 at 18 months, and to 
230 pounds at 2 years (tables 7 and 8, pp. 625 and 626). 

The young bull calf should have about the same kind of feed and 
care as the young heifer calf. The two can be raised together at 
first, but after about 4 months of age bull calves should be kept in 
separate pens and lots. Because of the bull calf's more rapid growth 
rate and larger feed requirements he will need somewhat larger 
quantities of feed after he has reached 6 months of age. 

The bull calf should have liberal quantities of good legume or mixed 
grass and legume hay, and all the grain he will eat up to 4 to 6 pounds 
daily to 6 months of age. With good hay fed in fairly liberal quan- 
tities the amount of grain required to keep a bull growing satisfac- 
torily from 6 months of age on will rarely exceed 4 to 5 pounds daily. 
If a limited quantity of hay is fed or the hay is of poor quality, more 
grain may be required. The grain mixture should contain sufficient 
protein to supplement the roughage properly. Suitable grain mix- 
tures are listed in table 4 (p. 614). Oats and linseed meal are par- 
ticularly desirable ingredients to include in grain mixtures for dairy 
bulls. Silage is a bulky feed and has a tendency to distend the 
paunch, but it may be fed beginning at 3 or 4 months of age if limited 
to quantities not exceeding 1 pound a day for each month of age, 
or a total of not over 8 to 10 pounds daily for bulls 1 year old and 



624 YEARBOOK OF AGRICULTURE, 1939 

10 to 15 pounds daily for bulls 1 to 2 years of age or over. Moderate 
quantities of roots or other succulents or green forage crops in season 
may also be fed. A good-sized lot or small pasture that provides 
some green grass and considerable exercise is also desirable for growing 
bulls. 

If in good growth and well developed, the dairy bull will be old 
enough for light service when 12 months old. His feeding from this 
time on should be such that he will be neither too fat nor too thin and 
will make about normal growth. The roughage fed should be limited 
to quantities that will not develop too much middle so that the bull 
will remain active and vigorous. More detailed information on the 
feeding and handling of dairy bulls will be found in Farmers' Bulletin 
1412, Care and Management of Dairy Bulls {270). 

NUTRITIONAL REQUIREMENTS 
RATES OF GROWTH 

Data on the size of well-fed dairy heifers at various ages and at maturity and 
on the rate of growth from birth to maturity, as measured by body weight and by 
height at withers, have recently been compiled by Ragsdale {941)9 and by Fohrman 
and Swett.10 These data are presented in table 7. The data of Ragsdale include 
heifers of the Ayrshire, Guernsey, Holstein, and Jersey breeds. Those of Fohrman 
and Swett include Holstein and Jersey heifers. The rate of growth and mature 
size of individual animals varies somewhat within each group shown. The 
Bureau of Dairy Industry Holstein and Jersey heifers grew at a little faster rate 
and were slightly larger at maturity than the Missouri, Iowa, and Kansas Holstein 
and Jersey heifers. 

Body weight and height at withers increase most rapidly from birth to 6 or 9 
months of age, then gradually slow down until the animal reaches maturity. 
Live weight increases very slowly after 6 years of age, with maximum weight at 
about 7 years. Height at withers increases very slowly after 4 or 5 years of age, 
with maximum height at o to 6 years. The live weight of the heifers at 2 years 
of age was 902 pounds for Ayrshires, 818 for Guernseys, 1,009 and 1,103, respec- 
tively, for Ragsdale and Fohrman-Swett Holsteins, and 733 and 805, respectively, 
for Ragsdale and Fohrman-Swett Jerseys. At 2 years of age, the heifers averaged 
75.7 to 80,4 percent of their mature weight and 94.8 to 96.8 percent of their 
mature height. 

Data on the body weight and height at withers of dairy bulls of the Ayrshire, 
Guernsey, Holstein, and Jersey breeds, compiled by Ragsdale (941), are presented 
in table 8. Because of the small number of animals of older ages on which data 
are available, these data are limited in the table to 9 months of age for Ayrshires, 
12 for Guernseys, and 24 for Holsteins and Jerseys. Bulls are larger at birth and 
grow more rapidly than heifers. 

Tables 7 and 8 may be taken to indicate the normal age weight of these breeds 
of dairy cattle and may be used to determine whether or not the young stock in 
a herd are growing at a satisfactory rate. The data of Moseley, Stuart, and 
Graves (823) on the effect of pregnancy on the live weight of Holstein cows, and 
that of Espe, Cannon, and Hanson (SSo) for Holstein, Jersey, Guernsey, and 
Ayrshire cows, indicate that at calving time the weight of the calf, placenta, and 
amniotic fluid will range from less than 100 pounds to more than 150 pounds 
depending on the breed. Four to six weeks after calving the cow may weigh 25 
to 50 pounds less than immediately after calving owing to a rapid loss of flesh 
while milking heavily and failure to consume enough feed to meet total nutrient 
requirements. 

There is a close relationship between the weight of dairy cattle and the distance 
around the chest just back of the forelegs. When it is not practical to weigh the 
animals, their weight can be estimated closely by measuring at this point. Tables 
giving chest measurements in inches and the correspouding live weight of the 

f Includes growing dairy cattle located in the dairy herds of the Missouri, Iowa, and Kansas Agricul- 
tural Experiment Stations. 

]0 Unpublished data, collected from 1920 to 1938, on the growth of dairy cattle in the breeding herd of 
"he Bureau of Dairy Industry, .Agricultura] Research Tenter, Beltsville, Md. 
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animal have been compiled by Kendrick and Parker ll from Bureau of Dairy 
Industry data, by Ragsdale and Brody (943) from Missouri data, and by Davis 
and Morgan (269) from Nebraska data. 

TABLE 7.—Live weight and height at withers of well-fed dairy heifers at different ages 
from birth to 7 years 

Age 
(months) 

Ragsdale l Fohrraan and Swett2 

Ayrshire Guei nsey Holstein Jer 

Ï 

Lb. 
53 
67 

158 
199 
243 
360 
450 
535 
601 
665 
733 
816 
824 
832 
855 
899 
895 
898 
897 
952 
937 
955 
973 
998 
959 

Ml 

-iey 

Ï 
1 
X 

In. 
25.7 
27.0 
28.9 
30.6 
32.6 
34.5 
36.2 
40.1 
42.2 
43.9 
45.2 
46.2 
46.9 
47.7 
47.9 
48.0 
48.2 
48.6 
48.6 
48.5 
48.5 
48.6 
49.0 
48.7 
48.4 
48.6 
48.0 

Holstein Jersey 

1 
1 

1 
■1 

i 
Î 

i 
i 
X 

1 
i 

Lb. 
90 

112 
148 
193 
243 
297 
355 
509 
632 
746 
845 
952 

1,069 
1,151 
1,120 
1,130 
1,165 
1,176 
1,202 
1,197 
1,232 
1,271 

\M 
1,317 
1,357 
1,401 

1.46 
1.52 
1.17 
1.23 

J 

i 
In. 

29.1 
30.6 
32.3 
34.3 
36.2 
37.7 
39.7 
43.5 
46.0 
47.9 
49.3 
50.6 

52! 2 
52.5 
52.7 
53.0 
58.1 
53.2 
53.2 
53.3 
53.6 
53.6 
53.7 
,53.7 
54.0 
53.7 

1 
> 3 

1 
1 1 

1 

! 

1 
Birth  
1  

Lb. 
72 
89 

119 

\f* 
245 
293 

:: 
:: 
818 
902 
909 
945 
965 
968 

1,007 
1,014 
1,038 
1,035 
1,058 
1,080 
1,055 
1,132 
1,080 
1,122 

1.21 
1.34 
1.02 
.97 

In, 
27.6 
28.6 
30.2 
31.9 
34.0 
35.5 
37.2 
40.9 
43.2 
45.1 
46.5 
47.6 
48.3 
48.1 
48.3 
48.9 
48.7 
49.1 
49.9 
50.0 
50.2 
50.3 
50.4 
49.2 
49.1 
48.9 
48.7 

Lb. 
65 
77 

102 
133 
173 
216 
260 
889 
490 
584 
663 
737 

876 
880 
905 
901 
924 
952 
971 
990 

1,024 
1,055 
1,051 
1,093 
1,084 
1,066 

1.07 
1.26 
.95 
.85 

In. 
26.6 
28.2 
29.8 
31.6 
33.5 
35.3 
36.9 
40.9 
43.3 
45.0 
46.4 
47.3 
48.0 
48.9 
49.3 
49.7 
49.9 
50.0 
49.9 
50.1 
50.4 
50.5 
50.6 
50.0 
49.7 
49.4 
49.3 

Lb. 
94 

118 
157 
204 
257 
317 
375 
535 
685 
785 
889 

1,002 
1,103 
1,146 
1,167 
1,209 
1,265 
1,296 
1,292 
1,294 
1,329 
1,343 
1,367 
1.383 
1,400 
1,436 
1,424 

1.53 
1.70 
1.12 
1.17 

In. 

"34."6" 

lo.'o" 
43.8 
46.4 

I9.T 

3 52^7" 

5 53.6- 

7 54.2" 

Lb. 
55 
72 

102 
137 
178 
226 
273 
404 
512 
579 
654 
729 
805 

In. 

""si." 

"'37. 
41. 
43. 

""46. 

- 
2. _      __        
3  9 
4.                
5 
6-._      5 
9 ? 
12  '>■ 

15 
18 ._      0 
91 
94 
?7 847 ! 
30 872 

898 
927 
950 
955 
954 
959 
990 
994 

1, 007 
1.034 

4 48. 5 
33          .        
36        ____      

M 9. 

"""" 

39  
42  
45  
48  

i 
A4 
60 
66 
7? M9 1 
78  
S4           _             _ 

1,059 |   _.. 
1. 064 

Av 
\ 

erage   daily  gains   in 
ve weight to 2 years: 
Birth to 6 months  
6 to 12 months  
12 to 18 months  
18 to 24 months  

Birth to 24 months.. __ 

1.19 
1.3] 

:11 
.. 

-- 

1.14 1.03 1.34 .93 1.38 1.03   - 
1 Includes animals in the herds of the Missouri, Iowa, and Kansas Agricultural Experiment Stations {9!:i). 

Ayrshire weight data include 100 head or more to 16 months, 87 at 24 months, 20 at 5 years, and 16 at 7 years; 
Holsteins, 200 head or more to 12 months, 140 at 2 years, 41 at 5 years, 27 at 7 years; Jerseys, 150 or more to 12 
months, 118 at 2 years, 36 at 5 years, and 25 at 7 years. The number of animals included in height at withers 
data is only slightly smaller. 

2 Unpublished data on the growth of dairy cattle in the herd of the Bureau of Dairy Industry, Research 
Center for Agriculture, Beltsville, Md. The data on live weight were collected by M. H. Fohrman from 1920 
to 1938. Holstein data include over 200 head to 15 months, 182 at 2 years, 107 at 5 years, and 64 at 7 years. 
Jersey data include 200 head or more to 2 years, 130 at 5 years, and 87 at 7 years. The data on height at 
withers were collected by W. W. Swett and C. A. Matthews from 1924 to 1938. The measurements beyond 
18 months were taken at approximately 3 to 4 months after first calving, second calving, and a calving at 
approximately mature age. Holstein data include 130 to 184 animals to 18 months, and 136, 82, and 50 
animals, respectively, 3 to 4 months after first calving,3 second calving,5 and a mature-age calving." Jersey 
data include 135 to 222 animals to 18 months, and 160, 86, and 68 animals, respectively, 3 to 4 months after 
first calving, < second calving, e and a mature-age calving.8 

3 Average ages 2 years 5 months 26 days. 6 3 years 9 months 20 days. 
4 2 years 6 months 2 days. ' 6 years 1 month 17 days. 
5 3 years 8 months 13 days. s 6 years 1 month 12 days. 

u KENDKICK, J. F., and PARKER, J. B. ESTIMATING THE WEIGHT OF DAIRY COWS FROM HEART GIRTH 
MEASUREMENTS.   U. H. Bur. Dairy Indus. B. D. I. M. No. 695, 2 pp.    1936.    [Mimeographed.] 

141394° -39 -41 
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TABLE 8.—Live weight and height at withers of well-fed dairy bulls at different ages from 
birth to 2 rears i 

Ago (months) 

Birth. 
1  
2  
3   
4  

(>_ 
12. 
15. 
18 _ 
21. 
24. 

Ayrshire 

Weight  ¡   Height. 

Pounds  j    Inches 
81 

101 
133 
173 
217 
267 
321 
488 

27.9 
29.1 
30.9 
32.7 
34, ô 
36. 1 
37.9 
41.8 

Guernsey 

Weight  ,   Height 

Pounds ;    Inches 
27.7 
29.3 
30. C> 
32.4 
34.2 
36. I 
37.8 
41 5 
44.5 

71 
87 

113 
147 : 
190 j 
237 | 
291  ! 
443 i 

Holstein 

Weight      Height 

Poumds 
94 

120 
164 
214 i 

269 i 
336 ¡ 
399 ! 
563 i 
741 I 
978 i 

1. 176 ¡ 
1,345 I 
1,438 : 

Inches 
29.4 
31.2 
33.2 
34.8 
36.4 
38.8 
40.5 
44.2 
47.5 
49.7 
52.2 
54.3 
55.9 

Jersey 

Weight  |   Height 

Pounds 
60 
78 | 

104 
141 ! 
184 
233 
282 
410 
531 
643 
745 
875 
969 

ÎJîches 
26.2 
27.9 
29-7 
31.5 
33. 6 
35.5 
37,2 
40.4 
43.0 
45. 5 
47.5 
48.0 
50.3 

i Compiled by Ragsdale (941). Includes animals in the herds of the Missouri, Iowa, and Kansas State 
Agricultural Experiment Stations. The number of animals included for Ayrshires were 92 at birth and 
31 at 9 months; for Guernseys, 50 at birth and 15 at 9 months; for Holsteins, 159 at birth, 120 at 6 months 
35 at 12 months, and 2 at 24 months; Jerseys, 100 at birth, 82 at 6 months, 23 at 12 months and 3 at 24 
months. 

FEED REQUIREMENTS FOR GROWTH 

The feed constituents on which young dairy cattle grow are proteins, carbohy- 
drates (including sugars, starches, and crude fiber), fats, minerals, and vitamins. 
Collectively, the digestible part of these constituents in feeds (including digestible 
fat multiplied by 2.25) is termed "total digestible nutrients/' Water contains no 
feed nutrients, but it also is vital to life and growth. Many experiments have 
been conducted to determine the nutritional requirements of growing dairv ani- 
mals for the various constituents, and a number of feeding standards have been 
proposed. 

The first feeding standards for growing dairy cattle used in this country origi- 
nated in Europe. The Wolif-Lehmann standard, published by Henry' (506), 
proposed quantities of digestible crude protein and total digestible nutrients per 
day per 1,000 pounds live weight, for maintenance and growth combined. Armsbv 
(32) reviewed the, work of many European investigators including that of Kellner 
and proposed a feeding standard that gave quantities of feed nutrients in terms 
of net energy and digestible crude protein per animal per day for maintenance 
alone and for maintenance and growth combined. Since then Morrison (819) 
has revised the Wolff-Lehmann feeding standard as a result of American experi- 
ments. This standard, now known as the Morrison feeding standard, proposes 
minimum and maximum quantities of digestible crude protein and total digestible 
nutrients (also net energy) to feed per animal per day for maintenance and growth 
combined. Gullickson and Eckles {297, ^9) conducted feeding trials with Hol- 
stein and Jersey heifers and have proposed total digestible nutrient requirements 
per animal per day for maintenance and for growth/ Mitchell (755) has reviewed 
many American protein experiments and proposed minimum protein require- 
ments for maintenance and for maintenance and growth. Brody, Procter, and 
Ashworth {157) have calculated from the energy metabolism of fasting animals 
and from the protein metabolism of animals on a protein-free or very low protein 
diet, the total digestible nutrient and digestible crude protein requirements for 
the maintenance of all kinds and sizes of animals, including growing dairy cattle. 

Total Digestible Nutrient Requirements 
In feeding growing dairy cattle, it is necessary to provide plentv of total 

digestible nutrients or total energy for maintenance and normal growth^ Energy 
is used up in the processes of digestion and metabolism, in maintaining the tem- 
perature of the body at blood heat, and in breathing and exercising. Energv is 
also stored in the gains in live weight made by the growing animal in the form of 
protein and fat. The quantity of total digestible nutrients required for main- 
tenance and normal growth may vary considerably. 
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Table 9 gives the quantities of total digestible nutrients required for main- 
tenance and growth combined, as proposed by Morrison {819), and requirements 
for maintenance, for 1 pound of gain, and for maintenance and growth combined, 
based on the experiments of Gullickson and Eckles with Holstein and Jersey 
heifers. In calculating the Gullickson-Eckles requirements, the figures used for 
maintenance are those given by Gullickson and Eckles U-^) ; the requirements 
per pound of gain were obtained by applying a straight-line formula after the 
method of Mills {792) to the original data of Eckles and Gullickson {297) for 
digestible nutrients, above the maintenance requirement, consumed per pound of 
gain by Holstein and Jersey heifers making about normal growth; and the total 
requirements for maintenance and growth are based on growth at a rate equivalent 
to an average of that shown by Ragsdalc and by Fohrman and Swett in table 7 
for Holstein and Jersey heifers. 

TABLE 9.- Total digestible nutrients per head daily required for growth of dairy cattle, 
alculated from the Gullickson-Eckles data, and compared with the 

Morrison feeding standard 
cale 

Total digesUblo nutrients per head daily 

Live weight ol animal 
(pounds) 

Normal daily 
grains in live 

weight i 

Gullickson-Eckles 

Hol- 
stein 

heifers 

75 _. 
100_ 
]50_ 
20(L 
250.. 
300-- 
350_ 
100. 
450.. 
500. 
550 _. 
600- 
650. 
700- 
750_ 

Pounds 

850 — 
900-__ 
950. - 
1,000- 

Jersey 
heifers 

For 
mainte- 
nance 2 

^OLbllds 
0.60 
1.00 
1.30 
1.40 
1.55 
1.40 
1.30 
1.20 
1.10 
1.00 
.90 
.80 
.80 
.90 

1.00 
1.10 

Pounds 

For 1 pound 
of gain 3 

Hol- 
stein 

heifers 

Pounds 

1.08 
1.13 
1.18 
1.23 
1.28 
1.33 
1.38 
1.43 
1.48 
1.53 
1.58 
1.63 
1.68 
1.73 
1.78 
1.83 
1.88 
1.93 
1.98 

Jersey 
heifers 

Pounds 

1. 585 
1.618 
1.634 
1.651 
1.667 
1.683 
1.700 
1.716 
1.733 
1.740 
1.765 
1.782 
1.798 
1. 814 
1.831 
1.847 
1.863 
1.880 
1. 896 

For main- 
tenance and 

growth 4 

Hol- 
stein 

heifers 

1.64 
3.08 
4.12 
5.02 
5.84 
6. 51 
7.05 
7.50 
7.89 
8.24 
8.45 
8.71 
8.99 
9.24 
9. 53 
9.79 

10. 09 
10.38 
10. 62 

Jersey 
heifers 

Pounds 
1.53 
2.36 
3.60 
4.54 
5.37 
5.74 
6.17 
6.54 
6.89 
7.18 
7.44 
7.65 
8.01 
8.51 
8.97 
9.40 

Morrison 5 

For main- 
tenance and 

growth 

Mini- 

1.2 
2.3 
3.3 
4.1 
4.9 
5.5 
6.1 
6.5 
6.9 
7.3 
7.7 
8.1 
8.4 
8.8 
9.1 
9.5 
9.8 

10.1 
10.4 

Maxi- 

Pounds 

2.0 
3.0 
4.0 
4.8 
5.5 
6.1 
6.6 
7.2 
7.7 
8.2 
8.7 
9.2 
9.7 

10.2 
10.7 
11.2 
11.7 
12.2 
12. 6 

i Calculated from Ragsdalc and Fohrman-Swett data given in table 7. 
2 As calculated by Gullickson and Eckles (449) applying method of least squares to data. 
3 Calculated from the original data of Eckles and Gullickson (297) using the straight-line formula of Mills 

(792). 
1 Gullickson-Eckles maintenance and growth requirements applied to Ragsdale and Fohrman-Swett 

daily gains in live weight. 
s Intermediate figures added to Morrison's table at 350, 450, 550, 650, 750, 850, and 950 pounds live weight. 

The Gullickson-Eckles maintenance requirement of 7.95 pounds total digestible 
nutrients at 1,000 pounds live weight coincides with that of Haecker for dairy 
cows, which is used by Savage and by Morrison. For animals under 1,000 pounds 
live weight, the maintenance requirement up to 300 pounds is less, and over 300 
pounds is greater than an amount calculated on the two-thirds power of the live 
weight. 

The quantity of total digestible nutrients required for 1 pound of gain is higher 
for Jerseys than for Holsteins of the same live weight. On the other hand, the 
Holsteins made larger average daily gains than the Jerseys, and the total require- 
ments for maintenance and growth combined are approximately the same for Hol- 
steins and Jerseys of the same live weight. 
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The total requirements for maintenance and growth combined equal or exceed 
the Morrison maximum requirements up to a live weight of 500 pounds for Hol- 
steins and 350 pounds for Jerseys, after which they gradually approach the Morri- 
son minimum requirements, until at 800 pounds live weight for Jerseys and 1,000 
pounds for Holsteins they are only slightly above the Morrison minimum. 

In controlled feeding experiments involving a limited number of animals, Con- 
verse 12 raised Holstein and Jersey heifers (five of each breed) from birth to 2 years 
of age, with growth at a normal rate, on a ration that provided nutrients at about 
the rate shown by the Gullickson-Eckles data, but with slightly less nutrients after 
the heifers were 1 year old than these data called for. These heifers were fed whole 
milk to 1 month, and skim milk in moderate quantities to 6 months, together with 
moderate quantities of grain and liberal quantities of good roughage. The heifers 
made as good growth for age as heifers of the same breed reported by Ragsdale 
{942) y which were fed somewhat more total digestible nutrients after 16 months of 
age in a ration that consisted of whole milk to 1 month and liberal quantities of 
skim milk to 6 or 8 months, together with liberal quantities of grain and limited 
quantities of roughage. 

Protein Requirements 
Supplying plenty of protein according to the growing animal's needs is as im- 

portant as supplying plenty of energy. The proteins are complex nitrogenous 
compounds made up of simpler substances known as amino acids. Of the 22 
known amino acids only 10 have been found to be essential for normal growth with 
the rat.    No experiments of this sort have been conducted with larger animals. 

Most of the gain in live weight made by growing dairy animals consists of lean 
or muscular tissue high in protein content. The protein content of the gains made 
by normally growing dairy animals is no doubt quite similar to that found by 
Moulton, Trowbridge, and Haigh {826) for growing young stock. They found 
that the protein content of the gains made by steers fed enough nutrients for 
nearly normal growth with little or no fattening was about 22 percent for a calf 
weighing 100 pounds, decreasing gradually to about 14 percent for an animal 
weighing about 1,000 pounds. Because of the changes in both the rate of gain in 
live weight and the percentage of protein in the gains made, the quantity of pro- 
tein required for growth increases rapidly from birth until the animal is making the 
greatest gains, declines slowly during the period of greatest gains, and then de- 
clines more rapidly as the rate of gain declines. 

In addition to that stored in the lean tissues of the growing animar s body, pro- 
tein is used up or lost in the processes of digestion and metabolism required to 
maintain the body. Instead of being stored, this protein is broken down (katabol- 
ized) and excreted as waste products, principally in the urine. The quantity of 
protein required for maintenance is small at first because of the small size of the 
animal. As the size of the animal increases, the total quantity of protein required for 
maintenance also increases, the increase being proportional to the increase in size. 

The amount of protein required for normal growth by young dairy stock of the 
same age and size may vary widely depending upon the nature of the ration and 
the quantity fed. A minimum quantity of protein will be required if the ration 
provides an ample supply both of energy and of protein that contains all the essen- 
tial amino acids. On the other hand, considerably more protein may be required 
if that supplied is low in one or more of the essential amino acids. If the amount 
of energy supplied for growth is inadequate, more protein will also be required, 
since part of the protein will be used up as a source of energy and will not be 
available for body building and repair. If the ration contains a considerable 
excess of protein it will not be efficiently utilized, but this may be compensated for 
by a more than normal rate of growth, provided the ration also contains plentv of 
energy. 

Protein of the highest quality and digestibility for the young calf is provided bv 
milk and milk products. Hay proteins are usually relatively low in one or more 
of the essential amino acids. Farm grains usually contain the essential amino 
acids that may be lacking in hay, and these two classes of feeds combined furnish 
protein of good quality for growing young stock. Where high-protein concentrates 
are used to balance the ration, they increase the variety of amino acids and tend to 
insure a protein mixture of higher quality for the growing animal. 

if From unpublished reports of experiments by H. T. Converse on the feed requirements for growth in 
dairy cattle. The feed consumed, live weight at different ages, and gains made are reported in Farmers' 
Bulletin 1723, Feeding, Care, and Management of Young Dairy Stock (1037). 
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There is little experimental data on the protein requirements of dairy calves 
under 6 months of age. However, feeding trials to determine the minimum pro- 
tein requirements of growing dairy cattle 6 to 24 months old have been conducted 
by Swett, Eck les, and Ragsdale (1116) at the Missouri station, and cooperative 
protein experiments sponsored by the National Research Council have been con- 
ducted at a number of other stations. Armsby (32) has reported on the coopera- 
tive protein experiments conducted in Massachusetts, Ohio, and Virginia. Forbes, 
Bechdel, Jeffries, and Kriss (370) have reported on the cooperative experiments 
conducted in Pennsylvania. North Dakota, South Dakota, Maryland, and Ne- 
braska. These experiments did not indicate a satisfactory minimum protein re- 
quirement for normal growth. They did show that if the ration fed provided an 
abundance of energy, growing animals could make normal or nearly normal growth 
on considerably less protein than either the Armsby C32) or the Wolff-Lehmann 
(506) standards called for. 

In the experiment conducted by Swett, Eckles, and Ragsdale, Holstein, and 
Jersey heifers 6 to 24 months old that were fed total nutrients equal to 130 percent 
of the Armsby energy standard made normal growth with about 70 percent and 
more than normal growth with about 80 percent of the Wolff-Lehmann protein 
requirements. Other Holstein and Jersey heifers that were fed total nutrients 
equal to only 103 to 107 percent of the Armsby energy standard made less than 
normal growth with about 110 percent of the Wolff-Lehmann protein requirements. 

On the basis of these findings by American experiment stations, Morrison (819) 
has proposed a range in the quantities of protein allowed in which the minimum 
protein allowance for maintenance and growth combined averages about 80 per- 
cent, and the maximum averages about 90 percent, of the original Wolff-Lehmann 
standard. 

Mitchell (795) has also reviewed these experiments and has suggested tentative 
minimum protein requirements in line with the results showm for certain animals 
receiving the lowest protein intake. His tentative protein requirements are con- 
siderably lower than the minimum figures of Morrison, the total quantity of pro- 
tein for maintenance and growth combined decreasing with the age of the animal. 
In calculating protein requirements for growth, Mitchell allowed twice as much 
digestible protein per pound gain as the data of Moulton, Trowbridge, and Haigh 
(8%6) indicated was stored in each pound of gain made by young steers growing 
normally with very little fattening. In calculating maintenance requirements, 
Mitchell (1086) considered that an allowance of digestible crude protein equivalent 
to twice the quantity of urinary nitrogen excreted on a protein-free diet (endo- 
genous urinary nitrogen), varied as the 0.734 power of the live weight of the animal, 
would be ample. He regards fecal nitrogen as derived entirely from the "indi- 
gestible" protein fraction of the feed and uses a biological value of 50 percent 
for the digestible protein fraction used in maintenance and growth. 

The method used by Mitchell for calculating protein for maintenance allows 
only 0.35 pound of digestible crude protein as compared with the allowance foi- 
maintenance of 0.60 pound of protein by Armsby (33) and by Forbes and Kriss 
(37Jt)y 0.60 to 0.65 pound by Morrison (819), and 0.70 pound by Haecker (454) 
and by Brody, Procter, and Ashworth (157). Brody has calculated his mainte- 
nance requirements on the basis of endogenous urinary nitrogen, varied as the 
0.72 power of the live weight of the animal, but has allowed digestible crude pro- 
tein equivalent to four times the quantity of urinary nitrogen excreted on a pro- 
tein-free diet, or double the allowance of Mitchell. The methods used by Mitchell 
in arriving at the protein requirements for maintenance are open to. some criticism 
because (1) the endogenous nitrogen metabolism of the cow cannot actually be 
determined since any ration that can be fed under present conditions of knowledge 
will always contain some nitrogen, and (2) not all experimenters agree in finding 
that 2 milligrams of endogenous nitrogen is equivalent to 1 calorie of basal heat 
metabolism. 

In table 10 the protein requirements of Holstein and Jersey heifers making 
normal growth have been calculated according to the method of Mitchell, and 
also on the basis of Brody's maintenance and Mitcheirs growth requirements, 
and protein allowances by these two standards are compared with the protein 
allowances of the Armsby and Morrison standards. The Armsby standard allows 
as much protein for maintenance and growth as the Morrison maximum up to 
about 500 pounds live weight, after which it corresponds closely to the Morrison 
minimum. Mitchell's standard allows more protein than the Morrison maximum 
calls for up to about 400 pounds live weight for Holsteins and 200 pounds live 
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weight for Jerseys, after which it drops below the Morrison minimum. The 
Brody-Mitchell standard allows more protein for Holsteins up to about 500 pounds 
live weight than either the Arms by or Morrison maximum calls for, and then 
corresponds closely to the Armsby and to the Morrison minimum requirements. 
For Jerseys, the Brody-Mitchell standard is slightly above the Armsby and the 
Morrison'maximum standards up to 300 pounds live weight and is then slightly 
below these standards. 

TABLE 10.—Digestible crude protein per head daily for growing dairy cattle, calculated 
to a normal growth rote for the Mitchell and Brody-Mitch ell feeding standard, 

and compared with the Armsby and Morrison feeding standards 

Die est i ble crude protein per head daily 

Normal 
daily i gains 

in live 

Mitchell 3 Brody- Mitchell " \ Armsby * Morrison ¿ 

weight For mainte- Formainte- ¡   § For mainte- 
Live weight of % .H nance and c       nance and ^ 

If 
nance and 

animal (pounds) s & growth 2         growth 5 growth 

s 1 % ^ 
r, V V -5^ e a 

'& %% 1 ^ 
Sïi &| 1? ^ 1 yl I i II SI &I S ê & & äi £ 2 % 

Lb. Lb. IA\ Lb. Lb. Lb. Lb. Lb. Lb. Lb. Lb. Lb Lb. 
100_._. -. 0.80 1.00 0.06 0.43 0.40 0.49 0.13 0.47 0.56 0.06 0.48 0.24 0. 40 
150  1.40 1.30 .09 .43 .69 .65 .18 .78 .64 .09 .60 .41 .52 
200  1.65 1.40 .11 .42 .80 .70 .22 .91 .81 .12 .72 .52 .62 
250           1.80 

1.90 
1.90 
1.85 

1.55 
1.40 
1.30 
1.20 

.13 

.14 

Ta 
.42 
.41 
.40 
.39 

.89 

.92 

.92 

.90 

.78 

.71 

.68 

.65 

.25 

.29 

.33 

.36 

1.01 
1.07 
1.09 
1.08 

.90 

.88 

.85 

.83 

.15 

.18 

.21 

.24 

.80 

.87 

.92 

.96 

.61 

.67 

.73 

.80 

.71 
300       .78 
350                       84 
400  .90 
500      1. 65 

1.40 
1.25 
1.20 

1.00 

.1.10 

.21 

.24 

.27 

.29 

.37 

.36 

.34 

.32 

.82 

.74 

.70 

.67 

.58 

.53 

.58 

.64 

.42 

.48 

.54 

.59 

1.03 
.98 
.97 
.97 

.79 

.85 

.94 

.30 

.36 

.42 

.48 

1.00 
1.02 
1.02 
1.02 

.87 

.94 
1. 00 
1.06 

.98 
600                       1 06 
700       1.13 
800  1.20 
900  1.25 .32 .30 .70 .65 1.03 .54 1.11 1.27 
1,000    1.35 .35 .28 .73 .70 1.08   .60 1.16 1.33 

i Calculated from Ragsdale and Fohrman-Swett data in table 7. 
? Digestible crude protein requirements for maintenance calculated according to Mitchell (Smuts, Í086), 

using the following equations: (1) The basal heat metabolism in calories = Q=70.4m-^4 in which w is the body 
weight in kilograms. (2) 1 calorie of basal metabolism corresponds to 2 milligrams of endogenous nitrogen 
metabolism or 12.5 milligrams of endogenous protein metabolism. (3) Grams of protein lost daily in endog- 
enous protein metabolism = f=0.88 m-'^. (4) And if the feed protein used to cover this loss has a biological 
value of 50, the digestible feed protein required for maintenance = 1.76 r«-73'-. Digestible crude protein for gain 
in body weight calculated by Mitchell as twice the protein contained in the gain. Body gains used here are 
those reported by M oui ton, Trowbridge, and Haigh (826) for steers growing at about a normal rate with 
little or no fattening. 

» The digestible crude protein for maintenance is calculated by Brody, Procter, and Ashworth (157) as 
4 times that equivalent to the endogenous nitrogen loss. The endogenous nitrogen loss (A") in milligrams, 
according to Brody, is equivalent to 146 m -^, where m is the weight of the animal in kilograms. The di- 
gestible crude protein required for gains in body weight calculated by method of Mitchell (see footnoted). 

* Armsby's original requirements (S3) transposed from digestible true protein to digestible crude protein 
by adding 20 percent to his figures for true protein, a method advocated by Armsby himself. Where 
Armsby's requirements were not given for live weights shown in the table, the intermediate data were 
calculated as proportional to live weight. 

5 As given by Morrison (HÍ9) except that at 350 pounds live weight, the averages of the data for 300 and 400 
pounds live weight are used. 

Mitchell's protein allowance for growth seems ample but his allowance for 
maintenance inadequate. When the calf is small, protein is used principally for 
growth. As the calf gets older more protein is required for maintenance and 
less is used for growth, and the total quantity of protein allowed by the Mitchell 
standard approaches closer and closer to what might be considered a minimum 
under ideal feeding conditions. 

In actual feeding practice, it is wise, as a factor of safety, to provide more 
protein in the ration than the minimum requirement and thus prevent an actual 
shortage of protein in case there is some shortage of total digestible nutrients or 
the ration fed is low in one of the essential ammo acids. For this reason, it 
would seem best to feed more protein to growing dairy cattle than is called for 
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by the Armsby or the Morrison minimum standard. If above-normal growth is 
desired, it is well to feed liberally and allow as much protein as is called for by the 
Morrison maximum. Where legume hays are fed, it is possible to provide plenty 
of protein with little cash outlay for purchased feeds, and many rations commonly 
fed to growing dairy cattle contain a considerable excess of protein. 

Minerals 
Mitchell and McClure (803) state that calcium, phosphorus, sodium, potassium, 

chlorine, magnesium, iron, sulfur, iodine, manganese, copper, zinc, and possibly 
cobalt have been demonstrated as performing essential functions in the animal 
body and are therefore necessary in the feed. Very few of these elements have 
been shown to be deficient in the normal ration of growing calves. 

&^ 
Of the necessary mineral elements, sodium and chlorine, found in common salt, 

arc the only ones always needed as a supplement to normal calf rations. Salt 
may be included as 0.5 to 1.0 percent of the grain mixture and may also be kept 
in a box available to the calves at all times. 

Calcium and Phosphorus 
Calcium and phosphorus have been reported as deficient in calf rations. The 

actual amounts of these elements necessary for the well-being and maximal 
growth of dairy calves do not seem to be definitely known. The minimum quan- 
tities suggested by three State agricultural experiment stations are considerably 
different. As summarized by Mitchell and McClure {803) they range from 0.18 
percent (or less) to 0.43 percent of the dry matter in the ration for calcium and 
from 0.10 to 0.26 percent of the dry matter for phosphorus. The Massachusetts 
Agricultural Experiment Station, feeding mixed grass hay (0.40- to 0.54-percent 
calcium) with a very little alfalfa hay during the first year as a low-calcium 
roughage, reported somewhat lower calcium retention, as shown by balance ex- 
periments, than when alfalfa hay was fed; and the West Virginia station, feeding 
timothy hay (0.38-percent calcium) as roughage, reported somewhat lower gains 
at 2 years of age than when alfalfa hay was fed. On the other hand, the Michigan 
station, feeding somewhat smaller amounts of calcium than those reported above, 
reports just as good gains from 6 months of age to first calving with the timothy 
hay ration as with the alfalfa hay ration. 

The Bureau of Dairy Industry^ (Ü56'), using low-calcium timothy hay (0.20- to 
0.35-percent calcium), reported no advantage in adding bonemeal as a calcium 
supplement. The 12-month experimental period started at 6 months of age and 
ended at 18 months. The Missouri Agricultural Experiment Station {300) does 
appear to have demonstrated calcium deficiency in one Jersey heifer getting corn 
silage, corn stover, timothy hay, corn, and corn gluten feed. The heifer grew as 
well from 7 to 17 months of age as did a similar heifer getting alfalfa hay, but at 
18 months rachitic symptoms developed, which were cured by adding bonemeal. 
The calcium intake was very low—about 5.5 grams a day, or 2 grams per hundred- 
weight, at 8 months and 5.95 grams a day, or 1 gram per hundredweight, at 17 
months. These amounts are below the calcium requirements of Mitchell and 
McClure {803). A table of calcium and phosphorus requirements prepared by 
these authors is included here as table 11. 

The results of the various experiments indicate that the customary calf rations 
that include grain and hay supply sufficient amounts of calcium and phosphorus 
for normal growth. These rations seem adequate for calcium even when low- 
calcium grass hay is the roughage fed, provided the amount of hay is not severely 
restricted. 

There have been indications from several States of areas where the phosphorus 
of the forage is particularly low, especially in dry years, and in some States actual 
phosphorus deficiency has been demonstrated in the animals fed home-grown 
rations. Eckles, Gullickson, and Palmer {298) reported that phosphorus defi- 
ciency was more or less prevalent in 30 counties of Minnesota. In these sections 
when the animals were fed largely an home-grown feeds deficiency symptoms 
usually developed, but if considerable amounts of concentrates that had been 
shipped in were fed, the animals were frequently not affected. These investi- 
gators stated that unmistakable phosphorus-deficiency symptoms occur in certain 
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TABLE 11.—Estimated calcium and phosphorus requirements of groiving Ho]stein-Friesian 
cattle (female) i 

Body weight (pounds) 

300__ 
400.. 
500. _ 
600. _ 
700 _. 
800__ 
900.. 
1,000 
1,100 
1,200 

Dry- 
matter 2 

require- 
ment 

Net re- 
quire- 

ment of 
calcium 

3, 
3, 

t 
5, 
5, 
6, 
6, 
6. 

■m Gravis ■ öra ms 
388 7.9 11.3 
889 7.3 10.4 
410 6.6 9.4 
784 6.1 8.7 
188 5.4 7.7 
518 5.0 7.1 
800 4.5 6.4 
196 4.1 5.9 
597 3.9 5.6 
947 3.8 5.4 

Feed Necessary 
calcium percentage 

re- I of calcium 
quired '   in ration 

Forcent 

Necessary 
percentage 

of phos- 
phorus in 

ration 

nt Grams 
.33 7.2 
.27 7.3 
.21 7.3 
.18 7.3 
.15 7.2 
.13 7.2 
.11 7.2 
.10 7,2 
.08 7.4 
.08 7.6 

i Table. 10, p. 131, Mitchell and McClure, Mineral Nutrition of Farm Animals {803). 
2 In computing the dry-matter requirements, the ratios of dry matter to total digestible nutrients required 

are the same at different body weights as those recommended by the Morrison standards. 

sections of Wisconsin, Colorado, Utah, Nevada, New Mexico, and Florida and 
that bone chewing on certain ranges in California indicated that there were 
phosphorus-deficient areas in that State. The early symptoms of the deficiency 
are bone chewing and the gnawing of wood. Symptoms reported as developing 
later are poor physical appearance, poor appetite, stiffness in the joints, and 
sometimes fragile bones that break easily. In the feeding experiments of Eckles, 
Gullickson, and Palmer phosphorus deficiency was demonstrated when the phos- 
phorus intake was as high as 7 to 8 grams daily, not far below the minimum 
requirement shown in table 11. 

A deficiency of phosphorus can easily be corrected. Wheat bran and linseed 
meal are rich in phosphorus. Bonemeal is rich in both calcium and phosphorus 
and may be fed if needed as 1 percent of the grain ration or kept where the calves 
have access to it. Only bonemeal intended for animal or poultry feeding should 
be used. Rock phosphate should not be fed because of its high content of fiiiorine, 
which seriously affects the bones and teeth of animals. 

Iodine 
In certain regions where goiter or i£big neck" occurs, iodine may be deficient. 

These goitrous regions occur more frequently in the Northwestern and the Lake 
States than elsewhere in this country. Areas deficient in this element have been 
noted in California, Washington, Oregon, Idaho, Montana, Utah, Wyoming, 
North Dakota, Minnesota, and Ohio. If goiter does occur, additional iodine 
need be given only to pregnant cows and heifers so that the calf may be normal 
at birth. This iodine can be provided by mixing 1 tablespoonful of a 5-percent 
solution of potassium or sodium iodide daily in the feed of the pregnant animal ; 
or iodized salt can be fed during the last half of the gestation period. Iodized 
salt should contain 0.02 percent of potassium or sodium iodide, which is equivalent 
to one-third of an ounce (9.45 grams) per 100 pounds of salt. 

Iron and Oo-pper 
Malnutrition of cattle caused by a deficiency of iron and copper has been 

demonstrated in some isolated areas. The Florida Agricultural Experiment 
Station {82) found that "salt sickness" or nutritional anemia of cattle in certain 
sandy areas in that State was cured by the administration of iron (ferric ammo- 
nium citrate) and very small amounts of copper sulfate. 

Cobalt 
With the possible exception of cobalt, other mineral elements are probably 

present in sufficient amounts in the calf ration. Cobalt has been definitely shown 
to be essential in animal nutrition, and this element has been shown to cure certain 
deficiency diseases of sheep in New Zealand and Australia. In this country 
cobalt-deficient areas have been reported in Florida. 



YOUNG DAIRY STOCK 633 

Vitamins 
Calves may be born dead, weak, or blind {217) if their dams have been fed 

rations deficient in vitamin A. Calves that are normal at birth have very small 
reserve stores of vitamin A even when their dams have had satisfactory rations 
before calving. It is necessary therefore for the calf to receive feed containing 
vitamin A from birth. Colostrum has been shown {1026) to be several times as 
potent in carotene and vitamin A as milk produced some days after calving. The 
importance of vitamin A in the calf ration after the colostrum period is shown by 
a series of four experiments carried out at the Bureau station at Beltsville 
{218, 219), These experiments also show the influence of the ration fed the lac- 
tating cow on the vitamin A content of the milk produced, as well as methods of 
furnishing the vitamin A required by the calf. 

In the experiments at Beltsville, the calves were from cows that had been 
well fed on rations adequate in vitamin A. For 3 days after birth all of them 
received their mothers' colostrum. The milk-feeding regime, sources of the milk 
fed, vitamin A supplements used, and the grain and hay fed to the calves, as well 
as the results of these experiments, are shown in table 12.    In experiments 1, 2, 

TABLE 12.—The effect of different milks and vitamin A supplements on the rate of growth 
of young calves allowed access to grain and poor-quality hay 

Experi- 
ment 
No. 

Group 

II__._ 

III_ 

IV. 

II._ 

I.__ 

II?. 

Ill 7 

Num- 
ber of 

calves1 
Milk-feeding regime 

with calves 2 

Whole milk for 2Ü days 
with gradual change 
to skim milk at 30 days 
of age; skim milk to 6 
months of ago. 

-_--do  

 do  

....do  

Whole milk to 6 months 
of age. 
 do  

Skim milk to 6 months 
+10 or 20 ml. cod-liver 
oil daily. 

Skim milk to 6 months 
+60 gm. carrots daily. 

Skim milk to 6 months 
+180 gm. carrots daily. 

Same as experiment 
No. 1. 

Source of vitamin A 
in feed of cows pro- 
ducing the milk 

U. S. No. 3 timothy 
hay, late cut. 

U. S. No. 1 timothy 
or clover light timo- 
thy mixed hay. 

U. S. No. 1 alfalfa hay. 

Pasture. 

Results 3 

U. S. No. 1 alfalfa hay. 

Pasture  

Mixed   barn   rations 
(no pasture).« 

 do  

.--._do  

TJ. S. No. 3 timothy 
hay, late cut. 

All died at from 45 to 89 days of 
age. 

4 calves died at from 76 to 95 
days of age.* The fifth be- 
came blind at 4 months, but 
lived to end of experiment at 
6 months of age. 

4 died at 55 to 168 days of age. 
The 2 others survived experi- 
mental period, but growth 
was very subnormal. 

All survived the experimental 
period. Growth was 40 to 
80 percent of normal. 

Growth 65 & and 80 percent of 
normal. 

Growth normal. 

Do. 

Growth 48 percent of normal; 
1 blind, another blind in 1 
eye. 

Growth 81 percent of normal. 

J died at 52 days of age.s   The 
other 2 made normal gains in 
weight. 

i All calves, except in experiment 4, had access to grain (see text) and U. S. No. 3 timothy hay. The calves 
in experiment 4 had access to grain and No. 1 alfalfa hay. The grain mixture consisted of wheat bran, 
ground yellow corn, linseed meal, and soybean meal. 

2 Comparable quantities of milk were fed to calves of the same breed in all experiments. All calves 
received their mothers' colostrum for 3 days. 

s The normal growth referred to here is the average attained at 6 months of age by calves fed whole and 
skim milk as in experiment 1, group III, the calves being allowed grain and U. S. No. 1 alfalfa hay. 

4 These 4 calves continued to grow longer than those in group I above. 
s When, at 7 months of age, milk from pasture-fed cows was substituted in the ration of 1 of these calves 

for the milk previously fed, the calf increased quite strikingly in rate of growth. From 4 to 7 months of age 
it had gained 137 pounds, or 65 percent of normal; for the next 4 months, on the milk from pasture-fed cows, 
it gained 233 pounds, or considerably above the normal for this period. 

ö Skim milk is practically free of vitamin A. 
' The results in experiment No. 3, groups II and III and in No. 4 are from unpublished data. 
^ This calf ate a negligible amount of hay and therefore is comparable with those in experiment No.l, group 

I, in vitamin A intake. 
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and :i. the calves were fed a grain-hay mixture low in vitamin A so that the différ- 
ences in growth produced by the differences in the vitamin activity of the various 
milks and supplements could be observed. 

The results in table 12 do not give data that permit accurate calculation of the 
minimum vitamin A requirements of these young growing calves, and such data 
are not available in the literature for calves of this age; but the results do indicate 
that this requirement is very considerable, that failure to meet it is very detri- 
mental, and that such failure may occur with ordinary feeds used in practice. 
According to the severity of the deficiency, there may be slow growth, general 
weakness and scours, or pneumonia and death. Blindness was frequent among 
tin sr calves, but its occurrence could not be correlated with the severity of the 
deficiency. 

The effect on growth of a failure to feed sufficient vitamin A with a low-grade 

Figure 3.—Calves need vitamin A or its precursor, carotene, for normal growth. (The 
squares heliind each calf are 6 inches each.) A, Weight at 6 inonlhs, t(K) pounds: 
fed whole milk plus cod-liver oil. ß. Weight at 6 mouths. 100 pounds; fed skim milk 
after third day. plus eoddiver oil. C, Weight at 6 months. 388 pounds: fed whole 
milk and skim milk plus cod liver oil. I), Weight at 6 months. 283 pounds: fed whole 
milk, no cod-liver oil. E, Weight at 6 months, 287 pounds: fed whole milk and skim 
milk, no eod-liver oil.    F, Weight at 6 months. 231 pounds: fed whole milk and skim 

milk, no eod-liver oil. 
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hay is clearly illustrated in figures 3 and 4. The six calves shown in figure 3 all 
received late-cut No. 3 timothy hay, very low in carotene, and a high-protein 
grain mixture. The whole milk and skim milk fed the calves was from cows 
getting various roughages, as follows: A, No. 3 timothy hay; D, No. 1 
alfalfa hay; E and F, pasture; C, No. 3 timothy hay; and B, mixed herd milk. 
Calves C, E, and F were fed whole milk for 20 days with a gradual change to all 
skim milk by 30 days.    Calf E became blind. 

The Holstein calves shown in figure 4 are both 6 months of age. They received 
a ration of skim milk after the third day with late-cut timothy hay, a good grain 
mixture, and grated yellow garden carrots as the vitamin A supplement. The 
smaller calf received 60 grams of grated carrots daily while the larger calf received 
180 grams. Each calf is representative of a group of three that were fed the same 
ration. The three calves receiving the larger amount of grated carrots made an 
average daily gain in weight of 1.4 pounds. Three similar calves fed the smaller 
amount of carrots gained an average of only 0.7 pound daily. 

Apparently, from the data in table 12, the vitamin A requirements for normal 
growth of young calves may be met practically completely by feeding the young 

Figure 4.—The cffecl of iiisufiiciciit amounts of vitamin A on the growth of calves. At 
6 months of age. the larger calf, which received about 7 ounces of grated carrots daily, 
weighed 329 pounds, compared with 170 pounds, the weight of the other calf at the 
same age.    The smaller calf received only a third as much grated carrot in its ration. 

calf whole milk from cows on pasture or vitamin A-potent supplements such as 
cod-liver oil or carrots, or the older calf roughages rich in vitamin A such as a 
good-quality green hay or silage made from green material. Or these require- 
ments may be met by any combination of these methods, such as feeding the calf 
a good hay or silage potent in vitamin A in addition to milk from cows similarly fed. 

Particularly during the skim-milk feeding period, good green hay or some other 
source of vitamin A should be fed to calves. Garden carrots are a good source of 
carotene and may be fed during this period. They may be grated into the milk 
of young calves or fed chopped to the older animals. Cod-liver oil is a very 
satisfactory supplement when not fed in excess. A good green alfalfa-leaf meal 
is also valuable under these conditions; and the vitamin A requirements of calves 
may be met by pure carotene dissolved in oil. It is interesting to note that when 
the vitamin A requirements of calves are met, they may be reared after 3 days of 
age without further feeding of whole milk and make normal gains in weight as 
measured by the weights at 6 months of age. 

Guilbert, Miller, and Hughes (44?) of the California Agricultural Experiment 
Station have reported that the vitamin A requirements of the bovine at all ages 
may be met by about 7.55 mierograms of vitamin A from cod-liver oil or about 
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29 micrograms of carotene from plant materials daily per kilogram (2.2 pounds) 
of body weight. According to these data the vitamin A needs of a 3-month-okl 
Holstein calf would be supplied by about 1 milliliter of cod-liver oil or by about 
30 or 40 grams daily of garden carrots or alfalfa-leaf meal. These California 
experiments were carried out with animals that were 7 months old or older; and, 
insofar as the writer is aware, no published evidence is at hand to show that the 
results are applicable to such rapidly growing animals as were used in the experi- 
ments reported in table 12, nor is anything known about the conditions in feeds 
that may influence the utilization of vitamin A or its precursors. It will be 
noted that the calves in experiment No. 3, group II, made very poor growth and 
that two of these animals had eye lesions; yet, according to the analyses of the 
carrots, these animals were fed more carotene per kilogram of body weight than 
would be required according to the California results. Hardly normal growth 
was attained with three times this quantity of carrots—that is, the quantity used 
in experiment No. 3, group II—and certainly not less than this amount should 
be fed. 

As indicated in table 12, calves may grow normally when their vitamin A 
requirements are supplied by 10 or 20 milliliters (2 or 4 teaspoonfuls) of cod-liver 
oil; and they have been raised to calving on these amounts. Until more definite 
information is at hand as to the minimum requirements of these growing calves, 
and until market standards are adopted for animal-feeding oils it may be well to 
use 20 milliliters (4 teaspoonfuls) daily of cod-liver oil when calves are fed skim 
milk and roughages low in vitamin A. The main sources of vitamin A in 
the calf rations usually fed are whole milk, green hay, and silage made from 
green material. Whether or not it is necessary to use vitamin A supplements 
depends upon the quality of the milk and the quality of the roughage in the calf 
ration. 

Calves kept in the dark and fed rations low in vitamin D may suffer from a 
deficiency of that vitamin. Bechdel {80) describes the symptoms as "decreased 
growth rate,. abnormal bone development, swollen joints, slight paralysis of the 
rear quarters, and a bowed back." Vitamin D assists in the deposition of minerals 
in the bones. Bechdel in the same publication gives the ash or mineral content 
of the bones of his experimental calves. The ash in the femora on a fat-free basis 
was about 54 percent in the calves with rickets. Calves of the same age on the 
same ration that were irradiated with ultraviolet light or given cod-liver oil as a 
source of vitamin D had femoral bones with about 59 or 60 percent of ash on the 
same fat-free basis. 

Mitchell and McClure {803) state: "Farm animals of all types generally 
receive an adequate supply of vitamin D by exposure to the sun's rays. Depend- 
ing on the intensity of the sunlight and its concentration of ultraviolet rays, which 
vary with the season, time of day, and atmospheric contamination, exposures of 
10 to 30 minutes daily are ordinarily sufficient.M Bechdel and collaborators (77) 
have recently reported that the minimum level of vitamin D for growth, well-being, 
and proper calcification of the bones of calves kept in the dark from birth to 7 
months is approximately 300 United States Pharmacopoeia units per day per 
hundredweight. This requirement can easily be supplied with normal calf 
rations even in the absence of sunlight. Bechdel had previously reported {80) 
that though calves developed a mild rachitic condition when kept in the dark and 
fed 1 pound of sun-cured or 2^ pounds of artificially dried alfalfa hay, there were 
no rickets when 2¾ pounds of sun-cured alfalfa was fed daily. Calves that get a 
reasonable amount of sunshine and normal rations should need no additional 
vitamin D from cod-liver oil or irradiated yeast. Calves little exposed to sunlight 
and receiving dehydrated alfalfa or green hay that has been cured almost without 
sunlight might be slightly deficient in this vitamin. 

It has been reported that the vitamin B complex, including vitamin B] and 
riboflavin (vitamin G or B2), is abundantly supplied in all usual calf rations. 
Eckles et al {302) in 1924 reported that the addition of yeast, which is rich in 
both vitamin B, and riboflavin, to normal calf rations including whole or skim 
milk, grain, and hay did not increase the rate of gain between 14 and 180 days of 
age. In 1926, Bechdel et al. {75) reported that calves grew normally when 
started between 112 and 179 days of age on rations too low in vitamin B to support 
rat growth! It was assumed that the calf requirement was very low or that the 
necessary factors were formed by the action of bacteria in the stomach of the 
animal. In 1928, Bechdel et al. (72) demonstrated that older cattle at least do 
form these factors in their paunch.    The paunch content of a cow that had been 
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raised and was continued on a ration deficient in vitamin B proved very potent 
in that factor when fed to rats. To what extent the calf can produce the vitamin 
B complex before the paunch is developed was not shown. 

Recently, however, Newman and Savage {852) have suggested that some part 
of the vitamin B complex may be deficient in certain milk substitutes or calf 
starters that are being prepared at Cornell University. In their experiments the 
calves were fed only 350 pounds of whole milk, in gradually reduced amounts 
from birth to 8 or 10 weeks of age, when milk feeding was stopped. A dry calf 
starter was fed to the calves to a maximum of 4 pounds daily. The basal calf 
starter was composed of ground yellow corn, 32.25 parts; rolled oats, 28; wheat 
bran, 10; linseed meal, 5; white fish meal, 3; dried skim milk, 20; bonemeal, 
% part; limestone, X; salt, ^; and codliver oil, }{. Fine-stemmed, leafy mixed 
hay was fed. Groups to which this starter was fed with yeast included, even 
when the dried skim milk was reduced to 10 parts, made larger gains than did the 
group getting the basal starter without yeast. In these experiments the value 
of the yeast seemed quite evident, yet the need of it as a source of either vitamin 
B, or riboflavin is not clear. Since the ration contained dried skim milk, corn 
meal, wheat bran, and leafy hay of good quality, the calves must have received 
quite large amounts of vitamin Bi and riboñavin without the addition of yeast. 
The actual factor in the yeast that promoted growth in these experiments was not 
determined. 

Water 

Water makes up over 60 percent by weight of the calf's body and over 75 percent 
of the body tissues formed during growth. It is used by the calf in the processes of 
food digestion and assimilation, and in the removal of waste products. Water also 
helps to regulate body temperature. Supplying an abundance of pure fresh water 
to young dairy stock is therefore of the utmost importance. 

The water requirement of calves from birth to 6 months of age has been investi- 
gated by Atkeson, Warren, and Anderson {46) at the Idaho Agricultural Experi- 
ment Station. Data from this investigation are presented in table 13. The total 
water consumption per calf, including that in the feed, was about the same for 
calves of the same age and weight raised by different methods of feeding. The 
increase in water requirements with age was almost directly proportional to in- 
crease in weight. More water was required per 100 pounds of body weight in 
warm weather than in cool. In relatively cool weather the calves (mostly less 
than 3 months of age) consumed 7.5 to 9 pounds of water daily, including that in 
the feed, per 100 pounds of body weight. In relatively warm weather the calves 
(mostly 3 to 6 months of age) consumed 10 to 11 pounds daily per 100 pounds of 
body weight. 

TABLE 13.— Mater consumption per calf daily from S to 24 weeks of age 1 

Calv es fed liquid milk for ü months Calv es fed liq 

V 

uid milk for 5 weeks 2 

Age (weeks) 
Body 

weight; 

Pounds 
106.8 
121.3 
129. 2 
135. 7 
157.7 
181.1 
204. 7 
256.3 
317.5 
387.5 

Water consumption 

Body 
weight 

Pounds 
120.0 
128. 0 
139. 6 
150. 2 
172.9 
195.3 
218.8 
272.0 
321. 8 
373.7 

rater consumption 

Water 
drunk 

Pounds 
0.01 
.07 
.24 
.74 

2.19 
4.31 
6.60 

12.91 
18.10 
25.23 

In 
milk 

Pounds 
9.13 
0.85 
9.14 
9.31 

10.17 
10.83 
11.17 
11.80 
13.34 
13.34 

In hay 
and 

grain 

Pounds 
0.03 

.07 

.10 

.16 

.26 

.37 

.46 

.57 

.73 

.93 

Total 

Pounds 
9.17 

10.03 
9.48 

10.21 
12. 62 
15. 51 
18. 23 
25. 28 
32.17 
39.50 

Water 
drunk 

Pounds 
0. 56 
1.50 
1.49 
4.11 

11.26 
15. 26 
18.63 
27.09 
30. 73 
38. 96 

In 
milk 

Pounds 
10.36 
10.30 
10.07 
5.39 
.69 

In hay 
and 

grain 

Pounds 
0.03 
.06 

:¾ 
.53 
.73 
.83 

1.04 
.99 

1.24 

Total 

3  
4  
5  
6 

Pounds 
10.95 
11.86 
11. 66 
9.76 

8  
10           __ 

12.48 
15.99 

12::::  
16  
20  
24  

19.46 
28.13 
31.72 
40.20 

1 Data adapted from tables 1 and 2, Water Requirements of Dairy Calves (46). 
2 Raised on dry-fed grain mixtures, liquid milk being eliminated between the sixth and eighth weeks. 
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It seems probable that the water requiremeuts would be about the same for 
calves of different dairy breeds having the same body weight. The water require- 
ments of rapidly growing heifers may be about the same per 100 pounds of body 
weight as those of calves. When growth slows down, less water may be required 
since the average total water requirement of dry dairy cows was found by Atkeson 
and Warren (^5) to average only 6.2 pounds daily per 100 pounds of live weight. 

During the winter months, calves receiving liberal quantities of liquid milk 
may make good growth without additional water, but by the time they are 2 
months old they should have all the water they will drink. During warm weather 
a lack of water may result in discomfort and slow down feed consumption and 
rate of growth. Rupel {998) reported an experiment at the Wisconsin Agricul- 
tural Experiment Station, conducted in warm weather, in which the calves in one 
group were watered twice daily, while those in another group received no water. 
Both groups received 14 pounds of skim milk per calf daily and all the hay and 
grain they would eat. The calves receiving water drank somewhat more water 
than milk, ate twice as much hay and nearly one-third more grain, and gained 
1.80 pounds each daily as compared with a daily gain of only 1.36 pounds for the 
calves receiving no water. 

Calves old enough to run together should be supplied with an abundance of pure 
water. This may be provided from a conveniently located water trough or from 
a drinking cup. 



VARIATIONS  IN  THE  COMPOSITION 

OF  MILK 

by P. A. Wright, E. F. Deysher, and C. A. Gary i 

1 H t K L is more similarity between different kinds of milk than there is 
between milk and any other food. Yet analysis shows that there are real 
differences not only in the milk of different species of animals, but in the 
milk of different breeds of cows; of different individuals in the same 
breed; and between the morning and evening milk of the same cow, or 
even the milk from different quarters of the udder. This article gives 

data on these differences; discusses the relation between the protein, fat, 
and energy values in milk; and shows how readily feed flavors and odors 

are transmitted to milk. 

DIFFERENCES IN THE COMPOSITION OF THE MILK 
OF DIFFERENT SPECIES 

THE PEHCENTAGES of the chief constituents of milk differ with various 
species of mammals. For the various kinds of milk used for human 
food in different parts of the world, these percentages are given in 
table 1. 

The most important characteristics of human milk are its low pro- 
tein, low ash, and high lactose percentages. The first set of values 
for human milk given in table 1, consists of averages of 1,154 analyses 
representative of the entire lactation period. The second set, reported 
by other workers, shows only two-thirds as great a percentage of pro- 
tein, possibly because in this case the milk was not sampled until the 
women had been in lactation for at least 2 months. 

An examination of table 2 indicates that the ratio of noncasein 
protein to casein in human milk is nearly 4 times the corresponding 
ratio in cow^s milk, and that the ratio of nonprotein nitrogen to casein 
nitrogen in human milk is almost 13 times that in cow's milk. 

i P. A. Wright and E. F. Deysher are Assistant Chemists, Division of Dairy Research Laboratories, and 
C. A. Gary is Senior Chemist, Division of Nutrition and Physiology, Bureau of Dairy Industry. 

With the exceptions of the sections headed Differences in the Composition of the Milk of Different Species; 
Relation Between the Fat, Protein, and Energy Values; Effect of Diet on Composition; and Transmission of 
Feed Flavors and Odors and of Drugs to Milk, and of table 4, the material in this article is taken by per- 
mission with slight modification from Fundamentals of Dairy Science by Associates of L. A. Rogers (f2),2 

chapter 1. The parts used in this article were revised by P. A. Wright and E. F. Deysher for the second 
edition of the book mentioned. 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
639 
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TABLE 1.—Average composition of miihs of certain mammals 

Species l 

Woman  i 
Do  

Cow   I 
Do    

Goat    . 
Ewe  
Egyptian buffalo    ! 
Chinese buffalo    .._| 
Philippine carabao j 
Camel      _    . I 
Mare    j 

Do i 
Ass    ' 
Reindeer       

Water Protein ; Kat, Lactose Ash 

Percent Percent Percent Percent Per cen f 
87.43 1.63 , 3.75 6. 98 0.21 
X7. 68 1.05   ; 4.37 6.79 . IS 
m 21 3. 77 ; 4.45 4.86 .72 
87.90 3, 13 3.65 4. 50 
87.14 3.71 4.09 4. 20 .7S- 
82.90 5.44 6.24 4.29 .85 
82. 09 4. 16 7.96 4.86 .78 
76. 80 6.04 12.60 3.70 .8f) 
78.46 5.88! 10.35 4.32 .8-1 
87. 61 2.98! 6. 38 3.26 .70 
89.04 2.69 1.Ó9 6.14 .51 
90.23 2.30 .78 6. 42 .44 
89.70 2. 10 1.50 6.40 .30 
63. 30 10.30 ■ 22. 46 2. 50 1.4) 

16.38 X nitrogen. 

TABLE 2.—Dislrihalum of nitrogen in human and in con's mille 

Kind of milk 
i Casein nitro-    Noncasein pro- 
iTotal nitro-' gen as percent- ' tein nitrogen, 
i       gen       :    age of total    |as percentage of 

nitrogen       ! total nitrogen 

I 
Human. 
Cow's-_- 

Percent 
0. 1749 
.497 

Percent 
34. 3 
76.1 

Percent 
30. 0 : 
18.0 ¡ 

Non pro tein ni- 
trogen as per- 

centage of total 
nitrogen 

35. 2 
5.9 

The first set of figures for cow's milk in table 1 is from analyses 
made at the Illinois Agricultural Experiment Station and represents 
1,998 samples obtained during 198 whole lactation periods from 14 
Ayrshire, 16 Guernsey, 19 Holstein, and 15 Jersey purebred cows and 
66 Guernsey-Holstein crossbred cows. The averages for protein, fat, 
and lactose are definitely higher than those in the second set of 
figures, which represent 208 herd samples obtained from dairy farms 
in New York. 

Goat's milk appears to be very similar in composition to cow's 
milk. The averages given represent analyses by 18 investigators of 
the milk of at least 326 goats. 

The averages for ewe's milk are from analyses of the milk of two 
ewes at regular intervals during the whole lactation period. 

Many species of mammals bearing the name of buffalo, or closely 
related thereto, are used as dairy animals. The milk of the Egyptian 
type of buffalo is used for food in many sections of southern Europe 
as w^ell as in parts of Africa and Asia. The averages are based on 
analyses of 6.1 composite samples, each representing the milk of 6 
animals. The values for the milk of the Chinese water buffalo are 
averages of frequent analyses of the milk of 30 animals over a period 
of 18 months. The averages for the milk of the Philippine carabao 
are based on individual samples from 19 animals. Analyses of the 
milk of these 3 different species of buffaloes are included in the 
table because of the large variation in total solids—principally fat. 
All of these milks contain a much greater percentage of fat and protein 
than does cow's milk. 

Camel's milk is somewdiat higher in percentage of fat and lower in 
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lactose and protein than cow's milk. The averages given in table 1 
were computed from the reports of several analysts. 

Mare's milk is used for food most commonly in parts of western 
Asia. It is especially low in solids, protein, fat, and ash, and high 
in. lactose. The first averages found by Lin ton for 104 samples of 
noncolostral milk from mares in Great Britain are higher in percentages 
of total solids, protein, fat, and ash, and lower in percentage of lactose, 
than the averages calculated from analyses reported by Hildebrandt 
in Germany. 

Ass's milk, much used for food in parts of Europe, is quite similar 
to mare's milk. The composition given is the average of the results 
of several analysts. 

Of all the natural milks used for food by man, that of the reindeer 
is the most concentrated. The percentage of lactose constitutes an 
exception to this general statement, since reindeer's milk contains 
only about one-half the percentage of lactose present in cow's milk. 

DIFFERENCES IN THE COMPOSITION OF COW'S MILK 
Practically all of the milk sold in the raw or manufactured form in 

this country is from the cow. Even cow's milk is not a uniform article 
of commerce. The differences in composition—for example, in fat 
content—which are principally due to differing environment and 
inheritance, are of such magnitude that many dairies standardize 
their milk by mixing batches from different farms or breeds of cattle. 

DIFFERENCES DUE TO BREED 

Variations due to breed are of the greatest magnitude and will be 
considered first. The breeds represented in the United States by the 
greatest number of dairy cows are in increasing order Ayrshire, 
Guernsey, Holstein, and Jersey. The Shorthorn, though often 
considered a dual-purpose breed, should possibly be included here 
because great quantities of milk are produced from grade Shorthorn 
cows, especially in the butter-producing States of the Mississippi 
Valley. 

The figures in table 3 for the first four breeds are averages obtained 
by Overman, Sanmann, and Wright (889) at the Illinois Agricultural 
Experiment Station. The figures for the Shorthorn breed are averages 
of analyses by several investigators, reported by Eckles and Shaw 
at Missouri. 

TABLE 3.— average composilion of mili- of five breeds of coivs 

Breed "Water Total 
solids Fat      ;   Protein     Lactose I     Ash 

Guernsey- 
Jersey  
Ayrshire __ 
Holstein __ 
Shorthorn 

Table 8 shows that there is considerable difference in total solids 
of the milk of the Guernsey and Jersey breeds on the one hand and of 

141394°—09 42 
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that of the Ayrshire, Holstein, and Shorthorn breeds on the other. 
More than half of this difference is in the fat percentage, the rest 
being mostly in the protein. Except for the Ayrshire breed the 
lactose percentages in the milks are remarkably constant. 

Table 4 gives the average production of milk and butterfat of the 
cows having official yearly records in the breed associations. 

TABLE 4.—Average yearly production of milk and butterfat of cows of different breeds that 
had official yearly records to January 7, 1938 1 

■ Advanced register or register of merit Herd-improvement lest 

Breed Kecords 
of cows 

and 
heifers 

Number 
AyrsMre      2 9,022 
Brown Swiss    _ _, 939 
Guernsey-  I     49,212 
Holstein-Friesian i   ^ 56, 007 
Jersey I     56, 789 

Milk 

Pounds 
10, 446 
13, 643 
10, 095 
16, 005 
8, 556 

Butterfat Kecords 
     of cow s 

and 
Quantity     Test       heifers 

Butterfat 

; Quantity 

Pounds Percent Number Pounds Pounds 
416 4.0 20, 571 8,351 338 
548 4.0 984 8,577 352 
502 5.0 5, 229 8,629 425 
546 3.4 * 52,369 1.1, 101 380 
459 5. 36 27, 364 6,797 359 

4.0 
4. 1 

3.4 
5.3 

i Data from U. S. Department of Agriculture Farmers' Bulletin 1443 (864). 
2 Includes 1,952 305-day records. 
3 Includes 15,354 10-month records. 
4 Up to Oct. 1, 1937. 

RELATION BETWEEN THE FAT, PROTEIN, AND ENERGY VALUES 

The concentration of fat in cow?s milk may be taken as a rough 
indication of its protein and energy value as a food and of the feed 
protein and energy required for its production. The fat and protein 
concentrations in cow's milk vary; they may under some unusual 
conditions vary independently of each other but in general there is a 
roughly constant relation between them. In addition to this the 
concentration of lactose, which also contributes materially to the 
energy value of mi% is relatively quite constant. There are three 
series of analyses of cow's milk in which these relations have been par- 
ticularly studied in this country. 

The first extensive series is that of Haecker Uß5) at the University 
of Minnesota. He determined the concentrations of fat, carbohy- 
drate, and protein in 543 samples of cow's milk. His results have 
been used as the basis of several feeding standards for milk cows. In 
fact, the Haecker standard is said to be the first in which the com- 
position of the milk was taken into account in calculating the feed 
allowances of milking animals. Armsby (32) calculated the total 
energy value of the milks analyzed by Haecker, taking 1 gram of fat 
as equivalent to 9.23 calories, 1 of protein to 5.7, and 1 of lactose to 
4.1; and Gaines (404) has expressed the relation between the fat and 
protein in these milks by the following equation: 
Percentage of protein  in the milk = 

fat  
1.46 + 0.4 of the percentage of 
 0) 

The second larger series of analyses to be considered here were done 
at the University of Illinois. Overman and Sanmann (888) report the 
fat,  carbohydrate, protein,  and energy content of 212 samples of 
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milk; and Overman, Sanmann, and Wright (889) determined the fat, 
carbohydrate, and protein concentrations of 1,999 samples. Over- 
man and Gaines (887), using constants determined from the milks of 
Overman and Sanmann in which the total energy value was deter- 
mined, calculated the energy value of the 1,999 milks from the analyses 
of Overman, Sanmann, and Wright; and Mitchell (795) has expressed 
the relation of fat to protein in these milks as follows: 

Percentage of protein in the milk-=2 + 0.4 of the percentage of fat__ (2) 

From the above calculations Overman and Gaines conclude that the 
energy content of milk containing 4 percent of fat is approximately 
750 calories per kilogram, or 341 calories per pound; and they suggest 
that with any breed of cows the weight of 4-percent milk containing 
the same amount of energy as the milk yielded by the particular cows 
in question may be calculated from the following equation: 

Weight of 4-percent milk equivalent in energy value = 0,4 of the 
weight of the milk yielded+15 times its fat content expressed in 
percent , (3) 

After analyses of many hundred samples of milk had been made, 
workers at the Ohio Agricultural Experiment Station (868, p. 17) 
came to the conclusion that "in samples of milk testing 2.78 percent 
of butterfat the percentage of protein and fat are approximately equal. 
Above this point the protein increases approximately 0.42 times as 
fast as the fat."    This relation may be expressed as follows: 

Percentage of protein in the rnilk^2.78+ 0.42 (percentage of fat, 
2.78) (4) 

TABLE 5.—Relation between the protein, fat, and energy values of milk 

Fat 
(percent) 

3.0. 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 

Overman,      Sanmann, 
Wright i 

Protein 

I 

Percent 
3.07 
3.39 
3.54 
3.83 
4.02 
4.18 
4.50 

«4.63 
4.91 

Calcu- 
lated 2 

Percent 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 

Energy 
calcu- 
lated s 

Calories per 
pound 

290 
315 
341 
367 
392 
418 
443 
469 
494 

Haecker 

Protein 

Found Calcu- 
lated 

Energy 
calcu- 
lated 

Calories 

Percent Percent 
per 

pound 4 

2.68 2.66 278 
2.81 2.86 300 
8.08 3.06 336 
3.27 3.26 365 
3. 45 3.46 390 
3.65 3.66 415 
3.82 3.86 440 
4.02 4.06 467 
4.22 4. 26 492 

Ohio 
analyses, 
protein 

lated 

Percent 
2.87 
3.08 
3.29 
3.50 
3.71 
3.92 
4.13 
4.34 
4. 55 

i Average for all breeds for which analyses are given. 
2 Calculated, using Mitchell's equation given in text. 
% Calculated, using 341 calories per pound for 4-percent milk and equation in text for calculating the 

4-percent milk equivalent in energy content to that yielded. 
* Calculated by Armsby (gf, p. 511). 
3 Data for Jersey breed omitted. 

The above-mentioned data are shown in table 5. Although in each 
series of results the percentage of fat may be taken as indicative of 
the protein and energy value of the milk, it will be noted that in the 



644 YEARBOOK OF AGRICULTURE, 1939 

Haecker milk the percentage of protein is much lower for the same 
percentage of fat than in the milks analyzed by Overman, Sanmann, 
and Wright. The difference for the same fat content is on the aver- 
age 0.54 percent; that is. if the protein in the milk analyzed by Over- 
man, Sanmann, and Wright is 3.99 percent, that for milk of the same 
fat content analyzed by Haecker would be 3.45 percent. This con- 
dition makes a difference of 9 to 18 percent in the calculated nutritive 
value of milks of the same fat content, depending upon which of the 
milks is used as a basis of calculation. It also makes the same differ- 
ence in the calculated protein requirements of the cow. The results 
with the Ohio figures are intermediate in this respect. It should be 
noted that the energy values of milk given in table 5 are for the total 
energy that it would yield if completely burned in a calorimeter. 
This would not be the metabolizable energy of the milk, as the protein 
when burned in a calorimeter yields about 5.7 calories per gram, 
whereas when oxidized in the animal body it yields only about 4.1 
calories per gram. 

DIFFERENCES DUE TO INDIVIDUALITY 

Within a herd of cows of a single breed there may be considerable 
variations in composition of milk between individuals, even though 
all have the same care, feed, and environment. These individual 
differences are probably due to many factors, of which the principal 
one is undoubtedly inheritance. The variations are chiefly in per- 
centages of fat and of protein; as the percentage of fat increases, the 
percentages of protein, ash, total solids, and solids-not-fat increase, 
but the percentage of lactose—except in Ayrshire milk- -decreases. 

DIFFERENCES BETWEEN ONE MILKING AND ANOTHER 

If the intervals between milkings are the same, the percentages of 
protein and lactose in milk from the,same cow vary very little, but 
the morning milk is usually richer in fat than the evening milk, 
sometimes by almost 2 percent. The more frequent the milkings, the 
greater the variation in fat. 

VARIATIONS IN COMPOSITION DURING MILKING 

During milking, the percentage of fat increases markedly, and 
unless the udder is carefuHy stripped, the milking will not be truly 
representative with respect to fat. The difference between the fore 
milk and the strippings is only in the fat. Table 6 shows typical 
variations in fat. 

TABLE 6.— f'ariations in fat content of in ilk (hiring milking 

Portion of milkm.a; period 

First..__ 
Second. 

Cow 
Xo. 1 

Cow 
No. 2 

i Percent I Percent 
| 0.90 i 1.00 
'      2.60 !      3.20 

Cow 
No. 3 Portion of milking period Cow       Cow 

No. I      No. 2 

Percent   ! \ Percent 
1.60 ;i Third I     5,35 
3. 25 ' i  Fourth (stripping) |      9. 80 

Cow 
No. 3 

Percent   Percent 
4.10 ó. 00 
8.10 '.       8,30 

VARIATIONS IN DIFFERENT QUARTERS OF THE UDDER 

There are distinct differences among samples of milk from different 
quarters of the udder; not only in gross composition^ but also in the 
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percentage of calcium in the ash and in the composition of the fat. 
However, no regularity has been found in these variations. 

INFLUENCE OF SUCCESSIVE PHASES OF THE LACTATION PERIOD 

The secretion of the mammary glands for the first few days of 
lactation is known as colostrum and is quite different from the later 
normal secretion. Colostrum has a strong odor and a bitter taste 
and contains a remarkably high percentage of globulin. Table 7 
shows the gradual change from colostrum to normal milk. 

TABLE 7.—Changes in composition during the transition from colostrum to normal milk 

Time after 
calving 
(hours) 

Ca- 
sein 

Albu- 
min i .Fat Lac- 

tose Ash Total 
solids 

Time after 
calving 
(hours) 

Ca- 
sein 

Albu- 
min i Fat Lac- 

tose Ash Total 
solids 

0  

Per- 
cent 

HI 
4.50 

Per- 
cent 

16. 56 
9.32 
6. 25 

Per- 
cent 
3.54 
4. 06 
1. 75 

Per- 
cent 
3.00 
1.42 
2.85 

Per- 
cent 
1.18 
1.55 
1.02 

Per- 
cent 

26.93 
21.23 
19. :^7 

i 
¡48  

Per- 
cent 
3.25 
3.33 

Per- 
cent 
2.81 
1.03 

Per- 
cent 
4.21 
4.08 

Pcr- 
cent 
3. 46 
4.10 

Per- 
cent 
0.96 

.82 

Per- 
cent 
14. 19 

10  
24  .    

1 72  13.56 

i This column gives the albumin fraction, which includes globulin, 
of albumin this is undoubtedly all globulin. 

Except for a fraction of a percent 

The milk of the month following the colostra! stage is characterized 
by a slightly higher percentage of the albumin fraction and of fat 
than occurs during the long midstage of relatively constant composi- 
tion and yield. During the final stage, when the daily quantity of 
milk is decreasing, the casein and fat percentages both increase 
somewhat. 

EFFECT OF GESTATION AND OF DISEASE 

Gestation exerts no direct influence on the composition of cow's 
milk but may hasten the end of lactation, which in itself causes marked 
changes in the composition. 

Milk composition may undergo considerable change from the normal 
when the cow becomes diseased. 

EFFECTS OF DIET ON COMPOSITION 

For the effect of diet on the concentrations of protein, fat, and lac- 
tose in milk, see the article on Glands, Hormones, and Blood Constit- 
uents—Their Relation to Milk Secretion (p. 685). Except in the 
case of iodine, it is not practical to try to alter the concentrations of 
the mineral constituents in milk, and. even in this case it is not 
economical. 

THE MINERAL CONSTITUENTS OF COW'S MILK 

Ash analyses for cow's milk are given in table 8. The values for 
ferric oxide are much larger than those determined more recently on 
the milk itself without ashing, as will be seen from the following 
detailed discussion. 

The trends in the variation of ash constituents during the lactation 
period are as follows: Potassium is present in smaller quantities m 
colostrum than in later milk. It reaches a maximum in the second 
month of lactation and then declines, slowly at first, more rapidly 
during the last 2 months.    Sodium decreases slightly during the first 
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half of the lactation period and rises markedly during the second half. 
However, it is subject to considerable variation. Calcium is higher 
in colostrum than in normal milk and remains about the same after 
the normal quantity has been reached until the third month before 
the close of lactation, when it rises slowly. Chlorine is fairly constant 
during the lactation period, exhibiting a small constant rise through- 
out. Phosphoric acid is higher in colostrum than in normal milk, 
declining slowly at first and then more rapidly. 

TABLE 8.—The composiiion of the ash of milk 1 

Minorai 

Potassium . 
Calcium  
Sodium ._._ 
Magnesium 

Kaufes of values 
found by several 
European inves- 

tisator? 

Percent 
14. 0   to 23. 9 
14.2   to 20. 5 

1.93 to   8.2 
0.72 to   3.01 

Values re- 
ported by 
Bab cock 2 

Mineral 

Percent 
20.8 Iron. 
14.3    I Phosphorus. 
7.4    ! Chlorine  
1.40 l Sulfur  

Pauses of values    Vo1ll_ , 

ti^ators Babcock ? 

Perce ¡f 
0.03o to 0. 280 
9.44 to 12. S 
2.2 to 16.4 
1. 53 to 2. 46 

Percent 
0. 091 

10. (i 
14.3 

2. 30 

1 Data given here are calculated from data in (¿2), p. 21. 
2 In Leach (/^7, p. m)- 

MIN0R INORGANIC CONSTITUENTS IN MILK 

In addition to the mineral elements already discussed, milk con- 
tains small amounts of copper, iron, zinc, aluminum, manganese, and 
iodine. The quantities of some of these can be determined by micro- 
analytical methods. These elements have been shown to be impor- 
tant from a physiological and nutritional standpoint. For instance, 
iron is necessary in hemoglobin, but copper must be present if hemo- 
globin, is to be formed. Manganese has been reported as affecting 
growth and some phases of reproduction. Iodine is important for the 
normal functioning of the thyroid gland. 

Several investigators have made spectrographic examinations of 
milk ash and have found, in addition to those already listed, numerous 
other elements present in small but definite traces. ^ 

Copper 

Supplée and Bellis {1108), analyzing freshly drawn milk of a large 
number of cows on differing rations, found the proportion of copper 
varying from 0.2 to 0.8 parts per million, with no apparent correlation 
between, copper content and type of ration. Quam and Hellwig {988) 
found 0.26 to 0.49 parts per million of copper in cow's milk, practically 
the same proportion in. sheep's milk, but slightlv less in goat's milk 
Davies {267), found 0.05 to 0.65 parts per million in 15 samples of 
fresh milk. Zondek and Bandmann {1278) found 0.15 to 0.20 parts 
per million in cow's milk and 0.5 to 0.6 in human milk. Elvehjem et 
al. {329) analyzed 13 samples of herd milk from widelv different sec- 
tions of the United States and found from 0.123 to 0.184 parts per 
million with an average of about 0.15. They believe that some of the 
other figures reported are too high because of contamination of the 
sample with copper during analysis. 

Hess and Unger {oil) have shown that, if milk is contaminated with 
copper, its vitamin C activity is reduced.    Davies {ß67) found that, 
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when the copper exceeds 1.5 parts per million, milk of otherwise 
good quality developed an oiliness, even when properly refrigerated. 

The effects of manufacturing processes on the proportions of copper 
and iron in dairy products have been studied by Davies (267) and by 
Williams {1230). They found that pasteurization and sterilization 
increase the percentage of both these metals in milk. The most 
striking effect was noted in cheese made in copper vats, the cheese 
containing in some cases as much as 18 parts per million of copper. 

Iron 
Analyses of samples of cows7 milk from several different sources 

have given results ranging from J to 4.5 parts per million of iron and 
averaging about 2.5. Higher values calculated from ash analyses 
are probably due to faulty methods of analysis The proportion of 
iron in human milk and in goat's milk is the same as that in cow's 
milk. 

Zinc 
The proportion of zinc in 12 samples of market milk was found by 

Birckner {103) to be 3.6 to 5.6 parts per million. Sato and Murata 
{1010) found from 2.94 to 4.12 parts per million in normal herd milk. 
They found little difference in the proportions of zinc in human milk, 
cow's milk, and sheep's milk. Colostra! milk was found to contain 
about 13 parts per million, a marked decrease taking place during 
the first few days of the lactation period. Throughout the main part 
of the lactation period, the proportion of zinc remained constant, but 
increased at the end. 

Manganese 
The proportion of manganese in normal milk has been found to be 

0.02 to 0.06 parts per million. Sato and Murata {1010) reported 0.10 
to 0.21 parts per million in cow's colostrum, and 0.041 to 0.115 in 
sheep's milk. Kemmerer and Todd {617) found 0.082 parts per million 
in goat's milk. 

Iodine 
Iodine is present normally in milk, occurring in small but variable 

quantities. It is easily transmitted to milk from the feed. The 
amounts reported vary from 0.001 to 0.275 parts per million. Scharrer 
and Schwaibold {1014-) dried a sample of normal cow's milk and deter- 
mined the distribution of the iodine. They found 4.5 percent of the 
total in the fat, 31 in the protein, 60.5 in organic combination in the 
serum, and 4 percent in inorganic combination in the serum. Milks 
having 1 to 14 parts per million of iodine have been produced by adding 
organically combined iodine to the feed of the cow. Organic iodine in 
proportions as high as 20 parts per million imparts no unpleasant 
taste or odor to milk. Inorganic iodides are also effective, but the 
feeding of compounds containing iodine in order to produce a milk 
rich in it is not economical. Colostra! milk contains a comparatively 
large proportion of iodine, but this decreases to the normal amount 
within 36 hours after parturition. Remington and Supplée {956) 
analyzed samples of dried milk from several sections of the United 
States; 117 samples from South Carolina contained 0.143 to 1.872 
parts of iodine per million, with a mean of 0.572; 9 samples from New 
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York contained 0.131 to 0.392, with a mean of 0.265; 6 samples from 
Wisconsin contained 0.171 to 0.395 parts per million, with a mean of 
0.322. 

MINOR ORGANIC CONSTITUENTS OF MILK 

In addition to the major organic constituents of cow's milk, there 
are numerous other organic constituents present in small amounts, 
including the vitamins, various enzymes, steroid materials, phospho- 
lipids, pigments, etc., the functions of which are in many instances 
unknown. 

TRANSMISSION OF FEED FLAVORS AND ODORS AND 
OF DRUGS TO  MILK3 

Feed and weed flavors are frequently encountered in milk. It was 
formerly believed that these flavors were absorbed by the milk after 
it was drawn from the cow, but experimental woi'k has shown that they 
are transmitted to milk mainly through the body of the cow. 

Bab cock {52) by feeding garlic to cows, showed that a garlic flavor 
and odor could be detected in milk drawn 1 minute after the garlic 
was fed and that 10 minutes afterward the milk had a strong garlic 
flavor and odor. It was impossible for the milk to absorb the garlic 
flavor since it was drawn in an atmosphere free of garlic odor. 

In a further test, cows were forced to inhale garlic odor for 10 min- 
utes and were then milked at varying intervals. The experiment was 
carried on outside of the milking barn where there was no chance of a 
garlic-permeated atmosphere surrounding the milk, and the cows were 
given no possible chance to eat any of the garlic. When the cows 
were milked 2 minutes after inhaling garlic for 10 minutes, garlic 
flavor and odor were very pronounced in the milk. It had therefore 
been absorbed from the lungs into the blood stream and thence into the 
udder. That flavors are absorbed by the blood is shown by the fact 
that a garlic odor was readily perceived in samples of blood drawn 
from the jugular veins of cows 30 and 45 minutes after they had con- 
sumed garlic. 

It has also been noted that certain drugs and medicines fed to cows 
pass through the body and are found in the milk. Fröhner, as reported 
by Allen {16, p. 972), states that camphor, turpentine, camomile, aloe, 
arsenic, lead, and tartar emetic may be transmitted to milk, sometimes 
in poisonous quantities. Mercury and copper may also be present in 
milk in sufficiently large quantities to endanger health. Baum, as 
reported by Allen (16, p. 973), corroborates these findings and adds 
phenol, morphine, belladonna, and strychnine to the list of drugs that 
may be transmitted in milk. Denis, Sisson, and Aldrich {272) report 
an unmistakable increase in the chlorine concentration of the milk of 
goats receiving calcium chloride, and Kolda {6^2) concludes that mi- 
nute quantities of practically all medicinal substances administered 
to lactating females pass into the milk. 

3 This section was prepared by C. J. Bab cock, Market-Milk Specialist, Division of Market-Milk Investi- 
gâtions, Bureau of Dairy Industry- 



UTILIZATION  OF   FEED  ENERGY  AND 

FEED  PROTEIN   IN   MILK  SECRETION 

by C. A. Gary ^ 

T H I S technical article on two of the most important aspects of dairy 
cattle feeding will be of interest to dairymen who wish to understand or 
like to study the fundamentals of their profession. In a closely reasoned 

analysis, the author gives the background of experimental procedures, 

describes the results of a wealth of experiments, and compares them care- 

full) from the standpoint of their bearing on practical feeding standards. 

FEED ENERGY AND FEEDING STANDARDS 

IT MIGHT be well before considering the bearing of utilization of feed 
energy on milk secretion to define certain terms. The energy require- 
ments of cattle in this country are now very generally expressed as 
pounds of total digestible nutrients that will supply the energy for the 
function or functions in question. The total digestible nutrients in a 
feed are calculated by adding together all of the digestible organic 
nutrients—the weight of the carbohydrate, the fat multiplied by 2.25, 
and the protein. According to this system a pound of total digestible 
nutrients is the unit used in expressing the energy requirements of 
cattle and the energy value of feeds. The proportion of total digest- 
ible nutrients in 100 pounds of the same feed or even of the same 
sample of feed is not constant under all feeding conditions. For 
instance, the digestibility of the dry matter in rations of full-fed 
milking cows is less than that of the same feeds with animals that are 
not so heavily fed, the difference in digestibility amounting to 5 to 10 
percent of the dry matter in the feed. This has been noted by a 
number of workers. 

A pound, of total digestible nutrients is often taken as equivalent to 
] ,814 calories (or 1.814 therms, a therm being 1,000 calories) of digest- 
ible energy; or, according to Forbes and Kriss (376),2 it is equivalent 
on an average, with the ordinary grain-hay rations of cattle, to approxi- 
mately 1,616 calories (1.616 therms) of metabolizable energy, that is, 
energy obtainable from it by metabolism in the organism. The pound 
of total digestible nutrients in cow rations, therefore, may be taken to 

1 C, A. Oary is Senior Chemist, Division of Nutrition and Physiology, Bureau of Dairy Industry. 
2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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represent on an average 1,61() calones (1.01f> therms) of inetabolizable 
energy. 

The efficiency witli wln'eli this juetabolizable eucrgy is utilized vaines 
in different bodily functions and with various conditions. In con- 
sidering the utilization of energy in milk secretion, tbe gross efficiency 
of utilization must be differentiated from tlie physiological or net 
efficiency. The first is tbe total gross energy in tbe milk, expressed ns 
a percentage of the digestible energy in tbe total feed intake. Tbe 
pbysiological, or net, effieiency of utilization is more complicated. It 
is tbe total gross energy in tbe milk expressed as a percentage of either 
tbe digestible or tbe metabolize ble energy in that portion of tbe feed 
available for milk production after allowing for (1 ) the energy required 
for the maintenance of tbe animal^ (2) the energy involved in any 
cbange of body weigbt, and (3) tbe energy used in gestation, if tbe 
animal is pregnant. 

Tbis article will consider the physiological or net efficiency of the 
utilization of energy in. milk secretion, as it is upon this that tbe 
separate allowances of feed energy for milk production in tbe various 
feeding standards are based. 

Tbe percentage of tbe metabolizable energy available for milk pro- 
duction that is actually recovered in the milk. - or in other words 
utilized in milk secretion - -is not constant. According to Gaines (405) 
it may vary witb tbe breed of tbe cow; according to Kellner and 
Armsby (SE) and to tlm experimental work of Eekles (£9/), it may 
vary with tbe composition of tbe milk secreted ; and according to 
calculations by Brody and Cunningbam (154), it varies witb the stage 
of lactation and tbe level of feeding. In addition, it must be borne 
in mind that tbe efficiency of tbe utilization of energy in a ration is 
affected by the completeness and balance of the ration. Rations 
deficient in any one essential nutrient lead to waste in the utilization 
of energy. 

Besides these many variable factors actually affecting tbe efficieney 
of the utilization of energy in milk secretion, uncertain and arbitrary 
assumptions are made in arriving at expressions of this efficiency. It- 
is true that to reduce certain errors to a minimum studies of tbis sort 
are generally carried out with cows that are not witb calf, and that in 
ordinary feeding experiments the cows are so fed over long periods 
that practically no net gain or loss in body weight occurs during the 
period of the experiment. Sometimes also it is true that the energy 
maintenance requirements used in determining the energy available 
for milk secretion are determined for the same animals under the same 
conditions while milking a.nd while not milking. More often, however, 
the energy allowance for maintenance is an arbitrary figure determined 
with a few oxen or a few entirely different dry animals, or calculated 
with certain assumptions regarding the relation between it and tbe 
weight of the animal, or possibly determined in a respiration calorimeter 
under conditions quite different from those that prevail in practice. 

USE OF LONG-TIME FEEDING EXPERIMENTS IN THE STUDY OF THE UTILIZATION OF ENERGY 
IN MILK SECRETION 

One of the most extensive series of experiments, which has contrib- 
uted greatly to knowledge of the utilization of feed in milk produc- 
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tion and has influenced feed practices in this country, was carried out 
by Haecker at the University of Minnesota. He was the first to set 
up feeding standards that varied with the composition of the milk. 
In summing up his work on the feed required for the maintenance of 
cattle he said U53): 

The experiments justify the conclusion that with cows at rest in stalls in comfort- 
able quarters, a ration of 11.5 pounds of dry matter containing of digestible mat- 
ter, .06 of a pound of protein, .6 of a pound of carbohydrates, and .01 of a pound 
of ether extract [fat] per hundred [pounds] weight of cow, will be ample for a 
maintenance ration. 

This is equivalent to 6.8 pounds of total digestible nutrients per 
1,000 pounds of weight of the animal. It was determined with barren 
cows kept practically at constant weight, and was calculated on the 
assumption that their requirements vary directly with their weight. 
Haecker further says— 

it is tentatively suggested for a cow working in the dairy and having ordinarily 
good care and comfortable quarters the allowance for maintenance be calculated 
at 1.25 pounds of dry matter, containing .07 of a pound of protein, .7 of a pound 
of carbohydrates and .01 of a pound of ether extract per 100 pounds of live weight. 

This is equivalent to 7.92 pounds of total digestible nutrients daily 
per 1,000 pounds of weight of the animal. Haecker retained this 
recommendation in his final feeding standard {455).z 

! Using this recommended maintenance figure of 7.92 pounds of total 
digestible nutrients daily with milking cows so fed that they did not 
change materially in weight during the experiments. Haecker calcu- 
lated {^55), in summing up the results of experiments extending over 
nine winters, the average additional feed required for milk production. 
The digestible energy required, according to these data, was 1.72 
times the total gross energy in the milk. This would mean that the 
energy in the milk is about 58 percent of the digestible energy avail- 
able for its production. The averages for different years vary in these 
experiments from as high as nearly 69 percent to as low as 53 percent. 
The average figure here can be considered as only a rough approxi- 
mation of the percentage utilization of feed energy in milk production, 
(1) because the allowance for maintenance used in the calculation was 
not that actually determined with Haecker^s barren cows, and (2) 
because the digestibility of the feed was not determined by digestion 
trials with the milking animals but was arrived at from average figures. 
These discrepancies, however, tend to offset each other to some extent; 
and everything considered, it is quite likely that the average utiliza- 
tion of the digestible energy available for production in these experi- 
ments is not far from 56 to 61 percent, or approximately 63 to 68 per- 
cent of the metabolizable energy. The energy allowances for milk 
production according to Haecker's feeding standard are about 1.85 
times the total energy in the milk, provided average total digestible 
nutrient values for the feeds are used ; but this would actually provide 
digestible energy only about 1.76 times the milk energy if 5 percent is 

;î The recommendation has been followed in the Savage {Í0ÍÍ) standard, and Morrison {819) "recom- 
mended [it] for good cows under usual conditions/' except that Morrison varies this maintenance energy 
allowance with the 0.87 power of the animal weight instead of directly with the weight as did Haecker and 
Savage. When this allowance for maintenance is used with tables expressing the average total digestible 
nutrients in feeds, it really supplies not over 7.3 to 7.5 pounds of total digestible nutrients a day per 1,000 
pounds of live weight with full-fed milking cows. 
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deducted from the average feed values to cover the reduced dûrostibil- 
ity with full-fed mil kino- animnls. 

The Savage (J01Í) euergy nilowauce for milk production is not 
significantly different from thiit oi' llaecker, being about 1.5 percent 
higher. 

Eckles {291) worked on the utilization of feed in milk production at 
the University of Missouri. In a well known and very well conducted 
experiment, he determined the feed required to maintain cows while 
they were dry by so regulating their diet that, the net gain or loss in 
body weight for the experimental period was negligible, lie also fed 
cows in like manner during a lactation period, and determined the 
digestibility of the feeds under both conditions. When dry, the 
animals required the equivalent of 6.82 to 8.50—average 7.5—pounds 
of total digestible nutrients per 1,000 pounds of live weight to main- 
tain them; and Armsby {32, p. 496), using these actual mainte- 
nance figures and Eckles' actual digestibility figures, has calculated 
that 50.85 to 72.82—average 61.94—percent of the metabolizable 
energy available for milk secretion was actually recovered in the total 
energy of the milk secreted. This is equivalent to an average of 
approximately 55.2 percent of the digestible energy. 

^ Both the Haecker results for the utilization of energy in milk secre- 
tion, as compared for different whiter-feeding periods, and those of 
Eckles for individual cows show a great variation; and there is always 
considerable unavoidable error in any such experiments, the magni- 
tude of which it is difficult to estimate. But if we assume here that 
these experimental differences represent real differences in the perform- 
ances of the experimental animals, it is obvious that, in using feed- 
ing recommendations based on the averages so obtained, much is left 
to the judgment and experience of the practical feeder, however useful 
the recommendations may be as a guide to him or however carefully 
and painstakingly the experiments on which they are based were 
conducted. 

USE OF MATHEMATICAL PARTITION PROCEDURE IN STUDY OF THE UTILIZATION OF 
ENERGY IN MILK SECRETION 

Brody, also at the ITíiiversity of Missouri, has more recently applied 
a mathematical procedure to arrive at the proportion of the total 
digestible nutrients in the feed used for (]) maintenance, (2) change 
of body weight, and (3) milk production. He applied his method to 
groups of cattle for which records had been kept of the total feed 
consumption, the milk yield, and the body weight. With one group 
of 243 cows he calculated (Jöß) that it required 8.2 pounds of total 
digestible nutrients per 1,0()0 pounds of live weight daily to supply 
the energy for maintenance, and that the total energy in the milk 
was about 61 or 62 percent of the digestible energy available for its 
production. This is about 68 percent of the available metabolizable 
energy. In two other calculations—one with 73 cows and another 
with 10 cows—Brody {154) arrived at a utilization of 51.5 and 64.5 
percent, respectively, of the digestible energy, or 57.8 and 72.4 percent 
of the metabolizable energy available for milk secretion. 

Brody (164) also calculated the utilization of energy in milk pro- 
duction at different stages of lactation for the same cows.    For 12 
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successive 28-dav periods the utilization of available digestible energy 
was 82, 72, 67, 62,60,62, 64, 63, 62, 61, 43, and 58 percent. According 
to these data, milk is apparently secreted more efficiently early in 
lactation when the impulse to secrete it is most intense and the ani- 
mals are most likely to be underfed. Brody further essayed to esti- 
mate the variation in the efficiency of the utilization of feed energy 
at various levels of feeding, ^ He concluded that, as would be expected, 
this followed the law of diminishing returns—that is, the efficiency of 
the utilization of energy in milk production decreases with successive 
increases in the amount of food; but it must be definitely borne in 
mind that increases that physiologically may be used less efficiently in 
the production of milk may nevertheless lead to increases in milk 
yield that are actually economically profitable. 

As a result of this work Brody suggested feeding a 1,000-pound 
milking cow 8.2 pounds of total digestible nutrients daily to supply 
the energy required for maintenance. ^ In addition he assumed that 
this maintenance requirement varies with the 0.73 power of the body 
weight of the animal, because it had been found that in general the 
energy loss in the basal metabolism of animals varies in this way 
with the body weight, and because a large portion of the energy 
expenditure in maintenance under practical conditions is involved in 
covering this loss. He calculated the energy required for milk pro- 
duction so that the gross energy in the milk was 61 to 62 percent of 
the digestible energy or about 68 percent of the metabolizable energy 
allowed for its production. He also used 340 calories per pound of 
4-percent milk and Overman and Gaines' formula (887) (p. 643) to 
calculate the energy contents of milk containing more or less than 4 
percent of fat. 

It should be said, in connection with Brody's calculations, that 
probably not all the factors that determine practically the energy 
requirements of cattle vary as the 0.73 power of the body weight, and 
that a variation in this assumption might considerably alter the 
calculation of the utilization of energy in milk secretion. 

CAL0RÍMETRIC STUDIES 

Undoubtedly the most meticulous work that has been done on the 
utilization of energy in milk production is that carried out by means 
of the respiration calorimeter, in which the energy intake and output 
of the animals have been measured as completely as possible. Kellner 
first carried out experiments of this sort with three milking cows. He 
calculated their maintenance requirements from similar experiments 
with oxen; and Armsby, using Kellner's data and allowing for the 
bodily retention or loss of energy, arrived at the metabolizable energy 
available for milk secretion. With these three cows, Armsby (8ê, 
p. 495) calculated that 68.41, 72.80, and 66.91 percent (average, 69.4) 
of this metabolizable energy was utilized in milk production, that is, 
was recovered in the milk. In a similar experiment with 11 cows 
at the Pennsylvania Institute of Animal Nutrition, Forbes and Kriss 
{375) obtained results varying from 64.2 to 75.8 percent (average, 
69.3). This result would correspond to about 62 percent of the 
digestible energy. With these data and Armsby's calculations of the 
energy content of the milks analyzed by Haecker (p. 643), Forbes and 
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Kriss arrived at the energy allowances in their feeding standard for 
milk production. They had also found that in the calorimeter it 
required 5.551 pounds of total digestible nutrients daily per 1,000 
pounds of live weight to maintain a cow. They thought this figure 
might be too low for practical purposes; and, assuming that milk 
would be secreted with the same efficiency under practical conditions 
as in the calorimeter, they used the above figures for the utilization 
of energy in milk production to calculate the maintenance energy 
requirements of cows under practical conditions. They concluded 
that 5.972 pounds of total digestible nutrients daily per 1,000 pounds 
of live weight would meet this requirement. 

In closing these citations of experimental data on the utilization of 
energy in milk secretion, the fimdamental work of Armsby with the 
calorimeter at the Pennsylvania Institute of Animal Nutrition cannot 
be passed by. When he published his book on the Nutrition of Farm 
Animals in 1917 (32), the only calorimetric results on the utilization 
of energy in milk secretion available were those of Kellner, cited 
above. Both Kellner and Armsby observed that, if it is assumed 
that there is no energy loss in the making of the lactose and protein 
in the milk but that there is an energy loss in the making of milk fat 
similar to the loss in making body fat from carbohydrate in the feed, 
the efficiency of the utilization of metabolizable energy in milk secre- 
tion would vary with the composition of the milk but would be very 
similar to that obtained experimentally by Kellner. Armsby set up 
a feeding standard for milk production based on this assumption. 
In his calculations he used Haecker's data on the composition of 
milk (p. 643). He also set up an energy standard for maintenance, 
which, according to Kriss (649), was equivalent to 6.456 pounds of 
total digestible nutrients daily per 1,000 pounds of animal weight. 

RELATION OF ENERGY FEEDING STANDARDS TO EXPERIMENTAL DATA 

In the twentieth edition of Feeds and Feeding (819, p. 1004), be- 
sides allowing 7.92 pounds of total digestible nutrients daily per 1,000 
pounds of body weight for maintenance and varying this allowance 
as already stated, Morrison makes recommendations for feeding for 
milk production by i£good cows under usual conditions.M In calcu- 
lating this allowance he apparently uses about 34.1 calories for the 
total energy content of 4-percent milk, calculates the energy content 
of other milks according to Overman and Gaines- method, and uses 
an efficiency of utilization of about 61 percent of the digestible energy. 
To this figure he adds 5 percent to offset the lower total digestible 
nutrient value of feeds with full-fed milking cows as compared with 
the average values as given in the tables in his book. 

The results on the physiological utilization, of energy in milk secre- 
tion and the feed allowances based on them given in this article are 
summed up in. tables 1, 2, and 3. Data from foreign standards of 
feeding are inserted in table 2 for comparison. These data are given 
here because they are used in calculating the efficiency of the utiliza- 
tion of energy in milk secretion. (8ee table by Kriss (649), from 
which most of these data are taken.) It is obvious that the average 
physiological utilization of digestible energy in milk secretion is close 
to 60 percent, or that of metabolizable energy about 67 to 69 percent. 
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It is also obvious that the energy allowances for milk production 
according to the various standards, with the exception of Haecker's, 
are identical with the average calculated requirement according to the 
efficiency of utilization found. Whether the conditions under which 
these different figures were obtained reflect the most profitable practice 
in feeding remains to be seen. 

TABLE 1.—Percentage utilization of energy in milk secretion 

Energy in milk as percentage of— 

Experimenter 

Energy in milk as percentage of— 

Experimenter Available i 
digestible 

energy 

Available ! metab- 
olizable energy 

Available i 
digestible 

energy 

Available i metab- 
olizable energy 

Haecker_. 
Percent 

58 (53-69) 
55 
61,51.5,64.5 

Percent 

62 (50.35 to 72.82) 
68, 57.8, 72.4 

Percent 
Kellner j 62 

Percent 
69.4   (68.41,   72.80, 

69.3 (64.2 to 75.8) 
Eckles  
Brody2  Forbes and Kriss. 62 

1 That is, the energy available for production after allowing for maintenance and change in body weight 2 For groups of animals irrespective of stage of lactation. 

TABLE 2.—Energy requirements found experimentally or given in various standards for 
the maintenance of dairy cattle 

Author 

Haecker  

Eckles  
Savage.. ___ 

Morrison  

Brody  
Armsby  
Forbes and Kriss 
Kellner  
Mollgaard  
Nils Hansson  

Total digestible 
nutrients recom- 

mended, or 
found experi- 
mentally, to 
supply daily 

energy require- 
ments for a 1,000- 

pound cow 

Remarks 

To be used with tables of average digestibility. Probably 
actually equivalent to 7.3 to 7.5 pounds of total digestible 
nutrients. 

Using actual digestibility. 
Equivalent actually to about 7.5 pounds of total digestible 

nutrients as taken from tables based on average digesti- 
bility. 

Equivalent actually to about 7.5 pounds of total digestible 
nutrients. 

i Average of actual determinations, 6.8.  Maintenance taken as varying with the first power of the weight. 
« Found experimentally 6.8 to 8.6 pounds; 7.5 calculated using either the first power or the two-thirds power 

of the weight; 6.8 to 8.6 apply only to calculations based on variation of maintenance with two-thirds power 
of the weight. 

3 Used Haecker's recommendation.   Maintenance taken as varying with the first power of the weight 
4 Used Haecker's recommendation.   Varied as the 0.87 power of the live weight. 
5 Used the calculated result with the one group of 243 cows.   Varied as the 0.73 power of the live weight. 
« As expressed in TON (total digestible nutrients) according to Kriss (&0). 
' Armsby varied the maintenance allowance of energy With the two-thirds power of the weight. 
s Average for requirements determined under "practical" conditions. 
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TABLE 3.—Energy required for milk production according to various standards, expressed 
in TDN 1 allowed per pound of milk 

Fat in milk (percent)          \ Haecker 2 3 Arms- 
by2 3 

Forbes 
and 

Kriss 3 
Brody Morrison 2 4 Moll- 

gaard 
Hans- 

son 

3                        
Pound 

0.284 
.343 
.398 
.451 
.502 

Pound 
0.230 
.285 
.339 
.388 
.439 

Pound 
0.251 
.300 
.350 
.393 
. 433 

Pound 

" 0.305 

Pound 
0. 261 or 0. 276 
.307 or   .324 
.353 or   .373 
.399 or   .422 
.445 or   .470 

Pound 
0.252 

.302 

.351 

.396 

.437 

Pound 
0.267 

4  .302 
5  
6 

.339 

7                                     _ 

4 5 331 .275  !       .3045 305         293 or    . 300 

Energy in milk in percent of 
available digestible energy 6   _ 

Percent 
56.8 

63.7 

Percent 
68.3 

76.6 

Percent 
61.7 

69.3 

Percent 
61.6 

69.1 

Percent 
64.1 or 60.8 

71. 9 or 68.2 

Energy in milk in percent of 
available metabolizable ener- 
gy «  

1 TDN stands for total digestible nutrients. 
2 Calculated to be used with tables giving average total digestible nutrients in feeds without further 

allowance for the lower digestibility in case of milking animals. 
3 Based on the energy content of milk calculated by Armsby from Haecker's analyses (table 5, p. 643). 
4 Based on 4-percent milk with an energy content of about 340 calories per pound, using Games' formula 

to calculate the energy content of milks with different other percentages of fat. 
5 Actual total digestible nutrients allowed for 4-percent milk containing 341 calories per pound, using the 

same percentage utilization of energy in each case as in the figures above. 
« Calculated from the actual TDN allowed, and the energy content of milk (footnote 5). 

UTILIZATION OF PROTEIN IN MILK SECRETION 
Before considering the results of experimental work on the con- 

version of feed proteins into milk proteins, it may be well to recall four 
fundamental facts that, although fully recognized by all workers in 
this field, are frequently obscured by the conventional methods of 
expressing results. 

(1) In analyzing feeds, the amount of nitrogen they contain in 
chemical combination is multiplied by a certain factor—generally 
6.25—and the figure thus arrived at is taken as the protein content of 
the feeds. The factor varies somewhat, depending on the percentage 
of nitrogen in the particular feed proteins considered. 

(2) When the digestibility of a feed protein is given as 60 percent, 
it means that the chemically combined nitrogen in the feces of the 
animal is 40 percent as much as that in the feed. It does not mean that 
40 percent of the feed protein has passed unchanged into the feces, for 
a large amount of nitrogen is excreted in the feces on a diet entirely 
devoid of protein. Much of the nitrogen in the feces occurs in un- 
absorbed gastrointestinal secretions and debris, and in bacterial 
products formed from various nitrogenous materials. The amounts 
of this so-called metabolic fecal nitrogen on a diet without any protein 
vary with the quantity of feed and particularly with the quantity of 
indigestible material in the feed. The increase in the excretion of 
nitrogen in the feces as a result of adding protein to the diet frequently 
accounts for only a small fraction of the added feed protein. To use an 
extreme illustration, the digestibility of the protein in straw is ordi- 
narily given as about 30 percent; but after allowing for the metabolic 
nitrogen that may occur in the feces on such a diet, even if it contained 
no protein, it has been calculated that the increase in fecal nitrogen 
due to the protein in the straw is negligible, accounting possibly for 
not over 10 percent of the protein in the straw; and it might with 
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reason be questioned whether or not this small amount of straw 
protein actually passes chemically unchanged into the feces. When 
50 to 60 percent of a feed protein is said to be digestible, it is possible 
that actually 90 to 100 percent of it is digested; 90 to 100 percent of 
the amino acids are actually absorbed and are available for the 
various bodily functions, including the formation of the materials 
ultimately excreted as metabolic fecal products, other maintenance 
processes, and milk secretion. 

(3) As pointed out elsewhere in this Yearbook (pp. 177, 439), it is 
now known that only 9 of the 20 or more amino acids formed in the 
digestion of various proteins need be supplied in the diet of the rat to 
produce some growth; and, according to a recent paper (226), these 
amino acids are required for maintenance alone. For normal growth 
another amino acid, arginine, which is made by the rat at a sufficient 
rate to permit some growth or for maintenance alone, must be sup- 
plied to some extent in the diet. No such extensive work has been 
carried out on the amino acid requirements of other animals ; and 
little is known either qualitatively or quantitatively about the amino 
acids that must be supplied in the diet for any function or combination 
of functions. So far as is known, no amino acid that has been found 
essential in the diet of the rat is synthesized by other animals, but 
knowledge at present is very meager in this matter. 

On one important question there is a complete lack of knowledge: 
Can all of the amino acids not found to be essential in the diet of the 
rat for growth and maintenance be synthesized for milk secretion 
readily enough so that a lack of them will never impede or limit the 
production of milk; or is it advantageous to supply these amino 
acids ^ready made" in the diet of lactating animals? The amino 
acids that it is essential to supply in the diet of the rat constitute 
about 40 percent of the weight of the proteins in cow's milk; those 
which the rat apparently can synthesize constitute 60 percent of the 
milk proteins. Whether the particular amino acids that constitute 
only 40 percent of the weight of the milk protein are the only ones 
that must be supplied for milk production cannot now be said; nor 
can it be said what raw materials may be required for the synthesis 
of the amino acids that constitute the other 60 percent of the milk 
protein, or whether it may promote milk production to supply these 
other amino acids also. The possibility of the synthesis of amino 
acids by bacteria in the paunch of ruminants must also be kept in 
mind; for there is definite evidence indicating—or so it is interpreted— 
that these animals may use simple nitrogenous compounds such as 
urea in place of protein. 

(4) An additional fact must be considered in connection with the 
utilization of protein in milk secretion. The amino acid make-up of 
the milk proteins, particularly casein, is known, both qualitatively 
and quantitatively, to a considerable extent. This is not true of 
the amino acid make-up of the mixtures of proteins in feeds, or the 
amino acids required for maintenance or excreted in metabolic fecal 
nitrogenous materials. It is quite likely that some amino acids 
required in relatively large quantities in the synthesis of milk pro- 
teins may be needed in relatively very much smaller quantities in 
such bodily processes as are involved in the maintenance of the 

141394°—89 43 
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animal. In such cases, amino acids in the feed quota allowed for 
maintenance supplement deficiencies of amino acids in the protein 
allowed for production; and the total dietary protein is thus used 
much more efficiently than would be anticipated were it possible to 
determine its utilization separately for each of these functions. That 
this is most likely an important factor in determining the utilization 
of feed protein in milk production will appear later. 

The method of expressing protein requirements separately for 
maintenance and milk production does not mean that the dietary 
quotas allowed for these functions are used separately and inde- 
pendently in the body of the animal to serve these functions. It 
simply means that the amount of protein allowed for maintenance is 
considered adequate for the nonlactating animal, and that when the 
animal is milking a certain amount more is needed to meet the proc- 
esses of maintenance and milk secretion together. The method of 
expressing protein requirements certainly should in no way lead to 
the assumption that the protein metabolism of the milking animal is 
the same as that of the nonlactating animal plus simply the added 
operations going on in the mammary gland. The lactating animal 
should rather be considered as a whole—as a new manufacturing plant 
or a new organization temporarily operating as a new unit under 
new management. Probably the endocrine set-up and organization 
of the lactating animal is temporarily altered as this analogy would 
suggest. Any calculation of the utilization of protein in milk pro- 
duction that disregards this situation may lead to entirely erroneous 
and incredible results. 

CALCULATION OF THE POSSIBLE UTILIZATION OF FEED PROTEINS 
FROM KNOWLEDGE OF THEIR AMINO ACID COMPOSITION 

It is true that there are very few reliable data on the amino acid 
composition of the protein mixtures in feeds that under any circum- 
stances would enable the calculation, from their chemical composition, 
of their possible use in the synthesis of milk proteins. Morris and 
Wright (817), at the Hannah Research Institute in Dairying in 
Scotland, noted that frequently the utilization of a feed protein, 
added for milk production to a certain basal feed mixture, seemed to 
vary with the lysine content of the added protein. These workers 
determined the lysine content of a large number of feed proteins. 
The data are shown below, averaged with similar figures quoted by 
Morris (816) from other workers. The figures undoubtedly are not 
accurate, but they may be roughly comparable. At any rate they 
will illustrate how the amino acid composition of a feed protein may 
affect its utilization in milk production. 

Lysine Lysine Lysine 
nitrogen nitrogen nitrogen 
(percent) (percent) (percent) 

Skim milk     8. 27 Peanut cake     4. 46 Red clover hav        2. 62 
Blood meal   10.38 Alfalfa     4.43 Wheat l__    2.47 
Meat meal     8.14 Wheat bran     4.15 Corn     2.17 
Beans     7.44 Cottonseed meal _    4.21 Barley     2.19 
Peas     7.04 Linseed meal     3.51 Oat straw     1.29 
Soybeans     6.18 Oats     2.91 Beet pulp       .23 

On the assumption that the lysine for the production of milk pro- 
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teins must be supplied in the feed, it is obvious from these data that 
1 pound of blood-meal protein or meat-meal protein could supply 
enough lysine to make 1 pound of milk protein, and also that this is 
not quite true for any vegetable protein in the list. With the pro- 
teins in beans, soybeans, and peas it would require only 11 to 34 
percent more protein in the diet than is secreted in the milk; with 
the proteins in peanut cake, wheat bran, cottonseed meal, and linseed 
meal it would require at least twice as much; but with the other feed 
proteins listed it would require at least three or more times as much 
feed protein as there is in the milk for its production. Although it 
might be worth while to repeat the analyses with recent improve- 
ments in procedure, Wright and his collaborators have in a number 
of instances obtained effects on milk yield in accord with these data. 
In applying these conclusions, it should be remembered that the 
lysine for the synthesis of milk protein need not come entirely from 
the protein supposedly furnished for production requirements. Mor- 
ris and Wright (818) have roughly estimated that only about 4 grams 
of lysine are required for the maintenance of a 1,000-pound cow, and 
anything over this amount in the maintenance allowance might be 
used for milk production. 

USE OF BIOLOGICAL VALUES IN   CALCULATING   PROTEIN   REQUIREMENTS 
FOR   MILK SECRETION 

Mitchell {796) has approached the problem of the protein require- 
ments for milk production from another viewpoint. The ^biological 
value" of a protein for a single function like milk production cannot, 
of course, be determined; but he suggests that the biological value of 
proteins in covering the various functions in milking ruminants may 
safely be assumed to be not less than 50 percent, and that the dietary 
protein requirements of these animals may be roughly approximated 
accordingly. He would thus feed an amount of digestible protein 
equivalent to twice the protein secreted in the milk to cover the 
protein requirements for its production. 

BALANCE EXPERIMENTS ON THE UTILIZATION OF PROTEINS IN MILK SECRETION 

A third method used in the study of the utilization of proteins by 
milking animals is one in which account is kept of the total nitrogen 
intake and output of the animal. The method is also used to deter- 
mine whether or not a milking animal is receiving a ration to which 
it is possible for her to adjust herself. Very great care must be exer- 
cised in conducting and interpreting such experiments. For instance, 
in studying the utilization of feed protein in maintenance and milk 
production, the animal should be approximately in nitrogen equilib- 
rium (p. 181) or else the utilization of the amino acids in the feed 
mixture will be altered by those derived from the body tissues or being 
used in. the synthesis of tissue. However, in studying the possibility 
of an animal's accommodating itself eventually to a given feeding 
regime^ a positive or negative nitrogen balance may simply mean that 
the period allowed for adjustment has been insufficient. Even appar- 
ent equilibrium between the intake and output of nitrogen in such 
experiments is not an abolute guarantee of actual balance and adjust- 
ment of the animal to the given feeding regime, for the amount the 
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animal is out of balance may be within the limit of the experimental 
error of the procedure used. 

Such difficulties in the conduct and interpretation oí balance experi- 
ments are generally recognized and may be illustrated by the well- 
known experiments of Hart and Humphrey (486) on the relation of 
the quality of protein to milk production. These experiments demon- 
strate clearly and strikingly a difference in the utilization of feed 
proteins in milk production. The milk yields were not much affected 
by the changes in the kind of protein in the diet; but when milk pro- 
teins were fed along with a basal ration of corn stover and a small 
amount of starch, the cows laid on protein reserves in their bodies; 
whereas, when the same quantities of wheat or corn proteins were fed 
with the same basal ration, the cows actually ^milked flesh off their 
bodies" in obtaining protein to keep up this milk yield. It is impos- 
sible to assign numerical values that will express this striking difference 
in the value of these feed proteins, for when the milk proteins were 
fed the figures would include their use in tissue synthesis as well as 
maintenance and production, whereas with the wheat and corn pro- 
teins the figures would include the tissue proteins that supplemented 
them in maintenance processes and production. Nevertheless the 
results of these experiments, besides clearly demonstrating a difference 
in the value of feed protein, demonstrate also that the amino acid 
mixtures available for production on the various rations were used 
with a very high degree of efficiency. If it is assumed that the nitrogen 
absorbed with the milk proteins in the diet was used with l()0-percent 
efficiency in the synthesis of milk and new tissue proteins (which would 
not be true), then the equivalent of only 0,4 pound daily of absorbed 
protein was available per 1,000 pounds of live weight to cover the 
requirements for the maintenance processes going on in these animals. 
With the corn or wheat proteins in the diet, this figure on the same 
basis was about 0.6 or 0.7 pound per 1,000 pounds of live weight, 
respectively, using average weights for animals of the breeds used. 
This economy of utilization of protein on the corn and wheat diets 
was obtained under conditions which, of course, could not continue 
in practice. The nitrogen in the milk protein produced in this experi- 
ment was from 20 to 35 percent of the total nitrogen in the feed minus 
that equivalent to the nitrogen in the protein laid on in the tissues or 
plus that lost from tissues when the nitrogen balance was negative. 

In two other papers, Hart and Humphrey (487, 488) compare the 
same series of proteins when fed to milking cows to supplement differ- 
ent basal rations. When fed along with corn stover and corn silage, 
the proteins in gluten feed were found to be inferior to those in oil 
meal, distillers'grains, casein, or skim-milk powder; but the proteins 
in gluten feed, oil meal, distillers' grains, and cottonseed meal were 
equally efficient as supplements to a basal ration of corn meal, corn 
silage, and clover hay. 

These workers also found that— 
it is not possible to furnish dairy cows of high milk-producing capacity with a 
protein level of sufficient magnitude or quality to maint a m that capacity from a 
clover-corn silage-cereal grain mixture, the latter being corn, barley or oats alone 
or a mixture of the three (45-9) ; 

but that this is possible when alfalfa is substituted for the clover. 
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Armsby (% p. ^91) has calculated the percentage utilization of 
protein in milk production from balance experiments similar to those 
of Hart and Humphrey. The experiments were carried out by Jordan, 
Hay ward, and Kellner (see Ármsby {32)) and in the Laboratory for 
Experimental Kesearch in Copenhagen. The animals in all of the 
experiments were on low-protein rations; most of them were losing 
more or less nitrogen from their bodies. Armsby in his calculation 
allowed 0.6 pound of digestible protein daily to cover the require- 
ments for maintenance. If7 in order to arrive at the protein available 
for production, the nitrogen laid on by the animal in new tissue is 
subtracted from the absorbed nitrogen, or the nitrogen lost from the 
tissues is added to it, the average occurring in the milk would be 116, 
93, 91, and 96 percent, respectively, of the available nitrogen in these 
experiments. As most of the animals were apparently losing some 
nitrogen from their bodies, this efficiency of utilization, like that of 
Hart and Humphrey, could not obtain in practice or be used with 
assurance in calculating the protein to be added to the assumed main- 
tenance allowance to cover the requirements for milk secretion. It 
would also be difficult to estimate the adjustment in feed protein 
necessary to bring these animals into nitrogen equilibrium or to tell 
whether in the course of time such an equilibrium would occur without 
change of diet or without reduction of milk yield. 

In considering the maintenance allowance used by Armsby in these 
calculations, it should be pointed out that in several such studies 
nitrogen equilibriums or positive nitrogen balances have been re- 
ported under conditions where, if 0.6 or 0.7 pound of digestible pro- 
tein daily per 1,000 pounds of animal weight be allowed for main- 
tenance, more protein would have occurred in the milk than the 
amount of digestible protein left for its production, as in the experi- 
ments of Jordan and as with the cows of Hart and Humphrey when 
on the milk protein rations. This means that the nitrogen used in 
maintenance in the milking animal is less than that calculated; but 
it does not mean that this nitrogen used in maintenance (or the 
amino acids it represents) is necessarily different in milking and dry 
animals, for in either instance the amino acids actually used in main- 
tenance are only a select portion of the total feed protein required 
to supply them. 

Forbes and Swift {376), at the Pennsylvania Institute of Animal 
Nutrition, have presented data on the efficiency of the utilization of 
protein in milk production in a paper based on 45 nitrogen balances 
determined with milking cows. The average milk yield was 42.6 
pounds daily ; the cows were fed ^all that they could be depended 
upon to clean up absolutely without waste," which ^signifies that they 
were not up to full feed"; and ^the proportion of protein in the rations 
was considered to be liberal." The average nitrogen retention for 
all 45 balances was 8.1 grams daily, 24 of the balances being positive 
and 19 negative. If 0.6 pound of digestible protein be allowed for 
maintenance, about 80 percent of the digestible protein was used in 
maintenance and in the synthesis of milk and tissue proteins. This 
experiment, recalculated, shows that a positive nitrogen balance and 
a good average yield of milk may occur on a level of digestible protein 
equivalent to 0J65 pound daily per 1,000 pounds of live weight plus 
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1.5 times the protein in the milk, which is practically what was fed 
on an average in these experiments, and which is the allowance now 
^recommended for good cows under usual conditions1' in Morrison's 
Feeds and Feeding {819,/p. 1004), 

The data are of practical importance as indicating the efficiency 
with which protein can be used by milking cows when fed at a level 
that has been recommended as optimum for practical use. The data 
in themselves, however, do not bear on the question of whether the 
level of feeding was optimum or not. The average positive nitrogen 
balance was undoubtedly due only to some temporary condition, 
possibly in part to the method used to get the animals promptly onto 
their experimental rations. Nitrogen equilibrium is possible at 
various levels of protein feeding. An imbalance within the range at 
which equilibrium may come about simply means that the experi- 
mental animals have not yet completed their adjustment to the cur- 
rent conditions, and not that the feed allowance is too much or too 
little. Nitrogen equilibrium may occur at an even higher level of 
feeding than was used here; the protein may be physiologically less 
efficiently used; but whether the increased feeding would be profitable 
or not would depend upon the capacity of the animal to respond with 
increased production to these increments in feeding. 

LONGTIME FEEDING EXPERIMENTS WITH VARIOUS LEVELS OF PROTEIN IN THE DIET 

The results of the balance experiments of Hart and Humphrey, of 
Forbes and Swift, and of those taken from Armsby should be con- 
sidered in connection with those obtained in practical feeding experi- 
ments of long duration carried out to obtain the minimum level of feed 
protein necessary for milk production. The work most often men- 
tioned in this connection is that of Buschmann in Germany (^7^), 
Hills at Vermont {515), and Perkins at the Ohio Agricultural Experi- 
ment Station {907). The last will be considered here, because Perkins' 
experiments took complete account of the feed intake and some with 
individual cows were of very long duration. For instance, Perkins 
{908) presents data for a cow that for five full lactation periods pro- 
duced on an average the equivalent of 6,037 pounds of 4-percent milk 
on a ration that would supply 0.55 pound of digestible protein daily 
for maintenance provided an amount of protein only equivalent to 
that in the milk were allowed for production. Perkins does not regard 
this as a practical ration but says: uSeveral investigations reported 
in the last ten years have shown that satisfactory results may be 
expected from the use of a ration supplying approximately 1.25 pounds 
of digestible crude protein per pound of protein contained in the milk, 
in addition to the customary maintenance allowance" of about 0.7 
pound of protein per 1,000 pounds of live weight. 

In his papers Perkins recognizes that additional protein may be 
desirable from a commercial standpoint; and he is quoted (Kriss {649)) 
as saying that optimum production occurs at levels of protein feeding 
equivalent to between three and six times the protein in the milk 
secreted, besides the allowance of 0,7 pound daily of digestible protein 
for maintenance. 

Perkins presents balance-experiment data with some of his cows. 
With one fed somewhat below what he recommends in practice {910) 
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the ration contained 1,230 grams of total protein, and. the cow made 
359 grams of milk protein—a result not at all inconsistent with what 
is known (and not known) of the chemical make-up of feed and milk 
proteins and of the amino acids involved in maintenance and the pro- 
duction of the metabolic fecal materials. If with this cow 1.25 times 
the protein in the milk were allowed for milk production, about 244 
grams (or 0.54 pound) of digestible protein would be available for 
maintenance. Such economy of the utilization of protein in milk 
production must be recognized as possible. Two questions, however, 
arise: (1) How generally does such economy prevail in practice, and 
(2) is this the level at which it is most profitable to feed? 

Tests to answer the first question have been made at the Bureau of 
Dairy Industry farm at Beltsyille, Md. (196). A low-protein feeding 
regime similar to that used with Perkins' cow above—containing 0.5 
pound of protein daily per 1,000 pounds of live weight for mainte- 
nance plus 1.25 times the protein in the milk—was compared with a 
ration containing 0.7 pound of protein daily per 1,000 pounds of live 
weight for maintenance and twice that in the milk for production. 

Two Jersey cows were first put on the high-protein ration for a lacta- 
tion period. Their rations contained some casein. At the end of 
this lactation period, this protein was replaced with a carbohydrate 
preparation so as to reduce the amount to that in the low-protein 
feeding regime. One of the cows remained on this low-protein ration 
for one lactation period. The yield of milk and of milk fat each 
dropped 50 percent as compared with the previous lactation period. 
At the end of this period on the low-protein ration, the cow was 
changed back to the high-protein ration by replacing with casein a 
little of the carbohydrate preparation in the ration; and in the suc- 
ceeding lactation period, she returned fully to her original level of 
production. 

The second cow in this experiment behaved quite differently in 
some respects. During her first lactation period on the low-protein 
ration she showed only a very slight drop in production. She was, 
therefore, continued on this ration for another lactation period. She 
calved normally and then failed decidedly in production, going dry 
within 5 months. During this second lactation period on the low-pro- 
tein ration she produced only 1,898 pounds of milk and 62 of fat—less 
than 27 and 18 percent, respectively, of her milk and fat production on 
the previous high-protein ration; and the fat in her milk dropped from 
an average of 4.8 to an average of 3.3 percent. After this failure in lacta- 
tion the second cow was put on the high-protein feeding regime, and, 
like the first cow, in her next lactation period she did fully as well as 
she had previously done. 

This experiment demonstrates quite clearly the inadequacy of the 
low-protein feeding regime with these Jersey cows—that is, the in- 
adequacy of feeding 0.5 pound daily of digestible protein per 1,000 
pounds of live weight for maintenance plus an amount of digestible 
protein equivalent to 1.25 times the protein in the milk to cover the 
requirements for production. It also shows dramatically the effect 
of this particular type of deficiency with milking animals. The animals 
appeared normal, and reproduction occurred normally. There was a 
loss in body weight, but the only other observable result of this 
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deficiency of protein in the diet was the eftect on lactation. Two 
further facts may be noted in this experiment in connection with the 
second cow. (1) Hart and Humphrey showed that when a milking 
cow is put on a diet inadequate to supply her protein requirements, 
she may maintain her milk at the expense of protein taken from her 
own body tissue. The present experiment shows that a condition of 
this sort may continue for a whole lactation period on a diet on which 
continued production is finally impossible. (2) The difference in 
production between the second lactation period on the low-protein 
diet as compared with the first was not due to any difference in feeding 
but rather to a difference in the nutritional state of the animal as a 
result of previous feeding. This illustrates the importance of feeding 
in preparation for lactation. 

Since feeding milking cows 0.5 pound of digestible protein daily per 
1,000 pounds of animal weight, plus an amount of digestible protein 
equivalent to 1.25 times the protein in the milk produced, may lead 
to disaster with some cows, the question arises as to what might 
happen if the protein allowance for maintenance were somewhat 
increased, say to 0.7 pound daily of digestible protein per 1,000 pounds 
of live weight, with the allowance for production not materially 
altered. This level of feeding has been carefully tested out and com- 
pared with other feeding regimes in an extensive practical feeding 
experiment by Harrison and Savage (4¾) at the New York (Cornell) 
Agricultural Experiment Station. They fed a basal ration of silage 
and hay to three groups of milking cows. In addition, these groups 
of cows received while milking grain mixtures containing, respectively, 
16, 20, and 24 percent of total protein, equivalent to 12.7, 16,3, and 
19.5 percent of digestible crude protein. The cows were so selected 
that the milk yields of the three groups were initially as nearly alike 
as possible. The ratio of the grain allowed in the ration to the milk 
produced was the same in all three groups. During the first lactation 
period the difference in production between the three groups was 
small, the group receiving the 20-percent total protein ration doing 
slightly better than the group getting the grain mixture containing 
16 percent of total protein. During the second year of the experiment 
the difference was slightly greater than during the first. 

The authors conclude: 
A 16 percent total protein concentrate mixture with No. 2 medium timothy- 

clover mixed hay and corn silage as roughages will give as high production when 
fed at the rate of one pound of concentrates to each three and one-half pounds 
of milk produced as either a 20 percent or a 24 percent total protein concentrate 
mixture. When 0.7 of a pound of digestible protein is deducted, per 1,000 pounds 
live weight for maintenance, a 16 percent total protein concentrate mixture fed 
with mixed hay and corn silage furnishes 127.8 percent of the protein in the 
milk. This amount of protein proved to be adequate for efficient and economic 
milk production. 

Again, in comparing these rations, Harrison and Savage say— 
when 0.7 pound of digestible protein per 1,000 pounds live-weight is deducted 
for maintenance the ratio of the digestible crude protein consumed to the protein 
produced in the milk, both years, was as follows: 16-percent group 127.8 percent, 
20-percent group 149.8 percent, 24-percent group 180.6 percent. The 16-percent 
concentrate mixture furnishing 127.8 percent of the protein in the milk was just 
as effective in milk production as either the 149.8 percent or 180.6 percent. 

One pound of hay and three pounds of silage were fed for each 100 



ENERGY AND PROTEIN IN MILK 665 

pounds of the cow's live weight in this experiment, and most of the 
cows weighed between 1,200 and 1,300 pounds. A ration containing 
a grain mixture with 12 percent of total protein was tested out and 
found to be unsatisfactory. 

These conclusions of Harrison and Savage cannot be quoted, how- 
ever, without noting one result that might eventually be found to 
disturb their finality. It is in regard to the performance during the 
second year of the same cows that were fed these various levels of 
protein for 2 successive years. None of those that received the ration 
containing the 16-percent grain mixture produced more milk the 
second year on this ration than they did. the first; whereas four of 
the nine cows on the 20-percent protein ration and seven of the nine 
cows on the 24-percent ration produced more milk the second year 
than they did the first. The average increase of the seven cows on 
the 24-percent protein ration for the two lactation periods was 800 
pounds. In time feeding these grain mixtures richer in protein, 
therefore, might prove profitable. However, doubt is cast on this 
conclusion with some cows, at least, for despite this observation it 
must be recognized that Perkins' cow, previously referred to, went 
for 5 years on less protein than Harrison and Savage fed in the ration 
that contained the 16-percent grain mixture, and produced on an 
average the equivalent of 6,037 pounds of 4-percent milk. It is also 
true that positive nitrogen balances have been obtained on levels of 
protein feeding close to that used in Harrison and Savage's 16-percent 
protein ration (Perkins, and also Maynard, Miller, and Krauss {772)). 
But, in considering the significance of these, it must be borne in mind 
that duplicate animals when identically fed may not agree very well 
in the story they tell and may reverse themselves from period to 
period in the same experiment; and that therefore the probable error 
in such work may be great where the experimental periods used are 
few or short. 

Although cows may frequently maintain their milk yields for long 
periods at the expense of their bodily stores of protein, as in the 
experiments of Hart and Humphrey and at the Bureau of Dairy 
Industry farm, some cows respond immediately with decided changes 
in milk yield and in the composition of the milk when drastic changes 
are made in the quantity or quality of protein in their diet. Wright 
and his collaborators at the Hannah Research Institute in Dairying 
in Scotland {816, 817) have carried out a series of experiments in 
which they varied the quality of protein in the diet much as Hart 
and Humphrey did. They fed milking cows the equivalent of 0.65 
pound of crude digestible protein daily per 1,000 pounds of live weight 
plus about \)i times the amount of protein in the milk produced. 
The maintenance ration in Wright's experiments was kept constant 
in composition. The protein in the portion of the ration that was 
added for production was supplied from various sources. The feed- 
ing of some of these proteins was accompanied by a depression in 
milk yield, while others brought about a recovery or a more normally 
sustained yield. Apparently with this feeding regime some of the 
proteins were adequate and some were not adequate to maintain 
production. 

The experiments of Harrison and Savage and of Wright and his 
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collaborators are exceedingly important. They test out approxi- 
mately the protein feeding level recommended by Perkins, which is 
slightly more liberal than the ^minimum allowance advised^ in 
Morrison's Feeds and Feeding {819), 

At the conclusion of their experiments, Wright and his collaborators, 
using certain assumptions, calculated biological values for milk pro- 
duction for the proteins they used, and arranged the proteins accord- 
ingly, as follows: 

Biological value for 
milk production 

Source of protein Percent 
Fresh and dried spring grass | 
Grass silage (made from summer grass) [75-80 
Low-temperature dried blood meal I 
Fresh and dried autumn grass 1 P0 fi~ 
Bean meal and pea meal j 
High-temperature dried blood meal 1.,-  an 
Meat meal |oo-bU 
Decorticated earthnut cake \ >(._rr 
Decorticated earthnut cake and Hake maize /°    00 

Linseed cake \,^  ^n 
Linseed meal j4o ou 

These numerical values are purely arbitrary, and the arrangement 
very likely would not be found to apply if the proteins were fed in 
connection with a different basal ration, from that used. This arrange- 
ment and the assigned values are of interest, however, as expressing 
qualitatively the effect and relative utilization of these proteins in 
milk production in the feed combination used. They are also of 
interest because in a number of instances Wright et al. noted a cor- 
relation between the lysine content of the protein in these feeds and. the 
values assigned to them. 

It is impossible to review here all of the experimental work on the 
relation of the level of protein in the feed to the production of milk. 
The work mentioned has been cited to show the approximate minimum 
level of feeding at which milk may be produced, the effect of the 
quality of protein upon its utilization, and finally the effect of feeding 
amounts of protein much in excess of the minimum necessary foi- 
production. These citations would not seem complete, however, 
without referring to Haecker's U55) work on the amoioit of protein to 
feed for milk production. For four winter feeding periods Haecker 
fed cows digestible crude protein equivalent to an average of 1.68 
times that estimated to be in the milk produced. This was in addition 
to 0.7 pound per 1,000 pounds of live weight for maintenance. The 
milk yield of these cows was no better than that of others in a second 
series of four winter feeding periods where the average digestible 
protein was only 1.38 times that in the milk. In concluding these 
8 years of experimental work Haecker said: 

It appears from these results that an allowance in the daily ration of 1.5 units 
of crude protein [digestible] to one unit of protein in the milk would be ample under 
the condition that obtained in the »Station herd. 

He recommended the use in practice of an amount of digestible 
protein equivalent to 1.75 times the protein in the milk (see p. 643 for 
composition of milks analyzed by Haecker). It will be recalled that 
Perkins is quoted as saying that the optimum production of milk 
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occurs at levels of feeding between three and six times the protein 
in milk even when 0.7 pound of digestible protein daily is allowed for 
maintenance. 

Forbes and Kriss in 1931 {375) set up a feeding standard in which 
they recommended 0.6 pound of digestible crude protein daily per 
1,000 pounds of live weight for maintenance plus an amount of 
digestible protein equivalent to between 1.25 and 1.75 times the 
protein in the milk. Morrison's standard in Feeds and Feeding {819) 
is also expressed in terms of crude digestible protein. He recom- 
mends 1.25 to 1.5 times the protein in the milk plus 0.6 to 0.65 pound 
of protein per 1,000 pounds of live weight for maintenance. These 
recommendations are, of course, based on average conditions. The 
quality of the protein in the feeds used and the capacity of the animal 
to respond to various levels of feeding are factors that must be taken 
into consideration by the individual feeder. 

Although drastic changes in the quality or quantity of proteins in 
the ration may affect concentrations of protein and fat in the milk, this 
has been negligible in cases where the milk yield was not decidedly 
affected. 



THE   VITAMINS   IN   MILK  AND 

IN  MILK  PRODUCTION 

by C. A. Gary í 

DOES milk vary in its content of vitamins A, C, and D, and the B 

vitamins? How does feeding affect these variations? What are the 

effects of variations, in the feed or the milk, on mature animals and on 

suckling young? The author gives a critical summary of much of the 

up-to-date evidence on these questions. A good deal of technical mate- 

rial is included along with the general conclusions. 

VITAMIN A 

THE YIELD of milk is directly affected little if at all by a deficiency of 
vitamin A or of its precursors in the diet of the cow. Normal milk 
secretion may ensue even after a deficiency of vitamin A sufficient to 
interfere with normal calving. This is true unless the health of the 
cow is otherwise definitely affected or there is some definite local 
infection. 

On the other hand, one of the most variable properties of milk is 
its vitamin A potency. Cow's milk may be a good source of vitamin 
A; but milk has been produced experimentally so low in vitamin A 
that nursing calves have developed night blindness. The vitamiu A 
potency of cow's milk is due mainly to two substances that occur 
entirely in the milk fat—ß-carotene, a yellow pigment which is the 
main precursor of this vitamin in cattle feeds, and colorless vitamin 
A itself, which the cow has made from this plant precursor. Of course 
when other precursors of vitamin A, such as a-carotene, occur in the 
feeds—as when carrots are fed—some of them occur in the milk fat; 
or when cod-liver oil is fed, some of the colorless vitamin A in it may 
pass unchanged into the milk fat. Generally, more than 90 percent 
of the natural color in butterfat is due to ß-carotene derived directly 
from the feed, and the remaining color to xanthophylls, vegetable 
pigments that are inactive as sources of vitamin A. 

Some species of animals convert carotene into vitamin A more 
completely than others. This alters the proportions of the vitamin 
A potency in the milk fat that are due to carotene (when not otherwise 

! C. A. Car y is Senior Chemiyt., Division of Nutrition and Physiolocy. Bureau of Dairy Industry. 
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indicated, ß-carotene is meant) or to the colorless vitamin A derived 
from it. This is also true with different breeds of cattle. Thus on 
the same diet Jerseys and Guernseys secrete a more highly colored 
butterfat than Holstein-Fresians, Brown Swiss, and Ayrshires; but 
this does not necessarily mean that butterfat from Jersey and Guernsey 
milk is correspondingly richer in vitamin A. In fact the data at hand 
(from experiments at Indiana, Ohio, Nebraska, Pennsylvania, and 
Wisconsin), though not in accord, tend to indicate that the total 
vitamin A potency of butterfat front the milk of different breeds of 
cows on the same diet is not decidedly different. 

The quantity of carotene in the diet of a cow is by far the most 
important factor affecting the color and the vitamin A potency of the 
butterfat in its milk (table 1). On appropriate diets, Jersey butterfat 
that is practically colorless and Holstein butterfat with à rich deep 
color may be produced. As a result of differences in the carotene 
content of the diet some butterfats may be 15 times as highly colored 
as others, and such differences in color are a rough indication of the 
vitamin A potency of the fat. With very large quantities of carotene 
in the diet, however, the vitamin A in the butterfat appears some- 
times to reach a rather definite ^ceiling value" (table 2). Grains are 
a poor source of vitamin A. Even yellow corn, the richest of the 
grains in precursors of this vitamin, is a poor source of them. A cow 
usually derives well over 90 percent of her vitamin A requirements 
from ß-carotene in the roughages in her rations. 

TABLE 1.—Relation hetiveen the quantity of carotene in the feed and the amount of vitamin 
A in the milk i 

Lot No. and ration '* 

■ Lot 1: 
Herd ration  
A. 1. V. ration.. 

Carotene 
in the feed 

Milligrams 
357 
561 

Vitamin A in 
the milk 

Iniernational 
un its 

(5, ()44 
11,389 

Lot, No. and ration 

Lot 2; 
Herd ration    _. 
A. i. V. ration.. 

Carotene 
in the feed 

Vitamin A in 
the milk 

1 In.ier national 
MUliqrams ' uaits 

298 5,894 
ñh) ¡ 10,785 

: Data from Peterson, Bohstedt, Bird, and Becson {916) .^ 
2 The herd ration consisted of grain, hay, and corn silase.    In the A. 1. V. ration, A. L V. alfalfa silage 

replaced the corn silage and one-half of the hay.    2 lots of A. L V. alfalfa silage were used.    (For an explana- 
tion of A. I. V, silage, sec Losses in Making Hay and Silage, p. 992.) 

a Italic numbers in parentheses refer to Literature Cited, p. 1075. 

TABLE 2.—Relation between the carotene in the feed and the concentrations of carotene 
and vitamin A in the hntferfat 1 

Group of cows and ration 2 

Caro- 
tene 
per 

gram 
of 

butter- 
fat 

Dl, Control  
L>2. Ration included 40 pounds 

of A. I. V. grass silage  
D3, Ration included 70 pounds 

of A. I. V. grass silage  

Gammas 
0.94 

2.95 

3.67 

Vita- 
min A 

per 
gram 

of 
butter- 

fat 

Gammas 
2. 80 

5.53 

4.8J 

Group of cows and ration 

1)4, Ration included 70 pounds 
of A. I. V. grass silage plus 4 
pounds dried grass    _  __   

Caro- 
tene 
per 

gram 
of 

butter- 
fat 

4.28 

Vita- 
min A 

per 
gram 

of 
butter- 

fat 

Gammas 

3 Data from Gillara and Heilbron (Watson et al. (1190)). 
2 The A. I. V. grass silage and the dried grass added to the ration were both rich in carotene. 
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The effect of roughages hi the diet is well shown in an experiment 
by the Bureau of Dairy Industry at Belts ville, Md,? in which the 
vitamin A potency of butterfat from cows fed Ü. S. No. 1 alfalfa hay 
was compared with that from cows fed U. S. No. 3 timothy hay. The 
vitamin A potency of fat from the former was 4 times that of fat from 
the latter, though on an average U. S. No. 1 alfalfa hay contains about 
8 to 10 times as much carotene as does U. S. No. 3 timothy hay. 
The vitamin A potency of these butterfats was determined bio- 
logically.3 

Many cows in this country are fed a ration consisting of a grain 
mixture, corn silage, and hay. If a good alfalfa hay is fed, the milk 
may contain 1,200 to 2,500 Sherman units of vitamin A per quart 
(average, about 2,000 units per quart); and the butterfat may vary 
from 35 to 68 (average, 50) units per gram. Very good clover hay 
may give practically the same result; but with most of the clover hays 
on the market the vitamin A content would be much less. Butterfat 
from milk from cows fed soybean hay has been reported as containing 
about 35 Sherman units of vitamin A per gram. Fats from milk from 
cows fed timothy hay have been reported that contained as little as 
8 and 13 units of vitamin A per gram. A cow fed a very good grade 
of timothy hay may produce a butter containing more vitamin A than 
this, but feeding a very poor timothy hay as the only roughage in the 
diet may result in a butterfat containing only about 1 Sherman unit 
of vitamin A per gram. Butterfat that is similarly poor in vitamin A 
may result also from the use of very poor alfalfa hay as the sole 
roughage in the diet. 

In some parts of the country all-roughage rations are fed, and 
workers {528) at Puyallup, Wash., have determined the effect on the 
vitamin A potency of butterfat of feeding such rations. The feeding 
of home-grown, field-cured hay (grass), according to these workers, 
led to the production of butterfat containing 50 Sherman units per 
gram; whereas a hay and grass-silage ration, a grass-silage ration, or 
a ration of pasture alone led to the production of fat containing about 
86, 97, and 105 Sherman units of vitamin A per gram, respectively. 

The Texas Agricultural Experiment Station {225, 384) has pub- 
lished considerable data on the vitamin A potency of butterfat pro- 
duced on rations that are used to a considerable extent in the Cotton 
Belt, According to their data a ration consisting of cottonseed meal 
and cottonseed hulls led to the production of butterfat containing 2.5 
Sherman units of vitamin A per gram. The addition of white corn 
and beet pulp did not improve this condition; and even yellow corn 
with beet pulp, or with beet pulp and wheat bran, had little effect, 
the butterfat containing only 2 to 5 units of vitamin A, Three to 
five pounds of alfalfa meal added to this latter ration led to a butterfat 
containing 7 to 11 units of vitamin A.    Feeding sorghum silage along 

s It is difficult at present to compare results of the determinations of vitamin A in milk and butterfat 
made in different laboratories. Most of the determinations in this country have been made by the Sherman 
method. Results from different laboratories expressed in growth units according to this method as it has 
been used are not really accurately comparable and are not accurately convertible into International Units, 
since a Sherman unit of growth has been reported with rats fed amounts of carotene varying from 0.34 to 1.7 
International Units. Likewise it is impossible to interpret, in any units, determinations of the vitamin A 
potency of butterfat involving the determination of the colorless vitamin A itself by spectrophotometry. 
Despite these difficulties, an attempt is made here to compare, so far as possible, the results obtained for the 
vitamin A potency of butterfat from cows fed in various ways; and only those results are used that were 
obtained by the Sherman method or are expressible in Sherman units, 
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with the cottonseed meal and luills produced a butterfat containing 
about 7 units of vitamin A per gram; while this ration with pasture 
led to a butterfat containing 33 units per gram. The effect of pasture 
feeding upon the vitamin A potency of butterfat depends on the 
condition of the pasture. The workers at the Texas station report 
that a gram of butterfat contains on an average about 38 Sherman 
units of vitamin A, their cows presumably being on pasture most of 
the time. 

Apparently the grains in the ration have no eííect on the vitamin A 
potency of butterfat, even the effect of yellow corn being negligible, 
as is also that of cottonseed hulls or beet pulp; and the effect of hays, 
silages, and pasture depends on the amounts of carotene they supply. 
Recently the Bureau of Dairy Industry laboratory at Belts ville has 
published data {1244) on the carotene content of the various grades 
of some of the market hays and of corn silage prepared under various 
conditions. These results may be taken as an index of the effect of 
these feeds on the vitamin A potency of milk and butterfat. These 
data, along with some from the literature, are summed up in table 3. 

TABLE 3. — Carotene conteni of various cattle feeds 

Feed 

Green growing material; 
Bluegrass  
Alfalfa  

Artificially dried material: ' 
Grass2  
Alfalfa-leaf meal  

Silages: 
Grass, A. I. V.2  
Alfalfa, A. I. V  
Corn  

Alfalfa hay: 
U. S. No. lin color  
Ü. S. No. 2 in color  
U. 8. No. 3 in color  

Timothy hay: 
U. 8. No. lin color  
U. 8. No. 2 in color  
U. S. No. 3 in color  

Carrots, garden, yellow  

Carotene content 

Dry weight per 
kilogram 

j      Range     !    Average 

Milligrams I MiUiyrams 
424-602 
271-412 ! 

26(5-471) 

381-522 
(3) 
41-56 

26S-MÍ92 

56: 
332 

359 

m 
50 

Weight per kilogram 
as fed 

Range A verage 

MiUiyrams \ Milligrams 

76-244 151 

(3) 
1-40 14 

19-121 
12-19 
1-11 

44 
15 
4 

8-36 
8-11 
1-11 

36-132 

21 
9 
0 

91 

i Not much carotene is lost in artificial drying. 
2 Watson et al. {1190). 3 Nearly the same as fresh material. 

A cow on a ration containing 10 pounds of U. S. No. 1 alfalfa hay 
and 30 pounds of corn silage may consume over 500,000 International 
Units of carotene daily, and secrete only about 30,000 International 
Units of vitamin A in her milk. In fact some results indicate an even 
poorer utilization of carotene in milk secretion. 

Colostrum may be as much as 10 times as rich in vitamin A as later 
milk from the same cow. The vitamin A value of colostrum has been 
determined by various methods. The data in table 4 are from bio- 
logical determinations. 
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T4BLE 4.— Vitamin A potency per gram of colostrum from roiv* of various breeds on 
rations without pasture and uith rye pasture 1 

Day of lactation 

Cow 190, Hol- 
stein, no pas- 

ture 

Cow 241, Ayr- 
shire, no pas- 

ture 

Cow 220, Ayr- 
shire, rye pas- 

ture 

Cow471,Guern. 
sey, rye pas- 

ture 

Whole 
prod- 
uct 

Fat 

LU. 

Whole i 
prod-  ;    Fat 
net 

1. U.       I. U. 
18.2 i        356 
20.4 i        227 
4.1 i  

Whole 
prod- 
uct 

Fat 
Whole 
prod- 
uct 

1. U. 
27.0 
19.3 
4.4 

Fat 

First  
1. U. 

16.2 
9.0 
2.9 

I. U LU. 
747 
240 

L U. 
530 

Second               _       .   _. 378 
Fourth  
Sixth                     .        .       . .    _ i 1.9 
Seventh..   2.5 2.8 1  
Ninth  2.3 ! 
Twelfth       _    .    _         ._     ... 1.8 
Fourteenth      2.0 1.7         
Sixteenth  1.8 
Twenty-fifth 2.1  :         49          1.2 26 
Twenty-sixth __              ._     . 2.3 50 1.7 40 

i Data from Kramer, Blair, Kunertli, and Hiddell {646). 

It is obvious that (1) a cow is very wasteful of the sources of vita- 
min A in her diet, and (2) the requirements for vitamin A depend on 
the type of milk desired. The milk should certainly contain enough 
vitamin A for the normal growth of the suckling calf. Using the 
night-blindness test, Guilbert, Miller, and Hughes U47) of California 
found that the minimum carotene requirement for the bovine was 
supplied by about 25 to 30 micrograms daily of carotene, or 6 to 8 
micrograms of vitamin A itself, per kilogram of body weight. Three 
points in this excellent work are of interest here: (1) These supplies 
of vitamin A or its precursor permitted ^excellent growth/'; but ^the 
animals used varied in age from 7 months to 4 years/' There is no 
evidence to show that such allowances of this vitamin would be ade- 
quate for normal growth during the early suckling period when the 
rate of growth, is very much more rapid. No published data on the 
requirements of the calf during the first few months of life are now 
available, but it seems safe to predict that they will be found to be 
higher than those of animals 7 months old and older/ (2) Two of 
the cows exhibited no symptoms of vitamin A deficiency ''even though 
their milk was so deficient in vitamin A that their nursing calves de- 
veloped definite night blindness and other deficiency symptoms'? (384). 
Cows receiving the minimum requirements as indicated, by the night- 
blindness test had abnormal calves; when this allowance was tripled 
or quadrupled normal calves were born. 

Meigs (775) has estimated that a cow requires a minimum of about 
60 to 80 milligrams of carotene daily in her diet to bring about normal 
calving. This is close to 150 micrograms of carotene per kilogram of 
body weight. The carotene in this work of Meigs, as well as in that 
by Guilbert et al, was estimated by a modification of the Willstätter 
and Stoll procedure (447), which has been shown to give an erroneous 
value for the carotene in feeds, as pigments other than, carotene are 
not completely removed from it in estimating it by such procedures. 

4 This .statement is b^sed on preliminary unpublished results in the Bureau of Dairy Industry labora- 
tory at Belts ville, Md. 
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Allowing as well as possible for this discrepaDcy, this carotene require- 
ment for normal calving is not far from (and certainly not less than) 
90 to 100 micrograms of pure ß-carotene daily per kilogram of body 
weight. When fed to the dam; however, this does not appear to 
permit optimum growth in the nursing calf.5 The amount of carotene 
required for good calf growth, therefore, must exceed that in milk 
produced by cows fed at the minimum level necessary for normal 
calving.    A more definite statement must await further work. 

THE B VITAMINS 

Animals when lactating require larger quantities of the B vitamins 
than when not lactating. Their health, the capacity to lactate, the 
amount of milk secreted, and the composition of the milk are affected 
by the supply of these vitamins that are available for lactation. This 
has been demonstrated particularly for vitamins Bi and Bg (G).6 

Whether this increased need is simply for the vitamins to put into 
the milk or whether they take part particularly in some of the meta- 
bolic processes associated with milk secretion is unknown. 

Thiamin has been shown to take part in carbohydrate metabolism, 
particularly in the disposition of certain intermediate products (pyru- 
vic acid and lactic acid) in the break-down of carbohydrates. The 
thiamin requirements of animals appear to be correlated with their 
food consumption, especially with their consumption of carbohy- 
drates. As the food intake is greatly increased during lactation, it 
has been suggested that a very great increase in thiamin requirements 
might be expected during this period, in addition to the amount re- 
quired for the milk itself. This argument, however, is not convincing 
because too little is known regarding the relation of thiamin to the 
two main processes involved in the increased carbohydrate metabo- 
lism during lactation, namely, the conversion of glucose into lactose 
and the increased conversion of glucose into fat. 

The fact that the drain of lactation predisposes nursing human 
mothers to beriberi, that infantile beriberi is frequent in the young of 
human mothers on diets low in vitamin Bu and that mother rats on 
diets low in this vitamin fail to rear their young, do not in themselves 
necessitate the assumption that vitamin Bi is required in excessive 
amounts in metabolic functions during lactation, in addition to what 
is necessary to put into the milk. 

The observation of Richter and Barelare (959) that self-fed rats 
select proportionately more yeast during lactation is exceedingly 
interesting, but it is not specific enough, especially regarding quanti- 
ties, to throw light on the functions that the B factors in the yeast 
may be serving; but the work of Evans and Burr (34?) and others 
(7^0, 1109), showing that lactating rats require about five times the 
vitamin Bi necessary for normal growth and reproduction, has been 
interpreted to mean that the increased requirements for lactation are 
considerably in excess of the amount of this vitamin put into the milk. 

5 CONVERSE, H. T., and MEIGS, E. B. CAKOTENE AND VITAMIN A IN THE NUTRITION OF DAIR^ CALVES. 
[U. S.] Bur. Dairy Indus. Mimeo. No. 645, 4 pp.   1934. 

e So far as practical, vitamin B as used here refers to the original undiflerentiated vitamin B complex, 
vitamin Bi to the undiflerentiated heat-labile fraction of this complex, thiamin to this particular com- 
pound in the vitamin Bi complex, vitamin Bg or vitamin G to the undiiTcrentiated heat-stahlc fraction 
of the original vitamin B complex, and riboflavin to this particular compound in the vitamin B? fil) 
complex. 

141394°—-39 44 
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Vitamin Bs (G) is also needed in considerable quantity {565) during 
lactation. 

Vitamin B^ deficiency leads to a reduced food consumption, and 
Sure and Walker {1110) state that "lactating rats given diets deficient 
in vitamin B consume approximately 50 percent less food daily than 
nursing mothers receiving the same rations fortified with an abundance 
of this vitamin." As already noted with the cow, this reduction in 
food consumption in itself would seriously limit milk production and 
probably, as with the cow, would reduce the percentage of protein in 
the milk secreted. Sure and Walker carried out an experiment to 
determine whether this reduced food consumption accounts com- 
pletely for the death of suckling rats that are nursed by mothers on 
diets low in vitamin Bi. The mother rats were fed in pairs and al- 
lowed to nurse litters initially of the same number of young. Both 
mothers of a pair were fed the same amount of food, containing in 
each case 10 percent of yeast as their source of B vitamins. In one 
case this yeast was heated in an autoclave to destroy vitamin B; ; 
in the other it was not. Thirty-two of the forty-two young nursed 
by the mothers that were fed the autoclaved yeast failed to survive 
the suckling period, whereas only two nursed by the mothers fed the 
unautoclaved yeast died during this period. 

It is obvious that the B vitamins are needed in lactation, that at 
least vitamin Bj is needed in relatively very large quantities in com- 
parison with the requirements for growth and reproduction, and that 
suckling young may suffer from severe dietary deficiencies when their 
mothers are on diets low in vitamin B^ 

Despite these facts showing the importance of the B vitamins in 
lactation, Theiler, Green, and Viljoen (1915) (1132), working with 
cattle in South Africa, observed no symptoms that they recognized 
as evidence of vitamin deficiency when they fed rations very low in 
what was then known as vitamin B. They conclude: "It may be 
cattle are capable of synthesizing their own vitamin in virtue of the 
extensive flora of their intestinal tract." About 11 years later, 
Bechdel, Eckles, and Palmer {75) also came to this conclusion. They 
showed that calves may "grow normally to maturity and produce 
normal offspring on a ration that carries an insufficient amount of the 
vitamin B complex to support growth and well being in rats." Bechdel 
and Honeywell (78) also showed "that vitamin B in milk is not de- 
pendent upon, the presence of this vitamin in the ration of the cow." 
The B vitamins are synthesized by the higher plants, yeasts, and 
certain bacteria. Rats sometimes recover spontaneously from vita- 
min B deficiencies, presumably because of the synthesis of these 
vitamins in their intestinal tract; and Bechdel, Honeywell, Dutch er, 
and Knutson {79) demonstrated that this process occurred in the 
paunch of cattle. 

The calves on the vitamin B-deficient rations used by Bechdel et 
al. grew to maturity, bore young, and started to lactate, but continu- 
ous lactation beyond a very few weeks was impossible. The investi- 
gators tried in several ways to overcome this failure in lactation and 
the failure in appetite (anorexia) that preceded or accompanied it. 
The feeding of marmite, a vitamin B preparation made from yeast, 
failed.    Only hay was successful.    The active principle in the hay 
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responsible for this success has never been identified. It may have 
been some factor in the vitamin B complex that was not formed in 
adequate amounts in the paunch and did not occur inadequate amounts 
in the marmite fed to meet the augmented requirements for lactation, 
This requires investigation; and the conclusion, "that the vitamin B in 
milk is not dependent upon the presence of this vitamin in. the ration 
of the cow" (78) may apply necessarily, as a result of this work of Bechdel 
et al. (79), to only one factor of the vitamin B complex. 

It is impossible at the present time to state definitely whether it is 
necessary to supply any of the B vitamins in the rations of lactating 
dairy cattle. 

The work on the B vitamins in milk done prior to about 5 years 
ago is reviewed in the Fundamentals of Dairy Science by Associates 
of L. A. Rogers (42).    It may be summed up as follows: 

(1) Cow's milk is not a particularly rich source of vitamin B1 rela- 
tive to the requirement of the human being or the rat; goat's milk 
has about the same potency; and human milk contains somewhat less 
vitamin Bj than either cow's or goat's milk. According to the data 
then at hand (1935), cow's milk contained from 0.1 to 0.2 Sherman 
units of vitamin B1 per milliliter with an average of possibly 0.13. 

(2) The concentration of vitamin B] in cow's milk, goat's milk, and 
human milk is not readily increased above certain maximum limits; 
and, so far as diet is concerned, these limits are reached on rations 
that are ordinarily used and considered adequate. The evidence 
with cow's milk would indicate that even with rations very low in 
vitamin B^ the concentration of this vitamin in the milk is not mate- 
rially affected; but with man and with rats vitamin 1B1 deficiency in 
the diet of the mother may seriously affect the nutrition of the young. 
Some evidence tends to indicate that this may be due to a reduced 
concentration of vitamin B% in the milk ; but in other instances there 
is evidence that the volume of milk is affected, as might be expected 
from the reduced, food consumption of the mother that would accom- 
pany such a deficiency in her diet. The vitamin B1 in cow's milk is 
unaffected by the breed of the cow, stage of lactation, or season of the 
year. 

(3) Much more of cow's milk (possibly two to three times as much) 
is required to supply the vitamin Bi than to supply the vitamin B2 
(G) for equivalent rates of rat growth. The same volume of milk, 
therefore, contains twro to three times as many units of vitamin Bg as 
of vitamin B^7 Human milk also was found to contain two to three 
times as many units of vitamin B2 as of vitamin B^ Materials rela- 
tively rich in vitamin Bi supplement the B vitamins in cow's milk 
when fed to human beings or rats; but autoclaved yeast, which is 
rich in vitamin Bg (G), does not do so. The cereal foods that have 
not been deprived of their vitamin Bi by some method of processing 
are therefore good supplements for the B vitamins in cow's milk so 
far as vitamin Bi is concerned, and milk supplements the vitamin 
B2 (G) deficiency in the cereals. The concentration of vitamin B2 
(G) in cow's milk varied from 0.2 to 1.00 Sherman units per milliliter 
in different laboratories (average, 0.55 Sherman units). 

' Using either the Sherman growth unit of 3 grams per week or the "normal" growth unit of 50 to 00 grains 
in ñ weeks, as used in English laboratories. 
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(4) The concentration of vitamin B2 (G) in cow^8 milk and human 
milk may be increased 50 to 75 percent by increasing the vitamin Bg 
content of the diet. 

(5) Cow's milk is effective in the treatment of pellagra. This was 
shown by Casal about 200 years ago, by Roussel about 85 years ago, 
and in the work of Goldberger and collaborators in the United States 
Public Health Service in 1925 (4^)-. It might be assumed, there- 
fore, that cow's milk contains nicotinic acid, and any other dietary 
factor that may be connected with this disease. 

Since this review by Associates of L. A. Rogers was written, work 
has been done on the concentrations of vitamins B] and B6 in milk, 
and there has been considerable development in our knowledge of its 
content of vitamin Bp (G). The more pertinent work that has come 
to the writer's attention may be summed up briefly as follows: 

(1) The concentration of vitamin Bi in milk bas now been estimated 
chemically by different workers. In one paper (936) the vitamin B^ 
was 0.06, 0.11, and 0.25 International Unit per milliliter respectively 
in three samples of raw milk; in another paper (56) from the same 
laboratory, a figure of 0.23 is given; while other workers (546) with a 
similar procedure found 0.20 unit. Williams and Spies (1829) luive 
calculated that cow's milk contains 0.45 milligram of vitamin Bi per 
liter of milk. If the data were compared by using the relations 
between the different Bi units given by Williams and Spies, it would 
be noted that there is a wide variation in the figures for the concen- 
tration of this vitamin in milk. To what extent these differences 
actually exist in the milk or are due to inaccuracies in the analytical 
methods used is at present impossible to say. Elvehjem, in a recent 
review (325), states that cow's milk contains on an average 125 
International Units of vitamin Bi per quart. 

(2) Knowledge of ribofiavin in milk has progressed rapidly in the 
last 5 years. Various workers had puzzled over the greenish-yellow 
pigment in the whey of milk. According to Palmer (42) mention of 
this pigment— 
appears in the scientific literature as early as 1784, but the first attempt to purify 
it was made nearly 100 years later when the pigment isolated was given the name 
lactochrome . . . One of the outstanding characteristics of milk serum from 
cow's milk  .  ..is the greenish-yellow fluorescence of the pigmented solution. 

This greenish-yellow fluorescent pigment is unstable toward light in 
solutions that light can penetrate, and exists in nature sometimes free 
and sometimes combined with protein. These properties undoubtedly 
led to confusing results with early workers; but in 1933, Kuhn and his 
collaborators (651, 652) isolated this greenish-yellow fluorescing pig- 
ment from milk and egg white. It proved to be what is now known 
as ribofiavin (that is, a yellow chemical, flavin, with a ribo se sugar 
group in its molecule).     (See Vitamin Needs of Man, p. 221.) 

A year before this report, Warburg and Christian (1180) reported 
the discovery of a new oxidation enzyme which they isolated from 
yeast. They found that they could break this enzyme up into a 
protein, phosphoric acid, and a greenish-yellow fluorescing pigment, 
which later was also proved to be ribofiavin. This enzyme, which 
occurs generally in living cells and is thought to take part in certain 
phases of the oxiclative processes in. them, is a combination of phos- 
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phoric acid and riboflavin with a protein. The work on riboflavin, 
the chemistry of riboñavin, and the relation of riboflavin to this 
enzyme has been recently reviewed by Booher (Î3S), who herself took 
part in the work leading to the identification of riboflavin as the 
yellowish-green fluorescing pigment in the whey of milk; further 
references will be found in her review. 

A number of determinations of the concentration of riboflavin in 
milk have recently been made—some of them by chemical and physico- 
chemical methods. Workers at Manhattan. Kans. {1211), with the 
same samples of milk, found 2.30 milligrams of riboflavin per liter by 
the Bourqum-Sherman biological method, and 2.14 milligrams by a 
method in which they measured it by its fluorescence. Their average 
for all samples {6I}7,1211,1212) except colostrum analyzed biologically 
was 2.15 milligrams per liter, and for samples measured by the fluores- 
cence method, 1.8 milligrams. These figures correspond approxi- 
mately to 0.72 and 0.6 Bourquin-Sherman units per milliliter. Neu- 
weiler {8^8), and Houston, Kon, and Henry {6^6) by similar fluores- 
cence measurements found, respectively, 1.33 milligrams and 1.0 to 1.5 
milligrams per liter, corresponding possibly to 0.44 to 0.42 Bourquin- 
Sherman units per milliliter. By the same method Houston, Kon, 
and Henry found 0,85 milligram per liter in guinea pig milk and 4.0 
milligrams in rat milk. Kuhn et al. {654) obtained 1.0 milligram per 
liter in cow's milk. Sherman and Lanford in a recent review (1053) 
give 67 ±3 Bourquin-Sherman units (with a coefficient of variation of 
28) as the average riboflavin content of per 100 grams of milk. This 
figure represents 17 available quantitative results of 10 independent 
investigations. 

According to György (451). cow's milk contains about three times as 
much riboflavin as human milk; while Neuweiler's figures {848) for 
cow's milk were three to seven times those for human milk. Possibly, 
therefore, some samples of human milk may be relatively less potent 
in riboflavin than in vitamin Bi, when measured by the growth of rats; 
but Neuweiler's results agreed with previous work in showing that 
the riboflavin content of human milk may be increased by administra- 
tion of this vitamin. 

TABLE 5.—Comparison of vitamin B2 in colostrum and in later milk from the some cow 

Cow No. 

Vitamin Ba per liter of milk on 
lactation clay indicated Total vitamin Bs in milk on- 

First day Fifth day Thirtieth 
day First day Fifth day 

118. 
373 
197. 
378 

Milligrams   Milligrams 
4.5 ' 
4.5 
6.7 
4.4 

3.7 
3.3 

Milligrams j Milligrams   Milligrams 
1.7 i 14  
1.7 I 12     
2.4 ¡ 13 79 
2.3 I Î2 : 36 

Thirtieth 
day 

Milligrams 
36 
29 

Average vitamin Bz in milk of herd was 2 milligrams per liter. 

Kramer, Gardner, Kunerth, and Riddell, at Manhattan, Kans. 
{647), compared the riboflavin content of colostrum with that of 
later milk from the same cows. These results are shown in table 5. 
Workers in this same laboratory also analyzed milk from cows of 
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different breeds {1212). They obtained the following riboflavin con- 
tent in milligrams per liter of milk: Ayrshires, 1.17; Holsteins, 1.40; 
Guernseys, 1.53; and Jerseys, 1.73. Until more is known regarding 
the conditions affecting the concentration of riboflavin in milk and 
the chance variations with different groups of the same breed on the 
same diet, it cannot be concluded that there are generally real differ- 
ences in the riboflavin content of the milk of different breeds of cows. 

(3) In one of the most interesting experiments on the B vitamins in 
milk, György {451), now working at the Babies' and Children's 
Hospital and the Department of Pediatrics at Western Reserve 
University in Cleveland, compared the riboflavin and vitamin B6 
concentrations in human milk and cow's milk. He used rats as the 
experimental animals. The basal diets in all cases contained crystal- 
line vitamin Bi. When he estimated the potency of milk as a source 
of vitamin B6, the basal diet also contained pure riboflavin; and on the 
other hand, when he determined the riboflavin concentration in 
milk, he added a vitamin Be concentrate to the basal ration in addition 
to the vitamin Bi. The rats were young, and their rates of growth, 
when the milk was added to supply the missing factor, was taken as a 
measure of the potency of this factor in the milk. He concluded that 
cow's milk is about equally potent in riboflavin and vitamin B6 and 
that human milk has about the same potency in vitamin B6 as cow's 
milk, but that cow's milk is three times as potent as human milk as a 
source of riboflavin. It is obvious that when the milk was added to 
the basal rations of these rats as a source of riboflavin in the one case 
and of vitamin B6 in the other, it may not only have supplied these 
particular factors but also more or less of any other growth factors in 
milk that were deficient in the basal ration. That cow's milk when 
supplemented by iron, copper, and manganese contains still unknown 
factors essential for growth is attested by the fact that rats fed cow's 
milk supplemented with these minerals make ^average daily gains 
very similar to those made by rats on an ordinary ration" (¾^). 
Whether or not these factors would be missing in the basal ration used 
by György is a question. 

VITAMIN C 

Of the animals studied, only man and the other primates and the 
guinea pig appear to have no capacity to synthesize vitamin C (ascor- 
bic acid). Where, how, and from what this vitamin is made in the 
animal organism are unknown as well as the conditions that influence 
synthesis. Thurston. Palmer, and Eckles (1137) first studied the role 
of vitamin C in the nutrition of cattle. Their conclusions were as 
follows: 

1. Vitamin C can be demonstrated in the livers of calves fed for 1 year on a 
ration capable of producing scurvy in guinea pigs within 30 days. 

2. TTeifers fed from birth on a scorbutic diet secrete appreciable quantities of 
vitamin C in their milk. 

3. The absence of vitamin C from the diet apparently does not interfere with 
reproduction in cattle. 

4. Vitamin C is probably synthesized within the boby of the bovine. Evidence 
is supplied to indicate that the digestive tract is not concerned in this synthesis. 

o. The results of these and our previous experiments indicate conclusively that 
the bovine does not require vitamin C [in the ration] in quantities that can be 
detected by tests with guinea pigs. 
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These conclusions regarding the necessity of supplying vitamin C 
in cattle rations have been generally accepted. The following quota- 
tion from an article by Sharp {1032) at Cornell University may add to 
the understanding of this situation: 

Plant tissues which contain ascorbic acid apparently also contain an ascorbic 
acid oxidizing enzyme which is liberated when the cells are crushed. The enzyme 
in some plants is very active. For example, the large amount of ascorbic acid 
present in cabbage is completely oxidized [and therefore destroyed] in 5 minutes 
after the previously frozen raw cabbage cells are disintegrated. While the feed is 
masticated and stored in the rumen by the cow, all the ascorbic acid it contains 
is probably oxidized. Therefore the cow and animals with similar digestive 
systems, and possibly birds, must either synthesize ascorbic acid or reverse the 
oxidation. 

If the oxidation of the vitamin C goes too far the process is irreversible 
and the vitamin is completely lost. To what extent vitamin 0 is 
ultimately lost in the rumen of the cow is unknown. 

Despite the above facts, it is still a disputed question as to whether 
the quantity of vitamin C in the diet of a cow may affect the concen- 
tration in her milk. To interpret results in connection with this 
problem, it is necessary to consider some of the properties of vitamin 
C itself when dissolved in milk. Although milk freshly drawn from 
the cow may contain 20 to 25 milligrams of vitamin C per liter, 457 
samples of pasteurized commercial bottled milk 3 days old, obtained 
from various distributors in different cities, was found to contain 
only 2.2 milligrams per liter, and 63 samples of raw milk contained 
only 7.9 millgrams per liter {1082). Vitamin C in milk is therefore 
unstable. Some of the conditions that affect the rate of its destruction 
are indicated by Sharp {1032): 

Variations in the rate of oxidation of ascorbic acid in milk can be explained 
best by assuming the presence of an ascorbic acid oxidase [the enzyme already 
mentioned], the action of which is markedly accelerated by traces of dissolved 
copper. 

Sharp reports the vitamin 0 content of milk that when fresh con- 
tained 20.1 milligrams of vitamin C per liter as 11.3 milligrams per 
liter after storage for 3 days at 35.6° F.; the vitamin C content of 
milk pasteurized at 143° to 145° F. for 30 minutes and then stored 
was 11.0 milligrams; but when thus pasteurized with a little copper 
added and then stored, the vitamin C content was only 1.7 milligrams 
per liter. According to Sharp the enzyme taking part in the destruc- 
tion of vitamin C is destroyed by heating milk for half a minute or 
longer at 170° F., and copper does not affect the destruction of 
vitamin C so readily without this enzyme. Thus, when some more 
of the same milk used above was pasteurized by heating 10 minutes 
at 170° and stored as above, its vitamin C content was 15.7 milligrams 
per liter when no copper was added, and 12.4 milligrams per liter 
when copper was added. 

Another factor that greatly affects the destruction of vitamin C in 
milk is exposure to light. Kon and Watson {643) report that as much 
as 50 percent of the vitamin C in milk may undergo oxidation when 
exposed for one-half hour in sunlight and then kept for 1 hour in 
darkness. 

Some of the products of the oxidation of vitamin C may be changed 
back to vitamin C in the animal bodv and be used as such.    One of 
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these oxidation products is called oxidized ascorbic acid, or dehydro- 
ascorbic acid—that is, ascorbic acid that has lost two of the hydrogen 
atoms m its molecule. Other oxidation products of vitamin C have 
no physiological value; and none of the products of oxidation, whether 
they are physiologically active as vitamin C or not, react with some 
of the reagents used in the chemical determination of this vitamin in 
milk. 

It is obvious that determinations of the vitamin C content of milk 
that do not take these properties into account are nowr of little value, 
and that conclusions based upon them are not valid. 

Kon and Watson (644), using methods that reduced these sources 
of error to a minimum, very carefully estimated the quantity of un- 
oxidized vitamin C in freshly drawn cow^s milk as compared with the 
total vitamin C, including the reversibly oxidized vitamin. The un- 
oxidized vitamin C was about 21.7 and the total 22.1 milligrams per 
liter, indicating that practically no reversibly oxidized vitamin C 
occurs normally in freshly drawn cow's milk. The cow secretes only 
unoxidized vitamin G. Knight, Dutcher, and Guerrant {638) at 
Pennsylvania State Gollege have recently obtained the same result as 
Kon and Watson, the figure being 22.9 milligrams per liter for both 
the unoxidized vitamin C and the total including reversibly oxidized 
vitamin C. All of the vitamin G in freshly drawn milk/therefore, 
is in the ordinary unoxidized or reduced form, and reacts to reagents 
used for its estimation. When workers report 8 milligrams of unoxi- 
dized vitamin G per liter in milk and 16.9 milligrams for the total in- 
cluding the reversibly oxidized material, as some workers have done, 
it means that they are not measuring the vitamin C content of normal 
fresh milk as secreted by the cow. It also means that the figure for 
the ordinary vitamin G alone in such milk is not a measure of its physi- 
ological value because the reversibly oxidized material may also be 
used as vitamin G. 

Kon and Watson (644) have also analyzed milk produced at differ- 
ent times of the year (between January and July) and on different 
diets. They followed a uniform procedure throughout, obtaining 
the milk after it had passed over a cooler shortly after the morning 
milking. The average figures for the ordinary reduced vitamin and 
the total reduced and reversibly oxidized material, respectively, for 
stall-fed cows were 20.6 and 23.5 milligrams per liter, and for milk 
from cows on pasture they were 20.6 and 23.5 milligrams per liter. 
The results indicate definitely that there is no difference in the vitamin 
G content of these milks as the result of a change of season or a change 
of ration. Hiddell, Whitnah, Hughes, and Leinhardt (964) at Man- 
hattan, Kans., have obtained similar results insofar as the effect of 
diet on the vitamin G content of milk is concerned. For 74 samples 
of milk from cows on a dry ration and silage they found 25.8 milli- 
grams of vitamin G per liter; for 57 samples from cows on pasture, 
26.5 milligrams per liter; and for 66 samples, when the cows were on a 
dry ration and received no silage, the vitamin G content was 26.8 
milligrams per liter. These results were obtained by chemical 
methods of assay. In other reports from this same laboratory (Î%Î3, 
1214), they found 25.9 milligrams of vitamin G per liter for the aver- 
age of 502 samples of milk from 55 cow^s; and, as an average for the 
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herd at Manhattan from October to April, they give 25.5 milligrams 
of vitamin C per liter. Holmes, Tripp, Woelffer, and Satterfield 
(030) have recently reported results for 661 samples of certified milk 
from 55 Guernsey and Jersey cows. The averages for the vitamin C, 
separated according to breed, was 20.5 and 18.2 milligrams per liter, 
respectively. Other results, similar to those quoted here, occur in 
the literature. 

^ On the other hand, some workers report very different figures for the 
vitamin C content of milk, and examination of some individual results 
shows a wide variation between separate determinations. Rasmus- 
sen, Guerrant, Shaw, Welch, and Bechdel (947), for instance, report 
the average vitamin C content for each of several breeds of cattle as 
varying from 10 to 14.8 milligrams per liter. Eon and Watson, in 
referring to this work, appear inclined, however, to attribute the results 
to faulty technique, and the Penasylvania workers have since pub- 
lished an improved procedure for sampling milk for these analyses. 
Differences in the vitamin C content of milk have also been attributed 
to changes in the season of the year, but the results have been con- 
flicting. Some differences have been noted between breeds, but if 
they actually occur, they are negligible. Neuweiler (84?) has pre- 
sented data showing that the vitamin C content is low in milk from 
pregnant animals. The vitamin C content of colostrum has been re- 
ported as possibly somewhat higher than that of later milk from the 
same cows. 

Neuweiler gives the vitamin C content of human milk as from 40 to 
70 milligrams per liter, and the figures of most workers would come 
within this range. Human milk, therefore, is ordinarily decidedly 
richer in this vitamin than cow's milk. Neuweiler also demonstrated 
that the amount of vitamin C in human milk may be definitely in- 
creased by administration of very large doses of vitamin C to the 
mother. 

Rasmussen, Bogart, and Maynard (946), have recently published 
the results of work at Cornell University. The details are not avail- 
able. The results indicate that the vitamin C content of the milk 
of a ewe may vary from 25 to 40 milligrams per liter and be increased 
50 percent by subcutaneous injection of 5 grams of vitamin C into 
the animal. ^ In the case of one cow, they obtained a similar increase 
in the vitamin C content of the milk by injecting 24 grams of vitamin 
C, and a significant increase in the milk of another as a result of the 
injection of only 12 grams. Mare's milk varied from 27 to 115 milli- 
grams per liter, and appeared to be affected by the amount of vitamin 
C in the feed; but the authors prefer to leave final conclusions as to 
the relation between the vitamin C in the diet and the milk in the 
case of the mare to further results with biological methods. Guinea 
pig milk apparently contains about 290 milligrams of vitamin C per 
liter. On dry feed with a limited amount of green material, it was 
about 11.0 milligrams per liter, but with more green feed it was 397 
milligrams per liter; and with green feed and subcutaneous injection 
of additional vitamin C, about 710 milligrams per liter is reported. 
These workers also demonstrated, that they could affect the tendency 
to scurvy in young guinea pigs by altering the vitamin C content of 
the diet of the mother, showing biologically, as well as chemically, 



682 YEARBOOK OF AGRICULTURE, 1939 

tbat the vitamin C in the milk of this animal is aft'ected by the amount 
of vitamin C in its diet. 

in this work, except when otherwise indicated, chemical methods 
were used for the assay oí the vitamin C. Despite the preponderance 
of evidence with these methods indicating that the vitamin C content oí 
cow's milk is independent of the diet of the cow; the fact must be 
recognized that many of the earlier workers in this field, using bio- 
logical methods of assay, obtained exactly the opposite result. Some- 
times milk from cows on pasture was found to contain two to three 
times as much vitamin C as that from cows receiving only dry feeds, 
and milk from cows receiving silage was reported to be high in this 
vitamin. These results have not been comparable among themselves. 
Sometimes where they have appeared conflicting, the experimental 
conditions have been quite different; and most of the work was carried 
out before the precautions that are now known to be necessary were 
recognized. Nevertheless, they indicate that there may possibly 
be dietary conditions which sometimes affect the concentration of 
vitamin C in cow's milk. More work, however, is certainly necessary 
to demonstrate clearly whether or not this may be true. 

In closing this discussion of vitamin C in milk it may be said that 
(1) fresh cow^s milk contains on an average about 25 milligrams of 
vitamin C per quart; (2) frequently the vitamin C content of milk as 
delivered to the consumer is very much less than this; (3) loss as a 
result of pasteurization depends on whether or not practical precau- 
tions are taken. 

VITAMIN D 

Numerous factors, both dietary and physiological, affect the utiliza- 
tion of calcium and phosphorus in the animal organism. Among these 
is vitamin D, the antirachitic or rickets-preventing vitamin. Several 
laboratories have studied the vitamin D requirements of growing 
cattle. Symptoms of vitamin D deficiency can readily be produced 
experimentally in these animals when they are reared in the dark on 
rations especially deficient in this factor— that is, under conditions 
that need not and seldom do prevail in practice. The requirements 
have generally been measured and expressed in terms of the number 
of units of vitamin D in the feed that are necessary to prevent or cure 
these symptoms; but they could as well be determined and expressed 
in terms of the amount of exposure to light of measured intensity and 
quality that would have the same effect. Little is known regarding 
the effect of the calcium and phosphorus content of the ration upon 
this requirement for vitamin D in cattle; but, whatever it may be, 
their vitamin D requirement is readily met by ordinary rations or by 
a little exposure to direct or indirect sunlight. (See the article 
Practical Feeding and Nutritional Requirements of Young Dairv 
Stock, p. 636.) 

Although there are other feed and physiological factors that com- 
plicate viewpoints on the relation of vitamin D to the metabolism of 
calcium and phosphorus with milking dairy cattle, it is probable that 
these animals, like the growing calf, actually require vitamin D; but 
that these requirements, both for the metabolism of the animal her- 
self and for the vitamin D to put into her milk, are readily met either 
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by the ration or by exposure to light in any ordinary management 
practice. It is true that at least some mammals tend to lose calcium 
and phosphorus from their bodies early in lactation and that in the 
cow, according to results obtained by various workers, these losses 
are unaffected by the administration of additional vitamin D either 
in the feed or by greater exposure to light. It is also true that the 
rate of loss of these elements early in lactation appears to be less on 
rations of hays that have been so cured as to retain much of their 
green color than on sun-bleached hays, which are actually richer in 
vitamin D; and further, the amount of vitamin D that a cow gets does 
not affect the concentrations of calcium and phosphorus in the milk. 
Nevertheless, Wallis {1179) reports symptoms of vitamin D deficiency 
in milking cows when kept under quite extraordinary conditions, as 
in the work with young dairy stock; and he reports the relief of these 
symptoms by administration of vitamin D. Finally, that a milking 
cow can utilize vitamin D in her feed, or can make vitamin D as a 
result of exposure to light and use what she has made, is evident 
from the fact that either an increase of the vitamin in the feed or an 
exposure of the cow to light may increase the concentration of vitamin 
D in the milk. 

A number of workers have shown that the vitamin D content of 
cow's milk is greater in summer than in winter. This is demonstrated 
particularly impressively by the results of Bechtel and Hoppert at 
the Michigan Agricultural Experiment Station {81), For 2 years 
they made monthly determinations of the vitamin D content of milk 
fat from, the higher-producing cows in the Holstein and Jersey herds 
at that station. They also followed for a year the vitamin D content 
of the milk fat with the 5 highest-producing Holsteins in this herd; 
and in addition they obtained samples of the Michigan State College 
creamery butter monthly for a year and analyzed them. This 
creamery butter was produced by approximately 15 herds consisting 
of grade Holstein cows. The conclusions of these workers are as 
follows: 

(1) The monthly assay of milk fats from several sources over a period of 2 
years shows that milk may vary as much as 900 percent in antirachitic potency. 
Highest values were obtained during July, August and September and lowest 
usually in February. Vitamin D values varying from 4.8 to 43.8 U. S. P. [United 
States Pharmacopeia] units per quart of milk were observed in the case of Guern- 
sey milk, whereas the extreme values for Holstein milk were 3.1 to 27.7 U. S. P. 
units per quart. 

(2) The close correlation between the antirachitic potency of milk and the 
amount of available sunshine indicates that the exposure of cows to sunlight is 
the major factor contributing to the vitamin D content of milk. 

Fresh green pasture grass contains little or no vitamin D. Evidence 
that exposure to sunlight is the major factor bringing about the 
difference between the vitamin D content of summer and winter milk 
has been presented in a paper by Campion, Henry, Kon? and Mack- 
intosh {189).    This evidence is summed up in table 6, 

These results on the influence of sunlight on the vitamin D content 
of milk do not mean that it may not be influenced by the use of feeds 
rich .in vitamin D such as irradiated yeast and cod-liver oil, but they 
indicate that the latter method of increasing the vitamin D content of 
milk is very wasteful and generally impractical.    A discussion of the 
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vitamin D value of milk and the factors affecting it mav be found in a 
bulletin by Olson and Wallis (873). 

TABLE 6.—Effects of diet and of exposure of animal to light on iitainin D secretion in milk 

Treatment of cows 

Jvept indoors on winter rations  
Kept outdoors on winter rations  .     
Kept outdoors on pasture,_   
Kept indoors and fed freshly out pasturo grass 

Vilamh 1) of— Total vita- 

--   r   min D 
secreted 

"Milk Butter 

International. 

daily 

Iitieraatwitul 
Uuiis per Units per International 
kilogram gram Units 

-S. X 0.27 no 
2r,. o .88 318 
17.0 .46 252 
5.3 .15 52 



GLANDS, HORMONES, AND BLOOD CONSTITUENTS 

-THEIR RELATION TO MILK SECRETION 

W H A I part do the endocrine glands play in the secretion of milk? 

Do the proteins, the fatty acids, and the sugar in milk come directly from 

corresponding materials in the hlood stream of the lactating animal? 

These questions touch some of the deepest mysteries of milk production. 

The authors delve into them boldly, attempting to draw a clear line 

between known facts and speculation. 

ENDOCRINE FACTORS 
by M. H. Friedman * 

IN THE past few years the advances in the field of endocrinology have 
come so rapidly as to make dizzy even the professional endocrinolo- 
gists, let alone the interested lay person who tries to glean some in- 
formation about the endocrine glands from the maze of startling an- 
nouncements coming from the laboratories. Unfortunately, these 
startling announcements are not always limited to the observed facts. 
They are all too frequently the interpretations reached from a flying 
start on a few pieces of experimental evidence and a recklessly long 
jump into the thin air of pure speculation. There should be no objec- 
tion to speculation. But the reader should be warned where knowledge 
ends and armchair science begins. An effort will be made in the present 
discussion, to distinguish clearly between fact and fancy. 

If the facts show anything at all they show quite clearly that from 
the standpoint of the endocrine control of milk secretion the cow is 
very much akin to all other animals. This is fortunate, for the cow is 
a very expensive experimental animal and yields results slowly. 
Most of the advances in the field of endocrinology have been made by 
experiments on small laboratory animals that yield results rapidly at 
low cost. Up to the present time every finding derived from these 
small animals has been verified by direct experiment on the cow when- 
ever such an experiment has been possible. To date, there has been 
uncovered no significant difference between those life processes gov- 

i M. 11. Friedman is Senior Physiologist, Division of Nutrition and Fliysiology, Bureau of Dairy Industry. 
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erning milk production in the cow and in the smaller animals. Al- 
though some minor differences between species may be encountered, 
there is every reason to expect, from our knowledge of other life proc- 
esses, that the similarities will far outweigh the minor differences. 
The dairy farmer may expect to learn much from the physician, the 
doctor may expect to learn much from the farm, and both may con- 
fidently expect to learn very much from the laboratory worker experi- 
menting on anything from goats to pigeons. 

DEVELOPMENT OF THE MAMMARY GLAND 

Although some milk may be produced by an incompletely developed 
mammary gland (udder), such as is found in virgin animals or even 
in males^ normal milk production requires such development of the 
gland as is found only in pregnant females. 

Certainly the ovarian hormones must play an important role, but 
the ovaries of a pregnant animal are not known to secrete anything 
in addition to the two types of secretion elaborated during every heat 
cycle—estrin, a hormone found chiefly in the fluid of the follicles, and 
the corpus luteum hormone, found in the yellow body (corpus luteum). 
By the injection of estrin into spayed females, or into males, it is 
possible to bring about considerable mammary gland development; 
there is experimental evidence for this from all common laboratory 
animals and from the goat. This degree of development is sufficient 
for the production of some milk under the proper stimulus, but the 
condition of the gland is in no way comparable to that in the normally 
lactating animal. Regardless of the amount and duration of estrin 
injection, it has not been possible to produce thereby a fully developed 
gland in any species except the guinea pig. 

This limited action of estrin is not surprising when it is recalled that 
the corpus luteum (yellow body) is an important factor during 
pregnancy. Indeed the injection into spayed animals of a proper 
combination of estrin and corpus luteum extract has enabled many 
workers to produce mammary glands that are more nearly comparable 
to those seen during the last part of pregnancy. This degree of success 
has led some workers to believe that the development of the mammary 
gland, during pregnancy can be explained entirely on the basis of the 
influence of the two ovarian hormones. 

The fact remains that the glandular development produced by the 
combined injection of estrin and corpus luteum extract is not an 
exact duplicate of the fully developed mammary gland. This is pos- 
sibly merely a reflection of an improper balance between the amounts 
of the two hormonal preparations as injected in the experiments up to 
the present time. It is possible, however, that during pregnancy some 
additional factor is operating. The first suspicion would be that the 
contents of the pregnant uterus contribute something. Yet in a few 
species of animals, such as the dog and ferret, complete development of 
the mammary gland occurs when the uterus is empty, that is, during 
the period following heat that is called pseudopregnancy (false 
pregnancy). This condition in the dog and ferret is characterized by 
the presence in the ovaries of large yellow bodies for a period of time 
equal to the length of pregnancy. In the cow the life of the yellow 
body is less than the duration of one heat cvcle.    Unfortunately, the 
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cow does not experience the phenomenon of false pregnancy, but if 
the bitch can develop her mammary gland without the help of her sons 
and daughters to be, there is probably no justification for crediting the 
cow with less ability in this direction. 

It may be significant that either estrin or corpus luteum alone, or 
any combination of the two preparations, is unable to produce sig- 
nificant development of the mammary gland in animals from which the 
pituitary gland has been removed. Moreover, the injection of appro- 
priate pituitary extracts into castrated animals leads to some increase 
in the size of the mammary gland. There is no reason to dispute these 
experimental observations, but it is well to pause before accepting 
all of the conclusions drawn from them. It has been concluded, for 
example, that the action of estrin and corpus luteum extract is not 
directly on the mammary gland, but only indirectly, through the 
pituitary, which releases the direct stimulating agent. At the mo- 
ment, it is not easy to say how much the pituitary gland contributes 
directly to the growth of the mammary gland in the normal pregnant 
animal. Without attempting to assess the role of the pituitary in 
this matter, it is not necessarily true that estrin and corpus luteum 
extract work only through the pituitary. It is possible that the fail- 
ure of ovarian extracts to work in the absence of the pituitary is due 
to some of the very widespread effects of removal of the pituitary 
(hypophysectomy) which have no direct connection with the funda- 
mental processes underlying mammary-gland development. In order 
to separate fact from fancy, it is necessary to tabulate what appear 
to be demonstrable facts, which may be listed as follows: 

1. The ovaries are essential for the full development of the mam- 
mary gland. 

2. In spayed animals appropriate injections of estrin stimulate 
some glandular development, especially of the ducts, but do not lead 
to the type of glandular development seen during the latter part of 
pregnancy. Evidence for this has been obtained from most species 
of laboratory animals and from the goat. 

3. Injections of proper combinations of estrin and corpus luteum 
extract into spayed animals induce a development beyond that obtain- 
able with estrin alone (except in the guinea pig). This degree of 
development does not quite match that seen during late pregnancy. 

4. The injection of estrin or corpus luteum extract, singly or in 
any combination, is not effective in animals with the pituitary removed 
according to evidence from mice, rats, and guinea pigs. 

5. In the complete absence of the ovaries it is possible to produce 
some increase in size of the mammary gland by the injection of 
pituitary extracts. 

FACTORS GOVERNING THE ONSET AND MAINTENANCE OF LACTATION 
(MILK SECRETION) 

In contrast to the mechanisms involved in the development of the 
udder, the processes involved in lactation do not require the presence 
of the ovaries. In some species, such as the human being and the 
guinea pig, the ovaries may be removed during the latter part of 
pregnancy without interfering with either pregnancy or the onset of 
normal lactation.    In any species, including the domestic animals, 
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the ovaries may be removed during lactation without jeopardizing 
milk secretion. The essential stimulus for milk production comes 
from the anterior lobe of the pituitary. Removal of this gland, 
either late in pregnancy or during the early part of lactation, com- 
pletely suppresses milk secretion, according to experimental evidence 
from all common laboratory animals and the goat. Conversely, the 
injection of appropriate pituitary extracts leads to the secretion of 
milk in males and virgin females, and to an increased milk secretion 
in lactating females that have passed the period of maximum pro- 
duction. There is evidence for this from all laboratory animals and 
from the goat, the virgin heifer, and the dairy cow in the declining 
phase of lactation. This lactation experimentally induced by pitui- 
tary extracts is not prevented by prior removal of the ovaries. 

This stimulation of milk production by the injection of pituitary 
extracts may be of immense practical value in the future. For the 
present, however, the extracts available are not really suitable for 
use on the farm or in the clinic. These extracts lose their effective- 
ness when used repeatedly in the same animal. Still worse, the first 
or second injection of some of them may make the animal seriously 
ill. When these undesirable qualities have been eliminated it will be 
possible to use such extracts more extensively for valuable farm ani- 
mals (and possibly for human beings). It should then be possible to 
evaluate their practical importance. 

In the cow, lactation is not completely inhibited by pregnancy, 
but even in this species the female does not ordinarily come into 
milk until the pregnancy is terminated, either naturally or by abor- 
tion. Similarly in other species milk secretion sets in only after the 
uterus has been emptied. If for any reason the uterus is not emptied 
completely, as where parts of the young or of the membranes are 
retained, milk secretion is partly or wholly inhibited, according to 
evidence from rabbits and human beings. These relationships have 
been illustrated nicely by some experiments on rats. If the young 
are surgically removed from the uterus of a rat in the last part of 
pregnancy and the membranes are also removed, milk secretion sets 
in within 48 hours, which is far ahead of the normal schedule. If 
only the young are removed and the membranes are left behind, 
lactation does not occur. Or if the young and the membranes are 
completely removed and paraffin wax is inserted to take the place of 
the normal contents of the uterus, milk secretion does not occur. 
Even in a lactating animal it has been possible to suppress milk 
secretion by the insertion of wax into the uterus. Apparently any 
distention of the uterus has an inhibiting effect on milk secretion. It 
is possible that the effects of pregnancy on milk production in the 
cow are noticed chiefly after the fifth month because there is relatively 
little uterine disten tion before this time, the most significant increase 
in the uterine content of the cow occurring after the fifth month. 

Another factor capable of inhibiting milk secretion is estrin. It has 
been demonstrated experimentally on all animals, including the goat 
and cow, that estrin injections during lactation decrease or com- 
pletely suppress milk secretion. It is interesting to note at this point 
that a sharp decrease of estrin in the body may initiate milk secretion. 
For example, if a male guinea pig is injected with proper doses of 
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estrin for a period of some 20 days (during the course of which the 
mammary glands develop), milk secretion does not set in during the 
injections but only after the injections are stopped. Similar results 
have been obtained by grafting ovaries into male guinea pigs. Milk 
secretion does not appear so long as the graft is in place. When the 
transplanted ovary is removed, milk appears. 

It has been suggested by some workers that these effects are due to 
the release of the appropriate pituitary hormone in response to a 
sudden lowering of the body content of estrin. Interpreted in this 
manner, the inhibitory effects of estrin injection would be due to a 
restraint upon the pituitary gland which decreases the delivery into 
the blood of the hormone or hormones responsible for lactation. 
Such an explanation would appear to be a reasonable one and fits 
rather well with the observed facts. When, however, such interpre- 
tation is stressed to explain the effects of pregnancy on lactation 
and the ordinary delay of the onset of milk secretion until after 
parturition, it is well to be somewhat cautious. 

It is true that the estrin content of the blood, urine, and body fluids 
is higher during pregnancy than at other times. It is also true that 
the estrin content decreases sharply after the young are born. It is 
not necessarily true that estrin is a major factor in depressing milk 
secretion during pregnancy. It so happens that during pregnancy 
the estrin found in the blood and body fluids is in a chemical combina- 
tion that shows very little potency when tested on castrated rats— 
that is, the combination is relatively inactive. Moreover, the preg- 
nant animal shows none of the effects that might be expected from 
the presence of large amounts of estrin; that is, the animal is not in 
heat, and the uterus and other sex organs show little or no response to 
the large amounts of estrin present. Although there are several 
possible explanations for this situation, the important thing is that 
there appears to be a lot of estrin. on hand with nothing to do, or at 
least very little. If estrin is a major factor in regulating the appear- 
ance and disappearance of lactation, there would have to be some 
mechanism that would permit estrin to inhibit the pituitary at a 
time when it is unable to do much with other organs. 

The influence of estrin on milk secretion when the estrin is able to 
do something may be seen in the lactating cow. There is definite 
evidence that the milk yield is decreased with each heat period. It is 
possibly significant that the reappearance of heat in the lactating 
cow occurs after the animal has passed the time of maximum pro- 
duction. It is also worthy of note that in most animals heat cycles 
do not occur during the early part of lactation and that in the absence 
of heat cycles the sex organs faithfully register the absence of the 
effects of estrin. In general, therefore, the influence of estrin is not 
exerted during the period of maximum lactation in any species. This 
influence is reasserted only after the peak of lactation has been passed. 
This association may be more than a coincidence and may ultimately 
furnish some partial explanation for the declining phase of milk 
secretion. That it will give a complete explanation is very unlikely 
in view of the relatively small and perhaps indefinite effects of castra- 
tion during lactation. Up to the present time no one has been able 
to prevent the decline of lactation by castration. 

141394° —39 45 
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The nervous system seems to be of prime importance in lactation. 
In most animals the mammary gland adjusts itself to the needs of the 
growing young. With the vigorous suckling of the newborn, milk 
secretion increases at a pace to satisfy the demands of rapid 
growth. As the young approach the weaning age and stray far 
enough from the teat to make their own experiments on digestion— 
with the mother's food, with sawdust, or with anything else that 
happens to be handy—they drink less milk. And with this decrease 
in the pull on the breast, milk secretion in the mother begins to decline. 
In the rat, the period of lactation can be prolonged to two or three 
times its normal duration by supplying successive litters of newborn 
animals to substitute for those approaching weaning age. It has 
even been possible to initiate lactation in virgin female rats by the 
application of newborn young to their breasts. These interesting 
demonstrations in the rat are matched by equally interesting ones in 
the larger domestic animals. Lactation has been induced in virgin 
heifers, in nonpregnant dry cows, in male goats, and even in bulls by 
persistent stimulation of the teats. This stimulation has been 
effective whether arising from the suckling of young animals or manual 
manipulation. 

The stimulus is apparently carried by the nervous system to the 
pituitary gland, so that the latter is entirely responsible for this 
unorthodox lactation just as it is for the more usual kind. If the 
pituitary is removed from the rat, no amount of nipple manipulation 
can produce milk secretion. On the other hand, even with the pitui- 
tary intact, nipple stimulation is not effective unless the nerves to the 
nipples are intact. This nervous mechanism originating in the sen- 
sory nerves of the nipples must be an important one among the fac- 
tors responsible for the rise and fall of milk production. 

In some species, however, there appears to be an additional factor— 
distention of the mammary gland itself. In the rat, it is reported 
that milk secretion is not seriously impaired by the accumulation of 
milk in the glands. If, for example, all of the milk ducts on one side 
of the body are tied with a thread (ligated) so that milk cannot be 
delivered from these glands, milk secretion continues not only in the 
glands delivering milk but also in those with, ligated ducts. In the 
guinea pig, a similar procedure causes a drying up of the glands with 
ligated ducts, though milk secretion continues in the glands on the 
other side of the body. Likewise in the sow, dog, and goat distention 
of the gland of an unsuckled teat leads to the drying up of that gland 
while the other glands of the same animal may be in full milk. In the 
dairy cow, milk production declines some time after the second month 
even though the stimulus to the nipples is kept constant by regular 
milking so that milk is not allowed to accumulate in the gland. On 
the basis of present knowledge of the endocrines and the related proc- 
esses involving the nervous system, there is no plausible explanation 
for this. 

An inventory may again be made of the known facts regarding the 
secretion of milk as opposed to the conclusions, or guesses, based on 
these facts: 

1. The ovaries are not necessary for milk secretion though they are 
necessary for the full development of the mammary gland. 
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2. The important and fundamental stimulus for milk secretion 
comes from the pituitary gland. In the absence of this gland milk 
secretion does not take place unless injections of pituitary extract are 
substituted for the gland. 

3. When the pituitary gland is intact, it is possible to bring about 
some milk secretion by stimulation of the nipples. Stimulation of the 
nipples in the absence of the pituitary is without effect. 

4. Lactation may be suppressed completely or decreased in amount 
by distention of the uterus. The effects are similar whether the dis- 
ten tion is that normally occurring during pregnancy or is due to reten- 
tion of membranes in the uterus after delivery or abortion or to experi- 
mental insertion of foreign material (wax). 

5. It is possible to inhibit milk secretion by the administration of 
large amounts of estrin. 

6. The occurrence of heat during lactation is accompanied by a 
slight but definite decrease in milk yield. Moreover, the period of 
recurrent heat cycles coincides in time with the period of declining 
milk production. 

7. Removal of the ovaries during lactation does not make it possible 
to prevent the eventual decline in milk yield. 

MILK-STIMULATING EXTRACTS FROM THE PITUITARY AND THEIR RELATION 
TO OTHER BODY PROCESSES 

Because anterior pituitary extracts are capable of producing many 
effects in the animal organism—effects upon growth, sex, and metabo- 
lism—several investigators have attempted chemical separation of 
pituitary extracts into fractions each, of which would do only one 
thing. A fraction has been isolated that is particularly effective in 
stimulating milk secretion. Injected into the normal animal it 
stimulates the production of milk and has little or no stimulating 
effect on the sex glands. That, however, is not its only effect. It is 
reported to stimulate body growth in mice and metabolism in pigeons, 
although it has little ability to stimulate other endocrine organs such 
as the thyroid and adrenals. This somewhat purified extract, there- 
fore, has only a few of the properties that characterize the crude ex- 
tracts of the pituitary gland. Yet it is unable to cause milk secretion 
in animals with the pituitary removed (hypophysectomized). This 
does not necessarily argue that the purified extract (prolactin or 
galactin) is not a true representative of the pituitary secretion respon- 
sible for milk production in the normal animal. 

The effects of pituitary removal are serious and widespread. Prob- 
ably no bodily process is normal after such an operation. It is not 
like removing a leg, an arm, or an eye, when the rest of the body is 
not very much affected and everything else goes on as before. In 
the hypophysectomized animal, nothing goes on as before. The total 
metabolism as measured in calories per day is reduced to about 50 
percent of the normal level, so that the animal cannot keep up a 
normal body temperature except in heated rooms. The food and 
water intake decrease to about half the usual amount. The blood 
system is badly deranged, so that the transfer of water and salts from 
the blood to the tissues or through the kidneys is seriously handi- 
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capped. Oí particular importance is tlie fact that in these experi- 
mental animals nitrogen is wasted to such an extent that protein 
foodstuff has much less value than in the normal animal. Finally, 
removing the pituitary leads to pronounced atrophy or wasting away 
of every endocrine gland in the body. In brief, when the pituitary 
is removed there is not much left. It is therefore no reflection upon 
purified prolactin that it is unable to produce milk in the hypophysec- 
tomized animal. 

Nevertheless, the failure of purified prolactin in the hypophysec- 
tomized animal must be explained. The ovary has already been 
eliminated as an important factor in milk secretion, so that ovarian 
atrophy cannot be blamed for the failure. Nor can great importance 
be attached to the wasting of the thyroid, although thyroid medica- 
tion is able to stimulate milk production in the declining phase of 
lactation. Irrespective of the interest of this observation, it must 
be remembered that complete removal of the thyroid does not 
prevent milk secretion, in fact, does not even depress it very 
much. Complete removal of the adrenal glands, however, greatly 
depresses milk secretion or abolishes it completely. It might be 
suspected, therefore, that the failure of purified prolactin in the 
hypophysectomized animal is due to the wasting of the adrenal 
tissue. Such a suspicion is well supported by some recent experi- 
ments on the guinea pig. ^ After removal of the pituitary, purified pro- 
lactin is able to induce milk secretion in this animal if adrenal extracts 
are injected simultaneously. Adrenal extracts alone are not able to 
induce milk secretion, even in the normal animal, but they do enable 
the prolactin to work in the animal without its pituitary. Thyroid 
extracts cannot be substituted for adrenal material in this experi- 
ment, as might be expected. 

The question now arises, Are the adrenals directly involved in the 
process of lactation? This may be a matter of definition. Perhaps 
it depends upon where the line is drawn. Although the experiment 
has not yet been reported, it is probably safe to predict that purified 
prolactin would not be very effective in animals from which the heart 
and both lungs had been removed. There is no doubt that the heart 
and lungs are indispensable for milk secretion. But there is some 
doubt that they should be considered of any importance to milk 
secretion outside of their importance for the maintenance of the gen- 
eral health and well-being of the animal. In a like manner the adre- 
nals are important. After removal of the adrenal glands the disturb- 
ances in the circulation and in the transfer of water and salts to and 
from the blood are so great that the animal cannot survive unless 
prompt and vigorous treatment is given. The life of such an animal can 
be saved either by the administration of adrenal extracts or by abundant 
doses of common table salt. A high intake of common salt enables 
the animal to compensate for its handicap to a considerable degree. 
It is worthy of emphasis that the simultaneous injection of common 
salt enables prolactin to induce milk secretion in hypophysectomized 
animals. In other words, purified prolactin plus common table salt 
is just about as effective a combination as prolactin plus adrenal 
extract. Consequently there is every reason to question the alleged 
importance of the adrenal glands for the process of milk secretion. 
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If it is now admitted (purely for the sake of discussion) that purified 
prolactin is a chemical compound that is fully capable of providing 
the essential stimulus for milk secretion, there still may be some doubt 
that it is poured out of the pituitary gland as an individual, distinct 
hormone during lactation. It is quite possible that instead of secret- 
ing a compound that acts exclusively on the process of milk secretion, 
the pituitary actually secretes a hormonal complex, containing the 
equivalent of prolactin, which is able to do several things at the same 
time. 

Such a pattern of glandular activity is suggested by several ex- 
amples of interrelated processes. For instance, during pregnancy 
there is not only an alteration in the ovaries attributable to a change 
in the secretion of the pituitary hormone that stimulates the ovaries 
(gonad-stimulating), but there are also other alterations that might 
reasonably be charged to the pituitary gland. Thus growth in the 
rat is accelerated during pregnancy a-nd lactation, so that bred females 
grow faster than virgins. Since some acceleration of growth occurs 
during pseudopregnancy, the contents of the pregnant uterus cannot be 
given credit for this effect. Part of this increase in growth, rate is 
undoubtedly due to the increased food intake, which appears as early 
as 48 hours after coitus. It will be recalled that growth is just as 
intimately related, to the pituitary as is lactation or reproduction, and 
that no growth is possible in the absence of the pituitary. This cor- 
relation of changes in the reproductive tract with changes in the 
growth rate suggests a correlated alteration in the secretion of the 
gonad-stimulating and the growth-stimulating hormones. Another 
example of this same type is seen in pregnant women, who frequently 
show a characteristic coarsening of the facial features typical of the 
action of the growth hormone acting on the adult individual. 

If such diverse processes as growth and reproduction are really 
correlated by an integration of pituitary secretions, a much closer 
correlation might reasonably be expected between bodily processes 
that are more intimately bound together—specifically, general body 
metabolism, growth, and lactation. At the present time no statement 
can be made as to whether or not such a correlation in pituitary 
secretions is anything more than an idea. But it would be folly to 
dismiss the idea without careful examination. 

THE POSSIBLE RELATION BETWEEN DIET AND PITUITARY FUNCTION 

Even when the pituitary gland is intact, deficiencies in the diet 
produce severe changes in growth, reproduction, and lactation. In 
part, these changes may be due to the decreased supply of raw ma- 
terials out of which, new tissue or milk is made. However, the pitu- 
itary secretions are themselves proteins, and it is altogether possible 
that adequate dietary protein is essential for the formation of the 
pituitary hormones. Such a situation might explain the dramatic 
effects on growth, reproduction, and lactation of increasing or decreas- 
ing the dietary protein. 

In the last few years, several investigators have extracted from plant 
sources active products that stimulate the ovaries of animals into 
which they are injected in a manner much like that of the pituitary 
gonad-stimulating hormone.    The active extracts have been prepared 
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from the green leaves of young alfalfa, oat grass, and soybean plants, 
and from brewers' grains. It is still too early to say Whether such 
discoveries will prove to be of significance from the standpoint of 
nutrition. They may, however, eventually provide an explanation 
for the often observed stimulating effect of young pasture grass on 
milk production. ^ They may also lead the way to a new point of view 
in regard to the wisdom and efficacy of our present methods of curing 
and storing pasture grasses. In. any event, without hoping too much 
for the future, it is to our interest to watch critically the development 
of such experimentation. 
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BLOOD CONSTITUENTS 

by C. A. Gary s 

MILK has some characteristic constituents that are synthesized in 
the mammary gland itself. Among these are its principal protein, 
casern; the milk sugar, lactose; and the characteristic volatile or easily 
evaporated fatty acids of milk fat. This section deals with the 
materials in the blood used by the gland in making these constituents. 
The experimental work leading up to the present knowledge of this 
subject has been done with goats and cows, but essentially the same 
results would be obtained with other mammals. 

WHERE DOES MILK SUGAR COME FROM? 

The sugar in blood is glucose. To convert this to the milk sugar, 
lactose, would require a complex and far-reaching rearrangement of 
the atoms in half of the molecules used in the process. Is glucose 
thus used by the mammary gland to make lactose? Kaufmann and 
Magne m 1906 {609) first undertook to solve this problem. They 
determined the amount of sugar in samples of blood taken simulta- 
neously from the jugular vein and mammary veins of milking cows. 
They assumed that the samples from the jugular vein represented the 
composition of blood going to the mammary gland, and those from 
the mammary veins represented the composition of blood coming 
from the mammary gland. They found less glucose in the blood 
coming from the gland, which would indicate that some was used in 
the gland. 

(unnSaa — *—0*'   MO" 0(,1- Agr. Pub. 
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Since that time workers at the Hannah Research. Institute in 
Dairying in Scotland have shown {125) that blood from the jugular 
vein in the neck of the cow cannot be taken to represent the compo- 
sition of the arterial blood going to the mammary gland. They {126) 
and a number of other workers since, have repeated Kaufmann and 
Magne's experiment, using arterial blood instead of jugular vein 
blood. The findings leave no doubt that glucose is taken out of the 
blood by the mammary gland. In addition, it has been shown that 
cultures of mammary gland tissue readily make lactose if supplied 
with glucose. 

Recently Graham and coworkers {^29), working formerly at Read- 
ing, England, and later at the University of Missouri, have developed 
a technique whereby they can measure quite accurately the rate of 
blood flow through the mammary gland of the goat. 'At the same 
time they are able to analyze samples of the blood going to and coming 
from this gland and to determine the amount of milk secreted by it. 
Using this unique procedure, these workers have reported that not 
enough glucose is taken out of the blood to make all of the lactose 
secreted in the milk. They conclude that both glucose and lactic 
acid, which may be derived from glucose, are taken out of the blood 
by the mammary gland and used to make milk sugar. 

The secretion of lactose can be altered by altering the level of 
glucose in the blood. This has been done experimentally by depress- 
ing the level of glucose in the blood drastically by the administration 
of such agents as insulin or phloridzin. But when an attempt is made 
to alter the level of glucose hi the blood by greatly reducing the 
amount of carbohydrate in the ration, the concentration of lactose 
in the milk is unchanged. The most pronounced changes, as a result 
of an abrupt and decided cut in the carbohydrate in the diet of a 
milking cow, are (1) a considerable drop in the amino acids in the 
blood, (2) a drop in milk yield, and (3) a drop in the concentration of 
protein in the milk but not in the concentration of lactose. The 
demand for material to supply energy to the organism apparently 
leads to the destruction of amino acids essential for the secretion of 
milk and for the synthesis of milk protein when too little energy is 
given in the ration. 

WHERE DOES MILK PROTEIN COME FROM? 

There are several proteins in milk. One, lactoglobulin, is present 
in cows' milk generally in very small amounts. It is considered 
identical with a globulin in blood serum (serum globulin) and is 
believed to be derived from that source. Lactalbumin, another milk 
protein, constitutes about 18 percent of the protein in cows' milk. 
It resembles, but is not identical with, the albumin in blood serum 
and is therefore considered to be synthesized by the mammary gland. 
Casein, the principal protein in milk, is also considered to be syn- 
thesized by the mammary gland. 

In digestion, proteins are broken down into simple nitrogenous 
compounds known as amino acids. These are present in the blood 
along with polypeptides, which are simple combinations of amino 
acids. The amino acids and polypeptides are the building stones 
used by the body to build its own proteins. 
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Some years ago an experiment like that of Kaufmann and Magne's, 
described above, was tried in the laboratory of the Bureau of Dairy 
Industry {195) at Beltsville, Md.; to determine whether the amino 
acids in cows' blood are used by the mammary gland in the synthesis 
of milk proteins. This work was also repeated by workers {123) at 
the Hannah Research Institute in Dairying in Scotland, and by 
others. There is no doubt that the mammary gland takes amino 
acids and simple polypeptides out of the blood, and most workers 
have been convinced, therefore, that these are the raw material used 
for the synthesis of milk proteins. Recently Graham and his co- 
workers {4SI) have also applied their particular technique to this 
problem. They report that the amount of amino acids and simple 
polypeptides taken out of the blood by the mammary gland of the 
goat does not account for the amount of protein in the milk secreted; 
that material of this sort is destroyed in the mammary gland; that 
some urea—a product of this destruction—is returned to the blood 
leaving the gland; and finally that serum globulin is taken out of the 
blood and used by the mammary gland along with some of the amino 
acids and simple polypeptides in the synthesis of milk proteins. 

Undoubtedly amino acids and polypeptides are used in this syn- 
thesis. The evidence regarding the role of serum globulin in this 
connection will undoubtedly require further study. It, too, is made 
ultimately from amino acids, and it does, of course, get into the 
colostrum in large amounts. 

It has already been noted that considerable reductions in the 
amount of carbohydrate in the diet may reduce the total amount of 
amino acids in the blood. This in fact is the most effective way to 
produce this change in the blood, and, as has been pointed out, it is 
accompanied by a reduction in milk yield and in the concentration of 
protein in the milk. Abrupt changes in either the kind or quantity 
of protein in the diet may also lead to immediate changes in milk 
yield and to corresponding changes in the concentrations of both the 
protein and the fat in the milk. Sometimes, when the dietary protein, 
the milk yield, and the concentrations of protein and fat in the milk 
are thus reduced, the total amount of amino acids in the blood may 
not be demonstrably altered; but certain essential amino acids in the 
blood may vary under these conditions quite independently of the total. 

Not always are changes in dietary protein directly reflected in the 
yield and composition of the milk even at levels of feeding inadequate 
for continued production. A cow's capacity to store protein or to 
supply protein from bodily reserves may act to maintain the yield 
and composition of the milk and thus obscure, for long periods of 
time, inadequacies in the diet. 

It is possible that the total effect of a change of dietary protein 
should not be considered as brought about entirely by a change in the 
supply of raw material for the synthesis of milk protein. Such changes 
in the diet and blood may alter the formation or function of hormones, 
enzymes, or other factors, which also directly or indirectly affect the 
secretion of milk. 

A change in the quality or quantity of protein in the diet may, as 
noted, not only affect the secretion of milk protein, but alter the secre- 
tion of milk as a whole—that is, of all of the constituents of milk. 
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How such a complex change in milk secretion may follow so relatively 
simple a change in ration is definitely unknown, although hypotheses 
to account for such correlations in elaboration of the constituents of 
various glandular secretions have often been suggested. 

WHERE DOES MILK FAT COME FROM? 

It is true that the composition of milk fat may be altered by altering 
the kind of fat fed, indicating that fatty acids may pass unchanged m 
character from the feed into the milk. With the exception of the 
volatile fatty acids, all the fatty acids in milk fat, so far as is known, 
could be derived directly from the feed and from the blood. 

Fatty acids occur in the blood in several combinations—as ordinary 
fats (giycerides), as compounds containing phosphorus (phosphatids), 
and as esters or compound ethers of cholesterol, a fatty alcohol found 
in animal tissues. As a result of work done in the Bureau of Dairy 
Industry (777) at Belts ville, it was thought that the fatty acids in 
milk fat were derived from the phosphatids in the blood; but the 
workers in the Hannah Research Institute in Dairying {12^) in 
Scotland later investigated this question with improved methods and 
were unable to confirm this view. More recently Lintzel {689), 
Graham and collaborators (^50), Maynard and collaborators {771)} 
and Shaw and Peterson {1083) have shown that the fatty acids used 
in milk secretion are not derived from either phosphatids or choles- 
terol esters, and therefore presumably come from the ordinary fats 
(giycerides) in the blood. This, of course, does not account for the 
volatile fatty acids that are made in the gland itself, and no satisfac- 
tory work throws any light upon their origin. 

Graham {^29) in his work has also observed that the increase in 
the volume of carbon dioxide in the blood leaving the mammary 
gland is greater than the volume of the oxygen taken out of the blood 
by the gland. Such a condition with an animal has generally been 
interpreted to mean that carbohydrate is being converted into fat 
because this process would lead to the evolution of carbon dioxide 
without a corresponding utilization of oxygen. Whether fat is thus 
being formed in the mammary gland in addition to being taken from 
the blood is not definitely known. A considerable portion of milk 
fat is undoubtedly made from carbohydrate, this transformation 
probably occurring largely elsewhere in the body. 

Maynard (770), at Cornell University, has made an extensive study 
of the relation between the concentration of fat in milk and the con- 
centration of lipid (total fatty materials) in blood. There was no 
correlation, although when the fat content of the diet is below a 
certain level, milk yield is depressed; but Maynard does present an 
interesting set of curves (770) showing a decline in the concentration 
of fatty materials in the blood parallel with the decline in milk yield 
that occurs with the advance in lactation. The significance of this 
observation is not clear. 

As already pointed out, when the amount of protein in the diet 
is drastically changed and the milk yield is thereby altered, the 
concentration of fat and protein in the milk is also altered. In an 
experiment in the Bureau of Dairy Industry the fat dropped from 
an average of 4.8 percent in one lactation to 3.3 percent in another 
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as ü result of inadequate protein feeding. When a decided reduction 
in milk yield is effected, however, by a change in the total energy 
(carbohydrate) content of the diet, the concentration of fat shows a 
tendency to increase with a drop in milk yield, and vice versa. In 
general the average concentration of protein in milk bears a fairly 
constant relation to that of the fat; and both may be maintained at 
what may be considered a normal level in milk for long periods even 
on diets that may finally prove inadequate in protein to maintain 
production. 

For references to the original literature on the blood precursors of 
milk constituents, the reader is referred to bibliographies in papers 
by Graham and others {JßBj fêl) and the bulletin by Maynard and 
others {771)] and for the literature on the relation between diet, 
composition of the blood, and secretion of milk, to the article by 
Maynard and others (770) and the paper by Gary and Meigs {197). 



MILK  IN  NUTRITIONAL  RESEARCH 

A  SKETCH  OF  PROGRESS 

by C. A. Gary > 

I H I O article ostensibly deals with milk, but actually it has a much 
wider interest. Without attempting any formal history, the author gives 

some revealing glimpses of the way modern knowledge of nutrition has 

developed in laboratories all over the world. It is background material 
for those interested in either animal or human nutrition. 

KNOWLEDGE of the composition of milk, particularly of the vitamins 
and some of the less plentiful minerals found in it, has resulted largely 
from a study of its nutritional value. The story is a long one and 
this article is intended merely to suggest how some of this knowledge 
has been gained. 

DISCOVERING THE EXISTENCE OF UNKNOWN FACTORS IN MILK 

About 1873, one of the important problems in Voit's laboratory in 
Germany was to determine whether or not a constant supply of mineral 
salts, like those in milk, is necessary in considerable quantity for the 
nutrition of adult animals; and Forster, in that laboratory, concluded 
that the full-grown animal does require considerable quantities of 
these inorganic salts. The eating of food from which they were 
removed appeared even more rapidly fatal than the deprivation of 
all food, according to Forster. 

Bunge {171),2 also in Germany, did not consider that the experi- 
mental work back of this conclusion was convincing. 'Tn fact/' he 
says, ^it is a priori difficult to see what the constant addition of salts 
is required for." 

However amusing this view may now seem, it was serious then; and, 
after showing that the salt content of the milk of a given species of 
animals is particularly adapted to nourish the growing young of that 
species, Lunin, in Bunged laboratory, tried two crucial experiments on 
adult mice. In one he fed a mixture of cane sugar, milk protein, and 
fat.    The ration was incomplete; the animals lived only  11  to 21 

1 C. A. Gary is Senior Chemist, Division of Nutrition and Physiology, Bureau of Dairy Industry. 
2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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days. In the second experiment Lunin fed a mixture of lactose^ milk 
protein, milk fat, and the salts of milk. This ration was also incom- 
plete; and Bnnge in his Physiologic and Pathologic Chemistry, as 
translated {171), gives the results of this often-cited experiment in 
the following words: ííIt is a noteworthy fact that, although animals 
can live on milk alone, yet if all of the constituents of milk which 
according to the present teachings of physiology are necessary for the 
maintenance of the organism be mixed together, the animals rapidly 
die.M Bunge then puts this question, ^Does milk contain, in addition 
to protein, fat, and carbohydrates, other organic substances which are 

also   indispeusable   to   the 
90 r 1 f 1     main tcnance of life ?; ' 

The necessity of these 
salts in adult nutrition was 
finally definitely deter- 
mined, but Bunge's text 
with this question in it was 
still in use in English and 
German universities when, 
about 25 years later (1906), 
Hopkins, who worked in the 
laboratory at the University 
of Cambridge, England, 
similarly announced: ^But, 
further no animal can live 
upon a mixture of pure pro- 
teins, fats, and carbohy- 
drates, and even when the 
necessary inorganic material 
is carefully supplied, the 
animal still cannot live/' 
With this pronouncement 
Hopkins presented the 
curves in figure 1 {538), 
which show the growth of 
rats on the mixture of the 
then known nutrients in 
milk, and upon these nu- 
trients plus a little whole 
milk. In this work Hop- 
kins showed emphatically 
the existence of unknown es- 
sentials in normal nutrition. 

As the list of known nutrients in milk has increased from time to time, 
this same comparison, using all the known constituents in one case and 
milk itself in the other, has been repeated—and probably will be 
repeated—time and again; and each time it has demonstrated that 
there were still unknown factors affecting the growth, health, or 
reproduction of the experimental animals. This is particularly true 
of the vitamins.    Hopkins recently (1937) said {537): 

I am myself sometimes spoken of as the discoverer of the vitamins, but that is 
a title that I cannot justly claim    .    .    .    Perhaps 1 was the first to emphasize 

20 
TIME (DAYS) 

Figure I.—Growth of rats on an aruncial dieL 
con laming the known constituents of milk, with 
aiuj vvilhout the addition of natural milk. The 
lower curve shows the average weight at different 
ages of six rats on the artificial diet alone; the up- 
per curve, that of six similar animals receiving in 
addition 2 cubic centimeters of milk each per day. 
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their physiological and universal importance in nutrition as distinct from certain 
of their more special pathological relations. 

DEFICIENCY DISEASES POINT THE WAY TO FINDING THE VITAMINS 
This quotation from Hopkins leads to another, slightly oidor channel 

of information that has already contributed much during this century 
to the knowledge of nutrition and of the composition and nutritive 
value of milk—the study of what are now known as nutritional- 
deficiency diseases. Probably not long after man became sufficiently 
civilized to have these diseases he began tampering with his diet to 
cure them; but progress was slow. Funk (402) said some years ago 
regarding the contribution of the study of deficiency diseases to knowl- 
edge of nutrition: 

In spite of the great powers of observation possessed by such investigators as 
Bunge and Hopkins, the conception of the vitamin theory could never have 
attained its present importance if a powerful impulse had not been received from 
clinical sources. 

VITAMIN Bi 

The record indicates that beriberi, the disease caused by a deficiency 
of the recently (1936) synthesized, vitamin Bi in the diet, was recog- 
nized by the Chinese as early as 2697 B. C. {1229), Apparently it was 
unknown to physicians of the western world until Á. D. 1645; and 
little was done to determine its cause until in 1885 the Japanese felt 
the urge to preserve the health of their developing navy. Then 
Takaki. as has frequently been noted, altered the diet of the Japanese 
sailors in several ways, mainly by substituting barley for polished 
rice—previously the chief article of their food—and the occurrence of 
beriberi, which had been officially reported as annually affecting 25 
to 40 percent of the entire naval force, became negligible. 

Progress after this was very rapid, and its rapidity and thoroughness 
attest the relative effectiveness of modern research methods. The 
dietary deficiency causing beriberi was further confirmed. All sorts of 
foods were tested out for their antiberiberi or antineuritic properties— 
the main symptoms of beriberi being a nerve disease, polyneuritis. 
Rough methods were devised for measuring the potency of these pre- 
ventive foods with rats, with pigeons, and with other birds that are 
readily susceptible to polyneuritis. 

It was found that the foods that contained the beriberi-preventive 
vitamin also invariably promoted the growth of rats when added to 
such artificial mixtures of known dietary essentials as those used by 
Lunin {171) and Hopkins {588). The same was true of all water ex- 
tracts of these foods, and many workers assumed, without very good 
evidence, that the antiberiberi vitamin and this growth-promoting 
material found with it were one and the same substance. As a result, 
the effect of foods on the growth of rats was used as a measure of their 
content of the beriberi-preventive vitamin. 

In 1926, Jansen and Donath {581, 582} 583) isolated the active 
antiberiberi principle itself in crystalline form; and in 1936, some 4,600 
years after the first description of beriberi in known literature, this 
curative principle was prepared synthetically by Williams and Kline 
in this country. This antiberiberi or antineuritic vitamin is now 
known as vitamin B or vitamin B^ It is also called by the chemical 
name of thiamin. 
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VITAMINS A,D,AND C 
The history of other dietary diseases is much the same. It is said 

(303) that Hippocrates recognized hemeralopia and described a cure 
for it that contained vitamin A ; yet the fact that the vitamin A potency 
of plant foods is due to the pigment carotene was not clearly demon- 
strated until 1928-29 by Von Euler and collaborators (388), and by 
Moore (807, 808, 809, 810)', and the two outstanding events in the work 
reported on this vitamin in 1937 were its synthesis in Kuhn's labora- 
tory in Heidelberg, Germany, and its isolation in crystalline form from 
a natural source by Holmes and Corbet at Oberlin College in Ohio. 

With the D vitamins, which are involved in the prevention and 
cure of rickets, and with vitamin C (ascorbic acid), which prevents or 
cures scurvy, the situation is much, the same as with vitamin Bj and 
vitamin A. 

THE SEARCH FOR THE PELLAGRA-PREVENTIVE FACTOR 

The studies of human pellagra are of particular interest in illustrat- 
ing how knowledge of the composition of milk and other foods has 
developed. The assumption that the antiberiberi and the rat growth- 
promoting properties of foods were due to one and the same substance 
was a bad mistake. Such leaders in the field as Eijkman and collab- 
orators (314) and Jansen (580) declared against this assumption at 
the time; but it was not until 1926 that the fallacy was clearly demon- 
strated. It had been shown that the antiberiberi vitamin is destroyed 
by heating with steam in a closed vessel (autoclave) at 15 pounds 
pressure for 6 hours; and Smith and Hendrick (1082) in the United 
States Public Health Service then showed that yeast, autoclaved in 
this way, still had pronounced growth-promoting properties when fed 
to rats.^ There was thus shown to be, besides the antiberiberi vitamin, 
which itself does promote growth, another growth factor that was 
more stable to heat. This heat-stable fraction also prevented black- 
tongue in dogs, which is analogous to human pellagra. 

This discovery added zest to the efforts to isolate the heat-stable 
growth-promoting factor. Milk and eggs contain it and are pellagra 
preventives. In 1933 Kuhn and his collaborators at Heidelberg iso- 
lated from this heat-stable fraction in milk and egg white what is 
now known as vitamin Bg or riboflavin. Its chemical structure was 
later determined, and it was prepared synthetically. 

But with certain basal diets pure riboflavin did not have the growth- 
promoting properties of the entire heat-stable fraction from yeast and 
did not prevent pellagra; and when riboflavin was used in place of 
this fraction in the diet, the rats developed a characteristic skin disease 
or dermatitis. Evidently another factor in this yeast fraction was 
involved. The material a deficiency of which produces the charac- 
teristic dermatitis in rats was isolated in crystalline form in this 
country by Keresztesy and Stevens of Merck & Co. in February 1938; 
in Heidelberg, Germany, by Kuhn and Wendt in April 1938 ; and at the 
University of California by Lepkovsky in February 1938. Its chemi- 
cal structure has recently (February 1939) been determined by Kuhn 
and Wendt in Germany; and, on March 5, 1939, workers in the lab- 
oratory of Merck & Co. in this country announced its chemical 
synthesis (483). It has been called vitamin Bg, adermin, and factor 1 
by various workers. 
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But vitamin B6 was still not the pellagra-preventive factor in yeast, 
eggs, milk, and other foods. A peculiar situation was discovered. 
In his book on the vitamins (4^), Funk? who gave us in quite el ahór- 
rate form the vitamin theory of disease and the original class name 
for the vitamins, had described bis efforts to isolate the antiberiberi 
vitamin from rice bran and yeast. He bad isolated, among other 
things, nicotinic acid. According to Funk, this acid was first found 
in nature by Suzuki and associates in J912, the year before his own 
isolation of it. When he tested it for antiberiberi properties., nicotinic 
acid was ineffective. 

Nicotinic acid was therefore known to occur in yeast, and it was 
heat-stable like the pellagra-preventive factor. In 1937 Elvehjem, 
Madden, Strong, and WooUey (327) at the University of Wisconsin 
gave it to dogs suffering with black tongue. They say, "A single dose 
of * * * nicotinic acid gave a phenomenal response. * * * 
The appetite improved immediately,n and upon ^further additions 
of the nicotinic acid growth continued uninterruptedly." Fonts, 
Helmer, Lepkovsky, and Jukes (380), in California in November 1937, 
report trying nicotinic acid on four persons suffering from pellagra. 
The effect was remarkable: ^All patients showed distinct improve- 
ment in general condition and mental attitude within 48 hours of 
onset of therapy," and other symptoms of the disease were definitely 
ameliorated. Nicotinic acid, according to Williams and Spies {1229), 
is "at least to an astounding degree, curative for human pellagra"; 
but it is "perhaps not the sole pellagra vitamin." 

VITAMINS THAT HAVE BEEN DEFINITELY DETERMINED 
AND SYNTHESIZED 

Thus from the original vitamin B complex there have now been 
prepared in pure crystalline form the following vitamins of which the 
chemical structure is known and the chemical synthesis of which has 
been accomplished: From the heat-labile (unstable) fraction— 
vitamin B (or vitamin Bi or thiamin); from the heat-stable fraction— 
nicotinic acid, vitamin Bg (or riboflavin), and vitamin B6 (or adermin 
or factor 1). 

In addition to these vitamins, which have been isolated in pure 
chemical form from what was originally known as vitamin B, the 
following vitamins have also been isolated in pure form and their 
chemical nature has been definitely determined: Vitamin A and at 
least four plant carotinoids that are precursors of vitamin A (there 
may be more than one vitamin A, but only one has been definitely 
identified); vitamin C (ascorbic acid or cevitamic acid); vitamin D, 
the antirachitic vitamin (at least two D vitamins have been isolated 
and identified chemically) ; and vitamin E. 

The number of these definitely known vitamins has been constantly 
and rapidly increasing, and undoubtedly others occur in milk. 

NUTRITIONAL DEFICIENCIES IN MILK AS A SOURCE 
OF KNOWLEDGE 

^ Information about milk has also resulted from studying its nutri- 
tional deficiencies.    Between 40 and 50 years ago Bunge (1891) and 
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Häusermann (1897) in Bunged laboratory published data on various 
plant and animal materials that showed that cow's milk, human milk, 
and dog's milk are all very poor sources of iron. The mineral content 
of the newborn puppy was compared with, that of dog's milk. £iWith 
the exception of the iron, the relative proportion of the remaining 
constituents in the ash is almost identical" in the milk and the new- 
born, Bunge said {171)] but the iron in the milk "is six times less than 
that in the ash of the suckling animal." However, the iron in young 
dogs, cats, and rabbits was highest at birth: "At least five times more 
iron is found in the liver of the new-born than in that of full grown 
animals. ' '    Bunge added : 

The amount [of iron] which must, be conveyed to the infant organism can 
reach it in two ways: through the placenta and through the mammary glands. 
*    *    *    But if it reaches the fetus through the placenta, its safety is assured. 

Nature evidently offsets the iron deficiency in the milk by depositing 
stores of iron in the fetus. With newborn animals that, like the 
guinea pig, "begin by eating vegetable food from the first day, and 
select by preference the leaves that are very rich in iron," this storage 
of iron is negligible and milk itself plays a subordinate part in supply- 
ing the iron requirements; but with other animals, like the rabbit, the 
newborn may contain three or four times as much iron per 100 grams 
of body weight as the adult animals. 

How long will these stores of iron last the growing animal? Bunge 
concluded that "nature herself has made an experimentum crucis" 
{171), and that the amount of iron in the body of the newborn is 
adapted to its dietary instincts, or its dietary instincts are adapted to 
the amount of iron, so that by the time the bodily store is exhausted, 
the animal is eating food richer than milk in its content of iron. 
He wrote: 

The animals at this time already appear to be anemic, [and] if the attempt were 
made to feed the young animals exclusively with milk alter the period of suckling 
had elapsed, they would certainly become anemic. 

Häusermann tried to supplement milk in various ways to overcome 
this nutritional anemia in older animals (see Bunge {171)), The 
question of utilizing inorganic iron salts to overcome it was not defi- 
nitely settled, however, until Hart, Steenbock, Waddell, and Elveh- 
jem {498), at the University of Wisconsin, showed in 1928 that copper 
as well as iron is necessary to prevent this nutritional anemia. 

Milk is also deficient in copper; and there is evidence, as with iron, 
that the newborn is prepared to meet this deficiency in its mother's 
milk, and that many foods may readily be selected to meet the later 
needs of the animal for copper. 

Copper has a widespread occurrence as an impurity in the salts of 
many metals, and shortly after the discovery of this function of copper 
by Hart et al., many of these salts were tested for their effect on 
nutritional anemia and found to be effective in curing it; but according 
to Elvehjem {323) all of these statements indicating the effective- 
ness of salts other than copper and iron in nutritional anemia "have 
been retracted or refuted in more recent papers." Rats have been 
kept on a ration of milk, iron, and copper for 667 days without develop- 
ing nutritional anemia. 
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Although, in this work, manganese was found to have nothing to do 
with the development of nutritional anemia, it was found to affect 
growth. Workers at the University of Wisconsin, using mice and 
rats, ^demonstrated that the addition of traces of manganese to a 
diet of whole cow's milk supplemented with iron and copper has a 
favorable effect on growth,^ and that "rats on cow's milk mineralized 
with iron, copper, and manganese made average daily gains very 
similar to those made by rats on an ordinary ration." The manganese 
content of milk is very low and is not affected by the diet of the lactat- 
ing animal; but the requirements of young animals must also be very 
low as the manganese requirement of the young growing pig is satis- 
fied by a concentration of 1 part of manganese in 180,000 of its ration. 
The relationship of manganese to reproduction is discussed elsewhere 
in this Yearbook (p. 488).    Sherman {10^8) says: 

It is still an open question * * * whether one is likely ever to meet a case 
of manganese deficiency except when deliberately induced by artificial procedures. 

ARE THERE MORE VITAMINS? 

Thus studies of the nutritional deficiencies of simplified diets, of the 
use of milk in deficiency diseases, and of the nutritional deficiencies in 
milk itself have added much to practical knowledge of the nutritional 
value of milk. But it is obvious that this knowledge is very rapidly 
changing and still incomplete, and that it must constantly be reap- 
praised in the light of more recent developments. 

In January 1939, Oleson, Bird, Elvehjem, and Hart {872) at the 
University of Wisconsin reported as follows, in very much the same 
vein as Lunin in 1881 and Hopkins in 1906: 

When rats are placed on purified diets low in the vitamin B complex but supple- 
mented with thiamin, riboñavin, nicotinic acid, and concentrates or crystals of 
vitamin Be, very poor growth results.    It is evident that other factors are needed. 

And again: "It is possible that several factors are concerned. In 
fact the evidence points to this conclusion/' A review. The B-Vita- 
mins Except Bi and the Flavins, has recently been published bv Elvehj em 

Biological methods are never precise, and their accuracy varies with 
knowledge of the factors and conditions involved. As information 
regarding the physical and chemical properties of the vitamins has 
developed, chemical and physicochemical methods for assaying them 
have in some instances been devised; but these, although more precise 
than the biological methods, frequently yield results of yet undeter- 
mined accuracy and value. This condition is improving very rapidly ; 
but in assigning vitamin values to milk one must pick his way amid an 
array of data that is very confusing in some instances and very incom- 
plete in others. 

141394°—39 46 



NUTRITIVE  REQUIREMENTS 

OF  SWINE 

by N. R. Ellis and J. H. Zeller1 

I n I O article deals with the more technical aspects of swine feeding, 

outlining results of some of the research work that has been done on the 

requirements of the pig for energy, protein, minerals, and vitamins. The 

practical feeding of hogs, based on these requirements, is considered in a 
later article. 

THE HOG excels other livestock as an economical converter of feed 
into body tissue, the products of which are largely meat and fat. 
Fundamentally, the nutritive requirements of swine are not so com- 
plicated as those of other classes of livestock. The swine ration is 
largely made up of concentrated feeds with only a small proportion 
of roughage, aside from good pasture. Hogs grow rapidly and most 
of them reach market weight at 7 to 10 months of age. They also 
reproduce at a much younger age than most farm animals. Well- 
developed gilts are usually bred to farrow their first litters at approxi- 
mately 1 year of age. 

The growth of swine follows the same general law as that of other 
animals, but they grow much faster in proportion to their body weight 
than the larger farm animals. Growth curves showing the rate of 
increase have been published by various investigators. The curves 
given in figure 1 show a somewhat faster rate than most of the other 
United States data. These curves are based on records kept on 
litters used in record-of-performance tests at the Agricultural Research 
Center, Beltsville, Md., for the autumn farrows of 1936 and 1937 and 
the spring farrows of 1937 and 1938. The sows and the pigs of all 
four farrows were handled under essentially identical conditions except 
for the differences due to season of the year. Besides the ration of 
yellow corn and a protein mixture with mineral supplements incor- 
porated, the sows grazed on rye pasture. The pigs were weaned 
either at 8 or at 10 weeks and a large proportion were placed on the 
record-of-performance test. For the most part, the animals were 
removed from the feed lot when they attained a weight of approxi- 

i N. R. Ellis is Senior Chemist, Animal Nutrition Division, and J. H. Zeller is Senior Animal Husband- 
man, Animal Husbandry Division, Bureau of Animal Industry. 
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mately 225 pounds. The pigs were self-fed whole yellow corn and a 
mixture (known as the trinity mixture) of 50 parts tankage, 25 parts 
linseed meal, and 25 parts alfalfa-leaf meal, plus 5 parts of a mineral 
mixture composed of 50 parts ground limestone, 27.97 parts steamed 
bonemeal, 20 parts common salt, 2 parts iron oxide, 0.01 part copper 
sulfate, and 0.02 part potassium iodide. The average birth weight of 
1,377 pigs was 2.91 pounds. _ 

Because of the divergence in rate of growth between fall- and spring- 
farrowed pigs, separate growth curves are shown for the two groups. 
It will be noted that the average weight of the fall pigs (fig. 2) at the 
age of 22 weeks was approximately 145 pounds and of the spring pigs, 
130 pounds. This difference of 15 pounds was probably associated 
with temperature. The hot summer months were apparently not so 
conducive to growth as the cool fall months. Beyond the age of 22 
weeks the growth rates were approximately parallel. During the last 
8 weeks the growth rate averaged 1,65 pounds a day. Further refer- 
ence to the feed consumption of record-of-performance pigs will be 
found elsewhere in this article. 

COMPOSITION OF THE PIG'S BODY 

In studying the nutritional needs of the pig it is well to consider 
first the percentage composition of the body. Some figures based on 
analyses made at the Agricultural Research Center are shown in 
table 1.    These percentages are subject to wide variations owing to 
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pigs shown in parentheses. 
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ifinr l-'all-farrowed pigs grazing on ryp pasture. 

(liiierences in type, age, and nutritional condition. They do, how- 
ever, show the general trend as the pig grows and fattens. Water is 
an essential constituent of the body, found in the largest amounts in 
the blood and muscle tissues and constituting 40 to 45 percent of the 
weight of the average 225-pound market hog. The percentage of 
protein, which is found in every cell of the muscles, tendons, and soft 
tissues, is highest in the young animal and decreases as the pig fattens. 
The percentage of fat increases as the pig fattens. Because of the 
small skeleton of the pig the percentage of mineral matter is small and 
does not vary widely. 

TABLE  ].—Body composition of sirine 

Weight at 
-lailL'hl.T 

Body sub- 
slant,' 

Component» of body substance 

Water Protein Fat Ash 

Thin  
Moderati'lv fal 

Pounds 
100 
162 
219 
230 
343 

Pounds 
100 
154 
210 
219 
327 

Percent 

49.2 
44.3 
41.4 
37.7 

Percent 
14.9 
13.7 
12.6 
111.:, 
10.8 

Percent 

40.6 
45. 9 
49.5 

Percnil 
3.1 
2.9 

Fat 2.5 
Very fal 2.3 
Kxlrcmcly fill 2.1 

REQUIREMENTS FOR ESSENTIAL NUTRIENTS 

Problems relating to the nutritive requirements of swine, along with 
those of other farm animals, have engaged the attention of scientific 
investigators since the middle of the nineteenth century. Tbe classi- 
cal experiments of Law es and Gilbert (065) - at the Rothamsted Ex- 
periment Station in England, on the composition of the body increase 
of swine in relation to the composition of the feed ingested have been 
cited many times by nutrition workers in the past SO years.    Among 

' Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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other findings, this work formed an important and incontrovertible 
link in the evidence that body fat is formed from the carbohydrate as 
well as the fat in foods. 

During the third quarter of the last century, the concept was 
firmly established that the fundamental nutritive needs of the animal 
body were primarily for energy, with enough protein for maintenance 
and the building of muscle tissue. Much of the early work on feed 
requirements was done by German investigators. The feeding stand- 
ards formulated by Wolff, which have come down to the present day 
in various modifications, was first published in 1864 (32, p. 689). 
These standards listed the amount of digestible crude protein, carbo- 
hydrates, and fat required daily by the different classes of farm 
animals, including swine. 

The idea that energy and protein were the only essentials to be 
considered, in feed requirements persisted well into the present century. 
Indeed, Armsby, who was responsible for the introduction of the 
German feeding standards in this country, wrote in 1912 {31) that 
^the chief function of the feed aside from a minimum of protein, is to 
supply energy/' It is true that the need for a few mineral elements, 
such as the calcium and phosphorus found in bones, and sodium 
chloride to satisfy salt hunger, was recognized. The needs of live- 
stock, with the possible exception of swine, for minerals were consid- 
ered to be satisfied by the ordinary feeds that would meet energy 
requirements. The discovery that swine often needed additional 
mineral supplements did much to promote research on the require- 
ments of other species and to extend inquiries to a wide range of 
mineral elements. 

Qualitative differences in proteins were also recognized early in the 
present century. Corn had become the staple hog feed at an early 
date in this country. With the recognition of the fact that the pro- 
teins in corn are of low quality owing to the absence of certain essential 
amino acids, numerous hog-feeding trials demonstrated the value of 
various supplementary feeds rich in protein. 

Early research on feed requirements was directed more to the 
needs of cattle and sheep, and even the horse, than to those of swine. 
Much of the work on swine was concerned with such questions as the 
relative advantages of grinding, soaking, and cooking grain, and the 
influence of the nutritive ratio between energy and protein on the live- 
weight gains and the proportion of lean to fat in the carcass. Later, 
when the complications of mineral essentials and protein quality came 
to be recognized in swine feeding, the inexactness of the various sets of 
standards based on quantity of energy and protein were clearly evident. 

Today, the problem of fundamental nutritive requirements is 
broader and more complex. To the list of the more common and 
plentiful mineral elements such as calcium, phosphorus, potassium, 
sodium, magnesium, chlorine, iron, and sulfur have been added iodine, 
copper, manganese, cobalt, and zinc. Others are still in the doubtful 
class. The problem of vitamin requirements is a complex and ex- 
panding subject. The role of diet in relation to hormones is not well 
understood. Finally, it is more and more evident that the require- 
ments of swine for the various essential nutrients are different from 
those of other farm animals. 
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ENERGY 

Much attention has been given to the energy requirements oí the 
animal body for maintenance. Because the pig is a fast-growmg 
animal and the great majority of the pigs on farms are in the growing 
and reproductive stages, the question of maintenance of body weight 
is less important than it is in the case of horses and cattle, where 
mature animals are kept for extended periods. Nevertheless, the 
amount of food needed for maintenance should be evaluated as 
fundamental to the needs for body increase and reproduction. 

One of the chief difficulties in the expression of the energy required 
for maintenance has been the segregation and evaluation of the 
portion above the basal metabolism (when the animal is completely 
at rest) that is expended (1) in eating;, digestion, and assimilation of 
food, and (2) in exercise and activity. Some investigators have 
considered these expenditures a large, and others a small proportion of 
the total energy requirement. Likewise, certain of the reports show 
a definite allotment of energy for these secondary expenditures, while 
others have simply divided the total energy requirement into (1) net 
energy required for maintenance, and (2) energy required for body 
increase and reproduction. Some of these problems have been 
discussed by Mitchell and Kelley (802),^ 

In 1917, Armsby summarized the existing information on mainte- 
nance requirements of swine (32) and found that the net energy needed 
per 100 pounds live weight was 1,199 calories a day. Since that date 
there have been a number of contributions. Some English breeds 
of swine were studied by Deighton, using^ a calorimeter, and from 
these data on castrated male and female pigs, along with additional 
data obtained at the Missouri Agricultural Experiment Station, 
Brody et al. (157) have derived prediction equations by means of 
which the basal metabolism of different weights of pigs may be 
calculated.3 Brody and his coworkers have also proposed a feeding 
standard for total maintenance, which is twice that of their basal 
metabolism standard. Furthermore, they have expressed the feed 
requirements in terms of total digestible nutrients. Danish experi- 
ments by Breirem (150) on bacon-type pigs yielded a formula some- 
what different from that of Brody.4 

In Sweden, Edin and Helleday (S04) have derived another equation 
from Swedish, American, German, and Russian feeding and slaughter 
tests for estimation of the maintenance and production requirements. 

In a study of the energy and protein requirements of growing swine, 
Mitchell and Hamilton (799) found that 1 pound a day per 100 pounds 
live weight of a diet consisting of yellow corn, middlings, and tankage 
was required for maintenance of body weight in pigs weighing approxi- 
mately 225 pounds, while 1.5 pounds per 100 pounds live weight was 
required by 60-pound pigs. 

3 The equation for castrated maie and female pigs over 50 kilograms (HO pounds) live weight is represented 

as ^-=34^-0,011 M+m, where Q is the basal heat production in calories per day, JM is the weight of the pig 
in kilograms, and e is the base of natural logarithms. Brody and coworkers have derived a general 
equation for relating the basal metabolism in calories to body weight for animals as a group (see the article 
on Factors Affecting Maintenance Nutrition, Peed Utilization, and Health of Farm Animals, p. 437). This 
équation, Q=70.5 M »-'u, where Q is the basal metabolism in calories and A/is the body weight, yields 
values generally comparable with those of the foregoing. 

i #=2126 ^KTT 5/9, where Eis the daily requirement of net energy and IT is the live weight in kilograms. 



TABLE 2.—Comparison of different estimates of maintenance energy requirements of p igs per day 

Basal metabolism Resting 
Daily maintenance 

(European) 

Practical 

Weight of pig (pounds) 
Deighton 
(English) 

Brody Mitchell 
and 

Hamilton 
Deighton 
(English) 

Brody 
Mitchell 

and 
Hamilton 

mainte- 
nance 

Female Male General Female Male Breirem E din and 
Helleday Brody 

50  
100  

Therms i 
1.01 
1.33 
1.78 
2.05 
2.24 
2.40 
2.66 

Therms 
0.82 
1.34 
1.68 
1.91 
2.11 
2.28 
2.61 

Therms 
0.92 
1.50 
1.92 
2.24 
2.54 
2.83 
3.42 

Therms 
0.71 
1.16 
1.56 
1.93 
2.28 
2.62 
3.27 

Therms 
1.00 
1.80 
2.50 
3.00 
3.00 

Therms 
1.41 
2.25 
2.72 
2.96 
3.11 
3.22 
3.38 

Therms 
1.55 
2.47 
3.03 
3.31 
3.48 
3.60 
3.78 

Therms 
1.48 
2.40 
3.03 
3. 40 
3. 09 
3.94 
4.42 

Therms 
1.32 
2.37 
3.29 
3. 95 
3.95 

Therms 
0.93 
1.37 
1.72 
2.01 
2.28 
2.52 
2.90 

Therms 
1.17 
1.98 
2.40 
2.47 

Therms 
1.37 
2.28 
3.06 
3. 79 
4.40 

150      
200 
250     . 
300  

' A unit of heat and energy equal to 1,000 calories. 
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A summary of the maintenance requirements as determined or 
compiled by different investigators is given in table 2. As already 
indicated, it has not been possible to express all requirements strictly 
on the basis of economic maintenance or basal maintenance. Con- 
siderable variability is noted in the figures. However, they are be- 
lieved to present a fair picture of the probable range under reasonably 
restricted environmental conditions. 

The production requirements over and above maintenance must be 
considered from the standpoint of the product. In growing and fatten- 
ing pigs, the product is largely fat and protein. Because of the increase 
in proportion of fatty tissue to muscular tissue with increasing weight, 
there is a steady increase in the energy content of each additional 
pound of gain. Mitchell and Kelley (802) have estimated the values 
for different weights of pigs reared according to American ^ feeding 
practice. For a 75-pound pig, 1,625 calories are stored, while for a 
225-pound pig 2,600 calories are stored in 1 pound of live-weight gain. 
The feed required to furnish these energy values have been estimated 
in a number of studies also cited by Mitchell and Kelley. The experi- 
ments of Mitchell and Hamilton (799) would indicate that 5.4 pounds 
of a ration of corn, tankage, and middlings would be required for a 
2-pound gain in a 225-pound pig. 

Pregnant gilts have a considerable amount of energy stored in body 
tissue as fat and protein besides the portion required for the embryos. 
Older sows also store a large amount of fat that is later utilized during 
lactation in the formation of milk. The demands of lactation for en- 
ergy are much greater than those of pregnancy. It is the exception 
rather than the rule for a sow nursing a fair-sized litter even to main- 
tain her weight, much less to increase it. The situation is quite com- 
parable to that with the milking cow. 

Numerous so-called energy feeding standards for swine have been 
proposed. For the most part they express the combined requirements 
for economic maintenance and production. On the one hand, eco- 
nomic maintenance, which includes the quota necessary to cover the 
normal muscular activity in addition to the energy expended in main- 
tenance,5 has been difficult to determine precisely, while on the other 
variability in production requirements and feeding practices has 
caused the proponents of most standards to set up values permitting 
a wide latitude of feed allowances. 

Investigators have used several forms for expressing the energy 
requirements, so that there has been considerable confusion in inter- 
preting results for the evaluation of feeds and rations. Because of its 
wide use over an extended period, the net energy basis has been utilized 
in the present discussion as the common ground upon which to com- 
pare different standards.6 It has been found that the net energy value 
of a given feed varies with the body function being supported. It is 
higher for maintenance than for fattening. Undoubtedly the values 
for other functions are also different from those of either maintenance 
or fattening.   Likewise, the energy values for different combinations 

5 See Factors Afíecting Maintenance Nutrition, Feed Utilization, and Health of Farm Animals, p. 431. 
6 Net energy is an exoression of the energy of the feed actually useful for body functioning, and the net 

energy values are intended to show the amount of body product which may be expected from a unit weight 
of feed. 
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of feeds are variable and are not necessarily the cumulative total of 
the individual components determined separately. Processing methods 
employed in preparation of feeds also influence the digestibility 
and thereby the available energy. The most exact measurements are 
accordingly those on a given mixture fed under well-defined conditions. 

Table 3 gives several of the standards in abbreviated form to 
illustrate some of the differences encountered in them. The table also 
shows the changing requirements for different functions—growth, 
fattening, pregnancy, and lactation. In order to express the data on a 
comparable basis, it has been necessary in some cases to modify the 
figures from their original form. It will be noted that therms of net 
energy (a therm is 1,000 calories) are given in each of the five standards. 
Along with the net energy requirements are estimated amounts of 
feed mixture required. These are on an as-fed basis and of the type 
appropriate to accepted practice. The data of Mitchell and Hamilton 
{799) are based on results from swine type studies in which carcass 
analyses and digestibility experiments were conducted. The Fraps 
standard {383) is a tentative one based on digestion and growth data 
expressed in terms of production values for the more common American 
hog feeds. 

TABLE 3.—Comparison of standards for total daily energy requirements of swine 

Class of hogs 

Growing and fattening pigs: 
50   pounds  
100 pounds  
150 pounds  
200 pounds  
250 pounds  
300 pounds  

Pregnant gilt (300 pounds) : 
First week  
Sixteenth week  

Pregnant sow (400 pounds) : 
First week  
Sixteenth week  

Lactating sow (400 pounds) : 
Second week  
Eighth week  

Mitchell and 
Hamilton 

Net 
energy 

Feed 
mixture 

Therms 
2.18 
3.53 
4.89 
6.08 
6.33 

Pounds 
2.6 
4.3 
6.0 
7.4 
7.7 

American practice 

Net Feed 
energy      mixture 

Therms 
2.40 
4.00 
5.50 
6.90 
8.30 
9.25 

5.26 
4.28 

4.79 
3.68 

8.30 
6. 51 

Pounds 
2.9 
4.9 
6.6 
8.1 
9.7 

10.7 

6.2 
5.0 

5.8 
4.4 

European practice 

Net Feed 
energy     mixture 

Therms I 
1.89 | 
3.10 | 
5.04 i 
6.35 
8.12 

3.4 

4.0 

11.6 

Pounds 
2.5 
4.1 
6.7 
8.5 

10.8 

4.6 

5.3 

15.5 

Class of hogs 

Growing and fattening pigs: 
50   pounds  
100 pounds  
150 pounds  
200 pounds  
250 pounds  
300 pounds  

Pregnant gilt (300 pounds) : 
First week  
Sixteenth week  

Pregnant sow (400 pounds) : 
First week  
Sixteenth week  

Lactating sow (400 pounds) : 
Second week  
Eighth week  

Fraps 

Produc- 
tion 

values 

Therms 
1.80 
3.15 
4.25 
5.30 
6.00 
6.70 

Feed 
mixture 

Pounds 
2.6 
4.1 
5.7 
7.1 
7.9 
8.0 

Net 
energy 

Therms 
2.00 
3.45 
4.60 
5.35 
5.90 
6.45 

4.4 
3.6 

4.6 
3.6 

9.3 
7.9 

Feed 
mixture 

Total 
I digestible 
! nutrients 

Pounds 
2.7 
4.7 
6.1 
7.2 
8.0 

6.0 
4.9 

6.2 
5.1 

12.8 
10.4 

Pounds 
2.20 
3.75 
4.95 
5.80 
6.45 
7.00 

4.8 
4.0 

5.0 
4.0 

10.0 
8.5 

Beltsville 

R. O. P.i 
feed 

consumed 

Pounds 
2.7 
4.7 
6.3 
7.3 

i In record-of-performance tests. 
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The figures for American practice and European practice are based 
on the data of Mitchell and Kelley (802), who intended them as 
typifying feeding methods rather than as actual standards in common 
use. The feed mixture used in calculating the allowance in the Ameri- 
can practice was a combination of corn and a trinity mixture of tank- 
age, alfalfa-leaf meal, and linseed meal with a mineral supplement 
proportioned for the appropriate nutritive ratio and based on a 10- 
percent moisture content. The feed mixtures in the other standards 
were likewise adjusted in accordance with the type of production 
involved. Mitchell and Hamilton used a mixture of corn, tankage, 
middlings, and alfalfa-leaf meal A combination of corn, barley, 
wheat middlings, and fish meal was used for the European practice. 
Morrison's standards (8Ï9) are well known and need no further expla- 
nation. The total digestible nutrients can be calculated for the stand- 
ards other than Morrison's by the use of the total digestible nutrient 
values for the feeds in question. 

It will be noted that the values given under ^American practice" 
for growing and fattening pigs are the most liberal. Such a standard 
will probably promote a faster rate of fattening than the others. On 
the other hand, the allowance for the European practice is lower than 
the American, as might be expected from the greater emphasis on the 
production of bacon in Europe, but it does not differ greatly from the 
other standards. 

The estimates in the standard for American practice (802) for 
pregnant gilts and sows were based on the assumption that the gilts 
would be permitted to gain approximately 100 pounds and the sows 65 
pounds during the gestation period. 

Brody's data indicated a higher maintenance requirement for boars. 
Adequate data for the total requirements of boars are apparently lacking. 

The last column in table 3 lists some typical figures for average 
daily feed, consumption by growing and fattening pigs in record-of- 
performance tests at the Agricultural Research Center. These pigs 
have been self-fed on corn and a mixture of 50 parts tankage, 25 parts 
alfalfa-leaf meal, and 25 parts linseed meal. Until 1937, a mineral 
mixture was self-fed in a third compartment of the feeders, but since 
then this has been mixed with the protein mixture in the proportion of 
1 part minerals to 20 parts protein concentrate. 

It is noteworthy that the consumption figures for the self-fed 
ration agree closely with those in the Morrison standard. 

The general use of self-feeders for the feeding of growing and fat- 
tening pigs in this country has largely submerged the interest in 
the choice of a suitable standard for popular use. Much of the interest 
has been directed to the problem of finding the mixtures that will pro- 
mote the most rapid gains in live weight and the most economical 
conversion of feed into live-weight gain. As information on protein, 
mineral, and vitamin requirements has become available and has 
been applied in the rationing of swine, much greater uniformity has 
been achieved by hog producers in the rapidity of gains and economy 
of feed utilization. _ There is thus good reason to believe that energy 
standards will continue to serve a very useful purpose in evaluating 
the success of improvements in rationing with respect to other nutri- 
tive essentials. 
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PROTEIN 

The problem of protein requirements is closely associated with that 
of energy and in. actual practice is generally of more concern. Prob- 
ably the first major advance of recent times in swine nutrition was 
the finding that an exclusive corn diet supplied too little protein 
both in quality and quantity for the growing pig. This deficiency 
and the mineral deficiencies were met by the addition of such feeds 
as milk or milk byproducts, tankage, fish meal, linseed meal, soybean 
meal, and similar products. 

Much of the supply of these supplements must be purchased by the 
farmer to supplement the home-grown cereals. Usually the cost of 
the protein supplements is higher than that of the cereals. It is not 
profitable to feed excessive amounts of protein beyond the require- 
ments since protein ranks slightly lower than starch as a source of 
energy. 

In computing the protein requirements, it is necessary first to 
figure the amount of protein that will supply the nitrogen used by the 
body tissues for upkeep or maintenance. Additional protein above 
the maintenance requirement is used for growth, reproduction, and 
lactation. It is possible, by means of balance experiments in which 
the intake and outgo of nitrogen are determined and also through 
analyses of the entire bodies of the pigs, to secure rather accurate 
figures on the amounts of protein actually broken down or built into 
the body. The determination of the total quantity of feed protein 
required is complicated by a number of factors. Among these is 
the fact that the digested protein is a highly variable quantity. 
The approximate content of total digestible protein has been deter- 
mined for many swine feeds. For most of the common feeds, 
60 to 90 percent of the total protein is digestible. But even after 
the total digestible protein in a given ration has been estimated, there 
is another variable to be figured—the portion of the digestible protein 
that is biologically usable in building tissue. The proteins in many 
of the common rations have a biological value not greatly in excess 
of 50 percent. 

As an example of the way the protein requirement works out, the 
following may be cited: Mitchell and Hamilton (799) as a result of 
their swine-type studies concluded that growing pigs of 100 pounds 
weight required 0.029 pound of protein for maintenance and 0.103 
pound for growth, or a total of 0.132 pound daily. On the basis of 
a biological value of 50 percent for proteins of their ration of corn, 
middlings, and tankage, the digestible protein required was estimated 
as 0.264 pound. The digestible protein in the ration constituted 
approximately 67 percent of the total protein, hence the requirement 
of total protein was 0.396 pound (50 percent more than 0.264 pound). 

Various sets of values have been proposed for the protein require- 
ments of pigs. In most of these the quantity has simply been related 
to body weight. The relation of the protein required for maintenance 
to the protein required for basal metabolism has been studied by 
Smuts {1086). On the basis that the protein requirement is pro- 
portional to a power of the body weight, he has proposed the use of 
an adaptation of Brody's equation—P^O.SSM0'734, in which P is 
the daily protein requirement in grams and M the body weight in 
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kilograms. This equation is intended to yield generalized values 
applicable to all species. The values calculated for various weights 
of pigs are shown in table 4 in comparison with other estimates of 
protein requirements. The Armsby figures were based on early 
German and American experiments. Lund {698), a Swedish worker, 
has furnished data for both maintenance and production. It is 
significant that the figures of Lund and of Smuts agree closely even 
though obtained by different methods. Among the German investi- 
gations the standards of Kellner {31) and of Lehmann {12^5) have 
been widely quoted, while that of Peterson {91/+) is of comparatively 
recent origin in Sweden. Fraps of the Texas Agricultural Experi- 
ment Station has made extensive studies {883) on the digestibility of 
typical American swine feeds and rations. The source of the data 
of Mitchell and Hamilton has already been indicated. Their figures 
for actual protein are 50 percent of those for digestible protein^ as 
are those of Smuts. Brody {157) estimated the digestible protein 
required as four times the endogenous protein (the minimum protein 
used for maintenance). 

TABLE 4.—Comparison of standards for daily protein roifuiremenis of swine 
for maintenance 

Anusby ,    Luncl ■ Mitchell and Jiam- 
ilttm S I!] TltS 

Weight of pig 
(pounds) Digest- 

ible pro- 
tein 

50. _ 
100_ 
150. 
200 _ 
250. 
300. 

Pounds 
0.024 
.048 
.072 
. 096 

Digest-   | 
ible pro- ■ 

tein 

Pounds 
0. 044 
.066 
. 086 
.106 

Actual 
protein 

Pounds 
0.017 
.030 
.035 
.038 

.Digest- 
ible pro- 

tein 

Pounds 
0.034 

. 059 

.071 

.075 

Actual 
protein 

Digest- 
ible pro- 

'     tein 

Brody 

Pownds ; 
(1.019 I 
.032 ! 
.043 i 
.053 : 
.063 ; 
. 071 

Pounds 
0.038 

.064 

.086 

.106 

. 126 

.142 

Endoge- 
nous pro- 

tein 

Digest- 
ible pro- 

tein 

Pounds Pounds 
0. 020 0. 079 

.032 . 130 

. 043 . 17ñ 

. 054 .216 

. 063 . 254 

.073 .291 

The combined requirements for maintenance and growth are shown 
in table o as digestible protein. As in previous cases, the suggested 
requirements of a number of workers, both European and American, 
are given for purposes of comparison. The values are intended for 
use in conjunction with the energy-requirement figures of the same 
author or authors given in table 3. For full details on the use of these 
feeding standards, the reader should consult the references given for 
each. The figures in the last column are estimates based on the data 
used for the feed mixture consumption figures in table 3 for record- 
of-performance pigs at the Agricultural Research Center. The intake 
of crude protein in the free-choice consumption of the corn and the 
protein mixture was first obtained, and then digestible protein was 
estimated as 80 percent of the total crude protein. 

When protein-rich feeds are relatively high in price, it is desirable 
to restrict the protein allowance to the level that most economically 
meets the needs for maintenance and growth. Up to a certain point, 
the protein content of the ration has an important bearing upon the 
leanness of pork. Beyond the point where growth requirements are 
satisfied, additional protein has little effect. Much of the variation 
between the proposed requirements shown in table 5 lies in the margin 
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of safety provided, although variations in production requirements 
exist owing to special factors peculiar to the type of hog being produced. 

TABLE 5.—Digestible protein requirements per day of growing and fattening swine 

European standards               ;                       American standards 

Weight of pig 
(pounds) Kellner 

(true 
protein) 

Leh- 
mann Lund 

Pound 
0.37 
.52 
.56 
.53 

Peterson Armsby 

Pound 
0.30 
.38 
.45 
,51 
.55 

Mitchell 
and 

Hamil- 
to 

Traps Morri- 
son 

Belts- 
ville 

50 
Pound 

0.31 
.45 
.52 
.60 
.60 

Pound 
0.35 
.63 
.76 
.80 

Pound 
0.149 
.238 
.283 
.288 

Pound 
0.216 
.264 
.308 
.304 
.282 

Pound 
0.335 
.495 
.618 
.712 
.790 
.745 

Pound 
0.39 
.55 
.70 
.78 
.85 
.90 

Pound 

100              _      -.    _ 60 
150 
200  
250 

.74 

300   - .__ 

The lack of influence of the level of protein intake on the nature of 
the nitrogenous substance added to the body was studied a number 
of years ago at the Illinois Agricultural Experiment Station (331), 
The bodies of pigs from each of three groups that had received 0.32, 
0.70, and 0.94 pound, respectively, of digestible protein per 100 pounds 
live weight showed no significant difference in the relative content of 
total nitrogen, soluble nitrogen, protein nitrogen, and nonprotein 
nitrogen. The influence of high protein intake on the protein me- 
tabolism of the bacon pig was studied recently by Woodman, Evans, 
and Turpitt {1259), Their data on pigs averaging 189 pounds in 
weight showed approximately equal protein retention on a normal 
daily intake of approximately 65 grams (0.14 pound) of digestible 
protein and on a high daily intake of 85 grams (0.19 pound). 

Often protein requirements are expressed as a percentage of the 
total ration. On such a basis the protein requirement may be too 
low or too high, depending on the needs of the animal or the feed 
consumed. Carroll and Mitchell of the Illinois station {612) have 
reported data which showed that for pigs of 100 pounds live weight 
or less the ration should contain approximately 18 percent of protein, 
while for pigs over 100 pounds the percentage of protein may be 
dropped to 15 percent. The daily total feed intake has an important 
bearing on the proper protein content of the diet. This fact, as well 
as the importance of an adequate supply of protein, was shown in a 
study by Ellis and Hankins {317). Three diets varying in protein 
content from 12.4 to 18.9 percent were fed at a level of 3 pounds of 
feed per day per 100 pounds live weight. The rates of gain of the 
pigs increased with increasing protein content of the diet. At 100 
pounds live weight, the estimated daily consumption of digestible 
protein on the one highest in protein content was 0.46 pound and the 
rate of gain in weight approximately 0.72 pound a day. These data 
suggest that some of the figures given in table 5 may be too low for 
adequate protein metabolism, while at the same time they support 
the medium high values for general application. 

Controlled feeding work, such as the foregoing, on the effect of 
limitation of feed directed particularly at restriction of the energy 
intake is an effective means of studying the requirements for various 
elements.    Studies on hogs in the Department of Agriculture {320) 
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have shown that moderate restriction of feed intake although reducing 
the rate of gain may at the same time reduce the feed requirement 
per unit of gain. Work in Great Britain has also given results favor- 
able to restriction as related to efficiency of feed utilization. The 
Department's work clearly demonstrated that the lean tissue of the 
carcass, which represents the protein content, can be maintained or 
even increased by restriction, of the energy intake. 

This suggests certain problems for further investigation. By work- 
ing with diets fed at restricted levels it is entirely possible that im- 
provements in the balance of dietary essentials can be effected which 
will still further increase the economy of gain. It should then be 
possible to determine the most practical feeding standard commen- 
surate with optimum functional performance, whether it be growth or 
lactation, and the most economical use of the diet as a whole. 

MINERALS 

The body of a 225-pound pig contains approximately o pounds of 
ash, or mineral material. Of this amount nearly 4 pounds is in the 
skeleton, about 0.8 pound in the meat, about 0.2 pound in the organs 
including the alimentary tract, and slightly less than 0.1 pound each 
in the skin and the blood. Calcium and phosphorus are the two pre- 
dominating inorganic elements in the skeleton as well as in the entire 
body. Following are some estimates of the total quantities of the 
more common mineral elements in a 225-pound pig: 

Poatids Fo finds 

Calcium      I. 46         Sodium  0. 16 
Phosphorus        . 88         Chlorine  . 13 
Potassium        .34         Magnesium  . 06 
Sulfur        . 20        Iron  . 03 

Smaller quantities of copper, manganese, iodine, cobalt, and zinc 
are to be found. All the elements named are known to be required 
in the nutrition of certain animal species, but the need for adding 
manganese, cobalt, and zinc to swine rations is uncertain. The 
requirements are undoubtedly very low and the usual diversified ra- 
tion probably contains adequate amounts. It has been stated that 1 
part per million of cobalt in the diet is adequate for animals that have 
been studied. 

The requirements for calcium and phosphorus for bone formation 
have been fairly well determined. A lack of calcium or phosphorus 
retards normal skeletal development and gain in live weight (fig. 3). 
The bones become fragile and easily broken. In the prevention of 
these conditions it is important that vitamin D be supplied and that 
the proportion of calcium and phosphorus be kept within certain 
limits. The optimum range appears to be within the limits of one 
and two times as much calcium as phosphorus. Some approximate 
values for calcium and phosphorus requirements (803), expressed as 
percentage of the dry ration and as net requirements for body needs, 
are given in table 6." 

Ordinarily the requirements as given can be met by the proper 
selection of feeds. The cereals and cereal products are generally 
adequate in phosphorus. Protein supplements such as tankage and 
fish meals contain calcium as well as phosphorus.    A concentrate 
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Figure 3.—A ration too low in calcium causes such racliitic conditions as afflict this pig. 

ration of 9 parts of corn and 1 part of tankage by weight will ordinar- 
ily meet the calcium and phosphorus needs of a 50-pound pig grazing 
on legume pasture. 

TABLE 6.—Daily addmn ami phosp mrus rpí/uirrnwnts ¡ij hogs 

Condition and freight of pi« (pounds) 
Calcium Phosphorus 

Dry ration Amount Dry ration Amount 

(irowing pig: 
50      

Percent 
0.4 
.3 
.2 

.25 

.4 

.45 

Grams 
2.6 
3.0 
3.5 

4.0 
7.0 

10.0 

Percent 
0:Í5 
.2 

.2 

.3 

.35 

Grains 
l.S 

ISO 2,5 
250  3.1 

Pregnant gilt: 
250, early 3.5 
250, late 5.0 

T.aetating so« : toil 8.0 

A lack of salt is marked by poor appetite, unthrifty condition, 
and failure to grow. Tankage and milk products supply a fair amount 
of salt, and on the usual ration, swine will ordinarily not consume 
mote than a fraction of an ounce a day when allowed free access to it 
at all times. 

A lack of iodine such as occurs in goitrous areas of the Northwestern 
States leads to goiter and hairlessness in pigs. It is especially neces- 
sary that iodine be present in proper amounts in the ration of the 
pregnant sow to permit the birth of healthy pigs. It has been stated 
that a 150-pound hog requires about 0.1 milligram and a sow 0.2 mil- 
ligram of iodine a day. A common method of supplying iodine when 
it is shown to be inadequate in the ordinary ration is by adding potas- 
sitim iodide to the mineral mixture. It is essential to use the utmosl 
care to avoid harmful overdosages. 



720 YEARBOOK OF AGRICULTURE, 1939 

In addition to iron, copper has been found necessary for the building 
of the hemoglobin in red cells. There is some evidence that man- 
ganese and possibly cobalt are involved. Milk is lacking in an ade- 
quate supply of iron and copper for the needs of the nursing young. 
If suckling pigs are prevented from obtaining an outside supply from 
the dirt of the hog barn, from dry feed, or from some other source, 
they may suffer from anemia. Affected pigs show paleness of the 
mucous membranes, sluggishness, lack of vigor, and failure to grow 
normally. There are various procedures for preventing the occur- 
rence of anemia among suckling pigs. Medication with iron and cop- 
per salts is sometimes necessary, though the amounts required are 
small. An effective method in winter, when the animals are confined, 
consists in dissolving 10 grams of ferrous sulfate and 1.5 grams of cop- 
per sulfate in water and sprinkling the solution on 50 pounds of soil, 
which is placed inside the pen. The needs of the pregnant sow should 
not be overlooked. During the late weeks of pregnancy, several times 
her normal daily body needs are built into the embryos. 

A few suggested mineral mixtures containing various elements that 
may be lacking in the swine ration are given in table 7. These mix- 
tures may be made available in a self-feeder or mixed in the feed at 
the rate of 1 to 2 pounds per 100 pounds of the feed mixture. The 
minerals usually can be mixed at home much more cheaply than they 
can be purchased in a commercial mixture. 

TABLE 7.—Suggested mineral mixtures for hogs 

Mixturo No. Ground 
limestone 

Steamed 
bonemeal Salt Iron 

oxide 
Copper 
sulfate 

Potassi- 
um iodide Charcoal Wood 

ashes 

1  
Pounds 

33 

¡I 
25 
75 

Pounds 
23 
27. 97 
40 
50 

75 

Pounds 
33 
20 
20 

25 
25 

Pounds Pounds Pounds Pounds Pounds 

2__.     . 2 0.01 0.02 
.03 3  

4 10 30 
5       ._ 
6  

VITAMINS 

Thus far the experimental work on vitamin requirements of swine 
has shown a definite need for vitamins A and D. The requirement 
for vitamin C, if any, is very small. Eecent work has shown that 
several of the factors in the vitamin B complex are needed. These 
include riboffavin, nicotinic acid, the fractions obtained by extraction 
and separation by chemicals (called the eluate and filtrate fractions), 
and probably vitamin B^ The identity of substances essential for 
the pig in the eluate and the filtrate fractions of liver, rice bran, 
yeast, and other sources is still obscure. Vitamin B6, lack of which 
causes rat dermatitis, has been identified in the eluate fraction. The 
development of dermatitis in chicks has been found to be due to lack 
of a factor or factors in the filtrate fraction. 

Night blindness appears as the first easily recognized evidence of 
a lack of vitamin A in the hog ration. It has been found that pigs 
may lack normal vision in semidarkness and yet gain normally. If 
the dietary deficiency persists, growth will be retarded sooner or later, 
and other physical manifestations will be evidenced such as diarrhea, 
muscular incoordination, and paralysis of the hind legs (545),    Addi- 
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tion of vitamin A, or of carotene, the precursor of vitamin A, either in 
concentrated form or more properly in natural sources available on the 
farm as green feed, yellow corn, or bright-green alfalfa hay or leaf meal 
to the ration will cure or prevent the symptoms of vitamin A deficiency. 

Work at the California Agricultural Experiment Station (^7) has 
shown that the minimum requirements for vitamin A to prevent 
night blindness and promote normal growth and general thrift are 
approximately proportional to body weight for various species of 
animals. It is stated that 1.0 to 1.30 milligrams of carotene from 
plant material or 0.3 milligram of vitamin A from cod-liver oil per 
100 pounds body weight meets these requirements. 

Reproduction may be impaired or prevented by an inadequate 
supply of vitamin A. At the Texas Agricultural Experiment Station 
{459) sows on a vitamin A-deficient ration have farrowed litters with 
a variety of defects including blindness, failure to develop eye tissue, 
cleft palate, and harelip. Gilts reared at the California Agricultural 
Experiment Station on diets low in vitamin A have failed to conceive 
(554)- The difficulty was corrected by addition of cod-liver oil to 
the ration. The exact requirements for reproduction and lactation 
are not known. Possibly additional amounts over the minimum 
suggested op a body-weight basis are needed. It should be possible 
to determine fairly accurately the amount needed for lactation in the 
sow to insure an adequate intake for the nursing pig. 

Vitamin D, the sunshine vitamin, is associated with the utilization 
of calcium and phosphorus in forming bone. When the calcium and 
phosphorus supply in the diet is abnormal either in content or in pro- 
portion of one element to the other, lack of sufficient sunshine or 
dietary vitamin D is especially serious and leads to the development 
of stiffness, enlarged joints, lameness, poor growth, and other evidences 
of rickets or other maldevelopment of bones. Providing calcium 
and phosphorus in the amounts and proportions already indicated 
usually suffices for the prevention of rickets when the pigs are exposed 
to sunshine in the fields or outside pens. Winter confinement in the 
northern latitudes or in cloudy areas with little or no exposure to 
sunshine sometimes leads to the development of rickets. Under these 
conditions it is advisable to add vitamin D to the diet. The cereals 
used in hog feeding are generally low in vitamin D. Of the protein 
supplements, blood meal, tankage, and fish meal are of questionable 
value, although the latter is sometimes effective in the prevention of 
rickets. Alfalfa, especially when cured in the sim, has proved a very 
useful supplement for winter feeding. 

Nicotinic acid, which appears to be the substance that cures human 
pellagra, was found necessary for the growth and well-being of swine 
by Chick, Macrae, Martin, and Martin (202) of England, in 1938. 
Pigs fed a diet of corn, purified casein, and salt mixture developed 
diarrhea, dermatitis, and loss of appetite. The skin became a dirty 
yellow color, covered with scabs and largely denuded of hair. The 
addition of nicotinic acid to this diet entirely cured or prevented the 
development of these disturbances. 

Hughes of the California Agricultural Experiment Station (556) 
has reported experiments that confirmed the English work on the need 
for nicotinic acid and also showed that a lack of ribofiavin was asso- 

141394°—39 47 
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ciated with, poor growth and poor feed utilization. The California 
work also suggested that thiamm (vitamin BJ and substances in 
both the filtrate fraction and the ein ate fraction were necessary for 
the nutrition of the pig. It appeared to be necessary to add several 
of the factors in the vitamin B complex to the basal diet to secure 
healthy, fast-growing pigs. 

In cooperative studies with the Bureau of Animal Industry on the 
growth requirements of pigs, Wintrobe {12/4) of Johns Hopkins 
University, found that growth was accelerated when either thiamin 
or ribofiavin was added to a basal diet essentially free of the water- 
soluble vitamin factors. 

The English workers have continued their investigations on the 
requirements of the pig for the components of the vitamin B complex 
{203). Besides recognition of the need for riboflavin and nicotinic 
acid, they have found that botli the eluate and filtrate fractions were 
necessary for health and growth. A lack of the filtrate fraction from 
liver extract leads to a cessation of growth, development of a flaccid 
palsy of the hindquarters, and eventually death. Deprivation of 
the eluate fraction from liver caused a certain type of anemia, with 
low corpuscular volume and low hemoglobin, and also epileptic fits. 

More work needs to be done on the relation of vitamin g to fertility 
in swine. 

Much work remains to be done to establish the quantitative 
requirements of swine for the vitamin factors, the content of these 
factors in hog feeds, and the conditions under which swine diets 
require special supplementation. Yellow corn is known to be a good 
source of vitamin Bi and riboflavin as well as of vitamin A. It is low 
in nicotinic acid but apparently furnishes an adequate supply of the 
factors in the eluate and filtrate fractions when fed as the main part 
of the diet. Wheat, barley, and especially brewers' rice are low in 
riboflavin. Although processing methods probably result in some 
destruction, of the vitamins, animal and marine byproducts, including 
skim milk, buttermilk, whey, tankage, and meat and fish meals, 
undoubtedly have high value as supplements for supplying vitamins 
as well as protein and minerals. Finally the leafy forages have 
demonstrated their general usefulness as protective feeds. 

WATER 

The importance of water in the economical production of hogs 
should not be overlooked. A certain amount is supplied daily in 
wet slops when this system of feeding is used. With self-feeding, 
hogs need access to good fresh water at all times. Otlierwise they 
will not consume sufficient dry feed to make the most rapid growth. 
Water may also be a carrier of certain mineral elements such as iron, 
calcium, magnesium, and sulfur. Evvard (851) of the Iowa Agricul- 
tural Experiment Station found spring pigs consumed more water 
than fall pigs up to approximately 200 pounds in weight. The 
amount of water consumed daily at will by spring pigs averaged 3.3 
pounds for the 25-pound pig and increased to 11.5 pounds for the 
175-pound hog. As the pig gets older it requires proportionately less 
water, because it consumes less feed per unit of weight and the water 
content of the body is decreasing. 



PRACTICES  IN  SWINE  FEEDING 

by J. H. Zeller and N. R. Ellis ^ 

H t K t the authors describe the various kinds of feeds and systems of 

feeding used in the United States, and tell how to use the different carbo- 

hydrate and protein supplements to get economical results; what to do 

to avoid soft pork; how to make sure of furnishing adequate amounts of 
minerals and vitamins; and how to meet the special needs of growth, 
pregnancy, and lactation. 

ALTHOUGH the hog industry is based on corn, the hog can utilize a 
larger variety of feeds to greater advantage, perhaps, than any other 
farm animal. Small-grain crops—wheat, barley, oats, rye, and the 
kafirs—can be utilized as a major component of the swine ration, and 
root crops, such as peanuts, potatoes, and sweetpotatoes, are also of 
value. Byproducts of the fishing industry, the packing industry, and 
the industries milling wheat, rice, cottonseed, and soybeans are used 
in hog feeding; and byproducts of the dairy industry, such as skim 
milk, biittermilk, and whey, together with various kinds of home- 
grown forage and pasture crops, all play an important role in supple- 
menting the cereal-grain ration. 

The modern hog feeder uses the relation of prices between corn or 
other feeds and the selling price of hogs as an indication of when to 
increase or decrease his production program. The cost of feed alone, 
including pasture, is estimated to make up approximately 75 to 85 
percent of the total cost of producing marketable hogs. The cost of 
feed varies greatly from year to year, or even within shorter periods. 
It varies also in different sections, owing to local conditions of supply 
and demand. With the price of feed playing such an important role 
in the production cost of hogs, the producer must always be alert to 
use locally available feeds, properly balanced, to give the most 
economical returns. 

Whenever hog prices have been relatively high compared to the price 
of corn, farmers have usually increased their production of hogs. A 
year to a year and a half from the time such a decision was made the 

i J. H. Zeller is Senior Animal Husbandman, Animal Husbandry Division, and N. R. Ellis is Senior 
Chemist, Animal Nutrition Division, Bureau of Animal Industry. 
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increased supply of hogs reached the market, which soon became over- 
sapplied, causing hog prices to drop. Hog producers then began to 
reduce their breeding operations. This tendency of the producers to 
readjust production, to price always seemed to carry them too far in 
the opposite direction. This is the reason for the more or less regular 
cycles that have characterized hog prices. 

The relation, then, between, feed prices and selling prices of hogs 
tended to be self-perpetuating. Each period of favorable hog prices 
caused too great an expansion in production before prices became 
unproñtable, and each period of unfavorable prices caused too great a 
reduction before favorable prices were restored. Those farmers who 
had not varied their production from year to year or who had timed 
their expansion opposite to the majority were the ones who usually 
made the greatest profit. 

Any leveling out of these cycles in hog production naturally will 
react favorably on the industry as a whole. 

Changes in the type of hogs have been made to meet economic 
demands of consumers. Since the swine industry of the United States 
has been founded mainly on the corn crop as the basal feed, the lard 
type of hog has been predominant. The bacon-type breeds, as such, 
have been found in small numbers in scattered sections of the country 
but have not attained the popularity of the lard-type breeds. When 
consumer demand dictated the need for a hog with less fat and leaner 
hams and bacons, breeders have utilized the lard-type breeds in an 
endeavor to develop a type to meet the requirements. 

SWINE PRODUCTION IN THE UNITED STATES 

The United States is self-contained from the standpoint of swine pro- 
duction. Hogs can be raised in practically all sections of the country 
on a great variety of feeds that are usually produced locally. In this 
respect the system here differs from those found in some foreign 
countries. England, for example, imports large quantities of cereal 
grains and protein supplements for use in the feeding of hogs, Ireland 
depends to a certain extent on imports of cereal grains and other feeds 
to supplement the local potato and milk byproducts upon which its 
swine industry is largely based. The swine industry of Denmark 
has been built up as a byproduct of the dairy industry[ with milk and 
whey supplementing home-grown and imported cereals. In recent 
years, Germany has been driving toward economic self-sufficiency in 
the swine industry, with a reduction of imports of cereals and a wider 
use of home-grown crops such as potatoes, sugar beets, and green 
forage.    This results in a less concentrated ration. 

Since hogs are produced and fattened in all the 48 States, there are 
naturally great differences in the feeds used and in methods of feeding 
and management. While the principles involved in feeding practices 
apply equally well to all parts of the country, the problem of produc- 
tion may be viewed from a sectional standpoint. The country may 
be divided into four major regions: (L) The Corn Belt, which includes 
the North Central States; (2) the South, which includes the South 
Central States; (3) the Atlantic coast region, which includes the 
North Atlantic and South Atlantic States" from Maine to Florida; 
(4) the Western States.    Figure 1 graphically defines the four regions 
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and shows the number of hogs on farms January 1, 1939, as estimated 
by the Bureau of Agricultural Economics. 

THE CORN BELT 

The Corn Belt includes the 12 States comprising the North Central 
division. During 1936 this group of States produced 60 percent of 
the total corn crop of the country and had on farms January 1, 1937, 
62 percent of the total hog population ; and during 1937 they produced 
72 percent of the total corn crop and had on farms January 1, 1938, 
63 percent of the total hog population. Although an increase of over 
3 million head from January 1, 1938, to January 1, 1939, is indicated, 
the percentage of the total hog population in the Corn Belt remained 
the same—63 percent. The relation of production of corn to pro- 
duction of hogs in the six States raising the largest numbers of hogs is 
shown in table 1. The relationship between the production of corn 
and the number of hogs on farms the following January, to be fed out, 
is fairly close. Even adverse conditions such as occurred during the 
drought of 1934 and again when weather conditions shortened the corn 
crop in parts of the area in 1936 did not disturb the relationship as 
much as might have been expected. The fact that the percentage of 
the total hog population produced in these States held rather constant 
during the 5-year period indicates that production did not wholly 
depend upon the corn crop. 

Hog production is one of the main livestock enterprises throughout 
the Corn Belt. As a general rule it is profitable over a period of years. 
It fits into the operating plan used on most farms and aids in the 
marketing of a large part of the corn crop. ■ On some farms hog pro- 
duction is the main livestock enterprise, while on others it is a side line 
to other livestock programs, such as raising beef cattle and dairying. 

Figure 1.—Numbers (thousands) of hogs on farms in the United States, by States, 
and the four major hog-producing regions, January I, 1939. 
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TABLE 1.—Relation of corn  to  production  of hogs  in  6   leading hog  States,  1934-39 

S tal e 

Production of corn 

Iowa_._    .. 
Illinois-,. 

1934 

1,000 bushels 
195, 895 
146,760 
96,298 
26. 482 
21,363 
92, 200 

1935 

1,000 bushels 
373, 388 
318, 510 
162, 260 
72. 890 

106, 630 
160,556 

1936 

1 MOO bushels 
190, 434 
217,751 
116,510 

40, 032 
26. 859 

121.605 

1937 

1,000 bushels 
498,690 
449, 616 
213, 840 
117,242 
82, 992 

163.228 

1938 '■ 

1,000 bushels 
408,923 
379, 350 
173, 389 
117,720 
107 735 

Indiana  
Missouri. __ 
Nebraska. 
Ohio.  _ 156 992 

United States  

of entire crop produced by 6 

Total 578, 998 1,194,240 713, 191 1, 525, 608 1, 404, 109 

Total 1.377,125 2. 303, 747 1, 507, 089 2. 651, 284 2. 542, 238 

Proportion 
States  

Percent 
42.04 

Percent 
51, 84 

Percent 
47.32 

Percent 
57.54 

Percent 
55.23 

State 
Hog s on farms Jan. 1 

1935 1936 1937 1938 1939 ! 

Iowa  
Illinois  
Indiana  
Missouri... 
Nebraska.. 
Ohio  

1,000 head 
6, 250 
3, 510 
2, 675 
2,400 
2,034 
2,160 

),000 head 
7.250 
3, 860 
2, 942 
2, 760 
2,238 
2,333 

1,000 head 
6, 525 
4,053 
3, 236 
2, 622 
1,567 
2,706 

1,000 head 
7,504 
4,134 
3,182 
2,622 
1,598 
2, 607 

1,000 head 
8,179 
4, 423 
3, 405 
3,120 
1, 998 
2, 737 

Total . 19,029 21,383 20, 709 21,047 93 so'; 

Jnited States Total, I 39,004 42. 837 42, 948 44,218 4Q on 

of entire crop produced by 6 Proportion 
States... 

Percent 
48. 79 

Percent 
49.92 

Percent 
48. 22 

Percent 
49.30 

Percent 
48. 69 

1 Preliminary figures. 

While corn ranks first as the main cereal crop used in feeding hogs 
in the Corn Belt, other cereal grains such as wheat, oats, barley, and 
rye are used quite extensively, sometimes as a partial substitute for 
corn. In the northern section of the Corn Belt the small grains 
assume considerable importance in swine feeding. 

Protein-rich feeds to balance the protein deficiency of the common 
farm grains are readily available to hog feeders in this region. By- 
products from the dairy industry, such as skim milk, buttermilk, and 
whey, furnish protein feeds of animal origin. Tankage, a byproduct 
of the packing industry, is manufactured in large quantities within the 
region and makes available an. animal protein without excessively high 
transportation charges for long shipments. 

The rise of the soybean to prominence in the farm program in the 
last 15 years in this region has made available a home-grown plant- 
protein supplement. Soybeans are grown on many farms and are 
used in various ways. Much of the harvested crop is milled, and the 
meal remaining after removal of the oil is used in hog feeding. Other 
proteins of vegetable or plant origin, such as cottonseed meal, linseed 
meal, and gluten meal, are often fed in combination with proteins of 
animal origin. 

Pastures are used quite extensively as a further source of proteins, 
minerals,  and vitamins.    Permanent pastures of bluegrass,  alfalfa, 
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and the clovers make grazing available during the growing season. 
Temporary pastures are used to furnish grazing at stated intervals or 
to supplement the permanent pastures. 

The hog has also been used quite extensively in the Corn Belt in 
helping to harvest crops at different seasons of the year. Corn is fed 
not only on the cob, shelled, or as meal in the feed lot, but is hogged 
down by turning the hogs into the field and allowing them to harvest 
the crop. Soybeans are commonly planted with corn for hogging 
down. The supplemental feeding of a small amount of tankage daily 
with access to a mineral mixture completes a well-balanced ration. 

Pigs weighing 75 to 100 pounds are used to follow steers in the feed 
lot and glean the waste that otherwise might be lost. The gains made 
by pigs following cattle increase the returns from the cattle-feeding 
enterprise. The method of feeding and amount of feed given to the 
cattle influence the requirements for additional grain and protein 
supplement for the hogs. Where cattle are fed largely on grain the 
practice of feeding a small amount of protein supplement to the hogs 
daily helps to balance the ration. 

THE SOUTH 

Approximately 20 percent of the total hog population on January 1, 
1939, was found in the eight Southern States of Kentucky, Tennessee, 
Alabama, Mississippi, Arkansas, Louisiana, Oklahoma, and Texas. 
In number of hogs this section ranks next in importance to the Corn 
Belt. Formerly hog production was retarded somewhat by the pre- 
eminence of the cotton crop. Because of the ravages of the boll 
weevil, together with campaigns for soil improvement, the hog is 
gradually finding a more important place in the new diversified agri- 
culture in the South. In parts of the South small numbers of hogs 
that are allowed to shift for themselves on free range in the woods 
may still be found. This practice is decreasing, however. Farmers 
are realizing the importance of better feeding practices. The larger 
use of soil-improvement crops together with favorable climatic con- 
ditions makes possible year-round systems of grazing for hogs in 
many parts of the South. The past decade has seen many changes in 
systems of feeding and management, and as a result the South is now 
producing a much more desirable market type of hog. 

The feeds vary somewhat according to localities. Although corn 
can be grown in the South, it does not assume the importance in swine 
feeding that it does in the Corn Belt. The yield per acre is much 
smaller because of climatic and soil conditions. 

Grain sorghums, which produce a fair crop on soil too thin for corn, 
are similar to corn in composition and are substituted where they are 
available. Kafir, milo, sorgo, and feterita are of importance in. swine 
feeding in Oklahoma and Texas. 

One of the southern crops associated closely with pork production 
is the peanut. Hogs are used to glean the peanut fields after the crop 
is harvested or are turned into the field to harvest the entire crop. 

Byproducts from the rice industry such as rice bran, rice polish, 
and brewers' rice are utilized in hog feeding, especially in Arkansas, 
Louisiana, and Texas. Both rice bran and rice polish, because of 
their high fat content, produce soft pork unless fed in small amounts 
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in combination with other nonsoftenin^ concentrates, such as corn 
or brewers' rice. 

Of the root crops used in this area for swine feeding, sweetpotatoes 
are of most importance. They can be grown on soil that is sandy and 
too thin for good corn production. Hogs are used to clean up the 
fields after sweetpotatoes have been dug. 

Various locally produced protein concentrates are available, includ- 
ing tankage, shrimp meal, and milk byproducts, all of animal origin, 
and cottonseed meal, peanut meal, and ground alfalfa, of plant origin. 

THE ATLANTIC COAST REGION 

The 17 States in the Atlantic coast region had on farms on January 
1, 1939, approximately 13 percent of the total hog population. Only 
2.5 percent were in the 9 North Atlantic States. Pennsylvania alone 
accounted for over half the number in that area. The 8 States in the 
South Atlantic group accounted for 10,5 percent of the total number 
of hogs. Georgia and North Carolina were the principal hog-growing 
States in the southern part of the region. 

The majority of swine enterprises in the North Atlantic States are 
small, and most producers feed only a few pigs for home use. In 
Pennsylvania hogs are maintained in small units on a large number of 
farms. Most farmers raise a surplus for sale each year, thereby 
augmenting their cash returns. Most farms have a diversified live- 
stock program with the hog used as a side line to cattle feeding, dairy- 
ing, or other enterprises. In addition, hogs are used to glean the 
fields and consume a variety of feeds that otherwise might be wasted. 
Grain, crops such as corn, barley, oats, and rye are marketed through 
hogs. The general plan of feeding follows closely the practices in the 
Corn Belt. Protein supplements of tankage, fish meal, middlings, and 
skim milk are used to supplement the grain ration. Pasture crops of 
alfalfa, the clovers, soybeans, rape, and winter rye are commonly used. 

The principal feeds used in fattening hogs in the South Atlantic 
region are somewhat similar to those used in parts of the South, 
especially in Arkansas, Mississippi, and Alabama. Corn is used in 
the dry lot, or for hogging down alone or in combination with peanuts 
or soybeans. The protein supplements available are fish meal, cot- 
tonseed and soybean meals, tankage, and milk byproducts. 

Peanuts are used extensively as a hog feed in parts of Georgia and 
Florida and are usually grazed alone or in combination with corn. 
Sweetpotatoes and chufas are both grazed in the same States. 

Year-round systems of crop rotation are being worked out for 
different sections so that hogs can be grown and fattened on mature 
crops. Usually such crops as corn, peanuts, sweetpotatoes, soybeans, 
and oats are planted at different times to furnish a succession of ma- 
ture grazing crops. 

Pasture crops are important since they can be utilized during a rela- 
tively large part of the year and furnish a variety of home-grown 
protein and mineral supplements at a reasonable price. Crops used to 
advantage are alfalfa, the clovers, rape, soybeans, cowpeas, Sudan grass, 
winter oats, rye, and sorgo. Sudan grass and sorgo pastures are of value 
because their dense stands permit much heavier grazing than such crops 
as soybeans and cowpeas.    Limited feeding of corn to pigs on green 
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forage to weights of 75 to 100 pounds is practiced in some sections. 
At these weights pigs are turned into the fields to hog down corn. 

A large number of hogs in the Atlantic coast region are grown and 
fattened on garbage near the larger cities. Most garbage is more or 
less a balanced ration and no supplemental feed is required. Some 
feeders, however, supplement the garbage with feeds such, as corn, 
barley, and middlings in order to obtain faster gains. Some garbage 
feeders follow the plan of raising their own pigs. The sows are usually 
fed on garbage and the pigs are started on garbage as sucklings. 
Some feeders, on the other hand, purchase pigs weighing 75 to 100 
pounds and finish them on garbage. Hogs relish raw garbage more 
than cooked garbage. However, recent investigations conducted by 
the Zoological Division of the Bureau of Animal Industry show that 
the occurrence of trichinae in hogs fed raw garbage is eight times as 
great as that in hogs fed cooked garbage. Cooking the garbage 
helps to destroy such organisms. 

THE WESTERN STATES 

Less than 5 percent of the total hog population on January 1, 1939, 
was found in the 11 States of the region west of the Corn Belt and the 
South. A large part of this region is mountainous, arid, or a plain 
and range country better adapted to sheep and cattle than to hogs. 
Eighty-five percent of the hogs raised in the region are found in Cali- 
fornia, Idaho, Colorado, Oregon, and Washington. 

The feeds used, alone or in combination, in making up the basal 
ration are corn, barley, wheat, rye, oats, and hog millet. The grain 
sorghums—kafir and milo—and rice bran and rice polish, byproducts 
of the rice-milling industry, are used to some extent. All these feeds 
except corn should be ground or rolled for most economical returns 
in the ration for growing and fattening hogs. Protein supplements 
of animal origin fed in this area are fish meal, tankage, and skim milk. 
The plant proteins, such as wheat middlings, alfalfa, linseed meal, 
cottonseed meal, and soybean meal are of more importance, however. 

In California, barley is the principal cereal grain used. The grain 
sorghums, rice bran, and rice polish are also fed. The climate of 
California is mild and pasture is available most of the year. Alfalfa 
grows well and furnishes a legume of excellent quality to supplement 
grains and animal protein. ^ A large number of hogs are fed garbage in 
the vicinity of the larger cities under conditions similar to those on the 
Atlantic coast. Some feeders are grain-feeding the garbage-fed hogs 
prior to marketing in order to improve the product. Low-grade 
fruits and vegetables are sometimes utilized in swine feeding. Raisins, 
figs, and prunes are carbohydrate feeds and usually give best results 
when combined with barley or the grain sorghums and supplemented 
with a protein concentrate. Tuber and root crops such as artichokes, 
sweetpotatoes, beets, and potatoes fed in combination with other 
feeds furnish nutrients and add variety to the ration. 

FEEDS FOR ENERGY AND FATTENING 
The chief sources of heat and energy in the diet are the carbohydrates 

and fats. Materials rich in these substances are popularly called fat- 
tening feeds.    Carbohydrates are found in abundance in the cereal 
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grains, com, wheat, barley, rye, oats, and other farm-grown feeds 
that make up the basal part of the swine ration. Fat is supplied in 
small amounts in the cereal grains and in protein supplements of both 
animal and plant origin. Certain hog feeds, inclnding peanuts and 
soybeans, are high or moderately high in fat. The fuel value of fat 
in the ration is about 2.25 times as great as the fuel value of an equal 
weight of carbohydrates or protein. In the fattening animal, the fats 
in the diet are utilized to form body fat. Swine are unusually efficient, 
however, in converting sugars and starches into body fat. 

Corn is a carbohydrate feed, and because of its deficiencies in protein, 
minerals, and vitamins, it needs to be supplemented with feeds high 
in these nutrients. Hogs fed on corn alone usually gain slowly and 
require a large amount of feed per unit of gain. White corn, especial- 
ly, is deficient in vitamin A and for young pigs in dry lot or hogs on 
winter rations deprived of access to pasture it should be supplemented 
with at least 5 percent of alfalfa-leaf meal or good-quality alfalfa 
hay in addition to an animal protein supplement of skim milk, tank- 
age, or fish meal. If young pigs are raised to a weight of 100 pounds 
on normal rations containing a generous supply of vitamin A, they may 
store enough of the vitamin in their bodies to permit eoonomicaí gain's 
of approximately 100 pounds before malnutrition troubles develop 
if they are changed to a white-corn ration. Corn may be fed on the 
cob or shelled and produces good results when fed in properly balanced 
rations to all classes of hogs. Usually it does not pay to grind corn 
for hogs unless it is desirable to combine it in definite proportions 
with other feeds, in which case it is easier to make a more uniform 
mixture with ground corn. 

The grain sorghums, kafir, milo, sorgo, feterita, and others, grown in 
regions where climatic and soil conditions are unfavorable for corn, 
have approximately 90 percent of the feeding value of corn. Experi- 
ments have shown that better gains are produced when the grains are 
ground and fed dry rather than soaked. 

Wheat is usually regarded as a cash crop and milled for human con- 
sumption. There are times, however, when the relation between the 
price of wheat and that of corn makes it profitable to feed wheat to 
livestock. Pound for pound, good-quality wheat on the average is 
approximately 5 percent more efficient than corn in producing gains 
on hogs. Wheat is higher in protein and carbohydrates, contains less 
fat, and is slightly higher in total digestible nutrients than corn of 
the same dry-matter content. Since the protein in wheat is deficient 
only in the essential amino acid lysine, while corn is deficient in both 
lysine and tryptophane, usually less protein supplement is required 
to balance the ration when wheat is used. Wheat, like white corn, is 
deficient in vitamin A. Because the wheat grain is small and rather 
hard it should be ground for most economical utilization. Wheat may 
be fed as the sole grain or it may be combined with other grains. 
Wheat byproducts such as standard middlings, flour middlings, and 
red-dog flour are quite commonly fed to hogs in varying amounts as 
partial substitutes for corn. Generally speaking, wheat byproducts 
may replace up to one-third of the corn in the ration with good results. 
When wheat is low in price or damaged by insects it maybe more profit- 
able to market it through hogs than in other ways. 



PRACTICES IN SWINE FEEDING 731 

Barley is slightly higher in protein content than corn, but should 
be supplemented with animal protein feeds and pasture or dried- 
legume forage in order to furnish essential amino acids, minerals, and 
vitamins, especially vitamin A {o5ô)r The relative value of barley 
compared to corn in the swine ration depends on the weight of the 
barley per bushel. Experiments have shown that the efficiency of 
barley as a hog feed compared with, corn ranged from 92 percent for 
heavy barley weighing 49 pounds per bushel to 74 percent for light 
barley weighing 41 pounds per bushel. Grinding barley before feed- 
ing improves its feeding value enough to more than pay the cost of the 
operation. Pound for pounds barley should be cheaper than corn 
when it is used as a hog teed, since it is not so efficient and an additional 
expense is incurred for grinding. 

Oats are considered a good feed for growing pigs and for brood sows, 
but they are too high in fiber and too bulky to be used exclusively as 
the fattening ration for hogs. In addition it is known that a diet of 
oats needs to be supplemented in protein, vitamin A, and calcium. 
For fattening hogs oats are usually fed in combination with other 
grains such as corn, wheat, or barley. Grinding oats increases their 
feeding value for growing and fattening pigs. When good-quality 
ground oats, weighing 32 pounds to the bushel, do not make up more 
than one-third of the ration they are considered to be equal in feeding 
value, pound, for pound, to corn. When oats make up more than one- 
third of the ration for fattening hogs their value decreases to 65 to 70 
percent of the value of corn. Hulled oats usually are more expensive 
to prepare than ground oats. To be used profitably as a fattening 
feed for hogs, oats should be as cheap as or cheaper than corn, pound 
for pound. 

Rye is often fed to hogs and is considered to have a feeding value 
approximately 90 percent that of corn. Usually best results are 
obtained when rye does not make up more than one-half the ration for 
fattening hogs. Equal parts of ground rye and corn or ground rye and 
ground barley properly supplemented with proteins of good quality 
give good results. Generally rye is not very palatable and Hogs lose 
their appetite for it if fed too much. Usually the feed consumed daily 
by pigs on a rye ration decreases as the proportion of rye is increased. 
When rye is cheap in price compared with other grains it can be substi- 
tuted economically for part of the grain concentrate in the ration. 

The several byproducts of the rice-milling industry available for 
feeding hogs are classed as carbohydrate feeds. In limited amounts, 
rice bran is considered to have a feeding value about 90 percent of that 
of corn. Rice bran is high in fiber and because of its bulkiness should 
be fed in combination with corn or tankage. Not more than 50 percent 
of the ration should be made up of rice bran because of its tendency to 
produce soft pork. 

Brewers^ rice is made up of the small broken kernels of rice. It is 
similar to corn in composition. When properly supplemented with an 
animal protein such as tankage, fish meal, or skim milk, it produces 
gains comparable to those made on a corn ration. The carcasses of 
lio^s fed on brewers' rice are verv firm. 

2 Italic minibürs in parenthesos refer to Literature Cited, p. 1075. 



732 YEARBOOK OF AGRICULTURE, 1939 

Molasses is sometimes used in the swine ration. It is considered to 
have a feeding value approximately 90 percent that of corn when it is 
substituted for corn up to about 20 percent of the ration. It is usually 
unsatisfactory when substituted for all the corn in the ration. When 
it is cheaper than corn or other grain, molasses may be substituted for 
a part of the grain in the ration. Molasses may cause scours in pigs 
unless they are started on it gradually and then fed it in limited quan- 
tities. 

Sweetpotatoes are fed to a considerable extent in the South. They 
are high in starch in proportion to their protein and mineral content. 
Best results are usually obtained when pigs grazing sweetpotatoes are 
given approximately 2 pounds of grain a day per 100 pounds live 
weight in addition to a protein supplement of tankage or fish meal, and 
a mineral mixture. Hogs that have access to a soybean field when 
grazing sweetpotatoes need less protein supplement. It requires 
approximately 4 pounds of sweetpotatoes to equal 1 pound of grain 
when fed to hogs in dry lot, while approximately 5 pounds of sweet- 
potatoes are required to equal 1 pound of grain when the crop is hogged 
down. 

White or Irish potatoes are not so important a source of carbohy- 
drate in the hog ration in this country as in Europe. They are used as 
a hog feed when they have little value on the market and grain prices 
are high. It is necessary to boil or steam potatoes for hogs as they are 
not palatable in the raw state and in large amounts may cause scours. 
Pigs fed heavily on potatoes will not show the bloom or apparent finish 
of those fed on a more restricted allowance. Boiled potatoes may be 
used to replace not more than 50 percent of the grain ration. From 
350 to 450 pounds of boiled potatoes are required to equal in feeding 
value 100 pounds of standard cereal grains. The importance of bal- 
ancing a potato ration with adequate protein and minerals must be 
stressed. A heavy potato ration may be fed to bred sows in the early 
stages of gestation, but as pregnancy advances it should be gradually 
reduced and entirely eliminated prior to and immediately after farrow- 
ing. 

Other root crops are of little importance in swine feeding in this 
country. These crops are succulent and probably are most valuable 
for brood sows and fall pigs during the winter months when pasture 
crops are not available. They usually contain SO to 90 percent of 
water and do not have much actual feeding value. Under favorable 
conditions it requires 5 to 10 pounds of roots to equal the feeding value 
of 1 pound of grain. Best results are obtained when the roots are cut 
in small pieces and fed raw. 

FEEDS THAT CAUSE SOFT PORK 

One of the most important factors in determining the quality of 
pork products is firmness (469, 471). The products of soft and oily 
carcasses frequently suffer a severe cut in price. While no reliable 
average figures am available, it is estimated that soft hogs may be 
docked 10 to 25 percent of the market price. 

There are a number of factors that have an influence on firmness, 
the chief of which is feed. The quantity and characteristics of the fat 
in the various feeds greatly influence the firmness of the body fat of 
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the hog. Hogs fed on large amounts of feeds of plant origin that are 
high in oil usually produce soft carcasses. 

Feeds that produce soft pork can usually be grown cheaply. The 
hog producer should consider how he can use them to best advantage. 
When they are used for young growing pigs, a sufficiently long subse- 
quent period on feeds that produce a hardening effect on the carcass 
may improve the quality of the product enough to make it acceptable 
on the market. Generally speaking, it requires three to four times as 
much gain on hardening feeds as was produced on the softening ration 
to make a satisfactory product. 

The feeds most commonly used that produce soft pork are peanuts, 
soybeans, and mast (acorns and nuts on which, pigs graze in wooded 
areas). Mention has been made of rice bran and rice polish. Corn- 
germ meal is another mill byproduct that must be classed as a softening 
feed. 

Like soybeans, peanuts contain a much higher percentage of protein 
than the cereal grains. Because of their relatively high oil content 
together with a fair proportion of starches, they are both properly 
classed as fattening feeds. On a quantitative basis these feeds would 
not be expected to require additional protein or carbohydrate. Un- 
fortunately, exclusive feeding of either is marked by the production of 
soft pork and by only moderately good rates of growth, owing to the 
rather poor quality of the protein as well as deficiencies in minerals 
and vitamins. While pigs make good gains on peanuts alone, espe- 
cially when grazed, the addition of small amounts of animal protein such 
as tankage or fish meal fed in the dry lot has been found to increase 
the rate and economy of gains. The addition of a mineral mixture and 
of legume hay or meal as a source of carotene is also advisable, espe- 
cially in lengthy feeding periods. 

Soybeans, because of their widespread adaptability to different soils 
and climatic conditions, are a popular hog feed. They can be used to 
best advantage when they form part of the protein supplement rather 
than the basal part of the ration. Under ordinary conditions when 
soybeans used in this way do not form more than 10 percent of the 
ration of pigs starting at 100 pounds weight, carcasses of good quality 
will be produced. The addition of tankage to a soybean ration im- 
proves its quality. The soybean is low in calcium and phosphorus 
and a mineral mixture of these elements should be fed with a soybean 
ration for best results. 

In some sections of the country, acorns, usually fed by mast grazing, 
assume considerable importance in feeding hogs and help to cheapen 
production. The pork produced is usually soft and of poor quality. 
For best results hogs should be finished on a grain ration following 
mast feeding. 

BREWERY AND DISTILLERY BYPRODUCTS 

Wet brewers7 grains, a distillery byproduct, may be fed to fattening 
hogs when such concentrates as grain are supplied in addition, but the 
feed is too watery to be used alone. Usually about 4 pounds of wet 
brewers7 grains are equivalent in feeding value to 1 pound of the dried. 
The composition and feeding value of wet brewers' grains vary widely, 
depending on the kind of grain predominating; rye is of considerably 
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less value than corn. Because of their low nutritive value these feeds 
are not economical unless the haul is short or unless they can be 
purchased at less than one-fourth the price of grain. 

Distillery slop may be used in the ration for fattening hogs or for 
brood sows if it is fed in addition to a liberal grain ration and supple- 
mented with such proteins as fish meal or tankage. From 1 to 1% 
gallons per 100 pounds live weight daily is considered a good allowance. 

PROTEIN FEEDS 
Protein feeds are necessary to maintain and build body tissue. 

Because hogs grow at a more rapid rate than other farm animals in 
relation to their weight, their feed requirements change rapidly. In 
a comparatively short time there is a change from the high protein 
requirement of growth to a lower protein requirement during the 
fattening period after growth has been attained. Because of the low 
protein content of farm-grown grains used in swine feeding, the 
protein supply in the ration needs to be considered carefully. 

The deficiency of grains in protein is corrected by adding protein-rich 
feeds such as milk and milk byproducts, tankage, fish meal, or linseed, 
cottonseed, soybean, or alfalfa meal to the cereal part of the ration. 
Home-grown protein feeds are usually not so abundant as carbohydrate 
feeds and it is often necessary to purchase them. Although they are 
higher in price than carbohydrate feeds, the cash outlay usually yields 
greater returns in increased rate of gain and better utilization of feed 
per unit of gain. 

Skim milk is a valuable protein supplement for hogs when fed in 
connection with corn or other feeds of like nature. It should be fed 
in limited quantities for the most economical returns. Soon after 
pigs are weaned, not more than 4 or 5 parts of skim milk to 1 part of 
corn should be fed, and the proportion of skim milk should be reduced 
to about 1 or 1% parts to 1 part of corn when the pigs weigh 150 
pounds or more. Under these conditions, it can generally be figured 
that 100 pounds of skim milk is worth about half the price of a bushel 
of corn. The feeding value of buttermilk is similar to that of skim 
milk for pigs. Skim milk or buttermilk from cows that have not been 
tested and found to be free from tuberculosis should be pasteurized 
before being fed to pigs to prevent transmitting this disease. 

Whey from cheese factories when led to hogs has been found to be 
worth about half as much per 100 pounds as skim milk, or about the 
price of a peck of corn. Best results are usually obtained when whey 
is fed as a protein supplement to a corn or barley ration in combination 
with such feeds as linseed meal, cottonseed meal, or middlings. 

Digester tankages, a byproduct, of the packing industry used in hog 
feeding, are usually classified according to the percentage of protein 
they contain, which may range from 35 percent in the lower grade 
to 60 in the higher. Tankage is a good protein supplement to any 
of the cereal grains in balancing the ration. It is also high in mineral 
content and helps to supply the mineral deficiencies of the cereal 
grains. The grade of tankage is determined on the basis of the econ- 
omy with which it furnishes a unit of protein. The fat in the tank- 
age should be figured as equal in value to an equivalent amount of corn. 

Fish meal is a byproduct of the fisheries industry.    It is manu- 
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factored on both the Atlantic and Pacific coasts and has a wide dis- 
tribution as a high-grade protein supplement in competition with 
tankage. Fish meal came into prominence as a protein supplement 
in this country about 1920. Its composition is somewhat similar to 
that of tankage but it is in addition a source of vitamins A and D. 
In summarizing a number of tests conducted at various State agricul- 
tural experiment stations comparing the value of fish meal with 
tankage as a protein supplement to the corn ration, Morrison (819) 
found fish meal to be superior for fattening hogs in dry lot. The 
difference was not so great for pigs on pasture as for pigs in the dry 
lot. The method of manufacture of fish meal is a determining factor 
in its nutritive value, the vacuum-dried product generally having a 
higher nutritive value than the fiame-dried product made from the 
same raw material. Price will no doubt be the main factor in deciding 
which of the kinds of fish meal to use. 

Shrimp meal, sometimes referred to as shrimp bran, is a good protein 
supplement produced in limited quantities. It consists of the dried 
heads and hulls of shrimp, a byproduct of the shrimp industry. The 
meal contains approximately 40 to 45 percent of protein. Experi- 
ments at the Louisiana Agricultural Experiment Station (149) show 
it to be equal or superior to tankage as a protein supplement, whether 
fed with or without other supplements. It is also cheaper in price per 
ton than tankage. 

Cottonseed meal, a byproduct of the cotton, industry, is a cheap 
source of protein when fed in limited quantities. It is deficient in 
calcium and vitamin A, but experiments at the Texas Agricultural 
Experiment Station (.##) indicate that it may be fed in amounts up 
to 9 percent of the ration with little danger. Like linseed meal it can 
be used to best advantage mixed with tankage or fish meal. The 
addition of good-quality ground alfalfa hay to a cottonseed-meal 
ration supplies calcium and vitamin A and improves the quality of the 
ration. 

Fifty pounds of tankage, shrimp bran, or fish meal, 25 pounds of 
cottonseed meal, and 25 pounds of ground alfalfa hay make an efficient 
protein mixture. Good results are obtained when the grains and 
protein supplement are placed in separate compartments of a self- 
feeder and the hogs are allowed free access to the feeds at all times. 

Peanut meal, a byproduct of the peanut industry, is a good protein 
of plant origin. Because it is lacking in vitamins A and D and is low 
in calcium, these elements should be supplied in the ration through 
other feeds. Good results have been obtained in fattening hogs on 
pasture when peanut meal has been fed in the proportion of approxi- 
mately 5 parts of corn and 1 part of peanut meal, supplemented with a 
good mineral mixture. For younger pigs it is advisable to combine 
peanut meal with tankage or fish meal to furnish protein of good 
quality. When peanut meal makes up half of the protein supplement 
for pigs on a corn ration in dry-lot feeding, the gains are usually 
slower and less economical than when either soybean or cottonseed 
meal is used. 

Soybean meal (oil extracted), containing 35 to 42 percent of digest- 
ible protein, is an excellent protein supplement to the usual grains 
for growing and fattening hogs.    It may be used as the sole protein 
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supplement for hogs weig'hing* 100 pounds or over, or it mny be fed in 
combination with tankage or fish meal. Soybean meal is low in 
calcium and phosphorus, and a mineral mixture containing' both of 
these elements should be available to hogs at all times. If home- 
grown soybeans can be exchanged for soybean meal at or near the 
same price per ton it is well worth the trade because the latter can be 
used more extensively in the ration. 

Alfalfa meal made by grinding alfalfa hay is fairly rich in protein 
and minerals and is a good source of vitamins A and D. On account 
of its bulk it should not be fed as the sole protein supplement to fatten- 
ing pigs, but it may be combined with other more concentrated pro- 
teins. Alfalfa-leaf meal has a higher protein and a lower crude- 
fiber content and is usually higher in price than alfalfa meal. In 
comparing the two from the standpoint of economy, the vitamin and 
mineral content should be considered in relation to the need of the 
hogs for these nutritive essentials. Alfalfa meal or ground alfalfa 
hay can be fed efficiently at a level of 5 or 10 percent of the totnl ration, 
or even 15 to 20 percent when the ration is balanced otherwise. As a 
home-grown protein supplement, the use of nHaifa meal may reduce 
the amount of high-priced protein feeds that must be purchased. 

A number of suggested protein supplements composed of feeds of 
both animal and plant origin are shown in tnble 2. These supplements 
provide for the use of home-grown protein products, either wholly or 
in part. They may be fed in a definite proportion with the grain 
ration or mixed and fed in a self-feeder, giving the hogs free choice. 

'PABLE 2.-   Suggested formulas for protvjn mixliircs 1 

formula No. 

1. 
2 
3. 
4 
5 

Tfnikairo 

Pound. 

Linsmi 
meal 

Poumh 
50 : 25 
60 ;     
2o ¡        
25 :    
25 I  
30 ■  
25          

AîlUH'l        : 
mm! 

Cot.Um- 
seoti moal 

Soybean 
moal 

If 

Pounds Pon mis Pounds Pounds 

25 i 25 

50 

35" 

     - ~    --  -- 

:i    — .     ._. 50 

25 I 
35 ! 

50 

50 25 

'' Either fish meal or shrimp meal may be siihsfimtod for lankaiio in the above mixtizrey. Skim milk or 
buttermilk may be used instead of tankage. When used as the only protein supplement, 2 pounds of milk 
may be used to ] pound of Krain. 

SELECTING THE RATION 

Besides establishing fimdamenW facts about the nutritive require- 
ments of swine, experimental work conducted by the agricnltnral 
experiment stations during the past 50 years has answered many 
practical questions about the selection of mtions. 

Not all the feed eaten by the hog is digested or utilized. The 
proportion utilized varies partly according to the kind of feed. To 
get a high degree of utilization, it is necessary for the most part to 
depend on specific combinations of feeds. Because of this fact, 
tables of feed analyses with coeiheients of digestibility; biological 
values of proteins, and other expressions of nutritive value lack the 
degree of exactness of figures for the nutritive value of a specific ration 
used under specified conditions. 
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Results of experimental work indicate that as the percentage of 
fiber in the ration for fattening hogs is increased beyond a certain 
pointy the rate of gain of the pig tends to decrease, while the amount 
of feed required to produce a unit of gain increases. A ration for 
good growth and fattening usually does not contain over 5 percent 
of fiberj although as much as 7 or 8 percent is sometimes fed without 
materially affecting the rate of gain. 

The question of how much protein to feed is usually difficult to 
answer. Since proteins have varying biological values as building 
material for animal tissues, it may be best to supply an excess in the 
ration if the price of protein feeds is not too high in relation to other 
feeds. Generally speaking, the ration for pigs weighing 35 to 100 
pounds should contain approximately 18 to 20 percent of protein; 
for hogs weighing 100 to 150 pounds, approximately 15 percent; and 
for hogs weighing 150 to 225 pounds, approximately 12 percent. 

The choice of the feeds to be used in the ration will depend on what 
is available locally and comparative costs. There is no certain 
method of determining the feeds that will give best results without a 
definite comparison, which is not always practicable. Usually the 
feed that costs least per unit of protein is the one to use. For exam- 
ple, if 100 pounds of 60-percent-protein tankage costs $3 and 100 
pounds of soybean meal containing 40 percent of protein costs $1.75, 
then a unit of protein in tankage would cost $3 divided by 60, or 5 
cents a pound, while a unit of protein in soybean meal would cost 
$1.75 divided by 40, or 4.38 cents a pound. In this case the unit of 
protein is cheaper in soybean meal without regard to digestibility or 
biological value. These two factors vary with different combinations 
of feeds fed under different conditions. For example, the Wisconsin 
Agricultural Experiment Station found that the trinity mixture, 
composed of 50 parts of tankage, 25 parts of linseed meal, and 25 
parts of alfalfa meal, by weight, when fed under certain conditions 
produced more economical gains than tankage fed as a sole supplement. 

The need for minerals and vitamins can usually be met in a well- 
balanced ration through a judicious use of protein feeds and forage 
without recourse to special supplements. The cereal grains are low 
in minerals and contain less calcium than is needed for rapid growth. 
Protein supplements such as tankage, fish meal, and skim milk are 
relatively high in calcium and ordinarily furnish enough of this ele- 
ment. Phosphorus is usually found in adequate amounts in grains 
and protein supplements. Pastures likewise furnish minerals and 
vitamins to help correct the deficiencies of those elements lacking in 
the grain ration. When hogs are fed in dry lot there is more likeli- 
hood of a shortage of minerals and vitamins. In this case a mineral 
mixture may be kept available in small boxes or self-feeders to which 
the hogs have access at all times, or minerals may be fed in the grain 
ration at the rate of 1 pound of mineral mixture to each 100 pounds 
of feed mixture. The vitamins present in green pasture, legume hays, 
and yellow corn are generally considered sufficient to meet the require- 
ments. 

The tables in the article Composition of the Principal Feedstuff's 
Used for Livestock (p. 1065) should be consulted for data on general 
composition, including calcium and phosphorus, and for the digestible 

i41394°—39 48 
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nutrients of the more common ho«; feeds as an aid in the selection of 
the more unusual feed combinations for compounding rations. 

METHODS OF FEEDING 
A number of different methods may be used in feeding hogs, includ- 

ing hand feeding, self-feeding, limited feeding, and hogging-down 
crops. It is not possible to say that any one system is the most 
practical under all conditions. In fact, the hog feeder may employ 
two or more methods. A brief description of the various methods 
will be given, but it will be for the individual to decide which hot 
fits into his production program. 

Years ago the hand-feeding system was used almost exclusively 
except as pigs were permitted to graze in the woods and fields.    The 

ire 2.—Suckling pigs with acres* to a self-feeder containing sii|>|ileincn(arv feeds. 

results obtained by this method depend largely on the ability of the 
feeder to determine the amount to feed. Regularity is important, as 
the pigs become accustomed to the time of feeding—usually twice 
daily, morning and evening, although some feeders may give a noon- 
day meal and any great variation may tend to upset the digestive 
system. The feed is usually dry or in slop form and is mixed in definite 
proportions so that the hog has no choice, but must accept the 
mixture as a whole. 

Since about 1920, self-feeding has come into prominence as an 
economical method. The hog is one animal that will not overeat 
when given unlimited access to large quantities of feed. The results 
of many experiments comparing hand feeding with self-feeding for 
growing and fattening hogs generally favor the latter method.  Various 
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aspects of rationing by the self-feeder method have been discussed bv 
Evvard (351). Different feeds are generally placed in separate com- 
partments of the feeder and the pig is allowed to balance its own 
ration (fig. 2), Generally speaking, the pig selects different feeds in 
the proportions that meet its needs for growth and development. 
The efficacy of the system is discussed in the article Nutritive Require- 
ments of Swine in connection with the daily intake of total feed and 
protein by record-of-performance pigs (p. 714). Self-fed pigs eat 
smaller amounts at a time but eat many times during each 24 hours. 
The fact that they eat smaller amounts at a feeding may lead to less 
waste in the assimilation of food and account for the more economical 
use of feed, A self-fed pig also seems to be more satisfied, seldom 
grunting or squealing, whereas the pig that is hand fed is usuallv 
squealing for feed at various intervals between feedings. Aside 
from the fact that self-fed pigs usually gain rapidly, the saving in 
labor under this system is a point especially in its favor. 

If it is desired to feed a certain combination of grain and protein 
supplements, the feeds may be mixed in definite proportions and the 
dry feed placed in the self-feeder where the hog will have an oppor- 
tunity to eat the amount it desires at any time. Though many 
combinations of feeds may be used, a few are suggested in table 3 
for different classes of hogs, fed by either the hand-feeding or the 
self-feeding method, on a full grain allowance. 

TABLE 3.—Suggested feed combinations /< ?r various classes c i hog s 

Class of hogs Corn Bar- 
ley Wheat Oats    Rye 

Grain 
sor- 

ghum 

Tank- 
age or 
fish 

meal i 55m,s. Soy- 
bean 
meal 

Lbs. 
■   80 

Lbs. Lbs. Lbs. : Lbs. Lbs. Lbs. 
lî 
4 
5 

I 
5 
5 
5 

Lbs. 
__ 
2 

Lbs.    Lbs. 
5          5 

— o-        % 

Lbs. Lb*. 

85 
90 Growing—weaning to  ¡  

100 pounds (dry lot) _ 65 
80 

20 1^::2 
85 5 

5 
~"55' 

"85" 
30 

"lô" 
89 
82 
21 

40 25 25 

Growing—weaning to 
100 pounds (on pas- 

30     5 
5 
6 

0 
90 

9 
40 
92 
45 

20   5 
4 
2 
5 
5 
4 
5 
4 
0 
4 
5 
5 
4 
2 
3 
6 
5 
5 
4 
5 
3 
2 

5 
4 1 

25 25 3 
-,  

45 ñ ' 1  
Fattening hogs  over 1    '    fi~. 

JOG pounds (dry lot)_ 4 10 
4 50 20 

30 ______ 62 
'   47 

- -,              
92 4 

Fattening  hogs  over 
100 pounds (on pas- 

90 
70 25  : _   _ 1 

ture)  96 
50 
  

20 

65 
65 

25 3 
10 

3 3 
10 20 

30 
Brood sows and boars. 82 4 10 

5 jo 
,"85" 

62 30 5 
5 3 

1 Shrimp meal may be substituted for tankage or fish meal in the above mixtures. Skim milk or butter- 
milk may be substituted for tankage or fish meal. Approximately 11 pounds of skim milk or buttermilk 
will replace 1 pound of tankage. 

2 Linseed meal, soybeans, or cottonseed meal may be used interchangeably. 
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Figure 3.—Pigs  hoppin«;  down  rom  and  soybeans.    This  method  of feeding  saves 
labor and dislribnles fcrlility over I be land. 

Limited feediiifr, in which less than a full daily ration is fed, may be 
employed when the seasonal feed supply is limited until a new crop 
is available. Pigs may also be limited in feed when it is desirable to 
hold them for a certain market. In the case of feeder pigs, the lim- 
iting of grain on pasture leads to a greater utilization of forage crops 
and aids in economical production. 

Experiments were conducted by the Department on the effect of 
limiting the feed allowance to approximately three-quarters and one- 
half of full feed to pigs starting at 65 pounds in weight and fed to a 
«eight of 200 pounds. The quantity of feed required to produce a 
unit of gain was generally smaller than on full feeding, although the 
rate of gain was slower. Pigs on limited feed liave less opportunity 
to store fat, and the meat tends to have a higher proportion of lean 
than that of full-fed pigs. From the practical standpoint the feeder 
must decide whether the increased labor necessary under this system 
might more than offset the saving of feed. Better results are usually 
obtained when the pig is well grown to a weight of approximately 
05 to 75 pounds before the period of restricted feeding begins. 

The method of hogging down crops is practiced quite generally in 
many sections. Com is the principal crop used and the hogs arc 
usually turned into the field when the corn is in the dent stage. This 
method saves the labor of harvesting the crop and also has the advan- 
tage of scattering the manure over the land (fig. 3). Hogs should not 
be given too large an area to work over at a time or there may be an 
excessive waste of grain. A self-feeder containing a protein supple- 
ment may be placed in the field, or the supplement may be hand-fed 
daily to help balance the ration.    Usually a short period of feeding 
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in dry lot is required to finish the hogs hefore they are marketed. 
The practice of hogging down small grains is not generally followed. 
although such crops as rye, barley, and oats are sometimes harvested 
in this manner. There is usually a larger waste because of the small 
size of the seeds. Supplemental protein and mineral feeds should be 
given when small grains are hogged down. In the .South, peanuts, 
sweetpotatoes. and other root and tuber crops are frequently har- 
vested by hogging down. 

PASTURES 

Pasture crops are important in the economical production of hogs. 
They not only reduce the cost of needed protein, minerals, and vita- 
mins but are a big factor in controlling parasitic infestation if a 
system of pasture-lot rotation is used. Pigs cannot be grown and 
fattened economically on forage crops alone, but these crops are an 
important adjunct to a good grain ration (fig. 4). The saving in the 
number of pounds of grain required to produce 100 pounds of gain 
when pigs are on pasture varies considerably. It is estimated that 
on the average good-quality pasture saves approximately 15 percent 
of the grain concentrate per unit of gain and speeds up the rate of 
gain in comparison with hogs fed in dry lot. 

Permanent pastures do not give the most economical returns unless 
they are supplemented hv temporary pastures. A combination of the 
two is a valuable asset. When properly planned they can supplement 
each other and furnish good-quality grazing at practically all seasons 
of the year. 

The plants used most extensively for permanent hog pastures are 
alfalfa,  red  clover,  alsike,  white  clover,   bluegrass,  orchard  grass. 

Figure 4.—Pigs on pasture li< inp fed a limileil sii|i|ilemeiitan, grain ration 
on a feeiling ¡ilatlorm. 
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lespecleza, and carpet grass. The most common temporary-pasture 
plants arc rape, rye, oats, wheat, soybeans, cow peas, and field peas. 
Seeding for temporary pastures should be timed to furnish grazing /or 
short intervals when permanent pastures are in a dormant or resting 
state. When given a period of rest after close grazing, temporary 
pastures may make sufficient regrowth to furnish a second grazing 
period before the held is plowed for the next crop. The rate of seeding 
for temporary pastures is usually much heavier than for a grain crop. 

Legume crops such as alfalfa, the clovers, and rape usually yield 
the greatest returns in pork production. As a general rule pigs grazed 
on a good legume pasture when on full feed require approximately 
half as much concentrated protein supplement as pigs in dry lot. If 
the amount of grain on pasture is limited, the pigs will consume a 
greater quantity of forage and possibly require only 30 to 40 percent 
as much concentrated protein supplement as hogs in dry lot. As the 
hog grows it will be able to consume greater amonnts of forage, thus 
progessively decreasing the amount of protein supplements needed. 

Since there are so many different factors to consider in planning a 
pasture crop-rotation system for hogs it is best to consult the State 
agricnltural experiment station as to the pasture crops best adapted 
to a particular region, the time and rate of seeding, and the stage of 
growth at which the crop should be pastured. 

FEEDING FOR SPECIAL CONDITIONS 

SUCKLING PIGS 

The suckling pig during the first 2 or 3 weeks obtains all its nutrients 
from the mother's milk. When the pig is approximately 3 weeks of 
age it will begin to take additional feed. Feeds of a protein nature 
such as skim milk or tankage, if made available in a creep, will give 
the needed stimulus to faster growth and produce a larger pig at 
weaniug time. 

GROWING AND FATTENING PIGS 

It may be more profitable at times and under certain conditions to 
limit the feed of growing pigs to prevent fattening before the fatteuing 
period begins. When full feeding is practiced^ pigs should be fed 
liberally on a well-balanced ration. Following weaning, the young pig 
should receive a ration that supplies a large amount of proteio. 
Protein needs cannot be met by any other nutrient^ and if sufficient 
protein is not present in the ration, the needs will be supplied from the 
tissues of the body and growth wdll be retarded. The pig is able to 
retain and bnild into muscle tissue a large part of the protein taken 
from the feed. As it grows older the percentage of protein stored in 
the body decreases. After growth has stopped and the muscles and 
organs have reached their fnll development, little protein is stored. 
It is important, therefore, that the ration of the young growing animal 
furnish the proper nutrients to utilize to the fullest extent this early 
efficiency in transforming food into body tissue. Pasture and forage 
crops play an important part in producing cheap gains on growing 
pigs. 

After the pig attains its growth, the demands for fat production, 
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which are supplied largely by carbohydrates, are most important. 
Concentrates must be supplied, since the hogs cannot consume enough 
pasture or cured forage to fatten them. Fattening pigs on full feed 
require approximately 5 pounds of feed daily per 100 pounds of live 
weight up to 100 pounds in weight. From 100 pounds to a finished 
weight of 225 pounds, pigs on full feed require about 4 pounds of feed 
daily for each 100 pounds of live weight. On the average about 400 
pounds of feed are required to produce 100 pounds of gain from wean- 
ing age to approximately 200 pounds weight. About 360 pounds of 
this is corn and 40 pounds tankage, fish meal, or the equivalent. On 
this basis, pigs weighing 35 pounds at weaning and gaining 165 pounds 
would require 594 pounds of corn and 66 pounds of protein supplement, 
or a total of 660 pounds of feed from weaning to a market.weight of 
200 pounds. An additional 100 pounds of feed per pig raised should 
be added to feed the sow and litter during the suckling period. 

Hogs fattened in dry lot require a protein supplement for most 
efficient results. When hogs are fattened with access to a good pas- 
ture, the addition of a protein supplement increases the rate and econ- 
omy of gains. 

THE BREEDING HERD 

Pigs that are to be developed for the breeding herd should be fed 
to get the maximum growth and development without becoming too 
fat. Both gilts and boar pigs should be fed a ration in which protein 
makes up at least 12 to 14 percent of the total feed in order to make 
the maximum development. The pigs should have access to good 
pasture in summer and to good-quality alfalfa hay or alfalfa meal in 
winter. Pigs on good pasture may be fed approximately a 3-percent 
grain ration (3 pounds of feed per 100 pounds live weight daily). 
Gilts of large type may even be self-fed with the fattening hogs until 
they reach a weight of approximately 200 pounds without becoming 
too fat for breeding. 

The protein requirements of the boar may be considered the same 
as those of the sow of equal weight. The young growing boar during 
the period between breeding seasons needs protein for growth in ad- 
dition to the requirements for maintenance. Just prior to and during 
the breeding season the protein part of the ration should be increased 
to provide for the increased activity during this period. 

THE GESTATION PERIOD 

The protein, vitamin, and mineral requirements for normal repro- 
duction may be met cheaply if the sows are given access to fall wheat 
or rye pasture or any other kind of green pasture plus a mineral sup- 
plement. When green pasture is not available a rack supplied with 
green, leafy legume hay, such as alfalfa, soybean, or cowpea hay, will 
provide proteins, minerals, and vitamins of desirable quality. 

Gilts are usually bred at 8 to 8K months of age to farrow their first 
litter when 1 year old. During the gestation period, the gilt will 
usually make better use of her feed than at other times. A gilt carry- 
ing her first litter should be furnished with sufficient protein to meet 
the needs of maintenance and growth in addition to the needs of the 
growing embryos. For this reason gilts should receive a little more 
protein daily than old sows.    The gilt ration should contain at least 
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12 to 15 percent of protein of good quality, including a protein of ani- 
mal origin. A protein reserve should also be built up in the body to 
provide for the demands of the lactation period when the production 
of milk for the litter often requires more protein than the sow is able 
to digest from her daily ration. 

The ration for the mature sow during the gestation period should 
contain at least 10 to 12 percent of protein to meet the needs for main- 
tenance and body repair, the development of the growing embryos, and 
the lactation period. Since old sows need no protein for growth, they 
can be fed a larger amount of carbohydrate feeds, which in general are 
cheaper than the protein supplements. 

A ration that contains corn, protein supplement, and a mineral 
mixture is suggested for the gestation period. The protein supplement 
may consist of 50 parts of tankage, 25 parts of linseed meal, and 25 
parts of alfalfa-leaf meal. To 100 pounds of this mixture may be 
added 5 pounds of a mineral mixture composed of equal parts of ground 
limestone, steamed bonemeal, and common salt, A sow should be 
fed to gain ji to 1¾ pounds a day during the gestation period, depend- 
ing on her condition when bred. Gilts may be fed a ration composed 
of 7 parts of corn and 1 part of protein and mineral supplement, while 
old sows may be fed a ration of 8 parts of corn and 1 part of protein 
and mineral supplement. These mixtures may be fed at the rate of 
1½ to 2 pounds daily per 100 pounds live weight, depending upon the 
condition of the sow. In addition sows should have access to good- 
quality legume hay in a rack if pasture is not available. 

SOWS SUCKLING LITTERS 

Sows suckling their litters need a liberal ration containing feeds 
rich in protein and minerals. If possible they should also have access 
to good pasture. If this is not available, the ration may contain 5 to 
10 percent of good-quality alfalfa hay. Feeds that will furnish a 
heavy milk flow are desirable so the pigs will get a good start in life. 
At no time do pigs make as economical gains as when they suckle their 
dams. A sow on full feed following farrowing will need 3 to 5 pounds 
of feed daily per 100 pounds live weight, depending on the number of 
pigs in the litter. 

PRESENT-DAY PROBLEMS IN SWINE FEEDING 

Experiments in the past developed new methods of feeding, the 
use of new feeds, and efficient combinations of different feeds to pro- 
duce economical returns, but present knowledge is limited on many 
problems of swine feeding. The chemistry of proteins is a field of 
research that has great possibilities. Information on the amounts 
of different amino acids in various feeds is fragmentary. More knowl- 
edge in this field may lead to entirely different feed combinations or 
levels of feeding from those used today. 

"Research in the field of mineral metabolism offers possibilities for 
refinement of present knowledge. Though past work has thrown 
much light on the part played by calcium, phosphorus, copper, iron, 
and iodine in metabolism, little is known of the interaction of such 
elements as magnesium, manganese, cobalt, and zinc. 

Although studies on certain vitamins are well advanced in the case 
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of small laboratory animals, and to a lesser extent with human beings, 
their application to the hog is not so far advanced. However, within 
a comparatively short period pure chemical compounds of a number 
of vitamins, including riboflavin, nicotinic acid, thiamin, and ascorbic 
acid, have become available. This simplifies vitamin research by 
aiding in making up synthetic diets in which the effect of the presence 
or absence of a single nutrient can be determined. 

The relation of nutrition to fertility and the size and vigor of the 
litter is a field that deserves special attention. What are the factors 
that affect milk secretion and influence the quality and quantity of 
milk from the standpoint of the growth and development of the young 
suckling pig? Although this problem has received much attention 
in the case of dairy cows, little is known about it in relation to the pig. 

Investigation of the nutritive value of different pasture grasses in 
different stages of growth and the extent to which they may be used 
in developing the most efficient type of ration offers opportunity for 
improvement in swine feeding. 



FEEDING  PROBLEMS  WITH  SHEEP 

by Damon A. Spencerï 

T H U U U H this article deals briefly with some of the nutritive require- 

ments of sheep, in the main the author is concerned with practical feeding. 

He tells about the fattening of lambs, hothouse lamb production, "flushing' 
ewes, feeding the farm flock, feeding on the range, poisonous plants—and 
finally, the relation oí nutritional research to the problems of the sheep- 

man. 

SHEEP are naturally adapted to grazing on pastures and ranges that 
supply a variety of forage plants (iig. 1, A and B, fig. 2, /1). They 
do best on forage that is short and fine rather than high and coarse 
(ß38, 749):2 They will eat considerable quantities of brush, but they 
prefer chiefly choice grass and legumes and lush, palatable weeds {222). 
It is seldom profitable to feed grain to breeding sheep or even to suck- 
ling lambs when they can have an abundance of succulent grazing 
forage {751). In some environments flocks can be kept in good 
thrifty condition and. lambs can be raised to the marketing stage 
without the feeding of any grain (^74). One hundred pounds of grain 
in a year for one ewe and her lambs is the maximum quantity that is 
likely to be profitable. 

Deep snows, extreme droughts, overstocked pastures and ranges, and 
other conditions that adversely affect grazing make it necessary to 
feed sheep from the stack, mow, and bin. Sheep are fond of good 
roughage and they are able to make good use of it. They can obtain 
most of their needs for protein, calcium, and vitamins, especially vita- 
mins A and D, from an abundance of well-cured legume hay {819). 
Good legume roughage provides ample nutrients for breeding ewes 
during the winter up to about a month before lambing time. From 
that time until pasture is abundant extra nutrients should be provided 
in the form of concentrates, such as a mixture of equal parts by weight 
of oats, corn, and bran, together with about 10 percent by weight of 
cottonseed or linseed meal. The rapid growth of the unborn lambs 
during the last month of pregnancy may justify a daily allowance of 

1 Damon A. Sponcer is Senior Animal Husbandman, Bureau of Animal Industry. 
2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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im Js 

Figure 1.—A, Sheep grazing on   the  liigli  suniiner ranges of the Targhee  National 
Forest, west of Yellowstone Park, in Idaho.    B, A hand of sheep at sundown on the 
spring-fall sagebrush range of the United Stales Sheep Experiment Station, Idaho. 

The camp wagon is the sheep herder's home. 
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one-fourth to one-half pound of this or a similar mixture of concen- 
trates for each ewe until lambing and a gradual increase after lambing 
up to three-fourths of a pound or possibly 1 pound a day until pas- 
ture is abundant. The nutritive requirements of ewes nursing lambs 
are, in principle, like those of dairy cows in milk (838). The ewes 
need much more protein and digestible nutrients than before lambing. 

Since wool ñbers are composed of protein, sheep need feeds that 
contain a liberal supply of this nutrient to produce a good wool crop. 
Wool is rich in the sulfur-containing amino acid cystine, but there 
appears to be sufficient cystine in ordinary rations that are otherwise 
satisfactory for sheep (819). 

In some sheep-producing regions farmers and ranchmen have diffi- 
culty in growing adequate supplies of legume hays such as alfalfa, 
clover, or soybeans, and they are compelled to feed timothy or native 
grass hay, straw, or corn stover. These nonleguminous roughages may 
be supplemented with such protein-rich concentrates as linseed meal, 
cottonseed meal, soybean-oil meal, or soybeans at the rate of about 
one-quarter to one-half pound per ewe per day. Timothy hay cut in 
the early stage of maturity or before full bloom is much more satis- 
factory for sheep than when it is cut fully ripe (90, 91). 

Sheep are particularly fond of salt and consume considerably more 
per 100 pounds of live weight than do cattle. Breeding sheep may 
consume nearly one-half ounce per head daily and fattening lambs 
from one-fifth to one-fourth ounce. When sheep are accustomed to 
salt it is best to let them have access to it in suitable containers so 
that they may take as much as they desire {198). On western ranges 
in areas where there is considerable alkali, sheep are allowed no salt 
other than that which they get in the alkali. This seems to be safe 
in cases where the alkali contains at least 85 percent of salt. 

Calcium supplements must be fed to sheep when their roughage 
consists only of nonleguminous plants grown on soils low in calcium. 
They may be fed about one-quarter ounce or more per head daily 
of ground limestone or some other calcium supplement in the form of 
a mixture of two parts calcium supplement to one part common 
salt by weight [382). If the roughage, on the dry basis, is at least a 
third good legume hay or other legume forage, this third should 
supply plenty of calcium. If there appears to be need for a supple- 
ment containing phosphorus, this may ordinarily be fed in the form 
of a mixture of 2 parts of bonemeal to 1 part of common salt by 
weight. In the feed lots, however, phosphorus is less apt to be lacking 
in the usual sheep rations than is calcium (819). 

Iodine may have to be fed to ewes in districts where there is trouble 
with goiter in newborn lambs (88, 3o4). In such cases the ewes 
should be fed iodized salt at least during the last half of pregnancy. 
An allowance of one-twentieth of a grain of potassium iodide per head 
daily is enough to prevent goiter. It is safest not to allow more as 
too large doses may be injurious. Experimental evidence indicates 
that other minerals, including iron, copper, sulfur, cobalt, and potash 
salts, need not be added to the usual rations for sheep (223). In 
some areas not yet important for sheep raising there may be a de- 
ficiency of one or more of these minerals in the forage plants great 
enough to interfere with the normal development of sheep. 
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The most recent experimental findings on vitamin requirements of 
sheep indicate that vitamin A is the only one that is likely to be lack- 
ing in the usual sheep feeds, and this deficiency is generally found in 
such roughage as cereal straw, poor-quality hay, or cottonseed hulls. 
Early-cut, well-cured hay is high in vitamin A, or rather carotene, 
and if such good hay makes up a substantial part of the ration there 
should be sufficient vitamin A for sheep {498). 

The requirement of sheep for vitamin A is about the same per unit 
of body weight as that of other farm animals. Experimental results 
with the usual feeding practices, however, indicate that it is necessary 
to feed sheep winter roughage of better quality than that sometimes 
used for breeding cows. This may be due to the fact that sheep have 
lower reserves of vitamin A than cows when they go into the winter 
feed lots (27). 

Under ordinary conditions it is essential to furnish sheep with 
plenty of fresh water {271). On dry feed ewes drink from 1 to 1¾ 
gallons a day and fattening lambs slightly more than 1 quart up to 2 
quarts a day. When succulent feeds are provided, sheep drink less 
than when they are on strictly dry feeds, and when the weather is 
hot they drink more than when it is cool or cold. During late fall, 
winter, and early spring range sheep often derive their principal water 
intake from snow. 

THE FATTENING OF LAMBS 

All lamb producers in regions that provide pastures and ranges 
yielding the abundance of succulent, nutritious forage essential for 
early fattening {560) desire to produce milk-fat lambs—that is, lambs 
that are sufficiently finished to be slaughtered at weaning time. Many 
lambs, however, are raised on pastures and ranges that are not ade- 
quate for finishing at the weaning age of 4 to 6 months, and even on 
the best forage some mutton-type lambs and a large proportion of the 
lambs of the fine-wool type cannot be finished by weaning time. For 
these reasons a rather large proportion of the lamb crop of the United 
States must be fattened to a slaughter finish after weaning (fig. 2, B). 
The nutritive requirements of these feeder lambs are therefore an 
important problem in the sheep-feeding enterprise. 

Corn is the grain most used in the United States as the chief fatten- 
ing concentrate for lambs, but in some regions barley or sorghum 
grain is more readily available and is fed in the place of corn. Oats 
have been successfully substituted for corn in lamb-fattening rations 
{631). When available at reasonable prices, corn and alfalfa hay are 
preferred by most lamb feeders as the basal lamb-fattening ration 
{968). The primary needs are a fat-producing concentrate rich in 
carbohydrate and a roughage, such as legume hav, relatively rich in 
protein {1063). 

When silage, especially corn silage, is available at reasonable cost, 
it may be economical to include it in the lamb-fattening ration together 
with a protein-rich meal such as cottonseed or linseed {613). Such 
a ration may consist of 7 parts of corn by weight and 1 part of cotton- 
seed meal, plus corn silage and clover hay {473). If lambs on full feed 
are fed twice a day as much of the mixture of corn and cottonseed 
meal as they will clean up by the time they leave the trough, as much 
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of the corn silage as they can clean up in about an hour, and as much 
hay as they will consume by the next feeding time, the daily allow- 
ance per head will be approximately 1% pounds each of concentrates, 
silage, and hay, or a total of about 4 pounds of feed a day {631). Such 
a ration would approximate the requirements of normal lambs enter- 
ing the feed lot at an initial average body weight of about 60 to 65 
pounds and finishing in about 80 to 90 days at average final live 
weights of 90 to 95 pounds at the feed lot (768^ 1196). 

Such carbohydrate-rich concentrates as wheat, rye, or beet pulp 
may be fed as partial substitutes for the more usual corn, barley, oats, 
or sorghum grains {694, 7S/+). The prices of these various fattening 
feeds would have to be considered in determining whether it would 
be economical to feed them (7.90). Corn is regarded as the most effi- 
cient feed for fattening lambs, but normally the other carbohydrate- 
rich feeds mentioned are at least 80 to 90 percent as efficient as corn 
when calculated on the basis of dry-matter content. 

Fattening lambs can utilize silage made from plants other than 
corn—for example, silage made from sorghum, peas and oats, pea 
vines; and corn and soybeans. Plants should be cut when they are 
not too green and immature if they are to make the best silage for 
lambs. This is especially true of sorghum. Other succulent feeds 
suitable for fattening lambs are turnips, mangels, rutabagas, wet beet 
pulp, beet tops, cabbage, and cull potatoes, but these contain more 
water and less solids than the silages mentioned {819). 

FEEDING FOR HOTHOUSE LAMB PRODUCTION 

Hothouse lambs are born in the fall or early winter and finished 
for slaughter as suckling lambs at the age of about 2 to 4 months at 
live weights of 40 to 60 pounds, or even less than 40 pounds if they are 
well finished. The term ''hothouse" is used because such lambs are 
produced during an unusual season of the year, though not necessarily 
in quarters heated by a stove or furnace. If lambs are to be finished 
at such early ages and light weights, they must have the inherent 
capacity to develop and fatten rapidly, and their feeds and the feeds 
for their mothers must be of excellent quality. Hothouse lambs that 
measure up to the exacting requirements of the enterprise are often 
the offspring of Southdown rams and Dorset or Dorset-Merino ewes. 

The mothers of hothouse lambs require choice legume hay and grain, 
and it usually pays to include a succulent feed in their rations so that 
they may produce plenty of milk. A good combination of feeds for 
such ewes is a concentrate mixture of 5 parts corn, 2 parts oats, 2 parts 
wheat bran, and 1 part linseed meal by weight, plus corn silage and 
well-cured, second-cutting alfalfa hay" or similar feeds. The daily 
allowance per ewe varies, but when the lambs are 1 or 2 weeks old the 
ewes nursing them should be able to use to advantage about 1 to 1% 
pounds of the concentrate mixture, 2 to 3 pounds of corn silage, and 
2 to 3 pounds of alfalfa hay a day per head. They should be given as 
much concentrate as they will clean up before they leave the trough, 
as much silage as they will clean up in about an hour, and as much 
hay as they will clean up by the next feeding time. 

^ Hothouse lambs should be fed in a creep (216) as soon as they will 
nibble at grain and roughage, which they will normally begin to do 
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when they are about 2 weeks old. In order to get them to consume 
maximum quantities, only the very choicest feed should be offered 
and there should be nothing but fresh feed in the troughs and racks. 
The corn for the young lambs should be cracked and the oats crushed. 
Otherwise the concentrate mixture may be the same as that for the 
mother; that is, 5 parts cracked corn, 2 parts crushed oats, 2 parts 
wheat bran, and 1 part linseed meal, by weight. The alfalfa hay 
should be as leafy, bright, and excellent as possible and the silage the 
best available and free from any mold. The quantity of the feed 
consumed by the lambs will naturally hi crease as they become older. 
It is safe, however, to let them have as much as they will clean up 
each day. Any feed left over at the end of the day should be removed 
from the troughs and racks and fed to the older sheep. 

"FLUSHING" EWES TO INCREASE LAMB YIELDS 

The practice of extra feeding at breeding time to increase the num- 
ber of twins produced by ewes is called flushing. This has proved to 
be profitable in the case of ewes, and of lambs through the suckling 
period, in regions that provide plenty of nutritious and succulent feed 
at reasonable cost. Good, nutritious pasture, when it is free from 
excess moisture which would cause it to be "washy,^ has been found 
effective and normally the most economical source of feed for flushing 
ewes. In case an abundance of such pasture is not available, however, 
corn, oats, wheat bran, and other grains may be used (732). Effective 
flushing has resulted from feeding about one-half to three-fourths of 
a pound of grain per ewe daily along with rather sparse forage of 
ordinary quality. Experiments by the Bureau of Animal Industry 
show that to flush ewes successfully they must be sufficiently well fed to 
gain at a rate of at least 1 pound a week per ewe during the breeding 
season. (730). 

FEEDING SHEEP IN FARM FLOCKS 

In the eastern half of the United States and in the irrigated valleys 
and dry-land farming communities of the West, sheep are kept in 
small or moderate-sized flocks of about 20 to 100 head, or in some 
instances as many as 200 to 300. Most farm flocks are maintained 
under conditions that make it economical and practical for the breed- 
ing sheep to glean much of their feed from stubble and stalk fields in 
the fall before rains injure the feeding value of the gleanings. Nor- 
mally, after these feeds have been used, clover and grass pastures are 
grazed. In regions where winters are open a heavy stand of well- 
cured bluegrass will help considerably to carry the flock through the 
winter in good condition. Green pastures of rye or wheat in late fall 
will provide succulent feed and furnish exercise for the flock. In the 
South, velvetbeans will be found a great help in carrying the flock into 
January (7^). 

# In winter the feeding of the farm flock should be such as will produce 
vigorous lambs and keep the wool strong and in good condition. 
Leguminous hays, straws^ and cornstalks usually form the main part 
of economical winter rations. Clover, alfalfa, soybean, or cowpea 
hay, if of good quality, may be used as the sole feed until near lamb- 
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ing time, from 4 to 5 pounds per ewe daily being sufficient for ewes 
weighing less than 150 pounds (238). Oat and wheat straw are better 
than rye or barley straw. Cornstalks placed where the sheep can 
eat off the leaves may be used as a part of the roughage ration. If the 
ration is made up largely of cornstalks or straw a protein concentrate 
should also be used. Timothy hay is not a good sheep feed unless it 
is cut when immature or just as it is beginning to bloom (89), As 
timothy hay is more easily grown than legume hays in much of the 
farm-flock territory many farm sheep are fed timothy either alone or 
mixed with clover hay. For this reason it is worth while to empha- 
size the importance of cutting timothy when immature if it is intended 
for sheep. 

Succulent feeds such as silage or roots are desirable to keep ewes in 
good health, but they should be fed with some hay. When corn sil- 
age is fed to sheep it should be from well-matured corn, and great care 
should be exercised to avoid spoiled, frozen, or moldy silage. It is 
not advisable to feed ewes more than 3 pounds of silage per head 
daily. Turnips should be used sparingly for ewes until after lamb- 
ing(23J). 

Each of the following rations contains approximately the quantity 
of the various nutrients required daily for pregnant ewes weighing 
from 110 to 140 pounds when in the dry lot: 

3 pounds alfalfa or soybean hay 3½ pounds alfalfa or clover hay 
2 pounds corn silage 2 pounds corn silage 
yi pound shelled corn 

(2) 
(4) 

2 pounds oat straw 
3 pounds alfalfa hay 2 pounds corn silage 
2 pounds corn stover (edible portion) % pound shelled corn 

% pound linseed meal 

Where ewes can run on wheat or rye pasture during the winter 
they should also receive some dry or concentrated feed. Silage or 
roots are not desirable when the forage of the pasture is soft or green 
{90, 91). One-half pound of cottonseed meal contains the daily 
requirement of protein for a pregnant ewe. When price suggests the 
heavy use of this concentrate, the other feeds of the ration should be 
rich in carbohydrates. It is best to limit the quantity of cottonseed 
meal to one-fourth pound per head daily, with a good selection of 
other feeds (238), _ 

During late spring, summer, and early fall, farm sheep in most 
regions can obtain most of their feed requirements from good pasture 
(£08), In the absence of good pasture it may be necessary to feed 
them as suggested for the winter period. The quantity of feed 
should be increased for ewes nursing lambs. 

Rams may be fed the same kinds of feed as ewes but in slightly larger 
quantities. They need a good allowance of relatively high-quality 
feed just before and during the breeding season, when pasture is not 
available. After the breeding season, even before there is good 
pasture, they can be fed less grain and more roughage. The roughage 
does not need to be of more than fair quality to keep vigorous, mature 
rams in thrifty condition. 

141394°—39 49 
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FEEDING RANGE SHEEP 

In the western half of the United States a large majority of the 
sheep are produced in range bands varying in size from a few hundred 
to more than 2,000 head, but usually containing between 1,000 and 
2,000 (fig. 3). They subsist largely on the natural forage of the range, 
but deep snow, drought, and scanty forage on overgrazed or inferior 
range make it necessary at times to feed hay and concentrates. 
Mineral deficiencies are serious problems in some areas where phos- 
phorus, calcium, or iodine may be so inadequate as to necessitate the 
feeding of these minerals with salt as already suggested (198). 

Many forage plants of the western range country cure while standing 
and provide nutritious feed during the fall and winter. For this 
reason range sheep can subsist on standing forage during the cold 
weather better than is generally possible for sheep in the farming 
regions. Range sheep also browse a great deal in cold weather and 
utilize rougher feed then than at any other time of the year. Many 
range sheep producers make a practice of feeding some concentrate in. 
the winter and provide an extra supply of feed that may be used during 
extremely cold and stormy periods (222), 

Alfalfa hay is the standard winter roughage for western range sheep 
in feed lots, but some native hay is fed when alfalfa is not available. 
If mature sheep are in thrifty condition when they are brought into 
the feed lot, grain is not usually fed with alfalfa hay, but when native 
hay is fed a protein concentrate, such as cottonseed cake, is desirable 
(599). Under the usual range conditions protein concentrates can 
be fed in the form of cake with greater economy and facility than in 
the form of meal (598). When alfalfa hay is the only feed provided, 
about 4 or 5 pounds will be required per ewe daily. A little less than 
this will be sufficient when grain is also fed. When conditions permit 
it may be desirable and economical to feed a small quantity of hay 
and let the sheep graze each day. 

Breeding rams may be wintered on roughage and a small quantity 
of grain, as it is unnecessary to fatten them. A daily allowance of 5 
to 7 pounds of fair alfalfa hay, depending on the size of the ram, and 
1 pound of whole oats makes a good winter ration for rams in the 
western range country (222). 

When shed lambing is practiced and the lambs are to be born before 
range forage would furnish good grazing, breeding ewes should receive 
some grain for about 3 weeks or a month before lambing. Whole 
oats at the rate of one-half pound a ewe per day makes a good grain 
ration, but corn, wheat, barley, and various grain mixtures have been 
successfully fed. Some corn silage, beet pulp, and comparable feed 
may be fed in limited quantities of 1 or 2 pounds daily per ewe before 
lambing and in more liberal quantities afterwards. These help to 
stimulate the milk flow. At this time the best quality of hay is 
needed. 

The following rations are suggested for range ewes: 

Ration before lanthing Ration after lamhing 

Alfalfa hay   4 pounds        Alfalfa hay        _  5 pounds 
Whole oats.   _ _      .   % pound        Corn silage     .  2¾ pounds 

Whole oats    .  % pound 
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These rations are suitable for range ewes of about average size, 
weighing from 110 to 140 pounds. Ewes with twin lambs may need 
a little more grain and succulent feed (19%). The feeds in the rations 
are normally grown in the irrigated valleys of the western range 
country. 

POISONOUS PLANTS 

Some of the most serious feeding problems encountered by range 
sheep producers result from poisonous plants that are eaten by sheep 
while grazing (1093, pp. 268-26Ji). Plants that cause sickness and 
death among sheep occur in all parts of the United States. However, 
because of the greater number of sheep on the range and the method of 
handling them? the losses of economic importance are confined largely 
to the western range country. Where good forages are plentiful, 
sheep that are left to themselves or that graze in loose formation 
seldom eat enough of any poisonous plant to suffer from its effects; but 
under the system of close herding that prevails in many regions, where 
sheep eat practically all the vegetation as they move along, they are 
more liable to poisoning, and sometimes heavy losses occur. 

The three groups of plants on the western ranges that are especially 
destructive to sheep are the species of death camas found in the higher 
parts of the Great Plains and west to the Pacific; the locoes, especially 
white loco, found on the Great Plains from Canada to Mexico; and 
the lupines, which are even more widely distributed than death camas. 
Lupine leaves rarely, if ever, injure sheep, but the pods and seeds, 
which are eaten during the summer and fall months, have caused 
heavy losses. 

The laurels and leaves of wild cherries both in the East and in the 
West, the milk weeds and rayless goldenrod of New Mexico and Texas, 
the Colorado rubber plant of Colorado and New Mexico, and the coffee 
bean of Texas are some of the other plants that cause losses. The 
western sneezeweed is especially harmful in Utah and some parts of 
the Southwest. 

No practical methods have been devised for eradicating most of 
these poisonous plants. However, a careful herder who is familiar 
with the plants and the places where they grow can do much to assist 
in preventing such losses. 

LOOKING TOWARD THE FUTURE 

Feeding experiments with sheep and lambs have been conducted 
extensively by experiment stations in some of the more important 
sheep-producing regions of the United States. Some of these experi- 
ments have included fundamental research on nutrition {32), but the 
majority of them have been conducted as rather practical feeding 
trials in which the lambs or sheep have been fed in groups of about 20 
to 30 animals and occasionally as many as 100 or more. Many of 
these trials have resulted in information of definite practical value to 
sheepmen. They have often served as excellent guides for determining 
the feeds, the combinations of feeds, and the methods of feeding for 
efficient production of mutton and wool. 

Many phases of the sheep production enterprise that involve feeding 
can still benefit, greatly from feeding trials on numerous unsolved 
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problems. With the increasing need for economy in feeding practices, 
however, producers of lambs and wool will need more definite 
information of a type that can be developed only by fundamental re- 
search—for example, on the specific roles of minerals, proteins, and 
vitamins in the nutrition of sheep (169). 

It has been proved that the growth of wool can be controlled in large 
measure by feeding. Factors in the environment of a healthy sheep 
such as temperature and humidity have much less influence than nutri- 
tion on the production of strong, normal wool. The kind of feed 
provided for growing lambs is so important that even when choice 
roughages such as clover hay and corn silage have been given as the 
only feed to weaned lambs in the feed lot, they have failed to gain in 
weight, whereas the brothers of these lambs gained and developed 
normally when 1 to 1¾ pounds of corn and about one-sixth of a pound 
of cottonseed meal per lamb per day were added to the roughage 
(^75, 631), Adequate feed is one of the most necessary factors in 
profitable production of mutton and wool, both for quantity and for 
quality. 

There are great differences in the efficiency with which individual 
sheep convert feed into meat and wool. The Bureau of Animal 
Industry has found a difference as great as 38 percent in rate of gain 
between the slowest and the fastest individuals fed similar rations in 
the same environment. In terms of total digestible nutrients per 
pound of gain, there was a difference of 36 percent between the least 
and the most efficient individuals. Large differences in nutritional 
efficiency have also been found between families of sheep. It follows 
that by applying the principles of both nutrition and genetics, breeders 
should be able to develop strains of sheep that could raise the level 
of efficiency in the economical use of feed. It is true that such an 
undertaking is complex and difficult, but it offers such an important 
reward that the effort seems justified. 

Relatively little is known about the exact nutritive value of large 
numbers of forage plants that are grazed by sheep on pastures and 
ranges in the United States (1006, 1007), Experiment stations in the 
future should find definite research to determine these nutritive values 
one of the most promising ways by which nutrition specialists can 
serve the sheep industry. So large a part of the feed of sheep is in 
the form of grazing forage that definite nutritional indices of the 
important forage plants at various stages of growth should be vital 
and basic to the development of sound programs in sheep pasture and 
range improvement. 

The pioneer phase of the sheep industry has passed. Free or even 
cheap grazing is becoming more and more scarce. The need for 
economy is so great that careless and wasteful methods will lead to 
failure. Sheep feeding and grazing must now be handled with the 
utmost care and along the lines of the most scientific thought if the 
enterprise is to prove profitable. 



FEEDING  PROBLEMS  WITH  GOATS 

by Damon A. Spencer1 

M U b I of this article is concerned with the feeding of milk goats, 

though the essentials are briefly given for Angoras as well. Rations are 
suggested for milking does, young does, kids, and bucks, and for finishing 

goats that are to be sold for meat. A final section deals briefly with 
research needs in the nutrition of goats. 

A LARGE PROPORTION of the goats in the United States are of Angora 
breeding. They are kept primarily for the production of mohair, and 
the majority of them are raised on fenced ranges of the Edwards 
Plateau in southwestern Texas (fig. 1), although they are fairly im- 
portant in New Mexico, Arizona, California, Oregon, and Missouri, 
and a few are raised, in several other States {1232)} California is the 
State most noted for the production of milk goats, the only other 
improved type {1174, 1175), There are fewer milk goats than An- 
goras, but they are more generally distributed over the United States 
(fig. 2) {765), The leading breeds of milk goats in this country are the 
Toggenburg, Saanen, Nubian, and Alpine {933). 

The feed requirements of goats are similar to those of sheep {957). 
Goats of all types are browsers by nature, fond of leaves, twigs, and 
weeds {532). While they also relish good grass, they will select browse, 
if given an opportunity, to a greater extent than will sheep {1135). 
When browse and other forage of range and pasture are not available, 
goats can make good use of legume hay; or they can subsist on straw, 
corn stover, timothy hay (if cut when in early bloom), corn silage, 
sorghum silage, and other nonnitrogenous roughages if these are sup- 
plemented with about one-fourth to one-half of a pound per head per 
day of protein-rich concentrates such as cottonseed or linseed cake or 
meal. Corn, oats, barley, and similar grains may be fed to goats 
along with roughage in about the same way that- grains are fed to 
sheep. Good legume hay, however, is one of the best of the stored 
feeds for goats {819), 

Milk contains a relatively large amount of protein, and mohair 
1 Damon A. Spencer is Senior Animal Husbandman, Bureau of Animal Industry, 
2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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I'iflure 1.—Angora goats grazing and browsing on the Edwards Plateau. Tex. 

Figure 2.—Feeding time for milk goats at the Agricultural Kesearch Center, Heltsville, 
Md.    The white does are Saanens and the others Toggeuburgs. 
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fibers, like wool fibers, are composed of protein.    Goats therefore need 
feeds that contain a good supply of this nutrient {819), 

Goats are as fond of salt as are sheep, and when they are accustomed 
to it, it should be kept where they can take as much as they desire. 
Calcium supplements may be needed where the forage is nonlegumi- 
nous and grown on soils low in calcium. About a quarter of a pound 
of ground limestone or some other calcium supplement per head 
daily may be fed in the form of a mixture of 2 parts of calcium supple- 
ment to 1 part of common salt. If phosphorus appears to be lacking 
in the forage it may be supplied in bonemeal in a similar mixture with 
salt. Where there is trouble from goiter in newborn kids the does 
should be fed iodized salt at least during the last half of pregnancy, 
so that they will get about one-twentieth of a grain of potassium 
iodide per head daily {819).    Larger doses may be injurious {460). 

FEEDING ANGORA GOATS 

Angora goats obtain most of their feed on the range in the form of 
browse, weeds, and grass. During the winter they subsist in large 
measure on evergreen brush (not including cedar or other coniferous 
vegetation) when such browse is available. When supplemental feed 
is necessary they can use to advantage hay, kale, rape, corn, milo 
maize, feterita, oats, and similar feeds. If the hay or other roughage 
is nonnitrogenous, they should be fed protein-rich meal or cottonseed 
or linseed cake. When they must depend entirely on stored feed, the 
daily allowance per head may need to be about 3 or 4 pounds of good- 
quality roughage and about one-fourth to one-half of a pound of con- 
centrates. The bucks do well on the same kinds of feed as those on 
which the does thrive, but they may need slightly larger quantities in 
about the same proportion as their body weight exceeds that of the 
does. The kids in a herd of Angora goats are usually raised as suck- 
ling kids on their mothers^ milk and on feeds available to their mothers 

FEEDING MILK GOATS 

The feeding requirements of milking does are similar to those of 
dairy cows {141)* About six to eight goats can be fed on the quantity 
of feed required by one cow. When does are in milk they need all 
the roughage they will consume. Alfalfa, clover or mixed hay, and 
corn stover are satisfactory. The does also need succulent feed such 
as silage, mangel-wurzels, carrots, rutabagas, parsnips, or turnips. 
Corn, oats, wheat bran, barley, and linseed meal or cake are among 
the best concentrates for their ration. Other satisfactory concen- 
trates, which may sometimes be more readily available, include cot- 
tonseed in the form of meal or cake, brewers' grains, corn bran, 
gluten feed, and beet pulp {70). 

A very satisfactory ration for a doe in milk during the winter con- 
sists of the following daily allowance: 

2 pounds of alfalfa or clover hay (good to choice) ] 
Iji pounds of corn silage or roots; 
1 or 2 pounds of grain mixture. 

The grain mixture could consist of 100 pounds of corn, 100 pounds 
of oats, 50 pounds of wheat bran, and 25 pounds of linseed meal. 



FEEDING PROBLEMS WITH GOATS 761 

When on good pasture the doe may need a daily allowance of 1 to Iji 
pounds of such a grain mixture. Does vary considerably in their 
appetites and there is an advantage in feeding them grain individually 
according to the quantities they will consume readily. Tests by the 
Bureau of Animal Industry show that, in producing a good milk now, 
1 pound of the grain mixture is the average daily grain requirement 
per quart of milk produced during the entire period of lactation (933). 
Under average conditions, a mature doe that is pastured as much as 
possible will require about 500 pounds of good to choice legume hay 
and 450 pounds of grain a year. 

Young does should be kept in good growing condition (266). If they 
have plenty of browse and pasture it is unnecessary to feed them 
grain during the spring, summer, and fall, but they may need a little 
grain if the browse and pasture are short. In winter they need about 
1 pound of grain, 1 to 1% pounds of silage or roots, and all the hay 
or other roughage they will consume. 

When the milk is to be sold or used by the family (597) the feeding of 
the kids that are to be raised for breeding and milking purposes requires 
special attention (934)- Each kid should receive about 1¾ to 2 pounds 
of milk a day along with good pasture or other roughage and a little 
grain. The grain mixture suggested for the older goats will be satis- 
factory, except that the corn should be cracked and the oats crushed, 
and the protein concentrate should be fed in the form of meal instead 
of cake. The quantity of roughage and concentrates at each feeding, 
when kids are fed twice a day, should be about as much as they will 
clean up before the next feeding. Tests by the Bureau of Animal 
Industry have shown that when the kids are about 10 weekß old the 
milk in the ration may be replaced in large measure by good alfalfa 
hay and mixed grain without sacrificing gain in body weight or devel- 
opment (933). This possibility offers an important advantage to the 
producer who needs to sell all the milk from the herd not required for 
raising the kids (1071), Whole cows' milk can be fed successfully to 
kids. Even skim milk can be used with a fair degree of success if the 
change from whole milk to skim milk is made very gradually and the 
kids are allowed 2 or 3 pounds of milk a day in three feedings until 
they are about 6 weeks old. Choice alfalfa hay and grain should be 
fed in addition to skim milk. During the first 6 weeks of the kids' 
life, milk should be fed warm at a temperature ranging from 90° to 
not more than 98° F. The kids can be weaned when they are 3 or 4 
months old, although when they are raised as suckling kids it is 
customary not to wean them until they are about 5 months of age (104). 

Bucks of the milk-goat breeds need some legume hay and corn stover 
during the winter, and it is a good practice to allow them some succu- 
lent feed such as silage, turnips, or other root crops, and sufficient grain 
to keep them in strong, thrifty condition. Bucks in the Department's 
herd of milk goats at Beltsville have wintered well on about 3 pounds 
of alfalfa or clover hay, 1 to 1¾ pounds of corn silage, and 1½ pounds 
of grain per head daily, the grain mixture consisting of 100 pounds of 
com, 100 pounds of oats, 50 pounds of wheat bran, and 25 pounds of 
linseed meal. During the breeding season the daily grain allowance 
is usually increased to 2 pounds. When bucks are on good pasture no 
grain is necessary. 
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FEEDING GOATS FOR MEAT PRODUCTION 
Although goats have not been especially improved for meat produc- 

tion, the meat of healthy, normal goats is wholesome food. Many 
thousand goats are marketed for their meat annually, and the feeding 
of such animals has an important bearing on their market value. 
The normal goat carcass is not so well fleshed, is not susceptible of so 
high a finish, and does not represent so high a dressing percentage as 
the normal sheep carcass. Goat meat in the carcass form usually 
goes into the regular meat trade as mutton or lamb since there is only 
an occasional municipal restriction against such practice. The word 
uchevon" has been adopted to designate goat meat (933). 

In grazing or feeding goats for their meat the same grazing forages or 
stored feeds should be provided for them as those given to Angora 
goats for the production of good strong mohair or to milk goats for the 
production of a good quantity of nutritious milk.   However, in order to 
obtain the best finish, emphasis should be placed on such fattening feeds 
as corn, barley, or grain sorghums, along with good grazing forage or 
legume hay and succulent feeds.    The daily allowance per head of 
stored feeds for fully grown goats should be approximately as follows: 

2 pounds of good to choice alfalfa or clover hay; 
1½ pounds of corn silage or roots; 
1 or 2 pounds of grain. 

The feed allowances will vary for goats of different ages, weights, and 
condition of flesh or fatness. The grain may be in the form of a mixture 
such as 2 parts of corn, 1 part of oats, and 1 part of wheat bran by weight. 

POSSIBILITIES OF IMPROVING GOATS THROUGH NUTRITIONAL RESEARCH 
Progress in feeding practices has been made by some producers of 

improved goats, but there is need for more definite information on the 
efficiency of various feeds and combinations of feeds, including the 
forage plants of pastures and range, from the standpoint of their 
influence on the quantity and quality of mohair and milk produced. 
As economy of production becomes increasingly important, the need for 
such information will be even more urgent than it is now. Fundamental 
research on the nutritional requirements of goats and their ability to 
utilize various feeds and combinations of feeds offers the primary means 
of increasing economy. Such research would include work on the 
precise role of minerals, protein, and vitamins in the nutrition of goats. 

As in the case of sheep, there is much evidence of wide variations in 
the efficiency of individual goats to utilize feed. It is also apparent 
that such variations exist among different families and strains. Thus 
it should be possible to develop strains that are highly efficient in 
converting available feeds into mohair or milk of superior quality and 
quantity. Once such strains were developed, they could be used in 
suitable breeding practices to raise the average efficiency of these 
animals (^5). 

In such an effort the research workers in nutrition and genetics 
would have to cooperate with each other, and they would have to 
have the cooperation of the producers of mohair and milk. The 
pioneer period of goat production is passing, just as it is with sheep, and 
this inevitably means a need for greater efficiency based on theoretical 
research and practical experiment. 



NUTRITION  OF  HORSES 

AND  MULES 

by Ear! B. Krantz and S. R. Speelman i 

ink first part of this article deals with the nutritional requirements of 
horses insofar as these have been determined; actually, there has not been 

very much experimental work in this field. The second part discusses 

practical feeding under different conditions, including suggested rations 

and the use of concentrates, roughage, and mineral supplements. 

THE PRINCIPLES of the nutrition of horses and mules 2 fundamentally 
are not unlike those of other domestic livestock. Thus^ for body 
building and maintenance, for growth, and for production, the horse 
and mule have need for protein, carbohydrates, fats, minerals, 
and vitamins, much as these essentials are required for similar 
vital processes by cattle, sheep, swine, and poultry. The relative 
importance of the various nutrients and the quantities required by 
horses and mules are, however, not the same as for the other farm 
animals. 

Nor do the requirements of horses and mules necessarily remain the 
same from day to day or from period to period. The stage of life, 
the kind and degree of activity, climatic conditions, the kind, quality, 
and amount of feed, the system of management, the health and 
individuality of the animal, and perhaps other equally important 
factors are all continually exerting a powerful influence in the deter- 
mination of nutritive needs. How well the individual feeder or experi- 
menter understands, anticipates, interprets, and meets these require- 
ments usually determines the success or failure of the ration and of 
horse or mule keeping. 

The present discussion of the nutritive requirements of horses and 
mules considers the subject briefly from the standpoints of adequacy 
of rations, feed economies, and feeding practices. 

i Earl B. Krantz was formerly Animal Husbandman, and S. R. Speelman is Associate Animal Husband- 
man, Animal Husbandry Division, Bureau of Animal Industry. 

2 Although most of the research and investigational work in the field of nutrition has not considered mules, 
the results obtained from some tests and from practical experience indicate that their requirements for feed 
are essentially the same as those of horses. The nutritive needs of horses and mules are accordingly treated as 
one in this article. 
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NUTRITIVE REQUIREMENTS 

PROTEIN 

Horses and mules of all ages and kinds need adequate amounts of 
protein of suitable quality. 

Protein is required for building new tissues and for replacing protein 
lost from the body in the general wear and tear of normal body 
processes. Actual protein requirements for these processes can be 
described in terms either of nitrogen used by the body or of amounts 
of a theoretically complete or perfect protein which contains all the 
amino acids needed in exactly the proportions required by the body. 
In this respect no one food protein is perfect, and proteins from 
various sources vary widely in their biological value. 

Knowledge concerning the actual protein requirements of horses 
is rather scant, but feeding standards have been established as a 
result of experiments as well as of practical experience that suggest 
amounts of crude digestible protein estimated to cover the protein 
requirements with a suitable margin of safety. These standards take 
into account the variability in nutritional value of different food 
proteins, as well as some  variations in quantitative requirements. 

During the stage of growth and development of the young horse or 
mule, particularly the first year, the relative need for protein is 
greater than at any other time of life. The amounts needed daily for 
100 pounds of live weight are usually greatest at the earliest ages and 
smallest weights, declining gradually as the animal ages and increases 
in size. The needs of the growing animal for protein for building new 
tissues are responsible for most of the excess in its protein requirements 
over those of mature animals. The relative demands for protein of 
colts and of mature horses of various classes are shown in recommen- 
dations for the daily intake of this nutrient in some feeding standards, 
such as those of Morrison (819, pp. 1006-1007)? which are given in 
table I.4 Morrison suggests that the daily protein needs of the 500- 
pound draft colt are amply covered by 0.18 to 0.20 pound per 100 
pounds of live weight, while for the 1,000-pound mature idle work 
horse the quantity specified is 0.06 to 0.08 pound. 

In ordinary feeding practice it is assumed that the quantitative 
needs for protein among young growing animals are the same for both 
sexes. A report by Mitchell {796), however, states that *'females put 
on gains containing a smaller percentage of calories in protein than 
males. ^ This indicates that the protein requirements of the growing 
female may be somewhat less than those of the male, but the difference 
is probably not of importance in practical feeding. Estimates for the 
combined amounts of protein required daily for growth and main- 
tenance in draft colts weighing 400 to 1,200 pounds, as made by 
Morrison {819, p. 1007), are given in table 1. 

The optimum and minimum quantitative needs of colts for protein 
during the growth period are unknown at the present time, except 
for information developed from practical experience. The need for 
experimental research on this subject is evident. 

» Italic numbers in parentheses refer to Literature Cited, p. 1075. 
< The Morrison standards have been selected for purposes of discussion because their recommendations 

cover the nutrition of horses of various kinds and because they are applicable to many of the methods that 
have been found to be practical and economical under average and normal conditions. 
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TABLE 1.—Morrison's feeding standards for horses 
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Type and weight (in pounds) of animal 

Horses, idle: 
1,00()     
1,200  
1,400  
1,600  
1,800      

Horses at light work: 
1,000-.:  
1,200  
1,400  
1,600  
1,800  

Horses at medium work: 
1,000  
1,200  
1,400  
1,600  
1,800  

Horses at hard work: 
1,000  
1,200      
1,400  
1,600  
1,800  

Brood mares nursing foals, not at work: 
1,000...   
1,200  

1,600  ....   
1,800       

Growing draft colts, after weaning: 

500 % 
600  
700  
800  
900  
1,000     

1¡200 _    i ..". "    " 

Requirements per head daily 

Dry matter 

Pounds 
13.0-18.0 
14.8-20. 6 
16. 6-23.0 
18.3-25. 4 
20.0-27. 6 

15.0-20.0 
17. 4-23.1 
19. 6-26. 2 
21. 9-29. 2 
24.0-32.0 

16.0-21.0 
18. 8-24. 6 
21.5-28.2 
24.1-31. 6 
26. 7-35.0 

18.0-22.0 
21.3-26.1 
24. 7-30. 2 
28.0-34. 2 
31. 2-38.1 

15.0-22.0 
17. 4-25. 5 
19. 6-28. 8 
21.9-32.1 
24.0-35. 2 

9.2-11.3 
10.9-13. 3 
12. 4-15. 2 
13.9-17.0 
15. 3-18. 7 
16. 7-20. 4 
18.0-22.0 
19. 3-23. 6 
20. 6-25.1 

Digestible 
protein 

Pounds 
0.6-0.8 
.7-.9 
.8-1.0 
.8-1.1 
.9-1.2 

.8-1.0 

.9-1.2 
1.0-1.3 
1.2-1.5 
1.3-1.6 

1.0-1.2 
1.2-1.4 
1.3-1.6 
1. 5-1. 8 
1.7-2.0 

1. 2-1.4 
1.4-1.7 
1.6-1.9 
1.9-2. 2 
2.1-2. 4 

1.2-1.5 
1.4-1.7 
1. 6-2.0 
1. 7-2. 2 
1.9-2.4 

.8- .9 

.^-1.0 
1.0-1.2 
1.1-1.3 
1.2-1.4 
1. 3-1. 5 
1.4-1.6 
1.5-1.6 
1.5-1.7 

Total 
digestible 
nutrients 

Pounds 
7.0-9.0 
8.0-10.3 
8.9-11.5 
9.9-12. 7 

10.8-13. 8 

9.0-11.0 
10. 4-12. 7 
11.8-14.4 
13.1-16.0 
14.4-17. 6 

11.0-13.0 
12.9-15. 2 
14. 8-17. 4 
16. 6-19. 6 
18. 3-21. 7 

13.0-16.0 
15. 4-19.0 
17.8-21.9 
20. 2-24. 8 
22. 5-27. 7 

9.0-12.0 
10. 4-13. 9 
11. 8-15. 7 
13.1-17.5 
14.4-19.2 

5.6-7.2 
6. 6-8.4 
7.6^9.6 
8. 5-10.8 
9.4-11.9 

10.2-13.0 
11.0-14.0 
11.8-15.0 
12. 6-16.0 

Nutritive 
ratio.i 1 

to — 
Net energy 

10.0-12.0 
10.0-12.0 
10.0-12.0 
10.0-12.0 
10.0-12.0 

9.0-11.0 
9.0-11.0 
9.0-11.0 
9.0-11.0 
9.0-11.0 

9.0-11.0 
9.0-11.0 
9.0-11.0 
9.0-11.0 
9.0-11.0 

9.0-11.0 
9.0-11.0 
9.0-11.0 
9.0-11.0 
9.0-11.0 

6. 5-7. 5 
6. 5-7. 5 
6. 5-7. 5 
6. 5-7. 5 
6.5-7.5 

6. 5-7.0 
6.6-7.1 
6.7-7.2 
6.8-7.3 
6.9-7.4 
7.0-8.0 
7.0-8.0 
7.2-8. 2 
7. 5-8. 5 

Therms 2 

5. 6-7. 2 
6.4-8. 2 
7.2-9. 2 
7.9-10.1 
8. 6-11.1 

7. 5-9.1 
8.7-10. 5 
9.8-11.9 

10.9-13. 3 
12.0-14. 6 

9.4-11.1 
11.0-13.0 
12. fr-14. 9 
14. 2-16. 7 
15. 7-18. 5 

11. 3-13. 9 
13. 4-16. 5 
15. 5-19.1 
17. 5-21. 6 
19. 6-24.1 

7. 6-10. 0 
8.8-11. 6 

10.0-13.1 
11.1-14. 6 
12.2-16.0 

4.9-6.3 
5. 7-7.3 
6. 5-8. 3 
7.3-9. 3 
8.0-10.1 
8.7-11.0 
9.2-11.8 
9.9-12. 6 

10. 6-13. 4 

i The ratio, or proportion, between the digestible protein and the digestible nonnitrogenous nutrients 
(including fat multiplied by 2.25). 

1 A unit employed in measuring heat and energy, equal to 1,000 calories. 

Next to that of the young growing colt, the relative need for pro- 
tein is greatest in the brood mare, whether pregpant, or nursing 
young, or both (fiç. 1.) This is a result of the various physiological 
processes involved m gestation and lactation, which increase the protein 
demand. In the Morrison standards, the protein requirements (100- 
pound body-weight basis) for the 1,000-pound idle brood mare with 
suckling foal are set at 0.12 to 0.15 pound daily. If her maintenance 
demands are assumed to be approximately the same as those for work 
stock of the same weight, which is logical, the conclusion may be 
drawn that as much protein is required daily to produce milk for the 
foal as is needed for the upkeep and repair of her body. Moreover, 
this standard is applicable to mares of greater weights. The milk 
yields of mares nursing foals are variable, Morrison (819, p. 467) 
reporting them as between 26 and 77 pounds daily as determined by 
tests on draft mares in Germany. Since about 2 percent of the total 
volume (or about 20 percent of the total solids) of the milk is protein, 
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the amount of protean in the daily milk yield of a mare would he 
between X and 1% pounds. 

Inasmuch as there is no conclusive evidence that ordinary work 
increases the protein requirements of healthy horses and mules, the 
theoretical needs of such animals for this nutrient should be the same 
whether idle or at labor. However, in practice, the amount of protein 
fed is usually increased with the amount and severity of work done, 
since it is difficult, usiii<r the commoner feeds, to increase total energy 
(digestible nutrients) without increasing the protein. The ingestion 
of somewhat more than the required amounts of protein will ordinarily 
do no harm, since protein can be readily utilized by the body to supply 
energy, thougii this may result in increased costs. The Morrison 
protein requirements for maintenance for idle work horses and mules 
have already been mentioned. The intake is practically doubled 
when the animals are at hard work (table 1). 

None of the existing feeding standards contain specific suggestions 
for the intake of protein by stallions, whether idle, working, or in 
breeding service, nor is there available any exact experimental evidence 
on this subject. From practical experience, however, it appears that, 
unless he is worked regularly, the stallion's need for protein ordinarily 
should not vary greatly from that of idle work horses, mules, and 
open mares. 

In addition to the Morrison feeding standards for horses there are 
others that cover this subject either directly or indirectly. One of 
these, which proposes standards for maintenance, was presented by 
Brody, Procter, and Adiwortli in 1934 (157).    In general, the protein 

,f*1f% 
MHMMH HH| 

Figure 1. Uolli ihc marc and I lie yomif: Kr,,"'nr co'' require adequate supplies of 
all the ess, iiliai uutrieiits. 
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allowances recommended by these workers are somewhat lower than 
those of Morrison, particularly in the case of young, lightweight 
animals. 

In the young growing colt, the result of inadequate protein intake is 
usually evidenced by slow or stunted growth and improper develop- 
ment. With breeding stock, there may be impairment of the repro- 
ductive functions. Mature, idle stock ordinarily are not seriously 
affected if the lack of protein is not too great and does not extend 
over a long period. Work animals, however, may lack spirit and 
efficiency. 

ENERGY 

Consideration of the energy requirements of horses and mules5 

is divided into two parts: (1) The need for and utilization of feed 
nutrients for body maintenance, and (2) the quantitative expenditure 
of nutritive material for reproduction, lactation, and the accomplish- 
ment of useful work. The first is necessarily of most importance, 
because it involves all functions essential to the animal's existence. 

The maintenance requirement is the amount of food or its constit- 
uents required to cover the needs of an animal in good health without 
gain or loss of weight. In the determination of energy requirements 
for maintenance, several factors may influence the quantitative 
demand for and the intake of food material—the age, size, and indi- 
viduality of the animal; the kind, quantity, quality, and proportions 
of feeds used; and climatic and management conditions. The prob- 
able effects of some of these on maintenance requirements can be 
rather readily calculated or predicted, while others may only be 
estimated. 

Inasmuch as size and age of the animal are the major factors affect- 
ing energy requirements for maintenance, their influence on total food 
intake is of primary importance. Formerly it was believed that the 
quantitative need for energy was directly proportional to the body 
weight of the animal. Present knowledge, however, indicates that en- 
nergy requirements for maintenance are roughly proportional to surface 
area, or to the 0.65 to 0.75 power of the body weight of mature animals. 
The energy required for maintenance per unit of surface area in young 
animals is somewhat greater. 

The effect of individual temperament on maintenance requirements 
is not readily predictable. There is a wide variability in temperament 
among horses and mules of different ages and kinds, and incidentally 
this factor is probably the one most responsible for the agood and bad 
doers" with which every horseman is more or less familiar. 

Improper balance of nutrients in the maintenance ration, caused by 
excessive amounts of feeds with wide nutritive ratios, may result in 
depression of digestibility, poor feed utilization, stunted or improper 
growth, and impairment of health, if continued for a very extended 
period. Some research work on this subject has been reported by 
Dunbar (286), who conducted maintenance tests with horses using 
oat straw (nutritive ratio 1:48) as the sole feed. The animals tested 
showed a marked decline in ability to digest all types of nutrients 

5 The methods by which energy requirements of horses have been measured and determined are various 
and somewhat complicated. They have involved many elaborate tests for measuring the intake and 
expenditure of energy, digestibility of feeds, and the accomplishment of work. 
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except fat, a constantly increasing intake of total feed, decreasing 
vitality, and permanent damage to general health and efficiency. 

Climatic conditions and the method of managing horses and mules 
affect their energy-maintenance needs. Very cold weather increases 
considerably the amount of energy required, as does also any mis- 
management that keeps the horse or mule in a restless, excitable 
condition for any considerable length of time. 

It has been indicated that the young, growing horse and mule have 
proportionately greater need of energy for maintenance per unit 
of body weight than the mature, idle animal owing to differences in 
body-surface area. The effects of rapid growth and the general 
acceleration of all vital processes due to a higher rate of metabolism, as 
well as the greater degree of body activity in the young, are also im- 
portant considerations. For these reasons, the energy needs of a 
young horse or mule at weaning age (approximately 500 pounds body 
weight) may be relatively twice as great as those of the 1,000-pound, 
mature, idle animal and about the same as those for such a horse or 
mule when at hard work. Energy requirements for maintenance in 
young horses and mules are highest during the early stages of life and 
decline gradually as they approach maturity. When immature horses 
or mules are worked, their energy requirements will be increased some- 
what, the amount being determined by the labor done. 

The energy requirements of idle brood mares nursing foals are 
somewhat greater than those of idle geldings, dry mares, or mules of 
the same size. The need of the brood mare for additional nutrients is 
due principally to physiological demands in the production of milk for 
her young. It may also, however, be related to improper feeding dur- 
ing the gestation period, which may have caused body losses that must 
be repaired. The need for energy of the idle brood mare with foal is 
variable, depending on the milk yield. Normally, the extra feed 
required for the production of milk will approximate that required for 
light work by the ojpen mare, gelding, or mule of the same size. Preg- 
nant brood mares with nursing young have higher energy requirements 
than nonpregnant mares with suckling foals, particularly during the 
first few months of gestation. 

Energy requirements of working horses and mules are determined 
almost entirely by the individuality and size of the animals and the 
kind, amount, and severity of the labor performed. Because of 
many factors difficult to evaluate, it is only possible to approximate 
what constitutes light, medium, and hard work under various condi- 
tions. On the farm, the operations of disking and breaking ground 
when done on a full-day basis are classed as severe work. Cultiva- 
tion and haying jobs would generally come under the heading of 
medium labor. So far as feeding is concerned, part-time heavy 
work might be equivalent to medium labor. Again, from the feeding 
standpoint, light work could consist of any of these operations if 
done during short periods, or it might be easy hauling, etc. Ordi- 
narily the feeder is the best judge of the kind of work done and the 
amount of energy required by the animals to do the job, the aim 
being to maintain body weight at a fairly uniform level though out 
the work period. The feed requirements of work stock at light 
jobs often are not much greater than those for idle animals.    With 
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severe work, however, the demands are greatly increased and are 
usually about twice those while idle. 

Unless the stallion is worked, his energy requirements are about 
the same as those for idle work stock and animals at light work. 
The exact requirements, however, are determined by the amount of 
breeding work done, restlessness, travel, and the condition in which 
the stallion is kept. 

Inasmuch as the major requirement for fattening farm animals of 
any kind is an abundant supply of total digestible nutrients (energy), 
the rations for increasing body weight in thin horses and mules must 
be relatively high hi energy-producing materials, particularly carbo- 
hydrates. The total amount of energy needed by horses and mules for 
fattening is variable, depending on the age, individuality, and con- 
dition of the animals, the feeds used, and the rate of gain desired, 
but it approximates that of stock at hard work. 

Lack of adequate amounts of energy-producing feeds in the rations 
of horses or mules may result in a number of consequences. When 
the energy deilciency is great in the feed of young animals, the result 
is usually slow and stunted growth, with consequent underdevelop- 
ment. Work animals that do not receive adequate amounts of energy 
will lose weight, get out of condition, and be unable to do their jobs 
without excessive fatigue. When the energy requirements of breed- 
ing stock and idle animals are not satisfied the effect is usually a 
loss in body weight. 

Consideration of the many factors that may influence the energy 
requirements of horses and mules indicates that no hard and fast 
rules can be laid down that will adequately cover quantitative in- 
take in all instances. Approximations of such requirements, how- 
ever, which should be useful as guides, are presented in the Morrison 
feeding standards in table 1. 

MINERALS 

Chemical analysis of the body of a farm animal such as the horse 
reveals the presence of varying quantities of a rather large number 
of elements. Aside from hydrogen, oxygen, nitrogen, and carbon, 
the principal elements found are calcium and phosphorus. Other 
elements, present in either small or appreciable quantities, which 
in the light of present-day knowledge are believed to be essential 
to balanced, complete, and satisfactory nutrition, are sodium, chlo- 
rine, iodine, iron, potassium, sulfur, copper, magnesium, zinc, cobalt, 
and manganese. That the total of these elements in the horse is 
of considerable significance is indicated in the body analyses of three 
Percheron horses made by Mitchell and Hamilton (610), who found 
that the ash (mineral) content was 4.66 percent of the empty carcass 
weight. 

The various mineral elements required by the animal body have 
both building and regulatory functions. The quantitative needs of 
horses and mules for these minerals and the best minerals for sup- 
plying the needs are matters of obvious importance in the practical 
nutrition of the horse and mule. Yet with the exception of data on 
water requirements, a few reports on salt (sodium chloride) con- 
sumption,  and fragmentary research findings relative to  calcium, 

141394^-39 50 
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phosphorus, and iodine, experimentation to date has given the horse 
and mule feeder no answers to many phases of this subject and few 
clues to assist him to work out the correct solution. 

There appears to be little likelihood that these animals will suffer 
from deficiencies of iron, potassium, sulfur, copper, magnesium, 
zinc, manganese, or other minerals when fed normally, and no special 
attention need be given to the inclusion of these minerals in the 
ration. 

Calcium and Phosphorus 

To be of economic importance, a horse or mule must have a sound, 
fully developed body. Such development is possible only when the 
skeletal framework is adequate, and this may be assured by the judi- 
cious use of rations containing rather liberal amounts of calcium and 
phosphorus,  the  bone-building minerals. 

Calcium and phosphorus together constitute approximately 75 
percent of the total supply of body minerals and about 90 percent of 
the mineral matter in the bony skeleton. The need for calcium and 
phosphorus in the horse and mule ration is undoubtedly most pro- 
nounced during the growing stage, particularly during the first year 
of life. It has long been known by practical horsemen that the colt 
should have acquired about one-half its total growth (body-weight 
basis) when it is 1 year old. This is supported by experimental evi- 
dence, particularly the recent work of Hudson at the Michigan State 
Agricultural College {549), and of Trowbridge and Chittenden at the 
University of Missouri {1149). In his investigations with young 
draft horses of Belgian and Percheron breeding, Hudson determined 
that the greatest development of the skeleton takes place before a colt 
is 1¾ years of age, while Trowbridge and Chittenden found that dur- 
ing the first year of life their experimental animals (Percheron foals) 
had acquired 50 to 60 percent of the total increase in body weight; 
65 to 70 percent of the total increase in depth and circumference of 
chest, width at hip points, and size of fetlocks and coronets; and as 
much as 90 percent of the total increase in some important body 
dimensions. If 99 percent of the calcium supply of the animal body 
and approximately 80 percent of its phosphorus content are in the 
bones {803^ p. 10), such skeletal and body increases can logically mean 
but one thing—the ingestion and utilization of relatively large quan- 
tities of these two elements by the growing animal. The quantitative 
need for calcium and phosphorus decreases gradually as animals ap- 
proach maturity. Unfortunately, there are apparently no experi- 
mental data on the requirements for calcium and phosphorus by young 
horses and mules that either verify or refute the practical observations 
and conclusions drawn. Mitchell and McClure {80S, p. 87) believe 
that the intake of these minerals should be equivalent to 0.2 percent 
of the dry ration. 

Reproductive functions increase the mineral requirements of the 
breeding mare, and her demands for calcium and phosphorus are rela- 
tively high both during pregnancy, especially the latter part, and while 
she is nursing her foal. As in the case of young, growing horses, no 
research data are available on this subject to indicate either quantita- 
tive intake or utilization of mineral matter by brood mares.    If, as 
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frequently happens, the mare with a suckling foal is rebred and be- 
comes pregnant, the demands for calcium and phosphorus will be in- 
creased, particularly during the first half of the gestation period, for 
she is then called upon to supply the materials to develop the unborn 
fetus and at the same time produce mineral-rich milk6 for her nurs- 
ing young. 

The mineral demands for the maintenance of mature stallions are 
unknown, but insofar as the need for calcium and phosphorus 
are concerned, it is possible they may be about the same as those for 
work geldings and dry mares in most instances. 

Despite the lack of clear experimental evidence, it seems probable 
that the needs for calcium and phosphorus by mature work horses 
(geldings and dry mares) and mules are not nearly so great as those 
for young stock and brood mares, because ordinary muscular work, 
if not carried to the point of fatigue, is not known to have any marked 
effect on mineral requirements where there is an adequate supply of 
energy material in the diet {803). Thus, it is thought that few de- 
ficiencies of these minerals will be encountered under ordinary normal 
farm feeding practices, particularly if some good legume hay and ade- 
quate pasture are supplied. 

It has been stated that the literature on mineral nutrition in horses 
does not reveal pertinent data on the daily ingestion of calcium and 
phosphorus by animals of different ages and kinds. This is true in 
general, but note should be made of the deductions that Mitchell and 
McClure drew from analyses of horses carcasses (803, p. 68), using 
growth data obtained from University of Missouri tests and Morrison's 
feeding standards. From this calculation, they roughly estimate 
that between the weights of 400 and 1,600 pounds a Percheron horse 
needs a,daily allowance of 13.5 grams of calcium (9.0 for growth and 
4.5 for maintenance) and 13.6 grams of phosphorus (4.7 for growth 
and 8.9 for maintenance). 

From the evidence on mineral malnutrition now available it is ap- 
parent that horses and mules of all ages may be adversely affected in 
various ways when the calcium and phosphorus intake is inadequate, 
when these elements are ingested in disproportionate amounts, and 
when there is a faulty utilization of either mineral by the body. In 
very young animals, calcium and phosphorus malnutrition is most 
evident in the arrest or distortion of normal bone growth. Unless 
this is corrected in time, it quite often culminates in the disease known 
as rickets. With older horses and mules calcium and phosphorus 
malnutrition may lead to a number of consequences. If the deficiency 
is one of calcium alone, both the skeletal tissues and the reproductive 
functions of horses may be affected. Phosphorus deficiencies do not 
seem to occur as often in horses and mules as in other species of live- 
stock, although in certain localities they frequently cause under- 
development in horse stock (18). 

Lack of calcium in the horse ration, when intensified by the presence 
of high-phosphorus protein concentrates, is believed to produce the 
condition commonly known as osteomalacia or osteodystrophia 
fibrosa (803), which is prevalent in various parts of the world and 
affects not only horses but asses and their hybrids, with the young of 

6 Over 50 percent of the mineral matter in milk is calcium and phosphorus. 
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the species most susceptible. This disease is usually characterized 
by an initial period of stiffness and lameness, followed by swelling of 
the jaws and the nasal and frontal bones of the head, boue fractures, 
detachment of ligaments, anemia, emaciation, and death. Because 
of the great increase in head size that may occur, during osteody- 
strophia fibrosa, it has become popularly known as bighead in some 
countries. It is said to develop when the calcium-phosphorus ratio 
of the ration is 0.55 to 1 or less and to be arrested by the addition of 
calcium supplements until the ratio becomes 1.6 or more of calcium 
to 1 of phosphorus (80S, p. 17). 

No data definitely indicate the optimum proportions of calcium 
and phosphorus for horses and mules. It is thought, however, that 
the ratio of calcium to phosphorus should be somewhere between 
2 to 1 and 1 to 1 under ordinary conditions. 

Salt 

Horses and mules of all ages and kinds need sodium chloride-com- 
mon salt—regularly in their diet. Aside from the function which 
sodium chloride has in the maintenance of body-cell osmotic pressure 
and the role of hydrochloric acid in digestion, the part that these 
elements, sodium and chlorine, play in the mineral metabolism and 
other life processes of such animals is not well understood. Nor is 
there much experimental evidence which pertains to this matter in 
any way. Insofar as the quantitative intake of salt by horses and 
mules is concerned, existing data and practical observations indicate 
that the principal determining factors are individuality of the animal 
(irrespective of age) and the degree of body activity. That the matter 
of individuality is a particularly pertinent factor is indicated by tests 
conducted with draft horses at Michigan State Agricultural College 
{548), which showed a range in daily salt consumption of 0.27 to 3.26 
ounces and an average daily intake of 1.82 ounces per head for animals 
kept under like conditions of feed and work. Such consumption, 
however, does not necessarily indicate the needs of the individual 
animals for sodium and chlorine, because it is entirely possible that 
more salt was consumed by some of the horses than was actually 
required. The influence of hard work on salt consumption and 
possibly on salt requirements is apparent from practical experience 
and observation. When at heavy labor, particularly during warm 
weather, the horse and mule sweat profusely and this carries consider- 
able salt from the body in the form of visible excreta. Unless this 
salt is replaced, the animals will soon exhibit signs of excessive fatigue, 
a fact that points to the possibility of some direct correlation between 
salt requirements and the expenditure of energy. 

Iodine 

According to Mitchell and McClure {803, p. 71): 
The only known function of iodine in the nutrition of the higher animals is to 

serve as an indispensable constituent of thyroxine, an amino acid found in thyro- 
globulin, the characteristic protein of the thyroid gland. 

Except in certain areas and under abnormal feeding conditions, the 
problem of adequate iodine intake and utilization is of minor signif- 
icance with horses and mules.    There is a region, however    the so- 
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called goiter belt—where iodine deficiencies in feeds may be a major 
problem, particularly with brood mares and colts. In this section^ 
experimental evidence indicates that the use of iodine supplements is 
generally beneficial. For this purpose Rodenwold and Simms {978), 
of the Oregon State Agricultural College, recommend 15 grains of 
potassium iodide weekly for pregnant mares during the last 5 or 6 
months of the gestation period in order to produce normal, strong 
foals, free of congenital goiter. Iodine is also given to horses and 
mules by some feeders in the form of iodized salt, which is apparently 
an effective method of administration when properly handled. The 
amount of potassium iodide in such salt usually approximates 0.02 
percent (equivalent to 1 ounce in 300 pounds), but some may be lost 
by oxidation when the salt is exposed to air. Consideration should 
be given this fact when calculating the iodine supply needed. 

VITAMINS 

The role played by vitamins in the nutrition of the horse and mule 
has not been explored extensively. However, there is reason to 
suppose that the vitamin requirements of horses and mules are similar 
to those of other animals, and it seems probable that ordinarily there 
will be few serious deficiencies of any of the vitamins except A and D. 

The importance of vitamin A or its precursor carotene is indicated 
by its relation to two important attributes of a horse—eyesight and 
hoofs. Night blindness resulting from a deficiency of vitamin A has 
been demonstrated experimentally in horses; and the injurious effect 
of lack of vitamin A on the hoofs has been indicated by experiments 
with horses in the army of Finland {636). The uneven and poor 
development of the hoofs of these horses, which had been fed chiefly 
on old hay, was cured by supplementary feeding of pasture grasses, 
grass silage, or cod-liver oil. 

FEEDS AND ECONOMICAL FEEDING PRACTICES 
^ Size, age, condition, individuality, working conditions, and produc- 

tion needs of horses and mules are the principal factors affecting feed 
requirements. 

As indicated, little definite knowledge exists on the nutritive values 
of feeds for horses and mules or the protein, energy, mineral, and 
vitamin requirements of these animals. Although a few digestion 
trials have been made with horses, the number of animals used in 
such tests has been limited, and most of the theoretical feed require- 
ments for horses and mules have been calculated from experiments 
with ruminants. Comparative feeding tests with horses and mules 
are also limited in number. In addition, the number of animals 
used was often so small or the differences in body weight were so 
slight that the experimental results were reported as of doubtful 
statistical value. ^ Simms {1060) points out extreme variations of 136 
pounds per individual within the same lot of experimental animals 
over a period of 21 months, and he doubts— 
if average differences in gains or losses in weight amounting to much less than 
100 pounds in 12 months are of real significance in feeding tests where teams or 
small groups of horses are compared. 

Individuality among horses may be a big factor in much of the 
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irregularity found in the experimental results obtained with small 
numbers of animals. Kind and amount of work done also may 
have varied the results obtained from similar rations in such tests. 

In determining the comparative merits of the more common feeds 
for horses and mules and the most efficient feeding practices for their 
production and use, results of practical feeding experience may be 
added to the limited knowledge of theoretical requirements and the 
somewhat doubtful results of comparative tests. 

Oats, corn, and barley, all farm-grown concentrates, are the grains 
most generally used for horses and mules, and alfalfa, clover, soy- 
bean, timothy, prairie, Johnson grass, and grain hays are the most 
common forages fed in different sections of the United States. Wheat 
bran and linseed meal are the most favored supplements to the grains, 
although cottonseed meal and some other supplemental concen- 
trates are fed to horses and mules in considerable quantities in 
the South and other sections where such feeds are available at low 
prices. 

Of the common feeds, those grown locally are ordinarily the cheap- 
est to use and as a general rule work into the ration most satisfactorily. 
For this reason it is well to plan the ratio]) largely on the basis of 
the feeds most readily available, and sufficient variety may usually 
be obtained by a judicious combination of home-grown products. 

CONCENTRATES 

Oats 

Oats rank as one of the best grains for horses. While they are 
not so high ni total digestible nutrients as either corn or barley, a 
suitable protein content and the bulky nature of this feed make it 
particularly valuable for many horses. Many horsemen consider 
that oats have no equal as a horse feed. This may be erroneous, 
however, as both experimental and practical feeding experience have 
shown that^ome other feeds, when properly combined, may be either 
equal or superior to oats. Oats are especially suitable for work horses 
and mules during hot weather, for horses worked irregularly, and for 
the steady feeding of light-type horses. 

Corn 
Corn is the most commonly used concentrate for horses in the 

Corn Belt. It has a higher energy value than oats, it is ordinarily 
cheaper per hundred pounds, and it is particularly valuable when 
used in combination with oats. Corn does not, however, have as 
great a calcium or phosphorus content as oats. When fed with 
alfalfa or other legumes, corn usually produces excellent results. The 
alfalfa adds the necessary protein and supplies minerals and vita- 
mins, all of which are low in corn. If corn is fed as the only grain 
with grass hay, some protein supplement should be used to balance 
the ration. Corn is most commonly fed to farm horses on the ear or 
shelled. Corn meal, if used at all, should be combined with oats, 
wheat bran, or some other light, bulky feed. 

Most experiments have shown very little difference between the 
feeding values of corn and of oats for work stock.    Feeding tests in 
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Ohio, New York, Illinois, Kansas, and Missouri {191, /¡78, 707, 866, 
1147), for example, proved that corn in the ration of the farm work 
horse or mule was entirely satisfactory and lowered the cost of the 
ration somewhat. 

Barley 

Barley is used as the principal grain for horses in many parts of 
the West. Because of its physical character it should be either 
rolled, crushed, or coarsely ground to prevent digestive disturbances. 
While barley has a little more digestible protein and more total 
digestible nutrients than oats, it is neither so widely grown or used 
nor so generally popular a feed among horsemen. 

Other Grains 

Wheat, rye, rice, and some leguminous seeds (9£), are used as feed 
for horses under limited conditions. Wheat is satisfactory when 
crushed or rolled, and may be fed in moderate quantities in conjunc- 
tion with some bulky concentrate. Rye also must be crushed or 
rolled and should be limited to not more than one-third of the grain 
ration. Rice must be ground, rolled, or soaked, and should be used 
in limited amounts combined with such feeds as corn, blackstrap 
molasses, and protein supplements. All leguiminous seeds should be 
ground, and even then they may cause digestive disturbances if they 
constitute more than one-third of the concentrate allowance. 

Wheat Bran 

Wheat bran is a favorite feed among horsemen because it is high 
in protein and phosphorus, is palatable and bulky, and has a laxative 
effect. Where corn is the principal grain and the cheapest feed 
available, the use of wheat bran (10 to 20 percent) is particularly 
desirable. Even with alfalfa hay, the use of a small amount of wheat 
bran improves any grain ration, because alfalfa, while high in calcium, 
is low in phosphorus. Wet bran is more laxative than dry bran, and 
is often used once or twice weekly as a mash for horses doing irregular 
work. 

Unseed Meal 

Old-process linseed meal is used both as a protein supplement and 
as a conditioner. Its laxative and conditioning properties make it an 
ideal commercial supplement in amounts from % to 1 pound per horse 
daily. Larger allowances may prove too laxative. In Kansas (707), 
corn, wheat bran, and linseed meal, in a 6:3:1 ratio, with prairie 
hav, proved to be well adapted for horses at hard work. The advis- 
ability of using linseed meal in limited amounts ordinarily depends 
upon the type of hay fed, comparative feed prices, and whether 
or not its utilization makes possible the major use of feed of lower 
cost. 

Cottonseed Meal 

Cottonseed meal is a nonlaxative protein supplement that may be 
fed to horses and mules in limited quantities, if the animals are put 
gradually on bright, choice-quality meal.   While most authorities have 
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recommended that not more than 1 pound daily per 1,000 pounds live 
weight be fed, experiments in Texas {1226) indicate that 1 to 2 pounds 
of 43-percent-protein cottonseed meal usually may be fed to horses 
and mules. It is best to mix cottonseed meal with oats, wheat bran, 
or some other bulky feed. In the South, this feed is a valuable supple- 
ment to corn-and-cob meal, particularly if a legume hay is not 
available. 

HAYS AND OTHER ROUGHAGE 

It is very important to consider both the quality and the percentage 
of roughage in planning an efficient and economical ration for horses 
and mules. Because the stomach of these animals is comparatively 
small and the energy expended in work is large, the need for a bal- 
anced ration of suitable quality and physical character is most im- 
portant, especially when the animals are at hard work. At this time 
the amount of roughage should be relatively small and its quality 
high. More roughage, of lower quality, may be used under light work 
conditions and during idle periods. In making the choice of roughage 
it is well to remember that legume hay is particularly valuable for its 
mineral and vitamin content and may be used to correct deficiencies 
of these nutrients in some of the common farm grains. 

Timothy Hay 
Bright, clean timothy hay has long been considered one of the best 

dry roughages for horses. Much of this popularity is due to the excel- 
lent quality of hay that may be made when timothy is properly cut 
and cured and to its wide distribution and availability. As timothy 
hay is lower in protein and total digestible nutrients than either mixed 
or legume hays, it is generally not so valuable for horses as legume 
hay of equal quality fed in limited amounts or mixed hay of equal 
quality and quantity. 

Johnson Grass Hay 
Johnson grass is grown extensively in certain sections of the South. 

In these sections, this grass is used to advantage as forage for horses. 
Johnson grass hay compares favorably with timothy in protein and 
total digestible nutrients and is higher in both calcium an d phosphorus. 

Alfalfa Hay 
Alfalfa hay, because of its high content of protein, energy, minerals, 

and vitamins and its palatability, is much more valuable than timothy 
or other grass hays for horses. As pointed out in the discussion on 
corn, alfalfa is especially suited for use with a grain ration that is low 
in protein. First-cutting alfalfa, which is coarser and not so ^washy^ 
(laxative) as later cuttings, is preferred for horses, and its use fits 
well into the management program of many general stock farms. 

Various experiments have been conducted to determine the feeding 
value of alfalfa hay for horses and mules. In one of these, Hudson 
{5/+7) found that horses weighing 1,670 pounds and fed a daily ration 
of 12.23 pounds of corn and 17.91 of alfalfa when at medium to heavy 
work gained in weight, while similar horses on a ration of 8.02 pounds 
of corn, 6.23 of oats, and 19.59 of timothy hay lost weight. Also, 
the corn and alfalfa ration was 6 cents a day cheaper. 
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As the unlimited feeding of alfalfa hay has been said to result in 
softness, excessive sweating, heavy breathing, digestive disturbances, 
and filling (swelling) of the legs and hocks, its use should be restricted 
to about 1 pound or less daily per 100 pounds live weight of the animal. 
Alfalfa hay is especially valuable for brood mares, foals, and young 
stock. 

Clover Hay 
Bright clover hay that is free from dust is a good roughage for 

horses. Its content of protein, total digestible nutrients, minerals, 
and vitamins is high. Though various kinds of clovers are used for 
hay in different parts of the country, medium red is the one most 
widely favored. For light horses especially, a combination of timothy 
and clover is preferred to clover alone, as the quality of this mixture 
is often better than that of straight clover. 

Soybean Hay 
Soybean hay, an annual legume grown throughout most of the 

Corn Belt, may be used in the economical feeding of horses in many 
instances. ^ This roughage is about equal to alfalfa hay in total diges- 
tible nutrients, is slightly laxative, and is particularly suitable for 
combination with corn or other concentrates that are high in carbo- 
hydrates. Soybean hay should be limited to about 50 percent of the 
roughage allowance; if it makes up the entire roughage ration, no 
more should be fed than is cleaned up in a reasonable time. 

Grain Hay 
Grain hay is extensively used on the Pacific coast and is eco- 

nomically important in the rations of horses throughout the Rocky 
Mountain area. Oats, barley, and wheat, when cut before maturity 
and cured properly, make hays that are palatable and nutritious. 
On account of the grain content, the amount of such forage fed should 
be restricted. Very little concentrate feed is needed with good grain 
hay, but it is desirable to include a feed relatively high in protein. 

Miscellaneous Hays 
Many other roughages are used for horses and mules in sections of 

the United States where they are commonly found and are of par- 
ticular importance. Prairie hay of the range sections, for example, 
is an excellent roughage for horses, being about equal to timothy in 
feeding value. Hays from cowpeas, millet, and the sorghums are also 
used extensively in some areas, particularly in the South and South- 
west. 

Other Miscellaneous Roughages 
Corn fodder, oat and wheat straw, and similiar roughages are 

economical feeds for horses, particularly when they are idle or at very 
light work. If hay is scarce and high in price, these roughages may 
also be used for other stock when supplemented by a limited feed of 
good legume hay. These cheap roughages, of course, are low in pro- 
tein, minerals, and vitamins, furnishing bulky material principally. 
Some high-protein, laxative concentrate feed and sometimes a small 
quantity of good roughage should be fed with them.    Work by Trow- 
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bridge {1148), showed that oat straw could be used as the only forage 
in a winter ration with corn, oats, and bran while horses were at light 
winter farm work. Oat straw alone, however, does not furnish enough 
nutriment for wintering horses (286). Moreover, the use of cheap, 
low-quality roughages should not be carried to the extreme. It 
should be confined primarily to work stock during idle seasons. 

Silage 

Silage should not be considered as the principal roughage for horses 
and mules, but rather as a supplement or appetizer. Corn silage, 
which is bulky, appetizing, and slightly laxative, is the only kind that 
has met with much favor. Too little work has been done with grass 
silage to draw definite conclusions. It is generally considered that 
the amounts of corn silage should not exceed 10 to 15 pounds daily 
per head for mature animals, although much larger amounts have 
been used satisfactorily in some instances. None but choice, fresh 
silage should ever be given, as severe losses from botulism have re- 
sulted from silage that did not fulfill these specifications. Frozen or 
moldy silage must not be used for horses or mules under any cir- 
cumstances. 

Alfalfa silage has more protein, energy, minerals, and vitamins 
than corn silage. Brood mares bave been successfully wintered on 
alfalfa silage with a small amount of dry roughage, and it seems that 
this feed should be used to a greater extent. 

Pasture 

Although pasture is a natural feed for all horses and mules and is 
often sufficient for the maintenance of idle stock, it does not furnish 
enough nutrients for animals at steady work. It is, however, an 
excellent source of minerals and vitamins, and its use for work stock 
during periods of rest and idleness is an excellent means of toning up 
the system. During the summer work season particularly the use of 
a night and Sunday pasture for work stock is recommended, for it 
keeps the animals in better spirits and condition. The regular use of 
pasture is also a vitally important factor in the economical production 
of horses and mules, and brood mares and colts should have access to 
good pasture a large part of the year. 

PREPARATION OF FEEDS 

The grinding or crushing of concentrate feeds, except the small, 
hard grains (such as barley, wheat, rye, and the grain sorghums), is not 
generally recommended for work stock. The value of using such pre- 
pared feed depends on the cost of preparation, work conditions, and 
the age and condition of the animals. If prepared grains are fed, 
those that are crushed or coarsely ground, free of dust and not pasty, 
are preferred to finely ground grains. 

Roughages such as corn stover and sorghum can generally be fed 
most economically to horses and mules when shredded or cut. The 
advisability of chopping, chaffing, or cutting hays of different kinds, 
however, depends largely on the quality and value of the feed and the 
cost of such preparation.    Ordinarily, low-priced good-quality hay 
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should not be prepared for feeding, but it may be economically advis- 
able to chop, cut, or chaff poor-quality hays. 

WATER 

Water is essential to the horse and mule in various physiological 
processes and in supplying minerals. The average water consumption 
of a mature horse is variable, but it approximates 10 to 12 gallons 
daily (98, 1224)- While horses will voluntarily drink more water 
when fed a protein-rich ration, they should be encouraged to use more 
water when eating dry, coarse roughage. Shy drinkers can often be 
made to drink more water by mixing a small amount of salt with the 
feed. 

There is a diversity of opinion on the proper time and method of 
watering horses. Other things being equal, however, regularity and 
frequency of watering and working conditions are the most important 
considerations influencing water requirements. If the horse has been 
at moderate work, he usually may be watered before being fed and 
again offered water before being returned to work. It is dangerous, 
however, to water heavily a horse that has been deprived of water for a 
long time or that is very warm. During hot weather the horse should 
be watered often when at work and, if stabled, the last thing at night 

MINERALS AND VITAMINS 

An adequate hay and grain ration—that is, one containing legume 
or mixed hays and wheat bran—should supply sufficient minerals 
(except salt) for the mature work horse and mule. Because there is 
not enough in this feed, salt must be given regularly. While neither 
the kinds of vitamins nor the quantities required by horses and mules 
are known, the use of pasture and good-quality leafy hay and exposure 
to sunlight should provide sufficient vitamins for the work animal in 
most instances. 

Mineral-deficiency problems in colt production are generally local 
in character. Where there are possibilities of a mineral deficiency in 
the available feeds, young stock especially should be provided with 
supplementary sources of minerals. If there is a known deficiency of 
calcium, ground limestone or oystershell flour may be used to correct 
it. If the ration is low in phosphorus, however, the addition of dried- 
milk products, steamed bonemeal, or dicalcium phosphate is recom- 
mended. In no instance should calcium supplements alone (ground 
limestone and oystershell flour) be added to rations low in phosphorus. 
This will increase the imbalance of minerals and accentuate the 
deleterious effects of the phosphorus deficiency. Where self-feeding 
is employed, the mineral supplements should be mixed with common 
salt and kept available in a self-feeder. For such purposes mixtures 
made in the following proportions by weight are recommended: 

Calcium deficiency ß^o^C^™^ 

Phosphorus deficiency $1^^^^ 
Í2 parts calcium supplement. 

Calcium and phosphorus deficiency <2 parts phosphorus supplement. 
[l part common salt. 
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Under free choice, varying amounts of these mixtures are consumed, 
depending upon pasture and feed conditions. Salt should also be fed 
ad libitum. 

FEEDING UNDER WORK CONDITIONS 

The proper nutrition of horses and mules when at work is a big 
factor in maintaining them in service for many years. Improper 
feeding for a short time may not cause much damage, but, if it is 
carried on over a long period or often repeated, it may result not only 
in lowered efficiency but in more serious consequences (286). 

The kind and quantity of grain and hay required by work horses 
or mules depend among other things on the age, size, and condition 
of the animals and the kind, regularity, amount, and speed of the work 
performed. As the stomach capacity is relatively small, the amount 
of concentrates must be increased and the roughage decreased as the 
amount, severity, or speed of work increases. Although the exact 
amounts of feed are variable, a general guide is to allow 1¾ to 1¾ 
pounds of grain daily with 1 pound of hay per 100 pounds live weight 
for horses at heavy work; about 1 pound of grain and 1 to 1¾ pounds 
of hay at medium work; and about % pound of grain and 1% to 1% 
pounds of hay at light work. The maintenance ration for idle horses 
is considered later in this article. 

The method of feeding has a great deal to do with the utilization of 
feed and the condition of the horse. The grain part of the ration for 
horses at work is usually divided into three equal feeds, given morn- 
ing, noon, and night. If the horse does not clean up his grain in a 
reasonable length of time, the quantity should be reduced.    About 

Figure 2.—Horses  on  pasture  provided   wilh   supplemental  grain  in   a  convenient 
feeding trough. 
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two-thirds of the daily allowance of hay is given at night, with most 
of the remaining hay fed in the morning, leaving a very small allow- 
ance for a noon feed, if there is no hay left in the manger. 

The quantity of roughage should be limited so that all edible forage 
will be cleaned up. Moreover, it is generally advisable to allow the 
horse to eat some hay before the grain at night. This will prevent 
his gorging on hay after eating the grain, thereby forcing the grain 
through the stomach too quickly for proper assimilation. 

Overfeeding, rather than underfeeding, is common when horses are 
working irregularly. This is wasteful, expensive, and often has a 
harmful effect on the digestive system. When horses are working 
intermittently, the grain ration usually should be reduced about one- 
half, and only enough other feed given to keep them in fit condition. 
All feed should be given regularly, however. Turning work horses 
and mules regularly on pasture at night keeps the digestive system 
accustomed to succulent feed and decreases the quantity of grain and 
hay required. It is sometimes advantageous to provide equipment 
for feeding grain in the pasture (fig. 2). 

SELECTING THE RATION 

In selecting a ration for the farm horse or mule, the feeds should 
be confined principally to those grown on the home farm. Where 
the feed must be purchased, attention should be given to unit costs, 
inasmuch as it is usually possible to mix a satisfactory ration from a 
combination of available feeds on the market. In building the ration, 
one should remember also that not only is it important to consider the 
feed nutrients, including minerals, but that the ration must have 
enough bulk so that it is not too heavy, and that it should be made 
up of good-quality, palatable feeds, with enough variety to be relished 
by the animals. 

In compiling the rations for the horse and mule at medium work 
given in table 2, theoretical requirements and feeds common to different 
parts of the United States have been considered. 

As the rations suggested are for the average (1,000-pound) work 
horse, increase the quantity of feed in the ration by about one-fifth 
if the horse weighs 1,200 pounds, and by about two-fifths if the horse 
weighs 1,400 pounds. For example, in the case of the first ration, a 
1,400-pound horse should receive 11.3 pounds of oats and 17 of 
timothy. In practical feeding this horse would get 4 quarts of oats 
three times daily, with about 12 pounds of hay at night and 5 in the 
morning. Sufficient hay probably would be left in the manger after 
the morning feed so the horse could eat a little before receiving his 
grain at noon, or a little hay should be given him then. If a horse 
weighs 1,000 pounds and is at heavy work, an increase of 3 pounds 
of grain (oats) daily (1 quart at each meal) and a slight reduction in 
the amount of hay fed should supply the necessary nutrients. How- 
ever, it must be remembered that experimental work has shown that 
a ration of oats and timothy hay will not maintain the horse at hard 
work, so it would be best to use a combination of corn and oats under 
those conditions. When the horse is at light work, the grain should 
be reduced and the forage increased somewhat. An idle horse may 
often be carried on a ration consisting almost entirely of roughage. 
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only enough grain being fed to keep the horse quiet when others in 
the stable that have worked are being fed. 

TABLE 2.—Suggested daily rations /or the IßOO-pound horse or mule at medium work 

Feed Quantity 

Pounds 
8 

12 

Total dry 
matter 

Digestible 
protein 

Total di- 
gestible 

nutrients 

Nutritivo 
ratio, 1 to- - 

Oats (whole)  
Timothy hay  

Pounds 
7.38 

10.20 

Pounds 
0.78 

.41 

1.19 

Pounds 
5.30 
5.99 

Total  20 17.58 11. 29 8.5 

Corn (ground ear)__ __. 10 
5 
5 

8.44 
4.58 

.43 

.57 
7.05 
2.67 
2, 49 

Alfalfa hay    
Timothv hay  __ 

Total   20 17.27 ;             1.17              12,21 9.4 

Corn (shelled)      . 
Bran (wheat)  
Timothy hay  

7 
2 

10 

19 

6.10 
1.81 
8.50 

.50 

.25 

.34 

 ~ 
5. 73 
1.23 
4. 99 

11.95 Total  16.41 i             1.09 10. 0 

Corn (ground ear)  
Red clover hay_       

10 
10 

20 

8.44 
8.71 

17.15 

.43 

.82 
7.05 
5. 08 

Totals.    1.25 12. 13 8.7 
Corn (ear)    
Oats (whole)  
Bran (wheat)  
Mixed hay: 

Timothy  
Clover  

6 
3 
.5 

5 
5 

5.06 
2.77 
.45 

4.25 
4.35 

.26 

.29 

.06 

.17 

.41 

1.19 

4. 23 
1.99 
.31 

2.49 
2.54 

Total  19.5 16.88 11.56 8.7 
Corn (shelled)  
Soybean hay       ___      
Corn stover  

7 
5 
7 

6. ]() 
4.58 
6.25 

.50 

.54 

.16 

1.20 

5.73 
2.58 
3.57 

Total  19 16. 93 11. 88 8.9 
Barley (rolled)           
Prairie hay (Colorado   and Wyoming). 

8 
10 

7.23 
9.45 

.82 

.44 
6.34 
5.82 

Total       | 18 16. 68               1. 26 12.16 8.7 

WINTERING IDLE WORK STOCK 

Maintaining farm work stock in healthy condition during the 
winter season is the first step toward fitting them for spring work 
Open sheds adjacent to fields and pastures often make an ideal set- 
up for wintering purposes. Under this system horses and mules are 
proyided with dry, comfortable protection during the idle season, yet 
have the benefit of the exercise obtained in getting a large part of 
their feed from fields or pastures. When large amounts of dry rough- 
age are being used, it should be possible for the animals to obtain 
pure water at will. If necessary, a heater should be used to keep 
the drinking tank free from ice. 

A horse should not be so fed during the winter that it becomes fat 
and soft. Nor, on the other hand, should it receiye such poor care 
thatit loses weight and yitality, becomes subject to disease, and is 
not in condition for spring work. A horse that is thin or run-down 
at the beginning of the winter or idle season should be gradually 
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brought into thrifty physical condition by correct feeding over an 
extended period. 

The liberal use of carbohydrate-rich roughages, supplemented with 
the right amount and kind of other nutritious feed, will maintain an 
idle horse properly during the winter. Cornstalk fields, grain-stubble 
fields, or pastures that have not been too closely grazed during the 
summer are very desirable sources of a large part of the winter main- 
tenance feed. To supplement these feeds a limited amount of alfalfa, 
clover, or other palatable roughage may be used economically. The 
legumes are rich in protein, mineral matter, and vitamins, and supply 
materials needed to replace those lost in the natural wear of the body. 
Being somewhat laxative in effect, they also help to keep the digestive 
tract in good condition and are especially valuable for use in con- 
nection with straw and similar feed. In some instances, especially 
when it is not possible to feed a legume hay, a small quantity of grain 
is necessary to maintain idle horses in thrifty condition. 

Corn silage, if fed with care, may be utilized in the winter ration 
of idle work horses. Its bulk, succulence, laxativeness, and the 
presence of carotene or vitamin A in good silage are of value when 
cheap, coarse roughages make up the major part of the ration. 

PREPARING FOR SPRING WORK 

During the fitting period preceding heavy spring work, horses and 
mules must be so conditioned that they will be able to convert the 
vitality and energy that have been stored up in the winter into full 
power each work day and even be prepared for an overload during the 
peak of heavy work. The amount of fitting necessary depends largely 
on the way the animals have been wintered. The condition of a horse 
that has been properly cared for in the open during the winter is more 
nearly ideal than that of the horse that has been kept in the stable. 
While the length of the fitting period varies, the average time usually 
allotted for it is 2 to 4 weeks. A horse that is either very thin or very 
fat requires a longer fitting period than one in thrifty condition with 
fair flesh. Also, a young horse, especially if just broken, requires a 
longer time for fitting and training than a mature horse. 

While the use of coarse, nonsalable feeds is generally an economical 
practice during the winter, the horse should gradually be put on a 
ration of good-quality hay and a light feed of grain just before the 
fitting period begins. The quantity of grain is increased as the fitting 
period progresses, and when light work has commenced a 1,400-pound 
horse should be ready to utilize daily about 14 pounds of grain together 
with 14 or 15 pounds of fine-quality hay. 

FEEDING THE BROOD MARE 

Brood mares need a ration sufficient to supply both their own feed 
requirements and those of the fetus or suckling foal. A well-balanced 
ration containing sufficient protein and minerals is particularly 
needed. Brood mares should always be kept in thrifty condition, but 
it is important that they do not become too fat. 

The right amounts of good-quality legume or mixed hay with a 
mixed grain ration will supply the nutritional requirements for the 
brood mare under work conditions.   Idle brood mares generally need 
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little grain if they are on good pasture or are supplied with a liberal 
amount of good-quality legume or mixed hay. In the winter, an open 
shed adjacent to pasture fields or paddocks is especially valuable in 
forcing brood mares to exercise and remain thrifty. A common prac- 
tice in handling idle brood mares is to feed some good legume hay at 
night, a little grain or 10 to 20 pounds of corn silage in an open grain 
bunk in the morning, and coarse field roughage, timothy hay, or good 
straw to supply the balance of the feed. 

The brood mare should not be fed heavily on grain or hay for the 
first 24 hours after parturition, although she may have a little hay and 
water from which the chill has been taken. The first grain fed should 
be light, such as a wheat-bran mash with a little cooked flaxseed meal 
in it. If confined to the stable, the mare should be kept on a limited 
ration for a number of days after parturition. A mixture of oats and 
wheat bran is satisfactory for the limited early feedings. Other feeds 
may be added later as the mare is returned to work or when the colt 
needs an increased milk supply (fig. 2).^ The use of good pasture or 
good-quality legume hay with mixed grain will stimulate milk produc- 
tion. Feeding too much grain at first, however, may produce too 
much milk, which may cause indigestion in the foal. The exact 
method of feeding the mare at this time depends upon her individuality 
and the existing conditions. 

COLT PRODUCTION ^ 

It is important that the foal be fed for optimum, efficient growth. 
The mare that is handled and fed properly will ordinarily supply the 
milk needs of the foal. The young animal will, however, begin to 
pick at grain, grass, and hay at an early age, and proper use of these 
feeds will determine to a great extent how well the colt will grow. 

At a month or two of age the foal will start to take dry grains, if 
allowed to eat from the feed box of the dam. The use of ground oats, 
corn meal, and wheat bran for the mare at this time will assist in start- 
ing the foal on grain. Foals that are following their mothers on 
pasture may benefit from a supplementary ration of grain. 

If a foal is getting plenty of nourishment from grain and grass or 
legume roughage, it will not be seriously set back at weaning (6 
months). The foal should be eating about 4 pounds of grain daily at 
this age. During the weanling period (6 to 12 months) it is most 
important that the ration be sufficient in protein, minerals, and 
vitamins. The liberal feeding of good legume hay with some mixed 
grain is generally necessary for efficient growth. The thrifty colt 
should not be too fat but should be in good flesh. 

The amount of grain necessary to produce efficient growth in colts 
may be limited if good roughage is available. Heavy feeding is not 
required, but steady growth should be maintained. In experiments 
with draft colts in Missouri, Trowbridge and Chittenden {1149) 
found that a limited ration produced a satisfactory 3-year skeletal 
growth. Also, they had less difficulty in keeping colts sound in their 
feet and legs on a limited grain ration than on a heavy ration.   In his 

7 This discussion is limited to feeding for production under ordinary conditions, as the /ceding of the verv 
young foal, especially the orphan, has been discussed in the article, The Nutrition of Very Young Animals 
(p. 501). 



NUTRITION OF HORSES AND MULES 785 

tests with colts of Belgian and Percheron breeding, Hudson {ô^Q) 
found that the use of limited amounts of grain and alfalfa hay with 
free access to straw in winter rations did not stunt the animals and 
that it had a greater effect on weights and condition than on skeletal 
development, although it did retard the latter. As a result of this 
work, it is Hudson?s opinion that when feeds are cheap and the value of 
horses is high, the use of liberal rations may be advisable in order to 
hasten maturity, but that ^where cheap pasture land is available and 
if hay and grain are high, it seems advisable to limit the feed of colts 
in the winter time and to take more time for their development/' 

Edmonds {SOö), in tests with Percheron fillies in Illinois, found alfalfa 
hay fed with corn and oats gave such satisfactory results in developing 
weanlings and yearlings that there was little need of using purchased 
mill feeds when alfalfa could be grown on the farm. During the first 
winter an average of 5.674 pounds of grain and 4.266 of hay were 
required per pound of gain, while during the second winter feeding 
period an average of 9.228 pounds of grain and 12.99 of hay per pound 
of gain were needed. 

Harper (^77), at Cornell University, over a period of 10 years, found 
it required an average of 4,746 pounds of grain and 6,804 of hay to 
grow a farm colt to an average of 1,270 pounds the spring it was 3 years 
of age. 

Edmonds and Crawford {806) state that weanling draft fillies made 
good gains in height and frame and kept thrifty on 2.3 pounds of grain 
and approximately 8 each of sheaf oats and soybean hay daily. 
During the second winter their daily consumption was 3.41 pounds of 
grain and over 9 each of sheaf oats and soybean hay. At about 2 years 
of age the fillies, in medium condition, averaged 1,484 pounds in 
weight. 

In another test, Edmonds and Kammlade {807) found that limiting 
daily grain rations to 6.36 pounds of crushed oats and bran per head in 
one lot, and 5.4 of corn and bran per head in the other lot, with alfalfa 
hay and oat hay, gave satisfactory and economical results in the rate 
and quality of growth over the weanling and yearling periods. They 
also reported that the grain ration of 75 percent of crushed oats and 
25 percent of bran proved the most satisfactory of those fed. 

While the preparation of grain for mature draft horses is usually 
recommended only when concentrates like wheat and barley are fed, 
ground grains should be fed to the suckling foal. Caine {184), in an 
Iowa experiment, found that weanling colts made slightly larger gains 
on prepared oats than on whole oats and appeared to be fatter, and that 
colts fed rolled oats required less feed per pound of gain than those fed 
whole oats. Two years of work indicated no advantage in cutting 
hay for colts when good-quality hay was fed. 

FATTENING FOR MARKET 

Little experimental work has been done on the fattening of draft 
horses for market. It has been assumed by some that the principles 
for fattening other livestock are applicable to horses. To just what 
extent such principles may be applied to horses, however, is question- 
able, for in the case of horses heavy fleshing must be gained without 
sacrificing action or soundness or causing filling of legs and hocks. 

141394°—39 51 
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In fattening the horse it is especially important to remember that the 
animal must be gradually accustomed to a heavy grain ration, and 
that the amount of feed must be increased very slowly to a maximum 
of about 2 pounds of grain for each 100 pounds of live weight. 

During fattening, regular exercise for draft horses is important. 
Exercise is also highly essential in the fitting of light horses. Here 
the conditioning process is also a matter of hardening, and the horse 
is used daily in harness or under saddle. In fattening, the feeder of 
draft horses uses the lot for exercise. For the purchaser it would 
probably be much better if the same system were followed as with the 
light horse—daily use in harness—but economically this may not be 
possible. Obrecht {866), of Illinois, found that horses getting exercise 
made nearly one-half pound, or 20 percent, less gain in weight per day 
than did those not getting exercise, and that exercise increased the cost 
of finishing horses. 

FEEDING LIGHT HORSES 

The principles of feeding draft horses may be applied to light horses 
except that the latter require proportionately less hay and a little more 
grain per unit of body size. The qualities desired in light breeds are 
trimness, spirit, action, and endurance. These cannot be obtained 
with large, paunchy stomachs or lack of energy, which may result from 
excessive use of roughage. 

Oats easily rank first among the grains for light horses, but for 
variety a small amount of crushed barley, wheat bran, cracked corn, 
or a commercial mixed feed may be used with oats. When corn or 
other carbohydrate feeds are fed, it is important that a little linseed 
meal or wheat bran be used. About 6 or 8 pounds of grain daily should 
be sufficient for the average light horse at medium or light work. 

A mixture of one of the legume hays with timothy or other grass 
hay should be fed with the grain. During off-work seasons, much 
good will result if the grain ration is decreased somewhat and the 
roughage increased. Two or three months of pasture may often be 
used advantageously. In some instances a light grain ration may be 
desirable while the idle horse is on pasture. The advisability of using 
grain at this time is determined by the individuality and condition of 
the horse and related factors. In bringing the light horse into 
condition after a period of idleness the amount of roughage may be 
larger than when the animal is at steady work, as the ^good doer?? is one 
with a "good middle." Later the amount of hay should be reduced 
gradually and the grain increased before heavy use, sale, or show. 
Proper nutrition and management will tend to preserve a healthy 
condition year after year without the occurrence of summer sores and 
boils or the filling of hocks or fetlocks. 



PRACTICAL   NUTRITIVE   REQUIREMENTS 

OF   POULTRY 

by Harry W. Titus * 

THIS article discusses the results of some of the many studies on which 
modern poultry-feeding practices are based. It might be called the theory 

of poultry feeding, since it is concerned with the needs of the birds for the 

various nutritive elements in relation to reproduction, egg production, 

growth, and fattening. In another article, Practical Feeding of Poultry, 

these needs are translated into terms of actual feedstuffs. 

BECAUSE of the greater economic importance of chickens, their nu- 
tritive requirements have been studied more extensively than have 
those of turkeys, guineas, pigeons, ducks, and geese. As a result 
of these studies, much dependable information about the quantitative 
nutritive requirements of chickens for growth, egg production, and 
hatchability has been obtained. (Figure 1 shows the interior of a 
modern laboratory in which chemical analyses are made for the 
control of poultry-nutrition experiments.) During the last 6 or 7 
years, nutrition experiments conducted with turkeys have greatly 
increased in number and have added materially to our knowledge of 
the nutritive requirements of this species. Relatively little is known 
about the quantitative nutritive requirements of guineas, pigeons, 
ducks, and geese. 

Qualitatively the nutritive requirements of chickens are in many 
ways the same as those of other animals, but quantitatively they are 
appreciably different. In other words, most animals require proteins, 
fats, carbohydrates, vitamins, and minerals for normal growth and 
reproduction, but they do not require the same relative quantities of 
these nutrients. Another difference is that the feed of chickens con- 
sists mostly of concentrates, whereas that of cattle, horses, sheep, and 
goats includes a rather large portion of roughages. In this respect 
chickens are more like swine than they are like any of the other 
domestic animals. 

Ordinarily chickens are kept primarily for the production of meat 
and eggs, and for this reason they are seldom rationed; that is to say, 

i Harry W. Titus is Senior Biological Chemist, in charge of Poultry Nutrition Investigations, Bureau of 
Animal Industry. 
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instead of some suitable but fixed quantity of feed each day, they are 
usually fed all they can be induced to eat. Such full feeding is 
desirable because rapid growth is generally necessary for the eco- 
nomical production of meat, even though full-fed chickens utilize 
their feed somewhat less efficiently for growth than do chickens that 
consume appreciably less feed. Moreover, high egg production can- 
not be maintained if the feed supply is limited. For these reasons 
special care must be taken to balance the diets of chickens so that 
the economical production of flesh and eggs will be the ultimate 
result. 

If considerably more protein, fat, and vitamins are supplied than 
are required, the chickens may be well but not economically nourished, 
because these three nutrients are usually the most expensive. It is 
not economical to force chickens to use protein and fat as sources of 
energy when the cheaper carbohydrates will serve the same purpose 
just as well, or even better; or to feed vitamins in gross excess of 
requirements; or, on the other hand, to supply too small quantities 
of minerals and vitamins and thus cause the chickens to use the pro- 
tein in their diet less efficiently. It is more economical, however, to 
feed somewhat more protein and vitamins than may be required than 
it is to feed too little. This is also true of the mineral elements; but 
in attempting to supply adequate quantities of these there is likely 
to be a tendency to use too much because they are relatively cheap. 
Any great excess of minerals in the diet should be carefully avoided 
because in some cases such excess may be definitely harmful. 

The nutritive requirements of chickens have been studied from 
several standpoints. What are the special requirements for high 
hatchability of the eggs that are to produce a new generation? What 
are the special requirements for high egg production, irrespective of 
hatchability? Are there special requirements for the growth of young 
stock? Finally, what are the requirements for fatteoing? At the risk 
of some repetition, this article will discuss nutrititive requirements in 
the order given in these four questions, bringing out differences in 
nutritive needs for each function. There will be a brief discussion of 
the nutrituve requirements of turkeys, and at the end, a table sum- 
marizing the available information for both chickens and turkeys. 

EFFECT OF NUTRITION ON 
REPRODUCTION IN THE CHICKEN 

Reproduction in the chicken is different in several ways from re- 
production in the other farm animals. It is much more rapid, the 
embryo develops outside the body, and the food of the young is not 
prepared within the body of the mother. In the other farm animals 
the development of the embryo from its inception to its birth is influ- 
enced by the contemporary feed supply of the mother. In the chicken, 
as in all poultry, the feed supply of the developing embryo is fixed 
within a relatively short time after the egg is fertilized, and thereafter 
until hatching the development of the embryo is independent of the 
contemporary feed supply of the mother. Once a fertile egg is laid, 
the nutritional fate of the contained embryo is fixed, except insofar 
as it may be influenced by the egg's physical environment.   Neverthe- 
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less, diet may affect reproduction just as markedly in chickens and 
other poultry as in cattle, sheep, and swine. 

Three ways in which diet may affect reproduction in the chicken 
may be considered. (1) It may affect the quantity and fertilizing- 
capacity of the sperm produced by the males and thereby affect the 
number of eggs fertilized; (2) it may affect the egg production of the 
females; and (3) it may affect the composition of the eggs and thus, 
in turn, the hatchability of those that are fertile. 

DIET OF THE MALES 

There is very little definite information about the effect of the diet 
of male chickens on their ability to produce sperm or on the fertilizing 
capacity of their sperm. Because a deficiency of vitamins A and E, 
either one or both, eventually leads to a failure of sperm production in 
the rat, it has been assumed that the same is probably true in other 
species. However, the writer has kept adult male chickens for more 
than 6 months on a diet that contained only about 10 International 
Units of vitamin A per 100 grams of feed—that is, about 6 to 10 per- 
cent of the minimum requirement of actively growing chicks—without 
observing any decrease in their sperm production. Similar results 
were obtained when a diet rendered deficient in vitamin E by treat- 
ment with a solution of ferric chloride in ether was fed for 5 months. 
Furthermore, Adamstone and Card (15) 2 found that male chickens 
could be kept on a diet deficient in vitamin E for at least a year, and 
in. some cases for as long as 2 years, without losing their ability to 
fertilize. Thus it may be concluded that, although male chickens may 
eventually become sterile if kept on diets that are markedly deficient 
in either vitamin A or E or in both, they are able to subsist for a rather 
long time on such diets without losing their ability to fertilize. 

It has been claimed that when male chickens are fed a diet in which 
the protein is derived from plant sources only they mate less fre- 
quently than when their diet contains some animal protein. Also, 
it has been reported that in one experiment the feeding of silage to 
male chickens tended to increase their sperm production. In both 
cases the experimental technique appears to have been faulty and 
incapable of yielding results from which reliable conclusions could 
be drawn. 

The available experimental evidence indicates that it is difficult to 
decrease the sperm production or the fertilizing capacity of adult male 
chickens by dietary means, unless a given deficient diet is fed for a 
rather long time or unless the dietary deficiency is such that it affects 
the general health of the males. Also, there is no acceptable experi- 
mental evidence that the sperm production or fertilizing capacity of 
healthy male chickens can be increased by diet. 

DIET AND HATCHABILITY 

There is an abundance of evidence that egg production in the chicken 
is affected by diet. This phase of the subject is discussed in a section 
of this article which deals specifically with egg production (p. 799). 

Some of the earliest observations regarding the hatchability of 
chicken eggs were: (1) That eggs laid during the winter did not hatch 
so well as those laid during the spring or summer; (2) that fewer eggs 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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hatched if the chickens were confined than if they had access to sun- 
shine and range; and (3) that the feeding of green feedstuffs generally 
improved hatchability. Research in poultry nutrition has supplied 
the explanation for these observations. Eggs produced during the 
winter did not hatch well chiefly because the chickens did not get 
enough vitamin D. For the same reason, fewer eggs hatched when 
the chickens were confined. Green foodstuffs tended to improve 
hatchability because they supply vitamin A and riboflavin (vitamin 
G), and other important nutritional factors as well. The discovery 
that cod-liver oil is an excellent source of vitamin D and that certain 
feedstuffs, such as alfalfa-leaf meal, are good sources of vitamin A 
and riboflavin has made it possible to improve greatly the hatchability 
of eggs laid during the winter or by chickens kept in confinement, even 
though no fresh green feed is supplied. 

If the diet fed to chickens affects the composition of their eggs, it is 
logical to assume that it may also influence the development of the 
embryo and thus be an important factor in determining whether or 
not the eggs will hatch. There is ample evidence that diet may affect 
both the composition of eggs and their hatchability, and some of this 
evidence will now be presented and discussed. 

Effect of Diet on the Composition of the Egg and the Embryo 
The writer and his associates {1140) have obtained data that indi- 

cate that diet has at least a slight effect on the composition of both the 
yolk and the white of eggs and that the composition of the former is 
more readily changed than that of the latter. The percentage of pro- 
tein and fat in the dry matter of the yolk is most readily affected, but 
the magnitude of the effect is small. McFarlane, Fulmer, and Jukes 
{728) determined the quantity of the three amino acids, tyrosine, 
tryptophane, and cystine,3 in both the white and the yolk of eggs pro- 
duced by hens that had received different diets and found no signifi- 
cant differences attributable to diet. Cal very and Titus {187) made 
somewhat more complete analyses of the white and yolk, and of the 
albumins and the vitellins,4 of eggs laid by pullets that had been 
raised and kept on three diets which differed only in the source of the 
protein. The three sources of protein were (1) wheat middlings, (2) 
corn and corn-gluten meal, and (3) soybean meal. They observed no 
marked differences in the composition of the proteins of the eggs. 
Thus, according to the experimental evidence just cited, diet may 
affect the percentage of protein in both the yolk and the white but not 
the composition of the constituent proteins. 

It has been demonstrated that both the percentage of fat in the 
yolk {1140) and the composition of the fat {2^2) may be influenced by 
diet. This was to be expected because the transference of fat from the 
feed to the maturing yolk may take place within 2 or 3 hours after the 
feed is ingested. ^ According to Cruickshank^s experiments {24%), the 
chicken utilizes ingested fats for direct deposition in the egg even 
when abundant carbohydrate is present for the synthesis of normal 
fat; however, if there is a deficiency of carbohydrate a greater propor- 
tion of the ingested fat will be deposited in the egg.    This same inves- 

3 See the article on Protein Requirements of Man (p. 173) for descriptions of the amino acids and their 
functions. 

* The albumins and the vitellins are, respectively, the chief proteins of the white and of the yolk. 
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tigator concluded from her studies that although the degree of satura- 
tion and the proportion of the component fat acids in the egg could be 
considerably modified by the ingestion of unsaturated fat acids in the 
feed, the ingestion of saturated fat acids had relatively little effect in 
altering the normal composition of the mixed fat acids in the yolk. 

Several groups of investigators have demonstrated that the vita- 
min content of eggs may be influenced by diet. The quantity of 
vitamin A and of vitamin D may be made to vary over a rather wide 
range by varying the quantity in the diet. As was shown by Hart 
and associates (492) the vitamin D content of the eggs of chickens con- 
fined without access to sunshine may be increased as much as ten- 
fold by subjecting the chickens to ultraviolet radiation. According to 
Russell and Taylor (997) the output of vitamin A in eggs may be as 
much as 32 percent of the quantity consumed in the feed, whereas 
only about 10 percent of the vitamin D in the feed is found in the 
eggs. However, De Vaney, Munsell, and Titus (274) were able to 
obtain a transfer of only a little more than 2 percent of the vitamin 
D from the feed to the eggs. There are few quantitative data on 
the relation between the output of the other vitamins in eggs and the 
quantity consumed; nevertheless it has been demonstrated that under 
experimental conditions the quantity of vitamins Bj and E and of 
ribofiaviu in eggs may be influenced by diet. 

Likewise, it has been shown that the mineral content of eggs and 
of the developing embryos may be affected by diet and, in some cases, 
by irradiation with ultraviolet rays. Buckner and Martin (Ï65) ob- 
served that a limitation of the calcium in the diet of chickens caused 
thin shells to be formed but did not markedly affect the calcium con- 
tent of the liquid portion of the egg. Buckner, Martin, and Peter 
(167) determined the calcium and phosphorus content of strong and 
weak chicks from hens of which some had received calcium carbonate 
in their diet and others had not. They found that both the quantity 
and percentage of phosphorus were approximately the same in strong 
as in weak chicks but that both the quantity and percentage of cal- 
cium were less in the weak than in the strong chicks. Insko and 
Lyons (576) were able to demonstrate that both the calcium and the 
phosphorus content of the embryos were less when no vitamin D was 
supplied than when the chickens received an adequate supply. Erik- 
son and coworkers (333) obtained evidence that either cod-liver oil or 
sunshine tended to increase the inorganic phosphorus content of the 
egg yolk. And Hart and associates (492) found that the embryos in 
eggs from hens which had been irradiated with ultraviolet rays con- 
tained about twice as much calcium after 21 days of incubation as did 
the embryos in eggs from hens which had not been irradiated. 

The quantity of some of the other mineral elements in eggs may 
also be affected by diet. Lyons and Insko (705) showed that the man- 
ganese content of the feed markedly affected the manganese content 
of the eggs. Erikson and coworkers^S^) found that the addition of 2 
percent of cod-liver oil to the basal diet of their hens raised the per- 
centage of both copper and iron in the yolk of the eggs, and that sun- 
shine,  but not  filtered  sunlight,6  had  a similar  effect.    Strangely 

5 Sunlight from which the ultraviolet portion has been excluded by filtering, as through ordinary window 
glass. 
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enough, however, the combination of sunshine and cod-liver oil did 
not increase the iron content as much as did the cod-liver oil alone, 
but it caused a greater increase in the copper content. It has been 
reported that merely adding iron compounds to the diet of chickens 
has no demonstrable effect on the iron content of the eggs, but it 
has been claimed that the feeding of plant materials rich in iron 
tends to increase the iron content. 

Several investigators have shown that the iodine content of eggs 
can be readily increased by increasing the iodine content of the diet. 
That the iodine content of eggs is ordinarily quite low may be inferred 
from the observation, of Wilder, Bethke, and Record (1220) that the 
daily feeding per bird of only 2 and 5 milligrams of iodine in dried 
kelp, iodized linseed meal, or potassium iodide increased the iodine 
content of the eggs approximately 75 and 150 times, respectively. 

While studying fluorine toxicosis (a disease condition due to fluorine 
poisoning) in laying hens, Phillips, Halpin, and Hart {920) obtained 
evidence that a part of the fluorine in the feed is transferred to the 
yolk of the eggs and that probably it is deposited in combination 
with the complex lipoids 6 of the yolks. Evidence that the highly 
toxic element, selenium, may also be transferred from the feed to the 
egg has been obtained by Poley, Moxon, and Franke {929), 

Many other substances may be transferred from the feed to the 
egg, some of which are benzoic acid, certain fat-soluble dyes, and sev- 
eral of the plant pigments, such as xanthophyll, zeaxanthin, crypto- 
xanthin, and capsanthin. 

Relation of Protein to Hatchability 
Some of the earliest studies of the effect of dietary protein on 

hatchability were made by Parkhurst {895) who concluded that to 
obtain maximum hatchability, the diet should contain sufficient 
animal protein and vitamins. In later studies made by Byerly, 
Titus, and Ellis {178) no correlation was found between hatchability 
and the percentage of protein in the diet, but it was observed that 
certain protein supplements were significantly better than others in 
their effect on hatchability. The experiments of these workers clearly 
indicated that the second-week embryonic mortality was greater when 
the chickens were fed diets containing plant-protein supplements 
than when they were fed diets containing animal-protein supplements. 
They found that a large number of chondrodystrophic 7 embryos were 
obtained when the former diets were fed and concluded that some of 
the protein supplements which they had studied were deficient either 
in some vitamin or in the quality of the protein itself. They also 
found that the chondrodystrophy was eliminated when the chickens 
were permitted to have access to range. This latter finding explains 
in part the apparently contradictory observation made in earlier 
studies by Parkhurst and Khys {896) that the kind of protein supple- 
ment had little effect on hatchability, because in the experiments of 
these workers the chickens had access to grass runs. In this connec- 
tion it may also be stated that Parkhurst and Rhys observed that 

« Lipoids are fats or fatlike compounds containing nitrogen. 
7 Exhibiting an abnormal condition of the bones, presumably due to a defective or faulty nutrition of the 

cartilage of the bone. In this case the chondrodystrophy was characterized by a shortening of the leg bones 
and the development of a parrotlike beak. 
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hatch ability was better when mixed protein supplements were used 
than when the sole protein supplement was meat-and-bone meal. 

Further evidence that proteins from different sources may affect 
hatchability differently has been obtained by Titus and associates 
(Î141), who found that when liquid stick (the concentrated liquor from 
the steam rendering of fatty animal material) was used as a protein 
supplement, the egg production was almost as good as when a high- 
grade meat scrap was used, but the hatchability of the eggs was very 
much poorer. A mixture of blood meal and stick had an even more 
pronounced and deleterious effect on hatchability than did stick alone. 
With both supplements embryonic mortality increased throughout the 
incubation period, but the increase was most pronounced during the 
last 11 or 12 days. Smith and Branion {1075) found that a mixture of 
liver meal and dried buttermilk affected hatchability more advanta- 
geously than did either one alone and suggested that this combination 
of protein supplements supplies the same essentials as does good grass 
range. 

In considering the effect on hatchability of the protein in the diet, 
it is of some significance that neither McFarlane, Fulmer, and Jukes 
{728) nor Cal very and Titus {187) were able to demonstrate that the 
source of the dietary protein has any appreciable effect on the composi- 
tion of the proteins of either the white or the yolk of the resulting eggs. 
However, the observations of Patton {898), that when embryonic 
mortality is associated with chondrodystrophy the embryos contain 
less than the normal quantity of glycine (one of the amino acids), 
indicate that hatchability may be influenced by the protein in the 
diet or by factors which affect protein metabolism. It has been 
suggested that the difference between plant-protein and animal- 
protein supplements in their effect on hatchability is due to the fact 
that the latter contain one or more vitamins not present in the former. 
It is known that animal-protein supplements are, as a class, better 
sources of riboflavin (vitamin G) than are plant-protein supplements. 
However, in the study of packing-house byproducts made by Titus 
and associates {II4I), the stick and high-grade meat scrap they used 
had very nearly the same riboflavin content, but the hatchability 
was very much lower on the diets that contained the stick than on 
those that contained the high-grade meat scrap. 

The effect of the quantity of protein in the diet on the hatchability 
of the eggs produced has received relatively little attention. Heiman, 
Carver, and St, John (501) concluded that the diet of laying hens should 
contain about 15 percent of protein, but in their experiments the best 
hatchability was obtained when the diets contained about 16 percent. 
The writer found that if the protein content of the diet is reduced 
sufficiently, the hatchability is decreased, and concluded from his 
experiments that for both good egg production and hatchability the 
diet should contain about 16 percent of protein of good quality. 

Fat and Carbohydrate in Relation to Hatchability 
The effect on hatchability of the kind or quantity of fat and carbo- 

hydrate in the diet appears not to have been studied. However, in 
view of the fact that Titus, Byerly, and Ellis {II4O) and Cruickshank 
{242) found, respectively, that the percentage of fat in the yolk and the 
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composition of the fat may be influenced by diet, the study of the eiFect 
of dietary fat on hatch ability should yield some valuable results. 

Vitamins and Hatchability 

Vitamin A 
It is generally agreed that vitamin A is required for good hatcha- 

bility, but there is conflicting evidence about the quantity required. 
This state of affairs is due in part to the fact that different investiga- 
tors have used different breeds of chickens and have measured the re- 
quirement in different units, and that there is some disagreement about 
the factors that should be used in converting from one system of units 
bo another. The writer interprets the data of Russell and associates 
(996) as indicating that at least 840 International Units of vitamin A 
per 100 grams (about 3.5 ounces) of feed are required for the heavy 
production of eggs of high vitamin content, especially if good hatch- 
ability is to be maintained. According to Bearse and Miller (73) a 
diet supplies enough vitamin A for breeding stock if it contains about 
700 International Units per 100 grams. However, it may be conclud- 
ed from the studies of Sherwood and Fraps (1057) that the diet should 
supply about 1,050 International Units per 100 grams of feed for the 
maintenance of health and the production of eggs of high vitamin A 
content. Unfortunately, most of the experimental work has been 
done for the purpose of determining the minimum rather than the 
optimum requirement of vitamin A for good hatchability, and in 
practical poultry husbandry the optimum requirement rather than the 
minimum requirement should be supplied. According to the writer's 
experience, the optimum level of vitamin A intake is about 1,040 In- 
ternational Units per 100 grams, or about 4,720 International Units 
per pound, of feed, and this value is in good agreement with that 
deduced from the work of Sherwood and Fraps (1057). 

Vitamin Bt 

Payne and Hughes (899) concluded that a deficiency of vitamin B^ 
will reduce hatchability; but their vitamin B-deficient diets were also 
deficient in riboflavin (vitamin G), and so their conclusion cannot be 
accepted. Ellis and associates (382) also used a diet that was deficient 
in vitamin Bi and riboflavin, and they found that only about 15 per- 
cent of the resulting eggs hatched and that the hatchability was not 
greatly improved by adding good sources of vitamin Bi (rice bran and 
rice middlings) to the diet. Chicks hatched from the eggs produced 
on this deficient diet showed symptoms of polyneuritis soon after 
hatching, but failed to show the symptoms when rice byproducts were 
added. In view of the fact that some of the eggs hatched on a diet so 
deficient in vitamin Bi that there was a high incidence of polyneuritis 
among the hens to which it was fed, it must be concluded tentatively 
that the essentiality of vitamin Bi fqr hatchability is doubtful, or that 
only an exceedingly small quantity of this vitamin is required. 

Vitamin C 

There is good evidence that the chicken is able to synthesize vitamin 
C, and hence it may be assumed that it requires this vitamin for the 
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performance of its normal body functions. It has been demonstrated 
by several workers, however, that the chicken does not require pre- 
formed vitamin C in its diet. 

Vitamin D 

Hughes, Payne, and Latshaw (So9) were among the first to show that 
vitamin D is necessary for the production of hatchable eggs. Carver 
and associates (i^)have reported that although 67 International Units 
of vitamin D8 per 100 grams of feed are sufficient for good egg produc- 
tion, 135 units per 100 grams of feed are required for good hatchability. 
Bethke and associates (98) found that only 54 International Units of 
vitamin D per 100 grams were enough for good hatchability. Mur- 
phy, Hunter, and Knandel (830) reported that Single Comb White 
Leghorn pullets, which had been confined without access to sunshine 
but which had received 78 International Units per 100 grams of feed 
from the time of hatching, gave satisfactory results from the stand- 
point of both egg production and hatchability. From unpublished 
observations, the writer concludes that the optimum level of vitamin 
D intake for heavy egg production is about 120 International Units 
per 100 grams or about 540 per pound of feed, and that if there is 
enough vitamin D in the diet to support heavy egg production there is 
enough for good hatchability. 

The possibility of supplying too much vitamin D is demonstrated 
by the researches of Branion and Smith (148) and of Titus and Nestler 
(1144)- The first two workers found that an excess of vitamin D from 
viosterol (a solution of irradiated ergosterol in oil) markedly decreased 
hatchability. The second two workers confirmed this finding and 
demonstrated that an excess of vitamin D from cod-liver oil has the 
same effect. 

Vitamin E 

That vitamin E is essential for hatchability was first demonstrated 
by Card, Mitchell, and Hamilton (190) in 1930. Five years later Bar- 
num (62) concluded from his studies that vitamin E deficiency in the 
chicken is manifested by an increase in the first-week embryonic 
mortality. There are no reliable data on the quantitative vitamin E 
requirement for good hatchability. The available evidence on the 
subject indicates, however, that the ordinary poultry diets contain 
enough vitamin E to support good hatchability. 

RihoHavin (Vitamin 0) 

Halpin, Holmes, and Hart (1242) observed that hens may lay the 
normal number of fertile eggs and appear to be healthy even though 
their diet is deficient in vitamin G, but that as a result of the deficiency 
many of their eggs fail to hatch. Bethke, Record, and Wilder (99) 
concluded that embryonic development of the chick is dependent on 
the vitamin G (complex) content of the egg.    The quantitative vita- 

8 The standard unit for the measurement of vitamin D potency is the International Unit. Assays of the 
potency of sources of vitarain D are made, according to the deflnition of the International Unit, with rats; 
but chickens do not react to all sources of vitamin D in the same way as do rats. Accordingly, the Associa- 
tion of Official Agricultural Chemists has devised a method of assay in which chicks 1 or 2 davs old are used 
as the test animals. When the source of vitamin D being assayed is pure cod-liver oil, 1 A. O. A. O. chick 
unit is equal to I International Unit, but when other sources are being assayed, 1 A. O. A. O. chick unit may 
be equal to as many as 100 International Units. The potency of cod-liver oil or other sources of vitamin D 
that are to be used in the feeding of chickens should be stated in terms of A. O. A. C. chick units. 
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min G requirement for good hatchability has been determined recently 
by Davis, Norris, and Heuser (£68). These workers concluded that 
about 245 micrograms 9 per 100 grams, or about 1,110 per pound, 
of feed are required; and this value is in good agreement with the 
earlier estimate of 230 micrograms per 100 grams of feed made by 
Norris and associates (863), 

Unidentified Factors 

When a diet already adequate in vitamins A, D, E, and G, which are 
known to affect hatchability, is supplemented by certain animal 
proteins or by green grass, the hatchability of the eggs is significantly 
improved. This was established by Nest]er and associates (8/+6) and 
by Hunt, Record, and Betlike (562). Their work indicates that some 
unidentified factor in these feeds brings about the improvement. 
The unidentified factor is lacking in dried whey, since hatchability 
was not improved when this was used as the supplement. 

Effects of Minerals on Hatchability 

Calcium and Phosphorus 

The importance of an adequate dietary supply of calcium for good 
hatchability was demonstrated by Buckner, Martin, and Peter 
(166, 168). These workers concluded that the addition of calcium 
carbonate to the diet of chickens is essential for the maintenance of 
the hatchability of their eggs. That too much calcium may adversely 
affect hatchability was shown by Titus and associates (1142). These 
workers also found that the effect of an excess of calcium is conditioned 
by the phosphorus content of the diet and that as this is increased 
it is necessary to increase the calcium content also, if good hatchability 
is to be obtained. Suitable levels of calcium and phosphorus intake 
for both good egg production and hatchability are given farther on 
(p. 814). 

Manganese 

Shortly after it was found by poultry-nutrition investigators at 
Cornell University that perosis 10 was due, at least in major part, 
to a deficiency of manganese, Lyons and Insko (705) reported that the 
hatchability on a basal diet which contained only about 6 parts per 
million of manganese was only about 5.2 percent and that the embryos 
exhibited many of the symptoms of chondrodystrophy which had been 
described by Byerly and associates (179). When, however, the same 
diet was fed after 40 parts per million of manganese had been added 
to it, the hatchability was increased to 49.4 percent and chondrodys- 
trophy was eliminated. Lyons and Insko thus demonstrated that 
manganese plays an important role in the embryonic development 

9 The standard unit for the measurement of vitamin G (riboflavin) potency is the microgram, or gamma, 
which is one-millionth of a gram or slightly less than one twenty-eight-millionth of an ounce. Most of the 
early assays of the vitamin G potency of poultry feeding stuffs were made by research workers in poultry 
nutrition at Cornell University. In these assays young growing chicks were used as the test animals and a 
unit of measurement which was dependent on the growth of the chicks was devised, This chick-growth 
unit has frequently been referred to as the Cornell chick unit. Later work showed that the original Cornell 
chick unit of vitamin G is approximately equal to 1 microgram of riboflavin. 

1° Perosis is a condition in which there is faulty development of the skeleton, which is most readily observed 
in the bones of the legs. The symptoms are enlargement of the hock joints, bending and rotational twisting 
of the leg bones, and in advanced cases a slipping of the tendons from their normal position. The condition 
has been called "hock disease" and "slipped tendons." 
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of the chicken. Their work and that of others indicates that for g-ood 
hatch ability the diet should contain about 50 parts per million of 
manganese. 

Selenium 

The possibility that certain mineral elements, when ingested with 
the feed, may adversely affect embryonic development was clearlv 
shown by Poley, Moxon, and Franke {929), These workers found 
that when a diet that contained about 15 parts per million of selenium 
(supplied by naturally grown grain) was fed for a period of 5 weeks, 
hatch ability progressively decreased to zero. They also observed 
that 6 days after feeding of normal grain was instituted, the apparently 
toxic effects on embryonic development and on hatchability disap- 
peared. t The practical importance of the findings of Poley, Moxon, and 
Franke is somewhat obscure at the present time, but it may be pointed 
out that there are a number of areas throughout the world in which the 
soil contains significant quantities of selenium. 

Sunshine and Hatchability 
It has been known for a number of years that permitting chickens 

to have access to sunshine has a beneficial effect on the hatchability of 
their eggs. The major part of this effect is undoubtedly due to the 
fact that when animals receive sunshine they are able to make at least 
a part of the vitamin D that they require. However, Smith {1074) 
obtained evidence that there is a difference in the degree to which 
sunshine improves the hatchability of eggs depending on the kind of 
protein supplement in the feed. This raised the question as to whether 
sunshine supplies another factor than vitamin D that is necessary for 
good hatchability. Somewhat later Byerly and associates {180) 
demonstrated that this was the case. With the diet used in their 
experiments, egg production was significantly greater in pens receiving 
direct sunlight than in confined pens adequately supplied with cod- 
liver oil.    The exact nature of this factor has not yet been established. 

Adaptation to Diet and the Effect of Age and Stage of Development on Hatchability 
Byerly, Titus, and Ellis {177) studied the hatchability of the eggs 

produced by pullets that received diets in which the protein was 
derived solely from (1) wheat middlings, (2) corn and corn-gluten 
meal, and (8) soybean meal. Some of the pullets were fed these diets 
from the time they were hatched and some only after they had been 
raised to sexual maturity on a well-balanced diet. The hatchability 
of the eggs from the pullets that were raised on these diets was signifi- 
cantly greater than that of the eggs from the pullets that were raised 
on the well-balanced diet. These workers concluded that this must 
mean that, of the birds reared on the diets in which the protein was 
derived from these single sources, those that were less able to utilize 
such restricted sources of protein died before they reached maturity. 
In any case, the writer suggests that it is desirable to feed to breeding 
stock diets composed of essentially the same feedstuffs as were used 
in the diet on which the chickens were raised. 

On the other hand, the possibility must not be overlooked that the 
age or stage of development of chickens may affect their ability to 
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utilize certain diets. Byerly and associates {180) found that if pullets 
were fed diets in which the chief protein supplement was soybean 
meal, the percentage of hatchability of the resulting eggs progressively 
decreased from October to January, after which it again increased to 
relatively high levels. These same workers also found (results un- 
published) that if the same diet were fed to yearling hens, there was no 
marked decrease in hatchability from October to January. Moreover, 
Titus and associates (114%) observed that pullets and hens do not react 
in the same way to high and low levels of calcium intake. In their 
experiments the hens laid more eggs than the pullets on the least 
calcium but on the diets containing the most calcium the pullets laid 
more than the hens. They found that the deleterious effect of a high 
level of calcium intake on hatchability was more pronounced in the 
eggs from hens than in the eggs from pullets. 

Time of Occurrence of Embryonic Mortality 

Byerly, Titus, and Ellis {177, 178) and Titus and associates (1141, 
1142) have made extensive studies of the relation between the time 
of occurrence of embryonic mortality and diet. They observed that 
when the protein of the diet was derived chiefly from products of 
plant origin there was a marked increase in the second-week embryonic 
mortality. They also found that the percentage of embryonic mor- 
tality increased during the last 3 days of incubation if the calcium 
intake was increased to excessive levels and that this increase was 
greater when the phosphorus intake was 0.9 percent of the diet than 
when it was 1.2 percent. These same workers also observed that 
the inclusion of stick, or of a mixture of stick and blood meal, in the 
diet as the chief protein supplement markedly increased the mortality 
throughout the entire period of incubation, but that the increase was 
greatest after the tenth and eighth days, respectively. 

It was found by Insko and Lyons {076) that the third-week embryonic 
mortality, which they observed when a diet deficient in vitamin D 
was fed, was markedly decreased when vitamin D was supplied. 
Lyons and Insko {705) also observed that the embryonic mortality 
during the third week was reduced more than 60 percent when man- 
ganese was added to diets that contained only a very small quantity 
of this element. 

As previously noted, Barnum {62) associated increased first-week 
embryonic mortality with vitamin E deficiency of the diet. 

From the information available on the time embryonic mortality 
takes place it is evident that the mortality occurring during the third 
week may be caused by several different factors and thus is attributable 
to cumulative effects. On the other hand, the second-week mortality 
and,, perhaps to an even greater extent, the first-week mortality, when 
attributable to diet, seem to be due to immediate causes. 

NUTRITION AND EGG PRODUCTION IN THE CHICKEN 

^ The egg of the chicken is normally a complete and balanced com- 
bination of all the nutritive elements required for the full development 
of the chick embryo. It contains everything necessary for the 
formation of blood, nerve, and brain; muscle, tendon, and bone; skin, 
nail, and feather; and enough nourishment to enable the chick to 
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break through its shell and survive for several days without feed. 
Moreover, the chicken egg is highly prized as human food. 

The egg is readily separable into three parts—the white, the yolk, 
and the shell. The white in turn may be separated into four parts— 
an outer envelope of fluid white, an inner envelope of firm white, an 
inner envelope of fluid white, and a small portion of firm white that 
is attached to the yolk. The yolk consists of alternate, concentric 
layers of white yolk and yellow yolk. The shell is made up of several 
layers of calcium carbonate and an outer cuticle, or skin. Attached 
to the inner surface of the shell and separating the shell from the white 
are the outer and inner shell membranes. The white is separated 
from the yolk by the vitelline membrane which completely surrounds 
the latter. 

COMPOSITION OF THE EGG 

On an average, the white accounts for about 58 percent by weight of 
the whole egg, the yolk for about 32 percent, and the shell for about 
10 percent. The white consists of nearly 87 percent of water, nearly 
12 percent of protein, and very small quantities of fats, sugars, min- 
erals, and other substances. The yolk contains about 49 percent of 
water, about 32 percent of fat, about 17 percent of protein, and 
comparatively small quantities of sugars, minerals, and other sub- 
stances. The shell consists mostly of calcium carbonate but contains 
some organic matter, water, and mineral substances other than 
calcium carbonate. 

The proteins in eggs supply all the amino acids necessary for growth 
and maintenance. The fats contain an appreciable quantity of at 
least one of the so-called essential fat acids, i. e., linoleic acid. The 
mineral elements always present in eggs include calcium, magne- 
sium, potassium, sodium, iron, aluminum, manganese, zinc, copper, 
lead, silicon, phosphorus, sulfur, chlorine, iodine, and fluorine; and 
traces of arsenic, boron, titanium, and vanadium have also been 
found. 

In general, eggs are a good source of riboflavin (vitamin G), and a 
fair source of vitamin A and vitamin D; they also contain some 
vitamin Bi, vitamin E, and vitamin K. Although the fresh egg- 
contains no vitamin C, it can be demonstrated that appreciable 
quantities are formed after the fourth or fifth day of incubation. 

PHYSIOLOGICAL PROCESSES OF EGG FORMATION 

The organs primarily concerned with the formation of the egg are 
the ovary and the oviduct. A short time before egg production 
begins several of the ova begin to grow, the calcium content of the 
blood increases two to two and one-half times, and finally one of the 
ova is released as a matured yolk. Upon its release from the ovary, 
or shortly thereafter, the yolk is grasped by the mouth of the oviduct 
and slowly forced toward the vent. As the yolk passes through the 
oviduct the white is laid down and then the shell is formed. By the 
time the egg reaches the end of the oviduct it is complete and ready 
to be laid. Between 14 and 16 hours are required for completing the 
egg after the ova is released. The time that elapses between the 
completion and the laying of an egg may vary from 10 to 14 hours; 
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however, when a chicken is producing heavily, about 24 to 26 hours 
elapse between the laying of consecutive eggs in a clutch. 

The various physiological processes involved in the development of 
the ova and the oviduct, and in the laying down of the white and the 
shell, are not fully known. However, there is some evidence that a 
hormone secreted by the anterior lobe of the pituitary gland starts 
the development of the ova in the ovary and, in turn, the ovary ap- 
pears to secrete a hormone that stimulates the development of the 
oviduct and keeps it in a functioning condition after it is fully de- 
veloped. The stimulus for the laying down of the white and the 
shell appears to be largely mechanical, that is to say, the presence of 
the yolk or of any small object in the oviduct first causes the white 
to be secreted and then the shell to be formed. 

Egg production may be quite markedly affected by the treatment 
of the chickens, by interruptions of the feed supply, and by environ- 
mental temperatures. Frequent handling of chickens, until they 
become accustomed to it, tends to decrease egg production. Moving 
them from one environment to another, especially during the early 
part of the molt, or just before, tends to cause a break in egg produc- 
tion. During the period of the molt, egg production is usually greatly 
reduced and in many instances is stopped entirely. Irregularity of 
feeding and the temporary withholding of the feed adversely affect 
production. Sharp drops in temperature may cause egg production 
to cease entirely for a few days or even several weeks. During periods 
of high temperature there is a tendency for the weight of the eggs to 
decrease, and if the temperature is sufficiently high egg production may 
decrease or even stop. 

NUTRITIVE REQUIREMENTS FOR EGG PRODUCTION 

Although the potential egg-laying capacity of a chicken is largely 
determined by its inheritance, the number of eggs laid, within this 
capacity, is dependent on the quantity and kind of feed eaten. A 
part of the feed consumed by a pullet is used for growth and the re- 
mainder for maintenance and egg production. In yearling and older 
hens, most of the feed is used for the last two purposes, but some is 
used for regaining the weight lost during the molt. 

The economic maintenance requirement (p. 431) of White Leghorn 
pullets weighing 4 pounds is between 0.145 and 0.160 pound of feed 
per bird per day, and for pullets weighing only 3.6 pounds it is between 
0.134 and 0.148 pound per bird per day. The economic maintenance 
requirement of chickens of the heavier breeds is appreciably greater; 
for example, in the case of Rhode Island Red pullets that weigh 
5K pounds it is between 0.205 and 0.227 pound per bird per day, and 
for pullets that weigh only 5 pounds it is between 0.186 ani 0.206 
pound per bird per day. The economic maintenance requirement of 
hens of any given live weight is essentially the same as that of pullets 
of the same live weight. 

It has been found that after the growth and maintenance require- 
ments have been taken care of, the quantity of feed required to pro- 
duce an average 2-ounce egg is between 0.078 and 0.1 pound, or on an 
average about 0.09 pound. Apparently, the first determination of 
the quantity of feed required, in addition to the economic maintenance 

141394°—39 52 
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Figure 2,—The more eggs a pullet produces in a year, ihe less leed is required per 
dozen eggs. A White Leghorn pullet producing JOG eggs a year consumes almost 
twice as much feed per dozen eggs as a pullet producing 200 eggs a year. (Data ob- 
tained in different years from two different lots of White Leghorn pullets at the U. S. 
Animal Husbandry Experiment Farm, Belts ville, Md., and from Md. Agi. Expt. Sta! 

Bull. 359 {1178),    Data graduated by the method of least squares.) 

requirement, to produce an egg was made in 1928. This quantity of 
leed was found to be about 0.089 pound {1189). Ten years later 
Brody and others {150) of the Missouri Agricultural Experiment 
Station made a detailed study of the efficiency of feed utilization for 
egg production and found this quantity to be about 0.087 pound. 
The agreement between the two values is exceptionally good, but 
undoubtedly accidental. 

Feed Cost and Efficiency of Egg Production 

A more or less fixed quantity of feed is required per day for the 
maintenance of a laying chicken, no matter what its rate of egg pro- 
duction may be. The quantity required for the making of an egg is 
always less than this daily maintenance requirement. It follows 
that the total feed cost per egg is much less when the average produc- 
tion of a flock is high than when it is low. It also follows that the 
efficiency of egg production, that is, the number of eggs produced 
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per unit weight of feed consumed, increases as egg production in- 
creases. 

The relation between the feed cost of a dozen eggs and the average 
annual egg production is shown in figure 2, in which the feed con- 
sumed per dozen eggs is plotted against the average number of eggs 
laid per bird per year. According to these curves a White Leghorn 
pullet will consume between 7.7 and 8.7 pounds of feed per dozen 
eggs, if she lays 100 eggs per year, but only from 4,4 to 4.9 pounds, if 
she lays 200 eggs. This clearly demonstrates the importance of hav- 
ing cliickens that can be depended on to produce a large number of 
eggs. 

Figure 3 shows the relation between the efficiency of egg production 
and the average number of eggs laid per bird per year. It shows very 
definitely that chickens of the heavier breeds lay fewer eggs per 
pound of feed than do those of the lighter breeds and indicates that 
pullets lay more eggs per pound of feed than do hens. Notwith- 
standing, it must be recognized that different strains of the same 
breed may be appreciably different in their ability to utilize feed for 
egg production, as is suggested by the three curves in figure 2. 
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Figure 3.—The breed and the age of chickens affect the efficiency of feed utilization 
for egg production.    Pullets are more efficient producers than hens; ihe lighter breeds 
are more efficient than  the heavier breeds.     (Data from U. S.  Animal Husbandry 

Experiment Farm, Beltsville, Md., graduated by the method of least squares.) 
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Specific Requirements 
It has been demonstrated several times that it is possible to com- 

pound two diets on which the egg production will be practically the 
same but on which the hatchability will be very different. It has 
been found, however, that the eggs of chickens that lay a large number 
tend to hatch better than those of chickens that lay a much smaller 
number. This suggests that it is always best to feed diets that will 
permit the chickens to produce eggs of high hatchability, because 
poor hatchability may be the result of a dietary deficiency too slight 
to decrease egg production but sufficient gradually to undermine the 
health of the chickens. The nutritive requirements for good hatch- 
ability have already been discussed; the specific nutritive require- 
ments of chickens for egg production follow. 

That egg production is dependent on the nature of the diet may be 
demonstrated easily in a number of ways. If nothing but grain is fed, 
a high level of egg production cannot be maintained because grain 
usually does not supply enough protein and that which it does supply 
is not of suitable quality. If the diet contains too little calcium, egg- 
production ceases rather promptly; and if the chickens do not get 
enough vitamin D they cannot properly use a, supply of calcium that 
would otherwise be adequate. Also, if the diet is deficient in vita- 
min A, the general health of the chickens will be adversely affected 
and egg production will decline or cease entirely. According to the 
existing knowledge about poultry nutrition, if the diet furnishes 
enough protein of good quality and adequate supplies of the necessary 
minerals and vitamins, it is suitable for egg production, provided it 
contains no harmful ingredients. 

Protein Requirements 

An egg that weighs 56.7 grams (2 ounces) contains slightly more than 
7 grams of protein of very high biological value, or quality; to produce 
such an egg a chicken requires from 10.5 to 12.5 grams of digestible 
protein; and to supply this, 12.5 to 15 grams of feed protein of good 
quality is required. Inasmuch as the chicken has a rather limited 
capacity for storing protein that can be used for making eggs, the 
feed consumed each day should furnish not less than 12.5 grams of 
protein of good quality, if a constantly available supply thereof for 
making eggs is to be maintained. 

It has been found that very good egg production—200 eggs or more 
per year—may be obtained on diets containing as little as 12 to 13 
percent of protein. In spite of this, it has been observed that egg 
production, especially in pullets, tends to increase as the protein 
content of the diet is increased from 13 to 18 or even 20 percent. 
Several groups of investigators have found that both live weight and 
good egg production can be maintained on diets containing 15 percent 
of protein. It is safer, however, to rely on a protein content between 
16 and 17 percent. This is particularly true in the case of pullets 
during their first 4 months of egg laying, when protein is required for 
both growth and egg production. 

What has just been said about suitable percentages of proteins in 
the diet for egg production applies only when the protein is of good 
quality.    To insure that the protein will be of suitable quality, not 
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less than 20 percent of it should be from feedstuffs of animal origin 
such as liquid skim milk, liquid buttermilk, dried skim milk, dried 
buttermilk, meat scrap, and fish meal. 

Mineral Requirements 

A chicken that lays 200 eggs per year puts into those eggs about 400 
grams of calcium or about 13 to 15 times as much as there is in her 
entire body. If the diet is deficient in calcium, a chicken can draw on 
its skeleton for only enough calcium to make about 3 or 4 eggs. From 
this it is evident that the calcium requirement of laying chickens is 
very high and that the feed must supply virtually all the calcium that 
goes into the eggs. 

The proper percentage of calcium in the diet is dependent on (1) the 
number of eggs laid per bird, (2) the quantity of feed consumed, and 
(3) the phosphorus content of the diet. Inasmuch as the laying 
chicken can readily adapt her physiological processes to diets that 
contain somewhat more calcium and phosphorus than she needs, it is 
possible to set up standards for the calcium and phosphorus content 
of the diet that will be applicable under all ordinary conditions. 
Table 1 shows approximately how much calcium diets of different 
phosphorus content should contain. 

TABLE 1.—Corresponding approximate percentages of phosphorus and calcium for all- 
mash diets and for laying mashes with which grain is to be fed 

All-mash diets 
Laying mashes 

(with which grain 
is to be fed) 

All-mash diets 
Laying mashes 

(with which grain 
is to be fed) 

All-mash diets 
Laying mashes 

(with which 
grain is to be fed) 

Phos- 
phorus 

con- 
tent 

Cal- 
cium 

content 

Phos- 
phorus 
content 

Cal- 
cium 

content 

Phos- 
phorus 

con- 
tent 

Percent 
0.9 
1.0 
1.1 

Cal- 
cium 

content 
  
Percent 

2.3 
2.4 
2.5 

Phos- 
phorus 

content 

Cal- 
cium 

content 

Phos- 
phorus 

con- 
tent 

Cal- 
cium 

content 

Phos- 
phorus 
content 

Cal- 
cium 

content 

Percent 
0.6 

:1 
Percent 

1:1 
2.1 

Percent, 
0.8 
.9 

1.0 

Percent 
3.7 
3.8 
3.9 

Percent 
1.1 
1.2 
1.3 

Percent 
4.1 
4.2 
4.3 

Percent 
1.2 
1.3 

Percent 

11 
Percent 

1.4 
1.6 

Percent 
4.4 
4.6 

Occasionally the feed of laying chickens may contain too little 
phosphorus, especially if it contains very little dried skim milk, dried 
buttermilk, meat scrap, meat-and-bone scrap, or fish meah In case 
the total phosphorus content of the diet is appreciably less than 0.7 
percent, enough steamed bonemeal should be added to bring it up to 
at least this value. 

Ordinarily the feed consumed by laying chickens does not contain 
enough salt unless some is added. The quantity to add depends to 
some extent on the other ingredients of the feed mixture. If the feed 
mixture contains as much as 15 percent of meat scrap, meat-and-bone 
scrap, fish meal, or any combination of these feeding stuffs, not so 
much salt need be added as when other protein supplements are used. 
In any case, if the total feed contains about 0.5 percent of added salt, 
all the salt requirements of the chickens will be fully met and there 
will be little likelihood of any harmful excess. 

It has been found that many of the usual feed mixtures fed to poultry 
may not contain enough manganese.    This deficiency can be made up 
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by using in place of plain salt a mixture of 100 parts of salt and 1.7 
parts of anhydrous manganous sulfate (or 2.5 parts of manganous 
sulfate tetrahydrate). One-half of one percent of this mixture in an 
all-mash diet can be depended on to supply enough salt and enough 
manganese; but in a laying mash with which grain is to be fed 1 percent 
should be included. 

Vitamin Requirements 

Although the importance of several of the vitamins in the feeding 
of chickens has been recognized by poultry-nutrition workers for at 
least a dozen years, precise knowledge of the optimum requirements 
for egg production is still lacking. However, enough is known to 
enable one to state levels of vitamin intake that are adequate under 
ordinary conditions. If the eggs are not to be used for hatching, the 
following quantities of vitamins per pound of feed will usually be 
adequate: 3,150 International Units of vitamin A, 180 International 
Units of vitamin Bu 360 A. O. A. C. chick units 11 of vitamin D, and 
680 micrograms (gammas or Cornell chick units12) of riboflavin 
(vitamin G). However, if the eggs are to be used for hatching, the 
following quantities per pound of feed are recommended: 4,720 
International Units of vitamin A, 180 International Units of vitamin 
Bi, 540 A. O. A. C. chick units of vitamin D, and 1,250 micrograms 
(gammas or Cornell chick units) of riboflavin (vitamin G). As has 
been stated already, it is probably always best to feed diets that will 
permit the chickens to lay eggs of high hatchability ; the levels of 
vitamin intake that are recommended here for producing hatching 
eggs are therefore to be preferred to those given as being adequate 
for producing eggs not intended for hatching. 

EFFECT OF DIET ON EGGS 

As has been shown (p. 791), the diet of chickens affects the composi- 
tion of the eggs and consequently their market value as human food. 

It has been reported that certain feedstuiïs, such as onions, rape, 
turnips, and some fish meals and oils, if fed to chickens in excessive 
quantities, may have an undesirable effect on the flavor of the resulting 
eggs. However, if undesirable flavors are found in eggs, it is best to 
examine a few eggs from each individual chicken in the flock, because 
it has been found that an occasional bird produces eggs that have an 
objectionable flavor, regardless of the kind of feed consumed. If 
only a few chickens are found to be producing off-flavored eggs these 
should be removed from the flock. However, if the number of such 
chickens is quite large, the feed may be at fault and an attempt should 
be made to identify and eliminate the ingredient that is causing the 
trouble. 

No acceptable evidence has been obtained that the feed affects the 
physical properties, or the so-called "quality," of the white of eggs. 
On the other hand, the color of the yolk and the ability of eggs to stand 
up well in cold storage may be readily affected by diet. Very light- 
colored yolks may be obtained by eliminating green feed from the 
diet and by replacing the yellow corn with oats, barley, or white corn. 

u See footnote 8, p. 796. 
^ See footnote 9, p. 797. 
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The richer shades of yellow may be obtained through the use of yellow 
corn and alfalfa-leaf meal; and deep orange-red yolks may be obtained 
by feeding 0.5 to 2 percent of ground pimiento pepper or chili pepper. 
Cull peppers are best for this purpose because of their relative cheap- 
ness. Cull peppers may be fed also to increase yolk color in the 
winter when green feed is scarce or not to be had at all. 

On some markets a premium is paid for eggs with yolks of light 
color, but ordinarily uniformity of yolk color is more important than 
lightness. The best method of obtaining yolks of uniform color is 
to feed a well-balanced all-mash diet and not permit the chickens to 
have access to green range. Both a grain mixture and a laying mash 
may be fed, however, if the ingredients of the grain mixture are so 
proportioned that it supplies about the same quantity of the coloring 
matters that affect yolk color as does the mash. The proper pro- 
portion of the ingredients of the grain mixture may be determined by 
trial—the maximum effect of any given diet on yolk color can usually 
be observed within a week after the diet is first fed. 

Cottonseed meal tends to have an undesirable effect on the color of 
both the yolk and the white. If large quantities are fed the yolks of 
the resulting eggs may have a brown mottled appearance when laid. 
And even if small quantities—as little as 5 percent—are fed, the yolks 
tend to acquire a similar appearance after the eggs have been in cold 
storage for 6 weeks or longer. Cottonseed meal and weeds of the 
same botanical family as the cotton plant tend to produce a pink tint 
in the white. Eggs produced on diets containing cottonseed meal do 
not stand up well in cold storage; and in addition to the tendency for 
the yolks to become mottled, there is a tendency for the yolk mem- 
branes to become weakened. 

The market value of eggs is also affected by the quality of the shells. 
A deficiency of vitamin D in the diet affects the thickness of the shells 
and their ability to resist breakage. A deficiency of calcium has the 
same effect. Also it has been claimed that a deficiency of manganese 
tends to cause the production of poor shells. Means of insuring 
against a deficiency of vitamin D, calcium, or manganese have already 
been discussed. 

Egg soilage may also be affected by diet. A diet that tends to cause 
the droppings to be loose and watery also tends to increase egg soilage. 
Among the causes of loose droppings are too much salt and too much 
bran in the diet. Too much salt may be introduced through the use 
of fish meal of high salt content; such fish meals should not be used. 
To avoid the effect of too much bran, middlings may be substituted 
for a part of the bran. At times, the inclusion of i or 3 percent of 
linseed meal in the diet has the desirable effect of making the droppings 
less watery; more than this quantity should not be used, however, 
because it tends to have the opposite effect. 

NUTRITIVE REQUIREMENTS FOR GROWTH AND 
FATTENING OF POULTRY 

THE UTILIZATION OF FEED FOR GROWTH 

As is generally known, the very young animal utilizes feed for growth 
much more efficiently than does the nearly grown animal.    As the 
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flgare t.—Regular weighing of birds is necessary in (lie sliuly of growth. 



REQUIREMENTS OF POULTRY 809 

live weight of an animal increases there is a gradual but very definite 
decrease in the gain that results from the consumption of a pound of 
feed. This is due chiefly to the increase in the maintenance require- 
ment, but it is also due in part to the change in the composition of the 
gain. The general relationship between live weight and feed consump- 
tion is illustrated by figure 2 (p. 451). Regular weighing of the birds 
is necessary in the study of growth. Figure 4 shows a young turkey 
being weighed in connection with growth studies. 

It was formerly believed that animals consume less feed per pound 
of gain in live weight when they are allowed to eat all they want than 
when they are fed somewhat less than this quan tity. Ho we ver, Ellis a n d 
Zeller {319, 320) have shown that this is not true in the case of swine, 
and the work of Hammond, Hendricks, and Titus (46^) clearly indicates 
that it is not true in the case of chickens. In an experiment conducted 
by the last-named investigators, seven lots of chickens were fed for a 
period of 52 weeks all they would eat of seven diets of different protein 
content, and another seven lots were fed 70 percent as much of the 
same diets. On each diet the feed was utilized more efficiently by the 
lot that was fed at the 70-percent level of feed intake. On the diet 
that contained the least protein (13 percent) the efficiency of the 
utilization of feed for growth was only about 4 percent greater at the 
70-percent level than it was at the full-feed level, but as the percentage 
of protein in the diets increased the differences in efficiency became 
more and more pronounced. On the diet of highest protein content 
(25 percent) the efficiency was about 38 percent greater at the 70- 
percent level than at the full-feed level. 

TABLE 2.—Effect in male chickens of the heavier breeds of the level of feed intake on the 
relative efficiency of utilization of feed for growth, the relative maximum live weight attained, 
the relative quantity of feed required for attaining the maximum live weight, and the 
relative length of time required to attain maximum live weight on a diet containing about 

19.4 percent of crude protein 

Level of feed intake as percent of full feed 

30_. 
40__ 
50. _ 
60__ 
70.. 
80.. 
90... 
100. 

Relative 
average 

efficiency of 
utilization 

of feed 
for growth 

Percent 
90.7 
93.3 
97.2 

100.0 
99.] 
96.8 
94.8 
93.1 

Relative 
maximum 

live 
weight ! 
attained 

Percent 
19. J 
51.1 
77.7 

100.0 
114.9 
127.7 
138,3 
148.9 
150.6 

Relative 
quantity 

of feed 
required for 
attaining 
maximum 

live 
weight ' 

Percent 
21. 1 
54.7 
79.9 

100. 0 
116.0 
131. 9 
145.9 
159.9 
169.2 

Relative 
length of 

time 
required to 

attain 
maximum 

live 
weight i 

Percent 
105. I 
103. 6 
101.9 
100.0 
98.1 
94.9 
89.9 
82.0 
73.2 

i This refers to the maximum live weight that is eventually attained after a prolonged period of feeding 
at the levels indicated in the first column. 

In order to get additional information about the effect of the level 
of feed intake on the efficiency of the chicken in utilizing feed for 
growth, the writer reexamined both published {1143) and unpublished 
data obtained with chickens at the Agricultural Research Center, 
Beltsville, Md.    Some of the results of this reexamination are sum- 
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marized in table 2. This table contains data only for male chickens 
that were fed a diet which contained about 19.4 percent of protein. 
Apparently, the feed was utilized most efficiently for growth when the 
level of intake was between 50 and 60 percent of full feed. However, 
other data obtained by the writer indicate that the maximum effici- 
ency is sometimes observed between the 60- and 70-percent levels. 
In any case, it may be concluded that a full-fed, growing chicken 
makes a smaller gain per pound of feed than a growing chicken fed 
at a much lower level of feed intake, if the diet contains between 13 
and 25 percent of protein. 

In the practical production of chickens for meat it would not be 
economical to feed growing stock at a level of feed intake that is only 
50 to 60 percent of full feed, even though the feed is utilized more 
efficiently for growth at such a level. The data in table 2 indicate 
why this is true. According to these data it would require more than 
twice as much time, with the same brooding and housing facilities, to 
produce the same weight of live chickens at the 50-percent level of 
feed intake as it would at the full-feed level. Or, to state it another 
way, by feeding only 69 percent more feed at the full-feed level of 
intake one would get nearly 57 percent more live weight, in about 27 
percent less time, than would be obtained by feeding at the 50-percent 
level. Moreover, the chickens that would be produced on this low 
level of feed intake would have little fat, and hence would have a 
lower market value per pound than those produced on full feed. 

TABLE 3.—Quantities of feed required to obtain certain selected average live iveights with 
different kinds of poultry 

Average live weight (pounds) 

0.5_. 
1.0_. 
1.5_. 
2.0.. 
2.5.. 
3.0. 
8.5.. 
4.0.. 
4..5.. 
/5.0.. 

Kind of poultry and quantity of feed required per bird 

White 
Leghorn 
chickens 

(males and 
females) ' 

Cross-bred 2 

chickens 
(males) 

Rhode 
Island Red 
chickens 
(males) 

Turkeys 3 
(males) 

Pounds 
1.20 
3.18 
5.27 
7.75 

10.80 
14.75 
20. 39 

Pounds Pounds Pounds 
1.29 1.12 0.95 
2.91 2.53 2.20 
4.65 4.05 3.49 
6.52 5.69 4.83 
8.56 7.49 6.21 

10.78 9.46 7.65 
13.24 11.66 9.15 
15.97 14.13 10.70 
19.07 16.95 12. 32 
22.62 20.25 14.02 

I     White 
Pekin 

:     ducks 
, (males and 
:  females) * 

Pounds 
0.83 
2.01 
3.28 
4.66 
6.17 
7.83 
9.68 

11.77 
14.17 
16.99 

i For a group containing approximately the same number of birds of each sex. 
s The male offspring resulting from mating Barred Plymouth Rock females to Rhode Island Red males. 
3 Several different breeds from parent stock which had been selected for small size. 

All breeds of chickens are not equally efficient in their utilization of 
feed for growth; likewise different kinds of poultry are not equally 
efficient. According to the few data that are available, both ducks 
and turkeys are more efficient than the heavier breeds of chickens, 
which in turn are more efficient than the lighter breeds. Some data 
on the feed required to obtain certain selected average live weights 
with different kinds of poultry are given in table 3. Since no two of 
the diets that were fed in obtaining these data were the same, it is not 
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possible to make exact comparisons of the efficiencies of the different 
kinds of poultry in utilizing feed for growth. Nevertheless, diets suit- 
able for each kind of poultry were fed, and hence the data indicate in a 
general way the relative abilities of chickens, turkeys, and ducks to 
utilize feed for growth. 

NUTRITIVE REQUIREMENTS FOR GROWTH 

On the nineteenth or twentieth day of incubation the yolk sac is 
drawn into the body of the embryo and on the twenty-first day a 
fully formed chick is normally ready to emerge from its shell. Whether 
or not the embryo develops into a fully formed chick is dependent to a 
considerable extent on the diet that was consumed by the mother. 
Likewise the viability of the hatched chick is dependent, at least in 
part, on the diet of the parent stock. The unabsorbed yolk in the 
body of the hatched chick is a concentrated reserve supply of nutri- 
ents on which the chick may subsist for several days even, though it 
receives no feed. Experience has shown, however, that it is best to 
supply both water and feed when the chick is about 1 day old, while 
it still contains some unabsorbed yolk. 

If the diet of the newly hatched chick is deficient in. proteins, vita- 
mins, minerals, or the energy-producing nutrients, carbohydrates and 
fats, growth will be retarded and development will be abnormal. If 
the deficiency is great enough, the chick soon dies. From the stand- 
point of nutrition, the most critical period in the life of a chick is the 
first few weeks after hatching (fig. 5). It is during this period that 
special care should be taken to feed a diet that is fully adequate for 
the maintenance of health and growth. However, it is good hus- 
bandry to provide such a diet throughout the entire growing period. 

If the diet is composed of the feedstuffs usually fed to chickens 
and if it furnishes enough protein of good quality and adequate 
supplies of the necessary minerals and vitamins, it is not likely 
to be deficient in carbohydrates or fats; and if it is not too finely or 
too coarsely ground and contains no harmful ingredients, it is suitable 
for feeding to growing chicks. Hence, in devising diets for growing 
chicks special attention should be given to the matter of supplying 
the proper quantity of protein of good quality and fully adequate but 
not excessive quantities of minerals and vitamins. 

Protein Requirements 
Many workers at the State experiment stations in this country 

have studied the protein requirements of growing chickens and a large 
amount of information has been accumulated on this important subject. 
The majority of these workers are in agreement that the optimum 
percentage of protein in the diet of young growing chickens is not less 
than 18 or 19 percent, and several of them concur in the belief that 
the protein content of the diet should be decreased as the chicks 
become older. 

One of the more recent studies of the effect of the percentage of pro- 
tein in the diet of chickens on their growth and utilization of feed is 
that of Hammond, Hendricks, and Titus (468): Their data have been 
carefully graduated and the results are given in table 4. The figures 
in the second column of this table indicate that as the protein content 
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I'igure 5.—From the standi>oint of nutrition, the most critical period in the life of a 
chick is the first few weeks after hatching. 
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of the diet increases from 13 to 21 percent there is a definite increase 
in the average efficiency of the utilization of feed for growth, but as 
the protein content increases from 21 to 25 percent there is a rather sharp 
decrease in the efficiency. ^ Whether the optimum level of protein intake 
is exactly 21 percent, as indicated in table 4, or some slightly lower 
value, cannot be determined from the data, but the optimum level is 
very probably between 20 and 21 percent. Undoubtedly the optimum 
level varies with the biological value of the protein/3 being some- 
what less for protein of a high biological value. 

TABLE 4.—Effect in the male chicken of the leve] of protein intake on the relative efficiency of 
the utilization of feed for growth, the relative maximum live iveight attained, the relative 
quantity of feed required for attaining the maximum live weight, and the relative length 

of time required to attain the maximum live weight 

Relative Relative 
Relative quan- Relative Relative quan- Relative 

Relative average Relative tity of length Relative average Relative tity of length 
level of effi- maxi- feed re- of time level of effi- maxi- feed re- of time 
protein ciency mum quired required protein ciency mum quired required 

intake as of the live for at- to attain intake as of the live for at- to attain 
percent of utiliza- weight i taining maxi- percent of utiliza- weight i taining maxi- 
total feed tion of at- maxi- mum total feed tion of at- maxi- mum 
consumed feed for tained mum live consumed feed for tained mum live 

growth live 
weight i 

weight i 

  
growth live 

weight i 
weight i 

Percent Percent Percent Percent Percent Percent Percent Percent 
13 67 7 97 6 144 1 119 9 20 99 7 100.1 

100.0 
100.5 
100.0 14  80.6 97.9 121. 3 111.7 21  100.0 100.0 

15 87 3 98 2 112 5 107 8 22 102.3 
106 4 

99.7 
99.5 
99.4 

16 91.5 98.6 107* 7 104 6 23 94 3 100 4 
17  94.6 98.9 104.6 102. 6 24  90.2 m 5 111.4 
18   97.2 99.2 102.1 101.5 25  85.6 100. 6 117.6 99 2 
19 98.7 99.5 100.7 101.0 

i This refers to the maximum live weight that is attained when the birds are fully grown. 

Apparently the level of protein intake, so long as it is not less than 
about 13 percent of the total feed consumed, has little effect on the 
maximum live weight ultimately attained; however, the time required 
to reach the maximum live weight is greatly increased as the level of 
protein intake is decreased from 21 to 13 percent. As the level 
of protein intake is increased from 21 to 25 percent there is only 
an insignificant decrease in the time required to reach the maximum 
live weight. 

Even though the optimum level of protein intake is, from the physio- 
logical standpoint, about 21 percent, from the standpoint of economy 
it may be only 18 or 19 percent, because the efficiency of feed utiliza- 
tion for growth is only slightly less at these levels than it is at the 21- 
percent level. In most cases the difference in cost between a diet 
that contains 21 percent of protein and one that contains only 18 or 
19 percent will be an important factor in determining the most eco- 
nomical level of protein intake. In any case, the writer has found 
that it is a good practice to feed a diet that contains 20 to 21 percent of 
protein until the chickens are about 12 weeks old and then to gradually 
decrease the protein content to about 16 or 17 percent by the time the 
pullets are ready to lay. The pullets may then be placed on a diet 
that contains about the same quantity of protein, that is, 16 to 17 
percent, but which is more suitable for the production of eggs. 

i3 See the article on Protein Requirements of Man, p. 173. 
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The protein requirement of young growing turkeys (fig. 6)7 accord- 
ing to the few data available on the subject, is nearly 20 percent 
greater than that of young growing chickens. The optimum level of 
protein intake is about 25 percent for the first 12 weeks, but after that 
it may be reduced gradually to about 17 by the time the turkeys are 
24 weeks old, and then to 14 or 15 by the time they are ready for mar- 
ket. After the thirtieth week the turkeys that are being kept as 
breeding stock may be fed a diet that contains only 13 or 14 percent 
of protein; but about a month before eggs are to be obtained for hatch- 
ing, the protein content of the diet should be increased to about 16 or 
17 percent and held there until the breeding season is over. 

Mineral Requirements 
After reviewing the literature on the calcium and phosphorus 

requirements of farm animals, Mitchell and McClure (803) concluded 
that the young growing chicken's average minimum requirements for 
these elements are represented by concentrations of about 0.70 to 0.75 
percent of calcium and about 0.4 percent of phosphorus in the diet. 
From the studies of Mussehl and Ackerson (833) it may be concluded 
that the minimum requirement of turkeys for calcium is about the 
same as that of chickens, or possibly slightly greater. 

In the practical feeding of poultry it is desirable to guard against 
possible deficiencies by feeding somewhat more of all the necessary 
nutrients than the minimum quantities required. This is true of the 
several mineral elements, as it is of protein and the vitamins, but, 
especially in the case of minerals, care should be taken not to supply 
too much. Although there is little accurate information about the 
optimum calcium and phosphorus requirements of growing chickens 
and turkeys, it is possible to state levels of intake that can be depended 
on to give satisfactory results. 

A satisfactory level of phosphorus intake is 0.7 percent of the diet, 
but many practical diets contain much more than this. Since the 
utilization of calcium is intimately associated with that of phosphorus, 
it is desirable to know what the level of calcium intake should be for 
any given level of phosphorus intake. Apparently the chicken can 
readily excrete the excess calcium and phosphorus in any ratio from 
about 1.3:1 (1.3 parts calcium to 1 part phosphorus) to about 2:1 (2 
parts calcium to 1 part phosphorus). Also, according to the studies 
of Ackerson and associates (9, 10, 11, 12,13), the ratio of the retained 
calcium to the retained phosphorus varies in the young growing 
chicken from 1.3:1 to nearly 1.7:1, with an average value of about 
1.5:1. From this it may be concluded that the ratio of calcium to 
phosphorus in the diet may vary from 1.3:1 to 2:1. The optimum 
ratio is probably between 1.5:1 and 2:1, and experience has shown 
that a ratio of about 1.6:1 is quite satisfactory. Therefore it may be 
considered a good practice to have the diets of both chickens and 
turkeys contain not less than 0.7 percent of phosphorus and to adjust 
the calcium content so that there is about 1.6 times as much calcium 
as phosphorus. 

So far as is known, the salt requirements of growing chickens and 
turkeys are about the same as those of laying chickens (p. 805), or 
about 0.5 percent of added salt. 



Figure 6.—The protein requirement of young growing turkeys is apparently almost 20 percent greater than thai of young growing chirk en».     yi 
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The optimum quantity of manganese in the diet is about 50 parts 
per million, or 50 milligrams per kilogram (p. 797). Inasmuch as cer- 
tain types of diets commonly fed to poultry may not contain this much 
manganese, it is a good practice to guard against a possible deficieucy 
by adding about 30 parts per million. One-half of one percent of a 
mixture of 100 parts of salt and 1.7 parts of anhydrous manganous 
sulfate (or 2.5 parts of manganous sulfate tetrahydrate) is sufficient 
in all-mash diets, but in growing mashes as in laying mashes with which 
grain is to be fed 1 percent should be included. 

There is no acceptable evidence that the usual diets fed to chickens 
or turkeys are likely to be deficient in any of the mineral elements 
other than those just discussed. 

Vitamin Requirements 
During recent years the vitamin A requirement of growing chickens 

has been carefully studied {951, 969) ) and it is now possible to state 
both the approximate minimum requirement and the approximate 
optimum level of intake. The minimum requirement is about 150 
International Units of vitamin A per 100 grams of feed, or about 780 
units per pound. The optimum level of intake is at least 320 Inter- 
national Units of vitamin A per 100 grams of feed, or about 1,450 
units per pound. Several times this quantity may be fed without 
harm; and when somewhat more than this quantity can be supplied 
at no appreciable increase in the cost of the feed, it is recommended 
that this be done. 

The vitamin A requirement of growing turkeys has not been deter- 
mined as carefully as has that of growing chickens. However, the 
relatively little information that has been obtained on the vitamin A 
requirements of turkeys indicates that they require at least 2 to 2¾ 
times as much as chickens. Hence a suitable, practical level of vita- 
min A intake for growing turkeys would be about 800 International 
Units of vitamin A per 100 grams of feed, or about 3,630 units per 
pound. 

The minimum vitamin Bi requirement of growing chickens is about 
20 International Units per 100 grams of feed; however, it is well to 
feed diets that contain about 40 units per 100 grams, or about 180 
International Units per pound. So far as is known the vitamin Bi 
requirement of growing turkeys is essentially the same as that of 
growing chickens. 

The growing chicken's requirement for vitamin D has been studied 
more extensively than has its requirement for any of the other vitamins. 
Most of the workers agree that the minimum requirement is between 
15 and 20 A. O. A. C. chick units of vitamin D per 100 grams of feed, 
but the studies of Couch, Fraps, and Sherwood {230) indicate thatfor 
certain levels of calcium and phosphorus intake the minimum require- 
ment may be appreciably less. However, the optimum level of vitamin 
D intake is probably as much as 40 A. O. A. C. chick units per 100 
grams of feed, or about 180 A. G. A. C. chick units per pound. 

According to Baird and Green {5J¡) the growing turkey requires 
between 60 and 70 A. O. A. C. chick units per 100 grams of feed, 
which is appreciably more than the growing chicken requires. The 
optimum level of vitamin D intake for young growing turkeys is 



REQUIREMENTS OF POULTRY 817 

probably about 80 A. G. A. C. chick units per 100 grams of feed, or 
about 360 A, O. A. C. chick units per pound. 

It is very probable that the young growing chicken requires vita- 
min E for normal growth and development but its requirement for 
this factor has not been determined. Most poultry-nutrition workers 
agree that good, typical diets for growing chickens contain all the 
vitamin E that is required and that it is both unnecessary and a 
waste of money to use such expensive sources of vitamin E as wheat- 
germ oil to increase the vitamin E content of the diet. In any case, 
dependable information about the growing chicken's vitamin E re- 
quirement is very desirable and should be obtained. 

D-ribofiavin, or riboflavin, is sometimes referred to as vitamin G. 
The growing chicken has a relatively high requirement for this vita- 
min. Most of our knowledge of the vitamin G requirement of grow- 
ing chickens has resulted from the studies of Norris and associates (862) 
at Cornell University. The proper level of vitamin G intake for 
young growing chickens appears to be about 370 micrograms (gammas) 
of nboflavin per 100 grams of feed, or about 1,670 micrograms of ribo- 
flavin per pound. Apparently, young growing chickens and turkeys 
have about the same vitamin G requirement. 

Certain fat acids, that is, linoleic, linolenic, and arachidonic acids, have 
been referred to as vitamin F. Whether or not the growing chicken 
requires these fat acids is not known. In addition to the vitamins 
which have been discussed here, the growing chicken requires the (1) 
chick antidermatosis factor, (2) vitamin K, (3) the anti-gizzard- 
erosion factor, and probably (4) vitamin B4. There is, however, 
little information about the quantitative requirements of the growing 
chicken for the last three of these four factors. According to the 
available information, the feed of growing chickens should contain 
about 0.9 modified Jukes-Lepkovsky unit14 of the chick antiderma- 
tosis factor per pound. 

NUTRITIVE REQUIREMENTS OF CHICKENS BEING FINISHED (FATTENED) FOR MARKET 

The nutritive requirements of chickens that are being finished, or 
fattened, for market depends on their age. Broilers should be fed 
essentially the same kind of diets that are usually fed to growing 
chickens, but roasters, capons, and fowls are best finished on diets 
that contain considerably less protein. 

Ordinarily no advantage is gained by feeding broilers a special 
finishing diet; however, fish oils and fish meals are best omitted from 
the diets of growing chickens about 2 weeks before they are to be 
marketed, or the flesh of the chickens may have a fishy taste. Some- 
times, however, a special diet is fed to broilers for several days before 
they are killed. This is done primarily for the purpose of improving 
the market quality and hence the value of the carcass. Finishing 
diets for broilers should contain about 18 percent of protein (air-dry 
basis), and they should possess all the nutritive properties of a grow- 
ing diet but need not contain any special sources of vitamin D. How- 
ever, when the finishing diet contains no source of vitamin D, it is 
necessary for the dietary calcium-phosphorus ratio to be increased to 

^ This unit for the measurement of the quantity of chick antidermatosis factor in feeding stuffs is desig- 
nated as the Jukes-Lepkovsky unit because these two workers at the University of California were the first 
to devise a method of assaying foodstuffs for this factor. 

141304°—39 53 
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about 2.3:1 to prevent the development of brittle wing and leg bones. 
Diets for finishing roasters, capons, and fowls need not contain 

more than 14 to 15 percent of protein. The quantities of the several 
vitamins may be reduced to about one-half of those recommended 
for growing chickens. It is desirable that the calcium and phos- 
phorus content of diets for finishing these classes of market chickens 
be about 1 and 0.5 percent, respectively, or in the ratio of about 2 toi. 

Finishing diets should contain between 6 and 10 percent of fat (air- 
dry basis). Most finishing diets for market poultry do not contain 
this much fat, so it is a good practice to add some. Corn oil has been 
found to be quite well suited for this purpose, although if the finishing 
period is prolonged it tends to make the skin of the birds yellow, 
which is not desirable on some markets. Other oils, such as red palm 
oil, rapeseed oil, and peanut oil may be used. The quantity of oil to 
add to a finishing diet depends on its fat content; ordinarily the proper 
amount is between 2.5 and 6 percent, 

SUMMARY OF THE NUTRITIVE REQUIREMENTS OF CHICKENS AND TURKEYS 

The nutritive requirements of chickens and turkeys are summarized 
in table 5. In using this table reference should be made to the text. 
It will also be desirable to refer to the article that deals with the 
practices and economics of feeding poultry (p. 819). 

TABLE 5.—Requirements of different classes of chickens and turkeys for protein, minerals 
and vitamins for satisfactory growth and development under various conditions observed 

in practice 

CHICKENS 

Class 

I 

Protein ) 
as pro- 
portion 
of total 

feed 

Growing chicks 
Laying stock... 
Breeding stock. 

Growing poults. 
Breeding stock. 

Percent 
21 
16 
16 

Phos- 
phorus 
as pro- 
portion 
of total 

feed 

Percent 
0.7 
1.0 
1.0 

Calcium 
as pro- 
portion 
of total 

feed 

Manga- 
nese in 
total 
feed 

Vitamin 
A per 
pound 

Vitamin 
B per 
pound 

Inter na- 
Parts per tional 

Percent million Units 
1.1 50 1,450 
2.4 50 3,150 
2.4 50 4,720 

of total   i   of total 
feed2    I     feed 

Interna- 
tional 
Units 

180 
180 
180 

Vitamin 
D per 
pound 
of total 

feed 

A.O.A.C. 
chick 
units 

180 
360 
640 

Vitamin 
G (ribo- 
fia vin) 

per pound 
of total 

feed 

Gammas 
(or micro- 

grams) 
1,670 

680 
1,250 

TURKEYS 

1.0 
1.0 

1.6 
2.4 4,720 

180 
180 

360 
540 

1,670 
1,250 

1 The protein must be of reasonably good quality: and it is desirable that not less than 
derived from animal sources. 

2 If the feed is to be stored for more than 
should be derived from plant sources. 

percent be 

month before it is fed, not less than 70 percent of the vitamin A 



PRACTICAL  FEEDING  OF  POULTRY 

by Harry W Titus1 

IN THIS ARTICLE the four principal systems of poultry 
feeding—all-mash, mash-grain, pellet, and grain-milk—are described, and 

numerous combinations of feedstuffs are given, with recommendations 

for quantities, to fit various farm conditions. There is a discussion of 

nutritional disturbances from the standpoint of cause and cure, and of 

the relation of certain management practices to good nutrition in poultry. 

Tables at the end of the article give analyses of most of the common 
feedstuffs available to poultrymen. 

WHEN POULTRY is kept primarily as a source of income, as it is in 
most instances, it is desirable to have as much knowledge as possible 
of the factors that influence the cost of production. The various 
studies that have been made of the economics of poultry keeping 
indicate that feed accounts for 50 to 60 percent of the total cost of 
producing poultry meat and eggs. The prices of feeding stuffs vary 
from year to year and even from season to season; and so it sometimes 
happens that a feeding stuff which it is economical to use at one 
time may not be economical at some other time. Thus, it is readily 
apparent that careful thought should be given to the nutritive value 
of the feeding stuffs used, their cost, their mutual replaceability, and 
their suitability. 

In general, if a profit is to be made, all the necessary nutritive 
elements must be supplied in adequate quantities and as cheaply as 
possible. Frequently the cost of the feed may be reduced appreciably 
by the substitution of one feeding stuff for another; but there are 
times when a certain feeding stuff can be replaced only by a combina- 
tion of two or more other feeding stuffs. Whenever substitutions are 
made, the resulting diet should be carefully checked to find out 
whether or not it contains enough of all the necessary nutrients, 
especially protein, minerals, and vitamins. The tables in the appen- 
dix will aid poultrymen materially in making substitutions. 

3 Harry W. Titus is Senior Biological Chemist, in charge of Poultry Nutrition Investigations, Bureau of 
Animal Industry. 

819 
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SUPPLYING THE NUTRITIVE ELEMENTS 
In selecting the ingredients to be used in compounding any diet, 

consideration should be given to their palatability. Of two feeding 
stuffs of equal cost and apparently equal nutritive value, the more 
palatable should be chosen. Palatability is of great importance 
because any marked reduction in feed consumption usually results in 
slower growth or a reduced egg production. 

The so-called texture of a feed mixture is also of great importance. 
The fineness to which the several ingredients are ground is one factor 
influencing both texture and palatability. Feed mixtures that are too 
finely ground or that would form a sticky mass in the mouth and be 
swallowed with difficulty should not be used. A granular, loose-textured 
mixture of feeding stuffs is nearly always palatable and therefore to be 
preferred. Of course, the feed particles in a diet intended for very 
young chicks should be smaller than those in a diet intended for older 
chickens, but in no case should they be of a flourlike fineness. 

As a result of our knowledge of the nutritive properties of feeding 
stuffs it is possible to choose the ingredients of a diet on the basis of 
their ability to serve as sources of one or more specific nutrients. For 
example, the cereal grains are used as sources of readily digestible 
carbohydrates, but generally yellow corn is preferred to all the others 
because it is a better source of vitamin A. Dried skim milk is used be- 
cause it is a relatively good source of vitamin G (riboflavin) and of 
protein of excellent quality. Fish meal and meat scrap are also good 
sources of protein of very good quality and in addition supply rela- 
tively large quantities of calcium and phosphorus. Bran and mid- 
dlings are sources of several of the vitamins and vitaminlike factors 
and tend to improve the texture of a mixture of feeding stuffs. Alfalfa 
meal and alfalfa-leaf meal are good practical sources of vitamins A 
and G and some others as well. Cod-liver oil and other fish oils are 
used as sources of vitamin D and sometimes of vitamin A. Linseed 
meal is a source of certain so-called essential fat acids and, if the proper 
quantity is used, tends to impart desirable physical properties to the 
feed masses in the intestines and to the excreted fecal masses so that 
they are less likely to soil the eggs, 

THE ENERGY-PRODUCING NUTRIENTS 

Although all the usual ingredients of typical diets for poultry, 
except salt, limestone, and oystershell, supply some energy, the chief 
sources of energy are the cereal grains and the grain sorg-hums. The 
latter, however, are not used so extensively in the feeding of poultry 
as are the former. 

A fairly large number of experiments have been conducted to deter- 
mine the relative value of the different grains when they are fed at the 
same level in otherwise similar diets. The results show little difference 
in the gains of growing chicks regardless of which grain is used, provided 
the diets contain all the necessary protein, vitamins, and minerals. Oat- 
meal is somewhat more efficient in producing gains in live weight than 
corn, wheat, barley, or whole oats, but usually it is also more expensive. 

For laying hens corn appears to be slightly superior and oats slightly 
inferior to barley and wheat. For chickens being finished for market, 
there seems to be little or no difference between diets that contain 
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equal quantities of corn, wheat, oats, or barley. There is some evi- 
dence, however, that the flesh of chickens finished on diets containing 
chiefly corn or barley is superior to that of those finisheà on diets 
containing chiefly wheat or oats. White corn and oats are widely 
used in finishing diets because they do not tend to color the skin 
yellow as does yellow com. 

Notwithstanding the statements just made, the relative nutritive 
values of the cereal grains and grain sorghums are roughly indicated 
by their content of total digestible nutrients. Selected data on the 
digestibility in the chicken of a small number of feeding stuffs are given 
in table 8 (p. 842). As has been pointed out, however, many feeding 
stuffs are included in the diet because they possess certain specific 
properties, so it is clear that the content of total digestible nutrients 
should not be used as the sole criterion in deciding whether or not to 
make a substitution of one feeding stuff for another. For example, 
if a diet that contains yellow corn supplies only slightly more vitamin 
A than is needed, it would be inadvisable to substitute oats, wheat, 
or barley for the yellow corn, even though they may be considerably 
cheaper as sources of digestible nutrients. The substitution should 
be made only if sufficient vitamin A is supplied through the use of 
some other suitable feeding stuff, such as alfalfa-leaf meal, and the 
advisability of the change would be determined by the cost of the 
resulting diet as compared with the cost of the original diet. 

THE PROTEIN 

There are many different proteins, but all of them are composed of 
a relatively small number of comparatively simple compounds known 
as amino acids. The chicken is able to make in its own body some, 
but not all, of these amino acids, and unless most of those which it 
cannot make are present in the feed normal nutrition is impossible. 
A protein is said to be of good quality if it contains a sufficient quan- 
tity of the amino acids the animal is unable to make but which it 
requires for normal growth and reproduction. In the practical feed- 
ing of animals two classes of proteins are commonly referred to—those 
derived from plants and those derived from animals, or plant proteins 
and animal proteins. In general the animal proteins are superior in 
quality to the plant proteins. 

Owing to the variability of the several protein supplements used in 
compounding diets for poultry, it is not possible to state their relative 
values for growth or reproduction in precise terms. Nevertheless, it 
is possible to indicate their relative values in a qualitative way by 
using a system of numbers in which 1 represents the highest value, 
2 the next highest, 3 the next, and so on. According to studies of 
Mussehl and Ackerson (832)2 and data obtained at various times by 
the writer and his associates, the more common protein supplements 
may be rated as follows: 
Dried skim milk  1 Soybean meal  2 
Dried buttermilk  1 Peanut meal  2-3 
Fish meal (best grades)  1 Cottonseed meal  3 
Meat scrap  2 Linseed meal  4 
Fish meal (poorer grades)  2 Corn-gluten meal  4 
Hempseed meal  2 Soybeans  4 

¿ Italie numbers in parentheses refer to Literature Cited, p. 1076. 
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According to data obtained by Wilgus, Norris, and Heuser {1221), 
the best grades of fish meal are whitefish meal (either vacuum or 
steam dried) and the domestic sardine meal. Flame-dried menhaden 
fish meal usually has been the poorest of those used in feeding chickens, 
but since 1935 there have been marked improvements in it. The 
domestic fish meals are usually greatly superior to the imported. 

Wilgus, Norris, and Heuser {1221) also obtained data on the relative 
^protein efficiency^ of several kinds of meat scrap that differed from 
one another in their protein content. Apparently the best was the 
one that contained about 55 percent of protein, although it apparently 
was but little better than the one that contained 60 percent. How- 
ever, the protein content of meat scrap cannot be used as a reliable 
indicator of the protein efficiency of this product because the propor- 
tion of the different materials that are used in its manufacture varies 
according to the demand for them for other purposes. During the 
last year or two, as a result of a change in the demand for some of 
these materials, particularly those used in the manufacture of glue 
and gelatine, meat scrap that contains the higher percentages of 
protein has tended to be of better quality than it was when Wilgus, 
Norris, and Heuser obtained their data. 

It is a well-established fact that some proteins supplement each 
other—that is, give better results when fed together than when fed 
alone. The experiments of Ackerson, Blish, and Mussehl {12) indi- 
cate that one-third of a mixture of fish meal and meat meal may be 
replaced by soybean meal without any decrease in the relative value 
of the mixture as a protein supplement, unpublished data obtained 
at the Department's Southwest Poultry Experiment Station, Glendale, 
Ariz., have shown that a mixture of equal parts of meat scrap and 
hempseed meal has about the same value as meat scrap. 

It is not possible to give hard and fast rules for selecting protein 
supplements, because they vary in their nutritive value. However, 
in order to insure that the protein in the diet is of suitable quality, it 
is a good practice to derive between 20 and 40 percent of it from feed- 
ing stuffs of animal origin, such as dried skim milk, dried buttermilk, 
fish meal, and meat scrap. 

THE MINERALS 

In order to supply all the mineral elements that the chicken re- 
quires, it usually is necessary to include in the diet some calcium car- 
bonate, salt, and manganous sulfate. Occasionally it is desirable to 
add some steamed bonemeal as a source of phosphorus. 

The best sources of calcium carbonate are high-calcium limestone 
and oystershell. Limestones that contain not less than 39 percent of 
calcium are to be preferred to all other grades, but those that contain 
between 32 and 39 percent may be used. Oystershell that has been 
obtained in the shucking of oysters is ordinarily better than the so- 
called oystershell that is obtained from shell deposits, because the 
former nearly always has a higher calcium content. Good grades of 
properly cleaned oystershell contain approximately 38 percent of cal- 
cium. If a given lot of oystershell contains appreciably less than this 
percentage of calcium, it is an indication that it may have been 
obtained from shell deposits. 

Any good grade of common salt may be used.    It is desirable. 
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however, that it be finely granular and free flowing. If lumps are 
present, the salt should be^ passed through a fine-meshed sieve in 
order to insure that there will be no lumps in the feed. Iodized salt 
may be used if desired. 

Anhydrous manganous sulfate is the form in which manganese 
is most commonly added to feed mixtures for poultry, and it is also 
one of the most suitable forms. If it is not readily obtainable, 
manganous sulfate tetrahydrate may be used, but this supplies only 
about two-thirds as much manganese as the anhydrous product so 
that almost half again as much must be used. 

When the diet contains little or none of the animal protein supple- 
ments, it is desirable and sometimes necessary to add some form of 
calcium phosphate. The most suitable form is steamed bonemeal. 
Raw rock phosphate should not be used unless it is definitely known 
that it contains no fluorine. 

THE VITAMINS 

Vitamin A 
In formulating diets for chickens, it is necessary to give special 

attention to the matter of supplying vitamin A. There are two 
reasons for this: (1) The chicken's vitamin A requirements for growth 
and reproduction are relatively high, and (2) vitamin A is not very 
stable in feed mixtures. 

Fraps and Kemmerer (388) found that under the climatic conditions 
at College Station, Tex., practically all the vitamin A, added to 
feed mixtures in the form of cod-liver oil, other fish oils, or cod-liver- 
oil concentrates, was lost after about 4 weeks of storage. They also 
found that the addition of the antioxidant, hydroquinone, delayed 
the destruction by only a week or two. Although climatic conditions 
are probably somewhat more conducive to the destruction of vitamin 
A in mixed feeds at College Station, Tex,, than throughout the rest 
of the country on the average, the fact remains that under ordinary 
conditions during the warmer months of the year the destruction 
of vitamin A, when added in the form of fish-liver oils, fish oils, or 
concentrates of these oils, may be virtually complete after 4 months. 

The richest source of vitamin A used in feed mixtures for poultry 
is so-called fortified cod-liver oil, which is cod-liver oil to which 
vitamin A and vitamin D concentrates from other fish oils or fish- 
liver oils have been added. It contains, on an average, somewhat 
more than 1,300,000 International Units of vitamin A per pound. 
Straight cod-liver oil, which averages a little more than 340,000 
units per pound, is the next richest source. Although some lots of 
dehydrated alfalfa-leaf meal may contain over 200,000 units of 
vitamin A activity per pound, the average for alfalfa-leaf meals in 
general is about 60,000. Sardine oil has a vitamin A activity of 
about 45,000 units per pound. Other feeding stuffs that may be 
used as important sources of vitamin A activity are, in decreasing 
order of potency: Corn-gluten meal made from yellow corn, garden 
peas, yellow corn, field peas, wheat-germ meal, and cowpeas. Under 
the various conditions under which poultry are kept, the most practical 
source of vitaimin A activity is high-grade alfalfa-leaf meal; yellow 
corn is also a good practical source but its potency is much less than 
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that of alfalfa-leaf meal. Fresh green grass is an excellent source^ 
having on an average about 107,000 International Units of vitamin 
A per pound, but it is not always available. The vitamin A content 
of a number of feeding stuffs is given in table 9 (p. 842).^ 

The situation in regard to the precursors of vitamin A—those 
substances in the feed which most animals are able to convert into 
vitamin A in their bodies—is somewhat different from that of vita- 
min A itself. For example, carotene, one of these precursors, is 
relatively more stable than vitamin A, even when it is extracted from 
plant materials and then added to the feed in the form of an oil 
solution. Moreover, the precursors of vitamin A are much more stable 
in the feeding stuffs in which they occur than they are in oil solutions. 

Although corn may lose about 50 percent of its vitamin A activity 
and dehydrated alfalfa-leaf meal as much as 85 percent after 9 or 
10 months of storage, some samples of these feeding stuffs may retain 
some vitamin A activity after 18 months or more of storage. The 
important point, however, is that all feeding stuffs tend to lose 
vitamin A activity with age. Furthermore, the rate of loss is in- 
creased if they are ground and mixed with other feeding stuffs to 
make a feed mixture. 

Vitamin Bi 

Vitamin Bx appears to be rather stable in feeding stuffs and in 
feed mixtures. Inasmuch as the minimum vitamin Bi requirement 
of the chicken is only about 90 International Units per pound of feed, 
and most if not all grains, seeds, and their byproducts contain at 
least 200 International Units per pound, there is little likelihood that 
typical diets of poultry will be deficient in this vitamin. 

Vitamin D 

Under the usual conditions of brooding, the chicks may not receive 
enough vitamin D unless some is added to their diet. Likewise, 
laying stock may not get enough of this vitamin if they do not get 
plenty of sunshine. Accordingly, it is necessary to add some vitamin 
D to the diet of laying stock kept in confinement. Even if the chickens 
are given access to range, they may not get enough sunshine during 
the winter months to meet their vitamin D requirements. In general, 
it is a good practice to add some vitamin D to all diets fed to chickens 
unless the chickens have access to plenty of sunshine—and this rarely 
happens except during the late spring, summer, and early fall. It is 
especially desirable to add some vitamin D to the diet of growing- 
chicks during their first 8 weeks no matter what season of the year 
they are brooded and whether or not they have access to sunshine. 

Vitamin D is much more stable in feed mixtures than is vitamin A; 
feed mixtures may be kept for 6 months or longer without any serious 
loss of vitamin D occurring. Most feeding stuffs contain little or none 
of this important vitamin. As in the case of vitamin A, the richest 
source of vitamin D used in feed mixtures for poultry is fortified cod- 
liver oil. It contains on an average somewhat more than 180,000 
A. O. A. C. chick units 3 per pound. Straight cod-liver oil averages 
about 45,000 units per pound and cannot legally be sold as such if it 

3 The standard unit of the A. O. A. C —the Association of Official Agricultural Chemists.   See footnote 
9, p. 797. 
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contains less than 85 units per gram, which is about 38,590 units per 
pound. Sardine oil has about the same vitamin D potency as straight 
cod-liver oil and is widely used in feed mixtures for poultry. 

Vitamin E 
So far as is known, vitamin E is quite stable under ordinary condi- 

tions but it is quickly and almost completely destroyed by contact 
with rancid fats. For this reason, it is inadvisable to use feeding 
stuffs or feed mixtures that show any indication of being rancid. 
There are few truly quantitative data on the vitamin E content of 
feeding stuffs; however, this vitamin is widely distributed in nature. 
Green leaves and the germs of seeds are the best of the known sources ; 
it is also found in some fresh fats and oils. The approximately relative 
vitamin E content of about a score of feeding stuffs is given m table 9 
(p. 842). 

Vitamin G (Riboflavin) 
Vitamin G (riboflavin) is also quite stable under the usual conditions 

of feed storage. The richest sources are liver and other glandular 
tissues, yeast, dried whey, and dried skim milk. Alfalfa, if properly 
harvested and cured, is a very good source and, in general, alfalfa- 
leaf meals contain more than straight alfalfa meals. Fish meals, meat 
scrap, and wheat-germ meal are fair sources. The cereal grains con- 
tain relatively very little. The most practical sources of vitamin G 
are alfalfa-leaf meal, dried skim milk, dried buttermilk, and dried 
whey. Alfalfa-leaf meal is a particularly desirable source of this 
vitamin because it also is a very good source of vitamins A, E, and K, 
and a fair source of vitamin Bi, the chick antidermatosis factor, and 
the anti-gizzard-erosion factor. 

Vitamin K 
Vitamin K has been found in such diverse materials as hog-liver 

fat, hempseed meal, tomatoes, kale, and dried alfalfa. As yet, its 
occurrence has not been cataloged for a very large number of feeding 
stuffs. 

Antl-Gizzard-Erosion and Chick Antidermatosis Factors 
The anti-gizzard-erosion factor has been found in a number of 

materials, among which are wheat bran, alfalfa products, lung tissues, 
kale, pork liver and kidney, wheat middlings, and oats. 

The chick antidermatosis factor is present in grain, grain products, 
and various other feeding stuffs. Three of the richest sources are 
dried yeast, liver meal, and cane molasses. Other very good sources, 
in the approximate order of their relative content, are peanut meal, 
dried whey, dried buttermilk, dehydrated alfalfa-leaf meal, dried 
skim milk, alfalfa meal, wheat bran, rice bran, and soybean meal. 

WATER AND GRIT 

Water is an essential constituent of all animal tissues and is abso- 
lutely essential for all life processes, yet because it is so commonplace 
its importance is frequently overlooked. A constant supply of fresh, 
clean water should be kept before poultry all the time. Although the 
water requirements are greater during hot weather than during cold, 
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there is a greater likelihood of poultry getting too little water during 
periods of low temperature than at other times. This is because the 
birds are unable to break any ice that may form on the surface of the 
water and because of the chilling effect of ice-cold water. For these 
reasons, simple water-warming devices are usually a good investment. 

Although grit is not absolutely essential, it permits chickens to 
make more efficient use of whole grains and of coarse, fibrous feeding 
stuffs. Apparently, grit also tends to prevent gizzard erosion in chicks 
when finely ground feed that contains little fiber is fed. Coarsely 
crushed oystershell and limestone may serve as grit but their use is 
not recommended because of the danger of the chickens consuming 
too much calcium in their effort to get enough grinding material. 
Therefore, it is desirable to feed all the required calcium in the feed 
and not permit the chickens to have access to grit that contains 
calcium. In choosing a grit, care should be taken to select one that 
is insoluble and nonfriable—that is, cannot be crumbled. Ordinarily, 
the best materials for use as grit are river gravel and native pebbles ; 
granite, feldspar, and quartz may also be used. 

TONICS, MINERAL MIXTURES, AND MISCELLANEOUS MATERIALS 

Much money is spent unnecessarily by poultrymen each year for 
tonics, conditioners, aegg-makers," so-called complete mineral mix- 
tures, and other similar preparations. The best way to have healthy 
chickens is to feed them a well-balanced diet, keep them free of lice 
and mites, and keep their houses clean and sanitary. Tonics, condi- 
tioners, and egg-makers are of little or no value and merely serve to 
increase the total cost of producing poultry products. It is not pos- 
sible to prepare a complete mineral mixture suitable for use in all 
diets, and the use of such mixtures is not recommended. 

VICES AND NUTRITIONAL DISTURBANCES 

Although there is some evidence that the three common vices, feather 
picking, cannibalism, and egg eating, are in part the result of dietary 
deficiencies, overcrowding is undoubtedly also important among the 
causes. Feather picking is usually the first of these vices to appear 
when birds are overcrowded. The exact nature of the nutritional 
deficiency involved is not known, but it has been found that feather 
picking is less likely to occur if the diet contains about 20 percent of 
barley or oats. Trimming back the beak is an effective means of 
curbing this vice. 

^Cannibalism" is a term used by some poultrymen in referring to 
the habit sometimes developed by chickens of picking one another's 
toes, combs, vents, feathers, and other parts of the body. Used in 
this sense, the term also includes feather picking; it is, however, 
more common to restrict its use to those cases where blood is drawn. 
Cannibalism is of most frequent occurrence in overcrowded flocks, 
but it may be due to some as yet unknown deficiency of the diet 
because the feeding of oats and barley appears to be of some value in 
prevention. As in the case of feather picking, trimming back the 
upper beak is an effective curb, but the use of ruby-colored window 
panes and ruby-colored electric lamps in the poultry house is often a 
simpler and cheaper means of preventing cannibalism. 
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Egg eating is also likely to develop as a result of overcrowding; 
however, the tendency to eat eggs is markedly stimulated by a defi- 
ciency of calcium in the diet. It has been observed also that this vice 
is likely to develop when the chickens do not get enough vitamin D. 
Other dietary deficiencies also may be contributing causes. 

In general, properly fed chickens grow well, lay well, and are 
healthy. If growth is slow, egg production poor, or mortality heavy, 
the cause may be an improperly balanced diet that supplies either 
too little or too much of certain nutrients. It is important, therefore, 
that the poultryman be able to recognize the symptoms of nutritional 
deficiency and excesses. Unfortunately, many nutritional deficiencies 
produce the same general symptoms and it is not always possible to 
recognize the cause from the symptoms. However, there are a few 
deficiencies that produce more or less characteristic symptoms and 
these will be discussed briefly. 

A condition known as nutritional roup, which is sometimes mistaken 
by the layman for contagious catarrhal roup, is caused by a deficiency 
of vitamin A. It may appear in chickens of any age. The symptoms 
are a cessation of growth in young chickens, lameness or a staggering 
gait, discharge from the nostrils, swelling beneath the eyes, and dis- 
charge from the eyes; in severe cases blindness and, finally, death 
result. Examination after death shows swollen follicles in the esoph- 
agus, pale kidneys, and frequently white accumulations of urates in 
the kidneys and ureters. 

The symptoms of a deficiency of vitamin Bi are seldom observed 
under practical conditions, but they may be produced rather easily 
in the laboratory. These symptoms are a loss of appetite, emaciation, 
general weakness and inability to stand, and spasmodic movements of 
the head and limbs. 

A deficiency of vitamin D in the diet of growing chickens produces 
rickets; but rickets may also be caused by a marked deficiency of 
either calcium or phosphorus or by a marked imbalance of these 
elements in the diet. The symptoms are poor growth, lameness 
accompanied by a stiff-legged gait, thickened leg bones and hock 
joints, and beading at the ends of the ribs. Spinal curvature and 
crooked breast bones may also be observed. In mature birds the 
symptoms of a deficiency of vitamin D are not so obvious, but a care- 
ful examination will show that the breast bones have become less 
rigid. The first symptom of a deficiency of vitamin D in the diet of 
laying stock is a thinning of the shells of the eggs. A marked defi- 
ciency causes a decrease in both egg production and hatchability. 

There are no easily recognized external symptoms of vitamin E 
deficiency in the chicken. Recently, it has been claimed that a 
deficiency of vitamin E causes chickens to become more susceptible 
to range paralysis but adequate proof that this is so is definitely lack- 
ing. It is possible to prepare in the laboratory diets so deficient in 
vitamin E that they will seriously affect hatchability; however, in 
actual practice poor hatchability is much more likely to be the result 
of other deficiencies than it is of a deficiency of vitamin E. 

The chief symptoms of a deficiency of vitamin G are a retardation 
of the growth of chicks and a decrease in the hatchability of eggs. In 
growing chicks, a marked deficiency of vitamin G causes a twisted or 
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Figure 1.—Tins rooster lived more llian  t years without a gizzard, thus proving that 
the gizzard is not au essential organ. 
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flexed condition of the toes that is referred to as uciirled toe^ paralysis. 
The symptoms of a deficiency of vitamin K have been produced in 

the laboratory but they are seldom if ever observed under practical 
conditions. The symptoms, which are easily recognized, are the occur- 
rence of hemorrhages under the skin and throughout the various tis- 
sues of the body, and laboratory tests show a marked increase in the 
clotting time of the blood. 

There are no external symptoms of the condition known as gizzard 
erosion. This condition can be diagnosed only after the bird dies or is 
killed. (It has been proved, incidentally, that the gizzard is not an 
essential organ in the chicken. Figure 1 shows a rooster that lived 
more than 4 years after surgical removal of the gizzard.) There are 
several types of erosion; in one type there are a number of threadlike, 
shallow fissures in the gizzard lining; in another there are small holes 
in the linings; and in still another type, there are small ulcers on the 
muscular wall at the site of the holes in the lining. 

The symptoms of a deficiency of the chick antidermatosis factor in 
the diet of growing chicks are sores and incrustations at the corners of 
the eyes and mouth, on the bottoms of the feet, and on the joints of the 
toes.   Also, the feathering is rough and there is a failure of growth. 

Pero sis (slipped tendons or hock disease) is caused by a deficiency of 
manganese in the diet. The gross symptoms are an enlargement 
of the hock joints, bending and rotational twisting of the leg bones, 
and, in advanced cases, a slipping of the tendons from their normal 
positions. 

At times laying chickens may consume too much calcium and when 
the excess is great enough the hatchability of the eggs may be appre- 
ciably decreased. The consumption of too much oystershell or lime- 
stone grit may also cause a slight diarrhea. The obvious remedy is to 
control the calcium intake by not giving the chickens grit that con- 
tains calcium and by using feed mixtures that supply just enough 
calcium for high egg production. 

Another cause of diarrhea is too much salt, which may be introduced 
into the diet by a mistake in weighing it out or by the inclusion of a 
fish meal of abnormally high salt content. The diarrhea may be slight 
or quite pronounced, depending on the quantity of salt consumed. 
Diarrhea may be caused also by feeding too much bran or too much 
milk. When egg soilage is excessive as a result of too moist or watery 
droppings, the various possible causes should be investigated, because 
even though the health of the birds may not be noticeably affected the 
market value of their eggs is decreased. 

It has been claimed that a high protein intake produces gout in 
chickens, but there is no good evidence that this is so. At any rate too 
much protein is to be avoided because it tends to reduce the rate of 
growth and, if the excess is great enough, it may be a cause of damage 
to the kidneys. SYSTEMS OF FEEDING 

Nearly every poultryman has his bwn system of feeding, but most 
of the various systems may be classified as one of the following or as a 
modification of one of them: (1) All-mash, (2) mash-grain, (3) pellet, 
and (4) grain-milk. It cannot be said that one system is better than 
another under all conditions, but it is true that under certain condi- 
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tions one system may be superior to the others. In any case, it should 
be pointed out with as much emphasis as possible that it is far more 
important to supply poultry with adequate quantities of all the neces- 
sary nutrients than it is to follow any given system. Any system that 
insures adequate supplies of all the necessary nutrients is almost cer- 
tain to be successful from the standpoint of nutrition. However, any 
system that ignores the principles of sanitation and economics may 
fail, no matter how well the poultry may be nourished. 

THE ALL-MASH SYSTEM 

The all-mash system of feeding derives its name from the fact that 
all the feeding stuffs used are suitably ground and mixed together to 
form a mash. In some cases, oystershell or limestone grit is fed in 
separate hoppers as a supplementary source of calcium; but it is gen- 
erally best to use an all-mash diet in wdiich all the necessary calcium is 
included in the form of finely ground oystershell or limestone. 

In one simple modification of the all-mash system a part of the mash 
is moistened and fed as a crumbly wet mash in an effort to increase— 
or sometimes to maintain—feed consumption. Another modification 
is to omit dried milk from the all-mash mixture and to feed an equiva- 
lent quantity (roughly 10 times as much by weight) of liquid skim 
milk or liquid buttermilk. When there is a sufficient supply of liquid 
skim milk or buttermilk, some of the other protein supplements may 
be omitted from the all-mash mixture and the birds given all the liquid 
milk they will drink. 

It is generally accepted that the all-mash system of feeding is best 
for the first 4 to 6 weeks. Furthermore, it has been demonstrated 
repeatedly that this system is suitable for the entire period of growth. 
Nevertheless, many poultrymen prefer to begin feeding cracked grain 
some time between the fourth and eighth weeks, that is, to change to 
the mash-grain system. This, of course, is not necessary and perhaps 
is undesirable if the all-mash system is to be used after the pullets 
come into production, but it is the proper thing to do if the mash- 
grain system is to be used. 

One of the chief advantages of the all-mash system in the feeding 
of laying stock is that it permits the poultryman to control the color 
of the yolks of the eggs produced. This is of considerable importance 
because on some markets a premium is paid for eggs with light-colored 
yolks. Another point is that this system tends to insure a greater 
uniformity of yolk color, which also is of great importance from the 
standpoint of the market value of the eggs; it appears likely that in 
future uniformity of color will be of much greater importance than 
lightness of color. Furthermore, there is some evidence that when 
the all-mash system is used, the hatchability of the eggs is more 
uniform. In any case, the all-mash system is satisfactory for caged 
or confined birds (fig. 2), as well as for those that have access to sun- 
shine and green range. This system is usually the best one for the 
inexperienced poultryman. 

THE MASH-GRAIN SYSTEM 

As its name implies, the mash-grain system involves the feeding of 
both mash and grain.    It yields the best results in the hands of the 
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Figure 2.—The all-masli system is satisfactory for caged nr coniincd birds, as well as 
for those that have access to sunshine and green range.    This system is usually the 

best one for the inexperienced poullryman. 
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skilled feeder. It is more flexible than the all-mash system and 
permits the poultryman who is familiar with the feed requirements 
of his birds to feed them accordingly. 

There are several modifications of this system. As in the all-mash 
system, the oystershell or limestone grit may be fed separately or it 
may be ground fine and included in the mash. Likewise, wet mash 
may be fed for the purpose of maintaining or increasing feed consump- 
tion. When cod-liver oil or a similar source of vitamin D is required, 
it may be mixed and fed with the mash, as it usually is, or it may be 
mixed fresh each day with a portion of the grain. Yolk color may be 
controlled by using a mash and a grain mixture that have very nearly 
the same effect on it. 

THE PELLET SYSTEM 

The pellet system of feeding is in effect a modification of the all- 
mash system in that an all-mash diet is first prepared and then made 
into pellets. It may be modified in the same ways as the all-mash 
system. The advantages claimed for it are that it does not permit 
the birds to pick out some of the ingredients and leave the others, 
and that it tends to reduce the quantity of feed thrown from the hop- 
pers and wasted. It does insure that all the birds will eat the same 
kind of feed, but at times the quantity of feed wasted may be as great 
as when the all-mash system is used. 

THE GRAIN-MILK SYSTEM 

When the grain-milk system is used the birds are usually given 
nothing but liquid skim milk or buttermilk to drink and are permitted 
to eat all the grain or grain mixture they want. Oystershell or lime- 
stone grit is fed in hoppers. The system is not suitable for feeding 
caged birds or birds otherwise confined. In general it is not recom- 
mended, but it may be used when plenty of good range is available 
and there is an abundance of liquid milk that, if not used in this manner, 
would have to be thrown away. This system may be used for both 
growing and laying chickens, but the former should be started on an 
all-mash diet. The feeding of the grain should be begun after the 
fourth week, the quantity being increased as rapidly as possible. 
The starting mash should not be discontinued abruptly but should be 
decreased gradually between the fourth and tenth weeks so that none 
is being fed by the end of the tenth week. 

FEED FORMULAS 
Some typical formulas are given in tables 1-4 for all-mash diets 

and mashes with which grain or a grain mixture is to be fed. In 
preparing these feed mixtures, careful attention should be given to 
the selection of the ingredients. Only feeding stuffs of good quality 
should be used. Except in the case of oats, barley, and feeding stuffs 
of high fiber content, the ingredients should not be finely ground. 

MIXING THE INGREDIENTS 

All the ingredients should be thoroughly mixed so that there will be 
a uniform distribution of those present in relatively small quantities. 
It is best to weigh out first the more bulky ingredients and those that 
are used in greatest quantity, and then the other ingredients may be 
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added. It is a desirable practice to mix the salt and the other mineral 
supplements with some of the bran or middlings before adding them 
to the other ingredients. All oils should be mixed thoroughly with 
a suitable portion of the bran or ground corn before they are added. 
If pulverized or very finely ground oats are an ingredient, it is prefer- 
able to mix the oil with a portion of them, because finely ground oats 
tend to prevent destruction of the vitamin A in the oil. 

ALL-MASH DIETS 

Diets for Growing Chickens 
The all-mash diets given in table 1 are suitable for the production 

of broilers and for the raising of breeding stock. Male birds to be 
marketed as roasters may be kept on these diets until they are of 
the proper weight. These diets may be fed to capons until they are 
3 or 4 months old, after which, for the sake of economy, the protein 
content should be gradually reduced by the addition of increasing 
quantities of grain until the grain amounts to as much as 60 percent 
of the mixture. Pullets may be kept on these diets until within 5 
or 6 weeks of the time egg production is expected to begin, at which 
time a suitable all-mash laying diet should be substituted at such 
a rate that nothing else is fed for the last week or two. Males that 
are to be used for breeding may be kept on these diets until they are 
placed with the females. However, if the males are not to be placed 
with the females until they are more than 9 months old, they may 
be fed diets that contain considerably less protein, minerals, and vita- 
mins after the eighth or ninth month. 

TABLE 1.—All-mash starting and growing diets 

Ingredients Diet 1 

Ground yellow corn  
Finely ground oats or barley  
Wheat middlings  
Wheat bran  
Dried skim milk or dried buttermilk. 
Meat scrap (55-percent protein)  
Fish meal  
Alfalfa-leaf meal  
Soybean meal  
Corn-gluten meal  
Cottonseed meal  
Linseed meal  
Ground limestone or oystershell  
Salt mixture i  
Cod-liver oil 2  

Total. 

Percent 
31.0 
10.0 
20.0 
6.0 
6.0 
5.0 
5.0 
7.0 
6.0 

2.0 
1.0 

Diet 2 

Percent 
30.0 
10.0 
10.0 
10.0 
10.0 
10.0 

8.0 
10.0 

1.0 
.5 
.6 

Diet 3 

Percent 
39.0 
10.0 
16.0 

10.0 
5.0 
5.0 
5.0 

8.0 

1.0 
.5 
.5 

Diet 4 

Percent 
32.0 

20.0 
15.0 
5.0 
5.0 
5.0 
6.0 
5.0 
5.0 

1.0 
.5 
.5 

1 A mixture of 100 parts of common salt and 1.7 parts of anhydrous manganeas sulfate (or 2.5 parts of 
manganous sulfate tetrahydrate). 

2 If a fortified cod-liver oil that contains 400 A. O. A. C. chick units of vitamin D and 3,000 International 
Units of vitamin A per gram is used, only 0.125 percent need be included in the diet, 

A number of substitutions may be made in mixing the diets of 
table 1. Any of the cereal grains or grain sorghums may be substi- 
tuted for the yellow corn and oats. Meat scrap and fish meal may 
be used interchangeably, but a good grade of fish meal is to be pre- 
ferred to meat scrap unless it costs appreciably more. Cottonseed 
meal,  peanut meal,  corn-gluten   meal,  and   soybean meal may be 

141394°—39- -54 
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substituted one for the other^ but soybean meal is preferable to the 
others.    Sardine oil may be used in place of the cod-liver oil. 

Diets for Laying and Breeding Chickens 
As pointed out in the article on Practical Nutritive Eequirements 

of Poultry (p. 787) it probably is always best to feed laying stock diets 
that will permit the production of eggs of high hatchability no matter 
whether the eggs are to be used for hatching or not. Accordingly all 
the diets given in table 2 are formulated for the production of eggs of 
high hatchability. However, good egg production may be obtained 
with diets that contain the quantities of vitamins A, D, and G that 
are suggested for laying stock in table 4 (p. 836). 

TABLE 2.—All-mash diets for laying and breeding stock 

Ingredients 

Ground yellow corn  
Finely ground oats or barley  
Wheat middlings  
Wheat bran  
Dried skim milk or dried buttermilks 
Meat scrap (So-percent protein)  
Fish meal  
Alfalfa-leaf meal  
Soybean meal  
Corn-gluten meal :  
Linseed meal (old process)  
Ground limestone or oystershell  
Special steamed honemeal  
Salt mixture ^  
Cod-liver oil 2  

Diet 5 

Percent 
37.2 
10.0 
20.0 
6.0 
5.0 
2.0 
2,0 
7.0 
2.5 

2.0 
3.3 
1.0 
.0 

1.4 

Diet 6 

Percent 
41.0 
10.0 
10.0 
10.0 
5.0 
4.0 

7.0 
4.5 

2.0 
3.0 
J.5 
.6 

L4 

Total. 100,0 

Diet 7 

Percent 
44.0 
10.0 
10.0 

5.0 
2.0 
2.0 
7.0 
5.0 

2.0 
2.5 

Diet 8 

Percent 
39.5 

20.0 
15.0 
5.0 
2.0 
2.0 
6.0 
2.0 
2.0 

3.5 
1.0 
.6 

1.4 

1- A mixture of 100 parts of common salt and 1.7 parts of anhydrous mauganous sulfate (or 2.5 parts of 
manganous sulfate tetrahydrate). 

2 If a fortified cod-liver oil that contains 400 A. O. A. C. chick units of vitamin D and 3,000 International 
Units of vitamin A per gram is used, only 0.35 percent need be included in the diet. 

Several substitutions may be made in mixing the all-mash laying 
and breeding diets in table 2. If it is desirable to lighten the color 
of the yolks of the eggs, white corn or any of the other grains or grain 
sorghums may be substituted for the yellow corn. If the color of the 
yolks is to be further lightened, the alfalfa-leaf meal may be reduced 
to 5 percent by substituting an equal weight of dried skim milk or 
dried whey for the amount omitted. Meat scrap and fish meal may 
be used interchangeably. Peanut meal, corn-gluten meal, and soy- 
bean meal may be substituted one for the other. 

MASHES WITH WHICH GRAIN IS TO BE FED 

In compounding mashes with which grain is to be fed, it is necessary 
to make suitable allowance for the fact that the various grains are 
relatively poor sources of vitamin G. Likewise, when grains other 
than yellow corn are used, the vitamin A content of the mash should 
be somewhat greater than it need be otherwise. Because grains 
supply virtually no vitamin D, all mashes that are to be fed with grain 
should contain about twice as much vitamin D as all-mash diets. 
Care must also be taken to insure that the combination of mash and 
grain supplies the proper quantities of calcium and phosphorus. 
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The starting and growing mashes given in table 3 are intended for 
use when the mash-grain system of feeding is used. Finely cracked 
corn or other grain may be fed simultaneously with these mashes any 
time after the chicks are 2 weeks old. ^ Only a small quantity of grain 
should be fed at first, but the quantity may be gradually increased 
until approximately equal quantities of grain and mash are being fed 
by the time the chickens are 14 to 16 weeks old. Any suitable mixture 
of grains may be used, such as one consisting of equal parts by weight 
of corn and wheat, of corn and oat groats, or of corn, wheat, and oat 
groats. After the chickens are 6 to 8 weeks old, whole oats may be 
used in place of the oat groats and coarsely cracked corn may be used 
in place of the more finely cracked corn. After the chickens are 
about 12 weeks old whole corn may be fed. 

TABLE 3.—Starting and growing mashes with which grain or a grain mixture is to be fed 

Ingredients Mash 9 

Percent 
17.7 
10.0 
20.0 
8.0 

10.0 

10.0 
4.0 

Mash 10 Mash 11 Mash 12 

Ground yellow corn  
Finely ground oats or barlôy  

Percent 
18.9 
12.0 
12.0 
12.0 
10.0 
10.0 

Percent 
25.3 
10.0 
20.0 

Percent 
17.5 

Wheat middlings        ___ _ 
Wheat bran     10 0 
Dried skim milk or dried buttermilk 10.0 

5.0 
5.0 

10.0 

Meat scrap (55-percent protein)  
Fish meal  

5.0 
4 0 

Mfalfa-leaf meal 10.0 
10.0 

10 0 
Soybean meal  4.0 
Corn-gluten meal  __ __       4 0 
Cottonseed meal     _    _       _._ 10.0 
Linseed meal (old process)  3.0 

1.3 
2.0 
1.0 
1.0 

Ground limestone or oystershell    _ 1.1 
2.0 
1.0 
1.0 

1.7 
1.0 
1.0 
1.0 

2 0 
Special steamed bonemeal   ..--   __   __ 1 6 
Salt mixture L   1.0 
Cod-liver oil2                  _   _ _    ._     _   ___ 1 0 

Total          - 100.0 100.0 100.0 100 0 

i A mixture of 100 parts of common salt and 1.7 parts of anhydrous manganous sulfate (or 2.5 parts of 
manganous sulfate tetrahydrate). 

2 If a fortified cod-liver oil that contains 400 A. O. A. C. chick units of vitamin D and 3,000 International 
Units of vitamin A per gram is used, only 0.25 percent need be included in the mash, 

In mixing the mashes given in table 3, any grain, grain sorghum, or 
a mixture of grains and grain sorghums may be used in place of the 
yellow corn; meat scrap and fish meal may be used interchangeably; 
cottonseed meal, peanut meal, corn-gluten meal, and soybean meal 
may be substituted one for the other; and sardine meal may be used in 
place of cod-liver oil. 

Mashes for Laying and Breeding Stock 
For the best results, an equal quantity of grain should be fed with 

the laying and breeding mashes given in table 4. Oystershell or 
limestone grit should never be given to the chickens when these mashes 
are used. Either whole or cracked corn may be fed with these mashes ; 
but, if desired, mixtures of corn and oats or of corn, wheat, and oats, 
or mixtures containing the grain sorghums may be used. 

A few substitutions may be made in mixing the mashes given in 
table 4, Any grain may be substituted for the oats or barley in 
mashes 13, 14, and 15. Either meat scrap or fish meal may be used 
to the exclusion of the other.    Peanut meal, corn-gluten meal, and 
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soybean meal may be substituted one for the other; but if light- 
colored yolks are desired^ corn-gluten meal should not be used. If 
it is desirable to lighten the color of the yolks, a grain mixture that 
contains no yellow corn may be used. Further reduction of yolk color 
may be had by replacing a third of the alfalfa-leaf meal with an 
equal weight of dried skim milk or dried whey. Sardine oil may 
replace the cod-liver oil. 

TABLE 4/—Laying mashes with which grain or a grain mixture is to be fed 

Ingredients Mash 13 Mash 14 Mash 15 Mash 16 

Finely ground oats or barley  
Percent 

17.5 
15.0 
12.0 
10.0 
4.7 
4.7 

14.0 
5.5 

Percent 
19.0 
15.0 
10.0 
10.0 
10.0 

Percent 
23.3 
20.0 

Percent 

Wheat middlings  31 5 
Wheat bran    ___   20 0 
Dried skim milk or dried buttermilk  10.0 

6.0 
5.0 

15.0 
5.3 

10.0 
Meat scrap (55-percent protein)__    __ 4 5 
Fish meal 5 0 
Alfalfa-leaf meal  15.0 

5.0 
12 0 

Soybean meal        _ _        _ 9 3 
Corn-gluten meal            ___    ___ 2 4 
Linseed meal (old process) _ 

2.7 
1.2 
2.8 

4.0 

1:1 
4.0 
5d 
1.2 
2.8 

Ground limestone or oystershell  6.8 
Special steamed bonemeal-      _ 1.5 
Salt mixture i.         _ 1 2 
Cod-liver oil2  _ 2.8 

Total  100.0 100.0 100.0 100.0 

i A mixture of 100 parts of common salt and 1.7 parts of anhydrous manganous sulfate (or 2.5 parts of 
manganous sulfate tetrahydrate). 

s If a fortified cod-liver oil that contains 400 A. 0. A, C. chick units of vitamin D and 3,000 Internationa] 
Units of vitamin A per gram is used, only 0.7 percent need be included in the mash. 

FEED MIXTURES FOR TURKEYS 

Inasmuch as turkeys are usually raised under somewhat different 
conditions from those under which chickens are raised, and as 
very young turkeys require somewhat more protein, vitamin A, 
and vitamin D, a series of special formulas of feed mixtures for this 
species is given in table 5. 

TABLE 5.—Feed mixtures for turkeys 

Growing mashes All-mash laying 
diets 

Ingredients No 
range 

Fair 
range 

Good 
range 

No 
range Range 

17 18 19 20 21 22 23 

Ground yellow corn  .. w_ 
Percent 

18 
15 
12 
12 
10 
13 

8 
10 

Percent 
15 

: 
10 

7 
7 
7 

10 
10 

Percent 
20 
15 
15 
10 
10 

5 

Percent 
84 
12 
12 
12 
10 
13 

Percent 
25 
25 
20 
10 

19' 

Percent 
30.0 
20.0 
22.0 
5.0 
5.0 
4.0 
3.0 
5.0 

Percent 
30 0 

Finely pulverized oats or barley     .. 20 0 
Wheat middlings or shorts_ __ 24 5 
Wheat bran  
Dried skim milk or dried buttermilk.- __   _ 

6.0 

Meat scrap (55-percent protein)  _,_  3 5 
Fish meal (preferably sardine)  2 0 
Alfalfa-leaf meaL        10 

10 
2 
2 
1 

6 
Corn-gluten meal    _  ___ 
Ground limestone or oystershell  _ __ 4.0 4 0 
Special steamed bonemeal  
Salt or salt mixture i  I 1 

1 
1 1 .5 

1.5 
5 

Cod-liver oil2 _ 10 

Total  100 100          100 100 |        100 100.0 100.0 

1 To prevent perosis, it is desirable that the starting mashes and the all-mash laying diets contain some 
added manganese. To supply this manganese, use a mixture of 100 parts of common salt and 1.7 parts of 
anhydrous manganous sulfate (or 2.5 parts of manganous sulfate tetrahydrate). 

2 If a fortified cod-liver oil that contains 400 A. O. A. C. chick units of vitamin D and 3,000 International 
Units of Vitamin A per gram is used, only one-fourth as much need be included in the mashes and all-mash 
diets. 
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A starting mash should be fed until the poults are 8 weeks old and 
then a suitable growing mash should be fed. It is desirable to begin 
the feeding of cracked corn, or a mixture of cracked grains, after the 
poults are 2 weeks old. After changing to the growing mashes, any 
grain or grain mixture may be fed, but it is desirable to use a grain 
mixture that contains 50 to 75 percent of oats. No grain should 
be fed with the all-mash laying diets. It is unnecessary and un- 
desirable to feed ground limestone or oystershell grit with any of these 
feed mixtures; however, it is desirable to supply gravel or other in- 
soluble grit. 

MANAGEMENT 

Management is an important factor in the economical and efficient 
feeding of poultry. Abrupt changes in diet, insufficient hopper space, 
the use of stale feed, and poorly lighted houses all tend to decrease 
feed consumption and hence to retard growth or slow up the rate 
of egg production. Thus, attention to what may be considered as 
minor details may at times mean the difference between success and 
failure in poultry raising. 

When poultry is kept without access to the soil and to sunshine, 
much more attention must be given to the diet. This is accounted 
for in part by the facts that sunshine may serve as a source of some 
or even all the vitamin D that is required and that the green growing 
grass and other plants may serve as sources of all the other vitamins. 
Furthermore, poultry that has access to the soil (fig. 3) is less likely 
to suffer from a deficiency of some of the mineral elements, for example, 
manganese, than is poultry that is kept off the soil. 

Feed left in the hoppers from the preceding day is usually not so 
palatable as fresh feed; therefore it is good practice to give the birds 
only a little more feed each day than they will eat. The fresh feed 
should be mixed in the hoppers with the small residues from the pre- 
vious feedings so that there will be no accumulation of old feed at the 
bottoms of the hoppers. Furthermore, if the feed mixture contains 
cod-liver oil or other fish oil, no more than can be fed within 10 days 
or two weeks should be mixed at one time. This precaution should 
be observed very carefully when the oil is depended on as the chief 
source of vitamin A. 

Abrupt changes in the diet are to be avoided in the feeding of laying 
stock, especially after the peak of production is reached, because they 
may cause the birds to begin molting somewhat earlier than they would 
otherwise. If for any reason a change in diet must be made, it should 
be made gradually over a period of at least a week or 10 days. 

It is very important that there be sufficient hopper space, otherwise 
the birds may not be able to get all the feed they require. If through- 
out the day the birds are crowded around the hoppers, more hoppers 
should be used. Careful observation of the birds at the feed hoppers 
is the best guide to follow in providing hopper space. 

It is a common practice, when grain or a grain mixture is used, to 
feed it in the litter in order to give the birds some exercise in obtaining 
their feed. Experience gained by feeding chickens in batteries 
indicates, however, that the value of this exercise has been overrated 
very much.    In any case, the feeding of grain in the litter is to be 
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Figure 3.—Good  range may be used  to cut the cost of production and  make feeding easier.    Experimt-iilal ¡jrass plots for poultry at the 
Agricultural Research Center, Beltsville. Md. 
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condemned as an insanitary practice.    The better practice is to feed 
all grain, or so-called scratch feed7 in hoppers. 

When birds are confined in houses, attention should be given to 
lighting. If the houses are poorly lighted, feed consumption may be 
adversely affected. Artificial lighting is sometimes used to increase 
the length of the feeding day during the fall and winter. Properly 
used, artificial lighting tends to increase the production of eggs during 
the fall and to maintain it during the winter. Apparently, however, 
it has little effect on the total annual egg production. If artificial 
lighting is to be used, it should be started about the first of October, 
and at times it may be advantageously started somewhat earlier. The 
total period of light from both natural and artificial sources should be 
about 14 hours. Both morning and evening lighting may be used to 
lengthen the feeding day, but unless dimming devices are used to end 
the evening lighting, it is best to use artificial light only in the morning. 

APPENDIX 

TABLE 6.—Average composition of some feedstuffs used in the feeding of poultry 

Mois- 
ture Ash Crude 

protein 

Carbohydrates 

Fat, or 
other 

extract 
Feedstufí 

Crude 
fiber 

Nitrogen- 
free 

extract 

Grains and seeds 
Barley,       _     _            .            _ ___ .. 

Percent 
10.4 
10.1 
13.4 
9.1 

33.8 
7.0 

11.6 
11.9 

Vt 
11.9 
11.0 
9.9 

11.2 
9.7 
8.9 
7.5 

11.1 
7.0 

10.0 
10.2 
9.3 

10.3 
11.8 

U 
11.8 

¿I 
9.4 

í¿;S 
8.6 
6.0 
5.4 
6.9 

10.3 
11.8 
8.8 

10.7 
8.8 
9.1 

Percent 
2.9 
2.6 
3.6 
4.5 
1.6 

II 
1.8 
4.7 
6.1 
1.3 
1.7 
2.3 
.9 

6.1 
1.5 
5,8 
3.5 
2.3 
2,0 
1,6 
3.3 
4,4 
3.0 
5.9 
7.8 

¿I 
1.6 
5.8 

1:1 
11 
2.2 
2.8 
2.3 
5.6 
4.7 
.5 

10,9 
2.0 
4.8 
5.6 

Percent 
11.8 
8.7 

22.7 
22.7 
7.9 

26.2 
10.5 
10.1 
28.6 
20.5 
9.3 

11.0 
9.9 
8.8 

25.9 
43.0 
41.8 
23.5 
31.2 
10.2 
13.2 
23.3 
22.3 
25.6 
22.9 
31.7 

7.4 
11.0 
11.5 
35.3 
26.0 
11.6 
11.0 
11.2 
16.2 
24.8 
30.4 
45.7 
7.9 
7.5 

13.0 
11.5 
37.9 
43.9 

Percent 
5.9 
5.7 
5.8 
4.5 
.7 

14.7 
8.3 

10.4 
6.0 

11.1 
2.1 

kl 
i.i 
7.2 
2.6 

11.4 
4.1 

11.5 
1.7 
1.8 
5.9 
7.1 
4.4 

18.6 
23.9 

.6 
5.1 
2.0 
8.5 

13.0 
8.7 
2.2 

11.3 
2.1 

17.8 
2.7 
9.2 
8.8 
.4 

12.5 
2.1 
5.0 
5.9 

Percent 
66.9 
71.0 
53.0 
58.0 
55.4 
41.8 
63.0 
63.5 
42.2 
44.7 
71.2 
68.8 
61.6 
75.5 
48.5 
42.1 
27.1 
56.3 
37.5 
72.6 
70.2 
57.0 
23.1 
53.6 
18.4 
25.3 
77.6 
65.5 
70.1 
35.0 
45.7 
63.1 
70.9 
59.5 
64.2 
14.0 
11.6 
24.0 
66.3 
79.4 
41.1 
72.0 
26.6 
30.0 

Percent 
2.1 

Barley (Pacific Coast States)  1.9 
Beans, navy  
Beans, pinto  
Bread .__   
Brewers' grains, dried  
Broomcorn  
Buckwheat              __   ___ ___         

1.5 
1.2 
.7 

6.6 

11 
Buckwheat middlings                          _     ._..-_ 7.1 
Coconut meal (old process)  __     .. _   ___ 8.3 
Corn  
Corn, Argentine  
Corn bran ._ 

4.2 
5.7 
6.7 

Corn meal                -       _-_. - 2.0 
Corn-gluten feed  _      ... 2.6 
Corn-gluten meal                        _     __ _   _ 1.9 
Cottonseed meal (41-percent protein) 6.4 
Cowpcas  
Distillers' grains (corn)                        

1.5 
10.5 

Durra                                          _ .._   ___ _ 3.5 
Feterita                         _     . _   __     3.0 
Field peas         ___ __    ___      __    _ 1.2 
Flaxseed                                      _     _ _ _   32.8 
Garden peas                   _     _           --    __-- 1.6 
ITerrmseed                 __   __  26.6 
HernüSGcd meal                             --    - --  4.0 
Hominv (nearled)                      - -- -- 1.9 
Hominyfeed             -- 6.7 
Kafir                                            3.1 
Linseed meal fold nrocess)  6.0 
Malt sprouts                   - -  1.5 
Millet (nroso)                                                       3.6 
Milo                           2.9 
Oats                                 _--_     --  4.5 
Oatmeal or rolled oats                        _         6.7 
Peanuts (hulls on)          _         34.6 
Peanut kernels        _      ___ ___   47.6 
Peanut meal (no hulls) (old process)  
Rice (whole)                  ___   

8.6 
2.0 

Rioe fnolished)                                       __ _ _ -      .4 
liifiG bran                                          13.7 
Kye    1.7 
Soybeans                  -  16.9 
Soybean meal _   --- 5.6 
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TABLE 6.—Average composition of some feedstuff s used in the feeding of poultry—Con. 

Feedstuff 

Grains and seerii—Continued 
Sliallu. 
Sunflower seed  
Sunflower seeds (hulled)  
Velvetbeans  
Wheat  
Wheat bran  
Wheat flour  
Whear-flour middlings  
Wheat-germ meal  
Wheat middlings, standard. 
Wheat red-dog flour  
Wheat shorts (gray)  

Feeds of animal, origin 
Beef scrap  
Bonemeal, steamed  
Bonemeal, special steamed  
Buttermilk  
Buttermilk, condensed  
Buttermilk, dried  
Crab meal  
Fish meal (average of unidentified fish meals). 
Fish meal, herring  
Fish meal, menhaden  
Fish meal, whitefish (high ash)  
Fish meal, whitefish (low ash)  
Fish meal, sardine  
Fish meal, tuna  
Liver meal. Argentine  
Meat scrap (55-percent protein)  
Meat-and-bone scrap (50-percent protein)  
Pork liver, dried  
Pork cracklings  
Shrimp meal (or bran)  
Skim milk    
Skim milk, dried  
Tankage (60-percent protein)  
Whey  
Whey, dried  

Green feeds, etc. 
Alfalfa, fresh  
Alfalfa-leaf meal  
Alfalfa meal  
Beet pulp, dried  
Cabbage  
Cane molasses  
Carrots  
Grapefruit refuse, dried  
Kale. 
Mangels  
Orange peel, dried  
Orange-pulp meal  
Potatoes  
Rape  
Red clover hay  
Rutabagas  
Turnips  
Yeast, brewers', dried. 

Mois- 
ture 

Percent 
10.0 
7.4 
5.0 

10.0 
11.0 
10.2 
12.9 
10.5 
8.7 

11.1 
10.2 
10.3 

0,5 
3.1 
3.1 

90.8 
71.6 
7.1 
8.1 
8.0 
9.1 
8.0 
7.8 

12.1 
8.0 
5.0 
5.0 
6.7 
6.0 
4.8 
5.0 

11.0 
90.5 
6.0 
8.0 

93.7 
6.3 

Ash 

Percent 
1.8 
3.4 
3.8 
3.0 
1.8 

4.6 
4.1 
2.7 
4.1 

21.5 
73.8 
85.1 

.8 
3.5 

10.1 
40,1 
19.7 
12.1 
20.4 
26.0 
17.6 
15.0 
20.2 
5.0 

24.2 
29.2 
5.3 
2.3 

33.9 
.7 

7.9 
19.5 

.6 
8.5 

Crude 
protein 

Percent 
12.9 
16.0 
28.0 
24.8 
12.4 
15.6 
10.7 
17.0 
28.9 
16.9 
16.9 
17.6 

68.0 
13.0 
6.5 
3.2 

10.6 
33.4 
34.7 
60.4 
66.0 
57.5 
61.6 
60.9 
07.0 
60.7 
65.4 
55.2 
50.0 
63.7 
56.4 
42.0 
3.5 

35.0 
59.8 

.8 
12.5 

I 

2.5 
12.0 
8.7 
3.3 

24.8 8.2 
88.4 1.1 
9.3 4.3 

88.4 1.9 
90.1 ].l 
14.0 4.1 
10.8 3.4 
78.8 .9 
84.6 2.2 
12.3 6.7 
88.8 1.0 
90.6 .8 
7.0 7.3 

4.6 
20.4 
16.0 
9.3 
1.8 
3.0 
1.1 
4.8 
2.4 
1.5 
5.8 
7.5 
2.0 
2.6 

12.7 
1.2 
1.3 

46.5 

Carbohydrates 

Crude 
fiber 

Percent 
1.8 

28.6 
6.0 
6.2 
2.4 
9.0 

.4 
5.1 
2.7 
6.6 
3.2 
5.5 

2,2 
.8 

2.6 
.0 
.0 
.4 

8.5 
.7 

.4 

.6 

.4 

.4 

.8 
2.2 
2.1 
.4 
,0 

9.5 
.0 
.0 

2.7 
.0 
.3 

7.5 
17.1 
27,3 
19.1 
1.1 
.0 

1.2 
11.6 
1.5 
.8 

10.6 
8.9 
.5 

2.4 
25.7 
1.5 
1.1 
1.1 

Nitrogen- 
free 

extract 

Percent 
70.0 
21.4 
16.2 
50.8 
70.5 
55.1 
74.2 
59.3 
44.7 
56.6 
62.6 
58.0 

.7 
2.8 
2.1 
4.6 

12.2 
44.0 
6.5 
3.5 
3.0 
4.1 
1.2 
.1 

3.6 
5.1 
9.8 
1.0 
1.8 

15.0 
4.1 
1.4 
5.1 

50.0 
1.8 
4.9 

71.7 

10.7 
40.1 
37.2 
58.5 
5.2 

64.0 
7.9 

68.7 
5.3 
6.4 

64.8 
67.9 
17.7 
7.6 

39.6 
7.3 
6.0 

35,3 

Fat, or 
other 

extract 

Percent 
3.5 

23.2 
41.0 
5.2 
1.9 
4.2 
1.4 
4.6 

10.4 
4.7 
4.4 
4.5 

11.1 
6.5 
.6 
.6 

2.1 
5.0 
2.1 
7.7 
9,2 
9.2 
3.0 
8.7 
6.0 
8.6 

14.0 
10.7 
10.9 
10.8 
32.2 
2.2 
.2 

1.1 
8.2 
.0 

2.6 
2.5 
.8 
.3 
.0 
.3 

1.3 
.5 
.1 

1.5 
.1 
,6 

3.0 
.2 
.2 
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TABLE 7,—Average calcium, phosphorus, and manganese contení of some feed stuffs used 
in the feeding of poultry 

Feedstufî 
Cal- 
cium 
(Ca) 

Phos- 
phorus 

(P) 

Manga- 
nese 
(Mn) 

Parts 
per 

million 
16 
13 
4 

20 
80 

85 
5 

16 
24 

4 
4 

18 
30 

< 

(,)
2 

16 
16 

40 
35 
35 
15 
34 
20 

(1) 

280 
40 
31 

{ 
119 

4 
113 
160 

119 
35 
60 

5 
Trace 

0.2 

(o-4 

Feedstuff 

Feeds of animai origin— 
Continued 

Fiphmea] (average of un- 
identified fish meals)... 

Fish meal, herring  
Fish    meal,    whitefish 

(high ash)  

Cal- 
cium 
(Ca) 

Phos- 
phorus 

(P> 

Manga- 
nese 
(Mn) 

Grains and seeds 

Barley  
Percent 

0. 05 
.16 

■04 
.on 
.29 
.01 
.03 

-.11 
.01 

.23 

.10 

,04 
.02 
.08 
.25 

:% 

.03 

.33 

.18 

.01 

.04 

.10 

:^ 

;¿? 
.10 

il 
.29 
.41 
.04 
.11 
.02 

;S 
.08 
.07 
.08 

7.23 
.18 
.56 

1.56 
13. 25 

Percent 
0.36 

.45 

.10 

.46 

.43 

.64 

ig 
.64 
.40 
.30 

1.18 
.46 

1 
:% 
■I* 
.51 
.35 

.74 

.70 

.33 

.32 

.36 

.44 

.39 

.56 

.09 
1.84 

:1 
.60 
.99 
.39 

1.21 
.11 
.69 

1.01 

1 
3.73 

.10 

.33 
1.05 
.50 

Percent 
6.50 
3.83 

9.09 

5.84 
4.73 
6.25 

.11 

10. 20 

8.25 
.06 
.13 

1.27 

7.16 
.05 
.83 

.42 
1.90 
1.44 

:Ä 
.56 

:¾ 
.1« 
.73 
.64 
.02 
.34 

1.17 

:1 
1.26 

22.95 
27.00 
28.80 
31.30 
23.74 
25.00 
39.20 
38.00 

.00 

.00 

Percent 
3.60 
2.50 

4.70 

3.04 
2.63 
3.46 
.90 

4.91 

4.00 
1.12 
.11 
.96 

3.53 
.04 
.70 

.07 

.22 

.21 

.07 

.04 

.06 

.07 

.10 

.07 

.11 

.10 

.06 

.07 

.18 

.04 

.05 
1.21 

10. 42 
13.00 
13.34 
14.49 
2.55 

Trace 
.00 

Trace 

.00 

,00 

Parts 
per 

million 
Beans, navv 45 
Bread                       _ 0' 
Brewers' grains, dried.... 

0) 
Coconut meal (old proc- Fish    meal,    whitefish 

(low ash)  (1) 
Oorn          Fish meal, sardine  

Fish meal, tuna ___ 
,40 

Horn bran 0) 
Corn-gluten feed         _ _ Liver meal, Argentine. _. 

Meat-and-bone scrap (50- 
percent protein)  

Meat  scrap  (55-percent 
protein)  

4 
C orn-gluten meal  
Corn me^l 10 
Cottonseed meal (41-per- 

oent nroteml 18 
Pork liver, dried  4 

Distillers' grains (corn), 
dried   

Skim milk, liquid  
Skim milk, dried  
Tankage (60-percent pro- 

Whev, liquid  

Trace 
0.6 

Feterita           _    
Field peas 14 
FlflYSPPd 1 
frfirrlpn DPA«! Whev, dried..   14 
Hempseed meal 

Green feeds, etc. 

Alfalfa (green)...  

Hominy._ __ ___   
Hominy feed 
Kafir 
Linseed meal (old proc- Alfalfa-leaf meal. _ __ 30 

Alfalfa meal  26 
Malt sprouts  
Millpt inro^o") 

Beet nulo, dried 23 
Cabbage  21 

Milo  Cane molasses  
Carrots  

m 
Oats 0) 
Oatmeal, or rolled oats. _. 
Peanut kernels  
Peanut meal (old proc- 

ess)                    --    --- 

Grapefruit refuse, dried- 
Kale        Ä 
Orange peel, dried  
Orange-pulp meal  
Potatoes  

ß 
Rioe (polished)  
RIOP bran 

3 
Rape  50 
Red clover hay   40 
Rutabagas  0) 
Turnips  m 
Yeast, dried   2 

Wheat     
Calcium, phosphorus, and 
manganese supplements 

Bone, fresh.           . 

Wheat bran - __ __ 
Wheat flour   .     ..  
Wheat-flour middlings... 
Wheat-germ meal  
Wheat middlings, stand- 

ard  
Wheat red-dog flour  
Whppt qbnrN 

12 
Bonemeal 13 
Bonemeal, steamed  
Bonemeal, special steamed. 
Crab shell  

6 
2 

300 
G vpsum (1) 

Feeds of animal origin 

Beef scrap 

Limestone, high-calcium. 
Oystershell, washed  

Manganous sulfate, an- 
hydrous 

200 
100 

B utterinilk, liquid  
Buttermilk, condensed_._ 
Buttermilk, dried  
Crab meal  

Percent 
36.3 

Manganous sulfate, tet- 
i     rahydrate  24.6 

Information lacking. 
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TABLE 8.—Average digestibility in the chicken of some Jeedstuffs used in the 
feeding of poultry 

Feedstulï 

Grains and seeds 
Barley  
Buckwheat  
Corn, whole or cracked  
Corn, ground  
Corn meal  
Corn, Argentine, whole or cracked._. 
Corn, Argentine, ground  
Cottonseed meal  
Cowpeas  
Feterita  
Field peas  
Garden peas  
Kafir  
Millet  
Milo  
Mixed feed (laying mash)  
Oats  
Oatmeal, or rolled oats  
Rice (whole)  
Rice bran  
Rye  
Soybeans  
Soybean meal  
Shallu  
Wheat  
Wheat bran  
Wheat middlings  
Wheat shorts  

Feeds o/ animal origin 
Beef scrap  
Buttermilk, dried  
Fish meal  
Meat scrap and meat-and-bone meal 
Skim milk, dried  
Tankage  

Green feedst etc. 

Alfalfa-leaf meal  
Alfalfa meal  
Beet pulp, dried  
Potatoes  
Clover hay  

Organic 
matter 

Percent 
76 
72 
87 
88 
87 

Crude 
protein 

Percent 
75 
59 
76 
79 
74 

Crude 
fiber 

Percent 

Nitro- 
gen-free 
extract 

Percent 

Fat, or 
ether 

extract 

Percent 
62 

36 

Total 
digestible 
nutrients 

Percent 
68 
65 
80 
81 
80 
83 
84 
69 
65 
82 
66 
72 
81 
72 
80 
83 
62 
85 
65 
41 
60 
86 
71 
83 
73 
41 

77 
72 
71 
70 
76 
69 

25 
15 
16 
20 

TABLE 9.—Average vitamin content of some feedstuffs used in the feeding of poultry 

Feedstuff 
Vitamin 

A per 
pound 

Grain and seeds 
Barley     
Beans, navy  
Beans, pinto  
Bread  
Buckwheat  
Corn, yellow  
Corn, white  
Corn-gluten meal (yellow)  
Cottonseed meal (41-percent protein). 
Cowpeas.   
Field peas  
Garden peas  
Hempseed meal  --   

See footnotes at end of table. 

Interna- 
tional 
Units 

400 

00 
3,180 

0 
6, 800 

600 
1,360 
2,720 
4, 540 
(6) 

Vitamin 
Bipcr 
pound 

Interna- 
tional 
Units 

250 
250 

2,270 
10 

500 
270 
270 

(6) 
1,800 
450 
450 
450 

m 

Vitamin 
D per 

pound l 

A.O.A.C. 
chick 

units 3 
Trace 

Vitamin 
E2 

8 
ÎÎ 

I 

Vitamin 
G (ribo- 
flavin) 

per 
pound 

Chick 
antider- 
matosis 
factor 
per 

pound 

Micro- 
grams 

(gammas)' 
400 

I 
300 
450 
450 

0 
300 
350 

1,100 

Modified 
Jukes- 

Lepkovsky 
units » 

0.7 
.1 

I, 
.7 

«.o 
1.3 

1.0 
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TABLE 9.—Average vitamin content of some feedstuff s used in the feeding of poultry- 
Continued 

Feedstuff 

Grain and ^6ds—Continued 
Kafir  
Linseed meal (old process)  
Milo  
Oats  
Oatmeal, or rolled oats  
Peanuts (hulls on)  
Peanut kernels  
Peanut meal, no hulls (old process) _ 
Rice bran  
Rye  
Soybeans  
Soybean meal  
Wheat    
Wheat bran  
Wheat flour  
Wheat-germ meal  
Wheat-flour middlings  
Wheat middlings, standard  
Wheat red-dog flour  
Wheat shorts  

Feeds of animal origin 
Buttermilk, liquid  
Buttermilk, dried  
Buttermilk, sweet cream, dried-. 
Cod-liveroil  
Cod-liver oil, fortified  
Fish meal, white  
Fish meal, sardine  
Fish meal, menhaden  
Liver meal, Argentine  
Meat scrap  
Pork liver, dried  
Sardine (pilchard) oil  
Skim milk, liquid  
Skim milk, dried  
Tankage  
Whey, dried  

Green feeds, etc. 
Alfalfa (green)  
Alfalfa-leaf meal, dehydrated  
Alfalfa-leaf meal  
Alfalfa meal  
Cabbage  
Cane molasses  
Carrots  
Kale  
Potatoes  
Red clover hay  
Turnips  
Yeast, brewers', dried  

Vitamin 
A per 
pound 

Vitamin 
Biper 
pound 

Vitamin 
Dpcr 

pound ! 

Interna- Interna- 
tional tional 
Units Units 

250 m 
200 2,000 
250 (6) 

80 270 
(6) 230 
m 900 m 1,500 

250 900 

ñ 1,500 
(6) 250 

600 1,100 
170 900 
140 340 
150 450 

(6) 10 
1,900 1,930 

100 800 
120 1,000 
60 («) 

120 1,000 

25 40 
200 400 
200 400 

340,190 0 
362,000 0 

(G) m 
(6) m 
(6) m 6) (6) 
(6) m 

47, 670 170 
45, 240 (6) 

15 40 
130 400 

(6) m 
(«) w 

63, 560 225 
95, 000 450 
32, 000 400 
13,000 400 

200 100 
(6) («) 

18, 200 100 
181, 400 100 

220 80 
9,000 450 
m 70 m 4,500 

A.O.A.C. 
chick 

units s 

Trace 

(6) 
Trace 
Trace 

' 45, 360 
181, 600 

1 
200 

45, 360 

Vitamin 

i      per 
pound 

++++ 

+++ 

î 

I 
m 
V 

Chick 
antider- 
matosis 
factor 
per 

pound 

Micro- 
grams 

{gammasy 
(6) 

900 
400 
400 

(6) 
950 

1,200 
1.200 
900 

(6) 
1, 300 
1,400 
400 

1,000 
(6) 
1,800 

700 
900 
450 
900 

1, 200 
9,000 

14, 000 
0 
0 

4, 500 
3,200 
2,250 

18, 500 
2,700 

45, 360 
0 

1,000 
9, 500 

800 
12,000 

2,000 
8,000 
7,000 
5,000 

100 
2,000 

120 
2.240 

55 
(,) « 

16, 000 

Modified 
Jukes- 

Lepkovsky 
units 3 

(';o,. 
.7 

(9) 

m 

(«) 

4.0 
4.0 
1.8 

1.0 
1.0 
.7 

1.8 

.3 
3.0 
3.0 
0 
0 
.2 
.2 
.2 

8.0 
.2 

10.0 
0 
.3 

2.5 

4.0 
(3) 

(«) 

1 

.1 
3.0 
2.0 
1.5 

6.0 
.1 

15.0 

i Leaders (_ ) mean that the feedstuff contains no appreciable quantity of vitamin D. 
2 The symbols in this column have the following meanings: + Fair source of vitamin E; ++ Good 

source of vitamin E; +++ Very good source of vitamin E; ++++ Excellent source of vitamin E. 
s This is the official unit of the Association of Official Agricultural Chemists. It is equivalent to 1 inter- 

national Unit of the kind of vitamin D found in pure cod-liver oil. 
4 A microgram, or gamma, is one-millionth of a gram; it is equal to approximately one twenty-eight mil- 

lionth of an ounce. 
5 The modification consists in giving the same value to a pound of the feedstuff as was originally given to 

a gram. In order that a diet may supply enough of the chick antidermatosis factor, it should contain not 
less than 0.9 modified Jukes-Lepkovsky unit per pound. 

e Information on vitamin content is lacking. 
7 Cod-liver oil, if it is to be sold legally as such in interstate commerce, must contain at least 272,150 Inter- 

national Units of vitamin A and 38,590 International Units of vitamin D per pound. The vitamin A 
content of cod-liver oil varies from 272,150 to about 1,000,000 International Units per pound and the vitamin D 
content from 38,590 to about 160,000 units per pound. Cod-liver oil and other vitamin-bearing fish oils 
should be purchased only from reliable sources and should be used according to the manufacturer's guarantee 
of their vitamin potency. 



NUTRITIONAL  REQUIREMENTS 

OF  DOGS 

by Imogene P. Earle1 

H t K t is a discussion of the nutrition of dogs from the theoretical stand- 
point. It deals with such questions as whether or not they must have an 
all-meat diet; whether or not they can digest carbohydrates; what are the 

proper proportions of protein, fat, and carbohydrate in the diet; what their 
energy needs are in terms of calories; and what are their quantitative 
needs for minerals and vitamins. The practical feeding of dogs is taken 

up in a later article. 

THE DOG in his natural state was a carnivorous animal subsisting al- 
most entirely on the flesh, bones, blood, and viscera of animal car- 
casses and living under conditions in which abundant exercise and 
free access to sunlight, soil, and green leaves played an important part. 
During the process of his domestication, however, he has had imposed 
on him a different set of conditions. Generally speaking, the amount 
of his exercise has been reduced, he has been restricted in his access 
to sunlight, and his dietary habits have for the most part become those 
of the omnivores, which live on both animal and vegetable foods. 

Under these new and artificial conditions the dog is far more subject 
to nutritional-deficiency diseases than under natural conditions. 
Such diseases, in the light of present knowledge, can usually be easily 
recognized in their acute stages and may be prevented or cured by 
correcting the deficiency. However, deficiencies so marked and 
extreme as to produce acute disease undoubtedly occur much less 
often than partial and perhaps multiple deficiencies which result in 
lowered vitality, decreased appetite, dull coat, impaired reproductive 
functions, decreased rate of growth in the young, and other signs of 
general ill health. These symptoms are such as can be attributed 
either to infection or to malnutrition and their correlation with feed- 
ing practices is difficult. 

The nutritive requirements of the dog have received an increasing 
amount of attention and interest within the past few years. Dog 
races and  dog shows have grown in popularity,  and as scientific 

i Imogene P. Earle is Associate Biochemist, Division of Animal Nutrition, Bureau of Animal Industry. 
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knowledge of the fundamentals of nutrition has increased, the breed- 
ers and owners of racing and show dogs, and of pets and working dogs 
as well, have become more conscious of the importance of nutrition 
in the health and performance of their animals. In recent years 
the preparation of dog foods has grown to remarkable proportions 
as an industry. The manufacturers are concerned with knowing the 
composition of adequate rations on which a profit can be made, and 
in some instances they have carried out experimental work in testing 
the efficiency of their products in the nutrition of dogs. Veterinarians 
also have been interested in the proper nutrition of the dog, since they 
recognize that a large percentage of their canine patients are suffering 
from ills of nutritional origin. 

Although the amount of scientific investigation concerned primarily 
with the food requirements of the dog has not been great, the dog has 
been used as a laboratory animal in fundamental nutrition studies 
more extensively than any other domestic animal. As a result a 
good deal is known about many aspects of his nutrition such as vita- 
min requirements, both qualitative and quantitative; bone and tooth 
formation; and ability to digest and utilize carbohydrates. His 
energy requirements can be calculated from the standards of De- 
chambre, as reported by Linton {687),2 and oí Brody, Procter, and 
Ash worth (ÏÔ7), While little that is specific is known about his mineral 
requirements, estimates of his needs for minerals are made on the 
basis of the requirements established for human nutrition. Informa- 
tion regarding his specific protein requirements is meager, and esti- 
mates of his protein needs and of the proportions in which protein, 
fat, and carbohydrate should be combined in his diet have been based 
for the most part on the composition of diets that have been found in 
practice to be satisfactory. 

In spite of the results of many studies involving the nutrition of 
the dog, there is a great divergence of opinion among veterinarians and 
dog breeders concerning the feeding of dogs. For example, Quitman 
{94O) after more than 40 years of veterinary practice in which he states 
he has treated approximately 50,000 dogs, 20 percent of which were 
suffering from ills of dietetic origin, has concluded that dogs do best 
on a meat diet exclusively and that they do not digest starchy or 
vegetable foods. Spaulding {1092), in his paper on the proper feeding 
of dogs, has stated that 75 percent of dogs have difficulty in digesting 
vegetables and has recommended a diet in which meat is used in large 
proportions but is supplemented by cooked cereals in the form of bis- 
cuit. He further advised against the use of any sloppy or mushy 
foods. There is ample support in the veterinary journals for these 
views regarding the indigestibility of vegetables from the point of 
view of supplying energy and protein needs. The function of vege- 
tables in the diet as an important source of vitamins and minerals is 
fairly generally recognized. Some veterinarians agree with Quitman 
that no carbohydrates in the form of cereals or vegetables should be 
included in the dog's diet. Many others allow a limited amount of 
carbohydrate foods, but there is diversity of opinion as to kind and 
amount. There is, however, fair agreement among the veterinarians 
that meat is the essential basis of all successful diets. 

- Italic numbers in parentheses refer to Literature Cited, p. 10 5.7 
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Contrary to these opinions regarding the indigestibility of vege- 
tables and the inadvisability of feeding sloppy food are the excellent 
results cited by Lin ton {687), obtained at the greyhound-racing 
establishments of England where the dogs are fed relatively large 
quantities of vegetables which are cooked and fed as slop. And in 
contradiction to the belief that meat is essential to a successful diet 
are the satisfactory results reported by Cowgill {283), Morgan {813), 
and many others from the use of meat-free diets in the laboratory. 

An attempt is made here to correlate some established facts con- 
cerning the physiology and nutritive requirements of dogs with results 
of observations on practical feeding that are often seemingly con- 
tradictory. 

PHYSIOLOGY OF DIGESTION IN THE DOG 

The teeth of the dog are typical of those of the carnivores. Food 
is bolted without chewing and there is no digestion in the mouth. 

The capacity of the stomach is quite large in relation to the size of 
the body and to the capacity of the intestines. The intestines have 
a little more than half (0.6) the capacity of the stomach in the dog, 
whereas in the pig they have 2.3 times the capacity of the stomach, 
and in the horse 11 times. 

The stomach of the dog has a powerful muscle (the pyloric sphincter) 
which normally does not permit passage of partly digested food until 
gastric digestion is complete; hence digestion in the stomach is some- 
what prolonged. The gastric juice is similar in composition to that of 
man except that it has a higher content of hydrochloric acid and of 
pepsin. 

Gastric digestion concerns principally proteins, since the amounts 
of carbohydrates and of fat digested in the stomach are unimportant. 

In the dog and in the carnivores in general, digestion of carbohy- 
drates and of fats occurs for the most part only in the small intestine, 
and absorption of food materials is believed to take place largely from 
the small intestine. The enzymes necessary for completing the diges- 
tion of proteins and for the digestion of fats, starches, and sugars are 
present in the digestive juices from the pancreas and small intestine, 
but intestinal digestion is of relatively short duration because of the 
limited capacity of the small intestine. Apparently the chief func- 
tions of the large intestine are to permit absorption of water from the 
undigested food residue and to serve as a reservoir for the waste 
materials which constitute the feces. 

The digestive canal of the carnivores differs from that of both the 
omnivores and the herbivores in the relative size and capacity of the 
different sections as well as in their functions. The differences in the 
relative capacities of different parts of the gastrointestinal tract of 
three species representing the herbivores, the omnivores, and the 
carnivores, respectively, are shown in table 1, which has been adapted 
from Dukes {285, p. 226), 

The large intestine of the dog is short and of small capacity as 
compared with that of animals adapted by nature to subsist either 
wholly or largely on plant foods. The difference extends to function 
as well as to anatomy. In the dog, the large gut is designed to serve 
chiefly for storage of a limited and compact bulk of waste material; 
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it is not suited as a site for the prolonged action of bacterial enzymes; 
which are considered important factors in the digestion of cellulose 
and other fibrous constituents of plant foods; and there is probably 
relatively little, if any, absorption of products of digestion. 

TABLE L -Relative capacity of different parts of the gastrointestinal canal in herbivores, 
omnivores, and carnivores 

Animal 
and type Part of canal 

Rela- 
tive 
ca- 

pacit y 

Animal 
and type Part of canal 

Rela- 
tive 
ca- 

pacity 

| 
'   Animal 
( and type Part of canal 

Rela- 
tive 
ca- 

pacity 

Horse (her- 
bivore). 

Stomach  
Small intes- 

tine. 
Cccum  
Colon   and 

.   rectum. 

Total  

Percent 
8.5 

30.2 

15.9 
45.4 

100.0 

Pig (om- 
nivore). 

Stomach  
Small intes- 

tine. 
Cecum  
Colon   and 

.   rectum. 

Percent 
29.2 
33. 5 

5.6 
31.7 

Dog (car- 
I     vore\ 

i 

Stomach  
Small intes- 

tine. 
Cccum  
Colon   and 

rectum. 

Total  

Percent 
62.3 
23.3 

1.3 
13.1 

Total  100.0 100.0 

In the herbivorous animals the case is quite otherwise. The large 
intestine constitutes a large percentage of the total length and total 
capacity of the canal and serves an important function in the digestion 
and absorption of food. In the capacious large intestine of the her- 
bivores with simple stomachs, fermentation and solution of the fibrous 
portion of food take place during a prolonged period of digestion; 
foods liberated by the solution of the cellulose membranes of plant cells 
are digested and products of this digestion are absorbed. The large 
cecum and colon accommodate a bulky diet and provide for the 
lengthened period required for the digestion of fibrous foods that 
leave a bulky residue. 

The tract of the dog, being relatively short, is best adapted to a 
concentrated diet that can be digested comparatively quickly and 
will leave a nonbulky residue. Foods of animal origin are admirably 
suited to the digestive physiology of the dog because of the ease and 
completeness with which they are digested as compared with plant 
foods, which contain considerable amounts of indigestible structural 
material. 

UTILIZATION OF CARBOHYDRATES 

The common belief that dogs do not tolerate a diet containing a high 
percentage of carbohydrate must be based on some other factor than 
the inability of the dog to digest starch, for it has been clearly shown 
experimentally (579, 987) that dogs can digest large quantities of 
cornstarch either raw or cooked. Starches in the form of cooked rice 
fed to mature dogs for a period of 15 days in amounts up to 33 calories 
a day per pound of body weight—an amount sufficient to satisfy total 
energy requirements—have been found to be 95-percent digested. 
Further, the dogs so fed suffered no noticeable ill effects from the 
starch feeding. 

Such results as these lead to the conclusion that if dogs do poorly 
on high-starch diets it is due to some other factor than any effect of 
the starch itself. In practice, the unfavorable results obtained are 
probably due to an imbalance of or deficiency in vitamins, minerals, 
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or proteins, or to the presence of too large amounts of indigestible 
crude fiber along with the digestible starch and sugar. 

In cereals and vegetables the digestible carbohydrates and proteins 
are contained within cell walls of cellulose and can be acted upon by 
digestive enzymes only after the cell contents are liberated by the 
rupture of the enclosing membranes. These cellulose membranes may 
be ruptured by mechanical means such as grinding, chewing, or appli- 
cation of pressure, by cooking, and by cellulose-splitting enzymes of 
certain micro-organisms. The delicacy of the cellulose membranes 
and the ease with which they are broken down vary widely in different 
plant products and with age, hardness, and the part of the plant used. 

The investigations of the digestibility of crude fiber or cellulose by 
the dog have been reviewed by Mangold {744)- Some workers have 
found crude fiber to be almost wholly indigestible, while others have 
found a considerable degree of digestibility. This variability has 
been explained by Thomas and Pringsheim (cited by Mangold) as 
being due to variations in intestinal flora. The dog by nature is with- 
out cellulose-splitting bacteria, but under some conditions, after having 
been fed large amounts of plant foods, he may develop an intestinal 
flora capable of digesting the more delicate vegetable celluloses. 

Mangold {744) has quoted some figures obtained by Lössl on the 
digestibility of fiber of potatoes and of cereals by Fox Terriers. These 
dogs digested fiber prepared from different sources as follows: 

Fiber from— Percent digested 
Barley meal  7. 67-33. 53 
Potato flakes  15. 37-23. 07 
Boiled potatoes  3. 27-86. 83 
Rye meal  14. 54-24. 28 
Wheat meal  2. 92-87. 52 
Rice  25. 24-80. 05 

Such wide individual variations with a given carbohydrate can be 
best explained only on the basis of differences in individual dogs in 
intestinal flora and in adaptability of the digestive system to an 
omnivorous diet. Fingerling and Schoeneman {861) have suggested 
that different carbohydrates also differ in the extent to which they are 
utilized independently of digestibility. Their conclusions were based 
on results from a group of dogs kept on a maintenance diet of horse 
meat, which was supplemented by equivalent amounts of several 
carbohydrates. Different sugars were utilized with equal efficiency 
but starch they thought was used with greater efficiency than the 
sugars. 

The influence that carbohydrate foods may have on certain phases 
of mineral metabolism demands attention in a consideration of the 
place of carbohydrates in the diet of the dog. It has been shown by 
Mellanby {778) that a diet containing just enough calcium and 
vitamin D to allow normal bone building (calcification) in growing 
puppies produced rickets when it included a large proportion of 
cereals. This action of cereals has been explained as the result of a 
disturbance in calcium absorption due to formation of an insoluble 
calcium compound in the presence of a high proportion of a compound, 
phytin, furnished by the cereals. The combination of calcium with 
phytin (or its split products) apparently occurs, however, only in the 



REQUIREMENTS OF DOGS 849 

absence of fat, since it has been found that the addition of as much as 
11 percent of lard or olive oil will counteract the anticalcifying action 
of the cereals (7^7). 

The advantages of including carbohydrates in the diet of the dog 
are that carbohydrates are a cheap source of energy, both in initial cost 
and in the work required of the organism for metabolism; and easily 
digested carbohydrates reduce the break-down of body proteins. 
Further, some carbohydrate is required for the metabolism of fat. 

Since there is ample experimental evidence that the dog has no 
difficulty in digesting and using starch and sugar for the production of 
energy, it may be concluded that the presence of a high percentage of 
these carbohydrates in the diet is innocuous if the diet is otherwise well 
balanced as to protein, minerals, and vitamins, and contains sufficient 
fat, and if there is no excessive amount of indigestible and possibly 
irritating cellulose. 

PROPORTIONS OF CARBOHYDRATE AND FAT 
Apparently the ratio between fat and carbohydrate may be varied 

within wide limits as long as the requirements for proteins, minerals, 
and vitamins are met. Ivy (578) has stated that, if the amount of 
fat is increased gradually, as much as 40 percent of fat in the diet of 
the dog seems to be well tolerated. Morgan (814) reported excellent 
results from the use over a period of 2 years of a stock ration contain- 
ing approximately 24 percent of fat. The ration she used later for 
puppies contained 11 percent of fat. However, in Linton's (687) 
recommendations for an average diet for adult dogs, 5 percent of fat 
and 70 percent of carbohydrate are suggested. It has already been 
pointed out that a certain amount of fat in the diet is important in 
the absorption and utilization of calcium and phosphorus, especially 
where the percentage of cereals is high and the calcium and vitamin D 
content no more than just sufficient. In the light of the findings 
of MacDougall (7^7) in this respect it seems advisable that the amount 
of fat, especially for the growing dog, should be not less than 11 per- 
cent if the proportion of cereal is high, and less than 40 percent in 
any case; though many rations containing less than 11 percent of 
fat are apparently adequate for adult dogs. In rations low in fat it 
is particularly important that a good source of the fat-soluble vitamins 
be included. 

PROTEIN REQUIREMENTS 
The view that meat is the essential basis for all successful dog diets 

receives its chief support from two facts: (1) Meat is in general easily 
and almost completely digested, leaving little residue; in this respect 
it is better adapted to the digestive physiology of the dog than the 
plant products in which the protein may be enclosed in supporting 
structures of the plant tissues, which are digested with more difficulty 
and leave a bulky residue. (2) Proteins of animal origin as a class 
are undoubtedly superior in biological value to those obtained from 
plants. There remains to be considered, however, the fact that meat 
is probably less important in the dietary of the dog than popular 
opinion indicates. 

Proteins are required by any animal body (1) for the replacement 
141394 0--3y 05 
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of the tissue proteins, which are broken down in the metabolic proc- 
esses involved in body maintenance, and (2) for building new tissues 
in growth and reproduction. Proteins digested and absorbed in excess 
of these requirements are for the most part used for the production of 
energy—either stored as carbohydrate or fat, or expended in heat or 
work. As sources of energy, however, proteins are less efficient than 
carbohydrates and fats since they require more energy for their 
metabolism. 

The question whether protein in excess of the two requirements 
mentioned is advantageous or disadvantageous has long been debated. 
It is believed by some that the metabolism of excess protein places 
an unnecessary burden on the body as a whole and on the kidneys in 
particular. At least direct evidence of definite beneficial effects from 
any large excess of protein seems to be lacking. However, during the 
growth period an increase of protein intake above the minimum 
requirements has a beneficial effect under normal conditions. 

Studies of the amount of body protein used by the adult animal in 
maintaining the metabolic processes essential to life have indicated 
that the amount of protein required for maintenance is the same for 
all species per unit of surface area and hence increases with body 
size. The theoretical requirements for growth, on the other hand, 
are the amounts of protein actually stored as new tissue, and these 
decrease in proportion to size of the body as the rate of growth slows 
down. Likewise the protein requirements for lactation and reproduc- 
tion are determined by the amounts of protein laid down in milk or 
deposited in the fetus and the tissues associated with gestation. 

A measure of the amounts of protein deposited in the animal body 
as repaired tissues and as new tissues is not a measure of the amount 
of food protein that will satisfy these requirements, since food protein 
varies according to its digestibility and its amino acid make-up. 
The amino acids are the building blocks of which all proteins are 
different combinations. Proteins from different sources vary in their 
value to the body—their biological value—according to their effi- 
ciency in supplying all the amino acids required for repair and tissue 
growth in the proportions needed. Thus there can be no fixed mini- 
mum protein requirement for any body function except in terms of a 
specific food protein or combination of food proteins. No protein has 
a biological value of 100 percent, but the proteins of whole milk and 
whole eggs occupy the highest rank, and the proteins of liver and 
kidney are superior to those of muscle meats, which in turn are 
superior to those of connective tissue. The plant proteins in general 
are apt to be deficient in one or more of the essential amino acids. 
Some of these deficient proteins have been found to maintain adult 
animals when fed in sufficiently large amounts but not to allow growth 
in the young animals regardless of the amounts fed. Some of the 
cereal proteins will support both maintenance and growth, but larger 
amounts are required to accomplish the same results than in the case 
of animal proteins. 

There is evidence that the biological value of proteins is decreased 
by the application of heat, particularly very high temperatures. This 
is an important consideration in estimating the value of protein in 
commercial dog food. 
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Lössl (693) has reported that good growth of puppies can be obtained 
when the entire protein in the diet after weaning is supplied by either 
wheat or rye, but still better growth results from the use of meat 
protein. 

When two proteins of unlike amino acid composition are fed, one 
may supplement the deficiency of the other, provided, of course, that 
both proteins are not deficient in the same amino acids. Thus good 
results can often be obtained from a mixture of proteins each of which 
is deficient or incomplete. It has been shown that rice bran and 
corn, tankage and corn, lactalbumin and corn, beef and wheat fiour, 
oatmeal and rice, peas and wheat or rye supplement each other. 
Kidney, liver, and muscle proteins are more highly effective sup- 
plements to cereal proteins than to leguminous proteins. In general, 
mixtures of plant proteins are improved by the addition of some meat 
protein. 

Casein and dried milk have been utilized as protein sources with 
entire success by many investigators in meat-free diets for laboratory 
dogs. 

It must be pointed out in any discussion of the relative values of 
animal and plant proteins that a diet in which proteins are supplied 
largely by plant products is more likely to be deficient in certain of 
the B vitamins. The feeding of meat and milk products is the simplest 
way to supply both the protein and vitamin B requirements of dogs, 
but it is entirely possible with careful planning that the same results 
may be obtained with a combination of plant foods and their concen- 
trates. 

Little study has been made of the effects in the dog of various levels 
of protein feeding. Results of observations regarding the amount of 
protein required for maintenance or for growth are usually expressed 
in terms of percentage of total calories or as the ratio of calories fur- 
nished by protein to calories furnished by fat and carbohydrate. 

The total amount of protein required, as has been pointed out above, 
varies with the kind of protein. Melnick and Cowgill (78%) used a 
synthetic ration furnishing 70 calories per kilogram of body weight 
and fed different kinds of protein to determine the minimum amount 
of each required to maintain a protein balance in the dog's body. The 
amounts required, as a percentage of the total calories of the diet, 
were: Lactalbumin 6.9 percent, serum protein 8.6, casein 9.4, gliadin 
21.0 percent. Attention is called to the fact that when the wheat 
protein gliadin was fed as the sole protein three times as much was 
required as of the milk protein lactalbumin. 

LössPs (694) observations indicated that a nutritive ratio of 1:4 (1 
calorie of protein to 4 of carbohydrate and fat) is sufficient for growth 
in small breeds but that larger breeds utilize to advantage a larger 
proportion of protein (1 calorie of protein to 2.5 calories of carbohy- 
drate and fat). Morgan (814) provided approximately 36.3 calories, 
of which one-fourth were furnished by protein, per pound of body 
weight a day to adult dogs, and found it adequate for maintenance; for 
growing puppies the same proportions were used but approximately 
three times the amount per pound of body weight. From her studies 
she has concluded that the optimum protein concentration for all 
dogs probably lies between 25 and 50 percent of the dry weight of the 
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ration. This protein may be supplied by casein, meats of all kinds, 
ñsh, and even cereal proteins. 

The protein requirements for reproduction, lactation, and growth 
are of course much greater than those for maintenance. 

Daggs (#47) has studied the production of milk in the dog as influ- 
enced by different kinds of food protein. He has pointed out that rela- 
tively high protein diets are beneficial to milk production and that 
animal proteins are better suited to the synthesis of milk than plant 
proteins. He used diets constructed according to CowgilPs (£88) sug- 
gestions, which, on a dry-weight basis, contained within a 2- or 3- 
percent variation for each factor, 25 percent of fat, 40 of carbohydrate, 
6 of ash, and 30 of protein. These were supplied to the dogs at 
the rate of approximately 36 calories per pound of body weight. 
The protein was supplied from different sources. He concluded that 
liver was a better source of protein for lactation than eggs or round 
steak. 

Lin ton has suggested that the average diet for a dog should contain, 
on a basis of dry weight, 22 percent of protein, 5 of fat, 70 of carbo- 
hydrate, 0.5 of fiber, and 2.5 of ash. 

ENERGY REQUIREMENTS 
The energy requirements of the dog vary widely with size, age, 

activity, and nutritive condition. It has been shown (Î57) that the 
maintenance requirements of adult animals for both protein and total 
energy vary directly with surface area or with the two-thirds to 
three-fourths power of the body weight. Thus the smaller the dog the 
greater the maintenance requirements per unit of body weight—assum- 
ing energy, external temperature, and nutritive condition to be the 
same. Young, growing dogs, however, require more food for mainte- 
nance, aside from the requirements for growth, than adult dogs. 
The puppy requires two or three times as much energy-producing 
food as an adult dog of the same weight. 

In addition to maintenance and growth, food must supply the energy 
used in exercise or work. It is commonly said that the dog should be 
fed just sufficient to be kept healthy but not fat, since his normal 
condition is lean. Linton (6*57) has stated that the appetite of the dog 
cannot be trusted as a guide to the amount of food he requires, and 
has suggested the use of a table compiled by Dechambre as a suitable 
guide in estimating the amounts of energy required by adult dogs 
under different conditions of activity. Table 2 is an adaptation of 
Dechambre's table as cited by Linton. 

TABLE 2.—Energy requirements of dogs of different weights for maintenance, moderate 
activity, and great activity- 

Weight of dog 

Total calories for- 

Mainte- , Moderate,    Great 
nance    i  activity '  activity 

Total calories for— 

Weight of dog 
Mainte- : Moderate!   Great 

nance   I activity | activity 

Kilograms Pounds Calories Calories Calories Kilograms Pounds Calories Calorics Calories 
5 11 520 680 860 27 59.4 : 1,550 2,060 2,620 

10 22 855 1,140 1,440 i                40 88 2,020 2,670 3, 400 
15 33 1,080 1,360 1,680 50 110     i 2,330 3,085 3, 930 
20- 44 1,265 1,665 2,120 !                60 132     1 

i 
2,640 3,490 4. 450 
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Contrary to the usual opinion in regard to the unreliability of the 
dog's appetite as an index of his requirements, Cowgill {23^) concluded 
from some experiments that, when all dietary essentials are offered 
in sufficient quantity and there are no pronounced mental influences 
operating, dogs will voluntarily adjust their food to their energy 
needs. The amounts of food consumed by the experimental dogs 
during periods of nutritive adjustment under the conditions of his 
experiments were such as to furnish 64 calories per square meter 
(1.196 square yards) of body surface per hour. This corresponds 
roughly to 32 to 36 calories per pound of body weight per day for 
dogs weighing approximately 15¾ pounds. 

Slightly higher values for maintenance requirements have been 
reported by Giuliani (4-4^), who concluded from his experiments that 
22-pound dogs need 40 calories per pound per day, while dogs weigh- 
ing 110 pounds require only 22 calories. 

MINERAL REQUIREMENTS 
The mineral requirements of the dog are usually estimated on the 

basis of requirements established for human nutrition. Arnold and 
Elvehjem {35) have suggested the following amounts as the probable 
requirements of the adult dog for the 11 minerals that are at present 
considered essential: 

Minimum suggested requirement per pound of body weight per day 

Mineral Gram Mineral Gram 
Calcium  0.009 Phosphorus  .018 
Sodium chloride  . 136 Zinc  .000027 
Copper  . 000027 Potassium  . 036 
Iron  . 00018 
Magnesium  . 0045 Microgram 
Manganese  .000018 Iodine  .45 

Aside from the added salt (sodium chloride) required for rations 
containing a large proportion of plant products, if natural plant and 
animal foods are fed, probably the only minerals that require special 
consideration are calcium and phosphorus. These two make up about 
14 percent of the total weight of the bony skeleton, and this 14 percent 
contains approximately 99 percent of all the calcium and 80 percent of 
all the phosphorus in the body. It is readily seen that during the 
growing period when bone is being laid down rapidly there is a greatly 
increased requirement for these structural elements, 

A deficient supply of calcium or phosphorus in the diet of the grow- 
ing animal, or an interference in their absorption and metabolism, 
results in malformation and poor development of bones and teeth. 
Any disturbance in mineral metabolism that results in abnormal 
calcification of the growing bones is usually termed rickets. This con- 
dition may occur as the result of low calcium, low phosphorus, or a 
deficiency of vitamin D. 

Morgan's {814) observations have indicated that rickets in dogs is 
usually of the low-phosphorus type. This is probably related to a 
faulty utilization of phosphorus rather than to a deficiency in the 
phosphorus content of the diet, since, when natural foods are used, 
low-phosphorus diets are less likely to be encountered than low-cal- 
cium diets.    A ration consisting of a large proportion of muscle meat 
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alone or of muscle meat and cereals is apt to be deficient in calcium. 
This deficiency may best be compensated for by the addition of bone- 
meal, ground bone, milk, or calcium phosphate. 

VITAMIN REQUIREMENTS 
Vitamins have been largely described in the past by the diseases 

resulting from their absence. It is being recognized more and more 
that many of the subacute symptoms of general un fitness in dogs may 
be attributable to an inadequate supply of one or more of these essen- 
tial food factors. 

VITAMIN A 

Symptoms of advanced deficiency of vitamin A in dogs are an eye 
disease with resulting impaired vision, inflammation of the conjunctiva, 
or mucous membrane which lines the eyelid, and injury to the mucous 
linings of the body. Less easily recognized symptoms are an appar- 
ent lowered resistance to bacterial infection, especially of the upper 
respiratory tract, retarded growth, and loss of weight. 

Diseases due to vitamin A deficiency may be well established while 
the animal is still gaining in weight. In recent years Mellanby and 
others have drawn attention to the occurrence of nerve lesions in 
animals receiving diets deficient in vitamin A. Lack of muscular 
coordination and paralysis have been observed in dogs, and in many 
cases degeneration has been demonstrated in the central and pe- 
ripheral nervous systems. Mellanby has suggested that local infection 
may be the result of such nerve lesions. Recently Mellanby (779) 
has found that young dogs kept for some months on diets deficient in 
vitamin A become deaf. 

The daily requirements of the dog for vitamin A have been esti- 
mated at various figures between 10 and 36 International Units per 
pound of body weight per day. 

Good sources of vitamin A are fish-liver oil, liver, green leaves and 
other green vegetables, kidney, heart, tomatoes, carrots, cheese, eggs, 
butter, and milk. 

VITAMIN Bj (THIAMIN) 

Vitamin Bl deficiency in the dog is characterized in its early stages 
by retarded growth or loss of weight and decreased fertility. There 
are also loss of appetite and impaired digestion. In advanced stages 
the animal is paralyzed, there is an accumulation of fluid in the tissues, 
and death eventually occurs apparently from heart failure. 

Vitamin Bi is partly destroyed by heat at temperatures beyond 
100° 0. (212° F.), especially in the presence of alkali. Canine daily 
requirements have been estimated at approximately 3 micrograms 
of the crystalline vitamin Bi per pound of body weight. 

Important sources of thiamin are yeast, the germ and outer husks 
of grain, liver, milk, eggs, carrots, and tomatoes. 

RIBOFLAVIN 

The water-soluble, h eat-stable vitamin, riboflavin, of the vitamin 
B complex, is essential to the dog for growth, and for the maintenance 
of a healthy skin. Street and Cowgill (ÏÎ07) have estimated that 
11.3 micrograms a day per pound of body weight will maintain a dog 
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in health for an extended period. Early deficiency symptoms are a 
variable dermatitis; advanced cases are terminated by death following 
collapse. 

Liver, kidney, yeast, and milk, particularly the whey, are rich 
sources of riboflavin. This vitamin has a wide distribution in plant 
as well as in animal foods. 

NICOTINIC ACID 

This water-soluble, heat-stable factor is widely distributed in ani- 
mal tissues and occurs in much lower concentrations in plant foods. 
A deficiency of the factor in the diet of the dog results, in its milder 
forms, in a loss of appetite and of weight; in acute stages, in the canine 
disease called blacktongue, followed by death. Sebrell and his asso- 
ciates {1022) found that a semiweekly dose of 10 milligrams of nico- 
tinic acid is ample to prevent blacktongue for at least 6 months, the 
duration of the experiment. A daily allowance of 2.2 milligrams per 
pound of body weight has been estimated as more than sufficient to 
supply all requirements. 

Good food sources are meat, yeast, fresh or canned milk, eggs, and 
peanut meal. Experimental work with canine blacktongue, which 
is analogous to human pellagra, has shown that canned mustard 
greens, canned turnip greens, and canned spinach are fair sources of 
nicotinic acid; and 6¾ ounces of cooked rabbit meat, 6% ounces of 
smoked pork shoulder (cooked), or 11¾ ounces of canned chicken fed 
daily in 2,400 calories of an otherwise blacktongue-producing diet 
protected the dog from the disease (1024)- 

VITAMIN C 

Although there are some reports of spontaneously occurring cases 
of scurvy in dogs that have been cured by the feeding of good sources 
of vitamin C, it is believed that the normal dog can synthesize this 
vitamin in his own bod v. 

VITAMIN D 

An adequate supply of vitamin D is essential for the proper develop- 
ment of bones and teeth. This factor serves as a necessary regulator 
of the absorption and metabolism of calcium and phosphorus. A 
deficiency of it results in rickets or osteomalacia (late rickets) even 
though the diet contains adequate amounts of calcium and phosphorus. 
In the presence of adequate amounts of calcium and phosphorus, K to 
1 International Unit per pound of body weight per day is sufficient to 
protect a dog from rickets. The best sources are sunshine, fish-liver 
oils, irradiated ergosterol, and egg yolk. 

Experiments with very large doses of irradiated ergosterol have 
shown that a condition of ahypervitaminosis,J characterized by the 
deposition of calcium in the arteries and organs can be induced. The 
range between the body requirements and the harmful dose is wide, 
but the possibilities of overdosage should be kept in mind. 

Morgan has recommended for young pups and pregnant bitches ^ 
to 1 tablespoonful per day of cod-liver oil or other vitamin D-contain- 
ing oil. Adult dogs living out of doors probably do not need extra 
vitamin D except in pregnancy. 



FEEDING   DOGS 

by S. R. Speelman 

HERE are practical directions for the feeding of dogs, including an 

account of the kinds and quantities of feeds that may be used, prepara- 

tion of feeds, special feeding at different periods of life, and precautions 
against unwise feeding. 

DOG FEEDS 

THE FEEDS commonly used for dogs include meats and other animal 
products, vegetables, cereals, and commercial mixtures (dog biscuits, 

Figure I.—I*ro|HT feeding «ill  help  to keep  ibis III 1er of nine puppies healthy and 
insure I heir normal growth. 

meals, and canned foods). Bones are considered an essential food by 
some, but in reality they are merely mineral supplements, which imiy 
not be required in many rations (fig. 1). 

MEATS AND OTHER ANIMAL PRODUCTS 

Of the various meats and animal products ordinarily available for 
feeding, most dog owners prefer beef.    For economy, cuts from lean 
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portions of the carcass are favored. Lamb and mutton also are good 
meats to use when they are properly prepared and not too high in 
price. Pork is not greatly relished by dogs generally, probably 
because of its high fat content, and it is seldom fed. The use of 
poultry of any kind, particularly those portions having bones that 
splinter easily, is not generally recommended. In some localities 
fresh horse meat can be purchased from slaughterhouses at a rather 
low price. This product is economical and usually satisfactory when 
fed regularly. However, it should not be used unless it comes from 
a healthy animal that has been slaughtered and handled in a sanitary 
manner. Horse meat fed in large amounts infrequently may cause 
diarrhea. 

Fish makes a satisfactory substitute for meat when given occasion- 
ally (about once weekly), provided it does not contain harmful bones. 
Wholesome canned salmon is a preferred fish food and is the one most 
often used. Salmon is especially valuable and useful when fresh meat 
cannot be obtained. Canned tuna fish is also suitable, as is cod. 
Cows' milk and hens' eggs are other valuable meat substitutes. They 
can be included in the rations of many dogs, particularly young, grow- 
ing puppies and breeding stock. Skim milk and buttermilk, including 
the dried forms, are good feeds for some dogs, particularly mature 
animals, but they are not used as extensively as whole milk. 

Methods of feeding meat vary with individual owners and handlers. 
Some prefer to give all mature animals raw meat, others favor cooking 
it, and still others feed raw and cooked meats alternately. The last- 
mentioned plan gives variety, which may be a very important factor 
when the dogs are finicky eaters, and is often desirable. With ordi- 
nary refrigeration, cooked meat usually keeps in good condition longer 
than raw meat. Unless the cooking is properly done, however, it 
may remove considerable nutriment from the meat. Meat for dogs 
may be boiled, roasted, or broiled, but should not be fried. Food 
losses during cooking may be minimized if the cellular structure in 
the outer surface of the meat is closed by immersing it in rapidly 
boiling water for a short time or by searing it. Thereafter, the cook- 
ing should proceed slowly, and the broth or meat juices obtained in 
some instances should not be discarded, because they are valuable 
for moistening stale bread, dog biscuits, and dry cereal feeds. 

Many dog raisers believe that meat feeding should be begun early, 
when the puppy is approximately 3 weeks old. At this age, about a 
teaspoonful of finely ground, lean hamburger or well-minced, raw, 
lean beef (slightly seasoned with salt) may be given most puppies 
once daily. This allotment should be increased daily thereafter, in 
order to accustom the puppy to solid food and prepare it for weaning 
at 6 weeks of age. As with all feeds, the amount of meat to give 
any young dog varies somewhat and is dependent on a number of 
factors. Ordinarily, however, a 6-weeks-old weaned puppy of a medium- 
sized breed may be fed one or two tablespoonfuls of lean meat daily, 
though it is sometimes advisable to begin with less if the puppy is 
not used to this food. Puppies of the smaller breeds, of course, need 
less meat than this and those of the larger breeds more. As the 
animals grow older the meat allotment should be increased gradually 
until they are receiving a full allowance, that is, the amount required 
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at maturity. Puppies are placed on full feed ordinarily between the 
ages of 4 and 12 months, the time being determined principally by 
the size of the breed to which they belong. Dogs of the small breeds 
usually are mature when 1 year old, and they may receive a full meat 
ration at 4 to 6 months of age. In the larger breeds, maturity is 
attained at 1¾ to 2¾ years, and in most instances puppies of such 
breeds may receive full feed when 8 to 12 months old. 

The meat given to mature dogs may be fed in large chunks, in 
medium-sized pieces, or ground. Meat should not. be fed on the bone 
unless the bones are quite large and will not splinter or lodge in the 
mouth, throat, stomach, or intestinal tract. Most poultry bones 
splinter, fish bones are sharp and very dangerous, and some lamb 
and mutton bones lodge badly. None of these or other bones of 
similar character should ever be used. 

In cold climates and in cold weather more meat is usually fed than 
in warm climates and in hot weather. Moreover, if the dog is closely 
confined a considerable part of the time and is given little exercise, 
the meat allowance generally should be less than when the animal 
is living under outdoor conditions with an unlimited range of activity. 

Although the dog is a carnivorous animal and well equipped to 
digest and assimilate various kinds of meat, some portions of this 
food are much more valuable than others. Skin, tendons, and 
cartilage are not digested easily, and it is not advisable to include a 
large proportion of these in the average ration. Both muscle tissue 
and glandular organs are required for the best feeding results under 
general conditions, and they may be given at different times. Of the 
internal organs, the heart, liver, and tripe are most often used. Muscle 
tissue keeps fairly well raw with adequate refrigeration, but ordinarily 
it is necessary to cook glandular organs if they are to be kept for any 
length of time. Most meat is so thoroughly digested by the dog 
that little residue is left as fecal matter. Because of this, heavy meat 
feeding is conducive to constipation. 

When salmon is fed as a meat substitute, it usually is given as it 
comes from the can. The same applies to tuna fish. Other fish may 
be fed cooked or raw, but they are preferable when cooked and always 
must be boned thoroughly. Because the protein content of fish is 
usually somewhat lower than that of good lean meat, it is necessary 
to feed more fish to obtain the same protein balance. On the average, 
one-fourth to one-half more fish will be required for this purpose, 
unless other protein feeds are substituted. 

Except for young puppies, cows^ milk is ordinarily fed unmodified. 
The amount of milk different dogs will consume is variable, but except 
for puppies and some breeding stock, %tol pint is a normal daily 
allowance for most small and medium-sized animals, and 1 to 2 
quarts should be ample for large dogs. As a ^ matter of economy, 
skim milk may be substituted for whole milk in some cases. This 
substitution should not be made for young puppies, however, and it 
it probable that brood bitches also will do better on whole milk. 

Eggs may be given raw with or without milk, or they may be slightly 
heated in hot water (coddled) before feeding. Occasionally eggs are 
fed hard-boiled and chopped. When eggs are used in the diet, only 
one or two should be allowed daily in most instances, except that more 
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may be given to breeding animals, sick or convalescent dogs, and some 
fast-growing puppies of the large breeds. Eggs are also a valuable 
feed for conditioning purposes and many exhibitors use them exten- 
sively to put their charges in ^show shape.^ 

Meat or other animal products are primarily protein-supplying 
feeds of excellent biological value for growth and development in 
young animals and for repair of tissues and reproduction in mature 
stock. For the best feeding results, they must be regularly included 
in dog rations. 

The proportion of animal protein feeds as compared with other 
feeds in the ration varies in practice, but there is no definite agreement 
on optimum requirements. In fact, there is a wide diversity of opinion 
among owners and breeders regarding the correct allotment for 
average conditions. Under many circumstances, however, it has 
been found to be good practice to make the ration about 50 percent of 
meat or meat substitutes (by weight) for most mature dogs, and 65 to 
75 percent for young puppies and for pregnant and lactating bitches. 

VEGETABLES 

The primary functions of vegetables in the dog ration are to furnish 
vitamins and minerals, supply bulk—act as fillers—and regulate the 
bowels. 

Of the common vegetables, carrots, tomatoes, spinach, onions, and 
beets are fed rather extensively. Cabbage, turnips, string beans, and 
certain other green vegetables are sometimes used. Potatoes, fresh 
corn, shelled beans, and peas are considered undesirable by many dog 
owners, because some are hard to digest and others are believed to 
cause disorders of the skin or of the digestive system. 

Methods of preparing and feeding vegetables vary somewhat depend- 
ing on the kind used. Root vegetables have a large amount of indi- 
gestible cellulose and must be cooked if it is desired to liberate the 
starch for feed purposes. Beets and carrots may be fed raw, if the 
primary purpose is to supply bulk to the ration. Raw tomatoes are 
particularly suitable because they can be mashed easily and mixed 
with various other feeds. Thorough mixing of vegetables with the 
other feeds is important, for otherwise many dogs will refuse to eat 
them. A satisfactory way of mixing some vegetables with meat is 
to cook them together as a stew. Meat and vegetables also may be 
sliced or chopped, mixed, and run through a meat grinder together. 
Where a variety of vegetables is available, it is well to select the ones 
that are liked best by the dogs. The extensive use of vegetables 
having a high fiber content should generally be avoided. 

Where feeds of animal origin make up one-half of the ration of ma- 
ture dogs, vegetables may constitute about one-half of the remainder, 
or 25 percent of the total. If this results in excessive looseness of the 
bowels or other digestive disturbances, the amount of vegetables usually 
should be decreased somewhat. However, those who live in commun- 
ities where farm livestock feeds can be bought may find that a small 
quantity of dried beet pulp, added to the dog^s ration as a corrective 
when vegetable feeding causes diarrhea, will give beneficial results. 
Diarrhea is also checked in many cases by the feeding of small quan- 
tities of bonemeal. 
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CEREALS AND CEREAL PRODUCTS 
The various cereal grains and certain cereal products generally are 

not greatly relished by dogs. Such foods should be used in most cases, 
nevertheless, since they are valuable in supplying bulk, energy, protein, 
some vitamins, and minerals. The cereal grains most commonly util- 
ized in some form for dog feeding are corn, rice, oats, wheat, and barley. 

Corn is used chiefly as meal to make corn bread—a feed that is 
best adapted to cold-weather rations and for dogs getting abundant 
exercise. Corn bread is high in carbohydrates and is not recommended 
for animals suffering from skin disorders. 

Rice is considered a suitable dog feed by some but not by others. 
To be satisfactory for use, it must be cooked thoroughly and it should 
be slightly seasoned with salt to increase palatability. Unpolished 
rice is superior to the common polished type in mineral and vitamin 
content, but it is also higher in fiber content. Some authorities 
think cooked rice causes skin troubles similar to eczema, but this may 
be due to deficiencies in the ration because of an overuse of rice. 

Oats are sometimes of value for dogs if ground or rolled. Such feed 
must be cooked thoroughly. Like corn bread, it is best for active, 
outdoor dogs and for cold-weather rations. Injudicious use of oat- 
meal is said to cause certain skin troubles and intestinal disorders. 

Except in commercially prepared canned foods, wheat is seldom used 
as a cooked grain for dog feeding, but various products made from this 
cereal often find their way into the canine ration. Chief of these are 
bread, some dry prepared breakfast foods, and dog biscuits and meals. 
Bread is useful in. a variety of forms. Sometimes it is given buttered 
to tempt the appetites of young puppies and dogs off feed. Dried or 
toasted bread that is not needed for human use makes a good cereal 
food for dogs when given in combination with meat broths, soups, or 
milk. When fed in this way, only enough liquid should be added to 
moisten the bread.    Bread must never be used if it is moldy. 

When prepared breakfast foods made from wheat or other cereal 
grains are fed, they are usually moistened with milk, meat broth, 
soup, or water. Such foods seem particularly suitable for a light morn- 
ing meal, and they are being used rather extensively. If a number of 
dogs are owned, it is often possible to economize on the purchase of 
dry prepared breakfast foods by getting those portions that have been 
broken or crushed in the manufacturing process. This food cannot be 
marketed for human consumption and sells for a relatively low price. 

Dog biscuits of various kinds are also generally suitable for supply- 
ing the cereal portion of the ration. They may be fed dry, moistened, 
or mixed with cooked meat and vegetables. These biscuits can be 
obtained in many sizes and shapes (square, oval, bone-shaped, cubes, 
pellets, or kibbled—broken into small pieces), and their composition 
is variable, depending on the specific use for which they are intended. 
However, practically all of them are high in cereal and low in moisture 
content, and they consist of various combinations of meat byproducts 
or meat, cereal grains or products thereof, ground bone, dried-milk 
products, legume meals, cod-liver oil, fish meal, molasses, saít, yeast, and 
other substances. Commercially made dog meals are usually similar to 
dog biscuits in composition, but they are ordinarily not so well adapted 
to a variety of uses.    They are generally fed mixed with water or milk. 
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Barley is not a very palatable dog feed, but it is used in the cooked 
form in some commercial mixtures, and barley water and gruel have 
been found useful for some sick animals and finicky eaters. 

In many instances, cereals may constitute approximately 25 percent 
of the total feed of mature dogs with satisfactory results. Moreover, 
if it is necessary to reduce the amount of vegetables below the 25-per- 
cent allotment previously mentioned, cereals may be used as a sub- 
stitute for the vegetables removed. 

CANNED DOG FEEDS 

Most of the feeds already mentioned are well adapted to home prep- 
aration and mixing. In addition, there are available a large number of 
proprietary, ready-to-eat, canned mixtures and canned meat products 
made expressly for dog feeding. The composition of these mixtures is 
quite variable, depending on the individual formula and the quality of 
ingredients used, but in general they consist of cooked combinations 
of meat byproducts or meat, fish or fish meal, cereals and cereal prod- 
ucts, vegetables or vegetable products, ground bone and other mineral 
matter, and various accessory substances, such as yeast, cod-liver oil, 
and charcoal. Judging from the analyses of some of these mixtures, 
they are usually characterized by a high moisture content—65 to 75 
percent or more. Moreover, while they are about equal to dry dog 
biscuits and other dry commercial dog foods in fat content, they are 
usually much lower in protein, carbohydrate (as nitrogen-free extract), 
and mineral matter. Most canned mixed foods are intended to be 
used without supplements. Canned meat products, however, are 
adapted to mixing with other feed, such as vegetables and cereals. 

The use of canned dog feeds has become quite extensive in the 
United States within recent years, and many such products are now 
marketed and advertised as complete dog rations. No doubt a con- 
siderable part of the growth in popularity of the commercial mixtures 
is attributable to the fact that these foods generally need no prepara- 
tion and can be quickly and easily fed. These advantages, however, 
may at times become disadvantages, particularly when they tend to 
rob the dog of the necessary balance or variety of diet or when they 
are uneconomical. 

The extent to which canned dog feeds should be used in any given 
case depends primarily on the needs of the dog and the relative 
quality, composition, and economy of the canned products compared 
with home-prepared rations. The labels on most canned dog foods 
contain data on the kinds and percentages of ingredients in the mix- 
tures, and this information is useful in judging the merits of individual 
and competitive brands in some instances. Unfortunately, however, 
the average dog owner cannot usually determine the biological values 
of the canned products from the tables of contents and statements of 
analyses; he does not know the optimum percentages of the different 
nutrients required by dogs of different ages and kinds; he cannot 
estimate whether the commercial foods are as economical and whole- 
some as home-prepared rations; nor can he follow the quantitative 
feeding recommendations some manufacturers give and obtain opti- 
mum results. Because of these considerations, it is believed that the 
economy, practicability, and desirability of using canned dog-feed 
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mixtures extensively may best be determined by individual owners 
through trial feeding tests. This seems to be particularly essential 
where no supplementary feeds are used with the commercial mixtures. 
Moreover, before selecting any canned feed mixture it is well to study 
the manufacturer's statement of ingredients and analysis, especially 
the protein, water, fat, and fiber contents; determine if possible by 
examination whether it contains adulterants or harmful ingredients; 
and check the net weight and feeding recommendations. 

BONES 

A great deal may be said regarding the merits and demerits of using 
bones in dog feeding. Bones are undoubtedly a good source of cal- 
cium and phosphorus, they can be digested fairly well by the dog 
when eaten correctly, and they are valuable for puppies during teeth- 
ing. However, because of the serious or fatal results that may follow 
the use of some bones, because excessive bone feeding causes constipa- 
tion, and because bone eating results in abnormal wearing and break- 
ing of the teeth and provokes fights over possession of the bone, it 
appears that the demerits overbalance the merits. In most instances, 
therefore, it seems advisable to feed few bones and to rely on other 
feeds as sources of mineral matter. If these are not adequate, some 
ground bonemeal can be added to the ration. A specially prepared, 
steamed bonemeal made for livestock feeding is suitable for this 
purpose and is available in feed stores in most large communities. 
Only a small quantity of bonemeal will be needed to supply the calcium 
and phosphorus requirements of most dogs. The needs of puppies 
and brood bitches, of course, will be higher than those of other dogs, 
and allowance for the age and use of the animal should be made when 
feeding this mineral supplement. 

WATER 

Regardless of the kinds or quantities of meat, vegetables, cereals, or 
other feeds used in the ration, it is essential that all dogs except very 
young puppies be supplied with plenty of fresh, clean, cool drinking 
water. Some kennels utilize automatic drinking fountains or other 
water-supplying devices for this purpose. Where fountains are not 
used, the water in the drinking pans or crocks should be changed 
several times daily, especially during hot weather. Moreover, it 
usually is advisable to provide a separate water container for each dog 
or small group of dogs, and such receptacles must be kept clean. 

FEEDING PRACTICES 

FEEDING THE BROOD BITCH 

When the bitch is neither nursing puppies nor developing unborn 
young, her feeding program may be about the same as that of other 
mature dogs. ^ The principal aim should be to keep her in a sound, 
healthy condition and in medium flesh. One or two meals daily 
should be sufficient. 

When the bitch has been bred and the fetuses are developing, several 
changes in the regular ration will be necessary. It is particularly 
essential that the amount of feed be carefully and properly regulated 
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at all stages of pregnancy. For a short time after conception the aim 
should be to maintain the bitch's weight or increase it very slightly. 
Two meals daily are ordinarily sufficient for this purpose, and the 
amount of feed need be increased only slightly over that given before 
conception. As pregnancy advances, however, the allotment of feed 
should be gradually raised, and the number of daily feedings increased 
to three or four. Growth of the embryos is greatest during the last 
month of pregnancy, and the amount of feed needed during this stage 
may be about twice that ordinarily given before conception. 

Throughout pregnancy the feeds should include liberal amounts of 
lean meat, eggs, salmon or other fish, milk, and meat broths. Limited 
allowances of cereals and vegetables also may be included in the ration 
during most of the period, but not in proportions as great as those 
given before conception. Some breeders advocate discontinuance of 
cereal and vegetable feeding during the latter part of the pregnancy 
period, particularly the last week, in order to prevent overloading of 
the intestinal tract and undue crowding of the fetuses. About a week 
before parturition it is usually advisable to make the ration slightly 
laxative in character. This may be accomplished by giving small daily 
doses of milk of magnesia or some other mild laxative. 

When whelping has taken place, the feeding of the bitch requires 
especial attention until after weaning time. Feed for the 3 days fol- 
lowing parturition should be laxative in character, moderate in quan- 
tity, and light in composition. During the first day moderate amounts 
of warm milk, water, meat broths, or gruels are best. These and 
other light, sloppy foods should be given the second and third days 
also. After this the bitch may be changed back gradually to a more 
solid, substantial ration, such as the one used during pregnancy, ex- 
cept that the amount of vegetables may be reduced considerably or 
eliminated in order to decrease bulk, facilitate the utilization of more 
concentrated feeds, and possibly prevent the formation of acid milk, 
which some authorities believe is induced by vegetable feeding and 
which produces indigestion in nursing puppies. If the bitch suffers 
from constipation due to lack of vegetables, this may be corrected by 
small doses of milk of magnesia. 

The quantity of feed given during the nursing period should be 
regulated to meet the bitch's condition and the demands made on her 
by the suckling puppies. Feed requirements will naturally increase 
as the youngsters gain in size, so the bitch's ration must be ample to 
meet these requirements. In many cases the requirement will be 
twice that of the nonpregnant, nonlactating bitch. Milk is a particu- 
larly valuable food at this time, and liberal amounts of it should be 
given. The other feeds used must insure adequate protein, mineral 
matter, and vitamins for proper muscular and skeletal development 
of the litter. Just prior to weaning time (6 weeks) it may be neces- 
sary to reduce the bitch's milk flow. To accomplish this the milk 
portion of the ration may be gradually diminished or discontinued 
entirely, and the amounts of the other feeds should be decreased con- 
siderably. If the milk flow is not stopped by this procedure, one or 
two puppies may be allowed to nurse the bitch occasionally for a 
short period, or she may be partially milked out by hand for several 
days. 
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After weaning, the bitch may be returned to her regular ration, 
provided she is in good condition. If the bitch has lost much weight 
during the lactation period, she must be fed more than a maintenance 
ration. The quantity and quality of feed should be sufficient so that 
she may regain her losses and return to normal condition in about a 
month's time. 

FEEDING THE STUD DOG 

In some respects the feeding of stud dogs (breeding males) is similar 
to that of brood bitches. When not being used for breeding work, 
the stud dog may be fed about the same as other mature dogs. While 
in regular service, however, the sire often requires a ration containing 
more food, particularly feeds that supply protein. When several 
services are made weekly over an extended period, it may be well to 
feed the stud dog three times daily, and liberal use should be made of 
eggs, meat, and milk in his ration. If breeding service is not exten- 
sive, two meals daily should be sufficient, and the quantity of feed 
need be increased very little. Eggs, meat, and milk should be a 
prominent part of such a ration, however. The aim in feeding any 
stud dog should be to keep his body weight about uniform and his 
physical condition excellent. When this is done he will be surer in 
service and, other things being equal, his puppies should be sound and 
sturdy. 

FEEDING PUPPIES 

Generally, the sole feed of puppies for at least the first 3 weeks of 
their lives is the mother's milk. The first milk is called colostrum, 
and it is vital that the youngsters receive this. Since puppies are 
born blind and are unable to walk, it may be necessary to place them 
at their dam's breasts for the first nursings to insure their getting 
colostrum. (See article on The Nutrition of Very Young Animals, 
p. 501.) 

After 8 weeks of nursing the puppy may be gradually accustomed 
to other food. Cows' milk is generally the best food to start with, and 
later this can be used in combination with stale bread, dry breakfast 
cereals, and puppy cakes or puppy meal. The milk usually should be 
fed undiluted, and it should be warmed to approximately body tem- 
perature. 

In addition to the diet of bread, breakfast cereal, puppy meal or 
cakes, and milk, at about 3 weeks of age the youngsters should be 
given their first feeding of meat. The use of this feed in the puppy 
ration has already been discussed. Raw eggs beaten up in milk, un- 
sweetened evaporated milk, and nongreasy broths made from meats 
and poured over dry bread or puppy biscuits to moisten them are other 
valuable feeds for puppies during the preweaning stage. 

If puppies have been properly cared for and taught to eat solid and 
semisolid foods before weaning, no great trouble should be experienced 
from a feeding standpoint in raising them to maturity. The most 
important things to remember are to feed them regularly and often, 
to give feeds that will provide the required bone- and body-buüding 
material, to see that all feeds are of good quality and ample quantity, 
and to keep the feeding and drinking utensils clean (fig. 2). 

The young dog is quite similar to the young child in its feeding habits 
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and should be fed a little at a time and often. Immediately after 
weaning it is usually necessary to feed five or six times daily. Later, 
young dogs may be fed less frequently, but the amount of food given 
at each meal must be increased. The schedule of feedings and the 
amount of food given at each meal are determined by the size of the 
dog, the stage of maturity, and the kind of feed. In the small breeds, 
one feeding may be discontinued about every 2% months until the dog 
is on a two-meal diet when 1 year old. Dogs of the larger breeds can- 
not have their feeding schedules changed so often, and there may be 
intervals of 3 to 4 months between changes. At no time during the 
growing period should puppies be allowed access to food at will. 
Rather, the animal should be given about 10 minutes in which to clean 
up each meal, and at the end of this time the uneaten portion should 
be removed. By following this practice puppies are kept "on feed," 
and they do not get food that is spoiled or dirty. When a number of 
puppies are fed, it generally is best to give them individual feed pans. 
In this way each dog will be sure to get the desired amount and kind of 
food, and the weaker ones will not be bullied and robbed by their 
stronger mates. 

Throughout the growing period the feeds should include liberal 
amounts of lean meat, milk, eggs, salmon or other fish, and meat 
broths. Cereals and vegetables may be included also in limited quaa- 
tities, but they should not constitute a very large part of the ration 
during the early stages of puppyhood, and they should never be used 
in proportions as great as those given to mature animals. 

In addition to the regular feed given a puppy, many dog owners have 
found it advisable to include a small quantity of cod-liver oil in the 

I'ifiiirr 2.- Puppies do nol  always show   such good  manners as  this,  bul  individual 
feed   pans, kepi   scrupulously   clean, and   regular   meal  limes «ill help to keep ihem 

healthy and happy. 

141894°—39 56 
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daily ration. Beginning with a few drops at the start, the amount 
may be increased gradually up to one or more teaspoonfuls daily, 
depending on the needs of the animal. The use of cod-liver oil is 
generally most necessary during winter months and when the dogs are 
not allowed to run in the open where there is plenty of sunshine. 
The feeding of cod-liver oil is also indicated where there are tendencies 
to develop rickets. Usually the cod-liver oil should be mixed with the 
food to simplify feeding it. 

QUANTITIES OF FEED REQUIRED 

The quantities of feed required daily by dogs are influenced and 
determined by a number of factors: The age, size, individuality, and 
physical condition of the animal; the kind, quality, character, and 
proportions of the various feeds in the ration; the climate, environ- 
ment, and methods of management; and the type and amount of work 
done, or the degree of exercise. Of these considerations, the age and 
size of the dog and the kind and amount of work are particularly 
important in determining feed requirements. 

The influence of age on feed requirements is especially noticeable 
during the first 6 months of life, and the quantity of nutrients neces- 
sary to care properly for rapid muscular and skeletal growth, metabo- 
lism, and other vital functions is proportionately high. During this 
period the amount of feed required per pound of body weight of the 
puppy may be two to three times that of mature dogs of the same type 
or breed kept under comparable conditions. Moreover, the quantities 
of feed are greatest per pound of body weight at the youngest ages and 
decline gradually until maturity. Increases in body weight and size 
usually vary in the same manner. 

At all ages, size and weight are important considerations in deter- 
mining the amount of feed required. Small dogs naturally need less 
feed than large ones, but the requirements per pound of body weight 
are considerably greater for the small dog, whether it is a puppy or a 
mature animal. Such differences are particularly marked in the case 
of mature dogs that vary greatly in size—for example, those under 
10 pounds compared with those of 150 to 225 pounds. Table 1 gives 
the approximate daily feed requirements (exclusive of drinking water) 
of mature dogs of various weights kept under average conditions and 
exercising moderately. This computation is based on home-mixed 
rations consisting of meat, fish, eggs, milk, vegetables, and cereals of 
good quality. The proportions are approximately 50 percent of 
animal protein foods, 25 percent of vegetables, and 25 percent of 
cereals. 

TABLE 1.—Approximate quantities of feed required daily by • mature dogs 

Body weight (pounds) Total feed 
(wet basis) 

Feed per 
pound of 

body 
weight 

Body weight (pounds) Total feed 
(wet basis) 

Pounds 

Feed per 
pound of 

body 
weight 

1  
10  
25  
50  

Pounds 

1 
Ounces 

2.00 
1.20 
.96 
.80 

75  
100  
150  
225  

Ounces 
0.70 
.64 
.56 
.50 
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The influence of reproduction and lactation on the feed requirements 
of breeding stock lias been noted. Ordinary physical activity (work 
and exercise) is also important in determining feed requirements, and 
careful consideration should be given tlds matter when planning 
rations. To determine the amount of feed that will give best results 
for dogs that are very inactive or those doing hard work, it is advisable 
to try rations containing different quantities and combinations of 
nutrients. For the ven inactive dog, the allotment probably can be 
reduced 25 to 35 percent below the recommendations given in table 1. 
For hard-working animals, however, an increase of 25 percent or 
more may be needed (fig. 3). 

Ordinarily, the effects of the quality, kind, character, and propor- 
tions of nutrients on quantitative requirements are most significant 
when very dry feeds or those of low energy and biological value are 
used extensively. When the moisture content of the ration is low, 
as when dry foods are used to any great extent, considerably smaller 
quantities of feed may be needed. If the energy value or the protein 
content of the food is low, or the proteins are of poor quality, more 
feed should be given. Where radical departures are made from the 
recommendations aheady given for the proportions of animal protein 
foods, vegetables, and cereals, the total quantity of feed will probably 
have to be changed also, and in fact the ration may not give satis- 
factory- results. Particularly is this true in the case of puppies and 
brood bitches. 

FEED ECONOMIES 

By careful planning and the adoption of correct feeding practices 
it is often possible to effect economies in rations without sacrificing 
cither the efficicncv of the feed or the health of the dog. 

I'ißiire 3.—Hard-working dogs require more feed iban idle animals. 
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Where one dog of small size is kept, it may be practical to obtain a 
considerable portion of the food from table scraps, particularly stale 
bread, some vegetables, cereals, and meats, sonr milk, etc. In the 
utilization of such food it is of course necessary to exclude fried and 
highly seasoned meats, dangerous bones, unsuitable vegetables and 
cereal products, and all other substances that have been mentioned 
here as undesirable. Moreover, the frequent tendency and tempta- 
tion to use the dog as a scavenger or a second garbage pail is most 
certainly to be avoided. 

When more than one dog is fed, considerable economies cannot 
usually be obtained by using table left-overs, but they may sometimes 
be effected by purchasing feed in quantities and by obtaining stale 
bread, cracked eggs, good meat scraps, broken cereals, and similar 
products that cannot be marketed for human use but are sound, 
wholesome, and entirely satisfactory for dogs. Also, in the purchase 
of meats it is not necessary to get the prime or top grades. In fact, 
the medium grades of meat are not only lower in price per pound but 
also a better feed for dogs, because such meat contains a higher propor- 
tion of lean and therefore a greater percentage of protein. 

Feed economies may also be effected by studying the habits, prefer- 
ences, and idiosyncrasies of each dog. Although this article has 
attempted to outline general rules of dog feeding, the matter of indi- 
viduality is a factor that only the owner or feeder is in a position to 
observe and handle, and he must determine the correct proportions 
and kinds of feed that will give optimum results under specific condi- 
tions. Once these facts have been established, there should be little 
food waste. 

FEED DEFICIENCIES 

When dogs are given adequate rations containing a variety of feeds 
of animal and plant origin such as have been suggested, there should 
be no serious nutritional deficiencies requiring the use of special prod- 
ucts to supply vitamins, mineral matter, or other nutrients. There 
are instances, of course, as in the case of fast-growing puppies of the 
large breeds or bitches nursing large litters, where vitamin and mineral 
supplements may be beneficial. However, such products should not 
be employed indiscriminately, nor should dogs be dosed with pro- 
prietary articles to cure or correct conditions that are largely imaginary 
or that do not result from faulty nutrition. If the dog does not thrive 
on a ration of sound, wholesome foods, a veterinarian should be 
consulted. 

FEEDING SUGGESTIONS IN BRIEF 

Many dogs are overfed. Others do not receive adequate rations. 
Both extremes should be avoided, but particularly overfeeding. 

Overfeeding, coupled with lack of exercise, usually produces ex- 
cessive body weight and laziness, and it may induce sickness and 
impôt ency, 

t Prolonged  undernourishment  causes  loss  of weight,  listlessness, 
sickness, and death. 

The aim in feeding puppies should be to keep them growing steadily 
and uniformly, but not too fast. 
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It is usually advisable to keep puppies just a trifle hungry. This 
may be accomplished by feeding a little at a time and often. 

An adequate ration will keep most mature dogs at a uniform body 
weight and in a lean, thrifty condition. This is a very useful guide in 
determining the correct amounts to feed. 

Generally, the use of too hot. too cold, highly seasoned, fried, or 
sweet foods should be avoided. However, most cooked foods should 
be slightly seasoned with salt. 

The appetite of the dog cannot usually be taken as a guide to its 
feed requirements.   Many dogs will overeat if given the opportunity. 

The axiom, "One man's meat is another man's poison/' is applicable 
to dogs also. Feeds that are not tolerated by the dog or those that 
cause digestive and other disturbances should not be used. 

The use of moldy, spoiled, or rotten feed is never a good practice. 
The excessive use of feeds of low energy content and low biological 

values will often result in poor condition and may cause loss of weight 
and paunchiness. 

Economies in rations and feeding practices are desirable, but not if 
they are obtained at the expense of the dog's health and efficiency. 

All feeding and drinking utensils must be kept scrupulously clean. 
The crude-fiber content of the ration should be kept at a low level, 

usually below 2 percent. This is ordinarily accomplished by a ration 
that contains a good proportion of feeds of animal origin. 

It is usually desirable to reduce the feed allotment during hot 
weather. 

Dogs should be fed at regular intervals, and the best results generally 
may be expected when regular feeding is accompanied by regular 
exercise. 

Most dogs do not thrive on a ration containing large amounts of 
sloppy feeds, and excessive bulk is particularly to be avoided in the 
feed of hard-working dogs, puppies, and pregnant and lactating 
bitches. 

Hard-working dogs and those getting abundant exercise require less 
vegetable matter in the ration than idle, nonworking animals. 

Maintenance of a weekly weight chart is useful, and it is especially 
advisable where numbers of dogs are being fed. 

If the ration is known to be adequate and the dog is losing weight or 
is not in good condition, the presence of internal parasites is to be 
suspected. 

It is not usually advisable to feed either directly before or directly 
after working or exercising the dog. Rather, allow the dog an hour of 
rest before feeding. 

The feed requirements of puppies, working dogs, and brood bitches 
are often quite high. The use of feeds of high energy and biological 
value—preferably feeds of animal origin—is particularly valuable for 
such stock. 

Sometimes dogs go "off feed" for a day or two. When this occurs 
they should not be forced to eat, but if they do not voluntarily return 
to feed within 2 days, a veterinarian should be consulted. 

In general, sick and convalescent dogs need easily digested, readily 
assimilable feed, but no specific recommendations that will apply to 
various diseases and conditions can be given. 
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Although the dog may show no immediate or outward signs of the 
effects of improper feeding or malnutrition, this does not prove that no 
harm is done. 

A good coat, bright clear eyes, and an abundance of pep are reliable 
indications that the ration is adequate. 

Mature dogs are usually fed twice daily, a light meal in the morning 
and a heavier meal in the afternoon or evening. However, if the dog 
is used for watch or guard purposes at night, it is best to give the 
heavier meal in the morning. 

The ultimate aim of feeding should be to obtain longevity and a con- 
stant state of good health. 



NUTRITION  OF FUR ANIMALS 

by Charles E. Kellogg1 

SILVER FOXES, minks, and rabbits are now being raised as 
part-time enterprises on a considerable number of farms, and some 

producers are in the business on a large scale. There is also some interest 

in the raising of martens and fishers. Here is a summary of the scientific 

work—not yet very extensive—that has been done on the feeding of 

of these animals, with special emphasis on its practical application. 

THE ONLY FUR ANIMALS that are now being raised commercially to 
any great extent are silver foxes and minks. Martens and fishers also 
have commercial possibilities if satisfactory reproduction can be 
obtained in captivity. Attempts have been made at one time or 

-another, largely through the efforts of propagandists, to "ranch-raise" 
skunks, badgers, raccoons, beavers, and muskrats for their fur, but 
the undertakings were not profitable because the cost of feeding and 
other costs of production exceeded the market quotations on similar 
wild-caught skins. A striking mutation may develop in some of these 
species, however, which will produce an animal with new characteris- 
tics that will make production in captivity remunerative. 

Natural selection in the wild, where matings are promiscuous, 
fosters the survival of those animals best fitted to live under rigorous 
conditions. The survival of fur animals in captivity, where matings 
can be controlled, is dependent upon their ability to produce beautiful 
pelts economically under more or less pampered conditions, rather 
than upon adaptation to rigorous competitive living. The profitable 
type is the docile, tractable, easily kept animal that responds to care 
without putting on excess fat and becoming sluggish and nonproduc- 
tive. Economy of handling in captivity does not permit the retention 
of animals that require considerable exercise to be prolific. Elimina- 
tion of the undesirable types is taking place on the more progressive 
ranches, though most emphasis in selection has thus far been placed 
on color and density of fur, prolificacy, and other factors that have a 
greater immediate bearing on commercial value. 

1 Charles E. Kellogg is Biologist, Section of Fur Eesources, Division of Wildlife Eesearch. Bureau of Bio- 
logical Survey, which was transferred to the Department of the Interior July 1,1939. 
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The abundant available information on human and domestic- 
livestock nutrition provides some foundation on which to develop 
suitable rations for fur animals in captivity. But after all, foxes, 
minks, martens, and fishers are carnivorous animals recently taken 
from the wild, and much remains to be learned about their food require- 
ments. This fact has caused governmental authorities in this and 
other countries to establish experimental units for specific research 
on the nutrition of fur animals that give promise of profitable com- 
mercial production. 

RESEARCH ON FUR ANIMALS LIMITED 

Though numerous experiment stations in the United States are 
studying the nutrition of domestic livestock, only one Federal ex- 
periment station, three State agricultural experiment stations (Oregon, 
Wisconsin, New York (Cornell)), and one Territorial station, are 
doing nutritional research work with fur animals. The studies at all 
the State stations were started within the past 2 years, and those at the 
Territorial station, at Juneau, Alaska, were initiated in the fall of 1938. 
Cornell University conducted a metabolism study with minks for 1 
year (1936), and in the fall of 1938 began research work on the 
nutritive requirements for growth, fur production, and reproduction 
of foxes and minks in cooperation with the Bureau of Biological 
Survey. 

The United States Fur Animal Experiment Station at Saratoga 
Springs, N. Y., had been located from 1916 to 1923 at Keeseville, 
N. Y. Small numbers of silver, red, cross, and blue foxes, martens, 
minks, fishers, badgers, skunks, and domestic rabbits have been main- 
tained at this station at different times. All species were eliminated 
by 1938 except silver foxes, minks, and martens. Testing various 
types of equipment, pens, and kennels, checking trial feed formulas, 
and perfecting methods of handling and management were essential 
in the earlier years before controlled experimental work could be in- 
augurated. Satisfactory control of fur-animal diseases and parasitic 
infestations also had to be established. All of these studies provided 
fundamental information of distinct value to fur farming. 

SILVER FOXES 

CHARACTERISTICS AND BREEDING HABITS 

The beauty of the silver fox fur is partly due to the fact that foxes 
have two types of hair—fine underfur and longer, coarser top hair 
called guard hair. Many of the guard hairs have white bands of vary- 
ing widths toward the tips; these hairs are not entirely white or 
even white-tipped, as is commonly supposed. The silver-black fox is 
a mutation of the red fox in which the black pigment has replaced the 
red. The white bands appear silver on the black background. The 
degree of silver is determined by the width of the white band and 
the frequency of these banded hairs over the entire body of the fox. 
The present popular bright silver pelts have wide bands of clear white 
on most of the guard hairs over the entire body except the neck 
region. The black tips of the guard hair overlying or veiling the 
clear white band accentuate the silvery appearance.    The clearness 
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of the colors, though largely due to selective breeding, is affected by 
feeds and by systems of management. 

The mutations to black occur in wild red foxes in Alaska as well 
as in the eastern part of Canada. The silver fox developed from the 
eastern strain, most common on farms at the present time, is known 
as the eastern standard type. The average weight of males of this 
type at maturity is 12 to 15 pounds and that of the females 10 to 12 
pounds, when in good thrifty condition. M a tings occur from middle 
January to middle March. Pair-mating 1 male, technically known 
as a dog, and 1 female, or vixen, in the same pen is followed by the 
larger ranchers. Recently some of the small ranchers have been 
mating their foxes polygamously, that is, using 1 dog to breed as many 
as 10 vixens. 

Not more than one litter is produced each year after a gestation 
period of 52 days. A few litters of 9 or 10 are obtained, but an average 
production of 3% to 4 young for every vixen is considered satisfactory, 
and of course some of the vixens do not produce each year. Though the 
ranchers with large numbers of animals leave the pups with the parents 
until September, others wean them at about 8 weeks old, when they 
weigh about 4 pounds, male pups being about a quarter of a pound 
heavier than females at this time. Smith (7067, p. 36)2 found the body 
length of male pups to be 16% inches at this age and that of females 
15½ inches. The young foxes attain the weight of mature animals 
when about 7 months old. The pelts are taken in November or 
December when the animal is 9 to 10 months old, depending on 
climatic conditions. Fox pups will breed the following spring when 
they are about 1 year old. 

The mature animals begin shedding their fur the early part of 
June. Shedding is usually complete by August, depending on climatic 
conditions and general health of the animal. A full growth of new fur 
must develop by pelting time in early winter. Though it is generally 
believed that pups shed their fur the process is quite gradual. 

Foxes are productive until 9 to 10 years of age but they are seldom 
kept that long. At present the higher prices prevailing for pale silver 
skins are inducing fox breeders to replace the darker mature breeding 
animals with lighter-silvered pups. 

MANAGEMENT PRACTICES 

At the larger ranches the breeding pairs of foxes are still provided 
with ground-floor pens 20 by 40 feet to about 40 feet square with a 
2-foot wire overhang to prevent escape. At other ranches the males and 
females are maintained in separate pens with raised wire floors (flg. 
Í,C)} for sanitation and control of parasites, 6 to 8 feet wide and rang- 
ing from 16 to 30 feet long and 4 to 6 feet high. A wire netting covers 
the top of this entire pen. The specialized larger ranches about October 
1 transfer the animals to be pelted into "furring runs" (flg\ I, A). 
A furring run may be a fenced area of 25 acres of dense woods, which is 
sufficiently large for about 500 animals. Usually no shelter is pro- 
vided. Other fox farmers have built raised wire-floored furring sheds 
large enough for confining 50 to 100 foxes during the day; these animals 
may be released during the night into a large fenced outdoor runway. 

- Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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On other farms the sheds are divided into compartments for 2 to 4 
animals each. Protecting the foxes from sunlight tends to produce 
clearer-colored pelts free from a rusty or tinged appearance. 

The largest ranches have as many as 8,000 vixens and employ a 
large crew of men. Smaller enterprises may have as few as half a 
dozen vixens being taken care of at odd moments. The majority of the 
fox farms in the United States are part-time enterprises. 

Feeds and Feeding Practices 
Though foxes in the wild are largely carnivorous they do eat berries 

and other fruits, some vegetation, the contents of the digestive tracts 
of rodents, and occasionally insects. When foxes were first confined, 
there was considerable difficulty in feeding them properly. By per- 
sistent trials with various kinds of feeds and combinations of feeds a 
variety of fairly suitable rations have been developed by the fox 
farmers. Of course, continuous selective matings have developed a 
type of fox better adapted to the changed conditions. 

Meat—raw, desiccated (dried and ground), or both raw and desic- 
cated—constitutes 40 to 80 percent of the entire ration, depending on 
the season of the year and the method of figuring. Discarded farm 
horses, because of relative cheapness, provide most of thé raw meat. 
Usually the carcasses are boned and the meat and bones are ground 
separately to facilitate storing in frozen slabs. Grinding also effects 
thorough mixing of all ingredients, so that the fox cannot pick out 
certain choice morsels. The use of large quantities of raw meat has 
necessitated the installation of freezing equipment on many farms 
where a large number of horses are slaughtered before winter sets in. 
Some farms are close to cities where refrigeration is available at 
moderate cost.    Internal organs and blood are always used. 

The cheaper cuts of beef, packing-house trimmings, internal organs, 
and parts considered unfit for human consumption, such as udders 
and lungs, are widely used. Relative cost is the primary incentive 
for choice. Large numbers of jack rabbits are used in the Middle 
West. In some sections of the country some of the meat is replaced 
with fresh fish, canned fish, or fish meal. The remainder of the 
ration is then made up of an assortment of waste products from the 
manufacture of cereals, one or more of the vegetable proteins such 
as soybean meal, milk (liquid or dried), dried fruits, green vegetables, 
ground green bone, and certain vitamin concentrates. The kind and 
quantity of these various ingredients are largely determined by the 
results obtained by successful nearby fox farmers. Their variety 
demonstrates the adaptability of the fox to different kinds of feeds. 

Water or liquid milk usually is added to bring the feed to a "ham- 
burger^ consistency, which apparently is most palatable to the foxes. 
Commercial feed companies are selling great quantities of mixed feeds 
in meal form to use in conjunction with the raw meat, or in cube form 
to be fed dry as a complete feed during the summer and fall months. 

At first the feed was simply thrown over the pen fence onto the 
ground, but the occurrence of parasitic infestation and disease led to 
the use of feed pans that were washed and scalded each day. At 
present many foxes are fed in a wooden or metal trough attached to 
the side wall of the fence in such a way that the fox can work the 



1 ''Ä u 1 ^              ^^^KßmEE? s 

i, /   - 

z 
c 

O 
z 
o 

c 

> 
z 

> 

Figure 1.—A, Foxes on a furring range jusl before feeding time. (Courtesy Fromm Bros.) B, One of the mink colony houses at the United 
States Fur Animal Experiment Station, Saratoga Springs, N. Y. Cans for supplying water in winter are outside the houses. Feed is sup- 
plied on the wire net ling covering the nest boxes, which are inside the shed. C, Silver fox in raised wire-floored pen at the experiment station. 
Note the feeder attached to the side of the pen.    The feed is placed from the outside against the large horizontal spikes across the opening.      ^j 
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feed through the wire as desired. A narrow platform or ledge of the 
trough extends inside the pen to prevent the feed from being unduly 
wasted. Vixens suckling pups are still fed in pans washed and 
scalded each day. 

Mature animals during the summer, fall, and early winter are 
usually restricted to about 0.9 pound of mixed ration (hamburger 
consistency) once daily, in the evening, or an equivalent amount on 
dry basis of commercial feed in cube form. Weaned pups are fed 
similarly during the fall and summer, except that the ration is full 
fed up to 1¾ pounds daily. Full feeding twice daily of a richer ration 
is given after the vixen gives birth to her whelps. 

REDUCTION OF FEED COSTS NECESSARY 

The increase in the number of silver fox pelts produced in the 
United States as well as in other countries has so reduced the sale 
price of the skins and raised the cost of feeds commonly used for foxes 
that the profits are becoming continually smaller or entirely dis- 
appearing. Buyers are demanding better pelts for less money. The 
use of expensive feeds and extravagant methods of feeding that might 
be economically permissible when large profits are made is impossible 
on the present close margin of profit. The search is ever for cheaper 
satisfactory substitutes, such as desiccated meats and plant proteins 
for raw meat, and raw or specially processed cereals for breakfast-food 
wastes. To determine the kind and proportions of these cheaper feed 
substitutes that will still produce a silver fox skin that is large, durable, 
clear in color, densely furred, and lustrous is one of the chief problems 
of the industry. Naturally, the effect of such cheaper feeding during 
the important pregnancy and lactation periods of the vixen and during 
growth of the young is of tremendous importance. 

Unfortunately the fox-farming industry has developed at a period 
when vitamin and mineral supplements are the vogue in both human 
and livestock nutrition, with the result that fox farmers have been 
flooded with propaganda urging the inclusion of an overabundance of 
these expensive ingredients. The kind, the amount, and the time of 
year, if at all, to include these special ingredients need to be deter- 
mined under controlled conditions of management and with equalized 
groups of animals. Too much of the feeding information available to 
fox farmers at the present time is based upon tests with too few ani- 
mals in unequalized groups and conducted by organizations that are 
not altogether impartial. Some feed companies, taking advantage of 
already-established good management practices and excellent breeding 
stock, have intimated that such successful results are due primarily to 
the use of their product. 

NUTRITIVE REQUIREMENTS OF SILVER FOXES 

With worm-free foxes, the total caloric maintenance requirement 
for mature animals as determined by Smith {1067) is between 95 
and 100 calories per kilogram of live weight, based on the minimum 
summer weight, and there is little variation in that requirement during 
the entire year. He states that caloric requirements of foxes are de- 
pendent upon body area rather than live weight, and a daily require- 
ment of 360 to 550 calories is given for foxes ranging from 24 to 27 
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inches in body length. A table is given showing' the caloric require- 
ments for suckling and weaned pups of various ages. It was found 
that a definite quantity of food produced a definite gain in the weight 
of healthy pups, the quantity being calculated by its caloric value. 
After 5 months of age the food requirements increased to 750 calories 
daily, approximately one and one-half times the quantity for the 
average large-sized fox. Slight underfeeding for 1 week did not 
materially affect the growth of the pups, but continuous excessive 
feeding led to disastrous results. 

Smith {1067, p. 7) states that the total daily protein requirement 
for a small fox should not exceed 0.06 pound during the summer, to 
0.085 pound in early winter, and these quantities should be graduated 
according to size of fox up to 0.14 pound for an unusually large animal. 
He believes that excess protein tends to develop a coarse, streaky, open 
underfur at the expense of the guard hair and that a smaller quantity 
will not permit proper growth either of guard hair or of underfur. 

The summer rations fed foxes at the United States Fur Animal 
Experiment Station, according to average chemical analysis of various 
ingredients show on a dry-matter basis approximately 42 percent of 
protein (about two-thirds from animal and fish sources), 6.4 of fat, 
37 of nitrogen-free extract (the more soluble carbohydrates and more 
soluble parts of the celluloses and pentosans), and 9.7 percent of min- 
erals. On a basis of 1 pound of feed per day (including moisture and 
added water) the foxes were furnished about 0.16 pound of protein, 
0.023 of fat, 0.13 of nitrogen-free extract, and 0.034 pound of minerals 
daily. How much of these various nutrients was utilized by the fox 
is not known, since digestion trials have not been run on foxes. 

Vitamin A Studies 

The specific vitamin requirements of foxes have never been de- 
termined, but some basic research on the question of storage of vitamin 
A in the livers of foxes was done by Holmes and others (529) by assay- 
ing livers taken at pelting time from 10 ranch-raised foxes. These 
foxes had been fed a ration containing 25 to 30 percent of commercial 
feed and 70 to 75 percent of horse meat. The livers constituted 3.53 
percent of the live weight of the foxes, carried an average fat content 
of 2.25 percent of their own weight, and contained an average of 2,5 
Lovibond Blue units 3 of vitamin A per gram of liver. Unfortunately, 
the quality of fur was not studied, nor was the presence or absence of 
urinary calculi (gallstones) determined. The formation of urinary 
calculi is considered by some to be caused by vitamin A deficiency. 

The storage of vitamin A in the livers of foxes was given further 
study by the same authors (1938-39) in cooperation with the Bureau 
of Biological Survey.4 The livers of 41 foxes of various ages fed on 
three different experimental rations during the ^ summer and fall 
were assayed for vitamin A by the above-mentioned method. A 
careful post mortem revealed no calculi, and internal parasites were 
present in only a few individuals. The internal organs generally were 
in normal condition and there were no indications of definite vitamin 

3 The Lovibond Blue unit is a measure of the vitamin A content by the antimony trichloride colorimetrie 
method, 

4 Manuscript in preparation for publication. 
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A deficiency, but some of them may have been on the border line. 
All animals were fed rations similar except for the test ingredients as 
listed in table 1. Dry mixture No. 7 (p. 880) constituted 25 percent of 
each ration; equal parts of tomatoes and carrots, 5 percent; and ground 
green horse bone, 5 percent. Added water comprised 24 percent of 
the ration containing the raw meat, and 53 percent of those having the 
dessicated (dried) products. No vitamin A supplements were sup- 
plied in any of the rations. 

-Comparative data on vitamin A content of livers of 41 experimental silver 
foxes. ID wild red foxes^ and 4 wild gray foxes 

TABLE ]. 

I 

Number, age, and source 
of animals 

Test ingredients in ration 

]5 mature silver foxes L__ 

8 silver fox pups !  

10 silver fox pups ^  

S silver fox pups '  

15 wild red foxes from Con- 
necticut, Maryland. 
New York, and Mas- 
sachusetts. 

4 wild gray foxes from 
Connecticut. 

Material Quan- 
tity 

HBeef meal  
(Liver meal  
/Raw meat  
iBonemeal  
Beef meal  
Liver meal  
Beef meal  
Soybean meaL__ 
Liver meal  
Unknown  

.do. 

Percent 
9.6 
2.4 

MO.O 
1.0 
9.6 
2.4 
4.8 
4.8 
2.4 

Liver 
weight 
in pro- 
portion 
to body 
weight 

Percent 

) - 
2.8 

3.0 

Liver 
fat 

Percent 

2.90 

2.60 

2.69 

2.74 

0.43 

Lovibond Blue units of 
vitamin A per gram of 
liver 

Range 

Units 

1.3 to 4.7  

7.1 to 10.9  

1.8 to 4.0  

1'.3 to 8.8  

2.3 to 2,040.1.... 

180,1 to 1,267.0.. 

I Aver- 
,   age 

Vnits 

3.2 

3,7 

613.8 

348.2 

Weight 
of green 
pelt in 
propor- 
tion to 
body 

weight 

Percent 

17.8 

17.8 

18.3 

18.2 

i From the U. S. Fur Animal Experiment Station, Saratoga Springs, N. Y. 
2 25 percent of red muscle meat and 75 percent of viscera (50 percent of tripe, 25 percent of udders and 05 

percent of lungs). 

The groups of animals receiving the rations containing the desic- 
cated products showed an average of 3.2 to 3.7 Lovibond Blue units 
of vitamin A per gram of liver. The pups receiving the raw-meat 
ration showed on an average 8.8 such units, or over twice as much as 
that in the livers of the other groups. In contrast to this relatively 
small amount of vitamin A reserve in the livers of the ranch silver 
foxes it was found that wild red foxes from four States averaged 613.8 
units of vitamin A and four gray foxes, 348.2 units. Because such a 
relatively large amount of vitamin A is found in the livers of wild 
foxes no inference should be drawn that this amount is necessary for 
their well-being or for that of the silver fox in captivity. 

Apparently there is no correlation between the larger vitamin A 
content of the livers at these levels and the quality of silver fox pelts 
as determined by critical examination by experts in the fur trade. 
Skins grouped together for the general criticism were from animals 
with both the lower and higher vitamin A content in their livers. The 
skin from an animal the liver of which contained 10.9 Lovibond Blue 
units per gram, was given this general description—"very short in 
underfur and very short in guard hair, poor coverage, poor pelt." 
Two pelts from other animals having 2.4 and 2.7 Lovibond Blue units 
per gram of liver were described as "full growth of fur, well covered, 
enough under fur and guard hair, quality is there.,? 
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It should be kept in mind that the above information concerns only 
animals to be pelted. The vitamin A requirements during pregnancy 
and lactation and during the growth of the pups should be much higher 
than that needed for proper developing of the pelt. 

Vitamin B Deficiency Reported 
In the search for cheaper feed, fresh fish in various proportions has 

been used to replace the raw-meat part of the ratio». The results 
obtained have not been consistent. 

R. G. Green of the University of Minnesota attributes the disease 
known as Chastek paralysis to vitamin B deficiency. He reported in 
July 1938 U38) on nine major outbreaks of this disease in foxes in 
various sections of the country over a period of years. These began, 
he states, shortly after the addition of fresh raw fish to the diet. 
^Lesions identical with those found in the brains of foxes with Chastek 
paralysis have been described in the brains of dogs with vitamin B-l 
deficiency/' Though this disease occurred most frequently during the 
first 3 months of the year it has been produced experimentally by Dr. 
Green in summer. Production of Chastek paralysis by the use of fish 
as feed, he says, is in no way related to fish spoilage, and any kind of 
fish may cause it. The feeding of fresh fish, which lack this vitamin, 
produces the disease by cutting "down the amount of vitamin B 
in the diet simply by replacement of other foods which contain iV and 
by raising "the requirement of the fox for this vitamin^ because of the 
oil contained in the fish. He further states that some fox rations are 
so near the minimum border line of vitamin B requirements that a 
small quantity of fresh fish will cause trouble. 

The fox farmers of eastern Canada, on the other hand, are feeding 
fish as one-third to one-half of the meat part of the ration with 
satisfactory results. In that region, however, fish feeding is largely 
discontinued after September 1 because it is believed to have a detri- 
mental effect on the quality of the pelt. Research work on the kind 
of fish to use and amount to feed without harmful results to the health 
of the animal and the quality of the fur is urgently needed. Fish is a 
fairly cheap food for fur-animal feeding. 

STUDIES AT THE UNITED STATES FUR ANIMAL EXPERIMENT STATION 

Research Procedure 

At the fur animal experiment station animals are equalized into 
groups according to such standards as age, sex, ancestry, and previous 
feeding and breeding records. Even though the returns come from 
the pelts, live weights are taken to ascertain responses to various 
rations. The resulting information is supplemented with observa- 
tions and tests on fur growth, quality, and other factors. 

Sufficient water is added to all rations to make their total water 
content similar, which is an indirect way of bringing the rations to 
the same dry-matter basis. The addition of water is necessary to give 
the feed hamburger consistency. Even when a ration contains 40 
percent of raw meat, approximately 22 percent of water must be 
added because of the inclusion of dry cereals and other desiccated 
products.    Bringing all rations to   the  same water  content  makes 
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possible a direct comparison of the quantity of desiccated products in 
test rations that have replaced the raw meat and facilitates feeding 
operations and the recording of data. 

Horses butchered on the premises provide most of the raw muscle 
meat, green bone, and viscera, which are ground and kept frozen in 
slabs until used. The rations are identical in composition except for 
ingredients under experimentation. Proprietary feeds are not used 
because of the Government policy. 

Summer and Fall Maintenance of Mature Foxes 
Repeated tests at the experiment station with equalized groups of 

mature foxes, both male and female, have shown that 12 pounds of 
beef meal and liver meal, in a ratio of 4 to 1, are as satisfactory as 40 
pounds of raw frozen horse meat and various kinds of viscera (8 toi) 
for summer and fall feeding. The results were analyzed on the basis of 
relative live weight, rate of shedding of old fur, growth of new fur, and 
general health. The total protein in desiccated meats usually costs 
about one-fourth as much as that in raw meat. 

The following ingredients were common to both rations: Dry 
mixture, 25 pounds; vegetables, o pounds; and ground green bone, 5 
pounds. Water constituted about 23 pounds in the rations contain- 
ing raw meat and 52 pounds in those with the desiccated meats. The 
composition of the dry mixture used in the earlier experiment was: 

Dry mixture No, 6 

Pounds Pounds 
Bread meal    100        Fish meal (vacuum-dried)      50 
Corn-flake waste   100        Kelp meal     75 
Corn-germ meal    100        Skim-milk powder      50 
Wheat-germ meal     50   
Alfalfa-leaf meal     50 Total   575 

In the later experiments mixture No. 7 was substituted for No. 6: 

Dry mixture No. 7 

Pounds Pounds 
Bread meal    150        Fish meal (vacuum-dried, 
Oatmeal    150 vitamin D)     3 00 
Alfalfa-leaf meal      50   
Wheat-germ meal     50 Total     500 

Each animal was at first restricted to 0.8 pound of feed per day, 
with a gradual increase to 0.9 pound as cooler weather approached. 
The latter level was maintained until about January 1. On a dry- 
matter basis this makes approximately 6¾ ounces of feed per fox per 
day. 

Two years' work indicates that the liver meal is not essential in 
the summer and fall ration of mature male foxes. The substitution of 
hydraulic-pressure soybean meal for half the beef meal in the beef 
meal-liver meal ration proved entirely satisfactory during a 2-year 
test on the summer and fall feeding of mature vixensf Digester tankage 
and liver meal in proportions and quantities similar to the beef-meal 
radons did not prove adequate, but when one-fourth of this combina- 
tion was replaced by 10 pounds of raw meat, satisfactory results were 
again obtained. 



NUTRITION OF FUR ANIMALS 881 

Rations devoid of raw meat apparently produced a good quality oí 
fur, as revealed by careful general examination. No measurements for 
relative length of guard hair and underfur were taken, nor were any 
cross sections or tests for tensile strength made. Further study is 
needed to determine whether these summer and fall rations can be 
adjusted through addition of proteins, fats, or vitamins to produce 
a finer quality of fur. 

The effect of such summer and fall feeding on reproduction the 
following spring cannot be definitely stated, but some vixens did 
produce large litters of strong pups, which suggests that such variabil- 
ity as was noted may have been due to mixed inheritance. Of the 
nine mature male foxes kept over for breeding, all but one sired living 
litters. One male that received the summer and fall ration containing 
beef meal and liver meal sired seven living litters. 

Summer and Fall Feeding of Weaned Fox Pups 
At the fur animal experiment station two equalized groups of 30 

fox pups averaging 84 days old were fed rations during the summer and 
fall as shown in table 2. There was no appreciable difference in regard 
to general health, average live weight, and quantity of food con- 
sumed, but the animals in the raw-meat group showed slightly less 
tinge (reddish-brown color of the fur) than those in the group getting 
the beef meal. 
TABLE 2.— Composition of rations fed two groups of fox pups  in   United States Fur 

Animal Experiment Station test 

Composition 
Ingredients 

| Group 

Raw horse meal (muscle 3 parts, 
viscera 1 part)  

Steamed bonemeal  
Beef meal  
Liver meal  
Lard  
Dry mixture No. 6  

Percent 

40.0 
1.7 

Group 
2 

Percent 

Ingredients 
Composition 

25.0 

10. 0 
2.0 
1.0 

25. 0 

Vegetables   (carrots   and   toma 
toes)  

Ground sroen bone  
Water  

Total  

Group    Group 
1 2 

Percent | Pervmt 

5.0 
5.0 

23. 3 

100. 0 

OA) 
5.0 

52. 0 

100.0 

The substitution of beef meal and liver meal for the raw-meat 
portion of the ration of weaned fox pups was studied a second year 
with equalized groups of a similar number of animals. The average 
age at the beginning of this experiment was 56 days, and dry mixture 
No. 7 was used. The beef meal-liver meal group did not make as 
rapid gains through October as did the raw-meat group, yet they were 
only a third of a pound lighter in average weight at pelting time, in 
the middle of December. There was no significant difference be- 
tween the groups as to feed consumption, health, or general growth 
of fur. The desirable animals from each group were retained as 
breeders and the rest were pelted. An expert in the fur trade thought 
the skins from the raw-meat group appeared to be brighter and more 
lifelike than those from the beef-meal group. Another expert thought 
the skins from the beef-meal group to be slightly superior; some of 
these skins were definitely superior to those of their litter mates fed 
the raw meat. 
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The substitution of beef meal and liver meal for the raw-meat por- 
tion of the fox-pup ration was given a third year's study with 20 
animals in each equalized group and with a third similar group given 
a ration in which half the beef meal was replaced by an equal quantity 
of soybean-oil meal prepared under hydraulic pressure. Dry mixture 
No. 7 was used, and the pups averaged 56 days old when the experi- 
ment began. The pelts taken from animals in each group were 
critically studied by an expert in the fur trade. The skins from 
animals getting the beef meal and liver meal were judged to be the 
best in all respects, with the beef meal-soybean meal-liver meal group 
second, and the raw-meat group definitely third. 

The average weight and length of body of the 9 male pup skins in 
each group are given in table 3, From a sample tuft of fur from the loin 
region of each fox 20 guard hairs and 20 und erf ur fibers were measured 
by a special instrument, and the results are also shown in the table. 

TABLE 3.—Average weights, measurements, and length of hairs of 
pups receiving different rations 

skins from male fox 

Test ingredients of ration Weight of 
raw skin 

Length of 
body 

Length of 
guard hair 

Length of 
underfnr 

(not 
stretched) 

Raw meat 
Ou nces 

15.5 
U.4 
R2 

Ivches 
28. 58 
27.21 
27. r,7 

Inches            Inches 
2 40                  1 48 

Beef meal and liver meal _     ._ ..         2.47 :               1 60 
Beef meal, sovbean meal, and liver meal  2. 5r>  :'                  1   fi4 

From these data it can be seen that though the skins from animals 
fed the raw meat were slightly heavier and longer, the average length 
of guard hair and underfur was greater in those foxes getting no raw 
meat in their ration. 

Feeding From Breeding Time Through Lactation 
The proper proportion of raw meat to include in the ration of vixens 

during the reproductive period was also studied at the fur animal 
experiment station. Two groups of vixens were fed similar rations 
except that one group received 60 percent of raw meat and the other 
group 40 percent of raw meat and an additional 6 percent of dry mix- 
ture No. 7. Vegetables and ground green bone were included in each 
ration. Two years^ experimentation showed that the ration contain- 
ing the greater amount of the more expensive raw meat gave no better 
results in percentage of vixens producing young or in growth of young 
during the lactation period. In 1 year's experimentation with equal- 
ized groups of vixens substitution of beef meal and liver meal (in a 
ratio of 5 to 1) for all the raw meat proved quite unsatisfactory during 
the lactation period. The vixens fed only the dessicated meats with 
dry mixture No. 6 were practically dry by the end of the fifth week of 
lactation. Their pups averaged nearly 1 pound less in weight at 
weaning than pups raised on rations containing raw meat. There 
was little difference in the whelping records of the two groups. 

An experiment was conducted for 1 year (1938), during which a 
comparison was made of the three rations shown in table 4. Both 
rations containing only 20 percent of raw meat were satisfactory 
enough to warrant a more thorough investigation. 
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TABLE I.—Composition of three rations fed breeding vixens in tests at the United States 
Fur Animal Experiment Station, 1938 

Composition 

Ingredieurs 
! Ration 

1 

Raw liorse meat (muscle 
7 parts, viscera 3 parts). 

Beef meal  
Soybean meal  
Liver meal  
Ground green bone_  
Dry mivture \o. 7  

Percent 
40.0 

3.0 
25.0 

Ration Ration 
3 

Per ce m 
20.0 
4.8 

1.2 

25.0 

Percent 
20.0 i 
2.4 
2.4 
1.2 

Ingredients 

Composirion 

Vegetables  (carrots and 
tomatoes) í  

Liquid skim milk (sour). 
Water  

25.0 

Ration 
1 

Percent 
10.0 

22.0 

100. 0 

Ration 
2 

Percent 
10.0 
25. 0 
11.(1 

100.0 

Ration 
3 

Percent 
10.0 
25. 0 
14.0 

100. 0 

RECOMMENDATIONS FOR FEEDING FOXES 

Until more definite information is available the fox farmer should 
not include any great quantity of uncooked cereal in the fox ration. 
What is used should be finely ground. Cereals partly cooked in 
processing, of which oatmeal is an example, malted or dextrinized 
grains, or byproducts from preparation of human foods, such as dried 
bread crumbs and breakfast-food byproducts, are available, though 
higher priced than the raw cereals. These cereals provide carbohy- 
drates and some vegetable proteins and fats. Additional protein 
and fat can be obtained from soybean, peanut, and linseed meals, 
all of which are partly cooked. It should not be forgotten, however, 
that foxes are carnivores and that the bulk of their ration should come 
from animal sources. Beef meal appears to be the most satisfactory 
desiccated product. Fish meal can be included. Fresh vegetables 
provide bulk and vitamins, as does also a small quantity of a good 
grade of alfalfa-leaf meal. Ground green bone gives a supply of 
rich animal fat, but its minerals are not needed when desiccated meats 
are fed. All feeds should be wholesome and sweet—that is, not 
rancid. Putrid meats should never be used. Flesh of livestock dying 
from disease may prove harmful, and dead animals should never be 
purchased or even accepted as a gift. Cheap meat from such animals 
may be fed without harmful results for a long period, but one disas- 
trous feeding can eliminate all savings effected. 

Summer and Fall Maintenance of Mature Animals 
It is not necessary to feed any raw meat to mature male foxes from 

the end of the breeding season until January 1, or to the vixens from 
the time it is definitely known that they will not produce young or 
after they have finished their lactation period until January 1. 

The following ration should give satisfactory results for mainte- 
nance of breeders during this period and for the older animals to be 
pelted during the fall: Perce,nt 

Beef meal  4. 8 
Soybean meal (hydraulic pressure)  4. 8 
Liver meal  2. 4 
Dry mixture No. 7 (p. 880)  25. 0 
Fresh vegetables (finely ground carrots and tomatoes)  5. 0 
Ground green bone  5. 0 
Water  53. 0 

Total    100. 0 
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Further experimental work may show that other vegetable proteins 
may be substituted for part of the soybean meal and that the vege- 
table proteins may constitute a greater proportion of the total ration. 

The vitamins necessary at this time of year apparently are found 
naturally in sufficient quantities in the above feeds. The total 
amount fed should be somewhat restricted (about 0.8 pound daily 
per fox) for economy's sake as well as for best results until cooler 
weather, when the animals to be kept as breeders should receive 
about 0.9 pound and those to be pelted should be given a full feed. 
Of course, the observant fox farmer will adjust the quantity according 
to weight, appetite, and individual requirements of the foxes. 

Vixens that have been good producers will naturally be at a mini- 
mum weight at the end of lactation and throughout the summer 
while the fur is shedding. The hot days are not conducive to a heavy 
consumption of food. During the fall under heavier feeding in addi- 
tion to the slight increase in weight due to the new growth of fur, the 
producing animal tends to regain her body weight by putting on fat 
and repairing tissue. Reduced weight during summer is not in itself 
an indication of a good producer. Merely reducing the weight, which 
may be done by restricted feeding, cannot turn an inherently poor 
producer into a good one. 

Feeding During Reproductive Period 
The reserve materials essential for maximum reproduction should be 

built up in the bodies of the foxes (both mature animals and pups) 
sometime previous to mating, which occurs on the average about the 
first part of February. Most breeders begin richer and somewhat 
heavier feeding early in January, though some have reported satis- 
factory breeding results when they delayed it until February 1. The 
quality of the ration is raised by feeding a higher percentage of raw 
meat containing a greater proportion of high-quality glandular tissues, 
such as liver, hearts, brains, and spleens, in place of lungs, udders, 
and tripe of low biological food value. Vitamin supplements and 
feeds rich in the various vitamins should be incorporated in the ration. 

In the light of the experimental fox feeding that has been done, and 
estimating from general livestock needs the requirements necessary 
for the fox during the period January 1 to May 30, the ration suggested 
in table 5 would seem to be satisfactorv. 

TABLE 5.—Ingredients of suggested production ration for silver foxes, 
and of dry mixture included 

Ingrediente of production ration      Amount 

Raw meat (muscle 7 parts,   glan- 
dular 3 parts)  

Dry mixture  
Vegetables, finely ground (carrots, 

tomatoes, lettuce leaves)  
Green bone, ground  
Water  
Cod-liver oil (fortified)  

Total. 

Percent 

40.0 
25,0 

10.0 
ó. 0 

19.7 
.3 

100.0 

Ingredients of dry mixture 

Bread meal (whole wheat preferred ) _ 
Oatmeal  
Wheat-germ meal  
Fish meal, vitamin D  
Alfalfa-leaf meal  
Dried skim milk  
Soybean meal (hydraulic pressed}._. 
Linseed meal (old process)  ___ 
Wheat bran  
Brewers' yeast (inactive)  

Total  

Amount 

, Pounds Percent 
100 16 
100 16 
100 16 
100 16 
50 8 
m 8 
50 8 
25 4 
25 4 
25 4 

025 100 



NUTRITION OF FUR ANIMALS 885 

Canned fish may replace not to exceed 25 percent of the raw meat 
and raw fish not to exceed 15 percent, provided the vitamin B factor is 
properly taken care of. 

The rations fed to vixens during the breeding season are entirely 
adequate for the males during this period. At the end of their season 
the males can be put on the summer and fall rations. Giving the males 
tins maintenance ration when the vixens require a fuller and richer 
feed, because of lactation, means considerable saving in feed cost, 
with no harmful results during the ensuing breeding season. When 
it is definitely known that vixens will not produce young, they may 
be given the same ration as males. 

The practice at the fur animal experiment station has been to feed 
once daily during the breeding and gestation periods a quantity that 
will keep the foxes in good thrifty condition, that is, as much as will 
be readily cleaned up within a short period. Of course, the quantity 
fed to individuals will vary; some foxes need more than others, and 
the discriminating fox man will so regulate quantities as to get the 
results desired and avoid waste. Appetites fall off during mating 
time. During pregnancy vixens should be liberally but not full fed, 
as full feeding tends to cause them to become fat and sluggish. The 
major growth of the embryos is during the extreme latter part of the 
gestation period. Exercise during the whole period is conducive to 
a more healthy condition of the animal, and this can be assured by a 
somewhat restricted ration. The quantity fed a few days previous 
to and just after whelping should likewise be restricted. Beginning 
about the fourth day after whelping, the vixen should be fed twice 
daily, the quantity being increased as the appetite improves. Full 
feeding should be followed as the lactation period progresses, the 
quantity depending on size of litter and age of pups. Stale food should 
not be allowed to accumulate. A graduated dial with adjustable 
pointer for indicating the amounts the vixens are to receive facilitates 
feeding operation s. 

Summer and Fall Feeding of Pups 

During the suckling period the pups are fed with the mother, re- 
ceiving the same ration. If they are weaned when they are 7 to 8 
weeks old it is advisable to continue feeding them this ration until they 
are about 2% to 3 months old, at which time all the raw meat can be 
replaced with 12 percent of beef meal and liver meal in a ratio of 
4 toi. Water should, of course, be added to make the feed of ham- 
burger consistency. Because the pups will grow for another 3 or 4 
months, the dry mixture used in the ration during the suckling period 
should be continued until about September 1, when the pups may be 
fed the same ration as that being fed the mature animals (p. 883). Late- 
whelped pups should receive special consideration as to quality of 
ration. All pups after weaning should be fed once daily, in the even- 
ing, all they will consume readily. 

MINKS 

CHARACTERISTICS 

Mink ranching on a large scale for pelts has developed only within 
the last 5 years, though some pelts have been produced for more than 
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half a century. Original stock was live-trapped from the wild. 
Wild mink are expert swimmers and are usually found around streams 
and ponds. Through selective breeding on the farms the desirable 
dark sepia color with a darker stripe down the middle of the back has 
become prevalent in the better herds. Pelts from ranch minks are 
now considered to be of superior quality and color to those taken in 
the wild. 

Mature male minks weigh about 2¾ pounds and the females about 
half a pound less. The mating season begins about the first week in 
March. The males are polygamous. The length of the gestation 
period is not definitely known, but it is believed to be about 42 days. 
Litters as large as 10 are frequent, but a ranch average of 4 weaned 
young (kits) per female kept for breeding is considered to be satis- 
factory. The young minks when weaned at 8 weeks old weigh an aver- 
age of three-fourths of a pound, and when they are 5 months old they 
weigh as much as the mature animals. The pelts are taken in the 
early winter of the same year. Minks breed in early spring when 
about 10 months old. 

Minks must be kept in separate pens becasuse of their tendency to 
fight. Pens are of various sizes, but satisfactory ones are about 6 feet 
long, 2 feet wide, and 2 feet high (fig. 1,7?), Raised wire floors are 
preferable (fig. 2, J9). 

Minks are not as timid as foxes nor are they as particular about their 
food. Apparently, they require a higher percentage of raw meat or 
fish in their ration than foxes. From 4 to 5 ounces of feed per day are 
required by mature mink not suckling young. ^ This is placed on top 
of the wire over the pen or nest box or on a feeding platform. 

Because mink raising is a newer enterprise than fox farming, less 
experimental work has been done with minks. 

VITAMIN A RESERVE 

The formation of urinary calculi in minks has caused considerable 
losses in some herds. Nothing definite is known as to the direct cause, 
but a vitamin A deficiency and an unbalanced mineral relationship 
have both been suggested as possible causes. A study of the vitamin 
A reserve of ranch mink and wild mink was made by Holmes and 
associates {529), but unfortunately observations were not made on the 
presence or absence of urinary calculi. The livers of 27 ranch-raised 
minks and 2 wild minks were assayed for vitamin A reserve at pel ting- 
time by the antimony trichloride colorimetric method. The wild 
minks averaged 975 Lovibond Blue units of vitamin A in the livers 
while the ranch-raised minks averaged only 62 such units. In only 
2 of the ranch minks was the average of those caught in the wild 
approached. The ranch minks had been fed a ration composed of 
horse meat and fish scrap (80 percent), a commercial mink ration (20 
percent), and some fresh vegetables. A more thorough study of pos- 
sible dietary causes of urinary calculi formation in mink is being made 
by the Bureau of Biological Survey in cooperation with other agencies. 

RESULTS OF DIGESTION TRIALS AT CORNELL UNIVERSITY 

The first careful and detailed study of metabolism in fur animals 
was conducted with minks at Cornell University in 1936 (524) (fig. 2, 
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FigureZ,— I. Kabhils in two-comparlinent all-metal hutch «illi buill-iii lia) inaii-rer 
»illi removable trough below for grain. Fresh water is available in the crook at all 
times. The young rabbits are pul into the basket during hot days. B, Mink in wire 
floored pen. (Courtesy The American Fur Breeder.) C, Marten in pen. (Courtesy 
The American Fur Breeder.) D, A four-compartment mink metabolism unit. Each 
pen has a false bottom of inch-mesh wire on which the animal stands. Feces are 
collected on a movable line-mesh screen below this floor, while the urine is directed 
by a funnel-shaped tray to the flask under each pen. The inverted bottle on the 
side of each cage serves as an automatic drinking fountain. Designed and constructed 

at Cornell Lniversitv, Ithaca, ^S. Y. 
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D). The diets used in this metabolism study are listed in table 6. 
It was necessary to mix some water with all except diet 5. Dry mix- 
tures A and B are given in table 7 ; a chemical analysis and the digesti- 
bility coefficients of the six diets are given in tables 8 and 9. 

TABLE 6.—Diets used in metabolism studies on minks 

Ingredients 

Portion of ingredient in diet No. — 

Fresh Jean beef  
Canned fish  
Fresh lamb liver  
Fresh lettuce  
Dry mixture A (cereal cooked)  
Dry mixture A (cereal uncooked) . 
Coinmercial dry mixture No. !...__ 
Commercial dry mixture No. 2  
Dry mixture B (cereal cooked)  

Pounds 
10 

2 
3 
1 
5 

Pounds Pounds 
10 I 10 

2 : 2 

\\ \ 
5 

Pounds 
10 

2 

Pounds ;   Pounds 
10 i 

2 i 1 
3 I 3 
1 1 

TABLE 7.—Dry mixtures A and B by weight 

Ingredients A B 

Lb. 
10.8 
8.0 
9.2 

10.0 
5.0 
5.0 
1.0 

Ingrediente A B 

Oatmeal            .         ._       ... . _ 
Lb. 
30.0 
22.0 
25.0 
10.0 
5.0 
5.0 
1.0 

Calcium carbonato  
Iodized salt 

Lb. 
1.5 

:1 
Lb. 

Yellow cornmeal       _       5 
Wheat middlings Fortified cod-liver oil  

Dried moat scraps Dry skim milk .      ____ _    __ '4-0 0 

Total  Dried blood        09. 3 fll  3 
Boncmeal  

TABLE 8.—Analysis of diets I to 6 on a dry-matter basis 

Diet Xo. 

Percent 
1  4.6 ! 
2  5.3 i 
3  11.6 Í 
4  5.7 j 
5  4.7 ¡ 
6  12.1  ■ 

Crude     \ Ether Xitrogen- 
free 

extract 
protein    ; extract 

Percent    ¡' Percent Percent 
40.9 ' 15.2 38.0 
37.9 1 19.8 35.0 
44.7 ■ 17.3 23.0 
37.2 : 29. 5 24.6 
54.3 . 37.7 2.8 
55.0 ] 11.6 19.2 

Crude 
fiber 

Percent 

3.3 
3.0 
.6 

2.0 

TABLE 9.—Digestibility coefficients of diets Aos. Z to 6 

Diet No. Trials Dry 
matter 

! Number :  Percent 

S:.::::::::::::::::::::::;::::::       5 

ë;:;;:;;;:;;;;;;;;::;:E:!   si 
6 : 4 

Matter 
not ash 

Crude 
protein 

nt Percent Percent \ 
81 83 89 : 
71 73 85 I 
70 76 84 1 
77 80 81 
89 91 91 
68 72 82 

Ether 
extract 

! Nitrogen- 
free 

extract 

Percent 
93 
94 
96 
97 

' 96 
91 

Crude 
fiber 

Percent Percent 
73 37 
52 2 
51 31 
62 24 

36 40 

Analysis /or 1 trial only. 
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The digestion trials on each diet were run by confining the animals 
in a special cage so designed by the investigators that complete and 
separate samples of urine and feces could be obtained over a 24-hour 
period. The most digestible diet was that containing no dry mixture 
(No. 5). The diet containing the dry mixture formulated by the 
Cornell Animal Nutrition Laboratory, in which the cereal was cooked 
(No. 1) proved second most digestible. The least digestible of all the 
rations and the one showing the lowest digestibility of crude protein 
was that containing desiccated meat products (No. 6). The average 
digestibility of the protein was 85 percent, with significant difi'erences 
between a few of the values. The digestibility of the fat (ether 
extract) was also uuiform and high for all the diets. The investigators 
report as follows {524): 

The digestibility of the carbohydrate fraction, represented by the nitrogen-free 
extract, is highly variable for the different diets. This variability is the most 
important factor affecting the digestibility of the dry matter as a whole. Since 
the digestibility of the nitrogen-free extract is also much lower than that of the 
protein or the fat, it appears that mink are not able to digest carbohydrates as 
well as these other nutrients. By comparison of the data for diets 1 and 2 . . . 
it is indicated that the starch in the grains is made more available to the mink by 
cooking. 

No special significance can be placed on the data for digestibility of the crude 
fiber, since it is such a small part of each diet. The data indicate, however, that 
the mink is able to digest only a small fraction of the higher carbohydrates. This 
can be explained by the fact that the food remains in the body for such a short 
time that the bacterial action necessary to digest cellulose takes place to only a 
very limited extent. 

STUDIES AT THE UNITED STATES FUR ANIMAL EXPERIMENT STATION 

The small number of minks thus far available at the United States 
Fur Animal Experiment Station has permitted only preliminary feed- 
ing experiments, W. P. A. construction in 1938 provided equipment 
and pens for more than 450 animals. 

In the feeding trials that have been run at the station an effort has 
been made to determine what can be substituted for the more expen- 
sive raw meat of the minks' ration. The substitution of ground fresh 
codfish for half the raw frozen horse meat in the summer and fall ration 
of mature minks resulted in as good general health, food consumption^ 
and fur growth as the ration containing the full portion of raw meat, 
though the animals getting the codfish weighed less at the end of the 
test. A similar ration fed to weaned kits gave a slight indication of 
unpalatability. A third group of mink kits getting all codfish in 
place of meat were unthrifty and only 50 percent of them finished the 
experiment. Many mink breeders have feel a much higher propor- 
tion of other kinds of fish in the total diet with satisfactory results. 
One year's experiment in replacing one-third of the raw-meat portion 
of the mature minks' summer and fall ration with an equal weight of 
canned ocean fish in one ration and an equivalent weight of fish meal 
(on basis of dry matter) in another gave results of no significant 
difference. 

Results of feeding of similar rations to kits suggest that either 
canned fish or fish meal in the proportions used is adequate as meas- 
ured by general health, food consumption, average live weight, and 
fur growth. 
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Desiccated meats are apparently not so satisfactory as a partial 
substitute for the raw-meat part of the ration for minks as for foxes. 
The substitution of tankage and liver meal (rabio 4 to 1), on a dry- 
matter basis, for half of the 40 percent of raw meat in one ration, and 
a like substitution of beef meal in another ration, were less satisfac- 
tory for the growing out of weaned kits to pelting time than the ration 
containing 40 percent of raw meat. Likewise a ration in which tank- 
age and liver meal (ratio 4 toi) were substituted for one-half of the 
40 percent of raw meat proved less satisfactory than the ration con- 
taining a full portion of raw meat for the summer and fall feeding of 
mature minks, as evidenced by late shedding of the old fur and poor 
growth and quality of the new, as well as by poor gains in live weight. 

A mixture of equal parts of bread meal, oatmeal, and raw corn meal 
constituting 25 percent of the ration gave better weights and growth 
with a small number of weaned kits than an equal quantity by weight 
of a dry mixture composed of eight ingredients (mixture No. 6, p. 880) 
in another ration. 

RECOMMENDATIONS FOR FEEDING MINKS 

The experience of successful mink raisers and the few experimental 
results available indicate that minks should be fed a ration containing 
more raw meat than is necessary for foxes. The amount of raw meat 
should be about 50 percent of the ration during the summer and fall 
and as much as 70 percent during the breeding season and lactation 
periods. This raw meat can be muscle meat (2 parts) and viscera 
(1 part) of either horse, cow, or sheep. The viscera may be heart, 
liver, kidneys, spleen, or brains in varying proportions. A variety is 
desirable. Some tripe, udders, and lungs can replace the other organs 
during the summer and fall. Whole fresh-ground fish or canned fish 
may be substituted for as much as 33 percent of the raw meat. Con- 
taminated fish or meat should never be used. Chicken or rabbit 
heads or rabbit carcasses can be used if fresh. The dry mixture sug- 
gested for foxes during the breeding season should prove satisfactory 
when constituting 10 to 15 percent of the mink ration during the 
breeding season. Dry mixture No. 7 (p. 880) can be used during sum- 
mer to the extent of 25 percent of the ration. The ground green bone 
should be 5 percent; and tomatoes, carrots, turnips, green lettuce, and 
other ground vegetables, 5 percent. Salt should be added to the 
extent of about 0.5 percent of the ration as fed. The remainder 
should be water or clean, fresh milk, sufficient to make the entire 
ration of hamburger consistency. As a precautionary measure 0,3 
percent of fortified cod-liver oil should be added to the ration. 

Minks should be full fed twice daily while suckling their litters. At 
other times one feeding in the evening is all that is necessary for 
adults, and this should be so restricted in quantity that the animals 
will not get too fat. 

MARTENS AND FISHERS 

Martens (fig. 2, O) and fishers are fur animals of the forest. They 
are related to the highly prized Russian sable. The raising of these 
animals in captivity has never been profitable because they do not 
reproduce satisfactorily under such conditions.    Some of the early 
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difficulty was due to the fact that it was not known that martens breed 
in July and August and have a gestation period of 9¾ months (39) and 
that fishers have a gestation period of over 11 months and breed 
within a few days after giving birth to the young in the spring. The 
young are large enough to be pelted the fall of the same year in which 
they are whelped. 

At the United States Fur Animal Experiment Station only 10 to 
15 percent of the female martens produce young. Evidently the 
methods of management or the ingredients of the ration are not 
adequate for efficient reproduction. Yet both martens and fishers 
can be maintained and satisfactorily furred out on the rations con- 
taining raw meat that have been fed to foxes. Rations containing as 
much as 75 percent of raw meat and viscera have not been effective in 
increasing reproduction in martens. Rations well fortified with 
ingredients rich in the various vitamins have likewise proved ineffec- 
tive. During the past year a colony of rats was maintained for 
supplying these animals in the rations at periodical intervals. Sexual 
activity has always been evident in the martens fed all rations at 
the station, but litters are not forthcoming in the spring. Until more 
definite information on feeding for successful reproduction is available 
it will be impossible to give any recommendations for feeding either 
martens or fishers. ^ D0MEST|C RABBITS 

Domestic rabbits are raised for meat and fur in every State, and 
the total production in the United States may exceed 7,000,000 
animals a year. Even though all the skins are readily salable to the 
hatteiV trade and a small percentage to the fur trade, rabbits are 
produced in this country primarily for meat because of its higher 
relative value, 

A medium-type rabbit—females (does) weighing 10 to 12 pounds at 
maturity and males (bucks) 9 to 10 pounds—is most widely used in 
commercial rabbitries. The animals are confined to individual 
hutches about 2 feet high with a floor 2¾ by 4 feet (fig. 2, A). The 
gestation period in rabbits is from 31 to 32 days. 

The commercial practice is to push the young animals by heavy 
feeding so that they will attain a desirable marketable weight when S 
weeks old, and then to breed the doe again just as soon as she weans 
a litter. As many as four litters a year of seven or eight young per 
litter are produced by each doe in the milder climates. 

Earlier experimental work seemed to indicate that grains should be 
rolled and that a good-quality hay should constitute approximately 
60 percent of the rabbits^ ration. Later work with a self-feeder having 
compartments, perfected at the United States Rabbit Experiment 
Station, Fontana, Calif., showed that rabbits preferred the whole 
grains, such as oats, wheat, barley, and sorghum, and actually made 
better gains on them than on the same grains rolled, ground, or 
pelleted. It was also found that a protein supplement such as soy- 
bean meal, peanut meal, or linseed meal was very essential to maximum 
gains, and that these should be supplied either in pelleted or pea-sized 
cake form. The pellets should be three-sixteenths of an inch in di- 
ameter and one-eighth of an inch long. Under such a system of 
feeding the rabbits consumed about 2% pounds of concentrates for 
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every pound of hay, and these quantities of feed (including that fed 
the doe during pregnancy) produced 1 pound of live weight on rabbits 
weaned at 8 weeks of age. 

The Bureau^ recommendations are now that in commercial 
rabbitries the does while suckling young be self-fed with at least two 
of the whole grains and one of the protein supplements (pelleted or 
pea-sized cake) in a self-feeder or that they be full-fed by hand with 
two parts of a mixture of any two or more of the smaller grains 
(relative price the primary factor) and one part protein supplement in 
pelleted or pea-sized cake form. Clean, bright, leafy legume hay 
(alfalfa, clover, lespedeza, or pea-vine) cut into 3- to 4-inch lengths 
should be available in the hay manger at all times. A small quantity 
of succulent green feed or roots should be supplied daily. White 
block salt and fresh water should be kept before the rabbits at all 
times. No vitamin supplements are necessary. Cod-liver oil should 
not be given, since it is toxic to rabbits. 

After the doe weans her litter she should be fed once daily, at 
evening, a quantity of concentrates that will be readily consumed in 
20 to 30 minutes. This restricted ration prevents her becoming too 
fat. The concentrate mixture should be four parts of any two or 
more of the small grains and one part of the protein supplement 
(pelleted or cake form). A small amount of green feed should be 
supplied and legume hay, salt, and fresh water in abundance. Herd 
bucks and developing does and bucks can be fed the same ration. 
Naturally, a careful feeder will adjust rule-of-thumb methods to the 
specific requirements of individual animals so as to get the best 
results. More detailed information on the subject is available in 
publications obtainable by request from the United States Rabbit 
Experiment Station, Fontana, Calif., or the Bureau of Biological 
Survey, Washington, D. C. 



FEEDING REQUIREMENTS OF GALLINACEOUS 

UPLAND GAME BIRDS 

by Ralph B. Nestler * 

WITH an awakened public interest in the preservation of wild life, more 
and more farmers, 4-H Club members, and others are raising upland 

game birds. Also, more attention is being given to the right kind of 

feeding practices. This article discusses the feeding of these birds in 
the wild and in captivity. 

THE IMPORTANCE of a knowledge of gamo nutrition and satisfactory 
feeding practices is gradually being impressed upon game managers 
and others interested in game throughout the country. For more 
than half a century civilization lias been forcing game almost to 
extinction. One notable example is the complete destruction of the 
heath hen, or eastern pinnated grouse. At one time this bird was 
found in large numbers in Massachusetts, southern New Hampshire, 
Xew York, Pennsylvania, and New Jersey. Its last stand was on the 
island of Martha^s Vineyard, Mass., where it existed for many years 
after its extinction in other sections of the country. In 1930, only 
one bird of this species could be found there. 

In recent years, certain foresighted citizens have realized the need 
of help for wildlife. Through their efforts game refuges have been 
started, feeding grounds are prepared especially for the game, and 
artificial game propagation has become a business. The work of 
game preservation and replenishment by both State game commissions 
and private individuals has made such strides in recent years that it 
has passed the trial-and-error stage and reached the field of scientific 
research. 

This article attempts to show what has been done in the field of 
nutrition and feeding of gallinaceous upland game birds and what 
still remains to be done. Because much of the work on game to date 
has pertained to these species and because of space limitations, other 
kinds of game, including game mammals, marsh and aquatic game 
birds, pigeons, and doves, are not here considered. 

- Ralph B. Nestler is Associate Biologist, Bureau of Biological Survey. Appreciation is expressed to 
H. W. Titus, in charge of Poultry Nutrition Investigations, Bureau of Animal Industry, and Arnold Nel- 
son, Section of Food Habits, Bureau of Biological Survey, for their helpful suggestions, assistance, and 
constructive criticism of this article. (The Bureau of Biological Survey was transferred from the Depart- 
ment of Agriculture to the Department of the Interior July 1,1939.) 
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THE UPLAND GAME BIRDS 
Gallinaceous upland game birds belong to the superfamily Phasia- 

noidea, of the order Galliformes. This superfamily is divided into 
four groups—(1) grouse, ptarmigans, and the sage hen (the Tetraoni- 
dae family); (2) American quails and Old World partridges (the Perdi- 
cidae family) ; (3) pheasants (the Phasianidae family) ; and (4) turkeys 
(the Meleagrididae family). The 13 most important species in 
continental United States on which some work has been done in 
captivity are ruffed grouse, sharp-tailed grouse, prairie chicken or 
pinnated grouse, sage hen, bobwhite quail, mountain or plumed 
quail, California or helmet quail, GambePs quail, scaled quail, Hun- 
garian partridge, chukar partridge, ring-necked pheasant, and wild 
turkey.2 Until very recently, only the bobwhite quail, the ring- 
necked pheasant, the Hungarian partridge, and the wild turkey have 
been propagated successfully in captivity to any great extent. Other 
species of quail also are now being raised in this way with success. 

GROUSE 

Of the Tetraonidae family, the ruffed grouse, commonly called 
partridge in New England and pheasant in the southern Alleghany 
States, is probably the best known generally, and is one of our most 
esteemed native game birds. This species ranges from the Atlantic 
to the Pacific and from Canada to the higher ground of the Southern 
States. In 1884-85, Pierre Lorillard turned ruffed grouse loose on 
the game reserve at Jobs town, N. J., with satisfactory results. Suc- 
cessful implantations were made in 1900 on a 1,500-acre tract on 
Washington Island, Wis., by William Barnhard. Birds shipped from 
Alberta, Canada, to an island in Puget Sound, Wash., in 1923, have 
also done very well. 

Game propagators have found that the proper care of ruffed grouse 
in pens is very difficult. Adult native birds usually are too wild for 
controlled conditions. On the other hand, propagated stock brought 
to maturity is usually too tame for planting in the wild. 

The sharp-tailed grouse is not so familiar to most people as the 
ruffed grouse, and it has not received as much attention from the 
game propagators. It is found in eastern Colorado, central Nebraska, 
eastern South Dakota, Minnesota, Utah, northern New Mexico, and 
western Wisconsin. 

Changes in the center of the prairie chicken population as related 
to human settlement of this country are still in process. This bird 
formerly ranged throughout all the open country between the Appa- 
lachian and the Rocky Mountains and from Canada to the Gulf 
coast. As the country became more thickly populated, the prairie 
chicken has disappeared from many regions, and the eastern limit of 
its range has moved westward. At the same time, the clearing of 
forests has provided much new open country that it lias been prompt 
to occupy. In this way, its range has extended westward and north- 
ward, and at the same time has been curtailed eastward.    It is a 

2 The scientific names of these species are Bonasa umbeUus (ruiîed grouse), Pedioecetes phasianeltus (sharp 
tailed grouse), Tympanuchus cupido (prairie chicken or pinnated grouse), Centrocercus urophasia7ius (sage 
hen), Coízwwswffmamí« (bobwhite quail), Oreortyxpicfa (mountain or plumed quail), Lophortyxcalifornicus 
(California or helmet quail), Lophortyx gambeii (Gambel's quail), Callipepla squamata (scaled quail), Perdix 
perdix (Hungarian partridge), Alectoris graeca chukar (chukar partridge), Pfiasianus colchkus tortuatus 
(ring-necked pheasant), and Meleagris gallopavo (wild turkey). 
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gregarious bird and is easily domesticated, but it has not been propa- 
gated successfully in captivity. 

The sage hen is found in the sagebrush plains of the Transition 
Zone from northwestern North Dakota to central California, north- 
western New Mexico, and northwestern Nebraska. It has not been 
raised successfully in captivity. 

QUAILS AND PARTRIDGES 

The very popular bobwhite is more widely distributed in the 
United States than any other species of the Perdicidae family. In 
the North it is commonly called quail, whereas in the Southern 
States it is generally designated partridge. It is very abundant and 
is the principal upland game bird of the Gulf and South Atlantic 
States. It ranges westward to the elevated central Plains from 
South Dakota to Texas. The distribution of the bobwhite in the 
Northeast is more restricted now than it was about 50 years ago, 
and the present stock seems unable to occupy the colder regions of 
the New England States, where at one time the bird lived success- 
fully. This withdrawal of bobwhite from the cold interior of the 
Northeast to the warmer coastal belt probably goes hand in hand 
with the decline of agriculture in New England and a nearly complete 
failure of the winter food supply. Introduction of the bobwhite into 
Washington, Colorado, and Montana west of the Divide has met 
with moderate success, but implantations in California, Arizona, 
New Mexico, Utah, Wyoming, South. Dakota, and Minnesota have 
failed. 

Bobwhite are amenable to large-scale rearing in captivity. ^ William 
Coleman of Virginia pioneered in the development of techniques and 
electrical equipment for successful quail propagation, and in 1929 
succeeded in raising very large numbers of birds successfully with 
electric incubators and brooders. Only a few years prior to this, all 
hatching and rearing had been done with bantam hens. 

The various other American quail, such as the mountain quail, the 
California quail, and GambeTs quail, also may be raised in captivity. 
Their eggs may be incubated successfully under bantam hens, and 
for some species electrical incubation has been tried. The mountain 
or plumed quail is confined to the mountainous sections of the Pacific 
Coast States; the California or helmet quail likewise is localized 
more or less on the west coast; and GambeTs quail inhabits Texas, 
Arizona, and New Mexico, from which it is rapidly spreading to sur- 
rounding States, especially California and Nevada. 

The scaled quail, known also as the white topknot and the blue 
quail, is one of the most interesting game birds of the Southwestern 
States. It is found in abundance locally and ranges through New 
Mexico and Arizona to Colorado, Oklahoma, west Texas, and Kansas. 

The European or Hungarian partridge was introduced into this 
country by Kichard Bache in the latter part of the eighteenth cen- 
tury, when he stocked his plantation near Beverly, N. J. Subsequent 
plantings were made in Virginia and other parts of New Jersey. 
In 1904, this exotic bird was planted in North Carolina and did 
moderately well for a time on breeding grounds planted to cowpeas. 
The next year a wave of importation began along the entire Atlantic 
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coast. Importations were made in Connecticut, Pennsylvania, and 
New Jersey, on a very large scale. For a while the results were 
encouraging, but by 1920 practically all the birds had disappeared. 
Recent attempts to implant this species in the North Central States 
have met with varying success. It seems, however, that the Hun- 
garian partridge has a good chance of becoming established in the 
grain-producing section of the Midwest. 

The chukar partridge has a number of other names, derived mainly 
from its loud double call—^kau-kau/^ ^keklik,^ ^Indian chukor,^ 
^chickore,^ ^chukar red-legged partridge/' ^chuchare/' and ^chukru." 
The chukar is a native of India, but it is found also in large numbers 
in north China, from which place it has been imported to this country. 
It was introduced first in California, and is now being reared and 
experimentally stocked by a large number of State game departments, 
including those of Washington, Idaho, Montana, Wisconsin, and 
Kansas. 

This species may be found at all altitudes, from sea level to 16,000 
feet, but its preference seems to be for elevations between 3,000 and 
4,000 feet. Typical chukar country is rocky and arid, with little 
brush. 

The chukar is an excellent game bird, comparing well with the 
Hungarian partridge. It adapts itself well to confinement. Artificial 
incubation of chukar eggs and artificial brooding of the chicks may be 
done successfullv. 

PHEASANTS 

One of the most popular game birds in the United States today is 
not indigenous to this country. The ordinary game pheasant, called 
variously English pheasant, Chinese pheasant, Mongolian pheasant, 
ringneck, and English ringneck, is a cross between the common 
pheasant (Phasianus colchicus) and the Chinese pheasant (P. 
torquatus). 

Records indicate that the pheasant was first introduced to our soil 
in New Jersey in 1790 by Richard Bache, son-in-law of Benjamin 
Franklin, but the implantation failed. The first successful introduc- 
tion was made in Oregon by O. N. Denny, consul-general to Shanghai, 
China, in 1881. On the east coast an effective implantation was made 
in 1887 by Rutherford Stuyvesant on his Tranquillity Game Preserve 
in New Jersey. Nowhere in the United States has the pheasant shown 
more remarkable increases than in the Middle West. The principal 
pheasant State is now South Dakota, where the first public stocking 
was made in 1912. In the Northwest also the species is holding its 
place, but in the Southern States the birds do not thrive when placed 
on their own resources. Numerous liberations have been made in 
the Southeastern and Southwestern States, but they have not resulted 
in establishing the species in either of these regions. 

Pheasants breed freely in captivity; they and the bob white are the 
two most commonly propagated species of game. 

WILD TURKEYS 

A pure strain of wild turkey is very rare, and can be found in only a 
few places, such as the Santee River Basin in South Carolina. Prob- 
ably the foremost reason for the disappearance of the pure stock is the 
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readiness with which wild turkeys fraternize with domestic stock. 
Promiscuous mating between the two strains has produced large 
numbers of partly domesticated game birds. These hybrids are quite 
plentiful in various forested sections of the Central and Southern 
States. 

Propagated wild turkeys are frequently too tame for release in the 
wild. To preserve their wildness, the birds must be confined closely 
in a location away from all domestic stock. The game commissions 
of Pennsylvania, Michigan, Maryland, and Virginia have been quite 
successful in propagating wild turkeys. Some of the Pacific, South- 
western, and Midwestern States also are becoming active in this work. 

EXTENT OF UPLAND GAME PROPAGATION 

Some idea of the extent to which upland game birds are propagated 
artificially may be obtained from a recent survey made by Clarence 
Cottam of the Bureau of Biological Survey, at the close of 1938, of the 
game breeders throughout this country (data unpublished). Of 6,302 
questionnaires mailed out to possible dealers in the United States 
whose names were mentioned in game magazines or suggested by 
State game commissioners, 2,121, or 33.7 percent, were returned. 
Forty-seven States and the District of Columbia are represented. The 
report is given in table 1. 

TABLE 1.—Number of dealers in gallinaceous upland game bird species at close of 1938 

Grouse              Dealers American quail Dealers ; Old World partridge Dealers 

Ruffed 
Number 

24 
8 
4 
3 
3 
1 

Bobwhite -_            . 
Number 

324 
118 
116 

Hungarian 
Number 

64 
Sharp-tailed  
Dusky 

California Bamboo  
Prancolin 

24 
Valley  _     __          _ 6 

Spruce Gambers Rp.d-PTPstfir] Wnori 4 
Sage Mountain...   60 i Himalayan Hill  

59 : 

32 
22 
17 
12 

3 
Ptarmigan, rock Scaled 

Tftxas bobwhite 
Mexican bobwhite 
Masked bobwhite. 
Mearn's bobwhite 

Pheasant Dealer? 

Eastern.. 

Wild turkey Dealer 

Ring-necked    
Number 

             544 
Number 

60 
Chinese 315 Rio Gran 

Florida. _. 
9 
5 

M. C. Wilson, in charge of extension studies and teaching, Extension 
Service, United States Department of Agriculture, has reports from 
182 counties in various sections of the country, of 33,026 game birds 
produced by 4-H Club members during 1937; and from 167 counties^ 
of 213,374 game birds produced by adults. 

These figures do not include game birds propagated by the various 
State game commissions or the Bureau of Biological Survey, whose 
contributions to our game resources are very large. 

PHYSIOLOGY OF UPLAND GAME BIRDS 

Like the barnyard chickens and turkeys the majority of upland 
game birds are gallinaceous fowls.    They are mostly rather large. 

141394°--39 58 
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heavy-bodied birds, with comparatively short wings, poorly adapted 
for long flights. The legs are adapted for running and for scratching 
the ground, where most of the food, which consists of seeds, worms, 
etc., is found. 

Food takes the following course through the digestive system of a 
gallinaceous bird {603):* 

Swallowed with the assistance of the tongue, the food is forced 
through the system by means of the muscles that line the digestive 
tract (fig. 1). If the bird has been without food for several hours, the 
first few mouthfuls go direct to the gizzard, the grinding organ of the 
body, within a few seconds. If, however, the fowl has been feeding 
more or less continuously, additional food will be stored in the crop 
until the gizzard is emptied of a part of its contents. As the food 
passes from the storage pouch to the gizzard, it pauses for a short time 
in the proventriculus, or stomach. 

The rhythmic contractions and relaxations of the gizzard exert suf- 
ficient pressure to grind the food to a fine mass, which passes to the 
small intestine. There it is thoroughly mixed and brought into con- 
tact with the walls of the intestine. It then passes to the large intes- 
tine. Two blind pouches, called ceca, are located at the junction of 
the small and large intestines and open up into the tract. These 
pouches rhythmically expand and contract and thus receive and 
reject the intestinal contents. The remaining material, which is 
now in a semiliquid condition, passes through the large intestine to 
the cloaca, where portions of it are expelled at intervals. 

Titus points out (in an unpublished communication) that— 
digestion is extremely rapid in the domestic fowl. In as little as !>{> to 2 hours 
after the feed leaves the crop, an individual portion may be digested and the 
indigestible residue voided. However, for the complete digestion of a full meal, 
as little as 10 hours or as much as 18 hours may be required; the average time is 
close to 14 hours but may be appreciably less when nothing but a wet mash is fed. 

NUTRITIONAL DIFFERENCES AMONG SPECIES 

Even though the digestive systems of the various species of galli- 
naceous birds are similar and in many respects the nutritive require- 
ments are identicaL nevertheless certain differences are quite pro- 
nounced between the various families of the Galliformes order. The 
nutrition of the common chicken as compared with that of the domes- 
ticated turkey furnishes a good example. A laying diet formulated 
to meet the maintenance and reproductive requirements of the former 
will likewise satisfy the requirements of the latter, but this agreement 
does not hold true in regard to rearing diets for the growing birds. 
Turkey poults, because of their more rapid rate of growth, require 
about 4 percent-units 4 more crude protein, two and a half times more 
vitamin A, twice as much vitamin D, and somewhat more calcium 
and phosphorus than do chicks. Also, workers in California (6^79) 
have found that an acute dermatitis will develop in turkey poults as a 
result of vitamin G (riboflavin) deficiency, in spite of the fact that 
the diet contains ¿in ample supply of the "filtrate factor^ which pre- 
vents dermatitis in chicks. In turkeys this skin disorder is completely 
prevented   by   riboflavin.    On   the   other   hand,   the   symptoms   of 

s Italic numbers in parentheses refer to Literature Cited, p. 1075, 
* A percent-unit is the difference between two percentages. 
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l'iUurv I.—Quail opened and viscera spread out. Digestive enzymes function in 
I lie following tracts: 2. Undilated esophagus—ptyalin in salivary secretions converts 
slarcli into maltose; 4. proventriculus—pepsin in gastric juice converts proteins 
into proteoses and peptones; 6. duodenum—amylopsin in pancreatic juice converts 
starcu into maltose; lipase in pancreatic juice converts fats into glvcerol and 
fatty acids; and trypsin in pancreatic juice converts protein into proteoses, the latter 
into peptones and polypeptids and some amino acids; 7. small intestine (posterior 
part)—maltase in intestinal juice converts maltose into glucose; sucrasc in intestinal juice 
converts sucrose into glucose and fructose; erepsin in intestinal juice converts peptone 
into amino acids. (Photograph from Sloddard's The Bobwhite Quail; Its Habits, 
Preservation and Increase, 1931, by permission of Charles Scribner's Sons, publishers.) 
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vitamin G deficiency in chicks are slow growth, diarrhea, and emacia- 
tion, without dermatitis. 

Among the game birds, differences in the types of natural food se- 
lected by the various species indicate that nutritional variation also 
exists among related birds in the wild. The ruffed grouse, for in- 
stance, feeds almost entirely on browse (leaves, buds, and tender 
shoots) and berries, whereas the California quail and wild turkey 
subsist mainly on seeds, grains, mast, and insects. 

NUTRITIONAL STUDIES ON GAME BIRDS UNDER NATURAL CONDITIONS 

TYPES OF FOOD UTILIZED 

Fairly complete investigations of the food habits of game birds 
in the wild have been made by the Bureau of Biological Survey 
(fig. 2). Some of the State game commissions also have obtained 
data along this line for certain local species. Inasmuch a*s a knowledge 
of the natural selection of foodstuffs is a key to the solution of the 
nutritional riddle, some of the more pertinent facts are presented. 

Seven types of food material are utilized by the upland game birds: 
(1) Weed seeds,—With the exception of the ruffed grouse and the 

prairie chicken, game birds eat very large quantities of miscellaneous 
seeds, many of them being from obnoxious weeds. Seeds of beggar- 
weed, bushclover, Japan clover, butterfly pea, ragweed, pigweed, 
sheep sorrel, partridge-pea, foxtail, smartweed, black bindweed, and 
lambsquarters are some of those found. 

(2) Animal Jood,—Grasshoppers, crickets, locusts, weevils, beetles, 
ants, flies, bees, earthworms, and snails. 

(3) Seeds of cultivated plants.—Grains: Wheat, barley, oats, buck- 
wheat, benne, corn, kafir, millet, sorghum, rice, and rye. Legumes: 
Soybeans and cowpeas. 

(4) Mast,—Seeds of the pine, oak, sweetgum, maple, and ash. 
(5) Browse (used especially by the grouse).—Leaves of chickweed, 

field sorrel, Christmas fern, spruce, clover, woodsorrel, hawkweed, 
and mountain-laurel; twigs and buds of maple, mountain-ash, hazel- 
nut, apple, cherry, aspen, birch, American hornbeam, and American 
hophornbeam. 

(6) Fruit.—Blackberry, partridgeberry, smilax, grape, sumac, 
black cherry, dewberry, and red mulberry. 

(7) A/i/ierr/Z.—Limestone pebbles, bits of oyster shell, particles of 
sandstone, and quartz pebbles. 

FOOD SELECTION AND HABITS 

Table 2 shows in general the food habits of adult upland game 
birds, though the figures given are far from conclusive. As averages, 
they merely indicate what certain species might eat at any one time. 
The food selection by individuals of a species may vary considerably 
from that of the species as a whole. For instance, when Kelso {615) 
analyzed the crop contents of Hungarian partridges, he found that 
40 percent of the diet of one bird consisted of grasshoppers, whereas 
85 percent of the diet of another was composed of coulee crickets. 

The nature of the flora on the local feeding ground also influences 
the diet.    In areas where there are large raspberry thickets pheasants 
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Fißirv 2.—Crop conlents of one riifft'd grouse collected on I lie George Washington 
¡National Forest, Uecember 1935. The30food groups wereidentifieil as follows: I. Men- 
ziesia {Menzivsia pilosa): 2, buds of pin cherry (Prunus peniisvlvanirn): 3. seed of witch- 
hazel (Haniamclis virgiiiiana); 4, buds of trailing-arbiilus {¡'.pifiara rrpens); 5, buds of 
hickory [Carya sp.); 6, buds of black gum, or túpelo (AVsso sylvatica): 7, Canada hendcx k 
{Tsu/id canadensis); 8, serviceberry (Amelanchier canadensis): 9, leaves of rose family 
(Rosaceae); 10, buttercup (Ranunculus sp.): II. Christmas fern (Polystichum acrostirlmi- 
des); 12, panic grass (Pareicomsp.); 13, leaves of win tergreen (Gaullheria procumbens): II. 
fruit of win tergreen: 15, seed capsules of mountain-laurel (Kahnia lati folia); 16, moss 
(Musci); 17, bushclover (Lespedeza sp.): 18, buds of mountain-laurel: l9. undetermined 
leaf: 20, greenbrier (Smilax sp.); 21, oxalis (Oxalis sp.); 22, blueberry (Vaccinium sp.): 
23. cinq nef oil (Polentilla sp.); 24, partridge-berry (Mitclwlla répons); 25, stonecrop 
(Sedum nevii): 26, leaves of trailing-arbutiis; É7, undetermined leaf: 28, selfheal 

(Prunella vulfiaris); 29, aster (Aster sp.); 30, sheep sorrel (Runtex avetosella). 
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Species 

Kiuí4-necke(i p!)cas;uit-. 

Bobwliito_. 

Scaled quail  
California quail  
Hungarian partridge 

Buiîed grouse.__ 

Prairie chicken . 

Wild turkey  

Vegetable food 

Birds 
studied 

Nuiahtr 
100 

2 14 
45 

Km 
258 
019 

SO 
•' 1.2 
"80 
20« 

1Í) 

17 
m 7| 
" 10 

Animal  i 
food     | 

Percent 
11.0 

.1 
14. 5 
16.7 
14. 5 
21.9 
3.0 
0.0 
1.2 

KU)" 
15. 0 
28.0 
14.1 
15.0 

Miscel- 
laneous 

---- 
Percent Percent 

89.0 
99. 9 23.8 
85. 5 13.4 
83. % 
85.5 
78. 1 

94.0 5.3 
98.8 25. 3 

100. 0 M4.2 
89. 1 .9 
85. 0 15. 0 
72.0 
85.9 
81. 1 

3. I 
1.9 

:    Seeds, 
1   weeds,   j 
! and grass ! 

Perce at 
0.0 

23.7 
9.5 

50. 0 
4.7. 9 
59. 2 
05. 5 
20. \ 
10.3 

ii.T 
' 27.'2" 

14.9 
" 20. I 

(Irit 

Mast 

2. 5 
13.4 

Grain 

Percent 
78.0 
15.7 
30. 7 
10.7 
3.0 
9.4 
5.0 

17. 9 
38. 1 

Fruit 

Authority 

r 

5.9 

'4.0 

13. 9 
31.1 
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30.7 
5. 5 

9.5 
25.0 
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24.8 
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25.' 1 ' 
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10.0 
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I 
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11.0 

10. 0 
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11. S 
33. 0 
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A. M. Leffingwell (673). 
C. Oottain (228). 
F. E. L. Beal (71). 
11. L. Stoddard (1W6). 
Leon Kelso.' 
W. L. McAtee(7W). 
Leon Kelso (615). 
A.M. Leffingwell (67.1). 
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feed extensively upon these fruits. Likewise, bobwhites in the 
vicinity of a pine grove will gorge themselves on the pine mast. 

Availability of the natural foods also has a marked influence on 
the food habits of birds. Drought, heavy snowstorms, and other 
weather conditions may have such an adverse effect on the supply 
of certain favored food material that the game may be forced to 
change their diet radically. For example, during a very severe 
winter, pheasants have been found with their crops stuffed with sumac 
berries, undoubtedly because there was a scarcity of more desired 
food material higher in nutritive value. 

It will be noted from table 2 that upland game birds are primarily 
herbivorous. During a year, animal food constitutes only about 
one-sixth of the bob whitens diet, one-ninth of the ruffed grouse's 
and the ring-necked pheasant's diets, and one thirty-third of the 
California quaiFs diet. 

Influence of Age and Season 
Game chicks are omnivorous, animal food predominating in their 

diet, especially during the first few weeks after hatching. Young 
California quail, for example, during the first week of life eat animal 
matter to the extent of 50 to 75 percent of their food, but after they 
are 4 weeks old they take little if any more animal food than the adult 
birds. Figure 3 illustrates this decrease and table 3 (Î10Ô) shows the 
selectivity of young quail as compared with adults. 

TABLE 3.—Principal foods contained in 154 crops and gizzards of adult bobwhites collected 
during the period that chicks are usually found afield (May 1 to November 1), and those 
contained in 34 crops and gizzards of chicks varying in age from 2 weeks to 3 months 

Article of food Adults Young Article of food Adults Young 

Animal food: 
Grasshoppers    and    related 

insects 
Percent 

12.26 
4.68 
3.07 
.52 

Percent 
8.18 
5.76 
4.68 

:¾ 
3.85 
.82 
.70 

1.50 

Vegetable food: 
Fruit  

Percent 
30.85 
18.77 
6.30 
3.31 

2.85 
1.27 

Percent 
16.78 

Grasses 36.12 
Beetles Legumes 4.97 
Bugs       _ _-    - _ Spurges       4.47 
Bees, wasps, ants, etc  
Miscellaneous insects 

Cultivated    plants    (except 
legumes) _ _ 1.88 

Caterpillars, moths, and eggs. 
Spiders and related insects, __ 
Slugs and snails 

1.62 
.47 

Partridge-pea and other sennas. 

Total  

.03 

62.35 64.25 
Miscellaneous animal matter_. .28 

Total                      22.90 25.91 

The diet of any species varies considerably from month to month, 
as is shown in figure 4 for quails and figure 5 for pheasants. 

During the summer when insects are available, the proportion of 
animal matter in the diet increases ; harvesttime is a period of greater 
grain consumption; in the late fall weed seeds are a major article of 
diet ; and winter brings increased nut consumption. 

New Foods and Poisonous Foods 
Stoddard (1105), in his work with the bob white, noted that the bird 

is very cautious about accepting new foods. While trapping quail 
for banding purposes, he used a mixture of several small grains as bait. 
The bobwhites were so attracted by the bait that they risked being 
trapped day after day to eat it.   Two items of the grain mixture, how- 
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Figure 3.—Decreasing proportion of animal food in the diet of young bobwhites from 
week to week, based on examination of the contents of 54 crops and 41 gizzards. 
(From H. L. Stoddard's The Bobwhite Quail; Its Habits, Preservation and Increase, 

by permission of Charles Scribner's Sons, publishers.) 
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Figureo,—\ arialion in a pheasam's diel tlirougbou t the year.     (From P. L. Dalke {248), 
by permission of the author and ihe editor of Ecology.) 

ever, buckwheat and upland rice, were left untouched. Both are con- 
sidered good quail foods in areas where they have been grown ami 
harvested over a period of years. Stoddard found also that Florida 
beggarweed, a favorite quail food in southeru Georgia, was ignored 
by quail when used as a bait in a region where it is a rare plant. 

The time required for game birds to become accustomed to a new 
feed may vary considerably. It has been noticed that feeding plots 
of soybeans or sorghum planted in a section for the first time may 
not be frequented until the second or third season. Then they will 
be occupied by three or four coveys of bob white almost simultaneously. 
On the other hand, bobwhite have been much attracted to fields of 
the gray winter pea during the first season that seed was matured. 

There is conflicting evidence as to whether game birds tend to 
discriminate against poisonous food or not. Stoddard (Î10Ô), in his 
food study on bobwhite, found that even though the seeds of the 
eofleeweed {Cassia tora) are of an ideal size for quail and are very 
plentiful in rich soils of the Atlantic and Gulf Coastal Plains, they are 
avoided by quail. In an examination of the food material eaten by 
several hundred bobwhite, only one seed of the eofleeweed was found. 
Experimentation showed that this plant is highly poisonous to quail. 
When a healthy, vigorous cock was forcibly fed 250 of the seeds, he 
developed a severe diarrhea within several hours and was dead 
2¼ days from the time of the feeding. 

This would indicate recognition of poisonous material, but McAtee 
points out a case where hundreds of pheasant chicks on the New 
Jersey Game Farm died of eating rose beetles, which contain a nerve 
poison affecting the heart action of certain species. In a letter quoted 
by Leopold (677), McAtee says: 

We doubt if there is anything reacmbling ayoidance of poisonous food by wild 
life * * * The genera] ride regarding choice of food is that an animal takes what- 
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ever is most readily available, considering the size and degree of specialization in 
food habits ***If something deleterious happens to occupy this position, so 
much the worse for the animal, but ordinarily this does not happen in a state of 
nature. 

DESIRABILITY OF PROVIDING FEED PATCHES AND SHELTERS 

Thousands of farms throughout the country are without sufficient 
food and cover to hold and support a good population of upland game 
birds throughout the winter months. Even where there is an abun- 
dance of wild foodstuffs, during late winter the supply may be 
exhausted or made inaccessible by ice and snow. The wildlife must 
either leave such localities for sections where food is obtainable or 
else face starvation. 

Bobwhites are far less resistant to starvation than pheasants, 
and cannot be deprived of substantial food for more than a few days 
at a time without danger. A food crisis that lasts a week may cause 
heavy mortality, and one of 2 weeks' duration may practically 
annihilate populations over wide areas. 

Figure 6.—An eroded hillside.    Soil losses are often hastened by pasturing livestock 
on such vegetation as can grow under uncontrolled conditions. 
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Figure 7.—What could be done with the hillside shown in figure 6 by conserving soil 
through suitable plantings and fencing out cattle, sheep, and hogs.    In the resulting 

cover, game can find a suitable habitat for nesting and feeding. 

If farmers do not wish the depletion of game from their farms, 
they must provide food on the home range during the season of short- 
age. This may be done by planting food patches, and by the estab- 
lishment of feeding stations during emergency periods. 

Few farms are wholly free from eroded or rough land unsuitable 
for cultivation. These waste areas are usually made totally barren 
by pasturing livestock on them. If natural vegetation were allowed 
to grow in such places, erosion and gullying would be stopped, and 
at the same time cover and food would be supplied to game (figs. 6 
and 7.)    The farmer could assist nature by judicious planning and the 
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planting of grasses, légumes, trees, shrubs, vines, and other erosion- 
resisting vegetation (26Î). 

Most State game commissions, the Bureau of Biological Survey, or 
the Soil Conservation Service are willing.to assist the farmer in such 
projects. 

Size/Location, and Crops for Feed Patches 
Feed patches are often maintained on cultivated land. These may 

vary in size from a fourth of an acre to several acres in extent. Under 
highly intensified agriculture, most farmers do not care to devote a 
large acreage to the supplementary wildlife food crops. It is of 
importance, therefore, that the plant selected for the food patch 
ranks high in its ability to produce heavy yields. A number of 
sorghums, Sudan grass, Minnesota sorghum, flax, sunflower, millets, 
buckwheat, and corn are such plants. In regions of severe winter 
weather, wheat, oats, barley, or buckwheat are not very effective, as 
they have weak stalks, incapable of holding the head of grain above 
the ice and snow. Thus their usefulness is limited to the fall and 
early winter months. 

Experience indicates that corn is bv far the most important patch 
food.    R. G. Hill of Michigan {613) points out that— 
a small patch of corn planted adjacent to permanent winter cover or near a patch 
of rye or sweetclover seems to fulfill the winter food requirements of most of 
our wildlife species which occur on the farm. An early maturing variety of 
yellow dent corn, such as Golden Glow, may be planted and cultivated at least 
two or three times, or a sufficient number of times to insure a good crop of ears. 
The crop should be planted and cared for the same as the regular crop grown for 
grain production. If cover is limited in the vicinity of the food patch, it is well 
to omit the last cultivation and allow weeds to grow and form a dense mat of 
ground cover. 

Corn is also outstanding for its resistance to shattering. Fry (400) 
points out that Gordon in 1937 found yellow dent corn to be the 
most palatable of 10 grains used in his observational food patches. 
The preference rating was as follows: 1, Yellow corn; 2, squaw corn; 
3, soybeans; 4, German millet; 5, Siberian millet; 6. Japanese millet; 
7, wheatland milo; 8, Greeley kafir; 9, Darso sorghum; 10, Minne- 
sota sorghum. 

RECOMMENDATIONS FOR SHELTERS AND FEED STATIONS 

Permanent shelters where grain can be placed make good winter 
feeding stations for game birds. These shelters should be built close 
to good protective cover, in areas that are protected from drifting 
snow, sleet, and wind. Sufficient openings should be left so that 
birds can easily escape from predators (fig. 8). 

Stations should be started by November 5 or not later than Decem- 
ber 1, so that the birds will know their location and establish them 
within their regular daily feeding range. They must be visited 
regularly by the attendant, and provisions must be made for an ade- 
quate supply of grain. A few corn shocks provide the simplest yet 
probably one of the best types of stations which can be established. 

According to Grange (432), in areas where bobwhite or Hungarian 
partridge are abundant, one feeding station to every 40 acres is desir- 
able; otherwise, a station may be built near the thicket that a covey 
is known to use.    For ring-necked pheasants, one effective station 
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FigÊire H.— Bird   feeding  slalion   maintained  by   the  Minnesola  Slate  Conser\ atimi 
Depurtnienl during the winter of 1931-32, where more than 200 pheasant.« and 42 quafl 
were fed.    The feeder in  the center was a home-made device  that kept  a constant 

supply of seed before the birds. 

per square mile is sufficient for feeding; and for prairie chickens, one 
every 5 or 10 square miles is satisfactory. Although wild turkeys 
will come from considera hie distances, it is best to provide feed in 
all the permanent winter headquarters that they are known to fre- 
quent. For ruffed grouse there is very little that can be done in 
the way of emergency feeding. In the wild this species subsists pri- 
marily on browse and fruits, and although they relish grains in cap- 
tivity they are slow in learning to accept this diet in the wild. Work- 
ers in Wisconsin {211) estimate that the approximate quantity of grain 
needed to maintain one game bird a week in severe winter weather in 
addition to the wild food that may be picked up is as follows: Pheas- 
ants, 2 pounds; prairie chickens, 1 pound; Hungarian partridge, 
% pound; quail, % pound. 

In emergencies, feeding may be done wherever birds are found, 
including ditches, hard packed roads, haystacks, railroad rights-of- 
way, or any natural windbreak or shelter. The important thing is 
tliàt the feed must be placed where the birds will find it. 

NUTRITION OF GAME BIRDS UNDER CONTROLLED CONDITIONS 

In the endeavor to replenish the supply of game birds, artificial 
propagation of certain species, especially ring-necked pheasants and 
the bobwhite, is becoming a promising business in certain sections of 
the country. The changes in methods of incubation, brooding, and 
feeding have been quite radical in recent years, indicating the transi- 
tion of the business from the pioneer stage to a more substantial basis. 
For example, 23 years ago, Oldys {871) gave the following information 
to pheasant breeders regarding the feeding of pheasant chicks: 

Young pheasants pick tip many insects in the rearing field, but the supply must 
be supplemented.    It is customary to depend on so-called ants' eggs (really the 
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pupae of ants), maggots, mealworms, or finely ground meat . . . Mealworms are 
very satisfactory, but are difficult to raise in sufficient quantity. Maggots are 
equally good, and enough can be produced cheaply. The customary method is 
to suspend a piece of meat, or the carcass of a dead animal, over a barrel or tub 
of bran. The flesh becomes flyblown and the maggots drop into the bran. Before 
they are used the maggots must be thoroughly cleansed or they are apt to cause 
purging. This is usually done by putting burlap or very fine wire in place of the 
bottom of the barrel or box of bran. They will work their way through the bran 
in search of food and may be caught in a receptacle below, all ready for feeding 
to the pheasants. This method is very offensive, and may be replaced by per- 
mitting a carcass to become flyblown and then burying it a few inches in the 
ground; the maggots will work their way to the surface where they can be secured 
by the young pheasants. 

To the untiring perseverance of the pioneer game breeders in 
their endeavor to improve the methods of propagation belongs the 
credit for the remarkable advance in feeding methods since Oldys' day. 
Research men in some of the State agricultural experiment stations 
have recently initiated studies in game nutrition. Notable among 
these are workers at Cornell University, Pennsylvania State College, 
Michigan State College, and Wisconsin University. The Federal 
Government, through the Bureau of Animal Industry of the Depart- 
ment of Agriculture and the Bureau of Biological Survey, also is 
planning research in this new field. 

NUTRITIONAL REQUIREMENTS OF GAME BIRDS 

Like human beings and domesticated animals, game birds require 
a balanced diet for proper growth, maintenance, and reproduction. 
If there is a good choice of food materials available, the bird in the 
wild state will balance its diet successfully. In the captive state, 
however, the bird must depend wholly upon man to furnish it with 
sufficient quantities of the necessary nutrients. 

Water 

First, water is essential. Even though game birds in the wild 
seem to manage well on dewdrops and succulent material, in con- 
finement they require a more reliable source of water. Approximately 
56 percent of a chicken's body and 72.5 percent of the egg contents is 
water. Water ranks far above any other substance in rate of turn-over 
in the body. It serves to soften the feed, aids in the processes of 
digestion and absorption of other nutrients, serves in transporting 
the end products of digestion from the digestive tract to various parts 
of the body, and assists in the elimination of waste products. Water 
also facilitates cell reactions, helps to regulate body temperature, aids 
in the lubricating of the joints, and acts as a water cushion for the 
nervous system. 

Seeds 

Seeds and their byproducts have a very important place in the 
diet of birds. For the feeding of birds in confinement, cereals are 
used instead of most of the seeds obtained by birds in the wild, because 
of their availability and comparative low cost. This feed material 
is considered valuable primarily because its carbohydrate content 
supplies the fuel for the body heat and is the principal source of 
energy.    The grains also add bulkiness to the diet.    There is some 
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evidence that the presence of a small quantity of indigestible and 
somewhat bulky material in the intestines facilitates both the digestion 
and absorption of the digestible portion. 

Other valuable properties possessed by the cereal foods are seldom 
considered by the average person. Cereal grains and their byproducts 
are the chief sources of vitamin Bi (thiamin) and vitamin E in a 
typical diet for birds. Vitamin Bi is essential for growth, main- 
tenance of appetite, and the prevention of polyneuritis ; vitamin E is 
vital for the production and hatchability of eggs. Certain cereal 
byproducts, such as rice bran and wheat middlings, have also been 
found comparatively high in manganese, which is very necessary in 
the prevention of perosis or slipped tendon. Yellow corn is prized as 
a fair source of vitamin A. Oats and their byproducts hold a special 
place among grains. Titus has pointed out that they are a good 
source of the anti-gizzard-erosion factor; they tend to prevent rancidity 
when finely ground and thus are valuable in the preservation of 
vitamins A and E; there is good indication that they tend to prevent 
a fishy flavor in a bird's flesh when cod-liver oil is fed; and they are 
reputed to be of high value in the prevention of cannibalism, toe 
picking, and feather picking. An intense study of this last char- 
acteristic has been made by Miller and Bearse of West Washington 
Experiment Station (789). 

Norris (856) in his work with pheasants found that wheat flour 
middlings when used as a large portion of the diet had definite perosis- 
preventing properties and promoted fair growth and good feathering. 
He noted, however, that the perosis-preventive property may vary 
considerably. 

Very little work has been done on the value of the various cereals 
in the diet of game species. J. B. Coleman, pioneer bobwhite breeder 
in Virginia, conducted an interesting experiment on his farm, in which 
he placed more than a score of seeds, including legumes as well as 
cereals, in separate containers, and studied the birds' selection. To 
his amazement, the birds practically avoided the legume seeds, which 
are found in large quantities in the crops of wild birds, and showed a 
marked preference for kafir and the millets. According to Coleman, 
rye, which is not a palatable feed for chickens, was eaten by the bob- 
white to as great an extent as oats, wheat, and barley, without causing 
any apparent digestive disorders. 

In similar work conducted in Wisconsin by Hawkins, Moore, and 
Leopold (21Î), it was found that game birds like corn better than any 
other grain. The percentage of the other seeds consumed by the time 
all the corn was exhausted gives a good idea of how the feeds compare 
in palatability: 

Percent Percent 
Wheat and scratch feed     50        Sweet corn and Sudan grass seed. _    35 
Buckwheat     45        Sorghum seed     25 
White corn, popcorn, and barley__    40        Soybeans, oats, and rye      15 

At Missouri University, Nagel (834) made an interesting study on 
the relationship between diet and extent of parasitism in the bobwhite. 
From his data he drew the tentative conclusion ^that the presence of 
sorghum cane in the diet of bobwhite quail has a restraining effect 
on parasitism." 
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Protein Concentrates 
Proteins are indispensable constituents of the blood, muscles, organs, 

skin, tendons, bone, and feathers, in fact, of all tissues of the animal 
body. They constitute about one-fifth of the live weight of a chicken 
and between one-eighth and one-seventh of the whole egg. Although 
some protein is derived from the cereals and green foods, the primary 
source is protein concentrates. There are two classes of these con- 
centrates, namely, those obtained from animal sources, such as dried 
skim milk, meat meal, and fish meal, and those obtained from plant 
sources, such as soybean meal, linseed meal, and peanut meal. 

Practically no work has been done on the comparative value of the 
various protein concentrates in the nutrition of game birds. The 
Pennsylvania workers {185) in 1933 believed that the use of ordinary 
commercial (55-percent protein) meat and fish meal in a high-protein 
mash permitted the development of an appreciable percentage of 
perosis cases, and recommended a meat scrap of a higher protein 
content (75 percent). 

Norris {859) of Cornell sought to determine the relative importance 
of dried skim milk, fish meal, and meat scrap in the best pheasant 
chick ration developed so far. These ingredients were progressively 
removed from the ration, first one at a time, then two at a time, and 
finally all three. He found that all three played an important part 
in balancing the diet, but his results did not clearly reveal the cause 
of the better balance attained. He has formulated pheasant diets 
in which he has included a mixture of soybean meal, vacuum- or 
steam-dried fish meal (60- to 65-percent protein), meat meal (75- 
percent protein), and dried skim milk. Apparently these diets have 
proved successful in pheasant production. 

Notable work has been done on the quantitative protein require- 
ments of pheasants and, to a lesser extent, of bobwhite. In 1932, 
Callenbach, Murphy, and Hiller {186) pointed out that better early 
growth of pheasants was obtained on a diet containing a higher level 
of protein than is suitable for the domestic chick. The best growth 
and feathering and greatest feed consumption per 100 pheasants were 
secured through the use of a diet analyzing approximately 28 percent 
of protein. 

Beginning the same year, Norris and associates of Cornell Univer- 
sity, in cooperation with Bump of the New York State Department of 
Conservation {860), began a series of experiments to compare the effects 
on pheasants of diets containing the following proportions of protein— 
18, 21, 24, 27, 30, and 33 percent. The chicks were started on the 
diets approximately 24 hours after hatching and the experiment was 
continued for 18 weeks. After three different experiments it was 
concluded that a diet containing 24 percent of protein is necessary for 
rapid early growth of pheasants. This is about 4 percent more than 
the requirement of chickens. The maximum growth of pheasants 
was attained at 27 percent, while levels of 15 and 18 percent signifi- 
cantly retarded growth and cannibalism and feather pulling were also 
more prevalent at these low-protein levels. The results of their third 
experiment are given in table 4. 

In his studv on the protein requirements of bobwhite chicks, Norris 
in New York (&5^) used protein levels of 21, 24, 27, 30, 33, and 36 per- 
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cent on battery-reared birds. Two experiments showed that the 
bobwhite requires 27 percent of protein in its diet for rapid growth. 
However, the difference between the results at the 24-percent and the 
27-percent level was not great. 

TABLE -Í.— Ueight of pheasant chichs at 4 and 8 weeks on six different levels of protein 

Protein in ration 
(percent) 

18. 
21. 
24. 

Average weight ^ Avemgo weig-hr [ 

At l 
weeks 

At 8 
weeks 

Grams 
lir>.8 
136.3 
157. 5 

Ora ms 
358.3 
418. 6 
454. 3 

Protein in ration 
(percent) 

27, 
30. 
33 

initial Al 4      ;      At 8 
weeks        weeks 

Grams   ; Grams Grams 
18.0 : 153.0 '          444.4 
18.3 : 149.0 ,          451.7 
18.9 i 155.0 i          463.2 

i Weighted for sex influence. 

An analysis of Coleman's quail feeds at the Poultry Nutrition 
Laboratory, Agricultural Research Center, reveals the following 
proximate protein content: Quail mash, 28.36 percent; chick seed- 
grain mixture, 14.02 percent; adult seed-grain mixture, 12.76 percent. 

Vitamins 

Vitamin A 
Vitamin A is essential for growth, reproduction, hatch ability, and 

maintenance of health. It is found chiefly in materials of animal 
origin, such as livers of both mammals and fish, and in fish-body oils. 
Cod-liver oil, when properly prepared and stored, is a very rich source 
of this factor, containing from 272,150 to about 1,000,000 Interna- 
tional Units per pound. Sardine oil contains about 13.5 percent as 
much of this vitamin as cod-liver oil. 

Plant, materials are the chief sources of vitamin A precursors—the 
substances that are changed to vitamin A in the animal body—of 
which carotene is the most common. Such green foods as fresh alfalfa, 
kale, and clover are excellent carriers. If alfalfa or clover is properly 
dried and stored, it retains a great deal of the carotene. 

Oxidation and heat readily destroy both vitamin A and its pre- 
cursors. Because of this fact, cod-liver oil should be kept in closed, 
well-filled receptacles in a cool place, and should not be mixed with 
feed until a short time before it is to be used. Likewise, corn and 
alfalfa products should not be stored for long periods, for it has been 
found that in 1 year 50 percent or more of the carotene is lost. In hot 
weather these ingredients should be kept in a cool place. A bright- 
green alfalfa-leaf meal is preferable to brownish-green meal, but the 
color is not an absolute criterion of the vitamin content. No work 
on the vitamin A requirements of game birds has been recorded in 
the literature. 

Vitamin Bl (Thiamin) 

As was pointed out in the section on cereals, the ordinary diet, in 
which grains predominate, usually contains sufficient quantities of 
vitamin Bi (thiamin) for animal maintenance.    This is true for some 
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game birds as well as for chickens. The workers at Cornell (856) 
found that the quantity of vitamin Bi needed by young pheasant 
chicks is easily supplied by common cereals and their byproducts. 
However, in their work with ruffed grouse, they noted symptoms of 
vitamin Bj, deficiency among the birds used in the 1932 experiment and 
corrected them by the use of a vitamin B^ extract. 

Vitamin D 

Vitamin D is required for the development of a normal skeleton 
and for reproduction. Too much vitamin D, that is five or six times 
the quantity normally required, is as deleterious as too little. This 
factor is not found in the ordinary foodstuffs. For animals living in 
the open, this vitamin is manufactured in the body by the action of 
the ultraviolet rays of the sun upon certain vitamin D precursors, 
such as cholesterol and ergosterol, present in the system. But when 
birds are raised and maintained under artificial conditions, another 
source of this factor must be used. Fish oils, such as cod-liver and 
sardine, are the best sources known at present. The vitamin D con- 
tent of cod-liver oil ranges from 38,590 to about 160,000 International 
Units per pound. 

Baird and Greene (54) found that pheasants require a minimum of 
approximately 225 to 275 International Units of vitamin D per pound 
of feed in an otherwise balanced diet. 

Norris (859) reports further investigations of the vitamin D require- 
ment of pheasant chicks by F. D. Baird, which showed that 0.25 per- 
cent of fortified cod-liver oil containing 113,398 International Units 
of vitamin D per pound prevented the development of rickets during 
a test period of 8 weeks. This is about three times as much of the 
same oil as was found necessary to prevent a rachitic condition in 
domestic chicks fed a similar rickets-producing diet. Norris' results 
are given in table 5. 

TABLE 5.—Average weight, percent of bone ash, and bone structure of 8-week-old pheasant 
chicks fed eight di/Jerent levéis of fortified cod-liver oil 

Fortified   ; 
cod-liver   \ 
oil (per-   ¡ 

cent) 

Average 
weight 

a1:8 
weeks 

Grams 

220.0 
211.5 

Average 
amount 
of bone 
ash at   : 

S weeks 

Average bone 
structure at S 

weeks 

1    Fortified 
1 '•   cod-liver 
il    oil (per- 

cent) 

k   .   .   . 

Average 
weight 

at 8 
weeks 

Average 
amount 
of bone 
ash at 

S weeks 

Average bone 
structure at 8 

weeks 

0.00  
û.05               i 

Percent 
. 1 0.20  
_     0.25  

:     0.30  
0.35  

Grams 
356.0 
408.1 
359.7 
389.0 

Percent 
39.1 
46.9 
47.4 
45.7 

Slightly rachitic. 
Normal. 

^::::::::1 34. 5 
37. ñ 

Rachitic. 
Do. 

Do. 
Do. 

: All dead. 

Vitamin E 

Vitamin E is necessary for reproduction and hatehability of eggs. 
Green foods, such as alfalfa and clover, and the germs of grain are the 
best known sources of this factor, although it has been found widely 
distributed in nature. Under ordinary conditions, vitamin E is quite 
stable, but it is very quickly destroyed by rancidity. For this reason, 
feeds that are rancid, even very slightly, should never be used. 
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Vitamin 6 (Rihoflavin) 

Vitamin G is another factor essential for growth and for hatch- 
ability of eggs. Dried whey, yeast, dried skim milk, and liver are 
especially rich in it, and green foods are very good sources. Alfalfa- 
leaf meal from plants that have been properly harvested and cured 
contain more of this factor than the green alfalfa. Protein concen- 
trates from animal products are fair sources, but the grains contain 
relatively little. 

Studies by the Cornell workers (859) on the need of pheasants for 
vitamin G during early growth indicate that this is satisfied by the 
inclusion in the diet of 4 percent of dried pork liver, which is equiva- 
lent to about 20 percent of dried skim milk. This is 2 to 2.5 times 
greater than the requirement of domestic chicks for this factor. The 
results of these studies are given in table 6. 

TABLE 6.—Average weight of pheasant chicks at 4 and 6 weeks old fed diets containing 
eight different amounts of dried liver for the vitarnin G content 

Dried liver in diet 
(percent) 

Average * weight Averaee1 weight 

Initial 
At 4 

weeks 
At 6 

weeks 

Grams Grams Grams 
18.7 48.8 102.0 \ 
18.5 86.3 162. 2 i 
18.8 110.8 203.9 i 
18.7 119. 5 228.2 i 

Dried liver in diet 
(percent) 

Initial   i 

¡ Grams 
4 I 18.8 
5 ! 19.9 
6.  i 19.2 
7 ' 18.1 

At 4 
weeks 

Grams 
130. i 
142. 6 
151. 0 
146.9 

At G 
weeks 

Grams 
238.2 
262. 5 
281.9 
274.9 

i Weighted for sex influence. 

Other Vitamins 

Although present investigations indicate that the ordinary domestic 
chicken synthesizes sufficient vitamin C for its needs, nothing is known 
about the requirements of game birds for this factor. Other less 
known vitamins, such as the factors that seem to prevent chick derma- 
titis, encephalomalacia (a brain disorder due to a nutritional defi- 
ciency), hemorrhage, and gizzard erosions are still too new in the 
knowledge of domestic-poultry nutrition to have received much 
consideration in studies on game-bird nutrition. 

Minerals 

Calcium, phosphorus, manganese, sodium, potassium, magnesium, 
sulfur, chlorine, iron, iodine, copper, zinc, and silicon are all known 
to be necessary for the maintenance of life and reproduction, and 
possibly cobalt should be included in this list. Many of these elements 
are found in the ordinary foodstuffs in adequate quantities to meet the 
animales needs. However, there are certain ones, such as sodium, 
chlorine, calcium, phosphorus, and manganese, that may have to be 
be supplied as supplementary material. 

Sodium and Chlorine 

Sodium is very necessary for the maintenance of the acid-base 
equilibrium of the body, and chlorine is an important constituent of 
the digestive juices.    As a rule, both may be furnished through the 
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medium of common salt. For the domestic fowl 0.5 percent of salt in 
the chick diet and 0.7 percent in the mature-stock diet has usually 
been found sufficient.    Norris (839) in his suggested pheasant-chick 
diet uses 0.5 percent of salt. 

Calcium and Phosphorus 

Calcium is one of the main elements involved in skeletal and egg- 
shell formation. It may be furnished to birds in the form of high- 
grade limestone, oystershell, or crab she]], nil of which are very good 
sources. Phosphorus works together with calcium in the metabolic 
processes of the body. It, too, is a characteristic constituent of the 
bones. An excess of either or both of these elements is to be avoided, 
since it has been found that an excess of inorganic phosphorus will 
considerably increase the incidence of perosis in domestic chicks. 
Usually for growing birds there is sufficient phosphorus in the diet 
without any being added, but for laying stock it is sometimes necessary 
to supply extra phosphorus. When calcium and phosphorus are both 
required, steam bonemeal is fed as a part of the diet. 

Callenbach and Murphy of Pennsylvania State College in 1935 
experimented with ring-necked pheasant chicks kept in battery 
brooders (data unpublished). These birds were fed diets in which 
the calcium content varied from 0.5 to 3 percent and the quantity of 
phosphorus ranged from 0.5 to 1 percent. The calcium-phosphorus 
ratio varied from 1:1 to 3:1. Their results indicated that for phea- 
sants reared in batteries a diet containing 1.50 percent of calcium and 
0.75 percent of phosphorus gives satisfactory growth and sound bone 
development. 

lu very recent preliminary work by Skogland, also of Pennsylvania 
State College, six diets were used, the calculated calcium and phos- 
phorus contents of which are given in table 7. 

TABLE 7.—Calculated calcium and phosphorus contents of diets fed pheasant chicks at 
Pennsylvania State College 

Diet No. Calcium Phos- 
phorus 

Calcium- 
phosphoms 

ratio 
Diet No. Calcium Phos- 

phorus 
Calcium- 

phosphorus 
ratio 

-i 
Percent 

0.72 
I. 00 
1.50 

Percent 
0.73 
1.00 
1.00 

1.0:1.0 
1.0:1.0 
1.5:1.0 

4 
Percent 

2.00 
2.50 
2.50 

Percent 
1.00 
1.00 
1 25 

5._   . . 2.5:1.0 
9 0-10 s::: ::: : :::::: 6_ .        

The birds on diet No. 1, which contained 0.72 percent of calcium 
and 0.73 percent of phosphorus, showed the best growth, consumed 
the smallest quantity of feed, made the most efficient use of the feed 
consumed, had the lowest mortality, and experienced the least occur- 
rence of perosis. On the other hand, the birds on diet No. 4, which 
contained 2 percent of calcium and 1 percent of phosphorus, showed 
the poorest growth, consumed the largest quantity of feed, rated fifth 
in feed consumption and efficiency, had the highest mortality, and 
experienced the greatest and most severe occurrence of perosis. 

In Norris' suggested pheasant diets for growing birds the calcium 
content is kept at 1.6-1.7 percent, and the phosphorus content at 
0.8-0.85 percent. 
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So far as is known, no work has been done on the calcium and 
phosphorus requirements of mature game birds. 

Manganese 

Very recent nutritional studies with chickens have disclosed the 
fact that manganese deficiency and perosis are definitely linked 
together. Although perosis is apparently the result of a complexity 
of factors, the addition of manganese to a perosis-producing diet will 
decrease the malady considerably, if not eliminate it entirely, espe- 
cially if the percentage of phosphorus is kept at a low level. Chickens 
require at least 50 parts per million of manganese in the diet. In the 
case of this species, Titus advises the addition of 1.7 pounds of anhy- 
drous manganous sulphate or 2,5 pounds of manganous sulfate 
tetrahydrate to 100 pounds of common salt, for mixing with the diet. 
In the mineral studies conducted by the workers at Pennsylvania 
State College, there were between 36 and 40 parts per million of 
manganese to each diet. Perosis was prevalent throughout the experi- 
ment, and even with the diet containing only 0.73 percent of phospho- 
rus, there was one case of the malady. Bass {64), in his work with the 
bobwhite, is convinced that 40 to 100 parts per million of manganese 
in the diet will prevent perosis. 

Other Minerals 

The value of the addition of other minerals to the diet is doubtful. 
Recent work with chickens indicates that the addition of potassium 
iodide, iron compounds, copper compounds, and possibly sulfur to the 
diet of that species may be of value at times. The last-named ma- 
terial has little nutritional value, but may be of some use in combating 
coccidiosis, an avian disease affecting the digestive tract, especially 
thececa. 

Although charcoal is used quite extensively by wild-game breeders, 
it has little, if any, value nutritionally. 

Grit 

Work by poultry nutrition workers at the Agricultural Research 
Center has shown that gallinaceous birds can live without grit and 
even digest whole grain without its aid. When grit is present, how- 
ever, there is more efficient utilization of feed, and less energy is re- 
quired by the gizzard for grinding feed. In the case of growing do- 
mestic chickens abscesses may occur in the gizzard lining if a finely 
ground, low-fiber diet is fed without grit. 

Leopold {677) points out that most game birds in the wild consume 
grit daily, pheasants particularly frequenting graveled roads at night- 
fall, presumably for this purpose. 

Titus is convinced that ^it is a worth-while practice to supply grit 
to chickens so reared and kept that they do not have access to the 
soil." However, he points out that it is highly important that careful 
consideration be given to the kind of grit that is supplied. Probably 
the best grit one can obtain is river gravel or native pebbles, but any 
insoluble, nonfriable rock material may be used. Fine sand is of no 
value as grit because it readily passes through the gizzard, but very 
coarse sand may be used for young birds. 
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Because of the paucity of knowledge concerning the nutrition of 
same, there are very few recommended game diets. 

Xorris {859) suggests two diets for young pheasants on the basis of 
experimental results and practical experiments (table 8). 

TABLE 8.—Composition of two diets for young pheasants 

Ingredient 

Yellow corn meal  
Wheat-flour middlings  
Ground heavy oats.   
Dehydrated alfalfa meal (20 per- 

cent protein)  
Dried skim milk  
Dried liver  
Meat meal (75 percent protein) __ 
Fish meal (60 to 65 percent pro- 

tein), either vacuum- or steam- 
dried  

Diet        Diet 
No.  1   !   No.  2 

Percent 
20.0 
25,0 
10.0 

5.0 
20.0 

5.0 

Percent 
24.0 
25.0 
10.0 

5.0 
10.0 
2.5 
5.0 

Ingredient 

Soybean meal  
Pulverized limestone  
Common salt  
Cod-liver   oil   (85   International 

Units of vitamin D per gram). _. 

Total  

Diet 
No. 1 

Percent 
6.5 
2.0 
0.5 

1.0 

Diet 
No.2 

Percent 
10.0 
2.0 
0.5 

1.0 

Articles in this Yearbook by H. W. Titus on the nutrition of the 
domestic chicken, entitled ^Practical Nutritive Requirements of Poul- 
try" and ^Practical Feeding of Poultry/' give information on the 
nutrition of domestic gallinaceous birds that may be applicable to 
the upland game birds. In the last-named article are some valuable 
tables on the composition of foodstuffs, including the mineral and 
vitamin content, and their digestibility. 

FEEDING PRACTICES 

There have been two notable changes in the management practices 
of propagators of upland game birds: (1) From rearing and maintain- 
ing the birds on the ground to rearing and maintaining them on wire 
cloth (fig. 9, A); (2) from the custard-clabber feeding of game chicks 
to a more simplified and sanitary system of feeding (fig. 9, B). 

Until very recently, all breeders gave their chicks and mature birds 
access to runs planted to some cover crop such as clover, alfalfa, 
cereals, or grass. However, whatever benefits were derived from the 
green feed were nullified by the spread of disease, especially ulcerative 
enteritis or ^quail disease," from the contaminated ground. Regard- 
ing this disease, Stoddard quotes from Dr. Morse: 

At the beginning of an outbreak the more susceptible birds may die suddenly 
without showing noticeable symptoms or the characteristic internal lesions. Less 
acute cases show ruffled feathers, dullness, droopiness, lack of appetite, increased 
thirst, and frequently diarrhea ...In chronic cases emaciation is extreme . . . 
The most characteristic lesions are numerous small, yellowish areas of necrosis in 
the wall of the intestine. These areas average about the size of a pinhead and 
may be seen through the peritoneal surface. Necrotic ulcers sometimes perforate 
the intestinal wall. 

Propagators of bobwhite and ruffed grouse have found that such 
contagion can be reduced considerably by rearing the young stock and 
maintaining the breeders on sun porches of wire cloth rather than on 
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restricted range (fig. 10, A and B; fig. 11, ^4. and B). They supply 
freshly cut green feed taken from nearby grass plots every day iii 
special receptacles. 

The making of custard for game chicks is a laborious, unnecessary 
procedure that is rapidly losing favor with breeders, while clabber 
is apt to bring about parasitic infestation of birds by drawing hundreds 
of flies that are carriers of disease germs. 

B 

Figure ().—A.  Modern   clertricallv   lipalcd   quail  lirooder pens  in   Maryland. These 
pens will hold IS to 30 quail chicks; /.'. quail feeding and watering devices. 
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Feeding Chicks 

Phmstint* 

Smith (1006) reporta tiio procedure thai is used successfully with 
pheasants on the Fisher State (lame Farm in Peimsylvaiiia as follows: 

The chicks are fed the first 3 days on our 30 percent pheasant starting nmsh, 
with a little fine sand mixed in and water. At (i and 10 a. in., and at 2 and 6 p. in., 
they are fed sparingly on fine hard-boiled egg sprinkled on mash, to teach them to 
pick the mash. Three times daily they are given fine chopped greens. On the 
fifth day we add fine grit, oyster shell, and charcoal. At 3 weeks they are started 
on fine chick grain mixed with the mash, and at S weeks intermediate scratch is 
idven. 

rnfortunately Smitli does not disclose the formula of their mash. 
Additional feeding facts are given by the Pennsylvania Board of 

Game Commissioners.' They warn: "Do not overfeed. Just rive 
the birds enough for them to clean up in 10 or 16 minutes." Tbcv 
also state: 

Stinting the seventh week, begin feeding in rainproof hoppers a high grade 
growing mash. This change of feed must be made gradually by mixing the 
gtan ing mash with the starter for a few days, before feeding the straight growing 
maah. In addition, feed a medium scratch grain every evening. On this ration 
\ un may raise your birds to maturitv. 

ANMWJIDIS.    UTcanra AXI. KKARINI-, RINUXECK PHEASANT*. 
Propigation md 'limie Fumi Kept, im,   IMinieoirapheil.j 

Pn. Boanl "f O »me romnirs.. Div. 

^ 

^m 

ÖEr 
Fïgun 10. t. and II. Huh« hili ipiuil in »inli-r hiding pen, Pi-ti-rshiirg, Va., Kebruary 

1939.    (Courtem of Janiea Sabwenek.) 
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Figure II.—A, Chukar parlridges in winter holding pen. No difficulties have been 
encountered in maintaining rhnkars on the ground. I!. Prairie chickens in winter 
holding |>en. Richmond. Va., February 1939. (Courtesy of W. B. Coleman.) 
C, Male and female bobwhites in laying pen; nest, feeders, and waterer shown. 

(Courtesy of James Schwenck.) 
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Bob white Quail 

For bobwhite raising, Coleman (132) of the White Oak Quail Farm 
in Virginia recommends that 1 or 2 hours after the bobwhite chicks 
are placed in the brooder, they should be given dry quail mash ad 
libitum in small trays, clean coarse sand, fresh tender greens, and 
water. The water used for the first few days is drawn several hours 
before using and allowed to warm to room temperature, to prevent 
chilling the quail. 

The greens (lettuce, alfalfa, or clover) should be fed at least three 
times daily from the first. They are cut fine with scissors and 
sprinkled on the water and in the sand tray until the birds are about 
4 weeks old, when they are old enough to pick at larger greens. 

On the fifth day from hatching, Coleman adds a little pulverized 
ovstershell and baby-chick size charcoal in the sand tray, mixing them 
with the sand. Several days later he adds baby-chick size oyster- 
shell. Coleman does not feed any tomatoes, cucumbers, apples, or 
carrots, having found them of little value in the diet of either young 
or mature quail that receive a balanced diet supplemented with fresh 
greens. 

At the fifth week, Coleman feeds a chick grain-seed mixture, spar- 
ingly, in the afternoon, so that the birds will be forced to eat con- 
siderably more mash than grain every day. When the birds are 10 
weeks old they are started on a grain-seed mixture suitable for mature 
bobwhites. During the laying period (fig. 11, C), Coleman believes 
that— 

it is very important to control the amount of grain-seed mixture given so that the 
quail are forced to eat the mash freely. The egg-producing ingredients are con- 
tained in the mash and if the birds are given all the grain they want they will eat 
little, if any, mash, and the result will be poor egg production. In the winter, 
especially during the severe weather, it is well to feed more grain-seed mixture 
than mash, but at no other time is it advisable to do so. However, as already 
emphasized, keep the mash before the birds at all times, for all ages; from the 
very first feeding. Of course, they are fed in trays (never on the ground) which 
are cleaned often. 

Consistency of Mash 

Some breeders may inquire: Is it best to feed m ash wet or dry. as 
fine or coarse meal, or as pellets? 

The practice of feeding wet or moist mash is rapidly becoming 
obsolete. It requires extra time and labor and is messy, unsanitary, 
and unnecessary. Unless fresh batches only are kept before the birds 
and the receptacles are cleaned thoroughly every day, there is great 
danger of the birds eating sour, contaminated feed, that will be very 
injurious. 

Many breeders use a finely ground meal so that each mouthful of 
feed will theoretically contain all the ingredients of a balanced diet 
and the birds will not be able to pick out the more favored ingredients. 
Although undoubtedly these ends are achieved more or less by use of a 
powdery feed, certain disadvantages must be considered. Birds, both 
game and domestic, prefer discernible particles. Even with newly 
hatched game chicks, Handley (Stoddard (1105)) points out that 
feeds— 
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which contain some such ingredient as small flakes of wheat bran, are eaten by 
baby quail in greater quantity than are plain foods, apparently because of the 
presence of objects that readily catch the eye. 

Powdery feed irritates the birds' nostrils, often caking1 there, and 
consequently may lead to nose picking and cannibalism by other birds. 

Feed pellets have become popular because they eliminate the bad 
features of both powdery and coarsely ground feed. Feed manufac- 
turers are putting both mash and pellets on the market. No study is 
known to have been made on these two types of feed for game birds, 
however. Work has been done with domestic fowls, but the results 
are not conclusive. One interesting study conducted by the workers 
at Pullman, Wash. {19Jf), showed that domestic turkey poults from 2 to 
10 days old found the pelleted feed more attractive and palatable than 
mash. However, no significant difference was noted at 28 weeks in the 
body weights of either the hens or toms fed mash, mash and pellets, or 
pellets supplemented with scratch grain and green feed. Likewise, 
the lots fed mash, mash and pellets, and pellets alone ate practically 
the same quantities of feed during the 28 weeks. The lots of turkeys 
fed on pellets and scratch grain brought slightly higher returns over 
feed costs than those fed by the other methods. The amount and cost 
of feed per pound of gain were both slightly less in the lots fed pellets 
and scratch grain. 

''Cafeteria" Feeding 

The value of ^cafeteria'' or free-choice feeding of pheasants was 
studied by Callenbach and Hiller of Pennsylvania State College {185). 
The results indicate that this method does not give satisfactory results 
as measured by growth, feather development, or livability. Also it is 
necessary to supply somewhat more feeding space per bird than for 
ordinary grain and mash feed. 



PASTURE AND  RANGE 

IN  LIVESTOCK  FEEDING 

by P. V. Cardon, W. R. Chaplme, L E. Woodward, E. W. McComas, and C. R. Enlow i 

i H K t t classes of feed available for livestock—pasture and range forage, 

harvested forage, and miscellaneous feeds—are discussed in the following 

three articles. This one deals with pasture and range, telling about 

kinds of pasture, grazing methods, pasture management, the relationship 

between pasture and other feeds, range forage, the maintenance of 

production on the range, and some of the research on soils and fertilizers 

as related to pastures. 

PRIMITIVE MAN, dependent as he was on game for his food, must 
have recognized the ^universal beneficence of grass/' It is easy to 
imagine that he came to associate the differences in the forage upon 
which his quarry grazed with the differences in the quality of his meat. 

With the domestication of cattle, sheep, and horses, the provision 
of suitable grazing for his animals became one of man's chief respon- 
sibilities. History is replete with tales of combat in which neighbors, 
tribes, and nations contended for grass for their flocks and herds. 
Recent range wars in our West are modern versions of man's age-long 
struggle for grass. 

In the United States today that struggle has entered a different 
phase—in some respects a new phase. With no virgin grasslands 
beyond the horizon, the eyes of the grazier are turned back upon the 
grass within his own fence lines or upon controlled public ranges. 
His hope lies now in grass restoration and maintenance and in pro- 
viding not only more but better grass—better in a nutritional sense. 
For even within the last decade developments in the field of nutrition 
have shown that the nutritive properties of green plants are not only 
beneficial but essential to health, growth, and reproduction in livestock. 

The factors controlling the nutritional values of green forage are 
1 P. V. Cardon is Assistant Chief, formerly Principal Agronomist in charge of the Division of Forage 

Crops and Diseases, Bureau of Plant Industry; W. R. Chaplme is Principal Inspector of Grazing, in charge. 
Division of Range Research, Forest Service; T. E. Woodward is Senior Dairy Husbandman, Division of 
Dairy Cattle Breeding, Feeding, and Management, Bureau of Dairy Industry; E. W. McComas is Animal 
Husbandman, Bureau of Animal Industry; and C. R. Enlow is Principal Agronomist, in charge. Agronomy 
Division, Soil Conservation Service. 
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Figure I.—Major gracing regions of the Lnited States. 

as complex as they are numerous, and present knowledge of them is 
admittedly limited, as will become plain in the following pages ; but 
enough is known to point the way to better grass and its more effective 
use. As we move in that direction, new facts and greater knowledge 
will develop to guide further progress. 

GRAZING REGIONS AND PRINCIPAL PLANT SPECIES 

^ Approximately 60 percent of the total land area of the United 
States is grazed at least part of the year (1167). The type of grazing 
land, as well as its carrying capacity and seasonal use, varies according 
to topography, soil, and climate, all of which govern the number and 
kind of species constituting the forage. Regional differences with 
respect to those factors characterize large geographic areas such as 
the Great Plains. The approximate boundaries of the major grazing 
regions of the United States are shown in figure L This map is 
supplemented by table 1, which lists the more abundant pasture 
species in each region. Many more species are recognized as being 
of importance, but it is not practicable in this article to present a 
complete list. 

WHY PASTURE AND RANGE ARE TREATED SEPARATELY 

There is a distinction, though not a basic difference, between farm 
pastures and the range. Farm pastures as a rule are relatively 
limited grazing areas, usually privately owned, which are units of 
farm enterprises, especially in humid or irrigated regions. Ranges, 
on the other hand, are relatively large grazing areas, either privately 
or publicly owned or controlled, located on nonfarming land, mostly 
in the semiarid and forested parts of the United States. 

Unharvested herbage includes all feed gathered directly by animals. 



TAKLIí  \.     ¡\htsi ahuiKlaiit grasses and legumes coni[jrisuig ihe forage in each of the generally recognized grazing regions 
of the United States as shown in figure 1 

NorUi conlnil and northeastern Sout lorn 

Legumes 

Great Plains 

Grasses Legumes Grasses Grasses Legumes 

Kentucky bluegmss  (Poa White clover i {Trifvlium re- Bermuda {Cynodon dactylon). Common lespedeza {Les- Gramas (Boitteloua spp.). Sweet do vers   (i\ lelilotus 
pratensis). pens). Carpet {Axonopus compres- pedeza siriata). Wheatgrasses   {Agropyron spp.). 

M'iinothy    {Phlcum    pra- Korean lespedeza {Lespedeza sus). Hop  clover   {Trifolium spp.). Alfalfa {Medicago saliva). 
¿mae). stipulacea). Johnson {Sorghum halepense). dubium). Buffalo {Buchloe dactyloides). 

liedtop {Ayroatix alba). Sweetclovers {Mdilotus spp.). Dallis {Paspalum dilatatum). White clover {Trifolium Bromes {Bromus spp.). 
Orchard (Dactylis qlomer- Alfalfa {Medkago sativa). Vasey (Paspalum nmlleï). repens) .* Galletas, tobosa, and curly 

ata). Common lespedeza {Lespe- Redtop {Agrostis alba). Persian clover {Trifoli- mesquite {Hilaria spp.). 
Canada    bluegrass    {Poa deza sirinta). Bahia {Paspalum notatum). um resupinatum). Beardgrasses or bluestems 

compressa). Red clover {Trifolium pra- Rescue {Bromus catharticus). Black medic {Medicago {Andropogonsw.). 
Tall oatgrass {Arrhf/nather- tense) . Rhodes ( Chlor is gay ana). lupulina). Sudan {Sorghum vulgare var. 

umelatius). Alsike clover {Trifolium hy- Spotted bur-clover {Med- sudanense). 
Meadow   fescue   {Fesiaca bridum). icago arabica). Bluegrasses {Poa spp.). 

eLaiior). Hop clover {Trifolium pro- Timothy {Phleumpratense). 
Smooth   brome   {Bromus cumbens). Rodtop {Agrostis alba). 

inermis). Black medic {Medicago lu- Rescue {Bromus catharticus). 
Sudan   {Sorghum   vulyare pulina). Rhodes {Cholris gayana). 

var. sudanense). Crimson  clover  {Trifolium 
Ryegrasses {Lolium spp.)- imarnatum), 
Bents {Agrostism)-)- 
Reed     canary    {Phaiaris 

arundinacea). 
Beardgrasses or bluestems 

{Andropogov spp.) 
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TABLE I. -Most abundant grasses and legumes comprising the forage in each of the genirally recognized grazing regions 
of the United States as shown in figure 1—Continued 

Inter mountain North Pacific coast South Pacific coast 

Grasses Legumes Grasses Legumes Grasses Legumes 

VVheatgrasses   {Agropyron Alfalfa (Medicago sativa). Ryegrasses (Lolium spp.). Red   clover   (Trifolium Fescues (Festuca spv.). California  bur-clover 
spp.). White clover (Trifolium re- Kentucky   hluegrass   (Poa pratense). Bromes (Promus spp.). (Medicago hispida). 

Gramas {Bouteloua spp.). pens).i pratense). White clover (Trifolium Wild oats (Avena spp.). Alfalfa (Medicago sativa). 
Bromes (Bromus spp.). S weetclovers ( Melilotus spp.). Bents (/Lyro^sspp.). repens).i Bermuda   (Cynodon   dacty- White     clover      (Trifo- 
Galletas, tobosa, and curly Alsike clover (Trifolium hy- Reed canary (Phalans arun- Hop   clover   (Trifolium ¿071). lium repens) .1 

mesquite {Hilaria spp.) bridum). dinacea). dubium). Sudan {Sorghum vulgäre var. Black  medic    (Medicago 
Bluegrasses (Poet spp.). Red clover (Tr¡folium, pra- Orchard   (Dactylis   glomer- Alsike clover (Trifolium siidanense). lupulina). 
Timothy    (PhLeum    pra- tense). ata). hyhridum). 

tense). Black medic (Medicago LIL- Meadow fescue (Festuca ela- 
Redtop {Agrostis alba). pulina). tior). 
Bermuda (Cvnodon dactv- California bur-clover (Medi- Redtop (Agrostisalba). 

ion). cago hispido). Timothy (PhLeum pratense). 
Beardgrasses or bluestems Strawberry clover (Tn/o/i/m Tall  oatgrass  (Arrhenather- 

(Andropngon spp.) fragiferum). um elatius). 
Meadow foxtail (Aiopecums 

pratensis'). 

1 Includes Ladino clover. 
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The same physical and biological factors influence, though perhaps 
in varying degrees, the nutritional value of plants whether they are in 
farm pastures or on the range. Pasturage consists principally of 
mixtures of tame grasses and legumes. Range forage usually consists 
of a mixture of herbaceous species, mainly native grasses and legumes, 
but often includes an admixture of sedges, rushes, and other grasslike 
plants, of weeds—the forbs of the scientist—and sometimes of woody 
plants as well. The forage gathered from shrubs or trees is called 
browse. Nuts that have fallen from trees and are used as feed are 
called mast. Mast and browse are important chiefly on ranges. In 
some areas and in certain seasons weeds constitute an important part 
of pasturage. Occasionally the weed of today may be classed as an 
important forage plant tomorrow. 

The major differences, then, between pastures and the range per- 
tain to geographic distribution, size of units, kind of vegetation, and 
use. Pasture management usually aims at maintaining maximum 
production of young palatable growth, while this is not ordinarily 
possible on range lands, where drier conditions limit regrowth of 
plants after grazing. These differences are considered of sufficient 
importance to justify in this article a separate section on the range to 
meet the special interests of range users. 

FARM PASTURES 
ECONOMIC IMPORTANCE AND MAJOR USES 

No accurate estimate can be made of the proportion of the total 
feed supply of the United States that is derived from pastures. 
Roughly, however, it would appear that pastures provide about 
one-third of the nutrients used by dairy cattle, while beef cattle and 
sheep probably obtain half of their feed from pastures and livestock 
on the range considerably more than half from range forage. 

Semple and others {1027) 2 cite the results of cost studies made by 
the United States Department of Agriculbure to show that pasturage 
furnished nearly one-third of the total sustenance of cows in market 
milk production while constituting only one-seventh of the total feed 
cost. They show also that on 478 Corn Belt farms producing beef 
calves— 
the breeding cows obtained practically their entire living from pasture for 200 
days and from roughage and concentrates for 165 days. The pastures which were 
furnishing a little more than half of the total sustenance were credited with only 
one-third of the feed bill. 

Misner {79/}) has shown that in New York the total cost of milk pro- 
duction on pasture was 9.7 cents per cow per day, with returns of 
34 cents. The cost of winter feed, on the other hand, was 38 cents 
per cow per day, with the same returns as on pasture.3 

2
 Italic numbers in parentheses refer to Literature Cited, p. 1075. 

3 The practical importance of information as to the nutritive value of pasturage in terms of other feed 
crops and the relative cost of the nutrients derived from pasturage and from other crops is so great as to com- 
mand the interest of various scientific groups in the United States and Canada, such as the American 
Society of Animal Production, the American Dairy Science Association, the American Society of Agronomy, 
and the Canadian Committee on Pasture and Hay Production. These four groups are considering 
joint effort designed to assemble and evaluate available data to serve as a guide to farmers in planning feed 
production. In the meantime certain European countries, especially the Scandinavian and Germanic 
countries, have assembled data of this type on the feed crops of those countries that are widely used there.* 

4 PTETERS, A. J. A DIGEST OF SOME WORLD PASTURE RESEARCH LITERATURE. XL S. Dept. Agr., Div. 
Forage Crops and Diseases, Bur. Plant Indus.   1937.    [Mimeographed.] 

141394°-—39 60 
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The economy of pastures in livestock farming lias been shown by 
similar results of cost studies in several other States. It should be 
remembered in this connection that even greater returns might be 
expected on improved pastures under good management, although 
adequate cost data on this point are not available. Various studies in 
Europe and some in this country indicate notable increases in forage 
yields and animal products on pastures following good management, 
including the use of improved pasture species, the proper use of fer- 
tilizers, or suitable grazing practices. These and other studies indicate 
also that through good management the pasture season may be ex- 
tended and made to produce more satisfactory sea son long returns. 

Pastures may serve as the total source of feed or, more often, as the 
principal seasonal source for different classes of livestock. They can 
be depended on for the total feed requirement only in limited areas 
where yearlong or continuous grazing is possible. In most regions of 
the United States it is possible to graze only during limited periods, so 
that pasturage does not provide as much of the total annual feed re- 
quirements as hay, silage, and concentrates combined, although it 
usually provides the major portion of feed for the time it is used. 

In the United States pastures are grazed chiefly by cattle, sheep, 
and horses, and also to some extent by hogs, especially alfalfa pastures. 
In some areas, the use of pastures by poultry is becoming more com- 
mon. In this country there is less tendency to graze cattle and sheep 
on the same pasture than in some other countries—in Great Britain, 
for instance, mixed grazing is commonly practiced in the belief that 
the herbage is thus more completely utilized. In certain sections of 
the United States, however, mixed grazing is practiced regularly, as 
on the Edwards Plateau of Texas, where cattle, sheep, and 2:oats use 
the same pastures. ^ ^ p^URES 

Pastures may be classified {9£6, 1027) as permanent, temporary, 
and supplemental, according to the length of time they are to be used ; 
or on the basis of the plants that make up the pasturage, as tame and 
wild, although the latter are now commonly classified as range. 

Permanent pastures in the United States are found most commonly 
on land that cannot be used profitably for the culture of field or horti- 
cultural crops. They occur on hill lands, in marshes, and in the 
woods and forests. The western ranges, also, may be regarded as 
permanent pastures. The common characteristic of permanent 
pastures is that they are seldom if ever broken by cultivation, except 
as their surfaces may be disturbed by renovation practices. 

Temporary pastures are of diverse character, but include all crop 
fields used as pastures for a short period. Fallow land is sometimes 
pastured to utilize and control weed growth. Fields of seedling-grain 
crops, as oats, barley, and wheat, are often pastured in the fall or 
spring without damaging the stand or reducing the ultimate yield of 
grain. Stubblefields likewise are pastured, as are meadows after 
the hay crop is removed. Again, such crops as cowpeas, velvetbeans, 
soybeans, rape, and peanuts may serve as temporary pastures at some 
time during their growth periods. 

Supplemental pastures include those which are seeded to some crop 
such as Sudan grass or lespedeza, for the purpose of providing pas- 
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: PASTURES 

PERMANENT !            !            I ! 
FERTILIZED 

UNFERTILIZED 

H 

f— 
TEMPORARY 

RYE  (FALL-SEEDED) 

I | 

§■■■■■■ 
i 

OATS ^■^■■l 
j                             | 

SUPPLEMENTAL 
SWEETCLOVER   (2ND YEAR) ■ 
SWEETCLOVER   (1ST YEAR) ^^^^^^H H 

SUDAN   GRASS ] 

MEADOW  (2ND  CROP) 
I 

ALFALFA  (2ND CROP) 

! < 
Figure 3.—Srhemalic represen la (ion ol' combined use of permanent, temporary, and 
supplemental pastures designed to provide adequate pasturage throughout the season. 
Originally planned for Iowa, this scheme could be used as a guide in other Stales, 
substituting temporary and supplemental pasture crops adapted to the locality. 
(Adapted from Iowa State College Extension Circular DH 46.) The rectangles black 

show the periods when the pastures are utilized. 

ttirage to supplement permanent pastures during the season when the 
latter are relatively unproductive, a condition characteristic of Ken- 
tucky bluegrass pastures in midsummer (fig. 2). 

Tame pastures may include any of the foregoing types when com- 
posed principally of domesticated grasses, as Kentucky bluegrass, 
redtop, timothy, orchard grass, and Bermuda grass, alone or in mix- 
tures with white clover or other legumes. 

By a combined use of permanent, temporary, and supplemental 
farm pastures, farmers are able ordinarily to provide adequate season- 
long pasturage (fig. 3). Such a plan is generally less feasible in 
range country, but to some extent the same end often is accomplished 
by moving the livestock from one range to another, as from spring- 
fall, to summer, and thence to winter range. 

In pasture experiments conducted in Missouri (337) it was found 
that beef cattle on permanent bluegrass pasture made almost 60 
percent of their total gains in weight during the first 60 days; about 
two-thirds of the total season's gains were made from the first one- 
third of the full pasture season. By supplementing permanent 
pasture with Korean lespedeza, the carrying capacity and nutritive 
value of the pasture herbage has been increased. The Korean 
lespedeza furnished grazing from late June until late September, 
when permanent bluegrass pastures are practically dormant. 

GRAZING METHODS 

Grazing may be seasonlong or, in some favorable areas, yearlong. 
Either seasonlong or yearlong grazing may be continuous, or it may 
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be intermittent with no attempt at regularity. Again, a pasture 
or range may be divided into two parts which are grazed alternately ; 
this is called alternate grazing. When a pasture or range is divided 
in such a way as to rotate the use of the various segments in regular 
order, grazing is referred to as rotation grazing. Deferred grazing— 
keeping the animals off the pasture until after the grasses, including 
the seed crop, are mature—is sometimes practiced to insure natural 
reseeding or to stimulate vegetative reproduction. In actual prac- 
tice, especially on the range, deferred and rotational grazing are fre- 
quently combined. 

In the practice of any of the foregoing methods, the pasture may be 
adversely affected by premature grazing, that is, grazing too early 
in the season, before the ground is firm or the grasses have made 
sufficient growth; or by overgrazing, which results in the loss of vigor 
of desirable vegetation and creates a condition favorable to replace- 
ment of such vegetation by weeds and other less desirable plants. 
The herbage available determines the carrying or grazing capacity of 
an area, that is, the ratio of animals to the unit of area that will furnish 
ample sustenance, as one cow to 2 acres, three sheep to 1 acre, one 
steer to 20 acres, and so on. 

Overgrazing, or grazing beyond carrying capacity, ordinarily is 
inadvisable. The serious consequences of overgrazing have been 
emphasized, during recent years, in many publications pertaining to 
soil conservation, erosion control, and range improvement. It has 
received less emphasis in literature pertaining to farm-pasture man- 
agement, although overgrazing is as much to be avoided on farm 
pastures as upon the range. It weakens desirable species, thereby 
making way for less desirable species, including weeds. 

Grazing short of carrying capacity may also be inadvisable under 
some conditions, especially where the grass tends to ^get away,^ 
and become with maturity relatively less palatable, digestible, and 
nutritious. If, under such conditions, the grass could be clipped 
and ensiled, as is commonly done in some countries and to an increasing 
extent in this country, much good feed might be saved and the pasture 
left uninjured. 

In an experiment on methods and rates of grazing at Beltsville, 
Md. (502), it was found that the crude protein in the herbage under 
continuous light grazing averaged 13.04 percent as compared with 14.56 
under continuous heavy grazing and 13.40 under alternate heavy 
grazing. The calcium and phosphorus contents were 0.59 and 0.30 
percent, respectively, under continuous light grazing, 0.75 and 0.32 
under continuous heavy grazing, and 0.60 and 0.34 under alternate 
heavy grazing. 

The Washington Agricultural Experiment Station {5W) reports 
that rotation grazing did not improve the quality of herbage as meas- 
ured by chemical composition when compared with the herbage 
obtained from continuous grazing, but it did increase the yield. 

It would appear from these experiments that the relative advan- 
tages in rotation and continuous grazing are dependent upon differences 
in local soil, climate, and management factors. 

A 6-year experiment conducted at Beltsville, Md. {1270), in which 
permanent pastures were grazed by dairy cattle in a six-field rotation 
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and contiiuiously, showed a 10.4-percent greater yield under rotation 
grazing. 

NUTRITIVE VALUES OF PASTURAGE 

Besides providing cheap succulent feed, pasturage is of great impor- 
tance as a source of proteins, minerals, and vitamins {1027). The imma- 
ture plants are much richer in protein than the same plants at a later 
stage of growth. The young plants are also softer and more tender, 
and the dry matter, being less fibrous, is more easily digestible. Most 
if not all of the minerals of importance in animal nutrition may occur 
in pasture herbage, although, as will be shown, this depends in large 
measure on differences in the soil environment and the inherent ability 
of species of plants to extract nutrients from the soil. 

Influence of Physical Factors 
Rainfall is probably the greatest single factor influencing the yield 

and nutritive value of grasses. Most species are more palatable, 
digestible, and nutritious under favorable moisture conditions than 
when the moisture supply is inadequate. Many of the grasses of the 
dry Great Plains region, however, have in their physiological make-up 
the ability to retain their palatability and nutritive value at mature 
stages of growth when their moisture content is low. 

In addition to moisture, temperature plays an important part in 
influencing the nutritive value of many perennial pasture grasses. 
As the temperature increases during the summer months, production 
decreases and the ratio of stem to leaf increases, with an increase in 
crude fiber and a decrease in crude protein. High temperature reduces 
the quality of adapted varieties of pasture herbage to the greatest 
extent in the north humid regions. Grasses grown in the South are 
adapted to and withstand high temperatures. Bermuda grass, Dallis 
grass, Bahia grass, molasses grass, and other southern species all 
require high temperatures for their most rapid growth, but at the 
same time they must have ample moisture and fertile soil. Buffalo 
grass, crested wheatgrass, and grama grass, all adapted to regions of 
limited rainfall such as the Great Plains, make ample growth with 
limited moisture and at reasonably high temperatures. 

Influence of Management Practices 
Among the various factors influencing the nutritional value of 

herbage, the management factor is of primary interest to the grazier, 
because it is one that he can control. Through intelligent management 
he is able to derive from his pastures the maximum returns possible 
under the environmental conditions governing his operations. 

Pasture management involves among other things (1) choice of 
species, (2) use of fertilizers, and (3) grazing practices employed. 

Choice of Species 

Species are chosen to provide a desired mixture of grasses and 
legumes. Because of differences in habits of growth and seasonal 
response to environmental influences, several grasses are more likely 
to insure grazing over a longer season than will any single grass. 
Through the proper selection of grass species it may be possible to 



936 YEARBOOK OF AGRICULTURE, 1939 

have one or more of them growing thronghout the grazing season. 
Legumes in the mixture are important in that they increase the yield 
of the herbage and in the more mature stage add to its nutritive value 
by increasing the protein content. Because of their ability to supply 
to the soil nitrogen extracted from the air through their root nodules, 
legumes also stimulate the growth of the associated grasses and increase 
their protein content. 

Jolinstone-Wallace {690) reports that the protein content of Kentucky 
bluegrass grown alone averaged 18 percent while that of the same grass 
grown in association with white clover averaged 25 percent.—an in- 
crease of more than one-third. Timothy grown alone averaged 24 
percent, but with white clover 30; orchard grass averaged 23.5 percent 
alone, but 29.3 with clover. 

Choice of species is also important with respect to palatability—a 
term commonly used but little understood. Graziers know that 
domestic animals display marked preference for certain pasture plants, 
whereas they avoid others except when forced by hunger to eat thorn. 
Moreover, they prefer a given species when at a particular stage of 
growth, as shown by Stapledon (1099) and by Forsling and Storm on a 
Utah range (378). The same discrimination has been observed among 
rodents and insects. Whether or not animals smell or taste a difference 
in pasture plants and to what that difference may be ascribed are 
points that remain to be determined. Yet palatability cannot be 
ignored in pasture management. Whatever it is, it influences the 
grazing value of any pasture. It is important, therefore, to choose 
species that are palatable and to graze them when they are most 
palatable, that is, in early immaturity. Bromegrass, Kentucky 
bluegrass, and timothy are generally regarded as highly palatable, 
whereas such grasses as red top, bentgrass, and many natives species 
are relatively low in palatability, at least in certain stages of growth. 
Less palatable grasses may often be used advantageously, however, if 
their growth habits are such as to provide herbage in seasons when more 
palatable species are dormant. The relationship between palatabil- 
ity and nutritive value is not clear, but it is generally conceded that 
palatable species are more nutritious than unpalatable species, possibly 
because of the greater quantity consumed or some related qualitative 
factor. 

Use of Fertilizers 

Because different species of pasture plants respond differently to 
various nutrients in the soil and because their use of nutrients influen- 
ces their composition, it is plain that the application of fertilizers 
should be governed by plant requirements as well as by soil analysis. 
In other words, although soil analysis may reveal certain deficiencies 
which may be corrected through the use of fertilizers, experiments 
indicate that these fertilizers should be applied with a view to satis- 
fying the requirements of the different grasses and legumes in the 
pasture mixture if the greatest benefits from fertilizer use are to be 
realized. 

This, however, would require knowledge not yet sufficiently devel- 
oped to warrant definite recommendations. Lacking specific knowl- 
edge on this subject, the farmer can proceed only in the light of more 
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^onoral information. It is known, for instance, that grasses usually 
respond better than legumes to nitrogen, whereas legumes are more 
responsive than grasses to phosphorus and potash. Nitrogen not 
only stimulates grass but increases its protein content. The stimulus 
to legume growth afforded by applications of lime, phosphorus, and 
potash, where deficient, also increases the protein content of the herb- 
age. Overstimulation of legumes, on the other hand, may be detri- 
mental to the associated grasses. In applying nitrogen it is important 
also to avoid excessive stimulation of grass growth, since this may 
prove injurious to legumes growing in the mixture. The objective 
should be to keep both grasses and legumes in the herbage. It is 
advisable in this connection to consult the county agricultural agent, 
who usually has access to information from the State agricultural 
experiment station or the United States Department of Agriculture 
relative to the various soil types in the county and their fertilizer 
requirements. If such information is not available the county agent 
may be able to make arrangements for obtaining it. 

Robinson and Pierre {975) emphasize the importance of considering 
the costs of pasture fertilization and liming as a long-time investment: 

Although the initial cost of improving a depleted pasture may range from So 
to $10 an acre, it should be remembered that once a good sod is reestablished, 
the cost of maintaining such a sod will be relatively low. 

This statement is supported by data showing the residual effects 
of lime and superphosphate treatments on yield and composition of 
the herbage, 

A more technical discussion of the results of research on the effects 
of soil and fertilizers on pasture herbage will be found at the end of 
this article. 

Grazing Practices 

Grazing practices also influence the botanical composition of pas- 
tures and hence the nutritive value of the herbage. Since pasture 
species differ in palatability, some are more readily grazed than 
others, which tends to jeopardize the more palatable and to protect 
the less palatable species. Likewise, some species are naturally more 
persistent than others, so that even though equally palatable the more 
persistent tend to survive while the less persistent tend to disappear 
under grazing. Again, species differ in their ability to recover after 
grazing, some requiring more time than others. The time and inten- 
sity of grazing with respect to the stage of growth also affects per- 
sistency, especially that of species dependent upon natural reseeding 
for reproduction. If these are grazed in a manner to prevent seed 
formation they do not survive. 

McCarty's studies with mountain brome (713) show that early 
spring growth is made at the expense of carbohydrates stored in the 
roots and stem bases during the previous autumn, but that subsequent 
normal growth and yield are independent of stored carbohydrates, 
being the products of current carbohydrate manufacture by the plant. 
Excessive early grazing, therefore, tends to deplete stored reserves of 
carbohydrates and to reduce the vigor of the plants. These findings 
further indicate the advisability of moderate grazing designed to 
leave enough herbage after each grazing period "to permit sufficient 
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manufacture and storage of carbohydrates to maintain the life and 
proper vigor of the plants." 

Time of grazing with respect to the stage of maturity of the herbage 
is of the utmost importance. Young, succulent herbage is richer in 
protein than mature plants of the same species, contains more calcium 
and phosphorus; and is higher in vitamins7 and the dry matter is 
more digestible. 

In South Carolina (322) it was found that, as indicated by chemical 
composition, rapidly growing plants produce greater yields and have 
superior feeding value ; also that the feeding value of pasture herbage 
is lower during the latter part of the growing season because of changes 
in chemical composition. 

Mortimer and Ahlgren (8%%) report that Kentucky bluegrass cut to 
8 to 10 inches high was lower in phosphorus and calcium than the 
same grass cut to 4 to 5 inches. 

In studies conducted in North Dakota {5/+1) with many grasses both 
introduced and native, it was found that in general protein and ash 
(mineral content) decreased and carbohydrates increased as plants 
approached maturity. 

Use of Hay and Concentrates to Supplement Pasturage 

Dairy Cattle 

Studies made of seasonal milk production in 12 States show that 
the most favorable time for the production of milk is in the spring 
when the pasture grass is at its best. They show also that after the 
flush of the pasture season, which lasts for only a month or so, the 
production declines rapidly. The first growth in the spring is tender, 
palatable, and abundant. Cows will eat as much as 150 pounds a 
day. If no deduction is made for the energy used in grazing, this 
amount is enough to support a production of 40 pounds of milk with 
an average percentage of butt erf at. The grass soon becomes either 
tougher, less palatable, and more fibrous, or it becomes more scarce. 
The result is that cows do not eat as much as they did earlier in the 
season. This fact is advanced as the principal explanation of the 
rapid decline in production during the summer. 

Aside from common salt, which is needed with all rations, young 
pasturage grown on a fertile soil provides a perfect ration for cows 
producing a medium or small quantity of milk (fig. 4). The content 
of protein, vitamins, and minerals is ample both in kind and quantity. 
Some dairy cows, however, have been developed to a state of produc- 
tivity where they cannot obtain enough of the energy-producing con- 
stituents from pasturage alone to maintain their weight and at the 
same time produce the quantities of milk of which they are capable. 
Such cows should have supplementary feed. In the spring when the 
grass is eaten in large quantities and the cows maintain a good fill of 
forage, the supplementary feed should be concentrates and should be 
given to all cows producing more than, say, 25 or 30 pounds of average- 
testing milk. 

As the pasturage becomes shorter or tougher following the early 
flush growth, the decrease in forage consumed in the form of pasturage 
should be made up with hay or silage or both.    Even if cows are 
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allowed all the hay and silage they will eat in addition to pasturage, 
the intake of nutrients will hardly equal the intake when they have 
access to flush pasturage. This means that while concentrates may 
be required for only that production over and above 25 or 30 pounds 
in the early part of the pasture season, they will be required for all 
production over and above a smaller quantity later in the season, 
even if the pasturage is supplemented with hay or silage, or both. 

The intake of protein is usually less in the summer and fall than in 
the spring, because the herbage is either more mature or less abund- 
ant. In the spring any of the farm-grown cereal grains will be satis- 
factory to use as supplements because the need is for energy-producing 
feeds. Later in the season the protein content of the concentrate 
feed must be increased unless the protein needs are met by the gener- 
ous feeding of legume hay. 

Vitamins A and D are the only ones in the cow's ration the defi- 
ciencies of which have been shown to be serious enough at times to 
affect health. All fresh green pasture herbage has a high content of 
carotene from which vitamin A is formed in the animal body. No 
other common feed is equal to pasture herbage in content of carotene, 
and no other will increase the carotene content—as indicated by 
yellow color—or the vitamin A content of the butterfat to as great 
an extent as pasture herbage. Fresh, green pasture herbage is devoid 
of vitamin D, but this vitamin is synthesized within the body when 
the animal is exposed to direct sunlight. Because grazing cattle are 
usually in the sun, vitamin D need not be considered in estimating 
the adequacy of rations being fed to cows on pasture. 

Pasturage is valuable for young dairy stock of all ages, but until the 
calves are about 1 year of age it should not constitute the sole ration, 
else the development of the calves will be arrested. The younger the 
calf the greater the need of supplementary feed. Probably for about 
the first 3 months of their lives calves should be fed about the same 
kind and quantity of feed whether or not pasturage is available. 
After this age the calf eats progressively larger quantities of grass and 
the proportion of supplementary feed can be correspondingly reduced 
until the calf is about 1 year old, when the supplementary feed may 
be discontinued. However, if quick maturity is desired a large-sized 
supplementary feeding should be continued. The supplementary 
feed of calves under 1 year on pasture should be both hay and grain, 
but of those over 1 year it need be only grain. If for any reason the 
pasturage becomes short or otherwise inadequate to keep the calves in 
a thrifty growing condition the supplementary feed should, of course, 
be increased. ^^ ^^ 

It is generally agreed that beef cattle make gains at less expense on 
high-quality pasture than by lot feeding, yet much more time is usually 
required to get cattle fat enough for market by the use of pasture 
only (fig. 5). The success of a combination of pasturage with one or 
more concentrates has been demonstrated in the Corn Belt by Black 
and Trowbridge {117, 118) in fattening calves prior to weaning. 
That this practice, involving what is known as creep feeding—the 
use of a feeding device in the field-is good economy in parts of 
the Appalachian region is indicated by McComas and Wilson {726). 
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Black and Wilson (î2ï)io\md that it is possible to speed up the rate 
of finishing 3-year-old steers by feeding a mixture of corn and cotton- 
seed meal while on good bluegrass pasture. Feeding a supplement in- 
creased the steer gains 37 percent over gains from pasture alone. 
Subsequent work at the same station has shown that it is possible to 
put a marketable finish on 2-year-old steers by supplementing their 
pasturage with a mixture of protein and carbohydrate concentrates. 
Moreover, steers fed a grain supplement during the last 84 of their 
140 days on pasture were more profitable than those fed a supplement 
the entire time. 

In order to get yearlings ready for slaughter in midsummer by 
feeding them a grain supplement on pasture, it is usually neces- 
sary to winter them on a ration somewhat higher than that on which 
older steers are wintered and considerably higher than that yearlings 
ordinarily receive. 

Hogs, Sheep, and Horses 

In swine production it frequently is advisable to supplement pas- 
ture with certain concentrates, although pasture is an important 
source of vitamin A and furnishes considerable protein and varying 
amounts of other nutrients. For example, if the pasture is composed 
largely of legumes, less calcium supplement will be needed. Robinson 
(977) and others have determined that swine are not only likely to be 
more thrifty, but also may be fattened more rapidly and more eco- 
nomically by feeding them supplements of carbohydrate and protein 
concentrates and a mineral mixture contaming calcium and phos- 
phorus on pasture, than when they are fattened in a dry lot. 

For fattening lambs, average-quality pasture will give better results 
when supplemented. Harper (^7o) at the Indiana Agricultural Ex- 
periment Station reported that it did not pay to supplement good 
temporary pasture used in fattening lambs (fig. 6), but that permanent 
pasture alone gave less favorable results. It appears from subse- 
quent research by Harper (476) that using good-quality temporary 
pasture as a supplement to permanent pasture in midsummer is 
probably a more profitable practice than feeding a supplement of 
concentrates to lambs on permanent pasture. 

Permanent pastures and most kinds of temporary pasture when 
not overgrazed are important factors in keeping horses healthy and 
maintenance costs at a minimum. Such pastures do not, as a rule, 
need to be supplemented with hay or grain in order to nourish idle 
mares and young stock adequately. In the Corn Belt, work horses 
are pastured about 6 months of each year, but much of this time they 
are turned out only at night and on Sundays and holidays or during 
other short periods of idleness. Under these practices, pasture may 
be considered a supplement to the work-horse ration (fig. 7). In the 
Cotton Belt, pasture is used to a relatively small extent for work 
stock. In the Mississippi Delta, for example, it is reported that a 
mule is pastured an average of only about 34 days a year. 

Use of Pasturage to Supplement Hay and Concentrates 
Pasturage is not extensively used as a supplement to other feed, 

usually when animals are on pasture the feed obtained there consti- 
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Figure 7.- -For idle mares and young »took, good pastures usually are adequate, but for work liurses the pastures should be 
supplemented by concentrates. 
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tutes the larger share of the total ration and for that reason the other 
feeds are considered supplementary rather than the pasturage. 

In those sections of the country where the winter weather is not too 
severe, some of the clovers, grasses, and cereal grains may be seeded 
in the fall for winter pasturage. The amount of grazing provided by 
such crops is often limited and the continuity of grazing is often inter- 
rupted by inclement weather or soft ground. Winter pasturage can- 
not be depended on to provide any certain amount of grazing every 
year, although sometimes after crop failures pastures of winter cereals 
have been used to especially good advantage. 

A few dairymen make a practice of feeding their herds on harvested 
forage and grain the entire year with very little pasturage. The pas- 
tures in such cases are regarded as convenient places to put their dry 
cows and young stock in order to lessen the labor of caring for the 
stock, although the pasturage, because of its content of vitamins, 
minerals, and protein, makes an especially good feed for both the 
young stock and the dry cows. The milking cows, too, are benefited 
by even small quantities of pasturage, particularly if the roughage fed 
in the barn is of poor quality. 

THE RANGE 
EXTENT AND SIGNIFICANCE OF THE WESTERN RANGE 

The western range, pivotal in the economic and social structure of 
the far West, is a vast area covering 728,000,000 acres of forested and 
nonf ores ted land mostly west of the one hundredth meridian (fig. S). 
Because of its meager precipitation, rough topography, and other 
adverse conditions, most of the range is suitable only for grazing. The 
importance of this area in animal nutrition is enormous—it furnishes 
cheap feed, costing one-fifth to one-tenth as much as hay or supple- 
ments, to approximately 11,000,000 cattle and horses and 27,000,000 
sheep and goats for the equivalent of yearlong grazing. The range 
territory produces 75 percent of the Nation's output of wool and 
mohair, 55 percent in pounds of live weight of the sheep and lambs, 
and nearly 33 percent of the cattle and calves {11-58), 

This vast area is not under single ownership but includes private 
as well as Federal, State, and county lands. In fact, certain areas 
show a bewildering complex of ownership, which greatly complicates 
the problem of use and management. A considerable acreage of 
public land is grazed part of the year by farmers and ranchers whose 
personally owned lands do not supply a sufficient amount of forage 
for the livestock they possess. It is extremely important that the 
range be maintained in such manner as to assure a continuous supply 
of forage. If it is improperly used, the direct result is not only un- 
stable livestock production, but far-reaching adverse effects upon 
watersheds, irrigation, wildlife, recreation, and other resource values. 

Range livestock production is today definitely a part of western 
agriculture in which range use is integrated with crop farming. It is 
estimated that 35 percent of the feed consumed by western range live- 
stock is supplemental feed raised on croplands or irrigated pastures. 

In parts of the South also, forest ranges are an indispensable part 
of the agricultural set-up. 
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MAJOR USES OF THE RANGE 

Cattle and sheep and, to a less extent, goats and horses are the 
principal kinds of livestock grazed on the western range. Elk, deer, 
and other wild species are dependent upon range forage and occasion- 
ally are overabundant on the range. Although cattle and sheep may 
be grazed on the same range unit, cattle prefer range predominantly 
grass, on not too steep a slope, and where there is daily access to 
water. Sheep feed on mixed grasses, weeds, and browse and are 
able to graze fairly steep and high ranges with infrequent water- 
ing places. Goats do well on good range lands, but are able to 
use forage on rough, brushy areas. Forage requirements of elk 
and deer are much the same as those of cattle and sheep, with 
preference for weeds and browse. An abundance of succulent forage 
in the spring is particularly important to give lambs, kids, and calves 
a proper start. 

Many western range lands are used seasonally in order to obtain 
maximum value from the forage. Where the winter climate is mild 
and the grasses cure well on the stalk, thus providing nutritious dry 
forage, the range may be grazed yearlong, as in parts of the Great 
Plains. Other areas where grasses cure well, or where there is palat- 
able browse, are used only in winter. Many foothill and high plateau 
ranges where growth starts rather early are used for spring grazing. 
Often livestock are brought back onto these spring ranges in the fall. 
The tender, green, luscious growth on the cooler, moister, higher 
mountain ranges is in great demand for summer grazing. On these, 
lambs and steers fatten readily. Herds are frequently driven long 
distances between summer and winter ranges—often 50 to 150 miles, 
and in extreme cases as far as 300 miles. 

Figure 8.—The western range occupies roughly three-fourths of the land area west of 
the irregular line extending the length of the Great Plains. 
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FORAGE PRODUCED ON THE RANGE 

Range Types and Species 

As forage for grazing animals, the range offers only the natural wild 
vegetation. Some reseeding has been attempted, but on an acreage 
insignificant in comparison with the range as a whole. Owing to 
major differences in the soil, temperature, and rainfall, the vegetation 
naturally falls into 10 readily recognizable types, listed in table 2. 
Some of the more important forage species that characterize each are 
also given. The most extensive area (198,092,000 acres) is occupied 
by the short-grass plains, which rather abruptly succeed the tall-grass 
prairies, toward the west, in direct response to decreased total annual 
rainfall. To be sure, minor variations in soil and topography within 
any given type cause important local modification of the plant cover— 
for example, the growth of trees along a stream in an otherwise grass- 
land area. 

TABLE 2.—Range types and grazing capacity 

Tall grass  --! Slender wheatgrass (Agropyron paucifloram).. 
'■ Beard grasses, or bluestera {Andropogon spp.). 

Porcupine grass (Sfipa sparten). 

Short grass.. 

Pacific bunch grass . 

Semidesert grass. 

Sagebrush-grass.. 

Bluestem wheatgrass {Agropyron xmithii) ¡198,092,000 
Blue grama (Boutelom gracilis). 
Buffalo grass (Buchloe dactyloides). 
Curly mesquite {Hilaria belangen). 

Bluebuueh wheatgrass (Agropyron spicatum). 
Sandberg bluegrass {Poa secunda). 
California needlegrass (Stipa pulchra). 
Giant wild-rye (Èlymus condensntus). 

Gramas (Bouteloua spp.j  
Mesquite (Prosopisspp.). 
Sacaton (Sporobolus wrightn). 

Southern desert shrub. 

Bluebunch wheatgrass (Agropyron spicatum).^ 
Sagebrush (Artemisia spp.). 
Indian ricegrass (Oryzopsis hymenoides). 
Needlegrasses (Stipa spp.). 

Saltbush (Atriplex spp.). 
Yucca (Yucca spp.). 
Various cacti. 

Salt-desert shrub.. 

Piñon-jimiper- 

Woodland chaparral. 

Open forests . 

Black sagebrush (Artemisia nova)- 
Shadscale (Artriplex confertifolia). 
Winterfat (Enroña lanata). 

Gramas (Bouteloua sppj  
Junipers (Juniperus spp.). 
Muhly grasses (Muhlenbergia spp.). 
Pinion (Pinus edulis). 

4*2. 534,000 

¡9, 274, 000 

20, 896. 000 

40.858, 000 ! 

75, 728,000 { 

4.5 

6,4 

8.9 

1L5 

17.8 

Chamise {Adenostoma ¡ascicalaium) I J3, 406, 000 
California oatgrass (Danthonia californica). \ 
Alfileria (Erodium ciciUarium). 
Oaks (Qwercî^ spp.). ; 

Largely ponderosa pine (Pinm ponderosa) timber. 
Fescues (Festuca spp.). 
Bromes (Promus spp.). 

|126,367(000 ; 

I Total :   ,728,196,000 I 
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A balance in the range vegetation of the various climatic units 
would exist more or less indefinitely, notwithstanding occasional tem- 
porary upsets due to drought years, so long as no outside interference 
occurred. But, man and his grazing animals have disturbed the nor- 
mal balance. With few exceptions, the principal perennial grasses 
once dominant and plentiful on the range were those most palatable 
to livestock, but these have often given way to less palatable plants. 

In general, out of a total of at least 10,000 species growing on the 
range, probably only about 1,000 are of major or secondary impor- 
tance {69S). Each range type is a complex of species, but only a 
comparatively small number furnish the bulk of the forage. Gener- 
ally speaking, perennial species, especially grasses, are the backbone 
of the range. With the exception of certain legumes, California oat- 
grass, some bromes, and fingergrasses, range annuals are, on the 
whole, of inferior palatability and forage value. Furthermore, 
annuals are subject to wide fluctuation in forage production. 

Nutritive Values of Range Plants 
Many palatable range plants, such as some of the wheatgrasses, 

saltbushes, and native clovers, compare favorably with alfalfa and 
other cultivated feeds in their chemical composition, as indicative of 
nutritive value; indeed, some have an even higher ratio of minerals 
or protein. Chemical values of plants are, however, not constant; 
there is a higher protein and phosphorus content in the early stages 
of growth, which gradually decreases as the plants approach maturity 
{1098). g The chemical content of individual plants of the same species 
also varies with soil, exposure, altitude, and other ecological factors. 
In general, range plants of higher altitudes, whether grasses or weeds, 
are higher in crude protein and lower in fiber than plants of lower 
altitudes (^). 

The composition of forage plants as it affects their actual nutritive 
value to the animals themselves, that is, the relation to animal 
metabolism, is of great significance. Research along this line on 
range forage plants is of rather recent development and much work 
remains for the future. Greaves (433), working with 16 species of 
range plants in Utah, found that a total phosphorus determination is 
a good indication of the nutritive value of the plant, because sulfur, 
protein, and crude fat all vary directly with phosphorus. 

The Arizona Experiment Station has shown that blue grama is an 
extremely potent source of vitamin A, especially in the early stages 
of growth (1081). It has been found' in California that vitamin A 
deficiency in the range-forage diet contributes to reproductive failure 
of cattle (496): The California Agricultural Experiment Station is 
continuing its investigations of vitamin A and mineral déficiences at 
the San Joaquin Experimental Range in cooperation with the Califor- 
nia Forest and Range Experiment Station. Unpublished results of 
these studies show that with the drying of the annual type of plants 
on the range during the summer period nutritional values fell well 
below the minimum level for normal nutrition about the first of July, 
with both vitamin A and protein deficiencies. The phosphorus con- 
tent of the plants was found to decrease with the protein, but the blood 
phosphorus of the animals remained normal.    There was a severe loss 
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in weight of animals and supplements were required to keep them 
gaining'.    Similar nutritional studies are now being made in a number 
0        a eS*     MAINTAINING RANGE FORAGE AND LIVESTOCK PRODUCTION 

Sustained livestock production on range lands depends on main- 
taining productivity of the range forage. Maintenance alone is not 
sufficient, however, since past drought and overuse have seriously 
depleted the grazing value and curtailed possible production. At the 
same time, the thinner stand of perennial grasses on the depleted 
range has exposed the land to increased erosion, which if left un- 
checked would further decrease productive values. It is of prime 
importance, therefore, if the productivity of the range is to be main- 
tained and a continuous and ample forage supply for livestock as- 
sured, to graze the range in accordance with the life history and growth 
requirements of the most important palatable species. It is also 
important to be able to evaluate conditions at all times in order to 
adjust grazing to the capacity of the range {1120), 

The perennial range grasses and other plants that furnish the forage 
for the livestock grazing on the range, manufacture in their green 
leaves the food they utilize in their growth. The start of growth in 
perennial grasses in the spring, as exemplified by mountain brome, 
depends primarily on carbohydrates manufactured and stored in their 
roots the previous autumn, while further production of herbage and 
of flowers and fruit depends on the manufacture of sufficient carbo- 
hydrates currently through the season {71S). It will readily be seen, 
therefore, why it is essential to have a reasonable growth of grass in 
the spring before grazing begins and why too close utilization of the 
herbage at any time is detrimental to sustained forage production. 
Close use of the range at the same spring period each year is especially 
detrimental {288). However, grazing closely twice or even three times 
in a summer season, provided the first grazing is late enough and the 
intervals are sufficient for the vegetation to recover from each crop- 
ping, ordinarily does not seriously affect the yield and vigor of the 
plant cover {1008), 

Forage production on the range must be accomplished under mois- 
ture conditions far more adverse than in humid pastures. Average 
precipitation in the range area is one-third that of the Middle West 
and East, and in 1 to 4 years out of every 10 there is less than 75 
percent of this normally low average rainfall. However, range plants 
utilize their limited supply of available water with remarkable effi- 
ciency. Some native grasses require less than 400 pounds of water 
to produce 1 pound of dry material, in contrast with alfalfa which, in 
the same section, requires over 800 pounds {1030). Furthermore, it 
has been shown that soils from a Utah mountain range seriously 
depleted by erosion require approximately twice as much water to 
produce a given unit of dry plant weight of peas and wheat as do com- 
parable soils not so depleted {1004, 1005). During severe droughts, 
as in 1934, range grasses such as the gramas of Montana and New 
Mexico either fail to grow appreciably or dry up early in the season. 
Growth in height is greatly restricted in practically all species during 
drought years. Severe losses in density also follow droughts, as in 
southern New Mexico where black grama, even under protection from 
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grazing, dropped in 1919 to 41 percent and in 1923 toll percent of 
its 1915 stand, following the droughts of 1916 to 1918 and 1921 to 
1922 respectively {8J+1). Overgrazing resulted in even lower stands of 
black grama during drought and in some cases killed it out entirely. 

Because of the rather wide fluctuation in forage production from 
one year to another, ranges should normally be stocked on a conserva- 
tive basis of 20 percent below their forage production in average years. 
Such conservative stocking not only provides a reserve of forage in 
case of drought, but also affords added soil protection and enables 
more rapid recovery of vegetation following drought or on otherwise 
depleted ranges (fig. 9). Also to insure most satisfactory use of forage 
by livestock without detriment to forage production, the range should 
be managed with full recognition of the suitability of various range 
types for the different classes of livestock, the best season for grazing, 
and suitable distribution of the animals over the area to avoid concen- 
tration {198, 584)- Deferred and rotation grazing allows deteriorated 
range to recuperate and often produces greater grazing values on range 
in good condition. 

Many examples might be given of the value of desirable range- 
management practices in better livestock production. At the United 
States Range Livestock Experiment Station near Miles City, Mont., 
in studies handled cooperatively by the Forest Service, the Bureau 
of Animal Industry, and the Montana State Agricultural Experiment 
Station, o-year-old cows grazing conservatively weigh from 40 to 90 
pounds more than on range slightly overgrazed; an 84-percent calf 
crop was produced on the conservatively grazed range as compared 
to 70 percent on the overgrazed ; the calves from the former range 
were heavier at birth, and one-third more pounds of calf at weaning 
time was produced per cow on the conservatively grazed range {564), 
On the Jornada Experimental Range in southern New Mexico grazing 
capacity is twice as great, calf crops are half again larger, and losses 
are one-fifth as great under conservative management as on compar- 
able nearby unmanaged ranges. It is the overcoming of heavy losses 
during drought and extremely low calf crops which follow that accounts 
for the major differences {S77). Livestock in a poor and emaciated 
condition are more subject to losses from malnutrition, disease, preda- 
tory animals, straying, and poisonous plants. Ordinarily animals do 
not eat a sufficient amount of poisonous plants to be of serious con- 
sequence unless they fail to obtain from their forage an adequate 
supply of the nutrients essential for their needs. 

In parts of the West where breeding cattle are wintered on the 
range, supplemental feeding is particularly desirable. Experiments 
in Montana {IIS) showed that approximately 1 pound of cottonseed 
cake a head fed daily for 73 days during the winter as a supplement 
to the range enabled the cows to come through the winter in better 
condition than cows on range without a supplement, and they con- 
sistently produced calves heavier at birth and at weaning time. 
Lantow {663) found that feeding cottonseed cake at the rate of 1 
pound a head daily to breeding cows on range in New Mexico was a 
highly desirable practice and usually more economical than feeding a 
supplement of corn. The relative price of corn and cottonseed cake 
would, of course, have to be considered in ranch practice.    At the 
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Figure 9.—Summer range conservatively grazed provides abundant excellent feed for sheep «itli adequate range conservation. 
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same station Lantow {66Ï) reported that feeding from % to 1 pound 
of cottonseed cake a head daily gave best results with calves on 
winter range—the rate of feeding depending on the quality of the 
range. A supplement of 1 pound of cake a head daily was adequate 
for yearlings. 

Black and Mathews (111) showed that it is much more economical 
to winter yearling steers on range in the northern Great Plains with 
a supplement of concentrates or dry roughage when the weather 
is severe, than to winter them in a lot on harvested feeds. 

Management that sustains forage production is of benefit to the 
stockman as well as to the economic welfare of the West generally. 
Overgrazing necessitates excessive use of supplemental feed, especially 
during droughts when hay and. other available feeds are apt to be at a 
premium. The only alternative is starvation losses or forced ship- 
ments of livestock on markets depressed by many such efforts to dis- 
pose of surplus animals. Sustained livestock production on the basis 
of conservative grazing and other phases of good range management 
reduces the unit cost of production and assures more profit to the 
stockman (¾^). 

SOUTHERN   FOREST RANGES 

The range picture would not be complete without reference to the 
extensive forest lands of the South producing native forage that is 
grazed. These forests of the South comprise some 200 million acres, 
most of which is grazed to some extent. Little attention is given to 
livestock on unfenced forest ranges, but fires set to abum off the rough" 
often damage forest values. Intensive livestock raising as well as 
intensive forest management will demand independent use of land for 
the best development, but at present there are large areas of forest 
land on which grazing and forestry might well be combined under 
extensive management. Grazing should ordinarily be eliminated from 
hardwood forests, where feed values are low and reproduction is apt 
to be damaged severely. 

Through proper coordination of grazing of piney woods range with 
improved pastures and harvested feed, and by improving the type 
of cattle, livestock production could more nearly meet the milk and 
meat requirements of the region, and aid living standards of the 
farmer-stockmen. On cut-over pinelands of southern Mississippi it 
has been found that the abundant native forage available while the 
pine reproduction is developing has fairly good feed values in the spring 
and early summer {1176). Cattle make reasonably good gains during 
that period, but when left on the land until late in the fall or throughout 
the year without supplements, as is the common practice, they lose 
this weight. By removing the livestock in the fall to improved pas- 
tures, which can be rather readily established on the limited area of 
highly productive soils, gains in weight and satisfactory calf produc- 
tion could be attained. Needed management features include control 
of grazing through fence laws, leasing of range privileges on private 
lands, and other means for placing responsibility on owners of lands 
and livestock that will aid in overcoming the promiscuous burning 
and widespread unrestricted grazing now prevailing. 

Although there is much general information on the nutritive values 
of range forage and some very good work is under way, the detailed 
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knowledge of nutritive values of range plants and of management 
requirements based thereon which will make possible most satisfactory 
range and livestock management on both western and southern ranges 
is still lacking. 

RESEARCH ON THE EFFECTS OF SOIL AND FERTILIZERS ON PASTURES5 

To research workers it is apparent that the nutritional values in herbage are 
modified by a complexity of physical and biological factors concerning which, 
particularly as to their interrelationships, present knowledge is inadequate. 

Pasture species, for example, vary structurally and inherently, not only as 
species but within each species. Various strains of a given species may differ 
as widely in habits of growth as varieties of wheat or corn. Associated with 
variability in structure and growth habits among species is a difference in their 
ability to utilize nutrients in the soil. Much remains to be learned about this 
selective ability of plants and its relation to chemical composition—much more 
with respect to the relation between chemical composition and nutritional values. 
But an increasing volume of literature clearly indicates the existence of these 
relationships and further research will clarify them, 

EFFECTS OF SOIL AMENDMENTS 

Since plants vary in their ability to select and utilize different soil nutrients, 
the type of soil—its physical and chemical composition—apparently plays a 
basic part in modifying the growth habits and composition of the plants. This 
emphasizes the importance of intelligent use of soil amendments, such as ferti- 
lizers, lime, and inoculants, calculated to provide a suitable soil environment. 
Very little is known, however, as to what effect any particular fertilizer will have 
on the mineral content of the same plants grown on different soils. 

In general the amount of any fertilizing element in the soil is reflected in the 
chemical composition of the plant grown on the soil and also in the physical 
condition of the animals grazed on these plants. Where deficiency in calcium, 
nitrogen, potash, or phosphorus occurs in the soil and when increased growth 
results from the application of one of these elements, the increased growth is 
usually correlated with an increase in the plant of the particular element applied 
to the^ soil. Not infrequently the application of a fertilizing element results in 
an increase in the plant of a constituent other than that applied as a fertilizer. 
Adding phosphates to a certain soil may affect the amount of potassium in the 
plants growing on that soil without adding materially to the phosphorus con- 
tent, while on another soil applications of phosphate may result only in an 
increase in the phosphorus content of the plant. _ Instances have been reported 
in which applications of phosphorus and potash increased the nitrogen content 
of the plant very materially. On the other hand, applications of nitrogen alone 
have in some instances reduced the calcium and phosphorus content of grass. 
The association of bromegrass with clover is known to result in an increase in 
the protein content of the grass. In general, however, as first stated, the fer- 
tilizing elements in the soil are reflected in the chemical composition of the plant. 

Vinall and Wilkins {1168) report that nitrogen applied to Kentucky bluegrass 
increased the crude protein 12.34 percent (average of 56 comparisons). The 
addition of phosphorus and potash also resulted in increased crude protein. When 
phosphorus was applied as a fertilizer it effected an average increase of 25.64 
percent of elemental phosphorus in the herbage, while the calcium was increased 
16.67 percent. When nitrogen was applied to white clover its calcium content 
decreased 10.64 percent, while the addition of phosphorus to white clover pro- 
duced small increases in crude protein and an increase of 22.22 percent in phos- 
phorus content and 11.9 percent in calcium. Vinall and Wilkins conclude "that 
if statistical methods are sound these results prove beyond reasonable doubt that 
the composition of grass may be changed appreciably by applications of ferti- 
lizer to the soil on which it is grown." 

Work done in Connecticut {160) shows that distinct changes in the composition 
of herbage have been caused by the various fertilizer treatments.    The percentage 

5 The material in this section applies almost wholly to farm pastures rather than to range lands. Studies 
to date raise considerable question as to the practical value of using fertilizers on range land. The section is 
intended primarily for students and others technically interested in the subject. 
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of dry matter, crude fiber, and the more soluble carbohydrates, organic acids, 
etc., is high in the herbage from unphosphated plots and lowest in that from plots 
treated with phosphate plus lime or nitrogen. The reverse was true of ash, 
nitrogen, fat, and potash. Calcium was depressed by the addition of nitrogen 
and by the omission of phosphate. 

Midgley (787) cites a number of references showing that plants are materially 
affected by the nature of the soil in which they grow. If the soils are high in 
available plant nutrients, this is reflected in the chemical composition of the plants 
and the physical condition of the grazing animals. Cases are cited of pasture 
areas that are known to produce nutritional disorders because of lack of certain 
minerals in the herbage, such as calcium, phosphorus, iron, copper, and iodine; in 
other cases such disorders are due to an excess of certain elements, as fluorine and 
selenium. 

A study of 775 pastures in West Virginia (923) and analyses of the soils showed 
that the most important factors responsible for the poor type of vegetation found 
there were soil acidity and lack of available phosphorus. Eighty-five percent of 
the area was found to be in need of lime and 94 percent was deficient in available 
phosphorus. 

The effect of adding phosphates, however, will vary with different soils. Adding 
phosphates to some soils may decrease the potassium content of plants without 
adding materially to the phosphorus content, while on other soils applications of 
phosphate may result in increases in the phosphorus content of the plants, 

Wrenshall and McKibbin (1278) in a pot experiment found that the phosphorus 
intake by pasture plants "is not to be wholly attributed to the utilization of readily 
soluble phosphate. The phosphorus obtained by the plants was in all cases con- 
siderably more than could be attributed to decreases in the amount of readily 
soluble phosphate in the soil. ... It is suggested that a considerable proportion 
of the phosphorus obtained by the plants came from the nucleotides (classes of 
compounds consisting of carbohydrates, certain nitrogen bases, and phosphoric 
acid) known to exist in the soil. Decomposition of nucleotides would result in the 
release of phosphoric acid in the soil, thus providing a notable source of phosphorus 
for plant nutrition and the replenishing of inorganic phosphates in the soil." 

In Michigan (440) the phosphorus content of both the stems and leaves of alfalfa 
grown on soil which did not require lime was increased by the application of phos- 
phate alone or in combination with potash. On another soil that required lime, 
applications of lime and phosphate did not increase the phosphorus content, 
whereas the addition of lime to one soil type increased the nitrogen content. In 
some cases very marked differences occurred in the calcium and phosphorus con- 
tents of alfalfa grown on different soil types. Alfalfa grown on heavy-textured 
soils contained more nitrogen and less phosphorus than that grown on light- 
textured soils. 

The Utah Agricultural Experiment Station (988) found that, on a calcareous soil 
high in total phosphorus but low in available phosphorus, wherever the use of 
manure or phosphorus fertilizers gave an increase in yield of alfalfa it also gave a 
marked increase in its phosphorus content. Samples from the Uintah Basin Ex- 
periment Farm showed no response to the use of phosphorus either in yield or in 
phosphorus content of the alfalfa, though some other trials in the same general 
locality showed an increase in yield. The phosphorus content of this alfalfa was 
not high as compared with many other samples tested. 

Sewell and Latshaw {1028) found that on an acid Cherokee silt loam from south- 
eastern Kansas phosphorus alone did not increase the percentage of phosphorus 
in alfalfa but phosphorus and lime did. The calcium increased in proportion to 
the amount of lime applied. The various lime and phosphorus fertilizer treat- 
ments had little effect on nitrogen content. With an increase in rate of liming a 
decrease was shown in the percentage of potassium in the dry matter. 

Nitrogen, phosphorus, and potassium fertilizers applied alone or in combina- 
tion to western Washington soils (1163) in most cases had no appreciable effect on 
the percentage of those elements in the alfalfa, but when they were applied to 
eastern Washington soils the phosphorus and potassium contents of the alfalfa had 
a tendency to increase as a result of phosphate and potash fertilization. The 
calcium content did not seem to be affected by fertilization but varied inversely 
with yield. On an average, alfalfa from eastern Washington contained the highest 
percentages of nitrogen and calcium and that from western Washington the 
highest percentage of phosphorus. 

In work in Wisconsin (822) it was found that nitrogen fertilizers lowered the 
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calcium and phosphorus content of Kentucky bluegrass while the nitrogen con- 
tent varied directly with the amount applied. Kentucky bluegrass receiving 
1,160 pounds of sulfate of ammonia per acre produced 4.44 times more crude 
protein than grass not fertilized with nitrogen. Phosphate fertilizers increased 
the phosphorus content, while phosphorus and potash increased the nitrogen 
content. 

Emerson and Barton (330) found that the amount of potassium taken up by red 
clover from a soil varied with the treatment applied. Application of manure 
increased the solubility of potassium and the amount taken up by the plants. 

Adams and others (i^), studying the effect of fertilizers on the composition of 
soybeans, found that certain fundamental relationships are indicated: 

"(1) The CaO and nitrogen contents of the forage are in proportion to the 
phosphate applied; (2) the KgO content varies with the sulfate of potash and 
indirectly with the phosphate used ; (3) the P2O5 content is a reflection of the potash 
and phosphate in the fertilizer, with the former dominating; and (4) the relation 
of calcium and potassium depends on the level of nitrogen, phosphate, or potash 
offered to the plant by the fertilizer/' 

The Kentucky Experiment Station (620) made complete analyses of 34 samples 
of lespedeza hay from different localities in the State. All of the hay from the 
poorer soils was low in phosphorus and unusually low in protein, whereas hay 
from the better soils was much higher in phosphorus and protein. 

Annual and perennial lespedeza grown on the State Experiment Station farm 
at Lexington, Ky., contained 0.80 and 0.62 percent of phosphorus pentoxide, respec- 
tively, while plants of the same maturity harvested from an unproductive soil on 
the western substation at Princeton contained only 0.28 percent (619). 

West Virginia (984) reports that herbage from unproductive soil was only 60 
percent as high in phosphorus as herbage from more fertile soils. The percentage 
increase of phosphorus in broomsedge when treated with phosphate fertilizer 
was approximately the same as in bluegrass similarly treated. Lime increased 
the percentage of calcium in broomsedge an average of 19 percent, while the 
calcium content of Kentucky bluegrass increased 36 percent. 

Lipman and Blair (690) report that liming increased the percentage of nitrogen 
in alfalfa grown in New Jersey. 

In an experiment in southern Illinois, Snider and Hein (1088) found that sweet- 
clover contained 35 percent less nitrogen and 67 percent less phosphorus per acre 
on soil receiving lime alone than on soil receiving lime, phosphorus, and potassium. 

On certain soils in the West applications of sulfur are essential to satisfactory 
yields of alfalfa, indicating that this element is not present in amounts required 
by the crop. On the other hand, some other crops are not benefited by such 
treatment. Whether this means that these plants do not take up sulfur or that 
enough is present in the soil to meet the limited demands is not known. 

Studies conducted by the Washington Experiment Station (839) indicated that 
the application of sulfur where needed, as shown by increased yields of legumes, 
resulted in an increase in nitrogen as well as of sulfur in the plants. 

On some of the muck soils in Florida, light applications of copper are very 
beneficial to alfalfa. It is known that where selenium is present in the soil certain 
forage plants take up enough of this element to poison livestock, while other plants 
grown on the same soil take up very little if any. Instances have been reported 
in which light applications of boron have benefited alfalfa, but where boron is 
present in excessive quantities it is injurious to plant growth. 

CORRELATION OF FORAGE AND ANIMAL YIELDS 

Forage yields are difficult to measure or evaluate since such yields must be 
determined by indirect methods and interpreted in terms of animals or animal 
products. Experimental technique for measuring pasture yields has not been 
developed to eliminate experimental error as in other fields of research. Efforts 
are being made to develop methods which would not require extensive land areas 
and a large number of animals with the object of determining the value of pasture 
herbage in terms of animal products. 

In a preliminary report of the 5 years' work at Kylertown, Pa. (4-08), in which 
pasture yields have been determined by calculating the total digestible nutrients 
in the herbage yields and the total digestible nutrients required by the grazing 
animals for gain in weight and milk produced, it is stated: 

"If the yield of clippings is considered as 100 percent, or the true yield of the 
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pastures, the grazing animals utilized 70 to 80 percent of the T. D. N.  (total 
digestible nutrients) available.'' 

A similar study in West Virginia (070) showed a ratio between herbage harvested 
and total digestible nutrients, calculated from grazing animals, of 1:0.61. While 
these relative yields do not correspond with those from Kylertown, Pa., the differ- 
ence may be due to the fact that the pastures in West Virginia were continuously 
grazed while those in Pennsylvania were rotation-grazed. 

Results obtained at Belts ville, Md., as indicated in unpublished data, are in 
general agreement with Pennsylvania results with one exception—the yield of 
herbages obtained from a pasture which contained a high percentage of annual 
lespedeza as estimated from hand-harvested plots was less than that estimated to 
have been obtained by grazing animals. These differences indicate the need for 
further study on the effect of grazing management on forage yields. 



THE  NUTRITIVE  VALUE  OF 

HARVESTED  FORAGES 

by T. L Woodward, W. H. Hosterman, P. V. Cardon, and E. W. McComas1 

HERE is a thorough discussion of the factors affecting the nutritive 

value of harvested forage; the methods of harvesting, processing, and 

storing; haymaking and the kinds and grades of hay; the making of 
silage and the effects of acidity, temperature, and moisture on its quality; 

and the right use and the limitations of harvested forage as livestock feed. 

THE AVERAGE annual value of the hay produced in the United States 
in the 10 years 1928-37, was about 765 million dollars—more than 
that of any other crop except corn. The comparative value of cotton 
was 98 percent and that of wheat 82 percent for the period. Silage, 
the other harvested forage discussed in this article, had a value of 
100 million dollars or more. 

The most important crops used for hay ranked as follows in average 
tonnage per year for the decade 1928-37: (1) All clover and timothy, 
(2) alfalfa, (3) wild hay, (4) soybeans, cowpeas, and peanut vines, 
(5) small grains, (6) sorgo, (7) lespedeza, and (8) sweetclover. During 
the entire period the tonnages of alfalfa, soybeans, and lespedeza 
increased and those of timothy and clover and of wild hay decreased, 
but for the 3 years 1935-37 the ranking remained unchanged except 
that alfalfa took first place, ahead of all clover and timothy. 

The principal reason for harvesting forage is to provide feed for 
livestock during seasons when there is a shortage or complete lack of 
growing herbage. Less important reasons are to ^ prevent waste 
through trampling and soiling and to put the forage in a commercial 
form. In the process of harvesting the forage it always loses some 
of its nutritive value. The loss may be slight, or it may be 50 percent 
or more, depending on the methods used and on the weather. Some 
English investigators estimate that under the conditions prevailing 
in the British Isles an average of about 40 percent of the nutritive 
value of a crop is lost when it is made into hay. In the United States 
such a loss would appear excessive, but there is insufficient informa- 

i T E Woodward is Senior Dairy Husbandman, Division of Breeding, Feeding, and Management, 
Bureau of Dairy Industry; W. H. Hosterman is Marketing Specialist, Division of Hay, Feed, and Seed, 
Bureau of Agricultural Economics; P. V. Cardon is Assistant Chief, formerly Principal Agronomist in 
charge of the Division of Forage Crops and Diseases, Bureau of Plant Industry; and E. W. McComas is 
Animal Husbandman, Bureau of Animal Industry. 
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tion to permit a reliable estimate. So far as is known, harvested 
forage is superior to the fresh, green forage in only one respect— 
sun-cured forage contains greater quantities of vitamin D. Any 
system of harvesting and curing forage has for its objectives keeping 
the losses of nutrients low and the cost nominal. 

Hay is by far the most important form of harvested forage, because 
it does not deteriorate rapidly in storage, it can be handled commer- 
cially, and it can be made without great expense for labor, machinery, 
and buildings. When, as sometimes happens, the character of the 
crop or the weather is such as to preclude the making of good-quality 
hay, the use of the silo offers a satisfactory way of saving the forage 
for home consumption by certain kinds of farm animals. 

As a rule a crop cannot be harvested and stored as cheaply in the 
form of silage as in the form of hay. Offsetting this disadvantage, 
partly or wholly, is the fact that if it is properly made the silage 
generally retains a greater proportion of the nutritive value of the 
green plant. The principal use of the silo, however, is to save forages 
which would otherwise be largely wasted, damaged, or lost entirely. 

Another way to save the forage in spite of the weather is to dry it 
artificially. This practice, if properly carried out in a good type of 
drier, preserves the crop with the least change and the least loss of 
nutrients, but it is too expensive as yet for the average individual 
farmer, though it may be practicable for groups of farmers. 

The principal silage crop is com. In 1937, 35 million tons of corn 
silage was made. Considerable quantities of sorghum, small grains, 
grass, and corn fodder also are put into the silo, but no statistics on 
these are available. Apparently by exercising proper precautions any 
of the forage crops can be successfully preserved in the silo. 

The nutritive value of a crop is measured by its (1) yield, (2) palata- 
bility, (3) composition, (4) digestibility, and (5) physiological effect 
upon the animal. The yield is important because of the fixed charges 
in raising a crop. The net returns from a large yield are naturally 
greater than those from a small yield. No characteristic of a plant 
is more important than palatability, because if livestock will not eat 
a plant it is useless for feeding. Palatable feeds are eaten in larger 
amounts than unpalatable feeds. Where a maximum consumption 
is desirable, as with fattening animals or high-producing dairy cows, 
palatability has a direct relationship to economy of production. The 
composition of plants indicates the amounts of useful nutrients they 
contain and whether there is likely to be a deficiency of any essential 
constituent. The digestibility is important because it is only that 
portion of the feed which is digested that can be utilized physiologi- 
cally. Fortunately, most feeds have no unfavorable physiological 
effect upon the animal. Poisonous plants are usually avoided by 
animals, either because of instinct or because the taste or smell is 
objectionable to them, and unsound or spoiled feeds which might 
cause injury are likely to be unpalatable. Poorly fed, hungry ani- 
mals are the ones most likely to eat harmful feeds. 

In the following pages the different plants, the conditions affecting 
their growth, and the methods of harvesting and conditions of storage 
will be discussed in more detail with reference to these five char- 
acteristics. 
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FACTORS AFFECTING THE NUTRITIVE VALUE 
OF FORAGES 

STAGE OF GROWTH 

The stage of growth of plants has come to be recognized as one of 
the most important considerations in the harvesting of forage crops. 
The more immature a crop of forage is when cut the smaller will be 
the yield and the more nutritious the product. But small yields and 
frequent cuttings increase labor costs. Some sacrifice of quality must 
be made in the interest of greater yields and greater economy of 
harvesting. Usually, therefore, plants are harvested for hay or silage 
at an intermediate stage when neither the yield nor the quality is at 
its maximum. Because of the greater water content of young plants 
and their tendency to pack together when mowed, they do not dry as 
readily as more mature plants. Taking into consideration the yield, 
quality of hay, composition, effect upon the stand, and labor oí har- 
vesting, the best time to harvest the grasses, clovers, and alfalfa for 
hay is ordinarily sometime between early bloom and full bloom. Crops 
which are heavy producers of seed, as the cereals, soybeans, and 
cowpeas, should be cut at a later stage—cereals when the grain is in 
the soft or dough stage, soybeans when the beans are about half 
grown, and cowpeas when the first pods are mature. When a hay of 
very high quality is required, the grasses and alfalfa are sometimes 
harvested before they bloom. 

The palatability of young plants is almost invariably superior to that 
of more mature plants. Waters (1184) 2 demonstrated many years 
ago that timothy hay cut at the bloom stage was more palatable to 
both steers and dairy cows than hay cut at the seed stage. Young 
plants are tenderer, the proportion of leaves is higher, and the hay 
made from them is softer, all of which make for greater palatability. 

Probably the most striking characteristic of stage of growth is the 
change in composition with advance toward maturity. The contents 
of protein and minerals are higher and that of the less valuable crude 
fiber is lower in young plants than in older plants. These changes in 
the composition of alfalfa are well shown in table 1., from work done by 
Kiesselbach and Anderson (626). Similar information for timothy by 
Trowbridge et al. (1150) is given in table 2. 

TABLE 1.—Effect of the time of cutting upon the chemical composition of alfalfa hay, 
average for 4 years 1921-24 

Stage of maturity Ash 

Percent 
11.24 
10.62 
10.27 
10.69 
9.36 
7.33 

Protein 

Percent 
2198 
20.03 
19. 24 
18,84 
18.13 
14.06 

Fiber 
Nitrogen- 

free 
extract 

Fat 

Prebloom     .     __.  
Percent 

25.13 
25. 75 
27.09 
28.12 
30.82 
36.61 

Percent 
38.72 
40. 67 
40. 38 
39.45 
38.70 
39.61 

Percent 
2.93 

Initial bloom          _         3 03 
One-tenth bloom     3.02 
One-half bloom                          ___ 2.90 
Full bloom  2.99 
Seed stase 2.39 

2 Italic numbers in parentheses refer to Literature Ciced, p. 1075. 
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TABLE 2.—Composition of the dry substance of timothy hay harvested 
at different stages of maturity 

Stage of maturity 

1 foot high, no heads showing. 
Beginning to head  
Full bloom  
Out of bloom; seed found  
Seed all in dough  
Seed fully ripe  

Protein 

Percent 
10.18 
8.02 
5.90 
5.27 
5.06 
5.12 

Ether 
extract 

Percent 
4.61 
4.07 
2.38 
3.13 
2.87 
2.72 

Crude fiber 

31.15 
33.74 
31. 95 
30.21 
31.07 

Ash 

Percent 
8.41 
7.61 
6.10 
5.54 
5.38 
5.23 

Mtrogen- 
free 

extract 

Percent 
50.49 
49.14 
51.89 
54.12 
56. 48 
55. 87 

The crude fiber of the young plant growth as in immature pasture 
herbage appears to be practically as digestible as the nitrogen-free 
extract. As the plant matures, a progressively greater proportion of 
the crude fiber is made up of lignin which, besides being indigestible 
itself, increases the energy expenditure for mastication and digestion 
of the feed and lowers its net nutritive value. Phillips and Goss (919) 
analyzed the barley plant at 7-day intervals for lignin and related 
compounds. Presumably the following figures, which show the ex- 
tent to which the lignin, calculated on the basis of oven-dried material, 
increases with advance toward maturity of the barley plant, will apply 
in a general way to other species of plants: 
Age of plants Lignin content Age of plants Lignin content Age of plants Lignin content 
(days) (percent) (days) (percent) (days) (percent) 

7      1. 48 42   3. 49 70   6. 93 
14     1. 71 49   5. 10 77   6. 97 
21___,   2.31 56   5. 93 84   7. 34 
28   2. 50 63   6. 80 86   7. 74 
35   2. 88 

The carotene content of plants in their early stage of growth exceeds 
that of more mature plants, because leaves contain more carotene 
than stems and the leaves of an immature crop are all green, whereas 
with advance in stage of maturity some of them become yellow or 
brown. If the hay is to be field-cured in the ordinary way, it is un- 
likely that the carotene content of the crop at time of harvesting is a 
factor of much importance in the determination of the date of harvest- 
ing, since by far the larger portion of the carotene is lost in curing 
even under the most favorable conditions. If the crop is to be arti- 
ficially dried or made into silage, then the carotene content of the crop 
at time of harvesting assumes greater importance, because one reason 
for artificial drying or siloing is to preserve more of the carotene than 
is possible by field curing. 

LEAVES VERSUS STEMS 

The leaves of all forage plants are greatly superior to the stems in 
nutritive value. Table 3, containing data from Sotola's work (1090), 
shows the difference in composition and digestibility of alfalfa leaves 
and stems. These differences are similar to those in other plants. 
The leaves are superior in composition because they have higher per- 
centages of the more valuable constituents and a lower percentage of 
the less valuable fiber. The digestibility is also markedly superior. 
It is evident, therefore, that any method of harvesting, handling, or 
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storing forages that increases the proportion of leaves to stems in- 
creases the nutritive value. 

TABLE 3.—The  composition   and  apparent  digestibility  of alfalfa   stems   and  leaves, 
average of first, second, and third cuttings 

Item Dry 
matter Protein Crudo 

fiber Fat Ash 
Nitrogen- 

free 
extract 

33.52 
58.9 

41.88 
75.9 

Calcium 
Phos- 

phorus 

Stems: 
Composition percent-. 
Coefficient of digestion      

87.27 
46.6 

86. 33 
66.3 

â:\7 

19. 57 
77.4 

41.59 
39.0 

16.47 
55. 5 

1.30 
47.9 

3.01 
29.7 

5.42 
27.5 

9.43 
34.6 

0.86 
2 +1. 29 

2.76 
* +24.22 

0.13 
^ +. 50 

.22 
•2 +7, 32 

Leaves: 
Composition percent _. 
Coefficient of digestion  

i The total of digestible nutrients in the stems was 41.53 percent and in the leaves 58.09 percent. 
2 Gram intake by sheep in feed minus gram outgo in feces and urine—average per day per sheep. 

While the early-cut hays do have a higher percentage of leaves, as 
is shown in table 4, their superiority can be explained only in part by 
the leaf-stem ratio. In alfalfa and presumably in other legumes, the 
ratio of leaves to stems changes but not to a marked extent until 
the plant becomes sufficiently mature to begin to lose some of its leaves. 
The data in table 4 do not take into account the losses of leaves which 
occur in the curing and storing of hays. The percentages given for 
the leaves are higher than are actually found in the cured hays, and 
especially is this thought to be the case with the hays harvested at the 
more mature stages. 

TABLE 4.—Percentage of leaves in alfalfa hay harvested at different stages of growth, in 
Kansas (999) and Nebraska {626)" 

Kansas Nebraska 

Stage of growth Leaves Stage of growth Leaves 

Bud stage  _. _  
Percent 

53.4 
51.1 
48.4 
41.6 

Prebloom 
Percent 

One-tenth bloom    Initial bloom. 
Full bloom  One-tenth bloom 
Seed stage    One-half bloom 53 2 

Full bloom.__  49 4 
Seed stage    33. 3 

TABLE 5.—Protein and fiber content {dry-matter basis) of leaf and stem at the prebudding. 
budding, and early-flowering stages of alfalfa 

First cut at— 

Prebudding stage  
Budding stage  
Farly-flowering stage 

Howe Hill (1933) 

Leaf 

Crude     Crude 
protein       fiber 

Percent 
30. 13 
27.45 
23. 48 

Percent 
12.99 
12.33 
13.39 

Stem 

Crude  ! Crude 
protein <    fiber 

Percent 
16. 97 
12.48 
9.44 

Percent 
30.77 
42.46 
44. 36 

Willingham (1933' 

Crude  i Crude 
protein      übe 

Percent 
32. 93 
28.38 
24,57 

Perce nf 
12.47 
13.19 
13.94 

Stem 

Crude     Crude 
protein      fiber 

Percent 
10. 46 
13.57 
11.03 

Percem 
30. 94 
42.88 
46.49 
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The change in composition of both the leaves and stems through 
advance in stage of maturity may have a bearing on the nutritive 
value of the hay fully as important as the change in leaf-stem ratio. 
Data supporting this view are shown in table 5. taken from a report of 
Woodman and Evans (1258). 

It appears that the proportion of leaves to the other parts of the 
hay may be more important with at least some of the grasses than it is 
with the legumes because of the greater range in variation. For ex- 
ample, Hosterman and Hall {544) found that the leaf blades and 
sheaths of timothy at a stage when nearly fully headed made up 61.4 
percent of the total weight, whereas at a stage when the heads were 
mature they made up only 21.2 percent of the total. The extreme 
range in leaf content was not only greater than with alfalfa (table 4), 
but the range within which most of the hay is harvested was also 
greater. Table 6 shows the proportions and analyses of the different 
parts of timothy hay when harvested at different stages of maturity. 

TABLE 6.—Proportion of leaf blades, leaf sheaths, stems, and heads in timothy hay cut at 
different stages of maturity, and the protein, ether extract, and crude fiber in each part, 

on oven-dry basis 

LEAF BLADES 

Stage of maturity 

Nearly fully headed  
Early bloom  
Just past full bloom  
10 percent of heads straw-colored . 
Heads mature  

Proportion 
of total 
weight 

Percent 
38.2 
29.3 
20.5 
11.5 
10.0 

Protein 

Percent 
11.6 
.11.6 
11.0 
9.0 
6.6 

Ether ex- 
tract 

Percent 
4.8 
4.6 
5.1 
5.4 
5.4 

Crude 
fiber 

Percent 
24.3 
25.1 
25.0 
25.0 
25.9 

LEAF SHEATHS 

Nearly fully headed  
Early bloom  
Just past full bloom  
10 percent of heads straw-colored. 
Heads mature  

23.2 5.4 1.4 
19.9 5.7 1.9 
15.7 6.2 2.0 
12.9 7.4 2.7 
11.2 6.1 3.0 

34.1 
36.0 
35.6 
35.8 
35.3 

STEMS 

Nearly fully headed  
Early bloom  
Just past full bloom  
10 percent of heads straw-colored_ 
Heads mature  

4.4 .9 
4.8 .8 
3.2 .8 
2.9 1.1 
2.8 1.3 

HEADS 

Nearly fully headed  
Early bloom  
Just past full bloom  
10 percent of heads straw-colored . 
Heads mature  

12.0 
17.8 
16.7 

12.8 
12.5 
12.2 
12.2 
13.8 

2.4 
3.3 
3.1 
3.6 
3.2 

33.8 
39.7 
40.7 
43.0 
41.6 

20.7 
30.7 
28.0 
21. 5 
15.6 

CLIMATE 

The climate affects the yield more than it does the composition. 
The disastrous consequences of drought are well known. Not only 
may the yields be greatly reduced by drought, but the nutritive value 

141894° -62 
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may be impaired in some respects. Dry weather tends to lower the 
phosphorus content of plants, as shown by Browne {164) in the 1938 
Yearbook of Agriculture; it may reduce the carotene content also if 
the herbage dries and weathers enough to lose its green color. An 
excess of rain while the forages are growing is less common than a 
shortage of rain. As a rule wet weather increases the yield, but it 
may lead to the development of heavy stems. Furthermore, heavy 
rains may cause the crop to go down or lodge. By shutting off the 
light from the lower portion of the crop lodging may cause some of the 
leaves to drop off and bv keeping it moist may cause considerable 
spoüage. ' s01L 

In general, it may be said that all plants have a composition which 
is inherent to that particular species or variety. If the soil contains 
in available form and in sufficient quantity all of the essential minerals 
for the growth of the plant and the climatic conditions are favorable, 
the plants will have a normal composition and the further addition of 
essential minerals in the properly balanced proportions will generally 
affect but little the chemical composition of the plants. On the other 
hand, the deficiency in the soil of any element used by the plant is 
likely to result in a deficiency of that element in the plant. For this 
reason proper attention to the needs of the soil will go far toward as- 
suring a normal composition of the plants and satisfactory nutrition 
of the livestock that consume the forage grown on the soil. The ad- 
dition of calcium, phosphorus, nitrogen, and iodine to soils deficient 
in these elements has been shown to increase the contents of them in 
the forage. Presumably the same will occur when copper, iron, and 
cobalt are added to the soil, since deficiencies of these elements in the 
feed also have been traced to deficiencies in the soil. 

Selenium is one element that has been used by plants in a certain 
section of the West in amounts sufficient to be toxic to the animals 
consuming them. 

While deficiencies of minerals in the forage may be corrected by 
treatment of the soil, it is often more satisfactory as well as more eco- 
nomical to administer or feed some kinds of minerals directly to the 
animal. Furthermore, some forages may not contain enough of some 
of the mineral elements for certain types of production even when 
grown on soils adequately supplied with all minerals. In such cases 
the minerals that are lacking must, of course, be fed directly or sup- 
plied in supplementary feed. For further information on the relation 
of minerals in plants to minerals in soils the reader is referred to 
articles in the 1938 Yearbook bv Browne {16^) and by McMurtrey and 
Kobinson (757).       spEC|ES_LEGUMES AND N0NLEGÜMES   " 

The species of plants used for forage have an important bearing 
on the nutritive value. Forage plants may be roughly divided into 
legumes and nonlegumes. Legumes are characterized in general by a 
relatively high content of protein and calcium and by the fact that 
their leaves readily become detached from the stems when dry. 
Because of their high content of protein and because they improve 
the nitrogen content of the soil few livestock farmers can profitably 
avoid growing them. 



HARVESTED FORAGES 963 

Alfalfa is the most important of the legumes grown for hay in the 
United States. It is a perennial, yields heavily, and makes a very 
palatable and nutritions hay. Red clover perhaps ranks next in 
popularity. It can be grown successfully on many soils where alfalfa 
does not thrive, and along with timothy it makes one of the principal 
hays of the United States. It is not equal to alfalfa in yield per acre or 
palatability, and because of the more advanced stage of maturity at 
which it is usually harvested it does not contain as much protein. 
Soybeans perhaps rank next in importance among the legumes. The 
acreage of soybeans keeps increasing steadily, probably because they 
are a relatively sure crop, can be grown on a wider variety of soils 
than alfalfa or red clover, and can be utilized either for seed or hay. 
Unless harvested early while the days are long and the weather is 
warm, they are not only difficult to cure but the stems will become so 
woody that they will be refused by livestock. Good soybean hay 
ranks close to alfalfa in feeding value. Cowpeas are grown only in the 
southern part of the United States; in growth habits and feeding value 
they are similar to soybeans. Álsike clover makes a hay that generally 
is superior to red clover hay in color. In other respects the two clovers 
are much alike except that alsike does not yield as well as red clover. 
Lespedeza is coming into favor because it will thrive on land that has a 
low content of lime and because the seed is relatively inexpensive. 
The low moisture content of the stems makes it one of the easiest 
legumes to cure. Hay made from the annual lespedezas is palatable, 
finer stemmed than alfalfa, and not far behind it in feeding value, 
though the content of protein is somewhat less on the average. The 
annual lespedezas will not thrive in the more northerly regions of the 
United States. 

Mammoth red clover, crimson clover, peanut vines, and kudzu are 
other legumes of less importance for hay. Sweetclover must be cut 
early before the stems become thick and woody, otherwise there will 
be excessive waste in feeding. The hay must also be well cured, as 
unsound (moldy) sweetclover hay may develop a substance that 
interferes with the normal coagulation of the blood, which may lead to 
fatal hemorrhages of the animals eating the hay if it is fed exclusively 
for more than 10 to 15 days. 

Of the nonlegumes timothy is easily the most important. It grows 
on a wide variety of soils in the northern part of the United States 
and, in New England especially, appears to be almost indigenous. It 
is an excellent grass to seed with wheat as it can be seeded at the 
same time and with the same implement. If timothy is harvested 
at the early-bloom stage or before, it will make a hay that com- 
pares favorably with average alfalfa hay in palatability and also 
in feeding value, except that it will have a lower content of protein 
and calcium. 

The prairie hays of the West rank second in importance among the 
nonlegumes. These hays are made up of grasses, some of which are 
much more nutritious than others. Upland grasses such as the blue- 
stems make the best kind of prairie hay. In composition and feeding 
value such upland hay is similar to timothy hay. 

Small-grain hays, followed by sorgos, including Sudan grass, rank 
next in tonnage produced in the United States.   Small grains, partie- 
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Tilarly oats, are used for hay principally in the Pacific Coast States 
and in the northern Great Plains but also to some extent in other parts 
of the country, while sorgos are used mainly in the Great Plains. The 
stems in the small-grain hays are somewhat unpalatable, but this dis- 
advantage is offset by the high nutritive value of the grain. Sorgos, 
although having a low protein content, make very good hay if cut 
early before heavy stems have developed and if they can be cured 
without spoiling. Prussic acid may form in the new growth of Sudan 
grass, Johnson grass, and the sweet sorghums following a drought or 
frost. While most cases of poisoning from this chemical develop in 
livestock eating the green forage, there have been instances of fatalities 
following the eating of hay made from the poisonous green forage. 
The sedges and rushes of the Rocky Mountain States, Johnson grass, 
red top, bromegrass, quackgrass, Bermuda grass, orchard grass, 
Kentucky bluegrass, crested wheatgrass, and crabgrass, are other 
plants more or less used for hay. They all make acceptable hays if 
cut early and cured without damage. 

Mixtures of legumes and nonlegumes are quite commonly used for 
hay. Timothy and clover, timothy and alfalfa, oats and peas, oats 
and vetch, Sudan grass and soybeans, alfalfa and a voluntary growth 
of Kentucky bluegrass or crabgrass, and a mixture of alfalfa, timothy, 
and clover, are familiar examples. The legumes in such mixtures are 
advantageous in that they increase the protein and lime content of the 
forage and provide nitrogen for the growth of nonlegumes; the non- 
legumes are advantageous in that they are likely to be surer crops than 
the legumes, and if the legumes fail the nonlegumes are left to provide 
some forage. In some cases the different kinds of plants make most of 
their growth at different times in the season or in different seasons. 
There is no apparent advantage in this characteristic if the crop is to 
be harvested for hay or silage, but there may be an advantage if it is 
to be pastured. In timothy-clover mixtures the forage the first year 
after seeding is mainly clover, while the second year it is mainly 
timothy. 

Mixtures are desirable in that they usually increase the yield per 
acre, and there is some evidence that a mixture of legumes and non- 
legumes makes a more complete ration from a nutritive standpoint 
than either alone. The tendency at present appears to be toward 
mixtures rather than single crops, though in the case of alfalfa this 
tendency is shown only hi those places less favorable to the growth of 
alfalfa or where the alfalfa is to be pastured. Timothy, orchard grass, 
and bromegrass appear to be the grasses most favored to seed with the 
alfalfa. When the grasses do not reach the proper stage for harvesting 
at the same time as the alfalfa, as is usually the case, harvesting should 
be at the time considered best for the alfalfa rather than for the 
grasses. 

Generally speaking, the stage of growth of the herbage and the 
method of curing exert more influence upon the feeding value of hay 
than does the species or variety of plants from which it is made. A 
good hay of any species or variety is likely to be better than a poor 
hay of any other species or variety. This statement does not apply, 
of course, to plants that are naturally unpalatable and are not usually 
made into hay. 
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DISEASES AND INSECTS 

It is well known that diseases and insects reduce the yields and may 
in some instances practically destroy a crop. It is not known how 
much they affect pala ta bill ty and composition. Any disease or insect 
attack that reduces the proportion of leaves to stems lowers the nutri- 
tive value, and any disease that leads to a discoloration of the foliage 
reduces the content of carotene in the crop. Dairymen discriminate 
against alfalfa hay from southern California that has been severely 
attacked by the alfalfa web worm, as this pest is known to injure the 
palatability of the hay. It is certain, therefore, that diseases and 
insects may lower the nutritive value and reduce the palatability, but 
whether they cause changes in the plant detrimental to the health of 
animals that eat them is still an unsettled problem. 

Molds or mustiness developed in the process of curing or storing 
may be harmful, especially to horses and sheep. When fed to horses 
musty hay is likely to cause heaves and moldy hay may cause more 
serious trouble, while cattle appear to be to a large extent immune to 
the effects of molds. Any growth of mold is always at the expense of 
useful food constituents. Even if the molds do not cause any injury 
to the health of the animals, they reduce the palatability of the forage. 
Conditions favoring the growth of molds also favor the destruction of 
carotene; moldy hays are low-carotene hays. 

EFFECTS OF METHODS OF HARVESTING, 
PROCESSING, AND STORING 

SOME OF THE CHANGES THAT TAKE PLACE IN THE CURING AND STORING OF HAY 

When crops are harvested there is an inevitable loss of nutrients. 
Apparently the carotene starts to disappear at once. It has been found 
that alfalfa exposed in the swath and windrow from the morning of 
one day to the afternoon of the next day (about 30 hours), during 
good hay-curing weather, may lose 60 to 65 percent of its carotene. 
Even immediate drying by artificial means fails to preserve all of the 
carotene. Artificially dried hay may contain only about one-half as 
much carotene as the fresh, green crop, the amount depending to a con- 
siderable extent upon the conditions of storage and the length of time 
in storage after drying. Furthermore, the drying of green material 
either artificially or naturally reduces the content of nitrogen. Prob- 
ably the nitrogen compounds that are lost by drying rather than by 
biological processes through the action of enzymes and micro-organ- 
isms are so simple in composition as to be of little nutritive value. 

The destruction of carotene appears to be due chiefly or solely to 
oxidation. Fresh vegetables preserved and stored in the absence of 
air, as when canned, retain most or all of their carotene. Feeds pre- 
served in containers from which air is at least partly excluded (silage) 
retain much more of their carotene than if they are exposed to air. 
While perfect preservation of the carotene can be attained only by 
the complete exclusion of oxygen or air, there are certain factors which 
in the presence of air accelerate or retard oxidation. It is possible, 
therefore, by properly employing these factors, to preserve more or 
less of the carotene for an indefinite period even in the presence of 
oxygen, as in the making and storing of hay. 
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The Indiana Agricultural Experiment Station {57Í) reports some 
investigations which show that destruction of carotene takes place 
through the action of oxidative enzymes and that the activity of 
these enzymes is influenced by the moisture and temperature. For 
example, young alfalfa was treated in a way to inactivate the enzymes, 
after which some of it was sun-dried and some was incubated at 38° C. 
The vitamin A value, as determined by biological assays, was not 
destroyed. On the other hand, if the young alfalfa was incubated or 
sun-dried before inactivation of the enzyme, or if an enzyme was added 
after inactivation and then incubated, much of the vitamin A value 
was destroyed. The inactivation of enzymes in sun-cured hays does 
not appear to be practicable, but it has been observed that this knowl- 
edge is being made use of in the commercial drying of young grass in 
England, where the grass passes through a hot-water bath before it is 
dehydrated. 

In the making of hay under practical farm conditions the way to 
keep the carotene losses at a minimum is to bring the hay to an air- 
dry condition as soon as possible. The combined influence of moisture 
and temperature in the presence of air results in the rapid destruction 
of the carotene. The action of direct sunlight in decolorizing hays wet 
with external moisture, as dew or rain, is a matter of common observa- 
tion. As green color and content of carotene are closely associated in 
the hays, any practice which results in the destruction of the green 
color results also in reducing the content of carotene. 

Figure 1, prepared from unpublished data secured by the Bureau 
of Dairy Industry at Beltsville, Md., shows the correlation between 
green color, chlorophyll, and carotene in alfalfa hay. When 50 
specimens of hay were arranged in 6 groups according to their color, 
as determined by the Bureau of Agricultural Economics, the curves 
representing the contents of chlorophyll and carotene followed the 
same general course as the curve representing the color. The color 
was measured as percent of natural green color, which means the 
percent of the maximum color that has been found in alfalfa hay. 

Hay that has not been thoroughly dried either naturally or arti- 
ficially will heat when it is stored. Field-cured hays almost invariably 
contain enough moisture when they are stored to go through, a sweat. 
Any heating that takes place results in the destruction not only of 
carotene but also of other valuable feed constituents. The degree of 
heat developed and the losses sustained are directly proportional to the 
moisture content of the material and to the tightness of packing. 
Loosely packed hay permits the air to circulate more freely and thus 
facilitates drying and the dissipation of heat. Carotene destruction 
continues after the hay has reached an air-dry condition but at a 
much slower rate. Nevertheless, Kane and Shinn {606) have found 
that the loss which would normally occur during the usual storage 
period of hay is considerable. Alfalfa meals and hays lost 35 to 40 
percent of their carotene when stored for 7 to 8 months in a dark 
barn at temperatures and humidities normally occurring at Beltsville, 
Md. Corresponding reductions in the green color amounted to only 
about 13 percent. It is possible, therefore, to have a hay with a good 
color but with a low carotene content after a long period of storage. 

A number of investigations have shown the influence upon  the 
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carotene content of the temperature at which hay is stored. Freshly 
cured hay at Beltsville {1263), with a carotene content of 89 parts per 
million of dry matter, when stored for 6 to 8 months at temperatures 
of 42°, 20°, and 5° C. (107.6°, 68°, and 41° F.), contained, respec- 
tively, 6, 25, and 43 parts per million of carotene.   Other hays stored 
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at room temperature and at 5° contained 27 and 40 parts per million 
of carotene, respectively, after storage. Baled alfalfa {1243) stored in 
the loft of an unheated barn lost 3 percent of its carotene per month 
in the winter, and 6.5 percent per month in the spring and fall. 
Samples stored the first summer after harvesting lost 21 percent per 
month; during the second summer they lost 12 percent per month. 
When alfalfa hay was stored (44^) at a temperature below 5° no loss 
of carotene was detected in 6 months, but the rate of loss increased 
very rapidly with rise of temperature. 

Besides the carotene other feed constituents are lost in the process 
of harvesting and storing, though usually not to such a great extent. 
As respiration continues in green plants for some time after cutting, 
it appears that this must be accompanied by a loss in dry matter. 
However, if the drying is rapid the loss of drv matter from the time 
of cutting to storing is only a few percent unless excessive leaf shat- 
tering occurs. Furthermore, if the hay is dry enough when stored so 
that it undergoes only a normal sweat, it will lose only a few percent 
of dry matter while in storage. It is only when the hay must remain 
in the field for long periods or when it is stored with too much mois- 
ture that the losses become excessive. The weather at the time of 
harvesting is an important factor in the loss of dry matter. 

Watson and associates (1194) estimate the average losses in nutritive 
value (starch equivalent and protein equivalent) for 4 years through 
harvesting and storing hay in the stack in England at 30 to 40 percent. 
It should be borne in mind that the weather in England and northern 
Europe is both cooler and cloudier than in most parts of the United 
States, also that the rains are more frequent. A common practice is 
to cock or hang the partially dried hay on racks in a manner to shed 
the rain and at the same time facilitate aeration and drying. In some 
parts of England the partially dried hay is put in large cocks (pikes) 
containing about 800 pounds, where it is sometimes left for 2 weeks 
or more before it is hauled to the barn for storage. Because of the 
more favorable weather for the curing of hay in the United States it 
would appear that an average loss of 30 to 40 percent in nutritive 
value is excessive. However, it must be recognized that very unfa- 
vorable weather for haymaking is likely to occur over most of the 
United States, especially in the making of hay from spring-harvested 
crops and in making soybean and cowpea hay in the fall. In addition 
to the losses resulting from the hay remaining in a moist condition for 
a long period, in the curing and storing there is a considerable loss of 
leaves from the legumes. Studies with alfalfa in Kansas {999) showed 
that the average loss of leaves for 7 years was 19 percent, which was 
estimated to represent 9.2 percent of the weight of the total crop. 
Other studies, in the Platte Valley of Nebraska,3 indicated a much 
lower loss of leaves—5.9 percent. Insufficient data are available to 
permit an accurate estimate of the average losses in nutritive value 
which occur in the period between the harvesting and feeding of hays 
in the United States. 

The disastrous effects of rain on hay are a matter of common 
observation, but as yet we cannot estimate the extent of damage from 

3 HOSTERMAN, W. IT., KIESSELBACH, T, A., and FROLIK, ELVIN F. ALFALFA HAY MANAGEMENT STUDIES. 
Prelim. Kept., Bur, Agr. Econ, and Nebr. Agr. Expt. Sta., 36 pp.   1934.   [Mimeographed.] 



HARVESTED FORAGES 969 

any given amount of rainfall. Guilbert and associates (446) carried 
out leaching experiments on bur clover, oat hay, and naturally cured 
range forage. The minerals showed the greatest percentage loss, and 
the loss of phosphorus exceeded that of calcium. The loss of crude 
protein ranged from 1 to 18 percent of the total, and of nitrogen-free 
extract from 6 to 35 percent of the total, according to the nature of 
the forage. Probably the losses in nutritive value due to rain will be 
manifested to as great an extent in impairment of the palatability and 
in loss of color as in the loss of nutrients as determined by chemical 
analyses for the usual feed constituents. 

THE SPONTANEOUS HEATING OF HAY 

A certain amount of heating and fermentation normally occurs 
when ñeld-cured hay is stored in the stack or mow. Ordinarily farmers 
intend to have the hay sufficiently dry at the time of storage so that it 
will heat only moderately. This heating is popularly called sweating. 
The temperatures do not become so high as to materially affect the 
green color or the nutritive value. 

When the hay is stored with a moisture content higher than is 
required to bring about normal sweating, the hay will sustain a 
marked loss of color and will become gray green to greenish brown, 
but the palatability and productive value will be affected little if 
any except as the lower carotene content may reduce the productive 
value. 

A still higher moisture content will cause the hay to become brown 
or black, in which case all of the carotene is destroyed. The losses of 
dry matter and of feed nutrients in brown hay may be only a few 
percent and the palatability may be practically unaffected. How- 
ever, if the hay becomes black the losses of dry matter and feed nutri- 
ents are heavy and the hay has a distinctly lower palatability and 
productive value. This is well shown by experiments at the Kansas 
Agricultural Experiment Station (ÏÎ12), where a large stack of hay 
having a moisture content of 53 percent, in which a large proportion 
became black, sustained a dry-matter loss of 39 percent. This loss 
included that due to weathering as well as to heating. Hoffman (526) 
reports that when smaller quantities of hay with 18 to 35 percent of 
moisture are stored in a mow the losses of organic substance average 
about 13 percent. 

Besides the moisture content, the density and the size of the mass 
of hay have an influence upon the temperatures developed. Hay 
stored in narrow mows or bents in a barn or in thin layers will not 
heat as much as hay stored in wide mows or to a considerable depth 
because of the freer circulation of air. However, if the former remains 
moist for a considerable time it becomes musty or moldy. 

Bacteria are responsible for most of the heat developed up to the 
thermal death point of the bacteria. Some may not be killed until 
the temperature reaches about 170° F. or perhaps even higher. Any 
further heating is due entirely to chemical changes. A number of 
theories have been advanced regarding the substances which are 
formed in the hay through microbial activity and which readily ignite 
when exposed to air. Spontaneous ignition has been studied in the 
Bureau of Chemistry and Soils for years, and there are a number of 
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excellent publications  on  the  subject.    (See  the  article  Losses  in 
Making Hay and Silage, p. 992.) 

SOILING 

Harvesting and feeding the crops green is called soiling. Although 
this practice results in a maximum utilization of the forage, since there 
is no wastage through trampling, asunder grazing, and no considerable 
loss through curing, as with hay, it is not used extensively in the 
United States because more labor is required than if the crop is pas- 
tured. Harvesting must be done every day, as the cut crop heats 
readily, and this chore is inconvenient, especially when other farm 
work is pressing. 

The practice of using soiling crops throughout the entire growing 
season has been tried and almost invariably abandoned. In the first 
place it is impossible to arrange a succession of crops so that there will 
always be enough feed and not too much. Since it is necessary at 
times to resort to hay or silage feeding, and since a crop can be made 
into hay or silage more conveniently than it can be cut and fed green, 
there seems to be little advantage in using soiling crops as a regular 
summer feed. 

Soiling as a supplement to permanent pastures is more practicable 
and is being used in certain sections of the United States. The crops 
used for this purpose are usually rye, vetch, Sudan grass, millet, soy- 
beans, alfalfa, corn, sorghum, or some mixture of these. When the 
supply of permanent pasturage becomes inadequate some of these 
crops are cut daily and fed. 

Dairy farmers appear to be the only ones who use soiling crops. A 
more usual practice even among dairy farmers is to graze such crops 
rather than to harvest them and feed them green. 

HAY 

FIELD CURING HAY 

Most of the harvested forage is made into hay instead of being fed 
green or made into silage. The yield is greater in the form of hay 
than in the form of pasturage, because frequent harvesting as in 
grazing reduces the total yield. On the other hand the crop for hay 
is more mature and the nutrients are less valuable and less digestible. 
It has been estimated that the digestible nutrients obtained from the 
crop by grazing are about three-fourths as much as those obtained 
by making it into hay. No doubt this estimate is subject to change 
depending upon the energy that must be expended by the animals in 
the act of grazing. For example, if the grass is short or sparse, the 
energy expended in grazing is greater than if the grass is abundant. 
It is probable, therefore, that a smaller proportion of the nutrients 
ingested would be available for productive purposes when the grass is 
short. 

Nearly all the hay produced in the United States is field-cured. 
Only a small proportion is artificially dried. The aim of the haymaker 
is to dry the crop with as little loss of leaves, color, and nutrients as 
possible. Loss of leaves is much more pronounced with the legumes 
than with the grasses.    When legumes reach a certain stage of dry- 
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ness the leaves shatter readily. In the case of alfalfa, Zink {1277) 
estimates this stage to be when the moisture content is 30 percent or 
less. This means that the necessary handling should take place as 
much as possible before the leaves are dry enough to shatter, and that 
any handling after that should be done in such a way as to reduce the 
shattering to a minimum or to save the shattered leaves. 

If hay can be cut in the morning after the dew is off and can be 
dried enough for storage the same day, the field loss of nutrients will 
be quite low except for those mentioned. Any of the hay that is ex- 
posed to rain or dew and thereafter to the sun will become discolored 
rapidly. There is some bleaching even in the absence of rain or dew. 
For this reason hay should not, as a rule, lie in the swath overnight if 
it is dry enough so that it will finish curing in the windrow. It some- 
times happens, however, when the crop is heavy, the ground moist, 
sunshine lacking or the weather cool, that the hay will not dry out 
enough so that it can be raked into a windrow the same day it is 
mowed. Legumes should be raked before the leaves become dry 
enough to shatter. This will be some time before the hay is dry 
enough to store. The grasses may be left in the swath until they are 
dry enough to store, except that they should not be left there over- 
night unnecessarily. Even with the grasses it is better to finish the 
curing in the windrow in order to save more of the green color. 

An implement that crushes the coarse, slow-drying stems at the 
time of mowing and by so doing facilitates the escape of moisture 
from them has been found to speed up materially the process of drying. 
The conditions under which the use of such an implement is economi- 
cal remain to be determined. 

The side-delivery rake (fig. 2) is superior to the dump rake in that 
it leaves the hay in a loosely packed windrow conducive to continued 
rapid drying and suitable for taking up with a hay loader. The side- 
delivery rake is more expensive, however, rakes no faster, and re- 
quires two horses instead of one. The one time when the dump rake 
is just as desirable an implement to use is when the hay is to be put 
in the cock immediately or very soon. It packs the hay in the windrow 
and there is always some hay next to the windrows that is not raked. 

The hay is usually stored direct from the windrow. In case of rain 
the windrows are scattered or merely turned to facilitate drying. If 
the prospects are for a number of rains before the hay can be stored, it 
would lessen the loss of nutrients and color to put the hay in cocks 
that would shed most of the rain. As a rule farmers prefer to handle 
the hay in windrows rather than cocks because cocking means extra 
labor and precludes the use of the hay loader. If loading is to be done 
by hand, cocking does not greatly increase the labor cost because the 
hay must be gathered together for pitching onto the truck or wagon 
anyway. _ 

In regions where the common practice is to store hay in stacks 
instead of in barns, the hay is usually taken from the windrow with a 
buck rake and drawn to the stack, onto which it is elevated with a 
stacker.    This is the easiest and most rapid method of storage known. 

The windrow baler is being used successfully to a limited extent 
(fig. 3). Unless the hay is well cured the bales not only must be tied 
loosely but when stored must have enough space between them for 
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aeration, which will facilitate the evaporation of moisture and the 
radiation of heat. Baling from the windrow is advantageous in that 
less shattering occurs and storage space is reduced. Also, if the hay 
must be shifted from one place to another before feeding, bales are 
much more readily handled than long hay. Twenty percent of 
moisture appears to be about the maximum amount that hay can 
contain without some special attention to aeration. The more 
moisture the hay contains the greater the necessity for aeration to 
prevent the development of excessive heat, the loss of color, and the 
formation of mold. Baled hay containing as much as 30 percent of 
moisture is likely to spoil regardless of aeration. 

In the drier regions of the West, alfalfa hay has been stacked4 with 
over 30 percent of moisture and has come out of the stack with a good 
green color. Evidently the dryness of the atmosphere, the free 
exposure of the stack to the air, and possibly heavy stems that pre- 
vented close packing were factors that led to rapid drying of this hay 
in the stack. In humid regions if a considerable quantity of hay with 
more than 25 percent of moisture is stored in a poorly ventilated mow, 
it will become discolored and possibly musty. The grasses usually 
have a lower content of moisture than the legumes when they are put 
in the mow. The stems are not so heavy and they dry out more 
quickly. Furthermore, as leaf shattering is not serious with the 
grass hays, they can be allowed to become well dried before storing. 

Field-cured hay is sometimes run through a cutter before storing. 
This saves half or more of the space needed for storage, depending 
on the length into which the hay is chopped. The finer the chopping 
the less space is occupied. Care should be taken not to overload the 
mow. Investigations by the Bureau of Dairy Industry (Î038, 1266) 
have shown that chopped hay becomes hotter in the mow and dries 
out less readily than unchopped hay with the same amount of mois- 
ture. The color is less well preserved in chopped hay. The length 
of cut is important. If the hay to be stored contains about25percent 
of moisture, which is perhaps not much more than alfalfa, clover, or 
soybean hay usually has at the time of storage, it must be chopped in 
lengths not less than three-fourths of an inch and too much must not 
be put m a pile. Even then the color and content of carotene will 
not be so well maintained as in similar hay stored unchopped, but so 
long as the hay is only slightly browned there will be no appreciable 
injury to the palatability as judged by the quantity consumed nor to 
the feeding value except with respect to the carotene. However, if 
the hay becomes very brown or black the palatability and feeding 
value are impaired. Any hay that has lost all of its green color 
contains little or no carotene. 

It is advised that no hay containing more than 25 percent of mois- 
ture be chopped, and that any that is chopped be cut into lengths 
not less than three-fourths of an inch. More moisture or shorter 
cutting not only lessens the nutritive value of the hay but it may 
present a definite fire hazard. As there is no satisfactory method by 
which the farmer can determine the moisture content of the hay, he 
will have to be guided by his judgment of its dryness in the same way 
as when he stores hay in the unchopped form.    He should bear in 

4 For reference, see footnote B, p. 968. 
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mind that drying should continue in the field until the hay appears as 
dry as or drier than is required to prevent excessive heating and 
discoloration if stored un chopped. 

Chopped hay is more easily removed from the mow for feeding 
than unchopped hay, and because the stems are chopped up with the 
leaves the opportunity for selection by the animals of the choicer 
parts and refusal of the less choice is lessened. There is some differ- 
ence of opinion whether it would pay to chop hay merely to secure 
more complete consumption, as the portions usually refused are those 
with a low nutritive value. Hay can be run through a chopper 
rapidly and it is unnecessary to have anyone in the mow to distribute 
it. This saves much hot work. It can be chopped and stored as 
rapidly as and with no more labor than unchopped hay can be stored 
with a hay fork and horse, but not as rapidly or with as little labor 
as when slings are used on the unchopped load and a mechanical hoist 
lifts the hay into the mow. 

GRADES OF HAY AND THEIR RELATION 
TO THE NUTRITIVE VALUE 

There is probably more variation in the quality of the hay crop as 
produced in the United States than in that of any other harvested feed 
crop. Although hay is ordinarily the basic feed around which all 
winter rations for horses, cattle, sheep, and goats are built, except in 
portions of the South and Southwest, feeders often have difficulty in 
utilizing it to the best advantage because of its poor quality. When 
animals are fed good-quality hay they consume relatively large 
amounts and obtain a maximum amount of nutrients from the hay 
portion of their ration. Poor-quality hay is consumed in limited 
quantities, so that it supplies only a relatively small portion of the 
total nutrients required and must be supplemented with more costly 
grain and concentrate feeds. 

Quality in hay really means feed value. High-quality hay has 
certain physical and chemical characteristics that are associated with 
a high degree of palatability, a liberal supply of essential feed constit- 
uents, and a high digestibility. The important physical factors of 
quality which can be readily gaged in a practical way are: (1) Color, 
(2) leanness in legumes, (8) maturity of plants when cut, (4) amount 
of foreign material, (5) condition, and (6) texture. 

Under most conditions the physical factors mentioned above are 
correlated with the palatability and the chemical composition so that 
the quality or grade of the hay, as judged by its green color, leafiness, 
maturity, and other physical factors, is a good indication of its feeding 
value. Exact quantitative determinations of the relations of quality 
and feeding value in hay can only be made by feeding experiments in 
which the quality of the hay and the feeding value are measured by 
growth, gains in weight, reproductive ability, and the production of 
meat, milk, and other animal products. Little of such work has been 
done. 

(1) For many years farmers and livestock feeders, as a result of 
practical feeding experience, have recognized the value of green color 
in hay. Even before it was found that vitamin A was associated with 
the green color and was essential to the health of the animal, color was 
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used as a quality factor in judging the value of hay. In establishing 
standards for hay, color was considered so important that studies were 
carried on for the purpose of developing methods of measuring it. It 
was found that the color could be measured in terms of hue, brilliance, 
and chroma with an instrument using color cards of standard values. 
The hue value was found to be the only reading needed, and con- 
version charts for converting the hue reading to percentage of green 
color were developed (fig. 4). A high percentage of natural green 
color in hay usually indicates early cutting, good curing, pleasant 
aroma, palatability, freedom from must or mold, and a relatively high 
carotene content. 

The discoloration due to sun bleach does not reduce the amount of 
green as rapidly as discoloration due to rain, because the sun-bleach 
discolorations are yellow or yellowish green and represent only a par- 
tial destruction of the chlorophyll. Early-cut hay can receive a 
moderate amount of sun bleach before the green color is reduced below 
that required for the U. S. No. 1 grade, and rather severe sun bleach 
often will not reduce it below that required for the U. S. No. 2 grade. 
On the other hand, damage from showers and dews reduces the green 
color very rapidly, and the brown discolorations caused by this type 
of damage lower the grade materially. Only light showers or one or 
two heavy dews are needed to reduce the green color below that 
required for U. S. No. 1 grade; and if the weather damage is moderate 
to severe, the hay will not have sufficient color for the U. S. No. 2 
grade. Severely weathered hay always falls into U. S. No. 3 or U. S. 
Sample grade. 

Color is also lost after the hay is put in the mow or stack. Condi- 
tions in storage that accentuate the loss of color are high moisture 
content, tight packing, and poor ventilation. Hay is rarely so dry 
that it can be stored without the loss of some of its color, and under 
some conditions it may lose all of its green color. Only minute 
quantities of carotene are found in hays that have become brown or 
black in storage. 

(2) Leanness is not used as a grading factor in the grass hays. 
Very little data on the chemical analysis of the different parts of 
grass plants are available, and therefore no attempt has been made to 
use leanness as a grading factor for these kinds of hays. It is true, 
however, that early-cut hays have more leaf than late-cut hays. 
Therefore, leanness does follow the grade to some extent because those 
that grade best based on stage of growth at time of harvest also have 
the highest content of leaves. 

The leafiness of legumes is probably the best gage of the actual feed 
value for this type of hay and therefore is an important physical factor 
in determining the grade of the hay. Alfalfa leaves contain on the 
average 24 percent of crude protein and 14.4 of crude fiber, while the 
stems contain on the average only 10.8 of crude protein and 38.3 
percent of crude fiber. In other words, the leaves of alfalfa have on 
the average over twice as much protein as the stems. The protein in 
the leaves is also probably more digestible than that in the stems. 
Analyses of the protein in the leaves and stems of several of the other 
common legume hays indicate that they are very similar to alfalfa in 
this respect, although such data are rather meager. 
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Figure 4.—Colorimeter set-up for measuring hay samples. An area 12 inches in di- 
ameter is measured. The observer looks through tne eyepiece and sees a circular 
field. The top half is made up of the color of the hay, the bottom half of standard 
Munsell disk colors. The disk colors are mixed by means of a spinning wedge, and 

the color of the hay and disks are matched by changing the area of the disks. 
j 41394°—39- -03 
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Leafiness is also related to the mineral content of the legumes, and 
the leaves contain more calcium and phosphorus than the stems. The 
leaves of alfalfa hay are an excellent source of vitamin A, provided 
they are not discolored during the curing period, while the stems are a 
relatively poor source of this vitamin. 

The percentage of leaves in legume hays will be affected by the 
methods of curing and handling. Ordinarily alfalfa will have 50 to 60 
percent of leaves by weight when cut, if it is cut at the proper stage of 
maturity. Analyses of hundreds of samples taken from commercial 
lots of alfalfa hay show that on the average such hay has 39 percent of 
leaves ; in some cases the percentage of leaves was as low as 15. These 
figures indicate that considerable leaf is lost during the curing and 
subsequent handling. 

(3) The stage of maturity at which grasses and legumes are cut for 
hay influences the quality by affecting the color, leanness, and other 
quality factors. The quality of many excellent crops of grasses and 
legumes is virtually sacrificed because they are not cut early enough. 
It is impossible to produce high-quality hay from late-cut grass and 
legume crops. The cell walls of young hay plants consist largely of 
cellulose, but as the plants mature the lignin increases at a more rapid 
rate than the cellulose. 

(4) Foreign material, as defined under United States hay standards, 
includes materials that are wasted in feeding operations. Noninjli- 
rions foreign material includes weeds, grain straw, stubble, chaff, and 
other material not suitable for feeding purposes but occurring naturally 
in hay. Injurious foreign material includes sand burs, poisonous 
plants, harsh bearded grasses, and other matter which is injurious 
when fed to livestock. Foreign material is used as a grading factor, 
the grade being lowered in proportion to the amount present if the hay 
contains over a certain percentage of foreign material. The quantity 
permitted varies, depending on the type or class of hay. Foreign 
material gives the hay a bad appearance, and often undesirable weeds 
are spread because of the weed seeds in such hay. 

(5) Condition in hay refers to soundness or unsoundness. Since 
the factors of quality in sound hay have been discussed above, the 
discussion here will be confined to the condition of unsound hay. 
Undercured, heating, and hot hay is hay containing excessive moisture 
and therefore is considered ^out of condition." Must is the sour 
fetid odor which occurs in hay that has heated, while mold is the fun- 
gus plant organism that grows on the hay when moisture and tempera- 
ture conditions are favorable. Moldy hay is generally not as pala- 
table as hay that is free of mold, and it may be harmful to certain 
classes of livestock. Molds present in sufficient quantity to be seen 
indicate that there has been a reduction in the feed value of the hay 
caused by the mold or other micro-organisms. 

Aroma in hay is rather elusive, yet any early-cut, properly cured hay 
has an odor that livestock relish and which probably affects its pala- 
tability. Hay with a musty or earthy odor, indicating poor curing 
or damage after storing, may not be relished by livestock. 

(6) Texture or size of stems in the various hay plants is dependent 
to a great extent on thickness of stand and on maturity at cutting 
time.    Ordinarily it is not a factor in the grass hays such as timothy. 
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red top, etc., but it is important with Johnson grass and other grasses 
of the sorghum group. Soybean hay also has a tendency to be coarse 
in texture, especially when grown from the seed types. This objec- 
tion is overcome to a large extent by heavy rates of seeding. Occa- 
sionally, lots of alfalfa are found with undesirable texture because of 
having been grown on very fertile land or because, owing to late 
cutting and dry weather, the stems are very hard and brittle although 
of small diameter. Such hays are relatively unpalatable even though 
the color and leanness may be satisfactory. 

ARTIFICIALLY DRIED HAY 

The nutrients of hay are perhaps better preserved by artificially 
drying it than by any other method of curing. There will be some 
unavoidable loss of carotene and of the more volatile nitrogen com- 
pounds in the process of drying, but in other respects the nutrients 
in the dried hay should be equal to those in the fresh green material. 
In the United States artificial drying has been confined mostly to two 
sorts of enterprises: (1) Farms where a specialty is made of a particu- 
larly high-class product, and something in the nature of the feed or the 
handling of the product must be better than on most other farms in 
order to justify an extra price for the product; (2) plants or farms where 
hay, usually alfalfa, is dried and ground for use in feeds for poultry and 
to a lesser extent for other kinds of farm animals. The costs of the 
drier and of operation have been high enough to preclude its profita- 
ble use by the average farmer. The cost of drying, the climate, and 
the value of the artificially dried hay as compared with naturally dried 
hay are factors to be considered in determining whether artificial 
drying is likely to be practicable. 

The studies that have been made are not sufficient to fix definitely 
the cost of drying. The type of drier, the fuel used, the moisture con- 
tent of the crop, the kind of crop, the length of the season during which 
material is available for drying, and whether or not the material is 
chopped or crushed before drying all have a bearing on the cost. 
From data assembled by Gordon and Hurst (426) it is estimated that 
when the moisture content of the crop is 60 percent, about 30 gallons 
of fuel oil are required for a ton of dried hay like alfalfa or soybean if 
the crop is chopped and drying is done in an efficient type of drier. 
The cost of this oil may range from 3 or 4 to 7 or more cents a gallon. 
To this cost must be added that for power, labor, depreciation, repairs, 
interest, taxes, and insurance. Gordon and Hurst estimate the power, 
labor, and fuel costs at $1.69 to $3.07 per 1,000 pounds of water evapo- 
rated. Assuming that 2,500 pounds of water is evaporated for each 
ton of dried hay, the minimum cost will be $4.22 per ton of dried hay, 
exclusive of overhead charges. The overhead charges depend mostly 
on how much use is made of the drier. They are not likely to be less 
than $1 per ton of dried hay and they may be several times as 
much. It appears, therefore, that hay which is no more than well 
wilted in the field cannot be dried for less than $5 per ton of dry 
material, and the costs are likely to run much more than this. If a 
considerable part of the drying takes place in the field the fuel and 
labor for finishing the drying artificially will be much less than if the 
crop is freshly mown or only wilted.    Such a practice, however, would 



980 YEARBOOK OF AGRICULTURE, 1939 

defeat some of the objects of artificial drying, namely, the preservation 
of a maximum amount of carotene and the elimination of the weather 
hazard. 

The next consideration is how much artificial drying increases the 
feeding value over that of sun-cured hay. No feeding experiments of 
sufficient length have been conducted to show how dehydrated and 
field-cured hay compare. Probably there is no marked difference if 
the hay cured in the field is of good quality except in those cases where 
carotene is the limiting constituent. The digestible nutrients as 
determined by Newlander and associates {851) offer the best available 
basis for estimating the relative nutritive values of sun-cured and de- 
hydrated hay. The total digestible nutrients of the sun-cured hays 
was 60.47 percent; of dehydrated hay, 63.76 percent, a 5-percent 
increase over the sun-cured. There is no doubt that artificial drying, 
when properly done, makes a hay that is superior to field-cured hay in 
color and content of carotene, nor is there any doubt that artificial 
drying usually lessens the field losses due to leaf shattering and 
weather damage. If the losses in field curing are, say, 25 percent, 
then for a ton of artificially dried hay an equivalent yield of field-cured 
hay would be 1,500 pounds. Will the value of 500 pounds of hay equal 
the cost of artificially drying 1 ton? Ordinarily it will not, but if the 
field losses are greater than 25 percent, which may very well happen 
with certain crops and weather conditions, and if at the same time the 
prices of hay are relatively high, then artificial drying may pay. 
However, unfavorable weather conditions rarely occur for a whole 
haymaking season, and if the drier is used only when good hay cannot 
be made in the field, the overhead expense becomes excessive. It is 
probable that the use of artificial drying will develop slowly in the 
United States, partly because there is not the demand for it that 
there is in cooler and cloudier countries and partly because the silo 
offers another alternative in preventing weather damage to forage 
crops. Furthermore, artificially dried hay does not compete with 
sun-cured hay in commercial channels, as most of it is chopped before 
being dried and therefore it is not baled. 

HAY MEALS AND LEAF MEALS 

The principal object in grinding hays is to facilitate their mixing 
with other ingredients in making commercial mixed feeds. Well- 
cured hays provide some of the vitamins and minerals likely to be lack- 
ing in mixtures made up of seeds and their byproducts. Alfalfa is 
by far the most important hay used for grinding. As grinding masks 
to some extent the quality of hay, it has been much used in the past 
as a means of working off stemmy, weedy, and unsound hay. So far 
as the nutritive value of the hay is concerned there is no evidence that 
grinding improves the palatability or digestibility. Theoretically it 
should reduce the labor of mastication and for that reason alone show 
a greater value than unground hay. Experiments show, however, 
that there is practically no difference between ground and unground 
roughages in feeding value. 

Roughages are often chopped or ground not only to save storage 
space, as discussed earlier in this article, but also to induce consump- 
tion of those parts of the roughage that in the unground state would 
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be refused and wasted. Grinding, of course, serves the same purpose 
but chopping is much cheaper than grinding. 

About 400,000 tons of alfalfa hay was ground in the crop year 1938 
for use in the commercial mixed feeds. Most of this hay is ground 
by a small group of concerns which specialize in the production of 
alfalfa products—alfalfa meal, alfalfa-leaf meal, and alfalfa-stem 
meal. These products are used principally by the mixed-feed manu- 
facturers. The alfalfa-leaf meals are used in poultry and hog feeds, 
the alfalfa meals in poultry, hog, and dairy-cattle feeds, and the stem 
meals in molasses feeds for horses and mules. 

The leaf meal is superior to that made from the whole plant in 
carotene and protein content. It also contains less fiber. Perhaps 
the principal reasons for using leaf meal for poultry and hogs are its 
high content of carotene and the fact that the digestive systems of 
these animals are not adapted to the efficient utilization of crude fiber. 

The feed-control officials of the various States have certain fiber 
requirements for the different types of meal and a few have protein 
requirements. 

Alfalfa-leaf meal is produced by grinding alfalfa hay and then 
removing the leafy particles by sifting the ground material. The 
leaves pulverize more readily than the stems and can be separated 
from the stem particles by a proper sifting device. The residue left 
after removing the leaf meal is called stem meal. A number of the 
manufacturers produce a special alfalfa meal, which is a product from 
which a part of the stem particles have been removed but which does 
not meet the requirements for leaf meal. This type of meal is usually 
sold under a trade name. 

As stated in the section on artificially dried hay, much of this dried 
hay is ground into meal. About one-fourth of the total production 
of ground alfalfa is dehydrated meal at the present time. 

SILAGE 

Silage is a moist feed that has been preserved in the absence of air. 
The principal silage crop is corn. In those parts of the country where 
sorgos yield considerably more than corn they are used in preference 
to corn. Also in those parts of the country where neither corn nor 
the sorgos do well, other crops such as oats, peas, and sunflowers are 
used to some extent. In recent years there has been a movement 
toward the preservation of grass and legume crops in the silo. Silage 
is not a necessary part of the ration for any kind of livestock. The 
succulence formerly thought to be important in rations has been shown 
to be unnecessary. 

The silo is useful in preserving the corn or sorgo in such a way that 
the greatest quantity of nutrients will be conserved. It is also useful 
in preserving crops that might be badly damaged or lost if an attempt 
were made to make them into hay. Silage appears better adapted to 
ruminants, especially cattle, than to other classes of livestock. For 
these reasons silos are more numerous on cattle farms and in those 
sections of the country where corn and the sorgos do well and the 
making of a good quality of hay is uncertain. Furthermore, as dairy 
cows cannot be roughed through the winter like beef cows and still 
give profitable quantities of milk, the silo is particularly adapted to 
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dairy farms in that it provides an abundance of palatable feed that 
can be fed conveniently to cows confined in a barn. An outstanding 
characteristic of silage is its high content of carotene if it is properly 
made from green crops. This also makes it particularly popular on 
dairy farms because of the need of the cows for carotene and vitamin 
A to be secreted in the milk. 

The unavoidable losses of dry matter in silage made in a good silo 
should ordinarily not exceed 10 percent. The spoilage on top and 
around the sides near the top is greater with the hay crops than with 
corn. Suitable means for preventing this undue spoilage of the hay 
crops have not been worked out. There should be no more total loss 
of nutritive value in making silage than in making hay under condi- 
tions favorable for haymaking, and considerably less loss under 
conditions that are unfavorable for hay. 

SOME CHANGES THAT TAKE PLACE IN SILAGE 

When a fresh green crop is put in the silo a number of changes take 
place. Peterson and associates {918) have shown that green crops 
continue respiration and by so doing use the oxygen in the interstices 
of the silage and replace it with carbon dioxide. In a few hours the 
oxygen is exhausted and the gases within the silo are nearly all carbon 
dioxide and nitrogen. Coincidently the temperature rises and 
bacteria multiply rapidly. 

The temperatures attained depend on the quantity of air present, 
which in turn depends on the fineness of chopping, the firmness of 
packing, and the imperviousness to air of the silo walls and doors. 
Furthermore the temperature of the crop when put in the silo and 
the outside air temperature have an influence on the maximum tem- 
peratures attained. Silage as it is usually made in the United States 
generally does not reach a temperature above 100° F., except near 
the surface where the material is not packed tightly and where there 
is also some infiltration of air. The maximum temperature is reached 
in a few days, after which it slowly subsides. Hunter {563) states that 
silage temperatures are due to microbial activity and not to intra- 
molecular respiration of plant tissue. 

The principal food of the bacteria appears to be the sugars, pento- 
sans, and starches {918), Although some of the proteins are reduced 
to simpler compounds, the end products in the fermentation of carbo- 
hydrates are acids—mainly lactic and acetic. The lactic fermentation 
is the one most desired. Wilson and Webb {1236) found that crops 
like corn, the sorgos, and small cereal grains have a high content of 
easily fermentable carbohydrates. As these crops also have a low 
content of calcium and other basic elements, the acidity soon develops 
to a point indicated by a pH value of about 4 or below. Other crops, 
like the grasses, may have less of the soluble carbohydrates and more 
of the basic elements, and for these reasons develop less acid. The 
legumes contain still less of the soluble carbohydrates, which with the 
high calcium content keeps the acidity low. These are the reasons 
for adding acids or fermentable carbohydrates to certain crops at the 
time they are put in the silo. 

Peterson and associates {918), working with corn silage, have shown 
that the numbers of bacteria, chiefly lactic acid producers, may reach 
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1 billion or more per cubic centimeter of juice in a few days. There- 
after the numbers diminish, and the low-acid types of bacteria {Bacillus 
lactic acidi) are replaced by types which both tolerate and produce 
more acid {LactobaciUus pentoaceticus). 

Swanson and Tague (1113) stated that a portion of the protein is 
converted into the amino form and also that low acidities favor such 
conversion. Peterson and associates {915) made alfalfa silage with 
and without the addition of mineral acids. The addition of acids 
reduced the content of water-soluble, amino, and ammonia nitrogen. 

FACTORS AFFECTING THE QUALITY OF SILAGE 

Acidity 

Corn, sorgo, and certain, other silages have a sour taste due to the 
development of lactic and acetic acids. Because silages are sour, it 
has commonly been assumed that considerable acidity is a prerequisite 
to preservation. Recent work by the Bureau of Dairy Industry {1267) 
has shown that silages can be preserved effectively with the develop- 
ment of only slight amounts of acid and at the same time be palatable 
and possess a high nutritive value. The quantity of acid produced 
is said to depend on the amount of water-soluble carbohydrates in 
the plants, and it is known that young plants have less of these than 
older plants. If the quantity of acid developed depends solely on 
the content of soluble carbohydrates, then immature plants should 
make silages with less acid than mature plants. Investigations and 
practical experience both show that the reverse is true, at least with 
corn and the sorgos. Furthermore, it has been stated that either 
acids or carbohydrates from which acids can be made must be added 
to crops deficient in soluble carbohydrates if such crops are to be 
siloed successfully. It appears that there are factors other than the 
content of soluble carbohydrates that have a bearing on the quantity 
of acid developed in the silo. 

Acids unquestionably influence the character of the fermentation, 
but they are not necessary to prevent molding or rotting of the silage. 
Corn silage of rather high acidity (pH value below 4) will mold as 
readily when exposed to the air as will the fresh, green corn. The 
only condition required to prevent molding or rotting is the quick 
expulsion or exhaustion of air from the silo and the exclusion of air 
thereafter. This in itself does not, however, insure an acceptable 
silage with some of the hay crops. Undesirable fermentations may 
take place if the silage is very moist and the acidity at the same time 
is low. These fermentations are characterized by offensive odors 
that are generally attributed to the formation of butyric acid, and 
they may be prevented by adding acid. 

An important method of making silage, called A. I. V. (from the 
initials of its principal sponsor, A. 1. Virtanen), is based upon the 
employment of acids to prevent undesirable fermentations. While 
the addition of acids does prevent protein break-down and the develop- 
ment of offensive odors and lessens the losses of dry matter, certain 
disadvantages of this method have come to light. ^ The acid is destruc- 
tive to any masonry or concrete construction, it is troublesome to 
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apply, it must be neutralized when the silage is fed, and it adds no 
nutritive value; but the principal disadvantage is that it seriously 
impairs the palatability of the silage. It was formerly thought that 
the acid was unusually effective in preserving the carotene. Recent 
work by the Bureau of Dairy Industry (1844) has shown that much of 
the material that has passed for carotene by the usual method of 
determining it is in reality not true carotene. 

It is difficult to reconcile the undoubtedly good results from the 
acid treatment of silage in the north-European countries with the 
mediocre results of such treatment in this country. Possibly differ- 
ences in the methods employed will account in some measure for this 
lack of harmony. In Europe where the acid treatment is used, the 
usual type of silo is a pit in the ground 6 or 7 feet deep around which 
is built a temporary wooden superstructure 6 or 7 feet high. The 
silo is filled with fresh, unchopped grass on which is sprinkled the 
dilute acid as the filling proceeds. When the silo is full a foot or so 
of dirt is thrown on top. In the course of a week or so the silage 
settles to about the surface of the ground. The wooden superstructure 
is then removed. Much more air is trapped in the silo by this method 
than by American methods, by which the crop is almost invariably 
chopped before it is put in the silo. 

One of the conditions given for the successful use of the A. I. V. 
method is that the acidity be high—represented by a pH value below 4. 
A great many specimens of excellent silage made from hay crops have 
shown a pH value above 4, in fact most grasses and legumes made 
into silage without the addition of acid have a pH value well above 4. 
It is possible, therefore, that much less acid than recommended may 
be enough to make a silage that smells good and at the same time is 
more palatable. No evidence of a conclusive nature has been pre- 
sented to show any necessity of reducing the pH value below a point 
which will prevent the butyric acid fermentation. An acidity repre- 
sented by pH 4.4 or even higher is said to be enough to prevent the 
formation of this acid. It is possible, therefore, that some modifica- 
tion of the A. I. V. method might prove practicable in the United 
States. 

Molasses is sometimes added when silage is made from the hay 
crops in order to furnish the carbohydrates from which acids may be 
formed. Swanson and Tague (11Ï3) found that all the sugar "dis- 
appeared, even when added at the approximate rate of 5 percent. A 
considerable number of investigations show that the addition of 
molasses results in a greater acidity of the silage, but the quantity of 
acid developed fails to account for all of the sugar added in the 
molasses. In other words, a considerable part of the sugars in the 
molasses is changed to some compounds other than acids. Virtanen 
and Karström {1170) have presented evidence that sugars lower the 
pH value and increase the lactic acid only slightly. Increases in 
ethanol following increases in sugar indicate that a considerable part 
of the sugar disappears through alcoholic fermentation. 

While molasses increases the acidity only slightly—with the grasses 
and legumes rarely to a point below pH 4—it does improve the quality 
of high-moisture silages made from the hay crops by improving the 
odor and by making it more palatable. 
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Temperature 

The temperatures of silage depend to a large extent on the quantity 
of air present in the silage. Dr. Gorini of Italy, in an unpublished 
report, has described a method of silage making which depends for 
its efficacy on the development of the proper amount of heat to dis- 
courage the bacteria producing butyric acid without killing those 
that produce lactic acid. Briefly, the method is to ensile the fresh 
young grass in layers 2 or 3 feet deep, always allowing each layer to 
heat to a temperature of 140° F. before the next layer is placed on 
top of it. Preliminary investigations of this method in the United 
States indicate that the silage produced is palatable and has a good 
odor but that the carotene content is much reduced. The principle 
of this method is employed in making stack silage in New Zealand 
and perhaps also in other countries. 

Moisture 

It has commonly been assumed that silage must have a high content 
of water in order to keep properly. Samarani {1002), Eckles {293), 
and Swanson and Tague {1113) showed many years ago that silage 
made from the hay crops was improved by reducing the moisture con- 
tent of the crop before it was ensiled. More recent work by the Bureau 
of Dairy Industry {1039, 1267) and by Perkins and associates {909) 
bears out the findings of the earlier investigators. Low-moisture silage 
undergoes less fermentation and a more desirable type of fermenta- 
tion than high-moisture silage, as evidenced by the lower losses of 
dry matter, the more agreeable odor, and the greater palatability. 
No silage possesses a more objectionable odor than that which is so 
full of water as to be waterlogged. Very high moisture contents in- 
crease the labor of filling the silo, and the leakage of juice from the 
silo may be a nuisance. A moisture content of 70 percent or less in 
the crop will obviate leaking. By exercising proper precautions in 
regard to the exhaustion and exclusion of the air, crops with any mois- 
ture content ranging from 70 percent down to 10 can be preserved 
successfully in the silo. However, because of the practical difficulties 
in excluding the air from very low-moisture silages and the necessity 
for using silos with airtight walls and doors, the advice at present is 
to refrain from drying crops to a moisture content of less than 50 
percent, although investigations by the Bureau of Dairy Industry 
(1039) show that material drier than this can be preserved in the silo 
with little loss of nutrients and in a form that is quite palatable and 
nutritious. The disadvantages of partial drying are that some of the 
carotene is lost in the interval between mowing and chopping and 
that the partially dried material packs less compactly than the moister 
material, thus increasing the difficulty of excluding the air. 

Any kind of silo that excludes the air and prevents the access of 
surface or seepage water will preserve silage effectively. This may 
be an ordinary upright or tower silo built of wood, brick, tile, stone, 
metal, or concrete; or it may be a pit, a trench, or a more temporary 
structure, such as paper-lined snow fence. If the silo is to be used for 
the hay crops it is much more important that the walls and doors 
should be airtight and that the walls be smooth than if it is to be used 
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hipiire 5.—Any of the crops ordinarily  used  for hay can be made into pood  silabe. 
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for corn or the sorgos. So long as the essential conditions are met, the 
silage from one type of silo is equal to that from any other type. 

Ordinarily the best stage of maturity at which to harvest corn for 
the silo is when over half the kernels have hardened so that no more 
milk is present, but before they have all hardened. If harvested 
before this stage the yield of dry matter is reduced and the silage is 
likely to have an excessive acidity. On the other hand the content of 
carotene is greatest when the crop is greenest. Under some conditions, 
when carotene is likely to be deficient in the ration, as may very well 
happen with high-producing dairy cows fed a discolored hay, it is 
desirable to harvest the corn at a time when the carotene content is 
more nearly at its maximum. Harvesting later, say at the stage usually 
thought best for shocking, is advantageous in that a greater yield of 
dry matter will be obtained, but it is disadvantageous in that the drier 
silage will not have so much carotene, will not pack so well in the 
silo, and may not be so palatable 

On some farms filling the silos may take 2 weeks or more. In that 
case it would be better to start filling in time so that at the finish the 
maturity of the corn will not be much beyond the optimum stage. 
When drought occurs the crop should be put in the silo before it fires 
too badly, regardless of the stage of maturity of the grain. The crops 
should be chopped fine, in order to make them pack more closely in 
the silo and thus force out the air. There is no apparent advantage in 
adding acid, molasses, sugar, bacterial cultures, or any other sub- 
stance to corn or the sorgos. Usually no trouble is experienced in 
making silage from these crops if the silo is reasonably tight and the 
material is moist enough to pack well. 

The grasses or mixtures of grasses and legumes used for hay and 
small-grain crops can be siloed almost as readily as corn (fig. 5). The 
stage of maturity that is best for the making of hay is also best for the 
making of silage. Sometimes when the crop is immature and has a 
very high content of moisture or becomes waterlogged by external 
moisture, it develops bad odors. The legumes are more likely than 
the other crops to develop bad odors indicative of butyric acid forma- 
tion and the break-down of the proteins into simpler nitrogen com- 
pounds. For this reason special precautions must be exercised when 
they are made into silage. 

METHODS OF MAKING SILAGE 

When no special treatment is accorded, the crop is merely har- 
vested and chopped into the silo, usually with not more than a few 
hours elapsing between the time it is cut or mowed and the time it is 
run through the silage cutter. Such practice is successful in the making 
of silage from corn, the sorgos (including Sudan grass), and the small 
grains, and if the moisture content is below 70 percent it is successful 
in making silage from all other crops. 

Addition of Acids 

Hydrochloric and sulfuric acids are the acids most commonly added 
to the silage. They are diluted with about five volumes of water. 
The solution is then pumped into the  silo and sprinkled over the 
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chopped material as it enters the silo. The amount of the diluted acid to 
use to bring the pH value to a point below 4 is about 5 to 8 percent 
of the weight of the crop, depending upon the kind of crop. Grasses 
require the smaller amount and legumes the larger. When the silage 
is fed, some such material as finely ground limestone is sprinkled over 
it in order to neutralize the acidity. One ounce is used for approximate- 
ly each 15 pounds of silage. 

More recently liquid phosphoric acid has been used to a limited 
extent. The theory is that the phosphoric acid will serve three 
purposes—increase the acidity in the same way as hydrochloric and 
sulfuric acids, insure against any deficiency of phosphorus in the ration, 
and return any that is not used to the soil in the manure. The quan- 
tity advised is about 0.8 percent of the weight, of the crop or 16 pounds 
(1¾ gallons) to the ton. With alfalfa this is not enough to reduce the 
pH value below 4. The silage produced has a good odor and is 
palatable, but there is as yet insufficient data to permit a statement 
with regard to the physiological effect upon the cows. Before using 
phosphoric acid one should be assured that the fluorine content is 
not great enough to cause injury when the silage is fed. 

Addition of Molasses 

In the United States molasses has been used to a slight extent ever 
since its possibilities for silage production were investigated by Reed 
and Fitch (9ô%) in 1917, but in the last few years its use has increased 
enormously. Amounts are used varying from 1 percent to as much as 
7 percent of the weight of the crop. It appears that commercial 
concerns have overemphasized the importance of molasses. In some 
cases excessive amounts are advised, and in others it is advised when 
the need for it is not indicated. 

Molasses is added in a number of ways. It may be allowed to flow 
by gravity or by air pressure, undiluted, directly on the crop as it 
travels along the feed table of the cutter; it may be diluted and run 
into the blower of the cutter or pumped to the top of the silo ; or it may 
be forced through an automatically regulating device attached to the 
silage cutter. A uniform distribution of the molasses is difficult by 
any of the methods now in use. 

The costs of each of the acid treatments and of the molasses will be 
much the same unless very large quantities of molasses are used. 
The cost of the materials alone will usually be at least 60 cents per 
ton of silage. To this must be added the extra labor required to 
apply the acids or molasses. 

High-Temperature Process 

The high-tempera ture process has not come into use in the United 
States. One reason for this is that it does not fit in well with the 
methods ordinarily used here in making silage. The practice in the 
United States is to fill silos quickly—sometimes in a single day. The 
high-temperature process requires slow or intermittent filling in order 
to permit the temperature of successive layers of the silage to reach 
140° F. or thereabouts. Probably this method can be applied more 
conveniently to trench silos than to the ordinary tower silos. 
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Partial Drying 
High-moisture legumes and the young grasses if siloed without 

some special treatment are likely to make malodorous silages that 
may taint the milk and in which much of the protein has been con- 
verted into simpler and less valuable nitrogen compounds. Materials 
with more than 70 percent of moisture are likely to leak juice from the 
silo. This is not only objectionable for sanitary reasons but the loss 
of nutrients in the juice is considerable. 

Crops cut at the usual haymaking stage will have about 75 percent 
of moisture. The moisture may be higher than this if the crop is 
immature or if the soil is moist, and it may be lower than this if the 
crop is mature or if it is harvested in dry weather. In order to 
prevent leaking, the high-moisture crops will often have to be wilted 
before they are put in the silo. The time required for sufficient wilting 
depends on the amount of moisture which must be evaporated and 
on the weather. It may be only an hour or so, or it may be a day 
or more. 

The objections that have been raised to wilting or partial drying 
are: (1) Some of the carotene is lost during the wilting process: (2) 
there is no practicable way of telling when sufficient wilting has 
taken place; (3) it is more difficult to exclude air from the partly 
dried silage. In certain dairies featuring milk with a high vitamin A 
content the first objection may be important in spite of the fact that 
perhaps not over 20 percent of the carotene is lost during wilting and 
that there is still more than enough to maintain milk production and 
the health of the cattle. The second objection is of no great conse- 
quence because the range in moisture contents below 70 can be con- 
siderable without any particular disadvantage. The third objection 
can be overcome by topping out the silo with a load or two of high- 
moisture material. If the silage is very dry it cannot be depended 
on to tighten wooden silos by causing the staves to swell and close 
the cracks. The lower the moisture content of the crop, the greater 
is the necessity for tight walls and doors. 

Wilting or partial drying compared with no treatment improves 
the palatability and odor of the silage and obviates leaking; compared 
with the addition of hydrochloric and sulfuric acids, it is easier and 
less expensive, the silage is more palatable, and leaking is obviated ; 
and compared with the addition of molasses, it is easier and less 
expensive, the silage is fully as palatable, and the losses both from 
fermentation and leaking are likely to be less. 

Chopping 
All silages should be chopped finely rather than coarsely. This 

appears to be more important with crops having coarse stems or 
stalks like corn and with hay crops having a low moisture content 
than it is with high-moisture hay crops. Much of the coarser portions 
of corn cut in long lengths is likely to be refused by livestock; long-cut 
hay crops with a low moisture content may not pack closely enough 
to prevent spoilage. In any event fine cutting makes it possible to 
put a greater tonnage in a given space. There is some evidence that 
half-dried hay crops are more difficult to chop than crops that are 
either wetter or drier. 
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If there is a lapse in filling of more than 2 days, a layer at the top 
of the silage is likely to mold. This layer may be removed before 
filling is resumed, or it may be discarded when the silage is removed 
for feeding. 

USE AND LIMITATIONS OF HAY AND SILAGE AS FEEDS 

Silage is the dairy farmer's main reliance for winter feed in those 
regions of the United States where corn or the sorgos do well and hays 
are cured with difficulty. It not only provides nutrients at a nominal 
cost but also, because of its carotene content, provides for more perfect 
nutrition of livestock in regions where the hay is of poor quality. 
The nutrients in hay and silage are usually cheaper than those in 
grains. If good hays can be produced in abundance and cheaply, 
there is no particular need for silage. Good hays contain the elements 
for satisfactory nutrition and practically as much nutriment will be 
eaten in a ration of good hay alone as in a ration of good hay and silage. 
However, if the hay is not of good quality, more nutrients will be 
eaten in hay and silage fed together than in hay fed alone. Silage is 
also an excellent feed for beef cattle and sheep, but these classes of 
livestock are perhaps not so much in need of the carotene contained 
in silage as are dairy cattle. 

Cattle will do well on a ration having corn silage as the sole rough- 
age but not so well as if some hay is fed too. They will not consume 
as much nutriment without hay, and corn or sorgo silage is too low 
in proteins and minerals. Corn and sorgo silages are particularly well 
supplemented by legume hays. The best quantities to feed of silages 
made from the hay crops and the way in which they can best be sup- 
plemented have not been worked out satisfactorily. Those who have 
had experience in feeding high-moisture legume and grass silages advo- 
cate the feeding of some hay along with the silage. Probably the 
moisture content of the silage will have an important bearing on 
whether or not some hay is to be fed. Low-moisture silage (about 
50 percent of water) was fed to dairy cows by the Bureau of Dairy 
Industry (1039) in comparison with a good-quality hay. The con- 
sumption of dry matter in the form of silage was fully equal to that in 
the form of hay, and the milk flow was as effectively maintained. 

Any kind of nonlegume, whether used as hay or silage, has a con- 
tent of protein too low for most feeding purposes unless harvested at 
an immature stage. Even then some nonlegumes contain too little 
protein for growing stock and milking animals. All forages, whether 
legume or nonlegume, fail to contain sufficient available energy for 
maximum production of meat or milk. In such cases supplementary 
feeding with more concentrated feeds is indicated. Usually, there is 
nothing about the process of making crops into hay or silage, if well 
done, that materially changes their palatability or nutritive value 
from what it was in the green, state except that the hays sustain a 
heavy loss of carotene. For the maintenance and gestation of rumi- 
nants these feeds ordinarily contain enough available energy, but the 
protein may be deficient in the nonlegume hays, in the silages made 
from cereals, and in the silages made from grasses unless these are 
harvested at an immature stage. 

The harvested forages not only provide the essential nutritive con- 
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stituents that are contained in seeds and their byproducts but they 
also provide vitamins A, D, and G and most of the minerals in much 
greater quantities than do most of the concentrated feeds. If grown 
on soils that have no pronounced deficiencies and harvested and stored 
in a proper manner they will provide, so far as known, all or nearly 
all the essential nutritive constituents for livestock except common 
salt, and in some cases protein and possibly phosphorus. The diges- 
tive systems of poultry and swine are not adapted to the handling of 
large quantities of crude fiber such as are found in the harvested for- 
ages. For this reason forages are mainly used for these two classes 
of livestock to supplement more concentrated feed and to provide the 
nutritive constituents, vitamin A particularly, which may be lacking 
in the concentrated feed. Even the herbívora may at times need 
more energy than is contained in harvested forages; working horses 
and fattening stock are familiar examples, while lactating animals 
may require more protein and possibly more phosphorus as well as 
more energy. Concentrated feeds such as the cereals and byproducts 
of the oil mills, flour mills, meat-packing establishments, etc., are 
used to provide the protein and energy which may be lacking in the 
forages, and wheat bran, oil meals, or compounds of phosphorus, par- 
ticularly bonemeal, are used to provide the phosphorus. 

There are a number of important problems relating to hay and 
silage which remain to be solved.    A few of them follow: 

The influence of the grade of the hay on the palatability and nutri- 
tive value should be determined in order that relative monetary values 
of the different grades may be estimated. 

The extent to which concentrates can be profitably replaced by 
forages is a matter of vital concern to all persons interested in the 
economical feeding of livestock and in the conservation and improve- 
ment of the soil. 

The kind of bacteria that are responsible for malodorous silage and 
protein break-down and the conditions favoring their development 
should be determined in order that such conditions may be recognized 
and avoided. 

The conditions required for the certain preservation in the silo of 
hays field-dried to a point approaching that at which they are usually 
stored in a stack or mow should be investigated. Storage of the hays 
in a silo instead of a mow would lessen the hazard of fire as well as 
preserve more of the feed nutrients. 

The possibility of using cheap mineral acids in much smaller quan- 
tities than commonly advised should be studied. High acidity impairs 
the palatability and probably is not necessary for satisfactory preser- 
vation of the silage. 

The influence of phosphoric acid on the quality and nutritive value 
of the silage should be investigated. 



LOSSES  IN  MAKING  HAY 

AND  SILAGE 

by J. A. LeClerci 

H E R E is a thoroughgoing account of the losses that may be expected in 

hav and silage as compared with the fresh plant material. Under each 

heading the author first gives a general account, with recommendations, 

and follows this with a detailed summary of experimental data, including 
much technical material. He describes the newer methods of handling 
forage crops—including the use of cakes made of fresh grass—and the 
most important methods of preparing silage. 

HAY 

UNTIL a very few years ago field curing was practically the only 
method ever used m preparing hay for storage. Considering the 
fact that even with normal practice and under normal weather condi- 
tions, haymaking in many sections of this country is accompanied by 
a loss of dry matter amounting to 10 percent or more, it follows that 
the loss to farmers each year may amount to at least 75 million 
dollars. If the weather during haying is unfavorable, the loss in 
nutritive value may easily be several times as great as normally, 
entailing a correspondingly larger financial loss. 

Studies of hay crops cured and stored by traditional methods as 
compared with newer methods appear to support the following 
conclusions: 

1. Field curing of hay, under ordinary conditions, is always accom- 
panied by appreciable mechanical losses of leaves—that portion of 
the crop richest in dry matter, protein, vitamins, and minerals. 

2. Losses of valuable constituents of the hay as the result of rain 
may account at times in certain localities for as much as half the 
value of the crop (hence the old adage, '"'Make hay while the sun 
shines^). 

3. Losses by artificial drying are small compared to those by field 
curing. 

i J. A. LeClerc is Senior Chemisr. Food Researcii IMvision, Bureau of Chemistry and Soils. 
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4. Artificial drying can be done in any weather. There is no loss 
from leaching, little loss of carotene, and little or no loss from shatter- 
ing of leaves. The product is a better feed than is the ordinary field- 
cured product. 

5. Since the leaves are the most nutritious portion of the crop, 
it is essential to cut the hay when the leaves are in greatest abundance. 
Artificial drying of hay is the surest way to save the greatest pro- 
portion of the leaves. 

6. The utilization, by artificial drying, of young grass (before the 
nodes are formed) might prove of great monetary value to farmers, 
especially in certain sections of this country where weather conditions 
are favorable for the growth of grass, and where there is a lack of 
concentrated feeds. 

7. The processing of young dried grass (before the stems are 
formed) into so-called grass cakes by compressing machines appears 
from English experiments to have promise. This process might prove 
worthy of study in certain sections of the United States. 

8. Young-grass cakes appear to have unusual food value. A study 
of the chemistry and feeding value of young grass may reveal factors, 
now unknown, which have an important bearing on the health of 
animals and man. 

9. The utilization of young grass appears to be a means of increas- 
ing the national wealth by assuring better health to animals through 
a supply of feed richer in essential minerals and vitamins than many 
of the feeds ordinarily used, and consequently producing more nutri- 
tious animal food for man. The conservation of young grass promises 
to play an important role in the agriculture of certain parts of this 
country. 

DATA ON HAYMAKING AND ON NEWER METHODS 

Losses in Field-Cured Hay 

According to Fleischmann {S6U)? the field curing of hay is always accompanied 
by profound changes in the constituents, even though the losses may be slight, 
and hence it is not correct to refer to dried hay as <'low-moisture green fodder.'' 

The losses of total dry matter during haymaking may vary from 10 to 30 
percent; of digestible dry matter, from 15 to 35 percent; and of starch equivalent 
(1 pound of starch equivalent has an average net energy value of 1.071 therms 
{SÍ9)) from 25 to 50 percent, 

A picture of the losses in dry matter and protein is found in tables 1 and 2, 
which give figures for green alfalfa and for field-cured alfalfa hay. 

TABLE 1,—Weight and percentage of dry matter and protein in  1 ton of green alfalfa1 

Item Tota crop Lea ves Stems 

Green crop.     -      __       _    __         ..      __ _ 
Pounds 

2,000 
580 

92.4 

Percent 
100 
29 

4.62 

15. 93 

Pounds 
1.100 

220 
52.8 

Percent 
55 
20 

4.8 

24.0 

Pounds 
990 
360 

39.6 

Percent 
45 

Drv matter 40 
Protein in the green alfalfa.         .   _..__    4.4 
Protein in the dry matter on basis of no loss of leaves 

or stems   11.0 

i Basis of calculation: Leaves in green crop. 55 percent.   Loss of leaves. 30 percent; of stems, 10 percent. 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 

141894'—30 M 
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TABLE 2.—Portions of the green crop saved or lost on curing 

Proportion saved or i 
lost of— 

Portion saved Portion lost 

Total crop   ¡      Leaves 

Green crop  
Dry matter  
Protein of green al- 

falfa. 

Lbs. 
1,580 

478 

72.6 
Protein of crop I  15.2 

Total crop   ;      Leaves Stems 

Pet.     Lbs. 
70        810 
70 j      324 

70 ' 35.64 
24.0 I  

Pet. |   Lbs.     Pet.  \ Lbs. 
90 I      420 I      21  j      330 
90 ;      102 j 17.6 i       66 

90 
11.0 

19.80 i 21.5 j  15.84 
 j 19.4     

Pet. ' Lbs. 
30 ! 90 
30 I      36 

Pet. 
10 
10 

10 
11 

On the basis that during held curing there is a loss of 30 percent of leaves and 
10 percent of steins, 1 ton of green alfalfa will yield 478 pounds of drv matter, con- 
sisting of 1.54 pounds of leaves and 324 pounds of steins. The amount of protein 
in the dried crop will be 72.6 pounds, of which 36.96 is in the leaves and 35.64 
m the stems. When compared to the amount of dry matter and of protein in the 
2,000 pounds of green alfalfa, these figures represent a loss of 102 pounds of dry 
matter during the curing process, equivalent to 420 pounds of the original green 
crop; and likewise a loss of 19,8 pounds of protein. In other words, 21 percent of 
the green crop (equivalent to 17.6 of the dry matter and 21.5 percent of the pro- 
tein) was lost during field curing. 

TABLE %.-—Composition, digestibility, and digestible nutrients in field grass and early 
hay. on dry basis 

Composition Digestibility Digestible nutrients 

Constituent 

S-  11 li Fresh 
grass 

Fat (ether extract) ¡     1.9 
Crude fiber |   24.6 

Percent 'Percent \Percent 

Crude protein. 
Minerals (ash)  
Carbohydrate     (nitrogen- 

free extract)  
True protein  
Lime (calcium oxide)  
Phosphoric acid (phospho- 

rus pentoxide)  
Starch equivalent.  
Protein equivalent  
Dry  matter  in fresh  ma- 

terial  

11.8 
.6 

b' 
24.0 
12.2 

54,3 
9.9 
.58 

2.0 
26. 9 
12.9 
8.2 

50.0 
10.4 

.72 

Hay 
from 
field 

Hay 
from 

stacks 

Fresh Hay 
from 
field 

Hay 
from 

stacks 

Percent \Percent Percent 
57. 7 ! 41. 0 I 44. 0 
77.5 I 76.0 i 77.9 
68. 9 1      66. 5 I      48. 5 

81.9 
67.1 

79. 9 
62. G 

24.8 74.7 

Percent 
1.1 

19.1 
8.1 

Percent 
0.76 

18.3 
8.1 

70.4 
48.3 

74. í 

44.3 
7.0 

63.7 
7.4 

3.4 
6.2 

55.0 
7.2 

Percent 
0.87 

20. 9 
6.3 

35.2 
5.0 

47.0 
5.7 

The losses in field-cured hay have been apportioned  bv  Wiegner (1218) as 
shown in table 4. 

TABLE 4,—Distribution oj losses of dry matter and of starch equivalent as the result of 
field curing of hay 

Dry matter 

Respiration of crop  
Mechanical injury  
Fermentation in the stack  
Metabolic processes in the animal. 

Total  

Percent 
Up to 10 

5-10 
5-10 

Digestible 
dry matter 

Percent 
5-15 
5-1Ü ; 
5-10 1 

Starch equiv- 
alent 

15-35 ! 

Percent 
5-15 
5-10 
5-10 

10-15 

25-50 
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On the basis of a 26,000,000-ton crop of alfalfa, the loss of dry matter and of 
protein would be 1,326,000 and 257,000 tons, respectively. 

Besides this tremendous loss of protein and dry matter as the result of ordinary 
field curing, the loss of 30 percent of leaves during this process involves corre- 
spondingly large losses of calcium, phosphorus, and other essential minerais, for 
the leaves are the richest part of the plant in minerals as well as in protein and 
vitamins. 

Watson, Ferguson, and Horton {119/+) analyzed fresh grass, hay from the field, 
and hay from stacks with the results shown in table 3. Under quite different 
haymaking conditions, of course, the results might be materially different. 

Losses in Curing 
The classical researches of Fleischmann (364) in Germany constitute the most 

important contribution to the study of hay and the losses that take place during 
field curing. Until this study was made if was generally believed that if the hay 
was cut and dried under favorable conditions, unaccompanied by any loss of leaves, 
the dried hay retained unchanged, and in toto, the feed constituents present in 
the green crop, and that the only difference between the freshly cut grass and the 
field-cured hay was physical and in the moisture content. 

Some of Fleischmann^s general conclusions are well worth reproducing here. 
It is a question, of course, whether European data can be applied to this country, 
especially to those localities where drying of hay in the field can be completed in 
at most 2 days owing to continuous sunshine. In Europe because of rains or 
heavy dew field curing frequently requires several days. 

(I)' If hay is dried the same day it is cut the loss, if any, will be small. 
(2) Slow drying (as on a sunless day) causes losses in dry matter of 4 to 13 

percent. The longer the time required to dry, or the higher the temperature of 
drying in cloudy weather, the greater the loss of dry matter. 

(3) The loss of dry matter ceases, however, when the partly dried hay still 
contains 38 percent of moisture (or, in other words, when hay has lost 87 percent 
of its original moisture) even though drying still be continued. 

(4) The loss (about 9 percent) due to vitaJ activity (enzymes) is considerably 
more than the loss (2 to 4 percent) due to micro-organisms. 

(5) The drier the grass the greater the possibility of loss due to leaching from 
rain. When fresh or partly wilted grass is rained upon, the losses are due chieñy 
to activity within the cells. If wilted or dried hay becomes wet some loss may be 
caused also by bacteria. 

(6) In live grass the loss due to bacteria is small. In dead grass this loss may 
reach 20 percent. 

(7) In freshly cut and freshly made hay the content of lecithin (a fatlike sub- 
stance containing phosphorus) ' averages about 88 milligrams per 100 grams of 
dry matter; in stored hay only 20 milligrams are left, a loss of 75 percent. 

(8) The amount of protein nitrogen is always greater in the freshly cut grass 
than in hay (calculated on the same moisture content). On the other hand, the 
amount of amides (protein decomposition products) is always greater in hay. 
During haying there is always a loss of protein nitrogen but not of total nitrogen. 
This loss is due to activity within the cells. Freshly cut hay may contain as little 
as 9 percent of amide nitrogen and dried hay as much as 33 percent, especially if 
this hay has been dried under unfavorable conditions. 

(9) There is always a loss of fat during haymaking, and this may be as high as 
40 percent. This loss occurs whether the hay is dried in the sun or in the shade. 
The decrease in fat is correlated with the decrease in dry matter. 

(10) No change has been noted in the crude fiber content. 
(11) The loss of starch is significant if the hay is dried slowly, but when the 

drving is done quickly the loss is reduced to a minimum. 
(12) The percentage of sugars decreases with the length of time of drying and 

with the temperature. 
In a growing plant ingredients move from one part of the plant to another, 

especially toward maturity (151). In the drying of grass to hay there is a con- 
tinuation of this interchange of ingredients. 

According to Watson {1187), the losses by shattering of leaves, leaching, 
fermentation in the stack, the destruction of the carotene, etc., when hay is made 
in the ordinarv way, may in the aggregate amount to 25 percent or more of the 
food value of the hay. Studies in Norway have shown average losses of 20 percent. 
In ordinary hay curing there is always a natural fermentation going on, with more 
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or less production of heat, depending largely on the moisture content. The 
maximum temperature as the result of this fermentation is attained in about 10 
days. A secondary fermentation is noted about 3 weeks after the hay is stacked. 
The highest temperature noted in some of these experiments was 150° P. 

Under average conditions of haymaking in the British Isles the losses in feed 
value from harvesting to storing in stacks may amount to 30 percent or more of 
the starch equivalent and digestible crude protein, and in unfavorable weather 
these losses may even exceed 50 percent (1189). 

The losses that take place m the field and in stacks with both early hay and 
ordinary hay were studied by Watson and his associates (1194), with the results 
shown in table 5. 

TABLE 5.—Losses of feed constituents thai take place in curing hay 

Constituent 

Dry matter  
Crude protein.... _ 
Starch equivalent- 
Protein equivalent 

Early 
hay 

Percent 
18.0 
14.3 
34. 5 
23. 0 

Ordinary 
hay 

Per ce nt 
14.3 

2r,. 7 
33. 1 

In stack« 

Early    ¡Ordinary 
bay hay 

Percent 

  
Percent 

5.2 
2.2 
a s 
9.0 

2.7 
5.3 

: +4. 3 

Early 
hay 

Percent 
23.2 
16.5 
il. 3 
32.0 

Ordinary 
hay 

Percent 
20.0 
21.7 
32.0 
29.4 

: Gmn. 

During favorable years the losses of dry matter and of starch equivalent in 
ordinary hay averaged 8 and 20 percent, respectively; in bad years, 34 and 47 
percent. With early hay the respective losses were 13 and 25 percent in good 
years, and 23 and 44 percent in bad seasons. 

TABLE 6.—Total nitrogen, protein  nitrogen,  and amide nitrogen in grass dried under 
differ ej it con dit i o n s 

Xitrogen in water- Nitrogen in water- 
Total ni- free substance an- free original sub- 

Kind of trrass. ti j 
alyzed stance trogen 

How or where dried 6 6 .¿ . 

11 ^"3 
2 'Ma 

3¾ |Í:|I ¥ 1:1 
Days TIrs. °C. Pet. Pet. 

^ < H w 

Pet. Pet. 

< 

Pet. Pet. Pet. Pet. Pr.f 
Vacuum1  Festuca pra- 

tensis. 
3 98 23.0 2.29 2.01 0.28 2.29 2.01 0.28 88 12 

Greenhouse  __  ..do  ti 12 14 20.6 2.44 1.94 .50 2.18 1.73 .45 79 21 
Cellar  _. . -do  7 12 11 21.1 2.43 1.78 .65 2.23 1.63 .60 73 27 
Room   do  4 0 14 21.2 2.47 1.86 .61 2.28 1.72 .56 75 25 
Vacuum'  Poapraten- 

sis. 
 do  

3 98 26.1 2.92 2.67 .25 2.92 2.67 .25 91 9 

Greenhouse  7 0 15 24.1 3.30 2.36 .94 3.05 2.18 .87 72 ,    28 
Vacuum i  Onobrychis 3 98 20.2 3. 36 2.98 .38 3.36 2.98 .38 89       11 

mtiva. 
Shade   do  5 0 16 IS. S 3.66 2.45 :  1.21 3.36 2. 25 1,11 67 :    33 
Greenhouse   do  6 Ü lo 18.2 3.68 2.22     1.46 3.32 2.00 1.32 60       40 
Wilted in cellar   do.,  7 0 13 19.0 3.54 2.00 :  1.54 3. 32 1.88 1.44 57      43 
Vacuum i  Mixed grass - 3 98 22.0 3.91 3.31 :    .60 3.91 3.31 .60 85       15 
In sun  5 {) 9 21. 1 ^.06 3.11   :     .95 3.90 2.99 .91 77      23 
Cellar   do  S 0 14 21.3 3.87 2.77 ,  1.09 3.74 2.68 1.06 72 :     2fi 
Vacuum i  Grass No. 1_ H 08 21. ß 3.15 2.83 '■    .32 3.15 2.83 .32 90 10 
In sun   do  2 0 19 20.7 3.22 2.63 ,    .59 3.08 2.52 .56 82 18 
Shade  i—do  

I—do  
3 12 20 19.5 3.44 1.90     1.54 3.10 1.71 1.39 55 45 
4 12 18 18.5 3.56 1. 83     1. 73 3.04 1.56 1.48 51 i    49 

J Control. 
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Fleischmann's elaborately conducted experiments (364) in drying hay (I) in a 
vacuum, (2) in the greenhouse, (3) in the cellar, (4) in shade, and (5) in sun, 
show that under certain conditions nearly one-half of the protein may be broken 
down into amides. This is especially true when the hay is being dried for several 
days in the shade. When dried under good conditions, however, hay may con- 
tain as little as 10 percent of amide nitrogen (table 6). 

The loss of leaves during the field curing of alfalfa under good conditions varies 
from 5.9 percent to 9.2 percent (see the article, The Nutritive Value of Har- 
vested Forages, p. 968). This is an important factor, for leaves are the richest 
part of the plant in food nutrients. Leaves of cereal hays constitute one-fifth of 
the weight of the plant. After the milk stage these leaves contain nearly one- 
half of the minerals and 40 percent of the fat of the whole plant {1091). 

Losses Through Leaching 

Experiments conducted long ago in the Bureau of Chemistry showed that at 
least 30 percent of the phosphorus, 65 percent of the potash, and 20 percent of 
the nitrogen may be washed from dried plants by rain {672). More recent experi- 
ments by Guilbert, Mead, and Jackson U46) show that losses from leaching 
may be as high as 67 percent of the minerals, 35 percent of the carbohydrate 
(nitrogen-free extract), and 18 percent of the protein. Only a slight loss of fat 
was noted. The crude fiber content of leached plants was actually higher than 
before leaching, owing, of course, to the large losses of the other constituents. 

Losses in Undercured or Wet Hay 

It is well known that hay stored in mows or stacks in an undercured condition 
or cured hay allowed to become wet from any cause after storage is subject to 
excessive spontaneous heating, and such heating may progress to temperatures 
sufficiently high to produce ignition. The annual fire loss in the United States 
due to the spontaneous ignition of hay has been estimated as high as $20,000,000. 
The spontaneous heating may stop short of ignition, but even then the hay will 
suffer very serious deterioration and often complete destruction of its feeding 
value.    Losses of this nature probably are even greater than the losses from fire. 

In brown and black alfalfa, which is made by stacking partly wilted alfalfa 
with air excluded, Swanson, Call, and Salmon (1112) found enormous losses in 
protein, crude fiber, carbohydrate (nitrogen-free extract), and fat (ether extract). 

Truninger {1151) found that excessive fermentation in storage resulted in losses 
of nitrogen-free extract as high as 40 percent. In only one case was the loss of 
digestible pure protein less than 50 percent, and in some cases it was complete. 

Hoffman and Bradshaw {526) report very serious losses of organic substance in 
the storage of alfalfa of high moisture content. The losses involved chiefly the 
fats (maximum 47 percent), the sugars (maximum 94 percent), and the hemicel- 
lulose group—the more digestible portion of the plant framework (maximum 52 
percent). Under the more extreme conditions cellulose and crude protein also 
were attacked. 

It is generally agreed that the initial production of heat in a mass of undercured 
or wet hay is due mainly to the respiration process of the living plant cell and to 
the activity of micro-organisms. These agencies are capable of raising the tem- 
perature of the hay to as high as 158° F. or slightly higher. Temperatures above 
this (the death point of micro-organisms) cannot be due to biological causes. In 
the effort to account for the subsequent rapid rise of temperature that is neces- 
sary to produce ignition, various and sometimes conflicting hypotheses have been 
proposed. That of Browne {162) appears to be the most deserving of considera- 
tion. It is based on the assumption that micro-organisms in the absence of 
oxygen first produce unsaturated, highly unstable intermediate fermentation 
products whose subsequent oxidation generates the heat that may ultimately lead 
to ignition. 

Losses of Vitamins 

During sun curing of hay a considerable proportion of the carotene is destroyed 
Gordon and Hurst {4-26) show that sun-cured alfalfa contains 36 parts per million 
of carotene, or only about one-third that found in artificially dried hay. The 
relative amounts of carotene in sun-dried and artificially  dried lespedeza was 
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found to be 52 and 75 parts per million, respectively; in sorghum, 17 and 27; 
and in soybean hay, 42 and 64, 

The carotene content of artificially dried grass was found by Watson {1187) 
to be 34.5 milligrams in 100 grams; that of A. I. V. silage, 46 milligrams; that of 
low-temperature silage, 39.5 milligrams; and that of meadow hay, only 1.5 milli- 
grams. As much as 80 percent of the carotene may be lost during the first 24 
hours after cutting {998), most of this loss being due to enzymic action associated 
with favorable moisture and temperature conditions. Hay cured away from 
ultraviolet light—for example, indoors—or by artificial heat in a drier retains 
most of its vitamin A {1076). 

Intermittent sunshine and rain while alfalfa is in a swath causes the alfalfa to 
become bleached as well as to suffer an almost total loss (96 percent) of its vitamin 
A. 

Vitamin Bi in hay is present to the extent of 1 to 3 International Units per 
gram. This vitamin, being easily destroyed by heat, can deteriorate in storage 
and during the harsh treatment of curing to the point of almost total destruction 

When hay is exposed to rain it loses a considerable proportion of its vitamin G. 
Exposure to dry weather even for 4 days did not, however, affect the G content 

While curing hay in the sun causes it to lose its vitamin A, curing in the 
absence of light prevents the development of vitamin D. Synthesis of vitamin 
D occurs only when alfalfa is cured in the sun {1076). 

Artificially Dried Hay 
Researches and experiments during the past few years have shown that methods 

other than field curing for the preparation of hay for storage were deserving of 
attention. The freshly cut grass besides being field-cured can now be ensiled, 
artificially dried, or, as is sometimes done in England, dried and compressed into 
"cakes." Ensiled or compressed hays have the advantage that they cannot 
easily be set on fire, whereas hay in stacks or in mows is always a fire hazard. 

In the study of hay in the laboratory it was noted that when the hay was dried 
quickly in preparation for chemical analysis, it lost little or no dry matter, whereas 
the same hay dried in a cool, well-ventilated room lost 6 to 12 percent of dry matter 
{364). This difference quite naturally suggested quick drying of freshly cut grass 
in order to minimize the loss of dry matter. 

At present only an insignificant percentage of the hay crop is thus quickly (or 
artificially) dried; in fact, not much over 100,000 tons. ^ In the United Kingdom 
and on the continent of Europe a still smaller tonnage of hay is thus prepared. 

The object of drying green crops artificially is to retain the various factors that 
characterize hay of good quality. There are several types of driers—tray, belt, 
rotary, and pneumatic. These different forms of driers are as follows (971): 
(1) Tray driers are batch driers in which the grass is hand-shaken from one 
tray to another, halfway through drying, in order to facilitate even drying; (2) 
belt driers, in which the fresh grass is put in at one end and emerges dry at the 
other without handling; (3) rotary or drum driers, in which the grass is dried in a 
revolving drum, the herbage being agitated mechanically while under the influence 
of the furnace gas; (4) pneumatic driers, in which the grass is dried as it is carried 
along in the drying current. 

The expense of artificial drying is an important consideration, A drying 
machine must pay for itself by producing a product of greater monetary and 
nutritive value than field-cured hay. 

In artificial drying the losses of nutrient constituents, if any, should not exceed 
5 percent unless excessive shattering of leaves takes place. In general, the tem- 
perature of drying is a minor factor in affecting the quality of the product, pro- 
vided it is removed from the drier as soon as dry. So long as the plant has moisture 
that can be evaporated it will not be injured during the drying process. A pneu- 
matic drier with an initial or inlet temperature as high as 1,472° F. may produce 
dry grass of excellent quality (971). 

Experiments in drying grass indicate that the inlet temperature of 250° to 350° 
F. did not affect the digestibility of young dried grass, although with an initial 
temperature of 400° the grass lost appreciably in digestibilitv of the protein 
during 2 to 5 minutes of drying {532). 

Other experiments show that a temperature of 480° to 535° F. for 40 seconds 
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did not reduce the availability of the protein or calcium {490). Grass dried by 
direct heat in a kiln at 239° for 3 hours was only slightly less digestible than when 
dried with steam at 212° {1257). 

It has been demonstrated that the temperature of the drying gas does not 
affect the carotene content of hay or the digestibility of the protein {1187), as 
table 7 shows. 

TABLE 7.—Carotene content and the digestibility of the protein of hay dried 
at different temperatures 

Results at a gas tempérai are of 

482° F. \ 662° F. ! 

Carotene content, per 100 grams of dry matter.    __ .milligrams. _:     26.8 !     30.7 
Digestibility of crude protein percent. J     77,8        76,7 

1,112° 
F. 

It has been shown by Kane and coworkers {607) that ordinary market hay 
may frequently contain as little as one-tenth the carotene in the green crop, and 
that alfalfa quickly dried in a tunnel drier at 260° to 264° F. may have as much 
as seven times the vitamin A content found in poor-quality hay; that when alfalfa 
was dried in a rotary drum, being momentarily exposed to a temperature of 
1,200° to 1,382°, its carotene content was almost as high as in the freshly cut crops 
and 2 to 10 times as much as in the field-cured alfalfa. If, however, the artificially 
dried alfalfa is subsequently exposed to sunlight, it may lose much of its carotene. 
The amount of loss on exposure to sunlight is dependent largely on the tempera- 
ture during the time the dry hay is exposed, there being no loss at 32° in 8 weeks' 
time. At 68° to 86°, however, the loss may reach 30 percent. Alfalfa can, there- 
fore, be stored even in the light during the cold months without loss. 

When, however, the green material has once become dried and is then kept 
exposed to hot air, there is a loss of both vitamin A and of digestible protein 
(1188) (table 8). 

TABLE 8.—Effect of excessive drying at various temperatures on the quality of hay 

Tem- 
pera- 
ture 
(°F.) 

320__- 

Time 
of ex- 
posure 

Min- 
utes 

10 
60 

Caro- 
tene 

per 100 
grams 

Milli- 
grams 

25.1 
4.7 

Digest- 
ible pro- 

tein 

Percent 
82.9 
46.4 

UmM^- 
356. 

Min- 
utes 

10 
60 

Milli- ; 
grams ! Percent 

16.8 ; 83.4 
2.0 :        27.8 

IäISFI? 

392. 

Min-     Milli- : 
utes    ' grams Percent 

10          7.7 :       41.3 
GO            .0 9.9 

li 

Green pasture grass and the same grass after drying at different temperatures 
has been analyzed with the results shown in table 9 /¿r^^ 

TABLE 9.—Chemical composition of fresh and dried pasture grass, on dry basis 

Condition of grass Dry 
matter 

Green  
Sun-cured for 18 hours 
Dried at 250° F  
Dried at 300° F  
Dried at 350° F  
Dried at 400° F  

24.0 
92.2 
92.4 
92.7 
92.6 
93.2 

Protein 

16.4 
18.8 
17.5 
17.8 
18.2 
18.0 

Crude       Ether 
fiber        extract 

I Nitrogen- ¡ 
! free ex- I 
\     tract    I 

Calcium : Phos- 
phorus 

Percent     Percent     Percent ■   Percent I   Percent     Percent     Percent 
21.5 
20.5 i 
20.2 
21.0 
21.0 ! 

22.9 

3.8 
3.5 | 
4.6 I 
5.1 
4.3 ! 
5.0 I 

46.0 | 
44.6 | 
46. 5 
43.8 I 
44.9 ! 
42.5 I 

0.76 i 
.73 
.73 
.76 
.67 ' 
.69 

0.48 
.65 
.52 
.56 
.52 
.58 
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McClure  (719)  gives equally interesting results after having analyzed green 
pasture, field-cured hay, and artificially cured hay (table 10). 

TABLE 10.—Composition of fresh, field-cured, and artificially dried hay, 
on water-free basis 

Condition of hay Moisture Ether ex- 
tract Ash Crude 

fiber 
Crude pro- 

tein 

N itrogen- 
frec   ex- 

tract 

Green                          _       __ . 
Percent 

73.0 
16.9 
4.4 

Percent 
2.9 
2.1 
2.5 

Percent 
9.5 
6.9 
9.1 

Percent 
27.6 
28.2 
27.4 

Percent 
19.1 
13.7 
18.5 

Percent 
40 9 

Field cured.       . .   49 1 
Artificially cured 40 ,5 

This same author found that drying at a temperature up to 250° F. did not 
injure the color of the hay, but concludes that artificial drying should not super- 
sede field curing in localities where ideal haying conditions prevail. 

Woodman, Bee, and Griffith {1257) give results showing the coefficient of 
digestibility of the constituents of freshly cut and of kiln-dried grass (table 11). 

TABLE 11.—Coefficients of digestibility of freshly cut and kiln-dried grass 

Constituent 
Freshly 

cut 
gras? 

ill Constituent 
Freshly 

cut 
grass 

Kiln- 
dried 
grass 

Organic matter  
Crude protein.  .   _. :    ___ _ 

Percent 
79.3 
81.3 
57. 2 

Percent 
79.4 
78.2 
73.7 

Carbohydrate   (nitrogen-free 
extract)_   _ 

Percent 

80.3 
80.2 

Percent 

80 4 
Fat aether extract)  Crude fiber     _ 81 0 

It is concluded that direct heat in a kiln does not depress the coefficient of 
digestibility. 

While the temperature of the inlet gases (which come in contact with the 
young grass) may be as high as 302° F., the temperature of the grass itself never 
rises beyond 1760-194o so long as active evaporation of water is taking place. 

In the use of a band drier, with inlet temperature of 392° F., grass was dried 
down to 10-percent moisture content in 10 minutes, the amount of digestible 
protein being only slightly depressed. When, however, grass was dried in a 
pneumatic conveyor in 15 seconds at 1,112°, the digestible protein was appreciablv 
decreased {1191). 

Artificial drying also saves space. Dried, chopped grass, for example, will 
require only about half the storage space needed for ordinary hay. 

Young Grass 
The artificial drying of young grass, or short leafy herbage, before the stemming 

stage or before the nodes appear is a relatively new idea in the production of hay 
Such young grass is extremely rich in protein, fat, minerals, and vitamins. When 
it is cut weekly, the amount of protein in the grass after being dried may be as 
high as 21 percent; when cut at intervals of 3 weeks, the protein content will be 
about 19.3 percent; at 4-week intervals, 17.2 percent; and at 5-week intervals, 
14 percent {971). The cutting and drying of young grass to make a concentrated 
feed is a more urgent problem in England than in the United States. The 
frequent rains in England also favor the growth of grass. 

The composition and digestibility of fresh and dried young grass (table 12) have 
been studied by Watson {1187), the inlet temperature of the drier being 392° F. 

Drying of young grass apparently does not affect the content of vitamins A, B, 
G, or D. The carotene is retained almost entirely. If, however, the grass is 
wilted for 6 hours before artificial drying, as much as 14 percent of the carotene 
may be lost. Young grass has been found to be effective in giving animals 
greater powers of resistance against disease. It has been noted, for example, that 
white scour in calves and udder troubles in cows are less frequent when dried 
young grass is fed {971), 
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TABLE 12.—Composition and digestibility of fresh and dried grass, on water-free basis 

Constituont 

Crude über  
Crude protein  
Carbohydrate (nitrogen-free extract) 
Organic matter  
True protein  
Minerals (ash)    

Fresh grass 

Composition   Digestibility 

Percent 
21.9 
17.6 
44.9 
86.5 
13.1 
13.5 

Percent 
80.4 
77.6 
77.5 
77.3 
70.8 

Dried grass 

Composition   Digestibility 

Percent 
21.9 
17.6 
45.9 
88.5 
16.9 
11.5 

Percent 
78.1 
72.6 
77.0 
75.7 
72.2 

Instead of merely drying the young grass, so-called grass cakes have been made 
by first steaming the grass in troughs in order to dry it to less than 10 percent of 
moisture and then compressing this dried grass with a hydraulic press to a density 
such that 2,000 pounds occupied a space of 40 cubic feet. This grass cake con- 
tained 23 percent of protein, or 2½ times as much as is found in ordinary hay, and 
retained the original grass color {1204). 

The percentage of fiber in dried young grass is less than in hay. Further, the 
fiber is practically as digestible as that of fresh grass. A yield of 3¾ tons of dried 
young grass per acre is obtained when cuttings are made monthly. It is claimed 
that young grass provides more protein per acre than almost any other crop, except 
possibly marrow-stem kale.3 One hundred pounds of dried young grass contains 
13 to 14 pounds of digestible protein and 67 pounds of starch equivalent. A cow 
giving 5 gallons of milk a day will obtain all the protein, energy, and minerals 
required by consuming 33 to 34 pounds of dried grass. 

After having been dried, young grass may be ensiled as well as compressed. 

SILAGE 

The curing or preserving of legumes and grasses by ensiling in order 
to produce high-quality roughage is not only a source of national 
wealth but is destined to play a role of paramount importance in the 
agriculture of the future. 

Such a product is known as silage. According to one definition 
{1193) silage is a succulent fodder, made from fresh forage crops by 
storing them in a stack, trench, pit, or silo, from which air is excluded 
as much as possible ; according to another, it is a preserved fodder that 
has acquired a more or less aromatic odor and an acid taste without 
putrefactive or moldy flavors {53)] and according to a third, it is 
moist feed conserved in the absence of air (see The Nutritive Value of 
Harvested Forages, p. 981). Woodman and Amos {1265) divide 
silages into five distinct groups: (1) Sweet, dark-brown silage; (2) 
acid, light-brown silage; (3) green, fruity silage; (4) sour silage; and 
(5) musty silage. 

Silos are of more recent origin than granaries. Columbus found 
that the Indians used pits or trenches to preserve their grain. But 
antedating that by centuries, Pliny tells of grain being stored in pits, 
as airtight and air-free as possible, in Greece, Spain, and Africa. 
Varro, who lived during the second century (116-27) B. C, relates 
how grain was kept for over 50 years in pits. It is also known that 
in ancient Egypt silos constructed of masonry were used for preserving 
grains. 

In Metz, France, in 1707, there was uncovered a granary containing 

3 Daily Digest, U. S. Department of Agriculture, May 26, 1936.   [Mimeographed.] 
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grain that had been stored in 1528 and that was still in snch good 
condition that, it is claimed, good bread was made with flour milled 
therefrom. Green forage is said to have been preserved during the 
early history of the Baltic Provinces and in Sweden, where the uncer- 
tainty of the weather rendered difficult the proper curing of hay 

According to Samarani (1008) mention is made by John Symonds 
(University of Cambridge, 1786), of the ensiling of leaves by the 
peasants of Italy. The leaves were gathered in the cool of the day, 
allowed to wilt for 3 to 4 hours in sunlight, placed in wooden tanks 
that had been partly buried in the soil, compressed, and covered with 
earth. The tanks themselves were then covered with straw and more 
earth. This procedure is quite similar to the Crema process used 
today and described later in this article. In the course of time the 
buried tanks were modified into above-ground silos, made of wood, 
stone, concrete, and other materials. The present-day silos are in 
general not very different from those in use during the early years of 
the eighteenth century. 

In 1875 Goffart, in a paper presented to the Société Centrale 
d'Agriculture de France (25), related his experience with corn silage. 
He is reported to have said that at the time he purchased his farm in 
1840, 8 scrawny cows and 120 sheep lived a miserable existence, 
whereas ^today the same farm (300 acres) nourishes abundantly 68 
cattle, 6 horses, and 300 sheep." The method of ensiling used at 
that time was somewhat similar to the American tower process. Ac- 
cording to Woll {1261), Goffart may justly be called the "father of 
modern silage." 

The first silo built in the United States, also according to Woll, 
is said to be that erected by F. Morris in Maryland in 1876. With 
a yearly production of over 60 percent of the world corn output and 
the consumption of some 40 million tons of silage made chiefly from 
corn, the United States is justly known as the land of silos. 

The amount of corn silage produced per acre in the United States 
ranges from 4 to 20 tons. Depending largely on the nature of the 
crop and the locality, as much as 40 tons of silage (in the case of sun- 
flowers, for example) may be produced per acre. A corn crop that if 
allowed to mature would yield 50 bushels of shelled grain to the acre, 
would produce 8 to 12 tons of silage. A ton of ensiled corn would 
have yielded on the average only 5 to 5½ bushels of shelled grain 

The feed value of corn silage is evident when it is realized that 100 
pounds of dry matter contain 4.3 to 4.8 pounds of digestible crude 
protein and about 40 pounds of total digestible nutrients {521). 

Though corn is the principal crop utilized for silage in this country, 
grass silage can be made as advantageously in many places, and 
sometimes more economically than field-cured hay. 

Practices in different countries have shown that almost any herba- 
ceous crops can be used singly or in combination in making satisfac- 
tory silage. These crops include corn, oats, and vetch, alfalfa, clover, 
and other legumes, timothy and other grasses, sunflower plants, beet 
tops, potato leaves and stems, soybean plants, and others. The only 
crops that do not lend themselves satisfactorily to ensiling are the 
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root crops and those belonging to the Brassicaceae family (cabbage, 
kale, etc.). 

Cured hay deteriorates in feed value, while ensiled grass can be 
kept a long time with relatively small loss. Further, there is never 
any loss of ensiled grass as the result of farm fires, whereas 20 percent 
of the 150 million dollars' worth of farm property destroyed by fire 
each year is due to spontaneous combustion of stored hay. Grass 
silage contains about 70 percent of water and will not burn. There 
is relatively little loss of protein and dry matter—generally not more 
than one-fourth of the starch-equivalent or one-twentieth of the pro- 
tein—in good silage compared to the losses of these constituents in 
haymaking even under favorable weather conditions. 

Immature grasses, as a rule, make better and more palatable silage 
than do mature crops. The same applies to the making of hay. The 
chopping of grasses and legumes increases the amount of material that 
can be ensiled. Partial drying also increases the amount of dry 
matter than can be stored in a given space, but it tends to increase the 
surface spoilage {1267). 

It is generally admitted that good silage can be made in all types of 
upright silos if they are airtight. Silos with a gravel or concrete floor 
and with an open drain generally produce the most uniform silage, 
although many good silos are not provided with drains {821). 

Data given by Hosterman {5^3) and by Hamlin {Jt-6S) show that the 
space occupied by silage is approximately 44 cubic feet per ton, as 
against 470 to 485 cubic feet per ton for stacked alfalfa or 625 to 640 
per ton for stacked timothy. Large bales (box-pressed) of hay require 
about 200 cubic feet per ton, whereas the small or common bale will 
occupy from 100 to 150 cubic feet. 

The study of the chemical changes that take place during the 
ensiling process was first undertaken about 50 years ago. Today a 
vast and impressive literature confronts the student of this question. 
In the light of present knowledge—and lack of knowledge—the fol- 
lowing conclusions would seem to be justified: 

1. In making silage it must always be kept in mind that air is 
enemy No. 1, and that silage which becomes heated consumes itself. 

2. Undue or excessive losses are obviated either by the quick 
development of carbonic acid, as when heavy pressure is used in the 
Crema process, or by the production of sufficient acid to overcome the 
ravages of bacteria and other organisms, as in the making of ordinary 
corn silage. 

3. The use of silage made by the addition of mineral acids or by the 
use of chemical sterilizers has not been proved safe beyond question, 
in long-time feeding procedure. 

4. The use of such chemicals must for some time be looked upon 
with suspicion and in most cases rejected in favor of the more natural 
processes. Apparently the best method of supplying materials to the 
animal (and this refers to the use of phosphoric acid and other acids or 
chemicals used in making silage) is through the feeding of forages 
naturally rich in minerals that have been taken up from the soil and 
metabolized by the plant. 

5. It is a question whether silage prepared by the addition of mineral 
acids can be considered as beneficial to the animal as are silages in 
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which the acids of the organic type have been naturally formed. 
6. The question whether lactic acid made by the farmer himself 

from some of his waste farm products can be economically and suc- 
cessfully used in silage instead of mineral acids may be worthy of 
study. 

7. The vast amount of data, much of it inconclusive, reported by 
the various workers in this field indicates the necessity for concerted 
cooperative study of silage questions. For example, what kind of silo 
should be used under various conditions—with various crops harvested 
at different stages of growth, in different localities, under different 
weather conditions, by different processes, and with the aid of various 
added substances, chemical or otherwise? 

8. The methods of sampling silage for analysis and the basis used 
for the calculation of results may lead to erroneous conclusions regard- 
ing the feed value of the silage. These sources of error should be 
eliminated. 

9. The variation in the loss of dry substance resulting from the 
ensiling of different crops by different processes is of great economic 
importance. For example, with a consumption of 40 million tons of 
silage a year, a loss of 5 percent of dry matter would be equivalent to 
over 2 million tons of feed and a loss of 15 percent would mean that 
farmers would have fully 7 million tons less of feed at their command. 

10. Practically no information is available regarding the effect of 
fertilizers, soil treatment, and other factors on the quality of silage 
produced from the same crop grown in different localities or under 
differing systems. 

11. Little or no information is available regarding the relative effect 
of added mineral acids and of naturally formed organic acids on the 
character and utilizability of the mineral constituents of silage and oí 
some of the important organic constituents. 

12. Under certain favorable conditions the losses in haymaking are- 
less than in ensiling (^7^, 1256), The silo, however, is a means of 
saving considerable feed, which, if field-cured under ordinary or un- 
favorable conditions, would suffer appreciable loss. Silos can be filled 
in almost any kind of weather.    Silage is an emergency feed. 

13. Protein-rich crops—that is, crops with a ratio of 1 part of pro- 
tein to 2 parts or less of carbohydrate—are generally most successfully 
ensiled if mineral acids or molasses is added (4^4)- 

14. Carbohydrate-rich crops—that is, crops with a ratio of 1 part of 
protein to more than 2 parts of carbohydrate—can be ensiled without 
any addition of sugar or acid if they are ensiled in a moist condition. 

DATA ON LOSSES AND FEEDING VALUES IN SILAGE 

Beginnings of Experimental Work 

In 1883, Weiske and Schulze {1199) made silage experimentally for the purpose 
of studying some of the changes resulting from the process of ensiling green 
crops. Subsequently many other scientists, both in this country and abroad, 
engaged in the study of this question. Grandeau, of France, was one of the first to 
observe in silage the presence of acetic and lactic acids. At the Pennsylvania 
Agricultural Experiment Station a stone-basement root cellar was used as a silo; 
in the course of 3 years' experimentation a loss of 5 to 12 percent of dry matter 
was noted, chiefly of carbohydrates other than fiber {906). 

Henry and Woll {508) noted a loss of dry matter of 22 to 24 percent, the largest 
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losses being in carbohydrate (nitrogen-free extract), protein, and fiber. There was 
a gain in fat (ether extract), an observation that has been corroborated by many 
workers in this field, making it reasonable to assume that during the ensiling proc- 
ess some ether-soluble compounds may be produced. These authors furthermore 
noted a loss in ash, due, it was claimed, to the movement of juices of the green 
fodder and to diffusion. 

Armsby {34) and Jordan {596) proved by feeding tests that the process of en- 
siling caused a loss of nutritive value. Hills {514) and Collier {855) also demon- 
strated that there was a loss of dry matter, while Babcock and Russell {53) were 
the first to point out the role played in silage by bacteria. 

Theory of Silage Formation 
Russell (994) in 1908 made a very clear and concise explanation of what goes 

on during the process of making silage, and this has been somewhat further 
elaborated by Peterson, Hastings, and Fred {918). 

When green plants are ensiled in an airtight silo, the plant cells continue to 
function, that is, to respire, producing carbon dioxide with gradual exhaustion of 
any oxygen that may be present. The sugars are thus consumed in the absence 
of air or oxygen, complete oxidation being impossible. The intermediate prod- 
ucts—alcohol and acetic, lactic, and butyric acids (besides carbonic acid and 
water)—are probably all formed as the result of the activity of enzymes within 
the cells. Enzymes also act on the proteins to form amino acids, peptides (val- 
uable protein break-down products), and even ammonia. Because water vapor 
is largely retained, the temperature of the mass in general is raised somewhat, 
thus causing greater cell activity, but as the fresh material becomes exhausted 
the cells die, becoming flaccid and causing the mass to settle. At this time the 
temperature falls somewhat. 

Coincident with the decreasing activity of the plant cells comes an increase in 
the activity of bacteria, yeasts, and molds, causing a secondary rise in tempera- 
ture. Molds, however, cannot grow without air and cease to reproduce as soon 
as the oxygen has been consumed. Yeasts disappear within a few days, leaving 
only the bacteria as active agents. According to Watson and Ferguson {1193) 
the changes during ensiling are of two kinds: (1) Those occurring while the cells 
are still alive, and (2) those that come into play after the cells are dead, when the 
activity of micro-organisms sets in. 

Most of the changes characteristic of silage—for example, the disappearance of 
sugar and of the less resistant cellulose, the formation of acids, and the break- 
down of proteins—are the result mainly of the activity of enzymes within the 
cells—the primary factors in silage fermentation. The changes brought about 
by bacteria are regarded as being for the most part secondary. Certain workers 
in this field claim, however, that because lactic acid bacteria are present in such 
large numbers in silage their chemical activities cannot be disregarded {837). 
Typical of the products of bacterial activity are formic acid, higher fatty acids, 
humus, and amines (protein decomposition products). 

The work of Babcock and Russell of Wisconsin {53) who first showed that if 
bacteria are destroyed and enzymes only remain active in silage there will be no 
mold formation, no loss of dry matter, and no change in acidity, has been corrob- 
orated by Russell of England {994). While proteins may be changed to non- 
proteins there will be no loss of total nitrogen. 

Russell's experiments were conducted on a laboratory scale, green maize being 
ensiled in bottles.    Table 13 shows the results obtained at the end of 5 months. 

It is evident that in the absence of air the volatile acids are formed by the 
protoplasm of the living cells, as the result of anaerobic respiration (with little 
or no oxygen) ; and that the break-down of the protein nitrogen to nonprotein 
nitrogen is a function primarily of the enzymes and secondarily of bacteria, as 
certain amino acids found in silage are characteristic of bacterial action. The 
presence of air results in mold formation, musty smell, and freedom from organic 
acids, the product even becoming alkaline. It might be concluded also that in the 
presence of air an appreciable quantity of protein may be synthesized from non- 
protein nitrogenous compounds, as has been noted in stored^ barnyard manure. 

According to Esten, Christie, and Mason {336), sugar—which amounts to about 
3 to 4 percent in green-cornstalk juice—mostly disappears during fermentation 
on ensiling, and the percentage of acid found in the silage is about equivalent to 
the percentage of sugar originally found in the fresh crop.    The alcohol formed 
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largely disappears also, having been oxidized to acetic acid through some kind of 
fermentation by a combination of yeasts and bacteria, both of which are present 
in large numbers in freshly made silage. The acid bacteria grow until they 
produce enough acid to inhibit their own growth, when they die, but yeasts are 
still able to grow in such a medium and continue to convert sugar to alcohol, 
which in turn is finally oxidized to acetic acid. 

TABLE   13.—Effect  of protoplasm, enzymes, and micro-organisms,  under aerobic and 
anaerobic conditions, upon the formation, in silage, of volatile acids and ammonia 

All air excluded Air present 

Living maize- 
protoplasm, en- 
zymes, and bac- 

teria active 

Silage formed. 
No mold. 
Dry matter lost, 25 

percent. 
Mass became acid. 
Acetic and butyric 

acids formed. 
Protein changes to 

nonprotein. 
No loss of nitrogen 

in form of ammo- 
nia. 

Maize plus tolu- 
ene—enzymes 

only active 

N" o    obvious 
change. 

No mold. 
No loss. 
No change. 
No volatile acids 

formed. 
Protein changes to 

nonprotein. 
No loss of nitrogen 

as ammonia. 

Maize plus heat at 
98° C—spore-forming 
organisms only active 

No obvious change. 
Little mold. 
Dry matter lost, 12 

percent. 
No change. 
No volatile acids 

formed. 
No change in protein 
No loss of nitrogen 

in form of ammo- 
nia. 

Maize plus silage    | Living maize- 
juice—protoplasm,   i protoplasm, en- 

enzymes, and micro- zymes, and bac- 
organisms present teria active 

No obvious change. 
No mold. 
Dry matter lost, 25 

percent. 
Mass became acid. 
Acetic and butyric 

acids formed. 
Protein changes to 

nonprotein. 
No loss of nitrogen 

in form of ammo- 
nia. 

Putrefaction. 
Much mold. 
Dry matter lost, 60 

percent. 
Mass became alka- 

line. 
No volatile acids 

formed. 
Nonprotein changes 

to protein. 
Much loss of nitro- 

gen as ammonia. 

Among the acids formed, lactic and acetic appear to have a favorable effect on 
the quality of the silage, while butyric acid, which is the result of imperfect 
methods of ensiling and of putrefactive processes, injures the silage as a feed. 

The presence of acid is one of the criteria of good silage. The role of organic 
acids is as a preservative, for bacteria cannot grow except in a neutral or alkaline 
(or only slightly acid) medium. If air is kept excluded—that is, if anaerobic 
conditions arc maintained—the acidity formed in silage during the first 2 weeks 
is sufficient to check decomposition. Esten, Christie, and Mason {836) regard 
the process of acid formation in silage as identical to that in the making of sauer- 
kraut. The amount of acid in silage is from 1 to 2 percent. In a 100-ton silo 
there are from 2,000 to 3,000 pounds of mixed organic acid. An animal con- 
suming 40 pounds of silage a day will ingest an amount of acid equal to that in 
7 pints of vinegar. 

Fully 90 percent of the volatile acid found in good silage is acetic; propionic 
acid is next in amount. Butyric acid is found only in silage that shows evidence 
of spoilage. Lactic and acetic acids are always found in silage, irrespective of 
the kind of silo construction or the type of silage, according to Dox and Neidig 

The most obvious phenomena in silage making are, therefore, a rise in tem- 
perature (depending on the conditions under which the silage is made), changes 
in the color of the silage, the development of acids due to the oxidation of carbo- 
hydrates during cell respiration in the absence of air, the production of an aromatic 
odor, and the break-down of the proteins by hydrolysis. 

Silage from Different Types of Silos 

Trench Silage 
Experience has shown that green crops ensiled in trenches—an old method— 

make one of the cheapest forms of silage, superior to that made in a clamp (pit 
stack) or ordinary stack. In a pit or trench there is little loss from the molding 
of silage on the sides of the pit, whereas in a stack this loss is appreciable. The 
temperature attained in the material ensiled in a pit, owing to the relative com- 
pactness and the absence of air, is considerably lower than in a stack. The 
protein of pit silage is hence more digestible. 

In a trench silo, the average loss of digestible crude protein ranges from 0 to 
5 percent (in the case of good-quality silage), and the loss of the starch equivalent 
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averages 10 percent. So long as there is an adequate supply of sugar from the 
material ensiled and the silo is properly constructed, the formation of butyric 
acid, even in high-protein material, will be largely prevented. 

Stack Silage 
Stack silage, which is probably the oldest form of silage, requires no capital 

outlay. As prepared, it frequently shows a loss, from spoiled silage and silage 
unfit for feed, of nearly 30 percent of the dry matter. About 50 percent of the 
material in the center of the stack is, however, good sweet silage; the remainder, 
amounting to 20 percent more, is still edible, though it contains some butyric acid. 

Comparative tests conducted for 3 years at the Washington Agricultural 
Experiment Station {521) of silage in silos and in stacks show that while the 
losses of dry matter from spoilage were about 7 percent in the silo and 10 percent 
in the stack, the losses from other causes averaged nearly 25 percent in both silo 
and stack. The greatest losses occurred during the years when the material was 
ensiled in a wet condition. The recovery of silage, as measured by samples in 
bags and by total weight in a silo and in a stack is as shown in table 14. 

TABLE 14. —Average recovery of feed constituents of silage 

Basis Dry 
matter Protein Fiber 

Carbohy- 
drate 

Fat        (nitrogen- 
free 

;    extract) 

Ash 

Total weight: 
Silo                -     

Percent 
76 
76 

1 

Percent 
84 
75 

88 
75 

Percent \   Percent 
83 ;             79 
86 ;             87 

92              111 
92 !              97 

Percent 
69 
65 

76 
68 

Percent 
87 

Stack       __.   114 
From bags: 

Silo  —   89 
Stack                 91 

Clamp Silage 
What is known as "clamp silage" in England is similar to silage made in the 

so-called pit stack frequently found in the West, where a tractor is sometimes 
used to compress the material ensiled. This form of silage requires very little, 
if any, expense other than that of digging the pit, but it is difficult to make the 
silage without considerable loss—greater loss, in fact, than there is in most other 
forms of silage. The wastage on the top and sides may be as high as 25 percent, 
and the smaller the clamp the greater the loss; hence this form of silage should 
be made only on a large scale. Further, considerable sour silage is apt to be 
found at the bottom, owing to the very tight packing of the ensiled material by 
horse and cart (the English way) or by tractor. When succulent materials are 
ensiled and low temperatures are maintained, as often is the case with sour 
clamp silage, butyric acid, which accompanies putrefactive changes, may develop. 
Ammonia and other useless or harmful substances may also be produced at the 
expense of the proteins {1256), The best that can be said of clamp silage is that 
it is useful in saving green fodder in a succulent form when conditions are un- 
favorable for haymaking. The trenches used in the United States appear to 
preserve the silage more effectively than the British clamp silos. In the South- 
west particularly, trenches are being used to preserve various forage crops. If 
the trenches are well drained and the material is covered and packed to exclude air, 
the losses of nutrients may be little if any greater than in tower silos. 

Tower Silage 
Green material ensiled in a tower silo is generally chopped into small pieces 

and blown into the silo. Almost any kind of green crop may be used, although in 
the United States corn is the principal crop thus ensiled. 

Study of the transformations that take place in ensiled corn show that in 1 day 
after the silo is filled, the oxygen is reduced practically to zero and carbonic 
acid increased to 45 percent of the silo gas. In 2 days the percentage of carbonic 
acid is approximately 70. From this point the relative amount of this gas de- 
creases, so that at the end of 131 days less than 20 percent is left.    The moisture 
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content, which approximates 65 to 75 percent at the time of filling, remains 
practically constant during the ensiling process. The acidity of the juice gradually 
increases (from pH 5.9 to pH 4.0 or less), and the sugars^decrease from over 8 
percent to less than 2. At the time of filling, the amount of soluble nitrogen is 
about 18 percent of the total nitrogen, whereas at the end of fermentation the 
amount of soluble nitrogen is approximately 45 percent divided about equally 
between soluble protein and amino acids plus peptides {918). 

The loss of dry matter in good corn silage is about 10 percent. During the 
fermentation no trace of hydrogen, methane, or other hydrocarbons (all decompo- 
sition products of little or no feed value) is ordinarily found. 

That bacteria play an important role in the production of organic acids and 
alcohol is indicated by the appearance of large numbers at the time of most active 
fermentation.   Bacteria found in silage grow best at a temperature of about 90e F. 

From the study of the process of making ordinary corn silage, Peterson, Fred, 
and Verhulst {9Í7) concluded that 15 to 20 percent of the pentosans (carbohy- 
drates of somewhat less feed value than starch) were lost during fermentation at 
the end of 50 days. Other investigators have shown that as much as 30 percent 
of the pentosans may be lost, leading to the conclusion that pentosans as well 
as the ordinary carbohydrates may also be active in the production of organic 
acids {994). When green maize in sappy condition, containing as much as 78 
percent of moisture, is ensiled, the loss of dry matter due to respiration and 
bacterial action is considerably higher—25 percent or more {1206). 

When corn containing only 12 percent of dry matter was compressed in water- 
tight vats, it lost about one-fourth of its dry substance; but when it was loosely 
packed the loss of dry matter was nearly 36 percent in 115 days, while the loss 
of protein was over 50 percent {1199). 

Woodman and Amos {1255) found by analyzing samples taken from bags 
placed at different heights in various silos that the percentage loss (or gain) of 
constituents varied as follows: Moist material, 1.5 to 11, loss; dry matter, 5.8 to 
11.8, loss; organic matter, 6.3 to 12.9, loss; crude protein, 2.0, gain to 12.2, loss; 
fat (ether extract), 59 to 122, gain; carbohydrate (nitrogen-free extract), 16.2 to 
24.9, loss; crude fiber, 0.9, gain to 11.8, loss; minerals (ash), 3.1, gain to 6.8, 
loss; true protein, 11.8 to 55.3, loss; amides, 60 to 167, gain. The immature 
crops suffered the greatest hydrolytic changes in the protein; over 50 percent of 
the protein was broken down by hydrolysis, and this increased the amides by 
150 percent. 

Experiments conducted by Hansen {/+72), with the American tower silo in 
connection with such varied crops as vetch fodder, potato leaves and stems, 
clover, frozen beets, and meadow grass showed losses in dry matter as the result 
of ensiling as shown in table 15. 

TABLE 15.—Losses or gains in feed constituents as the result of ensiling various crops 

Constituent 

Weight of fodder  
Dry matter...   
Crude protein  
Pure protein  
Nonprotein    
Crude fat  
Nitrogen-free extract _ 
Crude flber__   
Pure ash __     

Vetch 
Potato 

stems and 
leaves 

Clover Frozen 
beets 

Perctnt Percent Percent Percent 
-10,9 -17.8 -9.8 -38.8 
-30. (3 -29,8 -20. 7 -26. 5 
+8.7 -11.9 -22. 3 -33.0 

-29.2 -40.0 -29.1 
+352.7 +531.8 +16. 2 
-31.8 -%5.2 -51.4 -38.8 
-46. 7 -46. 5 -20.3 -30.1 
-10. S -14.3 -16.2 -35.6 
-6.7 -22,1 -32. 6 -16.6 

Meadow 
grass 

Percent 
-25. 5 
-26, 3 
-24.7 
-30.0 
+3, 3 

-45,0 
-3R. 5 
-10.5 
-32.0 

From these experiments it was concluded that appreciable quantities of feed 
values were lost from each kind of material—even more than in ordinary hay- 
making. It was recommended, however, that when good hay cannot be made 
because of weather conditions, ensiling is worth while on any farm. Much feed 
can thus be saved that otherwise would be lost. 

The losses of carbohydrates and of dry matter in different kinds of silage made 
from oats and vetch ensiled in a tower silo and in a clamp silo were determined 
by Woodman and Hanley {1260) with the results shown in table 16. 
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TABLE 16.—Loss of dry matter and of carbohydrates in different kinds of silage 

Tower silo Clamp silo 

Acid brown Green 
fruity Sour            Sweet 

i 

Carbohydrates  
Dry matter  ___  . 

Percent 
14.7 
7.7 

Percent 
19.1 
11.2 

Percent 
45. 9 
23.4 

Percent 
20.5 
31.5 

A special study of acid-brown silage and of so-called fruity silage was made 
by Woodman and Amos {1255), who noted the gains or losses of constituents 
(table 17). 

TABLE 17.—Losses or gains of feed constituents in acid-hrown and green fruity silage 

Average oí 8 trials 

Constituent 

Average of 8 trials 

Constituent Acid-    1    Green 
brown   '■    fruity 
silage    |     silage 

Acid- 
brown 
silage 

Green 
fruity 
silage 

Drv matter 
Percent 

-7.7 
.0 

+45.0 
-14.7 

Percent 
-11.2 
-8.2 

+52.4 
-10.1 

Crude fiber  
Percent 

-6.0 
.0 

-28.4 
+96. 0 

Percent 
-5.5 

Crude protein. Ash  
True protein  

-9.2 
Ether extract---          __.    ___ -41.0 
Nitrogen-free extract Amides  +85. 3 

Silage Made by Different Processes 
No effort will be made here to cover silage made by all the known processes, but 

only those prepared by the most widely used or the most approved methods. 
In some cases the studies have been made with experimental lots of silage in 

small jars. Other studies have been made in small silos, constructed to simulate 
large farm silos. It is generally admitted that for the best comparative results 
indicative of what goes on in practice in a large silo, the amount of silage used in 
experiments of this kind should be at least 8 to 10 tons. However, results obtained 
on a small laboratory scale are very useful in arriving at the amount of the various 
constituents lost during ensiling. 

The A. I. V. Patented Method 
The method developed by A. I. Virtanen, Vallo, Finland, between 1925 and 

1929, consists of adding to the green crop (grass or legume) the so-called A. I. V. 
solution at the rate of about 17 gallons per ton of fresh material. This A. I. V. 
solution consists of concentrated hydrochloric acid (5 parts) mixed with concen- 
trated sulfuric acid (1 part), the mixture being diluted with 4 to 5 volumes of water 
to form what is known by chemists as twice normal strength of acid. The object is 
to increase the acidity of the green crop as soon as possible (to a pH value of 3.0 
to 4.0). Such a degree of acidity suppresses bacterial fermentation as well as 
respiration in the cells, thus preventing spoilage of the ensiled crop. With an 
acidity of pH 4 or below (the lower the number on the pH scale, the greater the 
acidity) there is little destruction of the proteins or vitamins. 

Watson and Ferguson (1192) ensiled a mixture of grasses and clover (moisture 
content 82 percent, dry matter 18 percent), filling the silo to a depth of 24 feet 
and using some 15 gallons of the dilute (twice normal) mixture of these mineral 
acids per ton. With pH 3.7 the carotene in the silage amounted to 57 milligrams 
per 100 grams of dry matter. This is essentially the same amount as is found in 
green grass, but somewhat more than in even artificially cured hay. In field- 
cured meadow hay, ae is well known, the amount of carotene is much lower, only 
about 1 to 3 milligrams {1256). This is good evidence that in properly ensiled 
grass the  vitamin  A potency remains high.    Somewhat later,  Watson   {1189) 

141394°—39 65 
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made seven accurate trials, conducted at Jealott's Hill, with silage prepared by 
different methods. The results showed that the loss of dry matter by the A. 1. V. 
process was 17.7 percent as against 18.2 percent by the ordinary ensiling method, 
16.1 percent in the case of silage with added molasses, and 17.7 percent in silage 
with added whey. The loss of protein was 3.8 percent in A. I. V. silage, 5.7 per- 
cent in ordinary silage, and 5.4 percent in silage containing molasses, while with 
silage containing whey a gain was recorded. 

These results are at variance with those obtained by Virtanen {1169), whose 
experiments indicated that A. I. V. silage suffers not over 8-percent loss of dry 
matter, in most cases the loss being nearer 3 percent. 

Recent experiments conducted at the Rowett Institute {569) demonstrate 
again that there is little if any difference between fresh timothy grass and the 
same grass ensiled by the A. I. V. process in quantity of dry matter, crude protein, 
true protein, and soluble protein. The addition of mineral acids to grass lowers 
the palatability but maintains the high carotene content and preserves the dry 
matter. The comparative absence of ammonia in A. I. V. silage was recently 
corroborated by Peterson, Bird, and Beeson (^.5). 

Silage Made With Added Molasses 

While it is perfectly feasible to ensile high-carbohydrate crops successfully 
because the acids, produced at the expense of the sugars and starch, act as a 
preservative agent, it is more difficult to ensile a protein-rich, high-moisture crop 
by the same method without undue loss. In the case of crops with low sugar and 
starch content, the development of organic acids in sufficient amounts to act as a 
preservative is prevented. Hence it has been suggested that when green grass or 
legumes are to be ensiled, some fermenting material be added. 

Reed and Fitch (958) were the first to add molasses (5 to 10 percent by weight) 
to alfalfa and to show that alfalfa so treated had a higher degree of acidity than 
when no molasses was added. The moisture in the crop was 60 to 70 percent. 
Other investigators {850)} however, have failed to find that the use of molasses 
increases the acid content of alfalfa silage, although it does apparentlv improve 
the palatability. Woodward {1267) is likewise of the opinion that "the main 
advantage of adding molasses to grasses with relatively high moisture content is to 
improve the palatability of the silage. 

Swanson and Tague {1113) ensiled alfalfa with molasses, germinated corn, and 
sound corn, and obtained the best results with molasses. 

With grasses or cereals some 40 pounds (3½ gallons) of molasses should be used 
per ton; with mixed grasses and legumes, 60 pounds (5 gallons); with alfalfa or 
clover, 80 pounds (7 gallons) ; and with soybeans, 100 pounds (8½ gallons). These 
amounts have been found to answer the purpose and to yield a palatable silage 
{821). In general, the higher the protein content of the crop, the more molasses 
should be used. 

While the losses in silage made with molasses are somewhat greater than in that 
made by the A. I. V. process, the production of silage with mineral acids entails a 
great deal more labor and delay than does the production of natural fermentation 
silage {281), or one to which molasses has been added. Further, the addition of 
molasses is better adapted to farm routine than is the use of mineral acids {143). 
Unlike acids, molasses does not injure the concrete or masonry of the silo and is not 
troublesome to use, and silage made with it does not need to be neutralized with 
ground limestone as is the case when mineral acids are used. Again, silage con- 
taining molasses is much more palatable than A. I. V. si tage. 

Silage Made With Added Whey 

When ordinary whey is added as a substitute for molasses to a protein-rich 
green crop, satisfactory conservation of the silage is not possible. Excellent 
silage can be made, however, by the use of dry or concentrated whey either 
alone or inoculated with lactic acid bacteria. Ño greater losses were rioted in 
such silages than were found in silage made either with molasses or bv the A. I. V. 
method {17). 

Defu Solution 

A modification of the A. I. V, process consists in using hydrochloric acid to 
which was added a small amount of phosphoric acid.    One and'one-fourth gallons, 
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or 16 pounds, of a mixture of these acids are diluted with 4 to 5 volumes of water, 
and this dilute solution is mixed with the green crop at the rate of 10 gallons 
per ton. When properly used, phosphoric acid makes good silage, causing the 
formation of lactic acid. Defu acid is said to have a favorable effect on the re- 
tention by animals of the calcium, phosphorus, and nitrogen present in feeds 
(463). According to Kirsch and Feeder (632), the use of the Defu solution 
resulted in a good silage, the loss of dry matter having been cut fully one-half. 

When this Defu solution (to which a small percentage of sugar was added) 
was used with pasture grass in an ordinary silo and in a pit (according to the 
Dutch method), the silage in the silo had lost 20 percent of the protein and 11 
percent of the total organic matter at the end of 3¾ months, and that in the pit 
68 and 24 percent, respectively. The acid in the pit silage was chiefly butyric, 
that in the silo chiefly lactic. The acidity of the silo silage expressed as pHVas 
3.7, and that of the pit silage 5.3 (159). 

The Samarani or Crema Process 
The Samarani (1003) or so-called Crema method is a low-temperature fer- 

mentation method developed at the Bacteriological Station at Crema (Lombardy), 
Italy, and consists in tightly compressing a partly wilted crop (moisture content 
35 to 45 percent) in an airtight silo. The top is weighted with a load of 600 to 
2,000 pounds per square yard of area, and this, in a way, acts as a seal. 

The carbon dioxide produced as the result of respiration within the cells of the 
vegetable tissue displaces the oxygen within a few hours and acts as a preservative. 
The theory is that if there is no access of air, the ensiled partly wilted crop 
will not heat and hence not spoil. 

When corn is ensiled by the American method in too dry a condition, it is often 
the practice to add water, and this demonstrates how different are the American 
and Italian theories of ensiling. In the American method the object is to hasten 
the development of acid in the silage. In the Samarani process every effort is 
made to prevent fermentation and to keep down the formation of more than a 
minimum of acidity. 

The essential factor in the Crema process is the reduction of the moisture 
content of the crop to a point where bacterial growth is hindered with subsequent 
control of fermentation, yet at the same time to retain sufficient enzymic activity 
in the plant cells to consume the oxygen. 

Whereas the loss of dry matter in silage in open ditches may amount to as much 
as 40 percent (the loss of dry matter in corn silage in a tower silo is about 10 
percent), the loss in Crema silage prepared in sealed silos is much less; there is 
little loss of sugar and no more than 10 percent of the protein is broken down by 
hydrolysis. It is being recognized more and more that fermentation and heating 
of ensiled material should be reduced to a minimum. Heating to 113° F. and 
over, as in the old style open silo, consumes the sugars and starch and reduces 
the nutritive value of the protein, calling to mind the old saying "silages which 
become heated consume themselves." Sealed silos of the Crema type prevent 
all undue heating of the mass; there is little acidification and a minimum loss of 
dry matter or of nutritive value. 

Toro-Silon 
The addition of certain sterilizing agents has been proposed for the purpose of 

inhibiting bacterial fermentation and preventing the break-down of protein by 
plant enzymes. This treatment of green crops for silage purposes is exemplified 
by the so-called Toro-Silon process, which consists of adding a mixture of formalde- 
hyde and sulfurons acid. According to Kirsch and Feeder (682), this treatment 
has no favorable effect on the quality of the silage or the prevention of losses, 
and these authors consider that it is useless. 

The Effect of Acidity 

Some 63 samples of silage, made from grass and forage crops, were tested by 
Watson and Ferguson (1193) for true protein, volatile bases (such as ammonia), 
and amino acids, and it was noted that silages with relatively low acidity (greater 
than pH 4.5) contained a smaller percentage of pure protein and a higher per- 
centage of ammonia than the same silages with high acidity (less than pH 4.0). 
In a general way this agrees with the results obtained by other investigators who, 
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on the basis of 83 samples, showed that those with a pH value less than 3.5 
averaged 5.9 percent ammonia nitrogen, whereas those with a pH value greater 
than 5.0 contained 27.4 percent of the total nitrogen in the form of ammonia. 
This represents a definite loss of protein. 

From a study of the effect of acidity on the presence of organic acids, it appears 
that silage with high acidity (low pH) averages considerably lower in volatile 
acids (chiefly acetic acid), but higher in residual acidity (lactic acid). The more 
lactic acid and the less acetic acid formed in silage, the better the silage as a 
rule. 

Butyric acid is, as a rule, not found in silage of high acid content (with pH 
4.2 or less). The acidity of silage also materially affects the ratio of volatile 
to fixed acids. Silages prepared from grass, grass and molasses, and grass and 
A. I. V. acid were studied by Watson and Ferguson {1193)} who found that when 
the acidity was high (less than pH 4), there was three times as much fixed acid 
(lactic) formed as volatile acid (acetic). When, however, the acidity was 
low (greater than pH 4.5), there was over twice as much volatile as of fixed acid. 
In other words, nonvolatile or fixed acids (chiefly lactic) decrease with an increase 
in pH value and vice versa. This applies in a general way to butyric acid (also 
volatile) as well, for when the acidity is relatively low (greater than pH 4.5), 
the amount of this undesirable acid increases appreciably. 

The figures from experiments conducted by Watson and Ferguson {1193), 
given in table 18, show the relative amounts of total acetic acid and of total 
butyric acid under different pH values and in different kinds of silage. It will 
be noted that a low acidity (high pH value) in silage is correlated with a high 
percentage of butyric acid. 

TABLE 18.—Amount of acetic and butyric acids in silages with different pH values 

Kind of silage 

Grass  
Do  

Grass and molasses.. 

pH 
value 

4.32 
5.21 
3.89 

Acetic I Butyric 
acid   ;    acid    ! Kind of silage Acetic ¡Butyric 

acid    !   acid 

Percent 
0.61 
.36 

Percent ,; 
0.11 ij Grass arai molasses  
1.42 :1 Grass and mineral acid_ 
.04   j Do  

Experiments conducted at the experiment station at Gembloux by Piraux, 
Hacquart, Joassin, and Desmet {927) also show that the higher the pH value 
of silage the more butyric acid it contains.     (Table 19.) 

TABLE 19.—Amount of butyric acid in silage with different pH values 

Kind of silage 

Warm fermentation in towers _ 
Warm fermentation in stacks.. 
Cold fermentation  

Butyric 
pH acid in 

value fresh 
silage 

Percent   ■ 
4.1 0.23 
4.7 .56 ; 
4.3 .52 | 

Kind of silage 

Cold fermentation, plus molasses. 
Silage plus mineral acids  . 

pH 
value 

Butyric 
acid in 
fresh 
silage 

j Percent 
3.9 0.09 
3.5 I .00 

Drainage Losses 
Drainage samples were collected by Godden {41-5) every 2 hours each day for 

20 days—that is, during the period of flow—and, on analysis, 47 to 82 pounds of 
dry matter were found in each 100 gallons of drainage liquid. The analysis of 
the dry matter showed it to be composed of 17 to 28 percent of protein, 19 to 23 
of ash, 2.3 to 4.3 of lime, 1.3 to 2.2 of phosphoric pentoxide (phosphoric acid), 
0.19 to 0.28 of sulfur trioxide, and 0.00 to 2.07 percent of potash. According to 
this author, drainage causes an appreciable loss of nitrogen and of minerals and 
hence should be prevented. 

As losses from ensiled wet crops are largely due to drainage, it is advisable to 
ensile crops so that there will be no drainage of juice or, at most, very little. The 
most favorable dry-matter content in crops to be ensiled is about 30 percent.     If 
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more than 70 percent of moisture is found in the crop, it is advisable to allow it 
to wilt to approximately this moisture content. The drainage juices are composed 
mostly of organic acids, soluble nitrogenous compounds, potash, calcium, and 
phosphorus {1256). 

On the other hand, Blish {129) concluded, as a result of his studies with sun- 
flower silage, that the drainage juices (chiefly with young plants) contain relatively 
little food constituents, being mostly water. 

The bottom layers of silage are under a 60- to 100-ton pressure, and this is 
sufficient to force the flow of juice. The lower 10 feet of the silo may, as a result, 
be in a waterlogged condition, resulting in considerable spoilage, the silage becom- 
ing sour and unpalatable. It would seem therefore that the harm done by re- 
taining the silage juices may be much greater than the small saving that would 
result from not draining them. 

General Comparison of Losses by Different Methods 
The losses which silage undergoes depend largely on the method of ensiling. 

Drew, O'Bullivan, and Deasy {281) found 8.4 percent loss of dry matter in a con- 
crete trench silo and 16 to 23 percent in tower silos. 

In a study of some 54 silages made from corn and other crops and of the losses 
of the feed ^constituents during ensiling, Ragsdale and Turner {945) found the 
following variations in percentages (losses —, gains +): Dry matter, —2.1 to 
-18.1; protein, +5.1 to -38.4; fat (ether extract), +49.4 to -20.3; ash, +11.7 
to —15.7; carbohydrates (nitrogen-free extract), —5.8 to —22.5; crude fiber, 
+ 6.7 to -14.6. 

Brouwer, De Ruyter de Wildt, and Dijkstra {158) (table 20) compared the qual- 
ity of grass silage made (1) by the A. I. V. process, where 6.2 liters of acid were 
used per 100 kilograms of fresh grass; (2) with 5.4 liters of 20-percent sugar solu- 
tion per 100 kilograms of grass, equivalent to 1 percent of sugar; (3) with 2.85 
liters of A. I. V. acid containing a small amount of sugar; (4) with nothing added; 
and (5) by the Holland method (ensiling the partially wilted crop in an open ditch 
20 inches deep and covered with soil). They found that the A. I. V. silage was 
superior to all others in having a higher acidity (less than pH 4.0) and smaller 
amounts of butyric acid (0.12 to 0.27 percent) and of ammonia nitrogen (16 to 22 
percent of the total nitrogen), which indicated that the protein break-down was 
relatively less in this kind of silage. 

TABLE 20.—Acid, ammonia, dry matter, and protein content of silages made with and 
without sugar and acid 1 

Item 

Lactic acid  

Butyric acid  
Ammonia nitrogen (as percent of total 

nitrogen )  
Loss of dry matter  
Loss of crude protein  
Loss of pure protein  
Digestibility coefficient: 

Of crude protein  
Of pure protein  

A. 1. V. 

Percent 
0. 7-0.12 

. 12-. 27 

15.8-21.5 
21.3 

57.0 
31.0 

1 percent of 
sugar added 

Percent 
2 0.45 
3 1.70 
2 1.32 
3.13 

21.4-45. 2 
13.1 
31.7 
52.7 

Some acid, 
little sugar 

added 

Percent 
0. 66-1.05 

.33-35 

24.2-33. 2 
12.2 
25.4 
41.8 

No  addi- 
tions 

Percent 
0.15-0.18 

1.16-1.50 

46. 2-63.7 
21.7 
49.4 
61.1 

Holland 
type 

Percent 
0.10-0.81 

1.13-1. 33 

49.6-68. 7 
14.4 
34.3 
44.7 

46.0 
19.0 

i The ranges in pH value in each type of silage are: A. 1. V., 3.4-4.3; 1 percent of sugar added, 3.8-4.3; 
some add, little sugar added, 4.0-4.2; with no additions, 5.0-5.3; and Holland type, 4.7-5.4. 

2 Upper part. 
3 Lower part. 

Changes in Acids and Bases 
In a study of the changes that take place in the content of acid, volatile bases, 

and dry matter in crops during the process of making silage, Amos and Woodman 
{21) show the following relative amounts of these constituents before and after 
ensiling  (table 21): 
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TABLE 21.—Comparative content of acids, bases, and dry matter in green crops 
and in silage 

Constituent 

Volatile organic acids  
Nonvolatile organic acids 
Amino acids  
Volatile bases  

Dry matter,     

Oats and tares 

Green 

Cubic centi- 
meters i 

8 
285 

57 
18 

Silage 

Cubic centi- 
meters i 

226 
594 
400 
100 

Kilograms        Kitograms 
1,000 

i Of normal solution per kilogram used to render neutral. 

These figures indicate a tremendous increase of volatile acids, an increase of 
over 100 percent in nonvolatile acids, a sevenfold increase in amino acids, and a 
fivefold increase in volatile bases (chieñy ammonia), all of which is accompanied 
by a 12-percent decrease in dry matter. 

Composition of Silage and Forage 
It is generally admitted that the main use of the silo, especially with grasses 

and legumes, is to preserve, for future consumption, feeds that, on account of 
adverse weather conditions, would suffer too great loss of feeding value if field- 
cured. 

Under ideal conditions of field curing the difference in feed value between hay 
and silage is not appreciable. Carotene, to be sure, undergoes considerable loss 
in hay that has been field-cured, while in silage it is preserved almost intact. 
Woll {1250) showed that corn fodder, field-cured under normal conditions and 
then stored over the winter, lost 24 percent of the dry matter and 24 of the pro- 
tein, whereas the same kind of fodder ensiled lost 16 and 17 percent, respectively. 
The average losses of dry matter in 54 silos compared to losses from 16 shocks of 
corn fodder were found to be onlv 50 percent as great in the silo as in the shocks 

In a study instituted by Amos and Woodman [21) to determine the comparative 
composition of cured hay and of silage, the results in table 22 were obtained. 

TABLE 22.—Comparative composition of oat and vetch hay and silage (dry basis) 

Oats and vetch ■   Carbo- 
! hydrates Fiber 

I Percent  '■ Percent 
Green ! 10. S ¡ 50.2 
Hay I 13.0 | 45.8 
Silage | 12.5 ' 45.fi 

Percent Percent  \ Percent 
3.0 28.1  i 7.8 
2.0 29.0 | 9.1 

M.S 29.4 : 8.1 

i Includes organic acids. 

The Kansas Agricultural Experiment Station {952) reports the results of a 
very elaborate study of a number of silages made with alfalfa treated with molasses, 
or to which corn, soybeans, stover, rye, or combinations of these were added, and 
compared the composition of these silages when 7 months old with the composi- 
tion of the green crops when ensiled. 

The average composition of the silages and ensiled crops calculated upon the 
dry-matter basis is as given in table 23. 

Comparative analyses of a number of silages and of the ensiled materials are 
given in table 24, the data having been obtained from different sources. These 
figures are of interest in showing that the composition of the finished silage 
approximates that of the fresh material except in the case of carbohydrate 
(nitrogen-free extract). 
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TABLE 23.—Average composition of green crops before and after ensiling 

Feed Moisture Ashi Protein i Fiber i 
Kitrogen- 
free ex- 
tract i 

Fati 
Acidity, 
on fresh 

basis 

Crops as ensiled  
Silages 7 months old  

Percent 
65.1 
66.2 

Percent 
12.0 
13.0 

Percent 
15.5 
14.8 

Percent 
24.1 
28.1 

Percent 
43.8 
40.2 

Percent  \ Percent 
4.0 1            0.4 
3. 9 1             2.1 

! 
1 Dry basis. 

TABLE 24.—Comparative composition {on dry basis) of various green crops and of silage 
made therefrom 

Crop or silage Mois- 
ture 

Protein 
(crude) 

Ether     Fiber ! 
extract  (crude) Ash 

Nitro- 
gen-free! 
extract ' 

■ Kef- 
Kind of silage   i   er- 

Grass   
Grass silage  
Sunflower   
Sunflower silage  
Sunflower, wet by rain. 
Sunflower silage  
Corn, milk-stage  
Corn silage  
Corn, glazed-stage  
Corn silage  
Sweetelover, bud stage. 
Sweet clover silage  
Sweetelover, full bloom 
Sweetelover silage  
Fresh vetch fodder  
Fresh vetch silage  
Grass  
Grass silage  
Grass  

Grass silage  
Sunflower  
Sunflower silage  

Percent 
80. Ô 
79.0 
78.6 
73.8 
68.2 
73.0 
76.3 
75.6 
62.9 
69.5 
66.2 
65.2 
57.2 
67.9 
67.7 
67.2 
75.4 
75.5 
79.5 

75.4 
81.0 

Percent 
3.0 
3.1 
9.3 

10.2 
9.6 
8.2 
8.4 

10.2 
8.1 
8.3 

21.2 
21.5 
19.6 
21.4 
9.8 

15,4 
10.6 
9.2 

12.6 

12.6 
8.4 

Percent 
0.4 
.6 

1.5 
2.8 
2.2 
2.1 
2.2 
2.7 
2.9 
2.8 
2.0 
3.3 
2.1 
2.7 
3.6 
3.6 
1.5 
3.9 
1.6 

2.6 
3.0 

Percent 
5.0 
5.5 

30.3 
32.6 
33.3 
38.2 
20.8 
22.9 
16.8 
22.5 
29.6 
35.7 
33.5 
32.0 
23.5 
30.2 
26.7 
39.0 
24.7 

Per- 
cent 
1.7 
1.6 
9.9 

10.0 
12.7 
15.0 
7.6 
7.9 
5.1 
7.1 
9.2 
9.7 
8.9 

10.0 
5.9 
7.9 
8.2 
8.2 
8.4 

31.0 7.6 
27. 0 10.0 
29.7 

Percent 
9.5 
9.3 

A.I. V  
 -do  ^ 

49.0 Tower  (205) 
44.5 ---.do  
42.1 
35.6 

(%%) 

61.0 
56.4 
 do  (2(%) 

  
67.0 
59.4 
 do  (%%) 

38.0 
29.8  do  

W) 

35.8 
34.0 

(205) 
W) 

54.2 
41.6 
 _do  
 do  

urn 
53.0 
39.7 

1 Concrete trench 
/   silo. I j%0) 

54.9 

45.2 

Tower  

 do  

mi, 
mg) 

52.1 
49.8 

()&)) 

The percentage of ash and fiber especially, and in many cases of fat also, increase 
somewhat during the ensiling process owing, as has already been stated, to the 
greater loss in carbohydrate, or nitrogen-free extract. 

From data of this kind, however, it is difficult to obtain any real comprehension 
of the changes that take place during the ensiling process. To do this, the amount 
of dry matter lost must also be taken into account; that is, the actual weights of the 
dry matter in both the fresh crops and the silage are the only safe criteria from 
which losses can be determined. 

Feed Values of Hay, Silage, and Fresh Crops 
The nutritive value of feeds, fresh, ensiled, or field-cured (see the article, The 

Nutritive Value of Harvested Forages, p. 956), is dependent on several factors— 
yield, palatability, composition, digestibility, and physiological effect upon the 
animal organism. 

The coefficient of digestibility of the feed nutrients in the green crop, in silage, 
and in field-cured hay has been studied by Drew, O'Sullivan, and Deasy (281), who 
found that good silage is little, if at all, inferior to the green crop. 

In a recent survey made by the New Jersey and other agricultural experiment 
stations (821), 214 farmers considered grass silage superior to hay, 63 noted no 
difference between grass silage and hay, while 13 thought the silage inferior. 
Incidentally, 154 farmers and feeders considered grass silage equal to corn silage 
for milk production, 116 believed it superior, and 57 inferior. 
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Experiments with oat and vetch silage indicate that it does not differ materially 
in composition (on the dry basis) from the hay or the fresh crop {1256). In com- 
paring the feed value of silages, it should be remembered that the moisture content 
plays a large role. If, for example, one silage has 75 percent of water and another 
80, then in all feeding tests 50 pounds of the latter must be used to replace 40 
of the former. 

The role of mineral acids present in fodder on the animal organism has been 
studied by Crasemann {239), who concluded that when silage of the A. I. V. type 
is fed to animals it produces an acid reaction in the system and an increase in the 
amount of ammonia and of calcium in the urine; that the feeding of such fodder 
results in an attack upon the base reserves of the animal tissues; and that such 
acid-containing feeds should be fed only in connection with high-alkaline hay. 

While there is apparently no loss of carotene or vitamin A during ensiling, 
Watson and Ferguson {1192) have concluded that A. I. V. silage is not so efficient 
as hay artificially dried. Further, while A. I. V. grass silage has about the same 
feed value as natural-fermentation silage, the latter is more convenient for general 
use (^, me). 

The opinion of other investigators is that silage prepared with the aid of mineral 
acids should not be fed too liberally because of possible harmful effect on the animal 
organism due to the action of the chlorine and sulfuric acid ions. These ions may 
likewise act injuriously through manure spread upon soils poor in lime, and hence 
every attempt should be made to replace mineral acids {Al4)- 

On the other hand, Da vies, Botham, and Thompson {187) found the loss of 
starch equivalent by the A. I. V. process to be only 12.8 percent as compared with 
24.0 in silage to which molasses was added and 36.2 in ordinary silage. The corre- 
sponding losses in digestible crude protein were, respectively, 7.8, 21.1, and 38.2 
percent, thus indicating the superiority of A. I. V. silage from this standpoint. 

Furthermore, Virtanen {1169) showed that the nonprotein nitrogen of A. I. V. 
silage is made up largely of peptides with little ammonia, whereas ordinary silage 
contains little peptides and considerable ammonia. Hence the feeding value of 
nonprotein fractions of A, I. V. silage is superior to that of ordinary silage. It was 
also shown that the amount of calcium and of phosphorus in the blood of cows 
that had been fed with A. I. V. silage throughout the winter was normal; that the 
composition of the teeth and bones of animals fed during a long period was essen- 
tially the same as that of animals living on ordinary winter forage; and that though 
the acidity of the urine increased appreciably, no significant amount of carbonic 
acid was found. Virtanen fed a limestone mixture containing one-third dehy- 
drated soda in connection with A. I. V. silage and noted that cows consuming as 
much as 45 pounds daily of this silage mixture gave birth to healthy calves. 



NUTRITIVE  VALUE 

OF  MISCELLANEOUS  FEEDS 

by Earl W. McComas and Thompson E. Woodward * 

THE preceding articles have discussed the nutritive value of growing 

plants on pasture and range, and of the principal kinds of harvested forage. 

In addition, there are scores of miscellaneous feeds useful for livestock, 

including many byproducts from the industries that process human foods. 
Some are widely, some only locally available. This article considers the 
more important products, giving brief descriptions and analyses in most 
cases, and in some cases pointing out precautions that the farmer should 

keep in mind. 

THERE IS an extensive list of feeds for livestock consisting chiefly of 
byproducts from the milling and processing of foods for human use, 
and these byproduct feeds are of considerable economic importance. 
Complete yearly statistics on the volume and value of a 1 byproducts 
used for livestock feeding are lacking, but the estimate of the Bureau 
of Agricultural Economics, based on available data, indicates an 
average annual utilization for the period 1935-38 of the concentrate 
byproducts, excluding dried skim milk, whey, and buttermilk, of 
10,899,000 tons, valued at $305,060,000. These figures do not in- 
clude any dry roughages such as hulls, stover, or straw, which in the 
aggregate constitute a very substantial source of energy for particular 
kinds and classes of animals when fed as part of a complete ration. 

This group of miscellaneous feeds includes some concentrates rich 
in carbohydrates and fat, the chief sources of energy, and others rich 
in protein, the body-building nutrient. Protein concentrates are 
widely used to balance rations—which means to increase their effi- 
ciency. Included in the concentrates are feeds particularly valuable 
as sources of minerals and of vitamins. In fact, every known nutri- 
tive essential could be furnished by the materials in this group {819).2 

Information on the presence of these essential factors in some of 
the feedstuiïs under discussion is still fragmentary.    New facts are 

1 Earl W. McComas is Animal Husbandman, Bureau of Animal Industry; and Thompson E. Wood- 
ward is Senior Animal Husbandman, Bureau of Dairy Industry. 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075 
1017 
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constantly being added to knowledge of the properties of these 
materials. It is the purpose of this article to set forth briefly some 
of the pertinent facts that are now known. 

It should be pointed out here that through the establishment of 
definitions and standards the Association of American Feed Control 
Officials has been instrumental in simplifying and unifying the Federal 
and State feed laws, which cover the composition and labeling of feeds 
and are designed also to eliminate misrepresentation as to composition. 
These advances in uniformity make it easier to select the feeds that 
best serve a particular need and to know the quality of the product 
offered for sale. For instance, when the term "quality" is used in the 
name of a feed to denote superior character, as "43-percent protein 
Cottonseed Meal Prime Quality," the feed must satisfy specific re- 
quirements. A product with the same percentage of protein, but 
below the standard set for prime quality, should be labeled "48-per- 
cent protein Cottonseed Meal, Off Quality." 

SEEDS, NUTS, AND THEIR BYPRODUCTS 
Many of the seeds and seed byproducts are important sources of 

protein. This is especially true of such oil-bearing seeds as soybeans, 
which contain nearly 40 percent of protein, cottonseed with over 20 
percent, and flaxseed with nearly 25 percent. Though relatively rich 
in protein and containing fat or carbohydrates in abundance, the non- 
leguminous seeds are usually deficient in calcium and none too rich 
in phosphorus. Calcium amounts to less than 0.1 percent of cotton- 
seed and about 0.25 percent of flaxseed. Flaxseed has more phos- 
phorus than the other more common seeds in this group, that element 
constituting 0.66 percent of the total weight of the seed. 

The oilseed byproducts, in the form of meal or cake, contain from 
30 to 48 percent of protein. Those with the higher protein percent- 
ages are especially valuable as supplements to the common home- 
grown cereal feeds such as corn, barley, oats, rice, and other car- 
bohydrate concentrates. The process of oil extraction from oil- 
bearing seeds yields products in the form of cake or meal not only 
with a higher percentage of protein than was present in the whole 
seed, but with a higher percentage of mineral matter also. Cotton- 
seed meal, for example, contains a larger proportion of protein than 
the seed itself, and more phosphorus and calcium as well. 

It was formerly believed that cottonseed byproducts caused 
symptoms of poisoning—blindness and staggering gait—in livestock, 
due to a toxic substance (gossypol) in the meal, and that therefore 
they should be fed only in limited quantities and then not over long 
periods or to young stock. Subsequent investigations showed that 
similar symptoms were exhibited as a result óf vitamin A deficiency. 
It is now known that this nutritional disorder can be prevented in 
cattle by supplementing a ration containing cottonseed meal with 
vitamin A rich materials such as alfalfa-leaf meal, leafy alfalfa hay, 
silage made from immature crops, or green pasturage. Experimental 
results by Woodward {1269) indicate that young dairy calves under 3 
months of age cannot be fed large quantities of cottonseed meal with 
safety, even when alfalfa hay of good green color is included in the 
ration.    With hogs, however, the problem has been found to be more 
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complicated, although it is recognized that cottonseed meal may be 
fed to hogs without danger of injuring them if the quantity is limited 
to 9 percent of the ration. Maynard {769) intimates that further dis- 
closures on causes of cottonseed-meal injury may be expected. 

Some of the oilseed byproducts offered for sale are pressed into par- 
ticular shapes, such as cubes or pellets, in order to lessen waste in feed- 
ing. To be sold under the label ^Prime Quality/' they should contain 
not less than 36 percent of crude protein and meet certain require- 
ments of wholesomeness, etc. When the cake is broken and sorted 
into various sizes, such as nut, sheep, or pea, it is fed to greater ad- 
vantage under some conditions. Pea-sized or sheep-sized cakes, for 
example, are better suited to calf and sheep feeding on the range or 
pasture when a supplement of this kind is needed. 

Meal resulting from the extraction of oil from corn, either by the 
hydraulic (old) process or the solvent process, is known as corn-oil 
meal. The protein in the corn-oil meal produced by the old process 
amounts to nearly 23 percent, about 1 percent less than that in the 
other, but the digestible nutrients total nearly 79 percent, about 8 per- 
cent more. Both products are used in hog and poultry feeding and 
are considered particularly desirable for poultry. 

Soybean-oil meal and cake are becoming available in larger quan- 
tities each year. These byproducts contain different percentages of 
protein, but the highest grade contains as much as 48 percent of protein 
and about 84 of total digestible nutrients. Oil-extraction processes 
in which the meal is heated to a rather high temperature yield a product 
that appears to give better results in hog and poultry feeding than 
meal not so treated {209, 210), but this is not necessarily true for cattle 
{611) or other classes of stock. Soybean-oil meal has not been experi- 
mentally fed as extensively as cottonseed meal, for example, but results 
so far indicate that it has about the same value as cottonseed meal on a 
tonnage basis. ^ It appears that there should be further experimenta- 
tion to determine the relative effectiveness of soybean meal and other 
more widely used supplements, such as cottonseed meal and linseed 
meal, in producing fat cattle with a high degree of finish. 

Peanuts are rich in oil and contain nearly 25 percent of protein. 
They are a more desirable feed for cattle or sheep than for hogs, be- 
cause they tend to produce soft or oily pork. Peanut-oil meal, particu- 
larly when produced by the solvent process, is a very desirable protein 
concentrate, for it is rich in protein and low in fiber, has a high per- 
centage of total digestible nutrients, and is very appetizing. 

Some of the seed byproducts on the market contain a relatively 
low percentage of nutrients and considerable fiber, especially those 
that are a mixture of meal and hulls. Such materials should bear a 
distinct name when offered for sale—for example, "cottonseed feed/7 

"oat millfeed," etc. 
As used here, the term "miscellaneous feeds" also embraces a 

number of byproducts suitable for certain classes of animals even 
though some of the materials contain relatively large percentages of 
fiber. Hulls from oil-bearing seeds and from other seeds and nuts 
contain considerable quantities of fiber, yet cattle and other ruminants 
are equipped by nature to utilize them satisfactorily, provided the 
rations are otherwise adequate.    Some of these low-grade byproducts 
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are important sources of roughage in particular localities. Cottonseed 
hulls, for example, are much used in the vicinity of cottonseed-oil 
mills in the Southern and parts of the Southwestern States. Although, 
as shown in the tables (Composition of the Principal Feedstuffs Used 
for Livestock, p. 1065), this feeding material contains fully 88 percent 
as much of total digestible nutrients as red clover hay, it is extremely 
deficient in vitamin A and low in calcium and phosphorus, all of which 
are essential to livestock. Peanut hulls have very little feeding value. 
Their fiber content has been reported to range from 51 to over 71 
percent. 

Several other seed byproducts deserve mention because of their 
availability in certain parts of the country. 

Coconut (copra) oil cake or meal contains about 21 percent of 
protein, and when produced by the hydraulic (old) process has a 
small percentage of phosphorus. It is favored for dairy cattle in 
the Pacific Coast States because it tends to produce firm butter, and 
it has given satisfactory results when used in rations for other classes 
of stock. 

Sesame-seed meal, according to Folger (365), and sunflower-seed 
cake, although not marketed extensively in this country, are desirable 
sources of protein. Meal and cakes from hempseed, from the nuts of 
several varieties of palms, and from rapeseed and rubber seed, contain 
varying percentages of protein and other nutrients but are of little 
importance as feed sources at present. Their composition and 
digestibility are shown in the tables (pp. 1067-1074). 

Straw from legumes harvested for seed, like that from soybeans, 
alfalfa, peanuts, and various clovers, varies considerably in com- 
position with the kind of legume and also with the proportion of 
legume plants to others, including weeds, as well as with the extent 
to which the leaves of the legume have been included. It may be 
said that the finer the stems of the plant and the higher the pro- 
portion of leaves to stems, the greater will be the feeding value of 
legume straw. 

As has been pointed out in the article, The Nutritive Value of 
Harvested Forages (p. 956), legume hays are rich in protein, but 
legume straw^ as a rule, has very much less protein and is generally 
comparable with straw from the cereals in total digestible nutrients. 
Additional protein is therefore usually needed in a ration made up 
largely of legume straw. 

Pea-cannery waste is the green roughage remaining after the peas 
have been hulled for canning. ^ This product contains a little over 75 
percent of moisture, and in this respect may be compared with corn- 
stover silage. However, it is nearly three times as rich in digestible 
protein and has about 40 percent more of total digestible nutrients 
than the stover silage. The cannery waste is often put into the silo 
for storage, but may be preserved by drying when this can be accom- 
plished with sufficient economy. 

Byproducts of the cereal grains and their milling include not only 
bran, middlings, and shorts, which are used extensively in feeding 
livestock, but also wheat and corn germ, corn-gluten meal, corn-gluten 
feed, hominy meal, rice polish, brewers' rice, screenings, and other 
materials similar in composition and feeding value. 
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Wheat bran is the coarse outer covering of the wheat kernel as 
separated from cleaned and scoured wheat in the usual process of 
commercial milling. It contains nearly 16 percent of protein, a little 
over 8 of crude fiber, and more than 50 percent of energy-producing 
nutrients, and is very rich in phosphorus. It is appetizing, and like 
linseed meal is valued also because it tends to have a laxative effect. 
Middlings and shorts are somewhat variable in composition, depending 
on the proportion of bran particles, germ, and fiber, but they contain 
more total nutrients than bran. Wheat standard middlings, for 
example, should consist mostly of fine particles of bran and germ and 
should contain not more than 9.5 percent of crude fiber. Wheat 
shorts may be termed white, gray, or brown (red), depending on the ex- 
tent to which fibrous offal from the "tail of the mill" has been included 
and the percentage of crude fiber. Wheat white shorts, for example, 
should not contain more than 3.5 percent of crude fiber, whereas 
the gray may contain 6, and the brown or red up to 7.5 percent. 

Corn-germ meal is similar in composition and digestibility to corn- 
oil meal, mentioned previously. It may consist of corn germ from 
which part of the oil has been pressed and of other parts of the kernel. 
Wheat-germ meal usually contains a little more protein than corn- 
germ meal, and although low in calcium it is rich in phosphorus. 
Corn-gluten meal is that part of commercial shelled corn that remains 
after the extraction of the larger part of the starch and germ and the 
separation of the bran by the process employed in the wet-milling 
manufacture of corn starch or corn sirup. Containing over 40 percent 
of protein and little fiber, it is rich in total digestible nutrients but 
gives best results when fed with other protein concentrates like soy- 
bean meal, which contain proteins not found in the gluten meal. 
These are especially desirable ingredients in hog, dairy cattle, and 
poultry rations. Corn-gluten feed is that part of commercial shelled 
corn that remains after the extraction of the larger part of the starch 
and germ by the processes employed in the wet-milling manufacture 
of cornstarch or sirup. Corn-gluten feed, except when standardized 
to a specific protein content, varies in composition, depending upon 
the extent to which the corn byproducts, gluten meal, bran, solubles, 
and corn-oil meal, are included and upon the proportions of these in 
the product. It is used largely in dairy-cattle rations in combination 
with other protein-rich feeds. 

Brewers' rice consists of broken kernels resulting from the hulling 
process; it is high in energy-producing material but low in protein. 
Its total nutritive value approximates that of barley. Experimental 
work has shown it to be a valuable hog feed, especially as a "harden- 
ing" feed to overcome the soft fat produced in hogs fed on peanuts 
and other feed high in oil. Rice bran consists of the bran layer, to- 
gether with a small quantity of hull fragments which are unavoidably 
included in the regular milling of rice. Rice polish is the finely pow- 
dered material obtained in polishing the kernel after the hulls and 
bran have been removed. Rice bran and rice polish contain about 
12 percent of protein, but rice polish usually contains somewhat more 
total digestible nutrients. Rice hulls are not considered desirable 
feeding material, on account of their flinty nature and their low con- 
tent of digestible nutrients. 



1022 YEARBOOK OF AGRICULTURE, 1939 

One of the byproducts from the cereal grains, known as screenings, 
is extremely variable in composition, which depends on the kind and 
quality of grain from which it is separated, as well as on the kinds and 
proportion of weed seeds and other foreign material. Grain screen- 
ings should not contain more than 14 percent of fiber nor over 6.5 per- 
cent of mineral matter. Grain screenings waste, screenings refuse, 
and scourings are low-grade byproducts obtained in the process of 
cleaning cereal grains and are of relatively little value as feeds. 

Residues from the cereal grains used by brewers and distillers are 
for the most part dried and sold as brewers' dried grains, distillers' 
dried grains, distillers' solubles, malt sprouts, etc. Brewers' dried 
grains are defined as "the dried extracted residue of barley malt alone 
or in mixture with other cereal grain or grain products resulting from 
the manufacture of wort" (4^), the malt infusion used in making beer. 
They contain about 27 percent of protein and about 7 of fat. Possess- 
ing a total of about 66 percent of digestible nutrients, they are com- 
parable to oats, but have less energy-producing nutrients and a little 
more fiber. 

Distillers' dried grains are sold under the name of the grain used or 
which predominates in a mixture as, for example, "corn distillers' 
dried grains." The composition of distillers' dried grains varies with 
the kind or kinds of grain in a mixture. The feed made from corn has 
about 31 percent of protein, and the total digestible nutrients amount 
to about 90 percent. The product from rye contains about 25 percent 
of protein and about 57 of total digestible nutrients, and is much less 
appetizing. 

Malt sprouts obtained as a brewery byproduct from barley are not 
particularly appetizing, but they have about the same percentage of 
protein as high-grade brewers' dried grain and about 5 percent more 
total digestible nutrients. 

Dried yeast is of particular value in poultry feeding, not only be- 
cause it is rich in vitamin G, but also because it is relatively high in 
protein. The product known as irradiated yeast takes its name from 
the special treatment applied to strengthen its antirachitic properties. 

Other cereal grain byproducts such as straw, corn, or sorghum 
stover and oat hulls, commonly classified as low-grade roughages, are 
rather high in fiber and low in protein, and have relatively little of 
other nutrients. The total of digestible nutrients ranges from about 
37 percent in flax straw to about 51 in corn stover. On the whole, 
these roughages are poor in calcium, phosphorus, and the vitamins. 
Notwithstanding a considerable variation among the different kinds 
of straw and the stovers with respect to composition, some of them— 
oat straw and corn stover, for example—are of considerable value in 
maintenance rations. However, supplements rich in protein and 
minerals, and, particularly in the case of young stock, in vitamin A 
also, must be fed with them for satisfactory results. Wheat and rye 
straw stems are so stiff and buckwheat straw has so low a content of 
nutrients that these are less desirable for feeding. Rice straw, with 
slightly more total digestible nutrients than wheat straw, can be used 
satisfactorily in maintenance rations when properly supplemented. 
Barley straw is ordinarily more nutritious than wheat straw, but when 
the awned varieties are fully matured at the time of harvest the straw 
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may prove to be an unsatisfactory feed, because the awns (beards) 
may tend to cause sore mouths. In parts of the West, the presence 
of the weed foxtail {Hordeum murinum) in straw may seriously 
impair its value as a feed. 

Well-cured corn stover with most of the leaves present is probably 
the most valuable of the roughages in this group, for the finer parts 
are readily eaten when fed to cattle and sheep as the principal part of 
their wintering ration. The coarse stalks are not eaten to any great 
extent unless the stover is run through a feed cutter or shredder. 
When cut or shredded stover is properly supplemented, it has been 
shown to be about equal to timothy hay for wintering horses. 

Refuse from sweet-corn canneries contains about 84 percent of 
moisture and total digestible nutrients amounting to slightly over 10 
percent, including 0.8 percent of digestible protein. Thus it has about 
the same composition as corn-stover silage and may be ensiled to 
prevent excessive spoilage if it is to be fed over an extended period. 

PRODUCTS FROM ANIMAL AND MARINE SOURCES 
Products from animal and marine sources make an important 

contribution to the total supply of feed nutrients, more particularly 
protein and minerals. These materials include the edible refuse from 
meat-packing establishments and fish canneries, as well as the byprod- 
ucts from creameries and cheese factories. Different drying proc- 
esses are used in the preparation of protein concentrates such as 
these. The biological value of the protein is reduced somewhat when 
the product is dried at high temperatures. For this reason, those 
products which have not been subjected to very high temperatures 
are to be preferred when they are to be used for promoting growth or 
the repair of body tissue. 

The product blood meal is 82-percent protein; high-grade digester 
tankage or meat-meal tankage contains 60 percent of protein and as 
defined must not contain over 4.37 percent of phosphorus. Tankage 
produced from animal tissues and bones usually contains more than 
4.37 percent of phosphorus and must bear a name indicating its 
source, such as ^digester tankage with bone,n or ameat and bonemeal 
digester tankage." Meat-meal digester tankage, although primarily 
protein concentrate, is relatively rich in calcium also. These products 
are used almost entirely and quite effectively in feeding hogs and 
poultry, but results at several experiment stations indicate that tank- 
age made from meat scraps by the dry-rendering process can be used 
satisfactorily in rations for cattle and sheep. 

Meat-packing byproducts also include bonemeal sold for feeding 
purposes under such names as ^raw bonemeal," ^steamed bonemeal," 
and ^special steamed bonemeal." Raw bonemeal should not con- 
tain less than 23 percent of protein, whereas steamed bonemeal usually 
does not have more than half that amount. Bonemeal is impor- 
tant as a source of calcium and phosphorus, being particularly 
useful as a supplement to pasture and other feeds deficient in these 
minerals. 

Whole milk is recognized as an ideal feed for young animals. Its 
composition varies somewhat among species and even among breeds, 
changing also as the lactation period advances.    This variation is due 
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largely to differences in the fat content, but to a lesser extent to dif- 
ferences in amounts of lactose, protein, and minerals. 

Cow's milk only is available in this country for feeding, but the 
demand for it for human use, together with the economic and practical 
problems of transportation and storage, preclude the movement of 
fresh milk in trade channels for use in feeding livestock. 

Dried skim milk is especially desirable in poultry and swine rations 
and in rations for young calves when it is necessary to raise them 
without whole milk or fresh skim milk. It contains nearly 85 percent 
of total digestible nutrients, including about 33 percent of digestible 
protein, is rich in vitamin G? and approximately half of the mineral 
matter consists of calcium and phosphorus. 

Dried buttermilk is used largely in swine and poultry feeding, but 
it has been fed satisfactorily to calves. It contains approximately 
85 percent of total digestible nutrients and should not have more than 
13 percent of minerals, but it should possess at least 5 percent of 
butterfat. It contains slightly less protein than dried skim milk, 
but is rich in vitamin G. 

Dried whey, a byproduct from cheese making and from processing 
skim milk to make casein, is especially useful in poultry feeding, 
largely because of its vitamin G content, but also because it contains 
about 84 percent of total digestible nutrients. The digestible protein 
does not exceed 12 percent. This product has proved satisfactory for 
swine feeding also because of its high digestibility. 

Fish meal and fish-residue meal, prepared either from the entire 
fish or from fish and bone scraps constituting byproducts of canneries, 
furnish a protein that gives particularly good results when fed to hogs 
and poultry. However, the nutritive value of fish meal has been 
found to vary more with the different manufacturing processes than 
with the variety of fish used. For example, vacuum- and steam-dried 
meals induced more favorable growth experimentally than the flame- 
dried meals (204). High-grade fish meal may contain as much as 60 
percent of protein. A relatively low fat content and low moisture 
content are preferred because they tend to make the meal less likely 
to become rancid. Crab and shrimp meals of the best grade are rich 
in protein, for the former has not less than 25 and the latter over 40 
percent, but these should not contain over 3 percent of salt. Prop- 
erly prepared whale meal is similar to tankage containing about 50 
percent of protein. 

ROOTS AND UNDERGROUND STEMS 

In the group of miscellaneous feeds commonly known as roots and 
tubers, or underground stems, are the ordinary stock beet, sugar beet, 
cassava, carrot, chufa, Jerusalem-artichoke, mangel-wurzel, parsnip, 
potato, sweetpotato, rutabaga or swede, and turnip. Although they 
contain a high percentage of water, the dry matter in them is highly 
digestible. Their nutrients are chiefly energy producing, but certain 
of them are important sources of vitamins. Yellow carrots, for exam- 
ple, are particularly good sources of carotene, a vitamin A precursor, 
and sweetpotatoes rank next among root crops in this respect. Accord- 
ing to Jones (59Ï), sweetpotatoes are a good source of vitamin B (old 
terminology) and contain some vitamin C also.    Beet and carrot tops 
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are rich sources of vitamin G. The feeding value of root crops depends 
to a large extent upon the content of moisture. Sugar beets are 
more valuable than mangels. From 1 to 2 pounds of feed of this sort 
may be considered approximately equal to a pound of silage, depend- 
ing upon the extent to which they are fed, but concentrates should be 
fed with them in kind and quantity to provide an adequate supply of 
essential nutrients in the ration. They should always be chopped or 
sliced when they are fed to animals, but may be fed whole to poultry. 

SUPPLEMENTARY FEEDSTUFFS 

There are several materials of importance in a consideration of 
animal feeds, either because they serve to correct deficiencies in many 
of the staples or are needed to fortify the rations of animals whose 
particular type of activity makes special demands. These include 
minerals and feeds containing calcium, phosphorus, iodine, and other 
nutritive elements required by animals. Browne {164), in the 1938 
Yearbook of Agriculture, discussed the factors influencing the mineral 
content of crops, pointing out that crops from soils deficient in certain 
minerals may themselves be deficient. Statements as to the mineral 
content of feeds discussed in this article are based on averages of 
analyses of feeds from all sources, for most of the data were obtained 
from feedstuffs whose locality of origin was not known. 

For example, limestone flour, wood ashes, and oystershell are rich 
in calcium. Raw bonemeal and steamed bonemeal, bone ash, spent 
bone black, and dicalcium phosphate supply phosphorus as well as 
calcium. Iodine is an important mineral supplement under certain 
circumstances; it is usually supplied in the form of sodium iodide or 
potassium iodide. However, it should be fed only when needed to 
prevent goiter, hairlessness, and certain other disorders resulting from 
iodine deficiency. In many parts of the country the soil is not defi- 
cient in iodine, and the livestock produced there seldom, if ever, 
require an iodine supplement in their rations. Fish meal from marine 
sources, dried kelp, and cod-liver oil also contain iodine. 

Occasionally vitamins must be added to feed combinations when 
they are deficient in one or more of these substances, or under other 
specific conditions, as when poultry or other stock are deprived of 
sunlight, green feeds, or other natural sources of vitamins. A great 
deal of attention is being given to the study of vitamins and their 
relation to the welfare of livestock, yet it is admitted that knowledge 
on this subject is still limited. However, it has been determined 
that liberal quantities of vitamins A and D especially are required by 
livestock. It is now recognized that green-colored forage contains 
carotene, hence bright-green alfalfa-leaf meal, like high-grade hay, 
is a particularly desirable supplement for correcting vitamin A de- 
ficiency. Greenness, however, though a good index of the carotene 
content of cured herbage, is not necessarily an infallible one. Carotene 
is only one of several yellow pigments found in foods and feeds. 

Fish oils, especially cod-liver oil, are sources of vitamin A and 
vitamin D as well. Methods for the determination of vitamin A 
and vitamin D have been refined so that it is possible to determine 
fairly accurately the content of these nutritive factors in foods and 
feeds     Standards have been  established for products intended for 
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animal as well as human consumption. For example, according to a 
suggested standard, cod-liver oil must contain not less than 600 
U. S, P. (U, S. Pharmacopoeia) units of vitamin A, and not less than 
85 A. O. A. C. chick units 3 of vitamin D per gram. Dried tomato 
pomace is rich in vitamin A and has been used satisfactorily as a sup- 
plement in dairy cattle and poultry rations. Milk byproducts, such 
as dried skim milk, dried buttermilk, and dried whey, are rich sources 
of vitamin G, which appears to be especially needed by poultry for 
growth. Yeast, which is ordinarily used in the dry form for feeding, 
also contains vitamin G in abundance. 

Wheat germ and wheat-germ oil are sources of vitamin E. Although 
vitamin E appears necessary for reproduction in the case of poultry, 
the need of other livestock for this vitamin is open to question. Most 
feeds tuffs contain appreciable amounts of vitamin E, and thus far, 
no clear-cut conditions have been defined that would warrant the 
addition of vitamin E-rich supplements expressly for the purpose of 
correcting reproductive deficiencies in cattle, sheep, goats, horses, 
mules, or hogs. 

Byproducts from the manufacture of sugar from sugar beets and 
sugarcane are of interest mainly because they are very appetizing and 
thus tend to induce greater consumption of less attractive feeds when 
mixed with them. At the same time, they serve as sources of energy, 
for even the fiber in beet pulp, which amounts to about 19 percent, is 
highly digestible. Dried beet pulp, molasses beet pulp, beet molasses, 
sugarcane molasses (blackstrap), and even low-grade sugar are by- 
products well suited for use in feeding livestock. 

Dried beet pulp contains less than 10 percent of protein but about 
70 percent of total digestible nutrients, and it is moderately rich in 
calcium. Dried molasses beet pulp is only slightly more valuable in 
terms of total digestible nutrients. These feeds are used to a con- 
siderable extent in rations for dairy cattle, and experiments have 
shown that they may replace a part of the grain in rations for beef 
cattle, sheep, and horses. Although supporting evidence is not con- 
clusive, experiments at Miles City, Mont., at least suggest that the 
replacement of a part of the grain by beet pulp in a fattening ration 
made up of barley and alfalfa hay may reduce the tendency of the 
steers to bloat. 

Molasses may be considered to be about 70 to 80 percent as valuable 
as corn in a ration, but it is of greatest value when fed in moderate 
quantities. Both beet and sugarcane molasses contain considerable 
mineral matter, but that from beets is decidedly deficient in calcium, 
and cane molasses has only a moderate amount. 

s See Practical Nutritive Requirements of Poultry, footnote 9. p. 797 



DEFICIENT AND EXCESS MINERALS IN 
FORAGE IN THE UNITED STATES 

by A. M. Hartman3 

I n various articles in this Yearbook the reader will find references to 

areas in which there are deficiencies or excesses of certain minerals severe 

enough to cause trouble with livestock. Where are these areas? A 

questionnaire was sent to all States to get together whatever definite 
information there was on this problem, which is a comparatively new one 

in animal nutrition. Here are the results of the questionnaire. They 
deal with phosphorus, calcium, iodine, cobalt, copper, iron, fluorine, 
selenium, and cyanides. Undoubtedly the information is far from 

complete, but no comprehensive survey of this kind has previously been 

made. 

IN MANY PARTS of the world, symptoms of malnutrition or disease in 
livestock on certain areas have been traced to deficiencies of nutri- 
tionally essential mineral elements in the available forage. In some of 
these areas, before the causes of the difficulties were discovered and 
remedial measures taken, there were serious economic losses as the 
result of impaired productive capacity and death of animals. 

Such deficient areas have been known for some years to exist in the 
United States, and the question of mineral deficiencies in forages has 
at one time or another been investigated by many of the State experi- 
ment stations. As a result of the cooperative work of several bureaus 
of this Department and some of the experiment stations, a toxic 
condition that is sometimes fatal to livestock in certain of the Great 
Plains and western mountain States has been found to be caused by 
consumption of native forage (and also grain) containing excessive 
quantities of selenium. 

In order to assemble for the Yearbook information on areas in each 
State where mineral deficiencies or excesses in the forage have been 
found to produce symptoms of malnutrition in livestock, a form 
letter requesting information bearing on this problem was sent to 

1 A. M. Hartman is Associate Chemist, Division of Nutrition and Physiology, Bureau of Dairy Industry. 
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each of the State experiment stations in October 1938. A map of the 
State was included for indicating affected areas. Replies to these 
inquiries were received from every State. A number of the States 
indicated either that no such deficiencies or excesses were known or 
that no investigations of the question had been made. In addition, 
there were States in which the reporters intimated that there might be 
a mineral deficiency of one element or another in relation to animal 
requirements in the State, either generally or in certain portions. 
This is true particularly in regard to phosphorus—for example, in a 
number of States of the Atlantic and Gulf Coastal Plains other than 
those listed as containing phosphorus-deficient areas. In none of 
these cases, however, were deficiency symptoms in animals reported. 
Statements would indicate that surveys of these States should be 
made before definite conclusions are drawn. 

In fact, there is sufficient evidence in the replies from many States 
to warrant much more thorough surveys than have yet been made of 
conditions with regard to various mineral elements. As suggested in 
the article What Do We Need to Know in Livestock Nutrition? 
(p. 1045), there is evidently great need for more data and for the 
compilation, interpretation, and correlation of all data on (1) soil and 
climatic conditions, (2) mineral content of forage, and (3) animal 
observations, to determine whether or not optimum conditions for 
mineral nutrition in the raising of livestock prevail in many range 
and pasture areas in the United States. 

Although it was not specifically requested in the letter, several 
States reported toxic effects on livestock of mineral matter in drinking 
water. Only in the case of fluorine have reports of such effects been 
included in the compilation. 

Careful consideration has been given to the information in the re- 
plies and on the maps, including publications of the State that were 
sent with, or cited in, the replies, and in some cases publications of 
the State that were referred to in those sent or cited. This informa- 
tion served, in the following compilations, as the only source in pre- 
paring the abstracts of the listed States; and the only references cited 
under each State are those mentioned above. In the compilation 
only those States have been included in which the material indicated 
that deleterious effects on livestock due to deficiency or excess of a 
given mineral had been observed. The reporters' own interpreta- 
tions of conditions in their States have been taken, although in some 
instances the writer would not agree with them; this is particularly 
true in regard to calcium deficiencies. Where bone chewing in cattle 
has been reported, it has been taken as evidence of phosphorus de- 
ficiency. Care has been taken not to generalize from too few obser- 
vations or from observations that may have resulted from purely local 
farm conditions. 

In the abstracts, an attempt has been made to conform to the es- 
sentials of the pictures presented in the replies; in some instances 
material from the publications cited has been added. Where it ap- 
peared convenient or expedient to do so, statements in the replies 
have been quoted verbatim. The maps showing phosphorus and io- 
dine deficiencies (figs. 1 and 2) are based on the maps or the replies 
from the States. 



J ACTUAL AREAS   WITHIN   WHICH   PHOSPHORUS 
'DEFICIENCY   HAS   BEEN   REPORTED 

BEEN   REPORTED; SECTIONS   NOT  CLEARLY   DEFINED 

Figure 1,—Reported phosphorus deficiency in the United States.    Stales or areas within which phosphorus-deficiency 
symptoms in livestock have been reported on maps or in reports submitted by the States.    See text for further explanation 

and for descriptions of conditions in each State. O 
¡S 



55^55¾ ACTUAL AREAS   WITHIN   WHICH   IODINE 
WM DEFICIENCY   HAS   BEEN   REPORTED 

_      GENERAL   LOCATIONS   WHERE   IODINE   DEFICIENCY 
T      HAS   BEEN   REPORTED   BUT AREAS   NOT  OUTLINED 

r\     STATES   IN  WHICH   IODINE   DEFICIENCY   HAS   BEEN 
W     REPORTED;  LOCATIONS   NOT  GIVEN 

Figure 2.—Reported iodine deficiency in the United States.    Stales, localities, and  areas within which symptoms of 
iodine deficiency in livestock  have been reported  on maps or in reports submitted by the States.    The reports from 
Iowa and Oregon indicate that there are in those States localities  (undesignated),  other  than  those shown, where 

there is iodine deficiency.    See text for further explanation and for descriptions of conditions in each State. 
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The writer takes this occasion to thank the reporters in every State 
for their replies. 

(Elsewhere in this volume mineral nutrition of various farm ani- 
mals has been discussed. A review and discussion of excess minerals 
is contained in the monograph of Mitchell and McClure {803).* The 
monograph of Orr and Scherbatofï {879) deals with minerals in pas- 
tures.) 

DEFICIENCIES OF NUTRITIONALLY ESSENTIAL MINERAL ELEMENTS 

PHOSPHORUS 

Arizona 

"We have been working on this problem somewhat over a year and have some 
analyses of forage and soils from some of the areas where deficiencies have been 
noted, particularly of phosphorus. * * * While the forages show phosphorus 
deficiency we have not as yet found blood phosphorus correspondingly low, 
though in some cases the cattle had shown signs of deficiency some years.'J 

The average phosphorus content of samples of plants from each of several 
localities ranged from 0.034 to 0.109 percent (basis not stated); one to seven 
different kinds of plants were represented from each locality.     (A.)3 

Arkansas 
There is no region in Arkansas where mineral deficiencies of the forage have 

actually been demonstrated. However, in a section known as the grand prairie 
area cattle have been observed eating bones. This area is in the east central 
part of the State and includes considerable parts of Lonoke, Prairie, and Arkansas 
Counties, a minor part of White County, and a very small part of Monroe County. 
Phosphorus deficiencies of the forage are suspected throughout other areas of the 
State.     (B.) 

California 
"There is a deficiency of certain minerals, particularly phosphorus at certain 

seasons of the vear on our drv foothill ranges due to the fact that the feed dries up 
and the seeds shatter" (C).    This is discussed in California Bulletin 543 (497). 

In an earlier publication (490), Hart and Guilbert reported that mild bone eat- 
ing had been observed in range herds in several counties of the State. 

Florida 
"Surveys are not complete but indications based on observation of cattle in- 

dicate" at present phosphorus-deficient areas in west and in south central Florida. 
"Phosphorus deficient areas in west Florida are high-iron soils. In south 

central Florida the areas are fine sands.    The areas are nearly continuous."    (E.) 

Kansas 
"There has been no survey of this State to find the sections in which there may be 

a phosphorus deficiency, f know that there is a phosphorus deficiency in Allen 
County. * * * i am quite sure that there is a large section in that part of the 
State where the forage crops during a good portion of the season are deficient in 
phosphorus content."   (H.) 

Louisiana 
Lush (I) apparently feels that there are phosphorus deficiencies in portions of 

Louisiana, He submits average values of analyses (air-dried basis) for this ele- 
ment in forage from various areas in the State. The lowest phosphorus figure is 
0.097 percent of phosphorus ( = 0.223 percent of P2O5, or phosphorus pentoxide), 
indicated on a map as being in Allen Parish. Low phosphorus figures also 
occurred in several other parishes.    No statement is made regarding definite 

2 Italic numbers in parentheses refer to Literature Cited, p. 1075. 
3 Capital letters in parentheses refer to the individuals in the States, listed at the end of this article (p, 

1042), who made the replies. Quoted material is from these replies unless indicated otherwise by refer- 
ence to Literature Cited. 
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phosphorus-deficiency symptoms in livestock in Louisiana, although Lush has 
written {700) of having observed abnormal bone formation in cattle on pasture 
where the phosphorus in some samples of the forage was rather low. 

Lush states in regard to areas which he indicates on his map as being deficient 
in both calcium and phosphorus: 

"We have not determined by feeding experiments or blood analysis that all of 
these areas are deficient, assuming them to be so because the forage samples were 
from the better than average farms in the same soil area." (1.) 

Literature references sent with or cited in the reply are {215), {700), and {701). 

Michigan 
"Reports from farmers indicate a rather widespread, though not general, phos- 

phorus deficiency in dairy rations, particularly when the rations consist almost 
entirely of home-grown feeds. In a few cases, these reports have been investi- 
gated and a phosphorus deficiency established. No survey of the State has been 
made, however, to determine phosphorus deficiency symptoms in dairy herds, 
hence no areas can be set aside as definitely phosphorus deficient"    (K.) 

Results of investigations of phosphorus deficiency in dairy cattle in Michigan 
under field {553) and experimental conditions {552) have been reported by Huff- 
man and his associates, 

Minnesota 
The phosphorus deficiency in the native forage in Minnesota and its effect upon 

cattle have been comprehensively investigated in field and experimental studies. 
A number of reports dealing with various aspects of the results have been published 
by Eckles and Palmer and their associates. Reference is made particularly to 
Minnesota Bulletin 229 {295) and Technical Bulletin 91 {298). The latter sum- 
marizes the results and refers to a number of other papers on the subject by these 
workers. Further work on the effects of phosphorus deficiency on estrus and 
reproduction has been reported  {299). 

In 1932 Eckles and his coworkers {298) stated that reports indicated that trouble 
from phosphorus deficiency was more or less prevalent in 30 counties in Minnesota, 
and in 1938 Clark (L), in his reply to the letter of inquiry, wrote as follows: 

"Experimental studies of phosphorus deficient native forage have been under 
way at the Minnesota Experiment Station for the past 15 years * * *. The 
location of the phosphorus deficiency in Minnesota is roughly that of the prairie 
region of the State * * *. All of the prairie is more or less highly calciferous 
and the available phosphorus in this soil is often quite low. In Traverse and lower 
Wilkin Counties the till is, in general, lake washed, having been the last bed of old 
glacier Lake Agassiz which covered the northwest prairie as well as the other north- 
west counties of the State. The present remainder of this old lake is the Red 
River, which forms the border of the State from Traverse County north to Canada. 
It is probable that some of this soil is actually lower than normal in total phos- 
phorus as well as in available phosphorus. Undoubtedly, similar conditions exist 
on the western side of the Red River, which also forms a part of the old lake. 

"Not all of the prairie region of Minnesota has been studied for phosphorus 
deficiency symptoms in the livestock. The local conditions of feeding are, of 
course, important contributing factors. Special surveys were conducted in 
Norman County and in the western prairie section of Mahnomen and Becker 
Counties in the central northwestern part of the State. Phosphorus deficient 
cattle were found there. Like conditions were found on farms in Traverse and 
Big Stone Counties on the central western border and in Renville and Redwood 
Counties in the central southwestern part of the State. The condition was also 
identified in the southeastern prairie region of the State. These facts support the 
conclusion that the basic condition prevails rather generally throughout the 
prairie region. 

"The studies made at the Minnesota station indicate that we are dealing with 
a permanent natural condition. As evidence may be cited the fact that phos- 
phorus deficient prairie hay which has been purchased for the experimental work 
at the Central Station has come for many years from the same farm in Mahnomen 
County." 

The average phosphorus content of 51 samples of prairie hay (air-dry basis) 
grown on the low-phosphorus soils in Minnesota, where phosphorus deficiency 
occurs among cattle, was 0.106 percent; each sample represented a different farm. 
Similarly, 5 samples of timothy hay averaged 0.112 percent 
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Montana 
"The entire area east of the divide may be considered deficient in phosphorus. 

In nearly every part of this district, in extremely dry seasons, cattle show the 
classic symptoms of phosphorus deficiency/' 

In wet years, with ample green forage, bone chewing and other symptoms are 
noticeable here in only a few separate sections whose combined area constitutes a 
minor proportion of the total. 

"Throughout the areas of greatest phosphorus deficiency, the use of bonemeai 
and other phosphatic supplements has been a necessary adjunct to successful 
stock growing."    (M.) 

In several publications phosphorus deficiency in livestock {1203) and phosphorus 
analyses of forage crops {172, 436, 437, 863, 1018) in Montana are discussed. 
(M, M-l.) 

Nebraska 
In at least most of that area of Nebraska commonly called the sand hills section, 

the forage is considered deficient enough in phosphorus to affect economy of 
production and to cause symptoms of malnutrition in livestock when the latter 
are on unsupplemented winter feed or on range, at any rate in dry seasons. The 
deficiency is stated to be common enough so that most range men are now feeding 
a high-phosphorus mineral supplement, with beneficial results. 

Phosphorus deficiencies are strongly indicated or suspected in a number of 
other areas in the State.    (N to N-4, inclusive. N--6 to N--9, inclusive.) 

Nevada 
Based on observation of the situation in regard to mineral deficiencies over a 

period of approximately 25 years, the following opinion is reported with respect 
to phosphorus in Nevada: 

In a small area, which constitutes a minor portion of Douglas County and 
borders on the southwest boundary of this county, there has been definite and more 
or less continuous evidence of phosphorus deficiency, in spite of an abundant food 
supply in the form of mixed pastures and hay. 

"So far as the rest of the State is concerned, we are of the opinion that it is also 
very much on the border line of phosphorus deficiency and that the feeding of 
phosphorus supplements is probably warranted on economic grounds—this in 
spite of the fact that there is onlv occasionally gross evidence of phosphorus 
deficiency.'7    (0.) 

New Mexico 
Phosphorus deficiency in the forage is considered to be the deficiency of greatest 

concern in New Mexico. Typical symptoms of phosphorus deficiency have been 
observed in cattle at times. 

A phosphorus and calcium survey has been made of the range forages and 
grasses of the State (1186). The first survey was conducted in 1932, a year of 
normal rainfall, during September and October when the plants were at maturity; 
on the dry-matter basis the values in a number of areas in widely distributed 
portions of the State were below 0.113 percent, the approximate danger line for 
range cattle estimated by Watkins of the State experiment station {118oy 1186). 
"In many of these low calcium and phosphorus areas that we have located" 
ranchers have reported inability to raise livestock profitably unless they supply 
mineral supplements. 

"It has been a practice with many successful ranchmen in New Mexico for 
many years to feed bonemeai to prevent creeps and other troubles originating from 
lack of calcium and phosphorus in the forage/'    (P.) 

North Dakota 
Evidence of phosphorus deficiency in livestock, as judged from chewing of 

bones and run-down condition, was indicated for a number of counties in North 
Dakota in replies of county agents to questionnaires, particularly for McHenry, 
Benson, Hettinger, and Cass Counties. Replies were not received from all 
counties. Craving of cows for bones, sticks, etc., were recounted in letters received 
from farmers. "The experience of a number of our stockmen that the feeding of 
bonemeai has improved the health, reproduction, and milk production of their 
cows is further evidence indicating a phosphorus deficiency in certain cases.    In 
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one of these areas where the feeding of bonemeal proved decidedly beneficial, the 
prairie hay contained 0.076 percent of P2O5 compared to 0.229 percent or more in 
normal prairie hay." 

"On the basis of analyses feed crops may be somewhat deficient in phosphorus. 
Analyses of alfalfa hay samples from 15 trial plots in the Red River Valley (1929- 
30) ranged from 0.238 to 0.453 percent of phosphoric acid (P2O5), and averaged 
0.338 percent {5^0). With the exception of three instances in the first cutting of 
1929, application of phosphatic fertilizer caused a material increase in the phos- 
phoric acid content of the hay. This may have been a result of increased leafiness. 
These percentages, however, tend to range below the generally accepted average 
of about 0.50 percent for good alfalfa hay."    (Q.) 

Oregon 
"While we do not have enough information to draw accurate regional phos- 

phorus deficiency maps, we do know that we have sections in which phosphorus 
deficiency symptoms show up in certain years. Wild and grass hays with phos- 
phorus contents around 0.10-0.13 percent are not especially uncommon. We do 
not, however, have such striking regional deficiencies as, for example, the phos- 
phorus deficient area in western Minnesota. 

"We have a considerable amount of analytical information on alfalfa hay. 
Perhaps one-third of our phosphorus analyses fall under 0.20 percent P. With 
very few exceptions, cows fed on alfalfa hay show low inorganic blood phosphorus, 
but we are inclined to attribute this not so much to the low phosphorus content of 
the hay as to the high Ca/P ratio [ratio of calcium to phosphorus]." (R.) 

Tennessee 
A continuous area of about 5,000 square miles in one section of Tennessee (the 

Cumberland Plateau) is designated as producing crops deficient in minerals. 
"Animals in that area frequently exhibit the well-known symptoms of mineral 
deficiency such as chewing of wood, bones, and pasteboard boxes. Lespedeza 
crops grown there are found to carry only one-third to one-half as much P2O5 as 
a similar crop grown in other parts of the State which are well supplied with phos- 
phate. There may be other areas, but we do not have information in regard to 
them." (T.) 

Texas 
"We are conducting extensive investigation upon the relation of forage to the 

composition of the soils in this State. The only deficiency that we have found so 
far is for phosphorus. This has been demonstrated to occur in Harris County as 
shown in Texas Bulletin No. 344" (U). 

In this bulletin {1015) it is reported that bone chewing was observed in about 
three-fourths of a sizable group of experimental range cattle. Feeding of bone- 
meal to part of the group cured this habit, prevented "creeps," and enabled cows 
to rear better calves. It is stated that "creeps" is met with frequently in the Gulf 
Coast region of Texas and on the more sandy soils in other parts of this State and 
adjoining States. 

"Analysis of forages has shown probability of widespread phosphorus deficiency." 
From a study of the chemical composition of forage grasses of the East Texas 
Timber Country, an area of about 26,000,000 acres in the northeastern part of 
Texas, Fraps and Fudge {S87) conclude, 

"The work indicates a widespread deficiency of phosphoric acid and a possible 
deficiency of protein in the forage consumed by range animals in the East Texas 
Timber Country." 

It is thought by Fraps (U) that the phosphorus deficiency in forages is probably 
of extensive occurrence on upland surface soils that contain 0 to 30 parts per 
million of active phosphoric acid, and that deficiencies probably occur on some soils 
in areas where the prevailing soils contain 31 to 100 parts per million. (See {386), 
p. 76, for map of active phosphoric acid in soils.) 

Virginia 
Bone chewing by cattle was reported in a few localities in Virginia (Washington 

and Madison Counties) in replies to a questionnaire on indication of phosphorus 
deficiency sent out by the  Department of  Dairy  Husbandry of the Virginia 
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Agricultural Experiment Station to all county agents and veterinarians in the 
State. Replies were received from 27 counties (V). Holdaway sums up these 
replies as follows: 

"I do not think that we can consider that any section of the State is seriously 
affected. It appears that there is some deficiency through the Piedmont region 
and in the counties immediately east of this region, A few isolated cases in the 
uplands of southwest Virginia are noted, and one or two of the counties also 
directly adjacent to Tidewater." 

Wisconsin 

"We have definite knowledge that phosphorus is deficient in Door County, 
and there may be other areas in the State where there is a deficiency great enough 
to cause symptoms of malnutrition in cattle, but we do not have the specific 
information, except in the case of Door County. 

"We appreciate that seasonal conditions have a bearing on any phenomenon 
such as the mineral deficiency of forages    *    *    *."    (Y.) 

Results of investigations of phosphorus deficiency disease in parts of this 
State have been published by Hart and his associates in Wisconsin Bulletin 
389 {486). Samples of sweetclover hay from the affected area ranged from 0.200 
to 0.267 percent in P2O5 content; the single value for alfalfa hay was 0.328 percent. 

CALCIUM 

Florida 

Surveys of Florida are not complete. 
"Dairy cattle grazed on the cobalt-deficient areas without the use of a calcium 

supplement suffer from calcium deficiency" (E).    (See Florida under Cobalt.) 

Louisiana 

Lush (I) apparently feels that there is calcium deficiency in portions of Louisi- 
ana. He submits and refers to average values of analyses for this element in 
forage from various areas in the State. However, the forage appears from the 
average figures given to be higher in calcium than has been found in numerous 
instances to be adequate. The lowest figure given is apparently 0.202 percent of 
calcium (=0.283 percent of calcium oxide) in air-dried material. On the map 
submitted by Lush this is shown as being in Livingston Parish. The figures 
submitted for the rest of the State were much above this value. (See this State 
under Phosphorus.) 

Nebraska 

It is reported that calcium deficiencies occur on quite a number of farms in 
some areas in Nebraska and are manifested by depraved appetites in cattle, 
horses, and sheep. It is stated that this condition seems to be corrected by 
feeding a calcium supplement.    (N-7.) 

Virginia 

It is reported (V) that incidental to his reply to the phosphorus-deficiency 
questionnaire (see Virginia under Phosphorus), the agent of Lunenburg County, 
Va.; reported some trouble with dairy cattle and hogs that was diagnosed by 
veterinarians as calcium deficiency. 

West Virginia 

a* * * we have in recent years had called to our attention, in a few sec- 
tions [of West Virginia], conditions of young horses which were apparently due 
to a lack of calcium in that particular region. Upon changing the roughage 
used to a good alfalfa hay and in a few cases recommending feeding of minerals, 
these colts have, over a long period, improved, which would lead us to believe 
that our diagnosis of the trouble was correct," (X.) 
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IODINE 

California 
Hart (C) reports on the situation in California as follows: 
"In California we have a definite iodine deficiency in all forms of livestock 

along Hat Creek in Shasta County up to the point where it becomes confluent 
with Rising River. There is no iodine deficiency along Rising River or below 
where it joins Hat Creek. 

"This area is the most definitely iodine deficient area that we have found. How- 
ever, there have been isolated cases of dead young animals with swollen throats 
reported in the lava bed areas in Modoc and Lassen Counties, but we have not 
followed them up. 

"The fact that Rising River showed no cases while Hat Creek has such a seri- 
ous deficiency until it becomes confluent with Rising River was very interesting. 
Since we have the livestock men educated to the proper use of iodine along Hat 
Creek no difficulty has been experienced." 

Colorado 
It is reported that while there are indications of iodine deficiency in Colorado, 

"they are not sufficiently great nor sufficiently localized to point to any locations 
of aggravated deficiency." (D.) 

Idaho 
The entire State of Idaho is stated to be on the border line of being iodine 

deficient. Counties in which iodine deficiency among livestock has occurred 
have been indicated as Franklin, Gooding, Lincoln, Custer, Lemhi, Latah, and 
Bonner. 

"* * * I believe that iodine is about the only mineral in Idaho that is 
deficient in the natural feeds produced. We have an area around Salmon and 
Challis, Idaho, where we have had considerable trouble with hairlessness in pigs 
and big neck in calves. The feeding of iodine supplements has in all cases cured 
this nutritional deficiency, which points definitely to the lack of iodine." (F.) 

Iowa 
"*    *    *    it has been  noted that goitre conditions  are more prevalent in 

lambs and calves in northeastern Iowa than in other sections of the State. 
"No data are available that make it possible to fix the limits of this area." 
Good results from feeding iodine in some experiments at the Iowa station 

{S52, 3Ô4) "might be interpreted as suggesting an iodine deficiency in Iowa rations 
or water." (G.) 

Michigan 

"A deficiency of iodine as indicated by a prevalence of goiter is also rather wide- 
spread in Michigan. The situation is * * * not general, as the disease 
may be found in the cattle on one farm but not on an adjoining farm. Undoubt- 
edly, feeding practices are a determining factor in iodine deficiency on Michigan 
farms. 

"Dr. Kimball (607) made a study of the iodine content of Michigan waters 
and reports as follows: No iodine found in samples from northern counties; 0.5 
p. p. b. [parts per billion] of iodine in samples from central counties; 7.3 p. p. b. 
of iodine in waters from south central counties; 8.7 p. p. b. of iodine in samples 
of water from southern counties." (K.) 

Minnesota 
u Mention should be made of the fact that iodine deficiency is undoubtedly 

prevalent in many spots in the State of Minnesota. Whether forage, grain, or 
water supplies are chiefly responsible has not been determined. No survey of 
the incidence of iodine deficiency in the State has been made and we have, as yet, 
made no chemical studies of the iodine content of the crops grown in various 
sections of the State." (L.) 



MINERALS IN FORAGE 1037 

Montana 
As determined by the presence of goiter, roughly one-third to one-half of the area 

of Montana is indicated as iodine deficient. This area is nearly continuous and 
is situated principally in the eastern, southeastern, and central-southern parts of 
the State.    There are a few very small scattered areas west of the Divide. 

"Throughout these areas, and especially in central-eastern Montana, newborn 
livestock of all types are likely to be affected with goiter. The use of iodized 
stock salt has completely controlled losses from this source. Areas of iodine 
deficiency can be much more sharply defined than those of phosphorus deficiency 
as climatic conditions seem to have no relation to goiter occurrence."     (M.) 

Several Montana publications {Í201, 1202, 1204) are referred to as dealing with 
iodine deficiency in farm animals. 

Nebraska 
It is reported that there is occasional evidence of goiter in dairv calves in Ne- 

braska.     (N-4.) 
Nevada 

Based on observation for approximately 25 years of the situation in Nevada 
in regard to mineral deficiencies, the following opinion is reported with regard 
to iodine: 

There is definite evidence of iodine deficiency as manifested by occasional 
goitrous calves in two very small areas—one in the southern part of Washoe 
County and one in the western part of Ormsby County. 

"This manifestation of iodine deficiency has, however, been periodic rather 
than continuous, and it has not been a problem of much practical importance. 
It is our opinion, though based largely on geologic observations and analogy, 
that all of this State is probably a border-line iodine deficiency area. The fact 
that our livestock have not shown more gross evidence of this may well be due to 
the widespread use of iodized salt for stock salting purposes." (0.) 

North Dakota 
Reports from various parts of North Dakota indicate that the occurrence of 

hairlessness in pigs and goiter in farm animals is sufficiently widespread to justify 
the feeding of iodine as a general practice.     (Q) (206). 

"In North Dakota the birth of hairless pigs is more common than the birth of 
calves or lambs with 'big neck/ or the birth of weak, goitered foals. In general, 
the frequency and severity of the occurrence in the State increases from east to 
west. In the eastern part of the State hairless litters may occur only once in 
4 or 5 years; whereas, in the western part, hairless litters occur every year, and 
the goiter in other farm animals is also more prevalent. Goiter appears to be 
more prevalent after long, cold winters" (206). 

Iodine deficiency in farm animals in North Dakota is discussed in publications 
(206) and (IO4O)" The latter contains a map showing the occurrence of litters 
of hairless pigs in various years, as reported by county agents: some counties did 
not, however, have agents. The information on this map was presented on 
the map submitted with the reply from North Dakota and has been incorporated 
into the United States map showing iodine deficiency in livestock (fig. 2, p. 1030). 

Oregon 
Regarding the incidence in Oregon of goiter in livestock, it is stated, "While 

goiter is found over widely scattered areas, there are, however, a number of approx- 
imately defined regions in which goiter occurs much more frequently." The center 
of most severe goiter occurrence is indicated as an area consisting roughly of the 
northwest half of Deschutes County and the adjoining southwest one-third to 
one-half of Jefferson County, and is bordered by areas of less severe occurrence. 
"Parts of the upper Deschutes basin can undoubtedly be classed as severely 
goitrous." There is a considerable area, not sharply defined or thickly settled, 
in Wallowa County, chiefly in the southwest half. A third area, varying from 
border-line to moderately severe, is indicated in the western part of the State; 
it is composed roughly of the western halves of Multnomah, Clackamas, Marion, 
and Linn Counties, the central third of Lane County, practically all of Benton 
County, and the eastern halves of Polk and Yamhill Counties. 
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In the goitrous sections, the use of iodine medication has greatly reduced the 
losses from this deficiency. 

The following iodine analyses and comments on livestock relative to them are 
given : 

"Drinking water of glacial origin (Mount Hood) contains 0.1 p, p. b. or less of 
iodine. Corvallis city water (mountain springs and small streams) contains some 
0.3 p. p. b. of iodine. Local valley streams (ground water) contain some 1.5 
p. p. b. of iodine. Local hays (slightly goitrous area) contain some 75 to 100 
p. p. b. of iodine. A sample of alfalfa hay from a very goitrous area contained 
45 p. p. b. Local barley contains 3 p. p. b. or less of iodine. Barn-fed animals on 
local feedstuffs and Corvallis city water are goitrous. Animals on local pastures 
and local valley streams are borderline with respect to goiter. 

"On the college farm, using Corvallis city water, goiter in barn-fed animals is 
sufficiently severe so that when the use of iodine is discontinued for some 3 to 6 
months, goiter is observed in the newborn.    This is especially true of horses." (R.) 

Texas 
No extensive study has been made of the iodine problem in Texas; however, 

there are as yet no indications of any serious deficiency of this element (U). 
Schmidt {1015) states that in Texas as a rule the animal finds enough iodine 
available in the food it consumes, though some regions are known where this is 
not the case. 

Washington 
"Sufficient work has been done in the field of investigating iodine deficiency 

that we know definitely that this exists in the State of Washington. Our so-called 
goitrous belt, although it has not been carefully charted, is confined largely to the 
eastern slope of the Cascade Mountains along the valleys of the Columbia River 
and its tributaries, and the condition is evident by simple goiter occurring in 
newborn domestic animals, particularly goats, sheep, hogs, cattle, and horses 
* * * . There is also evident a lesser degree of iodine deficiency on the west- 
ern slope of the Cascade Mountains. Since the almost universal use of iodine, or 
its salts, in the treatment of pregnant females in domestic animals, very little 
simple goiter is observable in these goitrous areas." (W.) 

This subject has been discussed bv Kalkus in Washington Agricultural Experi- 
ment Station Bulletin 156 (605) (W-l). 

Wisconsin 
Wisconsin reports "iodine deficiency at times experienced in various parts of 

Wisconsin." "We have noted at times that a long, hard winter has accentuated 
trouble from the iodine deficiencies in livestock." (Y.) 

Iodine deficiencies have been reported bv Hart and Steenbock in Wisconsin 
Bulletin 297 (¿9Ï). 

Wyoming 
There is a reported iodine deficiency in certain areas in northern Wyoming, 

particularly in the northeast region of Park County, in the northwest region of 
Big Horn County, and in the northern part of Sheridan County. No research 
has been done to establish the boundaries of this area. The general picture is 
formed merely from reports of goiter in lambs and a few hairless pigs, conditions 
which seem to be eliminated by feeding iodized mineral. (Z.) 

COBALT 

Florida 
"Surveys are not complete but indications based on observation of cattle 

indicate" at the present time a considerable cobalt-deficient area in Florida, more 
or less continuous in extent, encompassing roughly the northern, central, and 
south-central parts of the State and restricted areas along the northern Gulf 
coast. 

In commenting upon this, it is stated: "Cobalt deficient soils include the 
lighter sandy soils, very few of which are low-lying. The proportion of definitely 
affected land will vary from 10 to 75 percent" in the area. "Adjacent ranges may 
be deficient or healthy." (E.) 
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Massachusetts 

(See under Iron.) 
COPPER 

Florida 

"Surveys are not complete but indications based on observation of cattle indi- 
cate" at present a few restricted copper-deficient areas in north and south central 
Florida. In regard to this, it is stated, "Copper deficient soils include many of 
those high in organic matter, and in addition certain other sandy soils." (E./ 

IRON 

Massachusetts 

"There is only one region of rather limited area in our State [Massachusetts] 
where a specific mineral deficiency has been demonstrated. As indicated roughly 
* * * this area is confined to the coastal region around Buzzards Bay, Vine- 
yard Sound, and portions of Cape Cod Bay." While this area represents sections 
where cases of this mineral deficiency in cattle have actually been located, it 
is thought probable that the deficiency occurs through the whole coastal region 
in the southeastern section of the State. 

uThis deficiency, we believe to be of iron but some more recent work at the 
Wisconsin station and in Australia and New Zealand suggests it mav possibly be 
cobalt."   (J.) 

Results of investigation of this deficiency in cattle have been reported by Archi- 
bald and his associates (29). 

EXCESS MINERALS 

FLUORINE 

Arkansas 
A small continuous area in the central part of Arkansas is indicated as a bauxite- 

producing section. (This area encompasses small portions each of Pulaski, Saline, 
and Grant Counties, located respectively in the southwestern, southeastern, and 
northeastern parts of these counties.) 

"We have considerable evidence which leads us to believe that there is an excess 
of fluorine in feeds produced in this area."   (B.) 

California 
Although drinking water was not mentioned in the form letter of inquiry sent 

to the States, California reported as follows: 
"We * * * have found small quantities of fluorine in certain warm springs 

in Modoc County which has been present in sufficient quantities to cause trouble 
with the teeth of cattle."   (C.) 

Other Reports 
A very few other States reported that while in some localities there were quanti- 

ties of fluorine in the drinking water sufficient to cause mottled teeth among the 
human population, no injurious effects on livestock from this element were known 
in these localities. (See the section on Fluorine in the article Mineral Needs of 
Man, p. 187.) 

SELENIUM 

Nebraska 

"So far as I am aware, the only areas of Nebraska in which selenium is sufficiently 
abundant to be toxic to animals (fig. 3) include some of the soils developing from 
Cretaceous formations—Pierre shale aud Niobrara chalk—in Boyd, Keyapaha, 
and Knox Counties. The most troublesome area is in the vicinitv of Lvnch, 
Nebr."    (N-5.) ^ 
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South Dakota 
The situation in South Dakota is indicated by the map (fig, 4) and the state- 

ment accompanying it, both, of which were submitted by I. B, Johnson (S). 

Wyoming 
Survey of Wyoming to determine the location of selenium in quantities large 

enough to cause damage to livestock has not been completed. 
The places indicated on the map (fig. 5) represent "various localities and 

counties where selenium has been found in forage, and where there seems to be 
definite injury to animals caused by it."   (Z.) 

Occurrence of selenium and seleniferous vegetation in the State are discussed 
in Wyoming Bulletin 221 (7^, 639). 

Statement on Effects on Livestock of Selenium in Forage 

In addition, several States referred to H. G. Byors and his associates in the 
Bureau of Plant Industry of this Department and to their extensive work on 

Figure 3,—Reported   occurrence   of   selenhim   poisoning  in  Nebraska.    Within   the 
shaded counties (Keyapha, Boyd, and Knox) localities are reported in which selenium 
is  sufficiently  abundant  to  be  toxic  to  animals.     See  text for further explanation. 

(Map prepared from data submitted by F. A. Hayes (N-5).) 

surveys of selenium in soils and related topics {181 y 182, 183, 1226) for information 
concerning the relation of selenium in forage to harmful effects on livestock. 
Dr. Byers was therefore requested to make a general statement concerning the 
relation of selenium in soils and plants to resulting animal injury. This he kindly 
consented, to do.    His statement follows: 

"It has been abundantly demonstrated that there are numerous areas in 
certain of the Great Plains and Mountain States which produce seleniferous 
vegetation. The term 'seleniferous vegetation' is to be understood as referring 
to plants containing sufficient selenium so that if eaten in adequate quantities 
by animals definite physiological disturbance follows. 

4'For the most part highly seleniferous vegetation consists of plant species not 
normally consumed by animals. When normal forage or food crops are toxic 
by reason of selenium, there is a wide variation in toxicity between different 
plant species grown under essentially identical conditions and between different 
samples of the same materials grown at different points within limited areas. 
Even in the areas most severely affected it appears that by no means all the 
vegetation is poisonous. The concentration of selenium in a given plant also 
varies seasonally, 

"Because of variables of the type mentioned, and because animals native to 
a region learn to avoid highly toxic vegetation except when driven by hunger, 
animal injury is of variable intensity even in narrowly restricted areas.    The 
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field workers on the occurrence and distribution of selenium have observed 
many cases of 'alkali disease^ (selenium poisoning), but only in a few cases have 
competent post mortem, or other examinations definitely established the cause 
of the injury. No real effort has as yet been made to evaluate the extent of 
animal injury due to selenium. It does not appear possible to definitely delimit 
on maps those areas in which selenium poisoning is a serious problem. Selenium 
appears to be present to some extent in all plants and is therefore, of necessity, 
a factor in the animal diet. It is definitely injurious to animals when ingested 
in sufficient quantity. Whether in. sufficiently minute quantities it may be 
considered as an essential element in either plant or animal nutrition is not 
known." 

Figure 4.—Reported occurrence of selenium poisoning in South Dakota. The black 
area is, generally speaking, the most seleniferous part of South Dakota. Within this 
area are included the majority of the farms or ranches where selenium poisoning is a 
major problem. Because the map is generalized, it may give the impression that 
all of the black area is seleniferous and that all farmers or ranchers within the area 
suffer losses from selenium poisoning. Such is not the case. Much of the land in- 
cluded in this area does not produce seleniferous vegetation, and many of the farmers 
have suffered no losses from the disease. However, within this area, selenium poison- 
ing constitutes a greater problem than it does in any other similar area in the Stale. 
Cases of selenium poisoning may be found in the western part of the State outside of 
this area. However, these cases are scattered and usually less severe, and losses 
constitute less of a problem than they do in the black area. The boundaries of the 
black area were made on the basis of geological, soil, and plant data, and the actual 
occurrence of the disease, as reported since the beginning of the project. In some 
parts they may indicate an exact boundary between seleniferous and nonseleniferous 
land, but for the most part they indicate a transition zone.     (Map and legend submitted 

by I. B. Johnson (S).) 

CYANIDES * 

Colorado 

In the reply from Colorado, the following statement was included: 
"Toxic alkaloids, glycosides, and cyanides in range plants account each year 

for appreciable losses of livestock in this State."   (D.) 

- The writer in classing cyanides as minerals realizes that the classification is questionable in this case. 

141394°—39 67 
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Figure 5.—Reported occurrence of selenium poisoning in   Wyoming.     "S"  indicates 
general   localities   where   selenium   injurv   to   livestock   has   been   reported.     (Map 

submitted by J. A. Hill (Z).) 

KEY LIST OF INDIVIDUALS REPLYING TO LETTER OF INQUIRY 

(A) Arizona. 
A.  H.   Walker,  assistant  animal husbandman.  Agricultural Experiment 

Station, Tucson. 
(B) Arkansas, 

W. R. Horlacher, head of animal industry department, Agricultural Exper- 
iment Station, Fayetteville. 

(C) California. 
George H. Hart, head of animal industry division, Agricultural Experi- 

ment Station, Davis. 
(D) Colorado. 

J.   W.   Tobiska,   head  of  chemistry  research   department,   Agricultural 
Experiment Station, Fort Collins. 

(E) Florida. 
Wilmon Newell, director, Agricultural Experiment Station, Gainesville. 

(Conference held with members of staff.) 
(F) Idaho. 

W   M. Beeson, associate professor of animal husbandry, College of Agri- 
culture, University of Idaho, Moscow. 

(G) Iowa. 
W. H. Stevenson, vice director, Agricultural Experiment Station,  Ames. 

(Transmitted report of a station committee, members not named.) 
(H)  Kansas. 

J. S. Hughes, professor of chemistry, and animal nutritionist, Agricultural 
Experiment Station, Manhattan. 

(I)  Louisiana. 
R. H. Lush, dairy husbandman in charge of dairy research, Agricultural 

Experiment Station,  university. 
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(J)   Massachusetts. 
J.   G.  Archibald, research professor of animal husbandry..  Agricultural 

Experiment Station, Amhcrst, 
(K)  Michigan. 

C. E. Millar, head of   soils department, Agricultural Experiment Station, 
East Lansing.    (Conferred with C. F. Huffman, research associate in 
dairy husbandry.) 

(L)   Minnesota. 
W.   C.   Coffey,   director,   Agricultural   Experiment   Station,   University 

Farm, St. Paul. 
(M)   Montana. 

H. Welch, research veterinarian, Agricultural Experiment Station, 
Bozeman. 

(M-l)   Edmund Burke, head of chemistry department. Agricultural 
Experiment Station, Bozeman. 

(N)  Nebraska. 
Wm. J. Loeffel, acting chairman, animal husbandry department, Agricul- 

tural Experiment Station, Lincoln. Professor Loeffel conferred with the 
members of the staff and quoted statements from the following in 
his reply: 

(N-l)   C. W. Ackerson, associate professor and assistant agricultural 
chemist; 

(N-2)   M. L. Baker, animal husbandman. North Platte substation; 
(N-3)   E. M. Brouse, superintendent, Valentine substation; 
(N-4)  H.   P.   Davis,  professor  and  chairman  of  dairy  husbandry 

department; 
(N-o)   F.  A. Hayes, professor of soil science, cooperating with the 

United States Department of Agriculture; 
(N-6)  F. E. Mussehl, professor and chairman of poultry husbandry 

department; 
(N-7)   R.   R.   Thalman,  associate professor,  in  charge  beef  cattle 

investigations; 
(N-8)  L. Van Es, professor and chairman of animal pathology and 

hygiene department; 
(N-9)   M. D. Weldon, associate professor, in charge soils research. 

(0)  Nevada. 
Edward Records, head of department of veterinary science. Agricultural 

Experiment Station, Reno. 
(P)  New Mexico. 

W.  E.  Watkins, nutrition chemist and associate in animal husbandry, 
Agricultural Experiment Station, State College. 

(Q)  North Dakota. 
F. W. Christensen, professor and chairman of department of animal and 

human nutrition. Agricultural Experiment Station, State College Sta- 
tion, Fargo. (Transmitted a typewritten report, "The Phosphate 
Situation in North Dakota," by T. H. Hopper, F. W. Christensen, 
and T. E. Stoa, all of the North Dakota station, from which quoted 
matter and some of the statements in the text were taken.) 

(R)  Oregon. 
J. R. Haag, nutrition chemist, Agricultural Experiment Station, Corvallis. 

(S)  South Dakota. 
I. B. Johnson, director, Agricultural Experiment Station, Brookings. 

(T)  Tennessee. 
C. A. Mooers, director, Agricultural Experiment Station, Knoxville. 

(U)  Texas. 
G. S. Fraps, chief of chemistry division and State chemist, Agricultural 

Experiment Station, College Station. 
(V)  Virginia. 

C.   W.  Holdaway,  head,  department of dairy husbandry,   Agricultural 
Experiment Station, Blacksburg. 

(W)   Washington. 
J. W. Kalkus, superintendent. Western Washington Agricultural Experi- 

ment Station, Puyallup. 
(W-l)  J. CL Knott, associate professor, department of dairy hus- 

bandry, State College of Washington, Pullman. 
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(X)   West Virginia. 
E. A. Livesay, head of animal husbandry department, Agricultural Exper- 

iment Station, Morgantown. 
(Y)  Wisconsin. 

Noble Clark, associate director, Agricultural Experiment Station, Mad- 
ison. 

(Z)  Wyoming. 
J. A. Hill, director, Agricultural Experiment Station, Laramie. 



WHAT  DO WE  NEED  TO  KNOW 

IN  LIVESTOCK  NUTRITION? 

by 0. E. Reed * 

I HKUUbnUU I the United States there are scores of workers in 

the State experiment stations and the Department of Agriculture in- 

vestigating problems in animal nutrition. What do these workers think 

are the important unsolved problems at the present time? What do they 

think needs to be known about nutrition in order that livestock and 

livestock products may be produced more efficiently by farmers in the 

United States? What do they believe are some of the important trends 

today in animal feeding? Here, in not too technical language, you will 

find frank answers to these questions by the workers themselves, including 

many who are famous in their various fields. 

WHEN I was asked to write on this topic for the Yearbook, it occurred 
to me that a discussion by leaders in livestock nutrition would be most 
helpful and suggestive to those planning work in this field. The follow- 
ing letter was therefore addressed to the directors of the State agri- 
cultural experiment stations, and in some cases to members of their 
staffs: 

As you may know, the Yearbook of the United States Department of Agricul- 
ture this year is to be devoted to papers on various subjects in animal nutrition— 
human and livestock. In the part on the nutrition of livestock there is planned a 
paper expanding the following theme: Incomplete knowledge of nutritional re- 
quirements of farm animals and the nutritive value of foods on the part of the 
farmer does not enable him to plan his feeding program most effectively. 

In this paper it is planned to consider the problems in livestock nutrition upon 
which information is most needed and where further information, if it were at 
hand, would contribute most to the economic welfare of the farmer. * * * 

Because of your broad experience and the thought that you have given to work 
of this sort for years, we would appreciate very much having your judgment on 
this question and knowing from you what problems in livestock nutrition and feed- 
ing you would now put uppermost in your mind. 

Some of the responses received were from committees or individual 
workers appointed by the directors. This article is devoted almost 
exclusively to the presentation of these replies.   In fact I have tried 

3 0. E. Heed is Chief of the Bureau of Dairy Industry. 
1045 
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to turn the program over to my correspondents. It is impossible to 
present all of the replies in full ; but as far as possible where this has 
not been done, I have selected excerpts from these replies to represent 
the views expressed in them. The same problem has frequently been 
suggested repeatedly in different replies. I have not hesitated to 
repeat these suggestions, the purpose of this survey being not to deter- 
mine what unsolved problems exist in livestock nutrition, but rather 
to determine the relative importance of these problems in the opinion 
of leaders in this field. 

The topic may be considered from two standpoints: (1) The gaps 
in existing knowledge of the nutritional requirements of farm animals 
and the nutritional value of feeds, and (2) existing knowledge with 
which the farmer is not familiar and which would be of practical help 
to him. A number of replies consider both aspects of the problem; 
most of them, however, are devoted mainly to the lines of investiga- 
tion which the authors feel would contribute most to the economic 
welfare of the farmer. Some include very complete and very care- 
fully prepared research programs. 

THE BROAD VIEW 

Some of the replies to my letter take a broad general view of the 
field of research in animal nutrition. The reply of Dr. James T. 
Jardine, Chief of the Office of Experiment Stations, United States 
Department of Agriculture, which I quote in part, is of interest in this 
connection: 

Looking at this problem from a broad viewpoint, there are two major aspects 
that appear to be vital to the development of this field of research. These are: 
(1) The relation of nutrition to the physiological processes of the various classes 
of livestock, and (2) the relation of deficiencies or excesses of feed constituents 
to diseases and disorders of livestock. 

The first of these problems can be broken down into a number of definite phases 
that will indicate the type of desirable research. For example, there is a definite 
need for information regarding the effect of the various vitamin, mineral, and other 
constituents of feeds upon the secretion of fluids by the various endocrine glands 
of the body, which in turn influence such physiological processes as lactation, 
reproduction, growth, etc. The second major problem includes such important 
lines of work as the effect of selenium on livestock, the disorders occurring as a 
result of deficiencies in cobalt and phosphorus on the mineral side, and of all the 
vitamins on the biological side. There is a big gap in our knowledge of the inter- 
relationship of feed intake and the functioning of the animal organism. There is 
also the broad problem of the effect of soils, climate, and other factors upon the 
nutritive value of the feeds ingested by livestock. 

Certain broad principles relating to the basic knowledge of animal nutrition 
can be developed in laboratories, but these principles must be tested for national, 
regional, and local adaptation by workers located in varying sections of the 
country. 

T trust that these ideas, advanced from such a broad outlook, may be of assist- 
ance to the Committee preparing the material for the animal nutrition section 
of the Yearbook. 

The following comprehensive statement of the objectives of research 
in animal nutrition from E. B. Hart, chairman of the department of 
biochemistry, Wisconsin Agricultural Experiment Station, and for 
about 33 years professor at the University of Wisconsin, is of par- 
ticular interest considering the wide range of valuable contributions 
that the Wisconsin laboratory, under his direction, has made in the 
field of nutrition: 
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In my judgment one can divide the problems of animal nutrition into two 
classes: (1) Those of a fundamental character and applicable to all classes of 
livestock the world over, and (2) the more local practical problems of animal 
feeding. 

Under the first, of course, my notion is that we should catalogue all the fac- 
tors involved in the nutrition of animals, learn how to assay for these factors in 
our foodstuffs, and then in addition determine the needs of these factors quanti- 
tatively for livestock. That is a big problem, but it is the ultimate goal of any 
program for the development of fundamental knowledge of nutrition. 

Under the second heading of local problems, I can only speak for the situation 
in Wisconsin. Here we need to know (1) how best to preserve the green crop 
and look forward to whether such preservation will preserve factors of importance 
in the products made by the animal, as well as the health of the animal; (2) the 
possibility of producing cheaper milk through the use of simple nitrogen com- 
pounds in competition with protein concentrates; (3) the relation of the B com- 
plex to the growth and reproduction of swine, especially where a great deal of 
corn is being fed; (4) cataloguing the nutritional deficiency diseases of poultry 
and seeing to it that those materials that supplement our grains provide ade- 
quately the factors needed; (5) acquiring sufficient knowledge of the mineral 
requirements of livestock to give sound advice as to whether in all the State, or 
only part of it, or none of it, simple or complex mineral mixtures will be of any 
benefit. 

After writing the "farmers' bible/' Feeds and Feeding, a Handbook 
for the Student and Stockman (819),2 F. B. Morrison, head, Depart- 
ment of Animal Husbandry, New York Agricultural Experiment 
Station, Cornell University, ought to be able to tell us exactly where 
the important loopholes are in our present knowledge of livestock 
nutrition. Here is the list of questions from him that were not an- 
swered in Feeds and Feeding, although some of them look much like 
the questions at the end of some of the chapters in that most helpful 
book: 

In reply to your letter I would state that in my opinion we need information 
on the following important problems, among many others in livestock feeding 
and nutrition: 

Is there any deficiency of vitamin E in normal rations for dairy cattle, beef 
cattle, horses, sheep, and swine? 

Will the addition of wheat germ oil or any other vitamin E supplement pro- 
duce any benefit when added to normal rations for these classes of livestock? 

What are the specific fat requirements of beef cattle, sheep, swine, and poultry? 
Is there any lack of the so-called essential fatty acids in the usual rations for 

various classes of farm animals? 
Of what importance is the quality of protein in rations for dairy cows, beef 

cattle, and sheep, which are fed good-quality forage or roughage of the common 
types? 

What should be the place of legume and grass silage in American agriculture? 
Should legume and grass silage replace corn silage in good corn sections? To 

what extent should it replace hay for dairy cows in winter? 
What is the relative cost of total digestible nutrients and the relative cost of 

net energy in corn silage, legume and grass silage, and legume or mixed legume 
and grass hay in various sections of the United States? 

What is the relative value per ton of legume and grass silage in comparison 
with well-eared corn silage for dairy cows, for beef breeding cattle, for fatten- 
ing cattle, for breeding ewes, and for fattening lambs? Is the feeding of sugar or 
molasses of any benefit in reducing the trouble from acetonemia 3 in dairy cattle? 

Dr. L. A. Maynard is not only the author of Animal Nutrition {769), 
a book that is now filling a long-felt want for students of this subject, 
but he has also contributed much to several fields in the study of 
nutrition and lactation.    His reply presents suggestions that should 

■' Italic numbers in parentheses refer to Literature Cited, p. 1075. 
3 Acetonemia is the presence of acetone bodies in the blood as the result of faulty metabolism. 
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be given serious thought in planning experimental work. It is 
obviously a reflection of his 25 years of experience at the New York 
State College of Agriculture, Cornell University. 

In a general way I think that in the field of animal nutrition there is a need for 
greater emphasis on the physiological approach as distinguished from the feeding 
trial approach. We need to know more about what goes on inside the animal 
as distinguished from what goes in and what comes out. Specific problems which 
must have a physiological approach concern the relation of nutrition to acetonemia, 
milk fever, and shy breeding—border-land problems between nutrition and 
disease. 

A problem which has important economic as well as physiological aspects is 
the relation of nutrition to productive life. It is apparent that we have learned 
to grow animals well in terms of weight and size, but we have not learned how to 
build the kind of body which will stand up under heavy production. This is 
a general statement, but it is certainly true that we have not paid enough atten- 
tion to productive life as distinguished from short-time production. I am aware 
that breeding and disease problems are involved as well as nutrition. 

With the discovery of new nutritional factors and with certain economic trends, 
there are increased reasons for more critical studies of home-grown feeds and of 
the relationship between the soil, the growth of the plant, and the nutritive value 
of the plant products. I am particularly impressed with the importance of this 
problem, which will serve to emphasize yields in terms of nutritive value instead 
of in terms of pounds and will recognize the importance of other nutritional 
factors besides digestible nutrients, protein, and even calcium and phosphorus. 

NEED FOR EDUCATION 

The reply of L. S. Palmer, professor of agricultural biochemistry, 
University of Minnesota, stresses the necessity of education in 
making present knowledge of nutrition effective. Dr. Palmer, a 
leader in research, received the Borden award in 1939 for his accom- 
plishments. He does not decry research, but his letter deals with the 
aspect of our thesis which he considers most immediately urgent, 
namely, education. 

It seems to me that the primary thesis stated in your letter involves a question 
of education rather than of important unsolved nutrition problems, although 
other discussion in your letter emphasizes the latter. I feel sure all agree it is 
improbable that more success may be expected in making nutrition experts out 
of farmers than out of any other class of laymen. For the most part, the average 
farmer probably needs a rise in the level of his general knowledge regarding the 
feeds which he uses, based upon long established principles rather than informa- 
tion upon recently established points. For example, farmers are still being 
found in northwestern Minnesota who have never even heard of bonemeal, 
although for the past 15 years we have been preaching its use by dairy farmers in 
the phosphorus-deficient areas of this State. 

I believe that another example of the need for putting across to the farmer 
already established knowledge would be the importance of certain feeding prac- 
tices and the employment of certain feeds in maintaining the nutritive value of 
milk at its highest level. The main facts in this field of knowledge now seem to 
be pretty well established and I regard it of greater immediate importance to 
make this knowledge a part of the average dairy farmer's knowledge than to 
complete the picture from a scientific standpoint. The latter, of course, should 
be done in connection with our fundamental research projects at the experiment 
stations. 

I believe the problems regarding livestock nutrition which confront the average 
farmer are usually immediate practical problems involving choice of available 
feedstuff s, and these problems, I believe, are often complicated by a psychological 
problem arising from the temptation to accept the never-ending extravagant 
claims of salesmen and sales advertising for this or that feed adjunct or particular 
feedstuff. These are not the problems which characterize the animal nutrition 
projects of most of our State and Federal experiment stations and should not be 
the main basis of our station work in this field. 
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At the same time, it does seem that sales pressure for particular proprietary 
products is, in some instances, placing the stations on the defensive because of 
lack of conclusive information, which is difficult and expensive to secure. Often 
the propaganda is based on superficial trials carried on by the company manu- 
facturing the product or under its auspices, or on selected data favoring the bene- 
fits of the product in question. Conspicuous examples at present are propaganda 
for iodine and vitamin E-containing products and, to some extent, complex 
mineral mixtures. The problem of the type of educational program which will 
protect the farmer against this propaganda until the questions involved can be 
settled is not easy to solve. Perhaps these are examples of types of problems 
which should be solved for the benefit of the farmer, but I, for one, would not 
advocate the direction of a major part of experiment station investigational efforts 
towards such problems. 

No doubt, there are still examples of conspicuous gaps in nutritional knowledge 
for certain of our farm animals for which feeding practices still are more or less 
empirical. I believe this may be true regarding mineral and vitamin requirements 
of horses and, to some extent, sheep. However, I regard it as problematical to 
what extent such knowledge would help the farmer plan his feeding program more 
effectively. His conspicuous problems would still be the practical ones men- 
tioned above. 

H. H. Mitchell, professor of animal nutrition, University of Illinois, 
states: 

Replying to your letter * * * the first thought that occurred to me was 
that the farmers, by and large, are not putting to practical use so much of the 
nutrition information already available. There is a big job here for the extension 
specialist, it seems to me. 

Director E. B. Forbes of the Institute of Animal Nutrition, Penn- 
sylvania State College, places first among three objectives in experi- 
ment station work in the interest of the producer of animals the aim 
"to make effective what we already know." The replies of R. A. 
GortnerJ chief of the division of agricultural biochemistry, Minnesota 
Agricultural Experiment Station; M. J, Fun chess, director of the 
Alabama Agricultural Experiment Station; E. G. Ritzman, research 
professor of animal husbandry, New Hampshire Agricultural Experi- 
ment Station; H. B. Ellenberger, head, department of animal and 
dairy husbandry, Vermont Agricultural Experiment Station ; Howard 
Hackedorn, head of the department of animal husbandry of the State 
experiment station at Pullman, Wash.; 1. B. Johnson, head, depart- 
ment of animal husbandry, South Dakota Agricultural Experiment 
Station; and F. W. Christensen, chairman of the department of animal 
and human nutrition, North Dakota Agricultural Experiment Sta- 
tion, all contain statements which relate more or less to the farmers' 
inadequate knowJedge of the existing facts in nutrition. 

The following quotation from Professor Christensen probably 
presents very well the consensus of opinion relative to the farmers' 
situation as regards not only existing knowledge but the field of nutri- 
tion as a whole: 

A lack of understanding of the basic laws of nutrition, the nutritive value of 
feeds, and the normal nutritive requirements of farm animals may be a serious 
handicap to the farmer in planning his cropping systems and livestock programs. 
Because he does not understand the physiological processes of the body and how 
they are maintained, he is unable to fully understand and judge accurately the 
nutritive needs of his livestock or how to combine feeds to meet those require- 
ments. 

Lack of space prevents quoting this letter in full. It describes with 
very striking realism, the precise conditions that must be overcome 
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before knowledge now at hand may become effective in farm practice. 
This translation of knowledge into practice is a problem in education 
for which the research worker in nutrition is ill adapted. It requires 
a sympathetic and comprehensive understanding of the farmer's 
situation and state of mind—his conservatism, his economic condition, 
his natural interests and motives, and the conditions that together 
actuate his confidence and will to cooperate and set his mind to 
working. 

NEED FOR RESEARCH 

There is much, it is true, of the present knowledge of nutrition that 
should be—but is not- effective in practice; but by far the greater 
part of the replies stress the inadequacy of this knowledge. F, L. 
Bentley, head of the department of animal husbandry, Pennsylvania 
State College, expresses thé sense of most of the replies when he says: 
•''It seems to me that the information now available, that is of value to 
the farmer, is verv meager compared to the future possibilities in 
this field." 

According to L. W. Taylor, head of poultry husbandry, California 
Agricultural Experiment Station, the problems suggested in the replies 
may be classed as follows: (1) "The determination of the fundamen- 
tal nutritional requirements of our animals.M (2) UA fundamental 
study of the properties of feedstuffs and their proper combination in 
rations." 

Dr. Mitchell of Illinois considers in his reply the present status of 
knowledge relative to these two aspects of nutrition problems. In 
view of Dr. Mitchell's work on the biological value of proteins, the 
amino acids in nutrition, and the utilization of energy by farm ani- 
mals, and his analytical surveys published by the National Research 
Council on protein requirements of cattle {795) and the mineral nutri- 
tion of farm animals {803), I am glad to present a brief statement of 
his present views on the necessity of work in some of these fields. 

Information on the nutritional requirements of animals should be of value in 
farm practice, particularly with reference to protein requirements, since protein 
concentrates are the most expensive class of feeds. Our information on protein 
requirements is extremely fragmentary, especially concerning the variation with 
age in growing animals and with stage of gestation in pregnant females. 

A knowledge of nutritional requirements and the nutritive value of feeds is 
essential to a farmer in his evaluation of the many commercial feeds and mixtures 
that are on the market. I dare say that much of this business is at present an 
unwarrantable tax on agriculture. In particular a more complete knowledge of 
mineral and vitamin nutrition would save agriculture many millions of dollars 
at present being spent on worthless or needlessly expensive mixtures. Such 
knowledge would also quite probably solve obscure nutritional troubles in vari- 
ous parts of the country and aid in reducing mortality in young animals, particu- 
larly swine and poultry. 

We do not know as much as we should concerning the utilization of the nutri- 
ents in animal feeds. It is appalling to realize, for example, that somewhat over 
half the values for digestible nutrients given in Morrison's tables are based upon 
assumed digestion coefficients. Our information is even more rudimentary with 
reference to the wastage of minerals, vitamins, and proteins in metabolism. 

Average tables of feed composition are not as useful as they might be, because 
of the great variation due especially to variations in soil, fertilizers, and climate. 
There is considerable information on the effect of soil and climate on crop compo- 
sition,, but so far as I know it has never been organized and studied and the war- 
ranted conclusions deduced. This should be done and supplementarv informa- 
tion on crop composition, particularly pastures, should be obtained for different 
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geographic localities. Then much more useful tables of feed composition could 
be made than are now available, and statistical methods of analysis might be 
found of advantage. 

PROBLEMS RELATED TO LIVESTOCK REQUIREMENTS 

Dr. Taylor of California suggests that the ^fundamental nutritional 
requirements of our animals" be determined. Likewise T. P. Cooper, 
director of the Kentucky Agricultural Experiment Station, advocates 
"'fundamental research in the utilization of energy by different species 
of farm animals." Many workers in their replies differentiated be- 
tween minimum requirements—requirements to meet certain physio- 
logical criteria—and optimum requirements—that is, requirements 
that are optimum for some practical or economic purpose. Many 
replies refer to the "optimum needs of dairy cattle," "the optimum 
levels of protein, vitamin, and mineral intake for growth, reproduc- 
tion, and special purposes," the "actual requirements of dairy cows," 
"the optimum level of nutrition [with poultry] that is appreciably 
higher than the marginal level," etc. 

But it might be asked, what is meant by "fundamental" and by 
"optimum" levels of feeding? Director Fun chess of the Alabama sta- 
tion says: 

The adoption of an improved practice of feeding the animals on a given farm 
may seem desirable from a physiological or nutritional standpoint; the farmer 
must be convinced that it is also desirable from an economic viewpoint. In 
other words, he is not interested in having better fed animals unless they make 
him more money. 

But does this economic factor always mean feeding "appreciably 
higher" than the minimum? What is the criterion of "optimum"? 
What is meant by "fundamental" in reference to requirements? Are 
these not relative matters? 

R. T. Clark, head of the department of animal husbandry, Montana 
Agricultural Experiment Station, for instance, wants to know "just 
what are the minimum protein requirements of sheep and cattle on 
our western ranges." 

W. W. Burr, director of the Nebraska station, likewise says: 

The greatest nutritional problem facing Nebraska farmers in their livestock 
feeding operations is the lack of protein. This problem has been sharply accen- 
tuated in the last 10 years by the killing out of many acres of Nebraska alfalfa 
due to drought and disease. There have been many difficulties attendant on 
the establishment of sweetclover seedlings. I am inclined to believe, therefore, 
that the lack of protein is more frequently the limiting factor in the efficiency of 
Nebraska rations than any other one factor. 

While these conditions prevail in Montana, Nebraska, and similar 
regions, in the South is a situation that is quite different. There 
little or no difference exists in some places between the cost of grain 
mixtures containing 16 and 24 percent of protein. Also, of course, 
"optimum levels of feeding" and "improved practices" that will 
"make more money," etc., depend upon such regionally varying 
economic relations as that between cost of feed and price of product. 
It is conditions like these that Dr. Jardine probably had in mind when 
he said: "Certain broad principles * * * must be tested for 
national, regional, and local adaptation by workers located in varying 
sections of the country." 



1052 YEARBOOK OF AGRICULTURE, 1939 

An experiment with dairy cows on the relation between the level of 
input of feed and the output of milk, now being carried out coopera- 
tively by the Bureaus of Agricultural Economics and Dairy Industry, 
together with 10 State experiment stations, is an example of the type 
of experiment that may give results applicable under such varied 
conditions. It is necessary, of course, to know the basic minimum 
physiological requirements of these animals and to understand the 
physiological conditions affecting the efficiency of the utilization of 
feed in order to interpret and correlate the results. It is also of 
advantage in planning and controlling such experiments to understand 
the physiological mechanism by which diet affects the secretion of 
milk; but to make these results broadly applicable in practice under 
widely differing economic conditions it is also necessary to know the 
average over-all relations between successive increases in feed and out- 
put. In this experiment the energy input in an otherwise complete 
ration is being varied, and the work is planned to throw light on the 
relation between yield and this variable over a wide range of feeding. 
It is obvious that the comparability and general applicability of such 
results also depends on the reliability of available digestion coefficients 
and knowledge of factors affecting these coefficients and feed values 
in general. 

In considering the determination of animal requirements, it may be 
well to repeat Dr. Maynard's statement—i£We have not paid enough 
attention to productive life as distinguished from short-time pro- 
duction"—a consideration of which would often alter the criteria used 
to compare various feeding regimes. 

The following quotation from Dr. E. B. Meigs, Bureau of Dairy 
Industry, also throws light on the experimental procedure and criteria 
that may be considered in the study of the nutritional requirements 
today as compared with experimental procedures formerly used: 

T should think it would be a profitable field of research to investigate the food 
factors that are necessary for optimum reproduction through an unlimited number 
of generations in different species. It would be a large and difficult problem, but, 
of course, many of the easier problems in nutrition have been solved. One of the 
first steps would be to establish a standard of optimum reproduction on rations 
composed of natural foodstuffs. Probably it would be found that there is a time 
factor here and that even on the best rations animals would not reproduce as well 
in the long run if they were pushed to the greatest activity that is physiologically 
possible. After standards of optimum reproduction had been established on good 
natural rations the investigation could proceed to an analysis of the food factors 
contained in such rations, either by attempting to obtain similar results with more 
or less synthetic rations or by subjecting some of the constituents of the natural 
rations to heat, drying, etc. 

Animals for Which Knowledge of Requirements is Particularly Meager 

The status of our knowledge of the nutritional requirements of farm 
animals varies decidedly with different animals. Professor Bentley, 
of Pennsylvania State College, says: 

The horse is probably the most neglected animal from the standpoint of experi- 
mental evidence on nutrition. * * * Mineral nutrition especially is important 
in horse production. We have no other class of animal in which size and quality 
of bone is so important, yet we have very little information. 1 believe that one 
of the most important problems from the farmers' standpoint is in this field. 
Horsemen are continually making inquiry as to how they  can produce horses 
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with the quality of bone that is found in horses produced in our better bluegrass 
States. 

Dr. Paul E. Howe, Chief of the Animal Nutrition Division, Bureau 
of Animal Industry, says: "Information regarding the nutritioual 
requirements of the sheep, horse, and dog are particularly lacking." 

Dr. Palmer, of Minnesota, has already been quoted as stressing the 
need of knowledge of the mineral and vitamin requirements of horses 
and, to some extent, of sheep. Director Burr, of the Nebraska station, 
suggests work on the "nutritional needs of service bulls and the part 
that nutrition plays in reproduction," and says that "comparatively 
little is available with regard to the effect of various dietary factors 
and planes of nutrition upon reproduction." E. C. Johnson, director 
of the Washington State station at Pullman, Wash., would determine 
the "actual requirements of our dairy cows" under practical condi- 
tions; and A. W. Drinkard, Jr., director of the Virginia station, says: 
"Information on effects of mineral and vitamin deficiencies of feeds 
on animals, particularly dairy cows" is much needed as well as 
"methods for correction of injurious effects on the animals caused by 
lack of minerals and vitamins." F. W. Atkeson, head of the department 
of dairy husbandry, Kansas Agricultural Experiment Station, believes 
that we need "more information on the optimum needs of dairy cattle 
with respect to all essential elements * * *. In the past, work 
has been on minimum needs. Best results require information on 
optimum needs of vitamins, minerals, etc." As stated above, Dr. 
Clark of Montana would lay stress on the minimum protein require- 
ments of sheep and cattle on western ranges; and J. B. Fitch, chief 
of the division of dairy husbandry, Minnesota Agricultural Experi- 
ment Station, wants "more information on the nutritional require- 
ments for reproduction of dairy animals." 

The pig also comes in for consideration among those animals on 
which work should be done.   Professor Bentley, of Pennsylvania, says: 

While it may seem, with all the research that has been done on the swine, 
that most of the important problems should be solved, they are not. A very 
limited amount has been done with breeding stock and the growing of young pigs. 
Most of our swine work has dealt with fattening swine. Unquestionably, many 
facts that would greatly increase our efficiency in swine production remain to 
be solved. 

F. G. King, head of the department of animal husbandry of the 
Indiana station, lists among the four problems the solution of which 
he considers of most economic importance the determination of the 
"qualitative and quantitative mineral requirements of animals, es- 
pecially of hogs." 

Poultry received special mention. Dr. Taylor, of California, says: 
"Certainly it is true in the case of poultry, that we do not yet know 
all of the nutritional requirements of the bird"; and J. W. Kalkus, 
superintendent of the Western Washington Experiment Station at 
Puyallup, Wash., would determine "the quantitative requirements of 
vitamins recently found to be necessary for poultry," "the importance 
of rare minerals in poultry feeding" and "the fat requirements of 
poultry"; while Director Burr of the Nebraska station suggests that 
we determine "the optimum levels of nutrition" with poultry. Dr. 
H. W. Titus, in charge of poultry nutrition investigations, Bureau of 
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Animal Industry, also thinks that ^optimnm^ requirements should 
be determined. K. A. Dutcher, head of the department of agricultural 
and biological chemistry, Pennsylvania State College, has the following 
to say on the protein requirements of poultry: 

The protein requirement of poultry is apparently met when the ration contains 
15 percent for laying hens and 20 percent for growing chicks, provided the protein 
is of high biological value. This , . . has been accomplished in agricultural 
feeding practice by using protein concentrates obtained largely from animal 
sources. These are relatively expensive. Research is needed to determine how 
far it is possible to go in substituting different vegetable protein materials for the 
more expensive animal proteins. 

Requirements for Particular Functions 

Many of the replies stress the need for more information on the 
nutritional requirements for some specific function or purpose. May- 
nard, Meigs, Hart, and Morrison have already been quoted on this 
point. It is likely that some of Morrison's questions concerning 
vitamin E may be answered, for Gortner of Minnesota says: 

Just at present we are starting on a comprehensive project here at the Uni- 
versity of Minnesota to determine to what extent the presence or absence of vita- 
min Ë in the diet is tied up with problems of fertility. We are going to work on 
dairy cattle in that problem, but there may be a different answer when we pass 
over to some of the other farm animals. 

Some additional studies on the nutritional requirements for specific 
functions, suggested by various stations in addition to those already 
given, are listed briefly below: 

Ear] Weaver, head of the department of dairy husbandry, Michigan: Methods 
of maintaining the nutritive value of winter milk comparable to that of summer 
milk. 

R. H. Walker, director, Utah station: Phosphorus supplement for range cattle— 
(a) effect on calf crop, (b) effect on development of growing range animals. * * ^ 
Nutrition and fertility of range animals * * * enabling the livestock men 
to increase unit production by increasing the fertility of the breeding stock by 
proper feeding practices. Use of beet molasses in fattening of cattle, sheep, and 
hogs. 

G. H. Hart, head of the division of animal industry, Davis, Calif.: Basically 
we need to know the requirements for growth of the various species of farm 
animals. 

F. L. Bentley, Pennsylvania: Determine the over-all effect of proper or im- 
proper nutrition upon offspring. * * * Work with all classes of breeding 
stock and protein, minerals, and vitamins. 

E. J. Iddings, director, Idaho: Nutritional factors affecting the percent calf 
and lamb crop under range conditions. * * * Nutritional causes of sterility 
in farm stock, especially bulls. 

J. O. Tretsven, dairy specialist, department of dairy industry, Montana: Nu- 
trition in relation to sterility in dairy cattle—detailed study of vitamin E require- 
ments for farm animals, 

J. H. Zeller, swine investigations, Bureau of Animal Industry: Nutritive re- 
quirements for reproduction as they affect fertility and the size and vigor of the 
litter. Nutritional factors that affect milk secretion—quality and quantity of 
milk and its relation to growth and development of the young suckling pig. 

J. B. Fitch, Minnesota: Significance of hormones in nutrition, reproduction, 
and milk secretion.     Nutritional requirements for reproduction of dairy animals. 

R. E. Buchanan, director, Iowa: Nutrition in relation to reproduction. Fac- 
tors involved in economical production of milk, eggs, and meat of maximum 
nutritional value. 

R. T. Clark,  Montana:  Fattening rations for lambs; use of beet byproducts. 
E. B. Meigs, Division of Nutrition and Physiology, Bureau of Dairy Industry: 

Most dairymen would have no doubt that cows could not be kept milking satis- 
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factorily very long if they were given no dry periods at all. It is not a purely 
nutritional problem, but is probably intimately connected with nutrition in the 
sense that dry periods could be made shorter on better rations than on less ade- 
quate ones. This has been very little investigated, as far as I know, and it seems 
likely that results of considerable practical importance might be obtained fairly 
quickly. 

H. C. Jackson, chairman of the department of dairy industry, Wisconsin: The 
effect that various feeds may have on the chemical and physical nature of the 
milk produced. 

G. Bohstedt, professor of animal husbandry, department of animal husbandry, 
Wisconsin: Relation of feed to the butterfat percentage of milk or to the fat 
production of dairy cows. 

F. J. Sievers, director, Massachusetts: Relation of feeds and feeding practices 
to the off flavors in milk—^cardboard" flavor. 

RELATION OF NUTRITION AND FEEDING MANAGEMENT TO HEALTH AND DISEASE 

The relation of nutrition to disease received frequent consideration 
in the replies. Some suggested work on "the recognition of nutritive 
disturbances/' as Samuel Lepkovsky of the department of poultry 
husbandry, California, put it. Dr. Titus of the Bureau of Animal 
Industry says: "More should be known about the symptoms of par- 
tial nutritive deficiencies, both simple and multiple"; and Dr. W. M. 
Neal, of the department of animal husbandry, Florida station, sug- 
gests a "study of histo-pathology 4 of nutritional disorders." Lep- 
kovsky would study "depraved appetites" in this connection. 

Maynard, Morrison, and Hart have already been quoted on disease 
problems. Possibly it would be well to list briefly some additional 
problems suggested on the relation of nutrition to disease. 

Samuel Lepkovsky, California: Relation of rate of growth to health and vigor. 
Possible relation of nutrition to mortality. 

Hadleigh Marsh, head of the department of veterinary science, Montana: 
Nutritional requirements from the standpoint of health rather than production of 
meat or milk * * * nutritional sufficiency, from health standpoint, of range 
feeds under various conditions. 

R. E. Buchanan, director, Iowa: Effect of nutrition on susceptibility of farm 
animals to disease. 

J. B. Fitch, dairy husbandry, Minnesota: Relation of nutrition to mastitis. 
A. A, Borland, head, department of dairy husbandry, Pennsylvania: Does the 

plane of nutrition in the feeding of dairy cows affect their resistance to mastitis? 
* * * Relation of pneumonia in newly born calves to the nutrition of the dam 
during pregnancy. 

L. F. Payne, head, department of poultry husbandry, Kansas: A more intensive 
study of the relation of nutrition to the heavy mortality in poultry ñocks the 
first laying year. 

R, S. Besse, vice director, Oregon : In all probability there is some relationship 
between high mortality among ewes in western Oregon at certain seasons of the 
year and some nutritional disturbance. 

A. G. Hogan, professor of animal nutrition, department of animal husbandry, 
Missouri: A considerable number of young of swine, cattle, and sheep have been 
reported dead or weak at birth. Is the difficulty due to failure to provide enough 
green forage and reliance on straw with limited grain feeding? "Several cases 
have been reported of animals with very weak or porous bones." Is this condi- 
tion due to the use of roughages such as straw and of grains which are very low 
in calcium? 

F. W. Atkeson, Kansas: Methods of feeding or management to control bloat. 
E. J. Iddings, director, Idaho: Nutritional factors responsible for the occur- 

rence of bloat. Cause of abnormal sugar metabolism in ewes and cows. Cause 
and prevention of urinary calculi in sheep. Relationship of nutritional factors 
to the incidence of swine arthritis. 

4 Histopathology is the histology (microscopic anatomy) of tissues under various pathological conditions. 
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C. W. McCampbell, head, department of animal husbandry, Kansas: Is "lamb- 
ing disease^ in ewes nutritional in origin? 

E, B. Stanley, head, department of animal husbandry, Arizona: Losses among 
stock running on pasture, that cannot be attributed to any known form of disease. 
He believes that certain substances in the pasture feed itself may be responsible. 

F. L. Bentley, Pennsylvania: Relation of nutrition to a condition "similar to 
rickets" in swine. 

R. A. Gortner, Minnesota:  Minimum tolerance of livestock for fluorine. 

NUTRIENTS FOR WHICH A KNOWLEDGE OF REQUIREMENTS IS PARTICULARLY LACKING 

Protein 
Some replies state that the requirements for all nutrients should 

be determined (see earlier quotations from Hart and Mitchell). 
J. H. Skinner, director of the Indiana Agricultural Experiment Station, 
says, "There are still many problems in animal nutrition having to 
do with the place and importance of minerals, proteins, and fats/7 

It will be noted, however, that Burr, Clark, Mitchell, Morrison, 
and Dutcher all stress the economic importance of the protein 
problem. H. R. Kraybill, head of the department of agricultural 
chemistry, Indiana Agricultural Experiment Station, says: "Further 
information is needed also on the protein requirements of livestock 
with particular reference to the economic use of the proteins.n The 
following occurs in the reply of Gortner of Minnesota: 

I think that we have to emphasize not only an adequate amount of proteins 
but also the fact that the proteins themselves must be adequate, and some of the 
work that Dr. Palmer has been doing would appear to indicate that the protein 
of prairie hay is not only inadequate in amount but also inadequate insofar as 
quality is concerned. 

Although the protein problem has certain regional aspects, the 
demand for work on protein requirements of livestock and methods 
of supplying these requirements is very widespread. R. E. Hodgson 
in the dairy department and G. E. Bearse in the poultry department 
of the station at Puyallup, Wash., suggests a study of the "quality 
of protein in different kinds of roughage and the influence of stage 
of maturity and method of preservation on the quality of protein^; 
while to quote W. C, Skelly, animal husbandman, New Jersey State 
Agricultural Experiment Station, "The protein requirements * * * 
should be stressed as much as possible." 

The problem of protein requirements is also stressed in its relation 
to various functions. 

Fats 
The work that has been done on the essential fatty acids—linolenic, 

linoleic, and arachidonic (see the article Human Food Requirements— 
Carbohydrates, Fats, Energy, p. 152)—recognized as essential with the 
rat, and on the effect on milk secretion of minimum amounts of 
fat in the diet, brought repercussions in the replies. The following 
suggestions were made in addition to the questions of Morrison, 
already quoted: 

H, R. Kraybill, Indiana: Information is needed on the amount of fat required 
in rations of various farm animals. 

F. G. King, Indiana: The dietary fat requirements of animals [should be 
determined.] 

H. B. Ellenberger, Vermont: The fact that many of our feeds are lower in fat 
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content than they used to be, and the importance of fat in the ration, should be 
more definitely explained. 

G. C. White, Department of Dairy Industry, Connecticut: Another phase of 
this subject of nutrition on which we are in need of more information as soon as 
possible is the role of fatty acids in nutrition, especially as it may be affected by 
the level of vitamin intake. We are also interested in the total amount of fat in 
the rations of herbivorous animals at different levels or rates of production. 

It might also be asked what fat acids are necessary in the diet for 
milk secretion—all of them, certain specific acids, or certain groups 
of acids? 

Minerals 
Elsewhere in this Yearbook there is a report of a survey to determine 

from the State stations what they know about the mineral deficiencies 
in their States. It will be noted that an appalling lack of definite 
information prevails in most sections. In the replies to my letter, 
Professor Gortner of Minnesota says: 

Then we have the big problem of mineral metabolism. As you are fully aware, 
large areas here in the Middle West are deficient in phosphorus. Just how large 
this area is, we do not know. We have the Minnesota picture fairly well outlined. 
This comes up flat against the borders of both North and South Dakota. How 
far into those regions, we do not know    *    *    *. 

Professor Hart of Wisconsin lists mineral requirements as a ílocal" 
problem. According to the information from the stations, a solution 
to this ílocal" problem is urgently needed in many States, in order 
that livestock, especially cattle, may be either better fed or fed without 
expenditure of money for unnecessary or unsuitable mineral mixtures. 

We need to know (1) the mineral requirements of livestock, quanti- 
tative as well as qualitative, for growth, maintenance, production, and 
reproduction, and (2) the adequacy of diets in supplying these re- 
quirements under different feeding regimes—range, pasture, hay- 
silage-grain feeding, etc., with feeds produced under varying condi- 
tions and in various regions. This may require regional surveys 
where evidence warrants the expenditure. These problems are 
stressed widely in the replies to my letter. Drinkard of Virginia, 
Bohstedt of Wisconsin, and Zeller of the Bureau of Animal Industry 
would include the "rarer minerals" or "trace" elements in this investi- 
gation. Bohstedt suggests investigation of "the importance of trace 
mineral elements such as cobalt and manganese in animal nutrition." 
"Are there regions in the United States," he asks, "where there is a 
deficiency of some of them, as a cobalt deficiency has been found in 
regions of Australia and New Zealand?" Undoubtedly the require- 
ments for all essential minerals should be determined; forage and feed 
analyses will then be very much more significant in indicating areas 
where deficiencies may be suspected; and diseases and difficulties with 
livestock that are of endemic (local) nature should be investigated to 
determine whether or not they are of nutritional origin. 

Vitamins 
The pioneer days in vitamin work are fast passing. It is true that 

additional vitamins are certain to be discovered, but many of them 
have now been isolated in pure crystalline form, and their chemical 
structure has been determined and their chemical synthesis accom- 
plished.    Chemical and physicochemical methods of assay are in use 

141894°—30 68 
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with some vitamins and are being developed with others. The studies 
now in progress on the metabolism and physiological functions of the 
known vitamins forecast the use in the near future of more refined 
physiological techniques instead of gross pathological symptoms in the 
detection of vitamin deficiencies. Despite the very considerable re- 
moval of barriers to profitable research in the study of the vitamin 
requirements of livestock and the vitamin values of feeds, there is, as 
Kraybill of Indiana says, further need for improved methods for meas- 
uring the vitamin content of various feeding stuffs; and Mitchell of 
Illinois would undoubtedly characterize present knowledge of the 
"wastage" of the vitamins in metabolism as very rudimentary. In 
responses from the various experiment stations there are numerous 
demands for work on the vitamin requirements of livestock and on 
methods of supplying them, both for proper feeding and, as some have 
put it, to guard the farmer against misinformation. 

Work on vitamin E at Minnesota, mentioned by Gortner, is being 
done first with dairy cattle. Hogan, of Missouri, refers to vitamin A 
deficiencies with sheep and cattle during the winter, owing possibly 
to previous exceedingly dry weather which made green feed very scarce. 
Clarence Dormán, acting director, Mississippi, says: "Our experiments 
at present point toward vitamin A deficiency in our roughages as a 
limiting factor in livestock production." Hart's mention of the vita- 
min B complex in relation to the growth and reproduction of swine 
has already been quoted. Professor Iddings, Idaho, proposes a study 
of the "quantitative vitamin requirements of livestock" and the "vita- 
min content of different farm feeds and factors affecting their preser- 
vation." Director Burr of Nebraska makes a similar suggestion; and 
S. S. Wheeler, professor, department of animal production, Wyoming, 
believes further work is necessary on vitamin A requirements. 

Miscellaneous Factors 

Meigs, Bureau of Dairy Industry, says that a— 

line which ought to be interesting to cattlemen is that of the possible nutritive 
essentials which are manufactured by bacterial action in the bovine paunch. It 
has always seemed to me that the leads given by Bechdel and Eckles [and asso- 
ciates {75, 79)] in this direction deserve more following up than they have received 
thus far. 

Perhaps the problem of "the possibility of producing cheaper milk 
through the use of simple nitrogen compounds in competition with 
protein concentrates/' suggested in the letter of Hart, of Wisconsin, 
is akin to this problem suggested by Meigs. Drinkard, of Virginia, 
proposes "research giving more information regarding the significance 
of plant enzymes in animal nutrition, including the action of these 
enzymes in the hydrolysis of plant tissue in the rumen." 

Several stations in their replies propose work on the metabolism of 
the hormones and the nutritional conditions that may affect their 
formation and functioning. In addition to this, estrogenic materials— 
materials that produce estrus in females—have been discovered in 
plants, and material has been found in young growing plants that has 
a gonad-stimulating effect similar to that of the gonad-stimulating 
hormone secreted by the anterior lobe of the pituitary gland.   There 
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is now much circumstantial evidence in the literature of still undis- 
covered nutritive factors in plants, 

E. B. Forbes, head, department of animal nutrition, Pennsylvania, 
would ^continue the quest for knowledge of fundamental details of 
nutritional physiology—to afford guidance in feeding and in selective 
breeding.n 

FEEDS AND FEEDING REGIMES 

1 have considered above some of the suggestions that bear princi- 
pally on requirements of specific animals, for specific functions, and 
in respect to specific nutrients, as well as on problems of the relation 
of nutrition to disease. The need for further work on feed values 
and on the feeding regimes that may be used to meet these require- 
ments was very extensively stressed. There were at least 40 refer- 
ences to problems in connection with pasture and range feeding, and 
the demand for further work on the production, preservation, and 
utilization of hays and silages indicates intense and active interest 
in these fields at the present time. The following brief excerpts 
from these letters may indicate something of the nature of the interest: 

Problems Relating to Forages in General 
Johnson, director, Pullman, Wash.: The greatest problem which faces the dairy 

industry from the standpoint of the nutrition of dairy cattle is that of roughage 
feeding. * * * Mineral contents of our forage crops, particularly * * ^ 
calcium and phosphorus. 

Buchanan, director, Iowa: [Would study] the role of roughage in the ration of 
ruminants. 

Johnson, South Dakota: [Work on the] digestibility and comparative feeding 
value of roughages from different grasses is badly needed. 

Kalkus, superintendent, Western Washington Experiment Station: Quality of 
protein in different kinds of roughages and the influence of stage of maturity and 
method of preservation on the quality of the protein. * * * Costs of pro- 
ducing nutrients in various roughage and grain crops and the relative costs of 
different methods of harvesting and preserving nutrients for winter feeding. 

Weaver, Michigan: Specifically with given roughages, how far should our 
dairymen go in providing concentrates? 

Ellenberger, Vermont: [Would study] the problems connected with feeding 
more and better roughages and the profit in improving pasture and hay lands 
and feeding little or no grain. Of course high producing cows must have liberal 
grain rations. * * * The relative returns from liberal versus scanty grain 
feeding should be better understood. * * * More should be known about 
the amounts, qualities, and economies of nutrients derived from pasture. Also 
the differences in quality which may result from fertilization and stage of growth 
when pastured. * * * We need still more knowledge relative to practical 
methods of preserving grass and legumes for silages and the relative losses from 
different haying and ensiling methods. 

M. Jacob, head, department of animal husbandry, Tennessee: [Effect of] soil 
improvement on the nutritive value of grazing, hay, and silage crops. 

Drinkard, director, Virginia: The development of grazing crops particularly 
on land that should not be plowed, (a) Strains of bluegrass, clover, and other 
grasses that yield more forage during midseason and dry periods, (b) Introduc- 
tion of forage crops suited to climatic conditions in the South. * * * Com- 
plete mineral analyses of different plants used in feeding cattle * * * Condi- 
tions under which low and high percentages of minerals are produced in forage 
plants * * * Vitamin contents of roughages and grains * * * Improve- 
ment of the mineral and vitamin content of plants used in feeding cattle by plant 
breeding methods * * * Methods by which plant deficiencies, particularly 
mineral and vitamin deficiencies, may be corrected * * * Supplementary 
value of plant proteins. 

K. S. Morrow, dairy husbandman, department of dairy industry. New Hamp- 
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shire: Interested in grass silage. More consideration should be given to the 
quality of * * * drv roughages, especially native hay such as timothy, 
which' can be grown in New England * * * I presume no one knows defi- 
nitely what is the most favorable balance of nutrient source between grain and 
hay or roughage from the standpoint of production * * * or economy of 
feeding practices, „ ^ 

Johnson, South Dakota: Feeding value of roughage stored under various con- 
ditions for more than 1 year—and of other feeds also. Information is needed 
concerning the use of sorghum for forage and for grain for livestock. 

Payne, Kansas: Methods and means of producing and preserving young forage 
crops especially applicable to feeding poultry * * * Nutritional factors 
present in young forage crops which so far do not seem to be preserved in dry 
or dehvdrated forms * * * Careful study of young forage plants to as- 
certain,' if possible, what it is that gives the high nutritive value [to them]. 

T. E. Woodward, Bureau of Dairy Industry: Raise and feed more high quality 
forage—pasturage, hay, and silage. This can be recommended without further 
research. Further work is needed on the harvesting and storing of forages with 
a view to conserving more fully the nutritive value and palatability of the green 
plants without at the same time incurring any considerable extra expense * * * 
It would be of use, too, to know the cropping system best adapted to any par- 
ticular soil and climate, both when the main source of income is the sale of milk 
and when it is the sale of cream and hogs * * * How best to supplement 
forages with more concentrated feeds. We are particularly in need of investiga- 
tions that will show the quantities of concentrated feed which should be given to 
cows with forages of different qualities when the prices of the feed and product 
vary considerably * * * Still another problem upon which we need more 
information is the relative nutritive value of different feeds. 

Bohstedt, Wisconsin: Effect of seasons of drought or excess rainfall upon the 
composition and feed value of plants. 

Problems Relating to Pasture Feeding 
The use of pasture received wide attention in the letters received. 

Prof. G. C. Humphrey; department of dairy husbandry, Wisconsin, 
says: 

T should say first of all we have not established the value of good pasture to 
the extent of showing facts on how pasture influences health, growth, mainte- 
nance, and productivity of our farm animals. 

W, C. Coney, director, Minnesota, says: 
I strongly incline to the importance of a program addressed to the nutritional 

and management phases of grass in animal production. There is a general 
awakening to the importance of this problem and I sincerely hope that the next 
10 years of research will yield significant results relative to grass. Perhaps I 
should include the word forage. 

Wheeler, Wyoming, says: 
Another problem which seems to us particularly timely is that of the nutritive 

value of permanent pastures. We have reference in this connection to the so- 
called irrigated pastures of tame grass and legume seedlings. The nutritional 
aspects of pasture research are, to our way of thinking, rather important. Little 
is known in this section of the country regarding this type of permanent pastures, 
and very little more is known regarding the carrying capacity and management 
problems. 

In Arizona, Stanley also would investigate the— 
use and value of our pasture feeds in the irrigated sections. An increasing use 
is being made of pasture feeds, particularly alfalfa in combination with barley 
in the irrigated areas, and no definite information is available pertaining to the 
exact value of this kind of feed. While stockmen, particularly sheep and cattle 
men, have been using these feeds for some time, they are increasingly dependent 
upon them. There is no knowledge concerning the most practical method of 
using these feeds nor as to their value as feed. 
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King, Indiana, suggests a study of the ^nutritive value of pastures, 
and the effect of fertilization and management of pastures on feeding 
yalue^; Zeller, Bureau of Animal Industry, proposes a study of the 
nutritive value of different pasture grasses; while Cooper, director, 
Kentucky, would investigate uthe nutritional value of pastures for 
poultry.'7 

Several workers believe, as Weaver (Michigan) puts it, that there 
is £iurgent need of unification in our methods of evaluating pastures. 
Possibly some further work along this line might afford facts upon 
which we might unify our pasture research/' Kalkus, Puyallup, 
Wash., expands this thought somewhat when he emphasizes the 
need of "methods of measuring pasture yields in terms of grazing 
animals." He also sees need for "knowledge of nutrient require- 
ments of cows under grazing conditions," and on "the effect of pas- 
ture management upon yield and palatability of pasture"; also the 
effect of stage of maturity at cutting and the methods of processing. 
Johnson of Pullman, Wash., feels that work should be done on methods 
of determining and expressing "pasture yields," and Atkeson, dairy 
husbandry, Kansas, sees the need of "more information on the best 
methods of pasture management." Again and again the necessity 
of more information regarding the mineral, vitamin, and protein 
content of pasture herbage and the factors affecting these values is 
stressed. The fact also should not be overlooked that there are 
undoubtedly undiscovered nutritive factors in pasture, and several 
replies suggest further investigation of these various "grass factors." 

Range Feeding 
Some of the problems suggested that pertain particularly to range 

feeding are indicated in letters from stations where this type of feeding 
is important. 

Clark, Montana: I am firmly convinced that there is a crying need for some 
fundamental research on the food value of grasses that are native to Montana 
ranges * * * i believe that it is highly desirable that this experiment 
station examine the food value of certain introduced species of grass, more 
particularly crested wheatgrass      *    *     * 

Wheeler, Wyoming: A more careful appraisal of the value of native grasses 
and other forage plants used for wintering sheep and cattle. We have a fairly 
comprehensive amount of information on the chemical analysis of range forage 
plants, but to my knowledge little, if any, information on their actual efficiency. 
The field of mineral nutrition in the western area has barely been scratched. 
There exists, in our opinion, a wide variation of conditions throughout this area 
together with a variety of opinions regarding the necessity of feeding supplemen- 
tary amounts of minerals to sheep and beef cattle. The work that has been done 
so far points to no definite conclusions. It seems to me, therefore, that further 
work along the line of determining more accurately the mineral requirements of 
range sheep and cattle would not be unjustified. 

G. H. Hart, California: [Study the] deficiencies of feeds available in consider- 
able quantities in local areas in order that their limitations could be recognized 
and the deficiency supplied at minimum cost * * * Possibilities and limi- 
tations of range forage and how best to supplement it for stock cattle as compared 
with fattening cattle. For example, remarkable results can be obtained in this 
State by feeding the cow herd one or two pounds of cottonseed meal on our ranges 
where annual vegetation constitutes the cover, provided this is started early 
enough before the animals get too thin. 

Besse, Oregon: The outstanding unsolved problems in the field of animal 
nutrition as they appear to us in Oregon are divided into two general classes: 

(1) The problems affecting the livestock in western Oregon and on the irrigated 
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areas of southern and eastern Oregon. These problems have to do mainly with 
dairy cattle and sheep and unquestionably involve phosphorus deficiencies in 
forage crops and in the grains and probably some vitamin deficiency in the cured 
forage crops and the relationship of these two probable deficiencies. There is 
plenty of evidence of definite phosphorus deficiency in several areas above- 
mentioned, particularly as its effect is observed with dairy cattle. In all probability 
there is some relationship between high mortality among ewes in western Oregon 
at certain seasons of the year and some nutritional disturbances. Just what these 
are has not been determined, 

(2) The other principal division in which livestock nutritional problems fall has 
to do with the nutrition of range livestock. Fragmentary analyses of natural 
forage, bunch grass, browse, etc., collected throughout the range country, as well 
as similar analyses of both wild and tame hays on which range cattle are wintered, 
indicate a high variability of protein and phosphorus content. The deficiency of 
phosphorus in many of our valleys in eastern Oregon has shown the phosphorus 
content of hay is below the minimum requirement for optimum nutrition. This is 
also true of the analysis made of many of the dried forage plants which the animals 
consumed in the dried or cured form on the range. From experience of workers in 
California, there is every reason to suspect a deficiency of vitamin A and probably 
D in many of these forage plants. 

Stanley, Arizona: A publication reporting the results of a study of the nutri- 
tional requirements of cattle on a grass land range area in this State has just been 
published * * * A phase of this study is being enlarged to include forages from 
representative range areas throughout the State. Standard feed analyses includ- 
ing phosphorus and carotene determinations are being made of these forages at 
different seasons of the year. Blood samples are also being taken of cattle grazing 
on these range areas for phosphorus determinations. We are hopeful that after 
another year or two of study on this problem that this station will have a more 
definite knowledge of the actual nutritional value of our more important range 
feeds. 

Iddings, Idaho: The nutritive value of the major species of range forage plants 
with special reference to the total digestible nutrients present at different stages 
of growth    *   *    *    Mineral deficiencies of range stock. 

Walker, Utah: 
1. Additional studies to determine the seasonal variation of the composition of 

range plants, particularly in regard to the amounts and proportion of the essential 
mineral constituents. Information of this type would enable the range livestock- 
operator to more intelligently supplement the range feeds during times of stress. 

2. The influence of unusual soils (alkaline, acid, calcium deficient, seleniferous, 
etc.) should be a very beneficial type of study. Although information derived 
from this type of research may not be applicable to large areas, it should prove 
very helpful in solving some feeding problems of a specific nature. 

3. A study of the influence of prolonged droughts on the composition of range 
plants and their effect on range animals would prove very valuable in arid range 
sections. 

4. A study of the relationship between nutrition and fertility of range animals 
might prove to be very valuable in enabling the livestock men to increase unit 
production by increasing the fertility of the breeding stock by proper feeding 
practices. 

5. A study of the manganese content of feeds grown in this region and the 
influence this element may have on the development of bone deformities occurring 
in partly grown lambs and turkeys. 

6. A survey to determine the localities in our State in which the soils, plants, or 
animals are deficient in phosphorus (in the case of soils, available phosphorus). 

7. Value of a phosphorus supplement for range cattle on Utah ranges, (a) Effect 
on calf crop; (b) effect on development of growing range animals. 

8. The optimum amount of beet molasses for feeding both cattle and sheep 
which are being fattened. 

9. The optimum amount, also the value, of beet molasses for fattening hogs. 
J. H. Knox, head, department of animal husbandry, New Mexico: We believe 

that more information about composition of range plants is greatly needed * * * 
Should not only give average compositions for the principal species, but should also 
show how they are affected by soil, climate, stage of maturity. 
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Hays and Silages 
C. F. Huffman, research associate in dairy husbandry, Michigan, 

sets up only one problem in his reply. It is a study of "the nutritive 
value of roughages and methods of conserving roughages before di- 
gestibility of the dry matter is depressed/' Hart, Morrison, and 
Mitchell have already been quoted on this and related problems. 

Other suggestions for work on hays and silages may be given 
briefly as follows: 

Humphrey, Wisconsin: I feel that we should have more facts on what consti- 
tutes good roughage for winter rations. 

Bohstedt, Wisconsin: The factors that make for satisfactory hay and silage, 
with reference to palatability, preservation of nutrients, and absence of mold. 

Ellenberger, Vermont: We need still more knowledge relative to practical 
methods of preserving grass and legumes for silage and the relative losses from 
different haying and ensiling methods. 

Sie vers, Massachusetts : Methods of preserving and utilizing roughage * * * 
Grass silage * * * Artificial use of acid preservatives in silage * * * 
Stage of maturity for the harvest of roughage. 

C. B. Bender, professor of dairy husbandry, State College of Agricultural and 
Mechanic Arts, New Brunswick, N. J.: Grass silages should be investigated quite 
thoroughly within the next few years. This subject is coming into considerable 
prominence because of its distinctive value in a system of agriculture. We have 
been doing considerable work along these lines/but I feel that it is extremely 
essential that other experiment stations try out this material on various breeds of 
livestock. First, to find out the exact feeding values of the various crops that may 
be ensiled, then to find out what effect the maturity of the crop will have upon the 
feeding value. Also, to find out what effects the kind and amounts of preserva- 
tives will have on the feeding value of the crop, as well as their effect on the physio- 
logical reaction of the animal. I know that the quality of roughage is extremely 
important in determining the feeding value, and from our experiments we definitely 
feel that by ensiling green crops we may preserve the roughages when thev have 
their highest nutrient value. 

Atkeson, Kansas: The place of grass silage in the best dairy farm management. 
Better methods of hay making to recover more completely the entire nutrients 
produced, in the most palatable and nutritious form. More research on what 
constitutes quality in hay for dairy cattle; methods of measuring same; and adiust- 
ment of hay grades on this basis. 

P. S. Burgess, dean and director, Rhode Island station: Professor J. E. Ladd, 
head of our Department of Dairy Husbandry, has suggested that studies on the 
change in the kind and amount of concentrated feeds now needed to meet better 
roughage practices (grass silage, etc.) to reduce the cost of making market milk, is 
the big problem now before dairymen in this State. 

Borland, Pennsylvania: The physiological effects of phosphoric acid in amounts 
such as are ordinarily used in the preservation of grass silage (1¾ gals, or 16 lbs per 
ton of green forage). 

Problems Relating to Feed Values In General 
Some workers (Woodward, Bureau of Dairy Industry, Weaver, 

Michigan, and others) feel that the method of expressing^the energy 
values of feed in terms of total digestible nutrients is unsatisfactory. 
Mitchell has already been quoted as saying that "average tables of 
feed composition are not as useful as they might be." 

The variability in the composition of feeds is generally recognized. 
Dutcher of Pennsylvania says: 

Home-grown grains used so extensively in poultry feeding vary in mineral, 
vitamin, and protein content depending upon the area in which they are grown 
and the types of soil peculiar to these areas * * * Considerable research 
work is necessary before it is feasible to recommend the amount of supplementary 
grains to be fed to poultry under various conditions of feeding. 
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Titus, poultry nutrition, Bureau of Animal Industry, comments: 
We know in a crude way, as the result of proximate analyses, the percentage of 

protein, fat, fiber, ash, 'moisture, and nitrogen-free extract in many of our 
feedstuffs. We also know something about the relative value of some of 
them as sources of good protein and the several vitamin and inorganic elements. 
But    *    *    *    our knowledge is very incomplete. 

Taylor, poultry, California, voices a general feeling when he pro- 
poses "a fundamental study of the properties of feedstuffs and their 
proper combination into rations." Some workers—for example, 
Woodward of the Bureau of Dairy Industry—feel, as Knox (New 
Mexico) puts it, that afrom the standpoint of the livestock feeder, 
we believe that more complete and more definite knowledge of the net 
energy value of feeds is the most important contribution that could be 
made"; others recognize the difficulty in deter mining such values for 
individual feeds. J. C. Knott, associate dairy husbandman, Pullman, 
Wash., says: "Our greatest need in the nutrition of dairy cattle is to 
know the nutritive value of the complete ration/' and "We need 
further information on the proper feeds that will supplement our 
home-grown roughages." 

Buchanan (Iowa), King (Indiana), Fitch (Minnesota), Zeller 
(Bureau of Animal Industry), McCampbell (Kansas),Burr (Nebraska), 
Drinkard (Virginia), Ellenberger (Vermont), and Lepkovsky (Cali- 
fornia) all suggest work on the protein value of feeds—the biological 
value of the protein, the supplemental relation between feed proteins, 
the amino acids in feed proteins, the conditions affecting the protein 
value of feeds, economical sources of proteins, etc. 

Under this heading there are about 14 proposals for work on the 
mineral contents of feeds. Work of this sort is advocated in replies 
from Virginia, Pennsylvania, South Dakota, Montana, Mississippi, 
Tennessee, California, Utah, Oregon, Washington, Illinois, Nebraska, 
Wyoming, and Wisconsin. Some of these replies have already been 
referred to, A number of them propose to investigate the question 
of phosphorus deficiency. Some would investigate the possibility of 
both calcium and phosphorus deficiencies, while others would include 
a study of manganese, cobalt, and iodine in feeds. 

I shall not attempt to summarize the above suggestions. As 
stated at the beginning, the problems suggested deal with every 
aspect of livestock nutrition. After reading them, I realized that thev 
cover the entire subject matter of this Yearbook. In closing this 
inadequate summary, I want to thank all who replied to my letter. 



COMPOSITION OF THE PRINCIPAL FEEDSTUFFS 

USED FOR LIVESTOCK 

by N. R. Ellis, W. R. Kauffman, and C. 0. Miller * 

TABLES of composition of feedstuffs have found widespread use among 
those concerned in livestock feeding. Such information is especially 
useful in the selection of feeds and the determination of the propor- 
tions to use in diets. State and Federal regulations governing the 
sale of feedstuiîs frequently include provisions concerning the protein, 
fiber, ash, fat, and moisture content. In the use of forage crops, it is 
now realized that stage of maturity is an important factor in compo- 
sition. Estimations of the digestible nutrients contained in a given 
feed are based on the percentages of total protein, fat, fiber, and 
nitrogen-free extract (carbohydrate except fiber) and the coefiicients 
of digestibility, which have been determined experimentally. Thus 
it can be seen that tables of composition are useful in a variety of 
ways. 

The data assembled in table 1 cover the more common constituents 
found in feedstuffs. They include those concerned in protein, energy, 
calcium, and phosphorus metabolism. The table represents a revision 
of earlier tables in use in the Department. An effort has been made 
to incorporate recent analyses of materials as they are used today. 
Such changes in composition as have occurred may be attributed to 
improved methods of analysis, introduction of new varieties of plants, 
changes in harvesting methods, and improvements in milling and 
processing methods. 

Wherever possible, the definitions and standards for feedstuffs that 
have been adopted by the Association of American Feed Control 
Officials have been followed in the selection and arrangement of the 
analysis figures. The data on composition have been taken from the 
publications of the State experiment stations, the State and Federal 
regulatory agencies, and other publications on the feeding and nutri- 
tion of animals. While the compilations are by no means complete as 
to numbers of analyses and materials, they are offered as typical of 
present-day products. 

Table 2 gives the estimated digestible protein and total digestible 
nutrients of those feeds listed in table 1 for which digestibility coeffi- 
cients have been determined for cattle, sheep, and swine. Though it 
has been customary to combine the data for ruminants, recent interest 
in species differences has prompted the separate treatment in the 
present table.    Data for poultry will be found in table 8 of the article 

i N. R. Ellis is Senior Chemist, W. R. Kauffman is Assistant Chemist, and CO. Miller is Junior Scientific 
Aid, Animal Nutrition Division, Bureau of Animal Industry. 
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Practical Feeding of Poultry (p. 842). In the preparation of table 2, 
advantage has been taken of various publications, especially those of 
the Texas Agricultural Experiment Station, in which digestibility 
coefficients have been assembled. 

These data are presented for the purpose of showing the extent to 
which studies on the digestibility of individual feedstuffs have been 
carried and to show the likenesses as well as variations between species. 
It will be noted that sheep have been used much more extensively than 
either cattle or swine for determination of digestibility. The work 
with swine has been confined largely to the grains, seeds, and protein 
concentrates. No attempt has been made to determine the reliability 
of the figures through evaluation of the errors involved in the aver- 
aging of data from various sources. Hence, unless differences in 
digestibility between animals or feeds are reasonably pronounced, 
they may not mean a great deal. 

Undoubtedly, the most accurate data on digestibility are obtained 
and the most reliable application is made on the basis of the actual 
combination of feeds used in the diet of a particular class of animal. 
Values for single feeds are not necessarily reproducible in a mixture, 
and values obtained on high-producing milking cows are different 
from those on dry cows. An extensive number of diets containing 
several feeds have been studied, but these diets have not been tabu- 
lated here because of the complexity of the data. 

Critical studies on the relationship between the over-all nutritive 
value of feeds as shown in the feed lot and the data on composition 
and digestibility have revealed various pitfalls in interpreting nutri- 
tive values from the composition data. The question has become of 
such interest that the American Society of Animal Production has 
appointed a special committee on the evaluation of feeds. This com- 
mittee has planned to consider feed from various viewpoints including 
(1) energy, (2) total nutritive value, (3) biological methods for studying 
protein and energy values, (4) chemical methods, and (5) digestibility 
by different species. One of the more difficult chemical problems is 
the expression of the carbohydrate fractions commonly given as the 
crude fiber and the nitrogen-free extract. This arbitrary division does 
not measure especially well the nutritive value of the several chemical 
constituents which include the sugars, starches, pectins, gums, hemi- 
celluloses, celluloses, and lignins. The discrepancies are reflected espe- 
cially in the evaluation of the energy content of the forages and other 
products containing the more indigestible constituents. The impor- 
tant role that vitamins and minerals play in the ability of the animal 
to utilize feed will require the reexamination of the older data on 
energy and protein values, which may have been obtained during the 
feeding of rations deficient in these other nutritive factors. 

Finally, it should be pointed out that such differences as may be 
found between the present values for digestible constituents and other 
published values may be due to several factors. In the first place, 
the chemical composition data of table 1 show differences from other 
published tables due to selections made in the compilations. Con- 
siderable latitude must be permitted in the choice of digestibility 
coefficients suitable for general use. Coefficients for a given con- 
stituent and feed vary considerably and unless a large number of 
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determinations are available to be averaged the use of any unusually 
high or low values in one case and not in another changes materially 
the final digestibility value. The separate treatment of sheep and 
cattle in the present tabulation as contrasted with the usual combina- 
tion of all species or of all ruminants also has an important bearing on 
the calculations. On the whole, the present values appear to show 
good agreement with other published figures in most instances. 

TABLE 1.—The percentage composition of feedstuff s used in animal feeding 

GRAINS, SEEDS, AND MILL CONCENTRATES 

Feedstuff Mois- 
ture Ash Crude 

protein 
Ether 

extract^ 
Crude 
fiber 

Nitro- 
gen-free 
extract 2 

Cal- 
cium 3 

Phos- 
phorus 3 

Barley  
Barley feed     . 

Percent 

10.5 

7.9 
7.7 

11.6 
12.6 
12.4 
9.2 

10.7 

11 
12.9 
10.0 
11.3 
10.7 
10.8 
7.0 
9.5 
8.0 
8.7 
6.5 
7.5 
8.3 
8.7 

7.4 
7.3 
7.2 
7.0 
6.1 
9.1 

10.8 
8.8 
9.5 

11.9 
10.4 

8.5 
8.5 
7.7 
7.3 
6.6 

10.1 
9.8 
9.3 

10.4 
24.0 
7.7 
8.9 
9.0 

10.4 
5.8 
8.9 
6.9 
8.4 

10.1 

Percent 

U 
2.1 

4.1 
4.3 
.7 

2.0 
4.6 
8.2 
4.0 
5.5 
6.6 
1.3 
2.1 
1.4 
2.0 
1.9 
3.8 
6.0 
2.2 
2.2 
4.3 
5.9 
4.8 
2.6 

5.2 
6.1 
5.8 
2.4 
2.4 
1.7 

18.0 
18.8 
2.9 
1.7 
3.9 

5.6 
5.3 
2.9 

11 
3.3 
3.4 

1:1 
6.8 

11 
9.3 

It 
2.3 
6.0 
1.8 
3.9 

Percent 
12.8 
15.0 
12.5 

20.7 
25.4 
7.0 

10.0 
28.0 
16.4 
19.1 
21.3 
21.4 
9.3 

10.0 

1:1 
10.5 
20.8 
27.6 
43.0 
22.1 
29.6 
44.1 
32.1 
3.5 

36.6 
41.0 
43.7 
28.3 

III 
30.8 
21.5 
11.2 
11.1 
10.9 

35.3 
40.4 
12.4 
28.1 
13.0 
12.6 
12.0 

S 
12.5 
12.8 
11.8 
17.3 
4.3 

16.5 
6.3 
8.4 

16.2 

Percent 
2.3 
4.0 
1.6 

7.2 
6.3 
.8 

2.2 
6.6 
5.4 

11.0 
10.0 
2.4 
4.3 
6.6 
4.1 
3.4 
5.3 
9.6 
3.0 
2.7 
6.8 
5.8 
6.4 
6.4 
1.0 

5.6 
6.5 
6.5 
9.4 
6.3 
2.9 

10.2 
30.4 
8.3 
3.0 
2.5 

5.4 
5.8 
2.1 

kl 
4.3 
3.4 
3.2 
2.6 

Percent 
5.5 

13.7 
0.4 

17.6 
16.0 

.6 
8.7 
5.3 

15.8 
14.1 
9.4 

13.3 

k98 
2.1 
9.2 
2.9 
7.3 
7.5 
3.7 

10.8 
25.1 
10.3 
15.3 
46.2 

15.3 
11.9 
11.1 
14.6 
15.9 
1.4 

22.6 
15.9 
6.3 

U 
8.3 
7.5 
6.0 

13.3 
22.8 
8.4 
7.9 
1.5 
7.1 

Percent 
66.9 
54.5 
72.9 

42.5 
40.3 
79.3 
64.5 
43.1 
45.0 
41.1 
46.5 
47.4 
70.3 
62.5 
71.3 
66.5 
68.6 
51.5 
46.4 
40.4 
49.4 
28.7 
25.8 
33.1 
38.0 

29.9 
27.2 
25.7 
38.3 
51.4 
70.7 
7.6 
4.6 

61.8 
70.0 
66.3 

36.9 
32.5 
68.9 
43.4 
50.4 
61.3 
63.5 
71.9 
64.9 
66.1 
60.7 
57.6 
42.7 
61.3 
50.7 
63.9 
50.7 
26.8 
37.4 

Percent 
0.07 
.03 
.03 

.16 

.16 

.03 

Percent 
0.32 
.41 
.12 Bread, kiln dried   . 

Brewers' dried grains: 
18-23-percent protein 
23-28-percent protein 

Brewers'rice  
Buckwheat  
Buckwheat middlings 
Cocoa shells  .__ 
Coconut cake  
Coconut meal, old process  .28 

.28 

.01 

.03 

.01 

58 
Coconut meal, new process      58 
Corn, shelled, 
Corn bran  _.. 
Corn chop   .    _ _ _ 26 
Corn (ear) chop  
Corn-feed meal..    _ .04 

.05 

.11 

.10 

.06 

38 
Corn-germ meal _.    _ 59 
Corn-gluten feed.. - 78 
Corn-gluten meal  _ _.  . 47 
Corn-oil meal.._ 
Cottonseed, whole pressed. _ 
Cottonseed cake      _. 
Cottonseed feed, 32 percent protein.. 
Cottonseed hulls  

.20 .73 

Cottonseed meal: 
33-38 percent protein  .28 

.19 

.18 

.04 

.13 

1 30 
38-43 percent protein  
Over 43 percent protein  

1.11 
1.15 

Distillers' (corn) dried grain  
Distillers' (rye) dried grain  
Feterita  

.29 

.43 

Hemp cake    . 
Hcmpseed, European  
Hominy feed_-_ .03 

.01 

.09 

:i 
.'26' 

Kafir   25 
Kafir-head chops  
Linseed meal: 

33-38 percent protein     . 
38-43 percent protein  

Malt   
Malt sprouts  .._ 
M es qui te beans and pods  

.20 

.84 

.74 

"" .'68 

Millet, foxtail  
Millet, proso or hog millet  
Milo   
Milo-hcad chops  .  
Molasses, cane      .    . .35 

.10 

.10 

.09 

.08 

.20 

06 
Oats, irain  ___ _    . __ _ 4.4 

5.0 
4.5 
6.6 
1.9 
4.8 
2.2 

48.8 
11.0 

11.2 
11.8 
22.7 
1.8 

30.8 
3.6 

27.9 
5.8 

21.4 

.40 
Oat chops- _-   .-..     __. .36 
Oat clips    _    -    _ 
Oat groats, ground rolled 43 
Oat hulls 12 
OatmeaL-.    __ _ .43 
Oatmillfeed      
Palm kernel  _  _ _ _ 

.22 

Palm-kernel cake  

2 Carbohydrates except fiber. 
3 Leaders indicate that data arc lacking. 
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TABLE 1.—The percentage composition of feedstuff s used in anima} feeding—Continued 

GRAINS, SEEDS, AND MILL CONCENTRATES—Continued 

Feedstuff 
Mois- 
ture Ash Crude \ Ether 

protein; extract 

Peanuts, kernels  
Peanuts, shells on  
Peanut meal: 

38-43 percent protein. _. 
43-48 percent protein  
Over 48 percent protein. 

Rapeseed, brown Indian  
Rapeseed, common  
Rice, rough  
Rice, bran  
Rice hulls    
Rice polish  
Rice-stone bran  
Rye. 
Rye feed  
Rye middlings..      
Sesame seed  
Sesame-seed cake  
Sorgo  
Soybeans  
Soybean meal: 

38-43 percent protein  
43-48 percent protein  

Sunflower seed    
Sunflower hulls  
Sunflower kernels  
Velvetbeans  
Vinegar grains  
Wheat  
Wheat bran  
Wheat, brown shorts  
Wheat-flour middlings  
Wheat, gray shorts  
Wheat, mixed feed  
Wheat, red dog  
Wheat, standard middlings . 
Wheat, white shorts  
Wheat waste, shredded  
Yeast cells, dried  

Percent 
5.5 
6.0 

6.4 
6.7 
7.0 

9.7 
8.8 
6.5 

10.0 
8.4 
9.5 

J0.2 
9,5 
5.5 
9.8 

12.8 
8.0 

8.2 
6.9 

10.5 
6.9 
9.8 
6.8 

10.6 
9.4 

10.8 
10.4 
11.0 
9.9 

11.1 
10.4 
10.9 
8.0 
4.3 

Percent 
2.3 
2.8 

4.4 
4.6 
5.0 
6.4 
4.2 
5.4 

12.2 
21.9 

7.6 
11.9 
1.9 
4.0 
4.4 
6.5 

10.7 
2.1 
4.8 

5.8 
6.0 
3.2 
2.6 
4.2 
3.1 
2.9 
1.8 
6.4 
4.0 
3.3 
4.1 
4.4 
2.2 
3.9 
2.2 
1.6 

10.7 

Crude 
fiber 

Percent\ Percent\ Percent 
30.2        47. 
24. 7        33. 1 IS. 0 

41.6 
45.1 
51.4 
21.0 
19.5 
7.3 

12.8 
2.1 

12.4 
12.5 
11.1 
15.6 
16.7 
20.3 
37.5 
9.1 

38.9 

41.7 
44.7 
15.2 
4.4 

29.4 
26.2 
19.5 
12.0 
16.4 
17.8 
18.8 
17.5 
18.2 
18.3 
17.0 
15.6 
12.4 
48.5 

7.2 
7.2 
4.8 

41.2 
45.0 
2.0 

13.8 
.4 

13.2 
13. 0 
1.7 
3.2 
3.7 

45. 6 
14.0 
3.6 

18.0 

4.6 i 
28.8 I 
3.4 I 

43.9 ; 
4.8 ! 
7.0 i 
2.0 ! 
4.4 I 
4.8 
4.0 
4.4 
4.4 
3.4 
4.3 
3.7 
l.ß 

16.0 
14.2 
9.2 

12.5 
6.0 
8.6 

12.2 
44.8 
2.8 

11.1 
2.1 
4.3 
5.5 
7.1 
6.3 
2.6 
4.8 

6.2 
5.8 

28.5 
57.0 
2.6 
6.0 

17.3 
2.0 
9.9 
5,8 
4.2 
5.4 
6.9 
2.3 
5.4 
2.4 
2.6 
.5 

Nitro- 
gen-free 
extract 

Cal- 
cium 

Phos- 
phorus 

Percent'. Percent' Percent 
11.6 ; 0.06 ' 0.3S 
15.4     

24.4 
22.2 
22.6 
13.2 
18.0 
67.0 
40.2 
24.3 
54.0 
43.1 
73.7 
62. 7 
60.2 
15.0 
21.7 
69.8 
25.5 

32.7 
30.7 
17.4 
22.1 
13.0 
50.1 
46.5 
71.6 
53.5 
56.8 
59. 3 
57.6 
56.1 
62.7 
59.0 
65.2 
73.8 
35.5 

.10 i 

.17 ' 

;lSi 

.04 

.29 ; 

.34 I 

.05 

.10 

.11 

.12 

.09 

.10 
1.84 

. 06 
]. 52 

,37 
.59 

.38 
1.14 

.SO 
. 86 
. 96 
.S3 

. 90 

ANIMAL, MARINE, AND MILK PRODUCTS 

Beef meal  
Blood meal..  
Bone, green, horse  __ 
Bone, green, butchershop.. 
Bonemeal, raw . 
Bonemeal, steamed   ..- 
Bonemeal, special steamed. 
Buttermilk  
Buttermilk, dried  
Crab meal  
Fish meal,  
Fish meal, menhaden  
Fish meal, sardine.   
Fish, whiting....     .... 
Lips, ox    
Liver,hog.     
Liver meaL.     
Lungs, beef   
Lungs, calf  
Meat, horse muscle.  
Meat, beef muscle     .... 
Meat and bone scraps: 

42-48 percent protein -  _ 
48-53 percent protein... 
53-58 percent protein. _. 

Meat scraps: 
48-53 percent protein.   . 
53-58 percent protein... 

Melts, beef  
Melts, pork..  

8.0 
14.4 
59. 0 
52.0 
6.7 
3. 1 
2.7 

91.0 
5. 5 
8.4 
7. 1 
7. 1 
0,7 

71, 0 
71.0 
72.8 
6.4 

79.7 
76.8 
75.0 
72.0 

6, 1 
6.4 
6. 1 

13.0 
4.7 

20.4 
16.3 
62. 1 
83.6 
75. 1 

.7 
9.4 

37.1 
17.7 
25.7 
13.4 
5.4 
1.5 

"7.T 
1.0 
1.1 
1.1 
1.0 

31.6 
30.5 
25. 5 

70. C 
78.4 
19.2 
16. 6 
25.2 
6.2 

11. 1 
3.0 

34.3 
37.9 
62.0 
57. 8 
68. 1 
18.8 
19.0 
19.8 
67.2 
16.1 
16. 1 
20.2 
21.2 

46.8 
50. 4 
54.9 

9. 1 
.6 
.4 

17.0 
3.3 
2.2 
6.5 
.5 

7.0 
3. 1 
7.3 
6.2 
4.3 
4.0 
9.5 
5.3 

14.6 
3.2 
5.0 
2.9 
5.2 

11.8 
9.7 

11.1 

0 
0.8 
0 
0 
1.4 
1.3 
1.7 

".T 
8.4 

1.7 
0 
0 
1.9 
0 
0 
0 
0 

2.1 
2.0 
2.1 

5.7 28.0 , 51.0 : 12.0 , 1.6 
6.3 26.7 : 55.0 9.1 2.2 

75. 0 : 1.5 - 19. 0 ! 2.0 ; 0 
78.0 1.5 i 17.5 l 2.0 0 

0 
1.1 
0 
0 
1.3 
3.6 
2.9 
4.8 

43.5 
5.1 
5.3 
.8 

7.0 
0 
0 
0 
2.4 
0 
0 
0 
0 

1.6 
1.0 
.3 

1.7 
.7 

0 
0 

0.35 0. 24 

"2L 2" 
30,0 
27.0 

.13 
1.32 

4.31 

11,5 
13.9 
13.2 

. nu 

.93 

"'~Y08 

11. 2    ■        5. 06 
10. 5             5. 21 
8. 26          4. 02 

|     8.70 :       4.30 

i ;  
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T&BLE 1.—The percentage composition of feedstuff s used in animal feeding—Continued 

ANIMAL, MARINE, AND MILK PRODUCTS—Continued 

Feedstuff 
! Mois- 

ture 

Milk, skim  
Milk, skim, dried--  
Milk, whole  
Shrimp meal  
Tankage, digester: 

53-58 percent protein  
Over 58 percent protein..... 

Tankage, digester with bone: 
38-43 percent protein-  
43-48 percent protein _ -  
48-53 percent protein...___. 
Over 53 percent protein..._ 

Tripe, raw  
Viscera, horse (includes blood) 
Whey  
Whey, dried.      

Percent 
91.1 
4.7 

87.1 
10.7 

6.4 
6.3 
5.8 
6.2 

86. ñ 
77.0 
93.8 
6.7 

Ash 

Bercent 
0.8 
8.8 
.7 

33.4 

21.8 
19.5 

32.4 
31.3 
28.6 
24.2 

.3 
1.1 
.4 

10.1 

Crude 
protein 

Percent 
3.4 

35.8 
3.6 

38.5 

55.8 
61.6 

40.0 
46.0 
51.2 
54.5 
11.7 
19.8 

.6 
12.8 

Ether 
extract 

Percent 
0.2 
1.0 
3.7 
2.6 

10.4 
8.6 

14.1 
12.5 
10.4 
10.3 
1.2 
1.2 
.1 

Crude 
fiber 

Percent 
0 
.1 

0 
11.7 

2.5 
1.7 

3.0 
1.9 
1.6 
1.7 
0 
0 
0 
.2 

Nitro- I Cal- 
gen-free, cium 
extract 

Percent 
4.5 

49.6 
4.9 
3.1 

1.9 
1.8 

4.1 
2.0 
2.4 
3.1 
.3 

0 
5.1 

69.6 

Percent 
0. 13 
1.34 

. 12 
7.71 

8.92 
7.07 

.04 

.73 

Phos- 
phorus 

Percent 
0.10 
.99 
.09 

1.31 

GREEN FORAGES 

Alfalfa, immature  
Alfalfa, in bloom......  
Alsike clover, immature  
Alsike clover, in bloom  
Barley, immature   
Barley, mature  _ 
Bluegrass, Kentucky, immature 
Bromegrass, immature  
C abbagc _.  
Canada bluegrass, immature  
Corn fodder: 

Dent, immature  
Dent, mature  
Flint, immature   
Flint, mature  

Cowpeas  
Crimson clover  
Kafir  
Lespedeza, Korean, immature... 
Meadow fescue, immature  . 
Meadow foxtail, immature  
Millet, foxtail   
Oatgrass, tall, immature  
Oats, immature  
Oats, mature  
Orchard grass, immature. .  
Orchard grass, in bloom    
Pricklypoar     
Rape .. 
Red clover, immature.     
Red clover, in bloom  
Red fescue, immature    
Red top, immature  
Reed canary grass, immature  
Rye, immature _.._..__     
Rye, mature    
Rye grass, Italian, immature  
Rye grass, perennial, immature.. 
Sorgo  
Soybeans  
Sweetclover, immature  
Sweet corn  
Timothy, immature  
Timothy, in bloom  
Wheat, immature    
Wheat, mature       
White cío ver, immature..  
White clover, wild, immature  

79.4 2.9 5.2 0.7 3.8 8.0 
77.2 1.8 3.2 .6 7.8 9.4 
81.2 2.4 4.9 .6 3.1 7.8 
74.8 2.0 3.9 .9 7.4 11.0 
83.4 1.5 2.8 .7 3.6 8.0 
77. 1 1.6 2.2 .5 6.4 12.2 
70.5 2.5 5.0 1.2 7.5 13.3 
77. 5 2.9 4.3 .9 5.2 9.2 
90. 5 .9 2.4 .3 1.2 4,7 
74.1 2.5 4.3 1.3 6.8 11.0 

70.0 1.2 1.7 .5 5.6 12.0 
73.4 1.5 2.0 .9 6.7 15.5 
79.8 1.1 2.0 .7 4.3 12.1 
77.1 1.1 2.1 .8 4.3 14.6 
82. 5 2.5 3.4 .5 4.0 7.1 
80.9 1.7 3.1 .7 5.2 8.4 
73.0 2.0 2.3 6.9 15. 1 
74. 1 2.4 4.6 .8 5.8 12.3 
78.8 2.6 4.0 .9 4.7 9.0 
73.0 2.8 4.5 1.2 5.6 12.0 
71. 1 1.7 3.1 .7 9.2 14.2 
78.4 3.0 4.3 1.0 4.6 8.7 
82.6 1.7 2.9 .7 3.3 8.8 
72. 0 2.1 2.7 .9 7.4 14.9 
78.3 2.8 3.4 1.0 5.3 9.2 
73.0 2.0 2.6 .9 8.2 13.3 
78.9 4.3 .7 .4 2.6 13.1 
85.7 2.0 2.4 .6 2.2 7.1 
81.2 2.7 5.0 .8 3.0 7.3 
70.8 2.1 4.4 1. 1 8.1 13.5 
70. 5 2.8 4.1 .9 8.2 13.5 
76.8 2.8 4. 1 .9 5.4 10.0 
80.7 2.4 3.5 4.3 8.4 
was 2.3 4.5 1. 1 3.4 7.9 
76.6 1.8 2.6 .6 11.6 6.8 
77.3 2.5 3.5 1.0 5.2 10.5 
75. 9 3.0 3.8 .9 5.4 11.0 
77.3 J.3 1.5 1.0 6.2 12.7 
73.9 2.9 4.0 1.1 7.6 10.5 
75. 3 2.2 5.3 .7 6.7 9.8 
79. 1 1.3 1.9 .5 4.4 12.8 
74.9 2.3 4.1 .9 5.4 12.4 
61. 6 2. 1 3.1 1. 2 11.8 20.2 
82.3 2.1 3.8 .9 3.0 7.9 
68.7 2.6 2.4 8.6 17,0 
82.0 2.1 4.9 .0 3.1 7.3 
81.2 2.2 5.2 .6 2.9 7.9 ! 

0.28 
.39 
.26 
.21 
.06 
.05 
.15 
.14 
.06 
.11 
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TABLE  i.— The percentage composition of feedstuffs used in animal feeding— Conumwd 

DRIED FORAGES 

Feedstuß 

Alfalfa hay  
Alfalfa-leaf meal  
Alfalfa meal  
Alfalfa meal, dehydrated  
Alfalfa-stem meal  
Alsikc clover hay  
Australian saltbush hay  
Barley hay ... 
Barley straw  
Bermuda grass bay  
Black grama hay    
Blue grama hay  
Bluegrass hay, immature  
Bluegrass hay, bloom  
Bluejoint grass hay  
Bromegrass hay  
Buckwheat straw  
Búñalo grass hay _ 
Bur-clover hay  
Corncobs  
Corn fodder  
Corn husks  
Corn leaves    . 
Cornstalks  
Corn stover  
Cowpeahay  
Cowpea straw  
Crabgrass hay  
Crimson clover hay __     
Feterita fodder  
Field-pea hay :  
Flax straw  
Hegari fodder   
Hegari stover  
Johnson grass hay  
Kafir fodder  
Kafir stover _..-  
Lespedeza hay  
Little bluestem hay  
Meadow fescue hay  
Millet hay, foxtail  
Millet hay, pearl or cattail  
Natal grass hay  
Oatgrass, tall, hay  
Oat hay  
Oat straw    
Orchard grass hay, immature   . 
Orchard grass hay, mature. _ _. 
Prairie hay (Colorado, Wyoming). . 
Prairie hay (Kansas, Oklahoma) _.. 
Prairie hay (Minnesota, South Da 

kota)  
Red clover hay     __ 
Red clover, mammoth, hay  
Red top hay  
Rhodes grass hay  
Rice straw  
Rye hay  
Rye straw  
Rye grass, perennial, hay  
Rye grass, Italian, hay  
Rye grass hay  
Sedge, western species  
Slender wheatgrass  
Sorgo fodder  
Sorgo hay  
Soybean hay  
Soybean straw  
Sudan grass hay . 
Sweetclover hay  
Sweetclover straw  
Timothy hay  
Vetch, hairy, hay  
Western needlegrass hay  
Western wheatgrass hay  

Mois- : | Crude i Ether i Crude : Nitro-      Cal-   ! Phos- 
ture   '   Ash    ; protein ' extract I   fiber   ! gen-free   cium   | phorus 

! extract i ' 

Percent 
7.2 
8.5 
8.2 
Ö.6 
9.1 

JO. 5 
6.7 

15.0 
14.2 
8.9 
5.5 

10.9 
7.3 

11.9 
7.5 

14.0 
9.9 
ii.2 
8.7 

10.7 
11.8 
9.8 

11.8 
11.7 
10.7 
9.7 
9.7 
9.0 
9.6 

13.3 
10.6 
6.2 

13.5 
15.1 
7.2 
9.1 

12.6 
7.9 
8.6 

11.6 
7.0 

10.1 
7.5 
S. 1 

11.8 
8.1 
9.9 
9.9 
5.5 
9,5 

11.6 
7.0 

12.2 
8.9 
8.6 
8.9 
6.4 
7.1 

10.2 
8.5 
8.3 
5.4 
7.5 

11.6 
5.8 
8.4 
8.7 
5.3 
8.1 
5.1 
7.1 

13.1 
9.9 
8.6 

Percent 
8.0 

14.4 
10.0 
10.0 
7.7 
8.8 

16.9 
6.4 
5.7 
7.9 
7.0 
8.5 
7.9 
7.0 
6.9 
9.7 
5.5 

10.8 
12.3 
1.4 
5.8 
2.9 
8.5 
4.6 
6.1 

12.9 
5.3 
7.9 
8.6 
6.4 
8.3 
3.8 
8.2 

9.0 
6.2 
4.9 
7.0 
8.2 
9.7 
4.8 
6.4 
5.7 
7.6 
6.0 
7.0 
7.2 
7.5 

7.2 
10.0 
7.5 
5.2 
8.4 

13.5 
4.7 
3.2 
8.6 
6.9 
8.5 
6.7 
6.6 
6.0 
9.5 
8.9 
7.4 
8.1 
7.5 
3.4 
5.8 
8.4 
6.2 
8,7 

Percent 
15.4 
20. ö 
15.2 
16.9 
11.4 
14.4 
16.1 
6.7 
3.5 
7.2 
4.3 
6.7 

15.2 
9.3 
6.7 
9.3 
5.2 
5.6 

15.7 
2.4 
7.4 
2.9 
8.1 
4.8 
5.7 

17.5 
7.4 
6.5 

15.2 
8.7 

16.1 
7.8 
6.2 
4.5 
8.1 
6.6 
5.8 

11.9 
4.0 
6.6 
9.2 
9.0 
3.7 
9.4 
6.1 
4.4 
8.1 
6.9 
7.0 
4.4 

Percent 
1.6 
2.6 
2.2 
2.6 
1.3 
2.5 
1.8 
1.6 
1.5 
1.7 
1.3 
1.8 
3.0 
3.4 
3.0 
1.8 
1.3 
1.7 
3.0 
.5 

2.4 
.7 

2.2 
1.8 
1.5 
2.8 
1.3 
2.2 
2.8 
1.9 
2.7 
2.1 
1.7 
1.9 
2.8 
2.1 
1.7 
2.8 
1.6 
2.0 
2.8 
1.8 
1.4 
2.7 
2.4 
2.5 
2.6 
3.0 
2.4 
2.3 

3.0 \ 
8.6 \ 
7.5 
6.3 

11.6 
7.8 
5.3 
9.5 

15.8 
5.7 
9.7 

16.2 
6.7 
7.5 

20.9 
5.5 
8.4 

6.0 2.4! 
16.1 2.6 : 
12.8 3.3 
7.9 1.9 
5.3 1.2 i 
4.5 1.6 1 
5.9 2.0 | 

1.2 
4.1 
1.7 
2.0 
2.4 
2.1 
2.4 
1.9 
3.8 
2.5 
1.7 
2.8 
1.2 
2,9 
2.7 
2.7 
2.3 

Percent 
30.3 
15.7 
27.5 
25.4 
36. 1 
24.7 
21.5 
21.4 
36.0 
24.9 
31.4 
27.9 
23.7 
27.9 
34.2 
26.6 
43.0 
26. 1 
25.5 
30.1 
23.0 
30.7 
24.4 
32.7 
30,3 
20.5 
41.5 
32. ] 
27.2 
21.5 
24.8 
46.9 
16.7 
26.6 
30.4 
28.4 
27.5 
28.5 
35.4 
31.6 
28.0 
32.3 
39,5 
29.8 
27.1 
36.2 
32.4 
32.7 
31.3 
30.4 

30. 3 
23.6 
27.1 
28.6 
33.4 
34.0 
37.4 
38.9 
24.5 
30.5 i 
33.0 
27.4 
30.8 
26.0 
26.8 
24.3 
34.6 
27.9 
25.9 
49.6 
30.2 
24.2 
33.2 
31.9 

Percent 
37.5 
37.9 
36.9 
38.5 
34.4 
39.1 
37.0 
48.9 
39.1 
49.4 
50.5 
44.2 
42.9 
40.5 
41.7 
38.6 
35.1 
49.6 
34.8 
54.9 
49.6 
53.0 
45.0 
44.4 
45.7 
36.6 
34.8 
42.3 
36.6 
48,2 
37.5 
33.2 
53.7 
42.2 
44.3 
46.0 
43.4 
42.7 
45.5 
41.2 
44.8 
37.1 
43.1 
43.6 
46.9 
41.2 
41,0 
40.5 
46.6 
45.9 

Percent 
1.51 
1.42 
1. 56 

42.5 
40.7 
37. I 
47.5 
43.1 
37.5 
43.6 
46.6 
44.0 
44.9 
41.9 
46.5 
45. 2 
48.7 
46.5 
38.8 
41.1 
47.3 
39, 5 
34.0 
46. 5 
30.7 
42.5 
40.1 

Percent 
0. 21 
.25 

.45  ! 

.30 I 

.45 
1.84 

.33 
1.18 
.27 

.49 ! 

.27 

.23 
,31 

.44 
1.01 

.18 i 

.27 

"""■.27 .15 
.31 . 09 

1.26 .22 

.47 

.74 

.31 

.25 

.24 

.08 

.13 

.30 
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TABLE 1,—The percentage compositon of feedstuffs used in animal feeding—Continued 

DRIED FORAGES—Continued 

Feedstuff 
Mois- 
ture Ash 

Crude 
protein 

Ether 
extract 

Crude 
fiber 

Nitro- 
gen-free 
extract 

Cal-   ! Phos- 
cium   I phorus 

Wheat hay  
Wheat straw  
White clover hay 
Wire grass hay__. 

Percent 
9.6 
6.8 
7.2 
8.5 

Percent 
4.2 
5.4 
9.4 
7.3 

Percent 
3.4 
4.3 

15.6 
6.6 

Percent 
1.3 
3.4 
2.2 
1.3 

Percent 
38.1 
36.8 
22.7 
34.6 

Percent 
43.4 
43. 3 
42.9 
41.7 

Percent Percent 
0. 14 ;       0.15 

1.31 

SILAGES. ROOTS, TUBERS, AND BYPRODUCTS 

Alfalfa silage  
Alfalfa-molasses silage  
Apple pomace  
Apple silage  
Beet pulp, dried  
Beet pulp, molasses, dried 
Carrots  
Cassava  
Corn silage  
Corn silage, immature  
Corn silage, mature  
Corn stover silage  
Cowpea silage  
Hegari silage  
Jerusalem artichokes  
Mangel-wurzel  
Napier grass silage  
Parsnips  
Pea-vine silage  
Potatoes  
Red clover silage  
Rutabagas  
Sorgo silage  
Soybean silage  
Sugar beets  
Sugar-beet pulp  
Sunflower silage  
Sweetclover silage  
Sweetpotatoes  
Turnips  

68.9 2.7 5.7 1.0 8.8 12.9 
68.6 3.4 5.8 1.0 8.4 12.8 
78.6 .6 1.3 1.2 3.7 14.6 
87.6 .6 .7 1.8 8.6 
9.2 3.2 9.3 .8 20.0 57.5 
8.0 5.2 11.6 .7 16.4 58.1 

88.6 1.0 1.1 .4 1.3 7.6 
63.8 1.4 1.0 .3 .8 32.7 
73.8 1.7 2.1 .8 6.3 15.3 
79.1 1.4 1.7 .8 6.0 11.0 
70,9 1.4 2.4 .9 6.9 17.5 
80,7 1.8 1.8 .6 5.6 9.5 
77,8 2.1 3.2 .9 6.5 9.5 
66.3 3.4 2.3 .8 6.7 20.5 
78.7 1.1 2.5 .2 .8 16.7 
90.8 1.0 1.4 .2 .9 5.7 
67,5 1.8 1.2 .7 14.4 14.4 
80.0 1.3 2.2 .4 1.3 14.8 
75,1 1.7 3.0 .9 8.1 11.2 
78.9 1.0 2.1 .1 .6 17.3 
72.0 2.6 4.2 1.2 8.4 11.6 
88.6 1.2 1.2 .2 1.3 7.5 
74,7 1.4 1.6 1.0 6.9 14.4 
75.6 2.6 2.4 .8 9.6 9.0 
78.0 1.0 1.5 .1 2.9 16.5 
90.5 .4 .9 .2 2.2 5.8 
77.9 2.1 1.8 1.6 6.5 10.1 
70,2 2.9 6.1 1.0 9.7 10. 1 
71.1 1.0 1.5 .4 1.3 24.7 
90.6 .8 1.3 .2 1.2 5.9 

0.02 

.02 

.10 

.05 

0.01 

.06 

.09 

.02 

.10 

.06 

.04 

.04 

.10 
06 

.02 

.05 
.05 
.05 

TABLE  2.—The digestible protein  and total digestible nutrient content of feedstuffs  as 
determined for cattle, sheep, and swine 

GRAINS, SEEDS, AND MILL CONCENTRATES 

Feedstuff 

Digestible protein Total di 

Cattle 

Percent 

68.3 

gest i ble nutrients 

Cattle Sheep Swine Sheep i Swine 

Barley  
Percent Percent 

\H 
16.3 
20.8 
7.2 

23.8 
2.0 

Percent 
9.6 

14.3 

15.1 

Percent ¡Percent 
77.1 !       74.3 

Barley feed                             ... 81  9 ;        S3 a 
Brewers' dried grains: 

18-23 percent protein,              _.. __. _. 15.5 65.0 
71.9 
m 9 

48 5 
23-28 percent protein  

Buckwheat        _. . .     . _ . 7.2 
""77.T 

fiS ,-, 
Buckwheat middlings  25.5 73.7 
Cocoa shells tt 5 1 
Coconut cake         -.. . 14.1 84.9 
Coconut meal, old process      _    .   _ 17.5 

7.5 
5.3 

83.8 
Corn, shelled          _ 1:1 7.2 

1:1 

78.3 
59.9 

73.9 i        80 0 
Corn bran 79 o ; 
Corn chop   82.0 

70.2 
80.6 

Corn, ear, chop  
Corn-feed meal__.   

4.8 5.7 68.6 75.6 

Corn-gluten feed 23.2 
37.8 
17.0 
21.6 
27.3 

77.9 
78.4 
80.8 
64.2 
79.7 
24,8 

Corn-gluten meal  
Corn-oil meal 
Cottonseed, whole pressed  _ 15.1 57.1 
Cottonseed feed 
Cottonseed hulls  .5   35.7 
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-The digestible protein  and total digestible nutrient content of feedstuff s  as 
determined for cattle, sheep, and swine—Continued 

GRAINS, SEEDS, AND MILL CONCENTRATES-Continued 

Feedstuff 

Digestible protein Total digestible nutrients 

Cattle Sheep Swine Cattle Sheep Swine 

Cottonseed meal: 
33-38 percent protein          . . 

Percent 

31.5 
35.3 
37.0 

Percent 

28.2 
31.6 
33.6 
20.1 
10.9 

1! 
6.9 

29.7 
33.9 

iU 
l:î 
8.1 

9.1 
4.7 

15.6 
.7 

4.2 

Percent 

31.1 
34.9 
37.1 

Percent 

63.6 
66.7 
67.9 

Percent 

65.7 
68.0 
68.7 
81.6 
81.0 
88.3 
70.9 
67.8 

76.0 
77.0 

?d 
69.2 
85.6 
76.0 
62.3 
76.0 
52.0 
91.4 
42.5 
48.2 

Perce nt 

t)7 1 
38-43 percent protein  
Over 43 percent protein  . 

69.8 
70 S 

Distillers' (corn) dried grain  
Feterita        
Hominy feed  
Kafir 9.0 8.5 79.7 Sil 
Kafir head chops  
Linseed meal: 

33-38 percent protein 31.4 
36.0 38-43 percent protein  73 1 

Malt sprouts . 
Mesquite beans, pods on    _ 
Millet, proso or hog millet 8.2 

7,6 '75.9' 
73 7 

Milo  8.3 72 7 
Milo head chops 
Molasses            _                        . .2 

9.1 ""9~9 
57.0 
72.3 Oats, grain    

Oat clips 
74.3 

Oat groats, ground rolled 
Oat hulls 2.2 2.5 58.7 
Oat millfeed 
Palm-kernel cake   ._ .    _ 11.3 07 1 
Peanuts (shells on) 20.0 

37.0 
40.1 
45.7 
5.5 
8.8 
.1 

8.8 
9.3 

11.5 
34. 5 
4.7 

35.0 

37.5 
40.2 
10.6 
19.4 
12.5 
9.1 

12.5 
14.6 
16.2 
13.9 

97.4 

78.8 
79.4 
78.3 
70.7 
67.5 
8.0 

85. 6 
179.6 

68.3 
84.1 
64.6 
90.0 

77.4 
76.2 
77.4 
74.0 
62.3 
76.9 
61.1 
64.8 

III 

Peanut meal: 
38-43 percent protein 
43-48 percent protein 
Over 48 percent protein       . 

Rice, rough  
" '8.3" Rice, bran  

Rice hulls  
8.6 58.4 65.9 

Rice polish       _                   .     .         ..   8.2 10.3 81. 0 89 1 
Rye  
Rye feed    __ 13.4 
Sesame seed cake 
Sorgo      4.5 

35.0 
5.5 

36.6 
71.8 
92.3 

" 69 3 
Soybeans    
Soybean meal: 

38-43 percent protein.                          _.__.. 

97. S 

43-48 percent protein 
Sunflower seed 
Velvetbeans      _ __    ___     
Vinegar grains  
Wheat 9.1 

12.5 """63.T 
73 0 

Wheat bran_        ..._          12.6 57 9 
Wheat, brown shorts 
Wheat, flour middlings  
Wheat, mixed feed     ...         
Wheat, red dos                   

fd 15.6 

1! 
72.4 ^ 71. 7 

1 64. 9 
1 70 3 

Wheat, standard middlings                                  .         _.. 12.9 

1:? ""m?" 

66.8 
87.0 
65.1 

58 S 
Wbpnt   wMt.p shorts 2 69 1 
Wheat waste, shredded  8.2 09.9 

ANIMAL, MARINE,  AN D MIL K  PRO DUCTS 

Blood meal  65.9 
46.5 
46.8 

Fish meal  57.0 62.9 
60.8 

64 4 
Fish meal, menhaden 
Meat and bone scraps: 

42-48 percent protein 46.3 
49.9 
54.4 

It 
39.1 
51.1 

: 72 9 
48-53 percent protein...    .... 1 71  7 
53-58 percent protein  1 79.7 

Milk, whole 3.3 
3.2 ""'3."2" 

11.3 
7.8 ""7'9 

16 9 
Milk, skim  
Tankage, digested: 

53-58 Dfireertt nrotein 

7.8 

61 8 
Over 58 percent protein :  23.4 46.1 70.1 

1 Crude fiber not included in calculation. ■' No fat. 
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TABLE 2.—The digestible protein and total digestible nutrient content of feedstuffs as 
determined for cattle, sheep, and swine—Contimied 

GREEN FORAGES 

Feedstufí 

Digestible protein Total digestible nutriontP 

Cattle Sheep Swine Cattle Sheep Swino 

Alfalfa, immature _     __     __ 
Ptrceut 

3.8 
Fervent Percent Percent 

11.8 
Percent Percent 

Barley, immature  _ 2.0 
2.9 
2.1 
1.1 
2.6 
2.4 
2.1 
.4 

2.1 

10.8 n Bromegrass, immature             __     _         _.     _   ._. 
Cabbage    .-.      
Corn fodder, dent  
flowueas                                                       

1.1 11.2 14.4 !  
11.0 '■ 

Crimson nlover                        ._             _         _ _  i  9.8 ; 
Millet, foxtail  19.5!""'       . 
Prickly pear...  
Rape  

.3 

u 
12.4 11.4 ;  

11.2 ■    
Red clover, in bloom    _    ._   ..        .___ . 1.9 19.3 

17.0 
16.0 

13.0 
Rye            
Soybeans._ _ ... .. .      _. .      
Sweetclover, immature                          _ _ . _,    . '"4.T 

1.2 
15. 7 ! 

Sweet corn _ .. _      . _   _. .     15.1 : __.    . 
Timothy, immature                             _.    .      _. 2.0 14.3 
White clover, immature.      _ .     3.6 11. 2 

DRIED EORAGES 

Alfalfa hay  
Alfalfa meal  
Alsike clover hay  
Australian saltbush hay  
Barley hay  
Bermuda grass hay  
Bluegrasshay  
Bluejoint grass hay  
Bromegrass hay  
Buffalo grass hay .. 
Bur-clover hay  
Corncobs  
Corn fodder  
Corn husks    
Corn stover  
Cowpeahay  
Crabgrass hay  
Crimson clover hay  
Eield-pea bay  
Flax straw  _ _. 
Johnson grass hay   
Kafir fodder    
Kafir stover  
Meadow fescue hay  
Millet hay, pearl or cattail  —. 
Natal grass bay   
Oatgrass, tall, bay   
Oat hay   
Oat straw  
Orchard grass hay  
Prairie hay (Kansas, Oklahoma)  
Prairie hay (Minnesota, South Dakota)- 
Red clover hay  
Red top hay  
Rhodes grass hay  
Rice straw  
Rye grass hay, Italian  
Sorgo fodder  
Soybean hay  
Soybean straw  
Sudan grass hay  
Sweetclover hay  
Timothy hay  
Vetch, hairy, hay  
Western wheatgrass hay  
Wire grass hay  

11.2 
9.5 

3.0 

3.4 
.8 

2.5 

2.5 
2.3 

1.5 
4.9 

9.7 

2.7 

3.3 
11.2 

3.5 
13.8 

11.7 
9.7 

13.7 
4.4 
3.7 
5.6 
4.2 
5.1 
3.0 

10.8 
.1 

.4 
2.1 

12.1 
2.0 

10.5 
12.9 
6.3 
3.6 
3.4 
2.4 
3.1 
5.8 

4.4 
3.3 
.5 

4.3 

2Í2 
9.5 
4.8 
2.4 
1.0 
2,7 
1.7 

11.4 
.9 

5.0 
12.3 
3.3 

15,0 
4.4 
3.2 

53.4 I 

53. 2 

54.4 
65.6 
53.4 

47.8 

45.5 
52.4 
50.3 

52. 8 
50.2 I 

49.6 

49.7 

60.2 
55,6 

52.5 
53.9 

54.4 
50.1 

44.2 
50. 0 
44.3 
50.2 
47.0 
47.7 , 
48.3 
49.2 
45.5 ; 

"54.5 
49. 8 
47.9 
46. 6 
49.2 
57. 5 
37.5 
53.2 
54. 3 
45.9 
50.3 
55.1 

49.1 
48.1 
39.4 
50.1 

44.1 
50.0 
53.9 
53.1 
39. 1 
56.0 
49.4 
51.3 
35. 0 
49. 0 
51.5 
53. 5 
52.6 
52.6 
51.0 

38.6 

141894°     39- 
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TABLE 2.—The digestible protein and total digestible nutrient content of feedstuffs as 
determined for cattle, sheep, and swine—Continued 

SILAGES, ROOTS, TUBERS, AND BYPRODUCTS 

Feedstuff 

Alfalfa silage  
Alfalfa-molasses silage  
Apple pomace  
Beet pulp, dried  
Beet pulp, molasses, dried- 
Carrots  
Cassava  
Corn silage  
Corn-stover silage  
Cowpea silage  
Mangel-wurzel  
Napier grass silage  
Pea-vine silage  
Potatoes  
Red clover silage  
Rutabagas  
Sorgo silage  
Soybean silage  
Sugar beets  
Sunflower silage  
S weetclover silage  
Turnips  

Digestible protein 

Cattle    Sheep    Swine 

Percent 
4.0 
4.0 
.3 

7.7 

.2 
1.0 

1.0 
4.6 

Percent 
3.1 

5.3 

1.7 
1.0 
.4 

4.7 
1.1 

Percent 

3.0 

Total digestible nutrients 

Cattle    Sheep    Swine 

Percent 
18.8 
18.8 
14.3 

69.3 
10.4 
19.6 
17.5 
10.4 
13.5 
6.6 

14.3 

17.0 
10.4 

12.6 
17.6 
7.8 

Percent Percent 
13.8 

15.3 
73.9 70.8 

17.4 
10.1 

14.3 
16.6 
14.3 
9.5 

16.1 

20.9 
14.1 
16.2 
7.9 
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calcium and phosphorus requirements.__       632 
copper requirements  632 
feeding essentials  _      591 
feeding hay and concentrates to supple- 

ment pasturage : 939-941 
growth, feed requiremen is  626-638 
growth rates 624-626 
maintenance, energy requirements      655 
mineral requirements  631-632 
nutritional requirements  624-638 
protein requirements  628-631 
total digestible nutrient requirements _, 626-628 
vitamin requirements  633-637 
young, practical feeding and nutritional 

requirements, summary  60-63 
Sec abo Cows, dairy, 

dual-purpose— 
and beef, nutritional requirements.  W. H. 

Black, Bradford Knapp, Jr., and J. R. 
Douglas 519-543 

average daily rations 564-565 
feeding practices, objectives  562-563 
feeding practices, summary.... 56-57 
nutritional requirements, summary 54-56 

feed-unit requirements per 100 pounds of gain 
in dry-lot feeding      558 

feeds, carotene content      671 
fetus, daily protein requirement      528 
maintenance, daily requirement of total di- 

gestible nutrients      520 
night blindness,  result of vitamin  A   de- 

ficiency  538-541 
nutrition, beef and dual-purpose, summary. 54-56 
production, economic necessity for nutri- 

tional information      519 
vitamin A deficiency, symptoms 538-541 

Cauliflower, source of— 
copper in diet      210 
iron in diet      204 

GAVIN, J. P.: Agricultural Programs and the 
Nutritional Goal  396-402 

Cellulose- 
function in diet      155 
source of heat and energy 435-436 

Cereals- 
byproducts, protein content and feed value 

1020-1022 
feeding to dogs, recommendations  860-861 
source of copper       210 
source of iron 201,202,203,278 
source of phosphorus      277 

Cerium, occurrence in human body      220 
Cevitamic acid, commercial form of vitamin C.    236 
CiiAPLiNE,  W.  R.: Pasture and   Range in 

Livestock  Feeding.   With P. V, Cardon, 
T. E. Woodward, E. W. McComas, and C. 
R.Enlow  ___ 925-955 

CIîATFIELP, CHARLOTTE: Food Composition. 
With Georgian Adams  272-285 

Chewing in domestic animals, comparison... 422-423 
Chicken- 

conditioners, use, d isad vantages      826 
embryo, content, effect of diet      792 
feeds,    mixing   ingredients,   recommenda- 

tions     ._ 832-833 
source of copper      210 

Chickens— 
anti-gizzard-erosion factor in feed, occurrence.     825 
breeding stock- 

diets for, recommendations., _       834 
mashes for, recommendations..   835-836 

diarrhea, causes      829 
diet- 

balancing, advantages. ..      789 
effect on composition and value of eggs.,.. 806-807 
effect on composition of egg and embryo. 791-793 
effect on hatchability of eggs 790-791,793-798 
requirements for egg production  804-806 
supplying nutritive elements  820-826 

d ietary excesses, results      829 
diseases, causes and symptoms 827-829 
egg eating, causes      827 
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embryonic mortality, time of occurrence      799 
feed- 

cost, relation to efficiency of egg produc- 
tion   802-803 

formulas, typical, preparation 832-837 
feeding— 

all-mash system, description and advan- 
tages      830 

grain-milk system,  description  and  ad- 
vantages      832 

mash-grain system, description and ad- 
vantages  830-832 

mashes with grain, recommendations      834 
pellet system, description and advantages.     832 
practical  _. 80,819-836.837-843 

feedstuiîs, digestibility      842 
gizzard erosion, types      829 
growing, diets for, recommendations 833-834 
growth, nutritive requirements 809-817,818 
laying- 

diets for, recommendations      834 
mashes for, recommendations 835-836, 837 

males, diet, effects      790 
nutrition, relation to egg production  799-807 
nutritive   requirements 77-79,787 
reproduction- 

comparison with that of other farm ani- 
mals      789 

effect of nutrition  789-799 
utilization of feed for growth, comparison 

with other breeds of poultry 810-811 
Chicks- 

ant idermatosis factor- 
deficiency, symptoms      829 
in feed, occurrence      825 

dermatosis, remedies 268-269 
growing, mashes for, recommendations      835 

Children- 
anemia, occurrence and control 201-203, 209 
calcium- 

balance studies        193 
retention  193-194 

calorie requirements in terms of age and body 
weight        164 

copper requirements      210 
energy output  164-166 
iron requirements  202-204 
1 to 3 years, food energy, daily allowance 

suggestions      172 
1 to 5 years, relative energy allowances, re- 

cording schedule      168 
1 to 12 years, proportion of adult basic re- 

quirement and basic number of calories per 
day       167 

phosphorus requirements  195-196 
vitamin Bi requirements.-       234 
vitamin C— 

daily allowance       255 
requirements   246-247 

vitamin D— 
daily allowance      259 
requirements  257-259 

Chlorine- 
occurrence in foods      279 
requirements of gallinaceous upland game 

birds 916-917 
Chlorophyll, relation to green color of hay      966 
CHRISTENSEN, F. W., statement on research in 

animal nutrition    1049 
Chromium, occurrence in human body      220 
Citrus fruit, value in diet as protective food._ 380-381 
CLARK, FAITH: Planning for Good Nutrition. 

With Hazel K. Stiebeiing  321-340 
Climate, effect on- 

nutritive value of forage crops 961-962 
vitamin content of plant foods 291-292 

Cobalt- 
deficiency in— 

forage crops, by States  1038-1039 
in livestock, causes and remedy  215-216 

occurrence .in— 
foods      279 
human body, and benefits      216 

requirement of dairy cattle      632 

Page 
Cocarboxylase,   formation   and  function   in 

human body           232 
Coconut oil byproducts, protein content and 

feed value.     1020 
Cod-liver oil- 

requirements for vitamin D potency 258, 259 
source of vitamin D        29 

Coenzymes, function in body      269 
Colorado, forage crops- 

cyanide excess     1041 
iodine deficiency.       1036 

Coloring- 
green, association with vitamin A 222, 224, 225 
yellow, association with vitamin A... 222, 224, 225 

Colostrum- 
composition- 

and total digestible nutrients      602 
functions, and substitutes for  503-506 

value to newborn calf      603 
vitamin content       505 
vitamin A potency      672 
vitamin Bg content, comparison to vitamin 

B3 in later milk  677 
Colt- 

production, nutrient requirements for mare.   784- 
785 

See also Foal. 
Columbia University, work in calcium nutri- 

tion  189-190, 193 
Concentrates- 

feeding to- 
dairy cows, importance and methods... 568-570 
horses and mules   774-778 

mill- 
digestible protein and digestible nutrient 

content  for cattle, sheep,  and  swine, 
determinations  1071-1072 

percentage  composition  used in  animal 
feeding  1067-1068 

use as supplement for pasturage in livestock 
feeding  939-942 

Conference on Energy Metabolism, definition 
of terms used in studies      435 

Consumer— 
and food grades.   Marins Farioletti 364-372 
eating habits, need for educa tionalprogram..    401 
labels, use in food quality identification      371 
low-income   level,   income-increase   possi- 

bilities  390-391 
use of grade standards 366-368 

CONVERSE,   H.   T.: Practical   Feeding   and 
Nutritional Requirements of Young Dairy 
Stock. With Joseph B. Shepherd  597-638 

Cooking, foodstuffs, effect on vitamin con- 
tent   294-295 

COONS, C ALLIE MAE: 
Food Functions and the Relation of Food to 

Health.  With Lela E. Booher  100-123 
Present-Day Diets in the  United  States. 

With Hazel K. Stiebeiing 296-320 
Copper- 

association with iron in foods  208-209 
content in milk 646-647 
function in human body 9,113. 209-210 
human requirements- 

Mabel A. Dickson  __. 197-211 
summary    21 

needs of women during pregnancy and lacta- 
tion      211 

occurrence in foods  278-279 
requirement of dairy cattle      632 
sources in foods  208-209 

Corn- 
byproducts, composition and feed value    1021 
feeding to horses and mules 774-775 
oil meal, protein content and feed value    1019 
stover, feed value    1023 
yellow, source of vitamin A 224,225 

Corn Belt, swine production and feeding prac- 
tices   725-727 

Cornell Animal Nutrition Laboratory, experi- 
ments with minks       889 

Cornell University,  researches  with minks, 
results 886-889 
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Corpus luteum, extract, action on mammary 

glands  68(3-687 
Cottonseed- 

byproducts, protein content and feed value, _ 1018- 
1019,1020 

meal— 
effect on color of eggs     .        807 
feeding to horses and mules  775-776 

Cows- 
age at first calving, relation to butt er fat pro- 

duction and estimated mature live weight      622 
butterfat production, relation to age at first 

calving      622 
carotene requirement in diet     _.._-. 53Ü-541 
dairy- 

calcium   and   phosphorus   assimilation, 
factors affecting        587 

calcium requirements  585-586 
carotene requirements          582 
daily food requirements for maintenance 

and milk production         571 
dietary deficiencies, discussion  587-589 
energy requirements  575-578 
fat requirements  580-581 
feeding and care, procedure   571-575 
feeding   for   intensive   milk   production, 

practices, summary       57-59 
feeding for intensive milk production in 

practice.    Edward B. Meigs   566-59L 
feeding grain mixtures  592-593 
feeding iodine concentrate      212 
feeding roughages and concentrates, meth- 

ods and importance  568-570 
health, chemical compounds necessary., 578-587 
iodine requirements      587 
milk composition, variations  62-63 
nutritional experiments, problems.. .. _ 566-568 
pathological   conditions   duo   to   dietary 

deficiencies      590 
phosphorus requirements 586-587 
protein requirements  579-580 
rations, allocation, summary  59-60 
rations, figuring.    T. E. Woodward...- 592-596 
replacement problem            597 
summer feeding   594-595 
vitamin A requirements  581-585 
winter feeding    ... 595-596 
See also Cattle, dairy, 

energy feeding standards, relation to experi- 
mental data  654-656 

5 breeds, milk composition      641 
lactation period, phases, influence on milk 

composition  ._..__     645 
mature live weight, effect of first-calving age.     622 
milk— 

and   butterfat   production,   annual,   by 
breeds having official records       642 

secretion, utilization of feed energy and 
feed protein 649-667 

nurse, value in raising calves      606 
value of bonemeal in diet        534 

Cozymase, constituents, function and presence 
in blood     ._          269 

Cream, market, State and municipal require- 
ments      360 

Crema method of making silage, description. _   1011 
Crops, fresh, feed value  1015-1016 

green- 
acids, bases, and dry matter in, comparison _   1014 
ensiling, composition before and after     1015 

Cryptoxauthin, occurrence in foods, and con- 
version into vitamin A 222, 224 

Cyanides, excess in forage crops in Colorado..    1041 
Cystine, requirements for wool production._498-499 

Dairy- 
cows.   See Cows, dairy, 
products— 

source of calcium      276 
source of phosphorus  __     277 
source of riboflavin      264 
vitamin A and carotene content 222,224 

stock- 
feeding practices  598-624 

Dairy—Continued. P«^ 
stock—Continued, 

young, practical feeding and nutritional 
requirements.   Joseph B, Shepherd and 
H. T. Converse    .. 507-()38 

OAíJJEL, ESTHER TETERSON: 

Trace Elements  ... 213-220 
Vitamin Content of Foods 286-295 

Defu solution, use in making silage _ _    1010-1011 
Dental caries, relation to diet  121-122 
Dextrins, function in diet      155 
DEYsUER, E. F.: Variations in the Composi- 

tion of i\lilk.    With P. A. Wright and C. A. 
Cary  639-648 

D iarrhca in chickens, causes         829 
DirKSON, MABEL A.: Iron and Copper Re- 

quirements  197-211 
Diet- 

carbohydrate content              152 
chicken's, effect on composition and value of 

eggs   806-807 
formulas,   for   gallinaceous   upland   game 

birds      919 
quality,    relation    to    family    purchasing 

power 382-384 
relation to- 

dental caries  121-122 
disease resistance  122-123 
function of pituitary gland        ..693-694 
reproduction.    Ralph W. Phillips, M. II. 

Friedman, and "W . A, Turner  476-491 
reproduction, summary 50-52 

tables, appendix  337-340 
value of fats  157-158 

Dietary- 
diseases, effect of vitamin deficiencies 701-705 
habits- 

building up, problem        11 
national, changes  129-130 
trends  126-130 

ingredients, unidentified, effect on reproduc- 
tion      490 

panaceas, for disease prevention, misleading 
claims    143-144 

standards, present and improved, relation to 
food production requirements  398-400 

Diets- 
adequate, relation to food selection 384-385 
carbohydrate requirements  13-14 
contributions by different groups of foods.. 326-327 
deficient— 

and resultant diseases  104-105 
effect on feed utilization and health of farm 

animals  438-443 
in vitamins, relation to animal fertility.. 485-487 
relation to pathological conditions in dairy 

cows      590 
diOerenees among peoples    10-] J 
economical fair, description 333, 334-336,337 
expensive, good, description 333-336,339 
fat requirements  .  14-15 
four - 

proposed, money value and recommenda- 
tions  334-336 

recommendations  by   Bureau  of  Home 
Economics 35-36 

good— 
and fair, daily allowances of nutrients... 310,320 
quantities of foods per person per year      312 

improvement, recommendations 314-315 
low-cost good, description 332, 334-336, 338 
mineral requirements for reproduction  487-488 
moderate-cost good, description.._ 332, 334-336, 339 
nutritive value— 

and adequacy     ...   308-312 
factors affecting 329-332 

of city and village families    .....    _ 302-308 
of farm families, studies  297-302 
present-day— 

in United States.   Hazel K. Stiebeling and 
Callie Mae Coons 296-320 

in United States, statistics  316-320 
in United States, summary  33-34 

protective foods in average quantities  327-329 
protein-deficient, quantitative or qualitative 

effect on farm animals 438-440 
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purchasable for sums generally allotted to 

food by iamiliej of differing size and in- 
come  .__ 3S2 

United States 316-320 
village and urban, caloric percentage in food- 

group trends      128 
Digestion, in domestic animals- 

comparison  424-429 
summary         45-47 

Digestive- 
processes,   in   domestic   animals.   H.   W. 

Schoening 418-430 
tract, description and function    418-419 

Dinner,Christmas, 1680 and 1939, menus. 40,373-375 
Diphtheria, control by use of vitamin C 253-254 
Diseases- 

deficiency, relation to lack of vitamins 701-705 
dietary-deficient, contributing factors 104-105 
human- 

control by use of vitamin O 235-236, 
238-239, 250-254 

vitamin C requirements  250-254 
infectious, immunity of— 

infant      503 
young animals      503 

mineral-deficient, survey  535-538 
resistance to, effect of diet     _ _ _      122-123 

Distillery byproducts, feeding to swine 733-734 
Dog foods, canned, contents and value. _ _     861-862 
Dogs— 

blacktongue— 
cause and prevention  30,855 
remedies      268 
similarity to pellagra      267 

carbohydrate utilization  845,847-849 
digestion- 

description  424,427 
physiology  846-847 

diseases due to vitamin deficiency  854-855 
energy requirements 852-853 
feed- 

deficiencies      868 
description and value  856-862 
economies, recommendations. _  867-868 
quantities required, recommendations.. 866-867 

feeding— 
S. R. Speelman 856-870 
bones, recommendations      862 
cereals and cereal products, recommenda- 

tions  860-861 
meats and fish  856-859 
opinions  845-846 
practices, recommendations 862-864 
suggestions in brief      868 
summary 82-84 
vegetables, recommendations      859 

mastication habits      ... 422 
mineral requirements  853-854 
nutritional requirements— 

Imogene P. Earle 844-855 
summary  81-82 

prehensive habits  419,420 
proportions of carbohydrate and fat in diet.     849 
protein requirements  845, 849-852 
rickets, causes and remedies 853-854,855 
stud, feeding, recommendations      864 
vitamin requirements  854-855 
water supply, recommendations      802 

DOUGLAS,!. R.: Nutritional Requirements of 
Beef and Dual-Purpose Cattle.   With W. H. 
Black and Bradford Knapp, Jr 619-543 

Drugs, transmission to cow's milk      648 
Drying, foods, effect on vitamin content      293 
Ducks, utilization of feed for growth, compari- 

son with other breeds of poultry 810-811 
DUTCIIER,  R,  A., statement on research in 

animal nutrition    1054 

EARLE, IMOGENE P.: 
Nutritional Requirements of Dogs 844-865 
The Nutrition of Very Young Animals... 501-518 
The Relation of Nutrition to the Production 

of Hides and Wool.  With John I. Hardy. 492-500 
Eating habits, relation to food-consumption 

programs _   ___      401 

Page 
Egg- 

characteristics. _   799-800 
composition     _       §00 
composition, effect of hen's diet      791-793 
formation, physiological process      800-801 
production- 

dietary requirements      804-806 
diets for, recommendations         834 
efficiency, relation to feed cost         802-803 
mineral requirements 805-806 
nutritive requirements      801-802 
protein requirements      804-805 
relation to nutrition of chicken 799-807 
vitamin requirements..  806 

yolk- 
color, factors affecting   . 806-807 
vitamin A content  222 224 

"Egg-makers," use, disadvantages  '826 
Eggs- 

composition and value, effect of chicken's 
diet _ 806-807 

freezing, processing methods      345 
grade labeling for consumers      369 
hatchability, effect of— 

calcium intake by hens and bv pullets..        799 
carbohydrate content of diet 794-795 
hen's diet  790-791 
minerals in diet  __ 797-798 
protein content of diet  793-794 
vitamin content of diet 791, 795-797 

source of— 
copper  210 
iron  201.202,203 
riboflavin in diet  264 

soilage, effect of diet         807 
spoilage prevention  344-345 
storage changes      354 
value in diet as protective food 380-381 

Eggshells, quality, factors affecting      807 
Elements- 

nutritive, sources and cycles— 
E, J. Kraus  405-417 
summary   44-45 

trace.   See Trace elements. 
ELLIS, N. R.: 

Composition  of  the   Principal   Feedstuffs 
Used for Livestock.   With W. R. Kauff- 
man and C. O. Miller  1065-1074 

Nutritive  Requirements of Swine.   With 
J. H. Zeller  706-722 

Practices in Swine Feeding.   With J. H. 
Zeller  723-745 

E mployment, relation to income distribution. 388-389 
Endocrine glands, factors affecting milk secre- 

tion.    M. H. Friedman.  685-694 
Energy- 

allowances, relative, recording schedule      168 
derivation from— 

fats  14-15 
food  101-103.156,157 
vitamin B  232.234-235 

feed— 
and feeding standards 649-656 
utilization in milk secretion.   C. A. Cary. 649-667 
utilization in milk secretion, summary.... 63-64 

human requirements.   Nancy B. Morey. 160-172 
in poultry, nutrients producing  820-821 
measurement by calories in diet  15-16 
metabolism- 

function of riboflavin      265 
of farm animals, relation to heat-producing 

values of food constituents 434-436 
output per kilogram of body weight per hour 

for different activities      163 
production- 

relation to inadequate food intake and pro- 
tein utilization  440-441 

relationship to food consumed      521 
requirements- 

determination      162 
for wool production 498-499 
of animals  436-438 
of beef cattle  519-525 
of dairy cows  575-578 
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requirements—continued, 
of horses and mules  767-769 
of swine  710-714,729-732 
standards, establishment  166-169 
variation  162-166 

storage hy plants  406-407 
utilization in milk secretion, experiments. 650-656 

EMLOW, C. R.: Pasture and Ran^e in Live- 
stock Feeding.   With P. V. Cardon, W, R. 
Chapline, T. E. Woodward, and  E.  W. 
McComas  925-955 

Enterokinase, function in digestion      429 
Enzymes- 

digestive, origin and action. 427-429 
in foods— 

and food preservation.   A. K. Balls 350-354 
summary  37-38 

Erepsin, function in digestion      429 
Estrin— 

action on mammary glands.  686-687 
effect of milk secretion  688-689 

Ewes- 
feeding for— 

hothouse lamb prod uction. .     751 
increased yields  752-753 

'•flushing," for increased yields      752 
pregnant, ration requirements      753 
See also Lambs; Sheep. 

Excretion, relation to weight of animals      437 
Exercise, effects on meat animals_-  474-475 
Eyes- 

disease caused by deficiency of vitamin A   221-222, 
223-224 

proper functioning, relation to vitamin A _ _.     3-4 
vitamin A requirement     __     115 

Eyesight, improvement   by   liver   in    diet, 
knowledge of ancients      221 

Families- 
city, diets, studies...       _ 302-308 
different levels, food expenditures, studies. 322-323 
differing size and income, diets purchasable 

for sums generally allotted to food_._      382 
low-income, availability and distribution of 

food surpluses to  394-396 
village, diets, studies 302-308 

Family- 
purchasing power, relation to  quality of 

diet  382-384 
workingman's, annual purchases of 58 foods, 

estimated   retail   value   and   equivalent 
farm value      393 

FARIOLETTI, MAEIUS: 
Food Grades and the Consumer 364-372 
The Problem of Income and Its Distribu- 

tion   385-392 
Farm- 

families, diets, studies  297-302 
feeds, substitution in rations for dairy cows, 

suggestions      589 
home, value as food-processing unit      379 
surpluses, relation to adequate diet  391-392 

Fat- 
content, of— 

lean meat, significance  461-462 
milks  500-507 

distribution, significance in meat 460-462 
in hen's diet, relation to hatchability of 

eggs  794-795 
in milk, source   ... 697-698 
relation to other diet constituents .  159-160 
requirements of dairy cows 580-581 

Fats- 
content of foods       275 
contributions to diet      327 
effects on— 

heat production of animals    434-436 
reproduction  488-490 

•   function in human body    .  109-110,158-160 
human food requirement.   Jane G. Lease.  157-160 
requirements of— 

dogs      849 
humans         8 
livestock, limited knowledge  1056-1057 

sources of heat and energy, feeding to swine. 729-732 

Fats—Continued. Page 
value in diet...   157-158 

Fattening, definition, comparison withgrowth_     520 
Fatty acids, in milk, source  697 
Feed- 

constituents, in hay, losses in field curing.        996 
energy— 

and feeding standards    649-656 
in   milk   secretion,   utilization.    C.   A. 

.   „     Cary.  ,_;- 668-684 
flavors  and  odors,  transmission  to  cow's 

milk       648 
protein— 

in   milk   secretion,   utilization.    C.   A. 
Cary_...  668-684 

sources, biological value in milk produc- 
tion      666 

utilization— 
by farm animals, factors affecting.   Louis 

L, M ad sen  431-449 
by farm animals, factors affecting, sum- 

mary ..  47-48 
by poultry for growth  807-811 
for growth, measuring the efficiency     . 465-467 
of byproducts  1017-1018 

Feeding- 
areas, for game birds, size, location, and feed.     009 
practical- 

methods for dairy stock.   598-624 
young dairy stock, summary  . 60-63 

practices- 
beef   and   dual-purpose   cattle.   W.   H. 

Black  544-565 
beef and dual-purpose cattle, summary... 56-57 
for swine.   J. R. Zeller and N. R. Ellis. 723-745 

regimes, relation to types and kinds of ani- 
mals, suggestions for research  1059-1064 

requirements,   gallinaceous   upland   game 
birds, feeding practices  893-924 

standards, and feed energy  649-656 
See also Nutrition; also under specific class 

of livestock. 
Feeds- 

calcium and phosphorus requirement..... 533-538 
energy and protein utilization through milk 

secretion.    C, A. C ary_.  649-607 
farm, substitution in rations for dairy cows, 

suggestions      589 
for dairy cows, amounts required, determina- 

tion   570-571 
for horses and mules- 

kinds    773-780 
preparation  77S-779 

for swine, sources of energy and fat 729-732 
mineral- 

content   531-533 
content, percentage in substance fed      532 

miscellaneous, nutritive value- 
Earl W.  McComas  and  Thompson  E. 

Woodward  1017-1026 
summary  93-04 

protein levels, experiments 662-667 
relation to specific types and kinds of ani- 

mals, suggestions for research  1059-1064 
unit requirement in production of 100 pounds 

of gain in cattle fed in dry lot       558 
values, general problems  1063-1064 

Feedstuffs— 
digestible protein and  digestible nutrient 

content for cattle, sheep, and swine, de- 
terminations  1071-1074 

percentage composition used in animal feed- 
ing  1067-1071 

principal, used for livestock, composition. 
N. R. Ellis, W. R. Kauffman,  and   C. O. 
Miller.      1065-1074 

supplementary, utilization  1025-1026 
Fertilizers- 

effects on- 
nutritional value of pastures 936-93S 
pastures, research  952-955 

iodine, use      212 
relation to carbohydrate reserve in plants.- 411-412 

Fetus, animal, developing, nourishment      503 
Fish- 

feeding to dogs, recommendations 856-859 



INDEX 1151 

Fish—Continued. Page 
liver oils, vitamin A content.  222, 224 
meal, protein content and feed value     1024 
oils, vitamin content and feed value 1025-1026 
source of— 

copper :      210 
iron      204 

Fishers, characteristics and studies 890-891 
Florida, forage crops- 

calcium deficiency :    1035 
cobalt deficiency     103S 
copper deficiency    1037 
phosphorus deficiency    1031 

Fluorine— 
and iodine.   Margaret Cammack Smith.. 211-213 
body requirements  21-22 
excess in forage crops, by States    1039 
sprays, use, control for prevention of fluoro- 

sis       213 
tolerance of body for  212-213 

F luorosis of teeth, cause, extent, and control..   212- 
213 

Foals, young- 
feeding, recommendations    511-512 
nutrition  501-509,511-512 

Food- 
absorption, by domestic animals, descrip- 

tion  429-430 
advertising- 

ethical and unethical methods      140 
misleading, attacks on      144 

alkalizing, misleading advertising      142 
and life, summary.   Gove Hambidge    3-94 
chemical composition, data, use for calcula- 

tions  272-274 
choice, psychological factors  135-137 
city and village family- 

supply, relation to income      317 
trends in food consumption, 1885-1937      313 

combination fads, uselessness      143 
composition- 

Charlotte Chatfield and Georgian 
Adams  272-285 

summary  30-32 
tables, items contained 274-275 

constituents— 
for body building and repair  103-104 
relative heat-producing values 434-436 

consumption- 
city families  318-319 
factors affecting  400-401 
fifty-year trends  312-314 
relationship to energy production      521 
requirements, as determinant of agricul- 

tural adjustment objectives 397-398 
subsidizing.   F. V. Waugh 392-396 

distribution costs, relation of price to supply.     401 
energy- 

daily allowance suggestions      172 
standards, development, history  169-172 

expenditures- 
amounts required in good diets 382-383 
by families 322-323 
city families, 1935-36  304,318 
village families, 1935-36      303 

fads, facts, and fancies- 
Helen S. Mitchell  139-144 
summary  11-12 

functions— 
and relation to health.   Lela E. Booher 

and Callie Mae Coons  100-123 
relation to health, summary    7-10 

grades— 
and consumer.   Marins Farioletti  364-372 
use by consumer, summary        39 

groups- 
caloric percentage in village and urban 

dietary trends      128 
contributions to diet  326-327 

habits- 
changes, discussion        11 
evolution  124-126 
good, problems in teaching  137-138 
in domestic animals, comparison 419-421 
old and new.   Hazel K. Stiebeling 124-130 

Food—Continued. Page 
habits—continued. 

old and new, summary  IQ-U 
possibility of change.   Paul E. Howe... 131-138 
relation to longevity     120-121 
trends, significance  128-129 

iodine content, increase, recommendations..     212 
legends and notions, origin      144 
material- 

dead, storage methods 353-355 
live, storage methods 351-353 

micro-organisms in, and food preservation. 
Harry E. Goresline  341-349 

preservation— 
and enzymes in foods.   A. K. Balls  350-354 
and micro-organisms in food.   Harry E. 

Goresline 341-349 
relation of enzymes to, summary  37-38 
relation to micro-organisms, summarv 36-37 

production— 
for farm family use, value and cash sav- 

ings  297-301,316 
requirements, under present and improved 

dietary standards 398-400 
quacks, warning against  139-140 
relation to— 

health,  and functions.   Lela E.  Booher 
and C allie Mae Coons  100-123 

human physical development 97-99 
requirements, human— 

of carbohydrates, fats, and energy.   Helen 
S. Mitchell, Jane G. Lease, and Nancy 
B. Morey     152-172 

summary  13-30 
sales in retail markets, 1920-37      314 
selection,  relation  to  dietary adequacv. 384-385 
source of energy      101-103 
spoilage,   relation   to   presence   of   micro- 

organisms  36-37 
stamp plan, value in food surplus distribu- 

tion to low-income fa milies  396 
supplies, regional differences. 301-302, 306-308, 336 
utilization, relation to— 

phosphorus deficiency    441-442 
vitamin deficiencies  442-443 

Foods- 
calcium content, analysis, shortcomings . 281-282 
canned, application of brand names      368 
canning- 

effect on vitamin content      293 
for spoilage prevention      344 

carbohydrate content      275 
chemical- 

composition, variability      273 
elements, identification by spectrograph..     214 

commercially   processed,   effect   on   home- 
making skills  375-377 

cooking, effect on vitamin content 294-295 
decay, causes 350-351 
effective in prevention and cure of pellagra. 269-270 
energy-producing,   relation   of   inadequate 

intake to protein utilization 440-441 
fat content      275 
fermented, utilization of bacteria  348-349 
for control of weight, types        12 
freezing- 

effect on vitamin content        293 
for spoilage prevention  343-344 

frozen, prevention against spoilage        37 
grade standards- 

commercial value  364-366 
consumer value  366-368 

health, fallacy  11-12 
home production and farm processing, effect 

on household economy  377-379 
iron content, analysis- 

shortcomings      282 
technical notes      285 

manufacture  and  preservation   by   micro- 
organisms        37 

marketing and production methods, need for 
more efficiency 392-394 

micro-organisms in, and food preservation- 
Harry E, Goresline 341-349 
summary  36-37 
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mineral— 
analyses, technical notes     283 
analysis, shortcomings 280-282 
content 275-285 

moisture content      274 
nutrients in, economical sources  323-327 
oversupplying to farm animals, results 443-446 
phosphorus content, analysis, shortcomings.     282 
preservation— 

and processing, use of micro-organisms.. 346-349 
effect on vitamin content  292-293 

production and marketing methods, need 
for more efficiency 392-394 

protection and storage 342-346 
protective- 

kinds and value in diet 380-382 
studies 327-329 

protein content 274-275 
quality identification,  consumer-label sys- 

tems      371 
riboflavin content, quantitative determina- 

tion _  264-265 
rich in- 

copper. _  208,210 
iron __. 201-202,203-204,207-208 

source of— 
calcium...    276-277 
essential nutrients   132-134 
iron 277-278 
phosphorus      277 

spoilage, relation to presence of enzymes 37-38 
standardization, purpose      364 
storage, relation to vitamin content 292-293 
surplus- 

availability to low-income families 395-396 
free distribution by kinds 394-395 
utilization     394-396 

vitamin content- 
Esther Peterson Daniel 286-295 
determination   286-287 
discovery    68-69 
factors affecting     291-295 
suggestion for conserving       295 
summary   32-33 

vitamin A— 
distribution   224-225 
measurement, quantitative 225-226 

Forage- 
composition  1014-1015 
crops- 

growth, effect on nutritive value 958-959 
leaves   versus   stems,   relative  nutritive 

values 959-961 
leguminous, nutritive values 962-964 
nonleguminous, nutritive values 962-964 
soiling, effect on nutritive value      970 
yields, reduction by insect pests and dis- 

eases      965 
grasses and legumes in grazing regions 927-928 
mineral deficiency and excess.   Ä. M. Hart- 

man  1027-1044 
nutritive value, factors affecting 958-965 
problems, suggestions for research 1059-1060 
production on ranges- 

maintenance,   relation  to  livestock  pro- 
duction  948-951 

types and species  946-951 
selenium content, effects on livestock... 1040-1041 
yields, correlation with animal yields 95W55 

Forages- 
dried— 

digestible protein and digestible nutrient 
content for cattle, sheep, and swine, de- 
terminations    1073 

percentage composition used  in animal 
feeding  1070-1071 

green,   digestible   protein   and   digestible 
nutrient  content   for  cattle,   sheep,  and 
swine, determinations    1073 

green, percentage composition used in ani- 
mal feeding    1069 

harvested, nutritive value— 
T.   E.   Woodward,   W.   H.   Hosterman, 

P. V. Cardon, and E. W. McComas__ 956-991 
summary   89-91 

Page 
FORBES, E. B., statement on research in ani- 

mal nutrition    1049 
Fowl- 

digestion in, description      425 
prehensive habits  420-421 
See also Poultry; also under specific kinds. 

Foxes- 
diseases due to vitamin B deficiency    879 
livers, vitamin A content, comparative data.     878 
silver- 

characteristics and breeding habits 872-873 
feed costs, reduction       876 
feeding    during    reproductive    period, 

recommendations    884-885 
feeding from breeding time through lacta- 

tion, experiments 882,883 
feeding, recommendations 883-885 
feeds and feeding practices 874-876 
management practices 873-876 
mature,  summer and  fall  maintenance, 

experiments 880-881 
mature, summer and fall maintenance, 

recommendations   883-884 
nutritive requirements 876-879 
pups, summer and fall feeding, recommen- 

dations      885 
vitamin A requirements and storage 877-879 
vitamin B requirements      879 
weaned pups, summer and fall feeding, 

experiments 881-882 
Freezing- 

eggs, processing methods      345 
foods, effect on vitamin content.       293 
foods, processing methods 343-344 

FRIEDMAN, M. H.— 
Endocrine Factors  685-694 
Glands,  Hormones,  and  Blood  Constitu- 

ents—Their Relation to Milk Secretion.. 685-698 
Nutrition and Reproduction.   With W. A. 

Turner 482-491 
The White Rat as Contributor to Science.. 145-151 

Fruits- 
contributions to diet  326, 327 
decay by yeasts and molds.. 36-37 
grade- 

labeling problems.       369 
standards for      367 

heat production per ton per day at several 
temperature levels      352 

juices, protection from yeasts and molds. _ 342-343 
protection from yeasts and molds      342 
source of— 

calcium         276 
carotene in diet 224-225 
copper        210 
iron 201,203,208,278 
riboflavin      264 

storage changes 351-353 
sulfuring, effect on vitamin Bi      232 

FUNCHESS, M. I., statement on research in 
animal nutrition      1051 

Fur animals, nutrition- 
Charles E. Kellogg.  871-892 
summary  _  84-86 
research    872,879-880 

Game birds.   See Birds, game. 
Gastric juice, function in digestion     427 
Germanium,   occurrence   and   function   in 

blood      220 
Gingivitis, cause and cure   251-252 
Girls- 

calorie requirements in terms of age and 
body weight     164 

5 to 18 years, Baldwin-Wood normal heights 
and weights      165 

food energy, daily allowance suggestions      172 
1 to 60 months, height-weight averages      166 
relative     energy     allowances,     recording 

schedule      168 
Glands, relation to milk secretion- 

M. H. Friedman and C. A. Cary 685-698 
summary 66-67 

Globulins  in  colostrum  and  blood  serums, 
functions  504,505 
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Glucose, conversion into milk sugar 694-695 
Glycogen, function in diet  1M-155 
Goats- 

Angora, feeding requirements 758, 760 
feeding— 

for meat production      762 
problems.   Damon A. Spencer 758-762 
problems, summary 74-75 

milk- 
feeding practices 758,760-761 
improvement through nutritional research.    762 

Sue also Kids. 
Goiter- 

belt, extent      212 
cause and prevention      212 

GORESLINE, HARRY E.: Micro-organisms in 
Foods and Food Preservation  341-349 

GORTNER, R. A,, statement on research in 
animal nutrition  1054,1056,1057 

Grain- 
amounts needed for each pound of milk pro- 

duced, and digestible nutrients      393 
dry, combined with limited quantities of 

milk, feeding to dairy calves 608-609 
feed requirement in normal growth of heifers 

up to 2 years.        599 
feeding to dairy calves  ..- 609, 613-615 
mixtures- 

containing   percentages   of   protein,   for 
young dairy stock      614 

feeding to dairy cows  592-593 
protein content to be fed with different 

roughages        593 
storage changes      353 

Grains- 
digestible protein and digestible nutrient 

content for cattle, sheep, and swine, deter- 
minations  1071-1072 

milling, effect on vitamin Bi content __     232 
miscellaneous, feeding to horses and mules..     775 
percentage composition used in animal feed- 

ing  1067-1068 
Grass- 

dried, composition and digestibility on water- 
free basis    1001 

dry, nitrogen content      996 
field, composition, digestibility, and digest- 

ible nutrients      994 
fresh, composition and digestibility on water- 

free basis .    1001 
freshly cut, digestibility coefficient    1000 
kiln-dried, digestibility coefficient    1000 
pasture,  fresh  and   dried,   chemical  com- 

position      999 
young, artificially dried, feed value 1000-1001 

Grasses- 
comprising forage in grazing regions 927-928 
nutritional value, effect of rainfall      935 

Grazing— 
methods- 

farm pastures 932-935 
livestock 932-935 

practices,   effect   on   nutritional   value   of 
pastures 938-939 

regions- 
grasses and legumes comprising forage.. 927-928 
major, in United States      926 

species, selection for nutritional values .. 935-936 
Green- 

coloring, association with vitamin A_. 222,224,225 
forages- 

digestible protein and digestible nutrient 
content  for  cattle,  sheep,  and  swine, 
determinations     1073 

.   percentage  composition  used  in  animal 
feeding     1069 

Grit- 
function in chicken feed, recommendations.,     826 
requirements of gallinaceous upland game 

birds      918 
Grouse- 

feeding requirements . 900-903,910 
range and description 894-895 

Growth, definition, comparison with fattening.     526 
Gums, bleeding, cause and cure 251-252 

141304°—39 74 

Page 
Ham souring, cause  345-346 
HAMBIDGE, GOVE: Food  and  Life—A  Sum- 

mary  _ __      3-91 
HANKINS,   O.   G.: Growth,   Fattening,   and 

Meat Production.   With Harry W, Titus. 450-468 
HARDY, JOHN I.: The Relation of Nutrition 

to the Production of Hides and Wool.   With 
Imogene P. Earle 492-500 

HART, E. B., statement on research in animal 
industry  1046-1047 

HARTMAN,    A.   M.: Deficient   and   Excess 
Minerals in Forage in United States 1027-1044 

Hay- 
alfalfa— 

feeding to horses and mules  776-777 
harvested, percentages of leaves at different 

growth stages      960 
artificially dried- 

composition on water-free basis    1000 
losses  998-1001 

carotene content and protein digestibility. __     999 
clover, feeding to horses and mules      777 
color, relation to quality 975-976 
composition,   digestibility,   and   digestible 

nutrients        994 
curing— 

and storing, chemical changes during... 965-969 
comparison of old an<¿ new methods 992-993 
losses  992-1001 

dried, artificially, effect on nutritive value. 979-980 
drying, costs  979-980 
feed- 

constituents, curing losses  _._     996 
requirement in normal growth of heifers 

up to 2 years      599 
value...  1015-1016 

feeding to- 
dairy calves       613 
horses and mules  776-778 

field-cured— 
composition on water-free basis..  1000 
effect on nutritive values 970-975 
losses 993-998 
losses of dry matter and starch equivalent, 

distribution      994 
fresh, composition on water-free basis     1000 
grades, relation to nutritive values  975-979 
grinding, effect on nutritive values 980-981 
harvesting methods, processing, and storing, 

effects on nutritive value  965-970 
leaf  meals,   grinding,   effect  on  nutritive 

values  980-981 
legumes, leafiness, relation to quality 976-977 
meals, ground, advantages  980-981 
miscellaneous, feeding to horses and mules..     777 
nutritive value- 

factors affecting 970-981 
suggestions for research    1063 

oat and vetch, composition, comparison with 
silage        1014 

plants,  stem  texture,  effect  on  nutritive 
value  978-979 

production, in United States, value 956-957 
quality- 

effect of excessive drying      999 
factors affecting      975 

soybean, feeding to horses and mules      777 
spontaneous   heating,   effect   on   nutritive 

value 969-970 
sun-cured,   feed   value,   comparison   with 

artificially-dried      980 
time of cutting, relation to quality      978 
timothy- 

feeding to horses and mules      776 
harvested, composition of dry matter, at 

different stages of maturity      959 
proportion of leaves, stems, heads, and pro- 

tein content and different growth stages.     961 
unsound, description      978 
use as- 

feed, limitation  990-991 
supplement   for   pasturage   in   livestock 

feeding  939-942 
vetch and oat, composition, comnarison with 
 .'_    1014 
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Haymaking- 

losses— 
and silage losses.   J. A. LeClerc 992-1016 
summary •  91-93 

old and new methods, data 993-1001 
Health- 

claims, fraudulent, detection        141 
foods, fallacy  11-12 
good, relation to proper nutrition, studies. 321-336 
of farm animals— 

factors affecting.   Louis L. Madsen 431-449 
maintenance, factors affecting, summary. _ 47-48 

relation to food— 
and food functions.    Lela E. -Booher and 

Callie Mae Coons  100-123 
consumption   and   food   functions,  sum- 

mary     7-10 
Seat- 

production per ton of fruit per day at several 
temperature levels      352 

requirements of animals  436-438 
Heifers- 

dairy— 
cost of raising, factors affecting   622-623 
growth and production, relation of ration 

and age at first calving  619-623 
growth, effect of ration      620 
live weight and height,«birth to 7years ___     625 
raising  615-623 

feed requirements for normal growth      599 
feeding- 

be fore and after calving  618-619 
guides      599 

6 months to 2 years, feeding  615-618 
Hemeralopia, result, of vitamin A deficiency..     702 
Hemicellulose, funct ion in diet 155-156 
Hemoglobin- 

formation       209 
standards for men and women  205-206 

Hens, feeding iodine concentrate      212 
Herbage, nutritional value, research 952-954 
Hides- 

production, relation to nutrition- 
John I. Hardy and Imogene P. Earle.._. 492-500 
summary        52 

quality, factors influencing  494-496 
Hogs- 

feed combinations, suggestions      739 
feeding- 

hay and concentrates to supplement pas- 
turage -.     942 

methods  738-741 
practices  723-745 

nutritive requirements  706-722 
See also Swine. 

Home Economics, Bureau of— 
vitamin A experiments  24-25 
vitamin A .requirements project :.. 227-229 

Homemaker, modern, necessary information- 
Miriam Birdseye  372-379 
summary        40 

Homemakers, new skills, necessity for 375-377 
Homemaking. adaptation to modern meth- 

ods  372-379 
Hormones- 

ovarian, influence on mammary gland de- 
velopment      686 

relation to milk secretion— 
M. H. Friedman and C. A. Cary 685-698 
summary  66-67 

Horse serum, substitution for colostrum, ex- 
periments        506 

Horses- 
calcium requirements   770-772; 
digestion in, description  424, 427 
draft, fattening for market  785-786 
energy requirements  767-769 
feeding- 

hay    and    concentrates    to    supplement 
pasturage      942 

under work conditions, methods  780-781 
feeds and economical feeding practices 773-786 
idle, wintering  782-783 
iodine requirements  772-773 
light, fattening for market      786 

Horses—Continued. Page 
mastication habits        422 
mineral requirements  769-770, 779-780 
Morrison's feeding standards      765 
nutrition- 

Earl B. Krantz and S. R. Speelman.... 763-786 
summary  75-77 

nutritive requirements 764-773 
phosphorus requirements 770-772 
prehensive habits ,  419-420 
preparation for spring work      783 
protein requirements  764-767 
salivary secretion and swallowing habits ...     423 
salt requirements      772 
vitam in requirements  773, 779-780 
water requirements      779 
work, daily rations, suggestions      782 

HOSTERMAK, W. H.: The Nutritive Value of 
Harvested Forages. With T. E. Wood- 
ward, P. V. Cardon, and E. W. McCornas. 956-991 

HOWE, PAUL E.: 
Can Food Habits Be Changed?  131-138 
Some Effects of Nutritional Levels 469-475 

Human- 
food requirements, carbohydrates, fats, and 

energy.    Helen S..Mitchell, Jane G. Lease, 
and Nancy B. Morey  152-172 

nutrition.   See  Nutrition, human. 
Humans- 

food requirements, summary  13-30 
physical development, relation to food 97-99 

Idaho, forage crops, iodine deficiency  .     1036 
Illinois Agricultural Experiment Station, 

experiments    with    poultry   growth    and 
weights  457-458 

Income- 
distribution, problem.    Marius Farioletti   385-392 
fluctuations, relation to dietary habits . _. 40-44 
levels, relation to type of diets, statistics._ 316-320 
national- 

distribution and maldistribut ion 387-388, 
■   389-390 

distribution, relation to employment... 388-389 
size and increase, relation to diet    386-387 

size and distribution, relation to food con- 
sumption programs        401 

Indiana Agricultural Experiment Station, in- 
vestigations of enzymes in hay      966 

Infants- 
copper requirements  ._     210 
iron requirements  200-202 
newborn, calcium demands  _.     193 
vitamin Bi requirements:      234 
vitamin C— 

daily allowance      255 
requirements  244-246 

vitamin D— 
daily allowances .      259 
requirements  257-258 

Iodine— 
and fluorine.    Margaret Cam mack Smith. 211-213 
concentrate, feeding to dairy cow and hen..     212 
content in milk     647-648 
deficiency in forage crops, by States. 1006-1038 
function in human body 9,113-114 
human requirements  21,212 
occurrence in foods 279-280 
requirements of— 

dairy cattle  587,632 
horses and mules    772-773 

Iowa- 
Agricultural   Experiment  Station, experi- 

ments with vitamin E       260 
forage crops, iodine deficiency    1036 

IRISH, FREDERTCK W.: Vitamin D  255-259 
Iron- 

content of— 
foods, analysis, shortcomings      282 
foods analysis, technical notes       285 
milk      647 

deficiency- 
human blood, causes and remedies 200-208 
in Massachusetts     1039 

foods rich in, list  277-27.8 
function in human body.. _ 9.112-113,198-199 
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human requirements- 

Mabel A. Dickson    197-211 
summary  19-21 

needs of women during pregnancy and 
lactation      208 

requirements of dairy cattle      632 
utilization by copper for hemoglobin      209 

JARDïNE, JAMES T., statement on research in 
animal nutrition     1046 

Johnson grass, feeding to horses and mules      776 
JONES, D. BRéESE: Protein Requirements of 

Man  173-186 
Joss, EDWARD C: United States Meat Inspec- 

tion  355-360 

Kansas, forage crops, phosphorus deficiency_.    ]031 
KAUFFMAN, W. R.: Composition of the Prin- 

cipal Feedstulïs Used for Livestock. With 
N. R. Ellis and C. O. Miller  1065-1074 

KELLOGG, CHARLES E.: Nutrition of Fur 
Animals  871-892 

KELLY, ERNEST: Supervision and Inspection 
of Milk......    360-363 

Kidney, source of riboflavin in diet      264 
Kids- 

feeding, recommendations  512-513 
young, nutrition  501-509,512-513 

KLTNE, O. L.: 
The Pellagra-Preventive Factor 266-271 
Vitamin Bi  229-235 

KNAPP, BRADFORD, Jr.: Nutritional Require- 
ments of Beef and Dual-Purpose Cattle. 
With W. H. Black and J. R. Douglas.... 519-543 

KRANTZ, EARL B.: Nutrition of Horses and 
Mules.    With S. R. Speelman  763-786 

KRAUS, E. J.: Sources and Cycles of the 
Nutritive Elements 405-417 

Lactalbumin, source      695 
Lactase, function in digestion      429 
Lactation- 

relation to  glands,  hormones,  and blood 
constituents.. ■  66-67 

See also Milk secretion. 
Lactoflavin.   See Riboflavin. 
Lactoglobulin, source      695 
Lactose— 

content of milks  506-507 
secretion, research  694-695 

Lamb, source of copper      210 
Lambs- 

fattening, feed requirements  749-752 
feeding- 

future outlook  756-757 
recommendations 513-514 

hothouse, feeding  751-752 
young, nutrition  501-509, 513-514 
See also Ewes; Sheep. 

Lead, occurrence in human body, and toxicity.     220 
League of Nations- 

Health Organisation- 
recommendations of cod-liver oil dosage-..     259 
standards of energy requirements      166 

Technical Commission of the Health Com- 
mittee, report on protein require- 
ment  18,183-184 

Technical Commission on Nutrition- 
recommendations for iron in diet      204 
recommendations   for   mineral   require- 

ments        19 
recommendation of calcium requirement 

for human maintenance 191,192,194 
report on standards  166-169 
vitamin C allowance for adults      247 

LEASE, JANE G.: Fats  157-160 
LECLERC, J. A.: Losses in Making Hay and 

Silage 992-1016 
Legumes- 

comprising forage in grazing regions 927-928 
forage, nutritive values 962-964 

Life cycles, interrelationships 407-408 
Light- 

effect upon riboflavin .      262 
production of carotene and chlorophyll      222 

Linseed meal, feeding to horses and mules      775 
Lipase, function in digestion      429 
Literature cited  1075-1142 
Lithium, occurrence in human body      219 
Liver- 

animal,  value  to  eyesight,  knowledge of 
ancients        221 

calf- 
source of copper 208,210 
source of iron 201,202,208 

fish, oils, vitamin A content 222,224 
source of riboflavin      264 
value in cure of pellagra 268,269 

Livestock- 
breeding records 478-479 
cobalt deficiency, causes and control 215-216 
fat requirements, limited knowledge 1056-1057 
feeding- 

hay and concentrates to supplement pas- 
turage  937-940 

importance of composition of feedstufís... 1065- 
1074 

management,   relation   to   health   and 
disease, suggested research.._ __ 1055-1056 

on southern forest ranges, factors affect- 
,    ing  951-952 
pasturage as supplement to hay and con- 

centrates  940-944 
pasture and range.   P. V. Cardon, W. R. 

Chapline,   T,   E.   Woodward,   E.  W. 
McComas, and C. R. Enlow 925-955 

fertility- 
relation to diet summary. _ _ __ 50-52 
studies  476-482 

food requirements in relation to health... 431-433 
genetics, relation to nutrition 469-475 
grazing methods 932-935 
health and disease, relation to nutrition, 

suggested research  1055-1056 
mineral requirements, limited knowledge.. 1057 
nutrition- 

miscellaneous factors affecting 1058-1059 
relation to health and disease, suggested 

research ... ._ 1055-1056 
requirements, related problems 1051-1052 
research needs  1050-1064 
what we need to know.    O. E. Reed. 1045-1064 

nutritional levels, significance 469-475 
nutritive values of range plants 947-948 
overfeeding, results  443-446 
pasturage, nutritive values  934-944 
pasture and range feeding- 

suggestions for research  1060-1002 
summary 87-89 

principal  feedstufís used  for, composition. 
N. R. Ellis, W. R. Kauffman, and C. O. 
Miller  1065-1074 

production, relation to maintenance of range 
forage ■ 948-951 

protein requirements, limited knowledge. __   1056 
reproduction and nutrition  482-491 
reproductive failures- 

Ralph W. Phillips  476-482 
causes  476-477 
causes, relative importance  479-482 
occurrence  478-479 

undernutrition, effects 446-448 
vitamin    requirements,    limited    knowl- 

edge I  1057-1058 
yields,   relation   to  forage  yields,   correla- 

tions   954-955 
young dairy, practical feeding and nutri- 

tional requirements.   Joseph B. Shepherd 
andH. T. Converse  597-638 

Longevity, relation to food habits 120-121 
Louisiana, forage crops- 

calcium deficiency    1035 
phosphorus deficiency  1031-1032 

MADSEN, LOUIS L.: Factors Affecting Main- 
tenance Nutrition, Feed Utilization, and 
Health of Farm Animals 431-449 

Magnesium, occurrence— 
and results of deficiency in animals and 

man      216 
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Magnesium, occurrence—Continued. Page 
in foods      278 

Maltase, function in digestion      429 
Mammary gland, development   686-687 
Man, protein requirements,  D. Bréese Jones. 176-186 
Manganese- 

content of milk      647 
content of poultry feedstuffs      841 
effect on hatchability of eggs 797-798 
occurrence— 

in foods      279 
uses, and effects      215 

requirements of— 
chickens and turkeys  816,818 
gallinaceous upland game birds     918 

Mares, brood, feeding and nutritive require- 
ments 783-784 

Marine products- 
digestible protein and digestible nutrient 

content  for  cattle,  sheep,  and  swine, 
determinations     1072 

feed value 1023.1024,102.1-1026 
percentage  composition  used  in  animal 

feeding  1068-1069 
Martens, characteristics and studies 890-891 
Massachusetts- 

cobalt deficiency     1039 
forage crops, iron deficiency     1039 

MAYXARD, L. A., statement on research in 
animal nutrition  1047-1048 

McCOMAS, E. W.: 
Pasture and Range in Livestock Feeding. 

With P. V. Cardon, W. R. Chapline, T. E. 
Woodward, and C. R. Enlow 925-955 

Nutritive  Value  of Miscellaneous  Feeds. 
With Thompson E. Woodward   1017-1026 

The Nutritive Value of Harvested Forages. 
With T. E. Woodward, W. H. Hosterman, 
and P. V. Cardon 956-991 

MCLESTER, JAMES S., foreword         2 
Meals- 

planning for nutritive values, factors affect- 
ing   329-332 

plans, analysis  134-135 
Meat- 

animals, inspection procedure      357 
contributions to diet  326-327 
dressed, chemical composition 458-460 
edible- 

composition, estimation 467-468 
proportion in meat animals  462-464 

exports and imports, inspection certificates. 358-359 
fat distribution, significance  460-462 
feeding to dogs, recommendations  856-859 
grade labeling for consumers  368-369 
inspection- 

administration  357-359 
Federal, description        38 
Federal, summary        38 
miscellaneous services      359 
purpose      355 
scope      356 
United States.   Edward C. Joss 355-360 

lean tissue, fat content  461-462 
processing plants, requirements for carrying 

out Federal inspection      357 
production, relation to growth and fattening. 

O. G. Hankins and Harry W. Titus.--. 450-468 
products, inspection procedure 357-358 
source of— 

copper  208,210 
iron  202,204,208,278 
phosphorus      277 

spoilage prevention  345-346 
storage changes  353-354 

MEIGS, E.B.: 
Statement on research in animal nutrition... 1052, 

1054-1055,1058 
The Feeding of Dairy Cows for Intensive 

Milk Production in Practice  566-591 
Men- 

calcium utilization      192 
copper requirements      210 
energy allowances, recording schedule:  168-169 
food energy, daily allowance suggestions      172 
iron requirements    204-205 

Men—Continued. ^^e 
phosphorus requirement       194 
weight averages according to height and age.     161 

Menus, analysis  184-185 
Mercury, occurrence in human bodv 219-220 
Metabolism- 

basal, of animals, studies      437 
copper and iron requirements, studies       21 
factors affecting      102 
human, function of vitamin Bi in  230. 232 

Michigan- 
Agricultural Experiment Station and Bureau 

of Animal Industry, meat animal experi- 
ments  454-455 

forage crops- 
iodine deficiency    1036 
phosphorus deficiency     1032 

Micro-organisms- 
classification and action  341-342 
function in silage formation  1005.1006 
in foods— 

and food preservation.   Harry E. Qores- 
iine 341-349 

summary  36-37 
use in— 

food preservation and processing 37.346-349 
manufacture of milk products      349 
wine and beer production       347 

Milk- 
carbohydrate content   506-507 
care in home        363 
composition— 

and feed value  1023-1024 
and nutritive value  506-508 
breed differences  641-642 
changes from colostrum to normal      645 
differences in periods between milkings      644 
differences of different species  639-641 
differentiating factors  641-645 
effect of diet      645 
effect of gestation and disease      645 
for five breeds of cows      641 
individual differences      644 
influence of successive phases of lactation 

period      645 
research 699-705 
variations in.   P. A. Wright, E. F. Dey- 

sher, and C. A. Car y  639-648 
variations in different parts of udder.._. 644-645 
variations, summary 62-63 

constituents, minor inorganic  646-648 
contributions to diet 326,327 
copper content  646-647 
drugs in, transmission through blood stream 

of cow        648 
energy value, relation to fat and protein con- 

tent  642-644 
fat- 

content  506-507 
content, relation to protein and energy 

values  642-644 
content, variation during milking      644 
source  697-698 

feed- 
flavors and odors, transmission through 

blood stream      648 
requirement in normal growth of heifers 

up to 2 years      599 
goats', quality and nutritional value  758, 761 
human- 

nitrogen content      640 
qualities and comparison to cow's milk      639 
vitamin C content  244,245 

in nutritional research, a sketch of progress. 
C. A. Gary  699-705 

inspection- 
maintenance of sanitation standards 361-363 
value in fraud prevention      361 

iodine content  647-648 
iron content      647 
lactose content 506-507 
limited quantities, combined with dry grain 

or  dry-fed  calf meal,   feeding  to  dairy 
calves  608-609 

mammalian, composition      640 
manganese content       647 
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market, State and municipal requirements.      360 
mineral- 

ash, composition       646 
constituents.--  645-648 
content ■. 506,507 

nitrogen content-.         640 
nutritional- 

deficiencies, source of knowledge- _ 703-705 
value, uniformity of standards 360-361 

of goats, quality and nutritional value 758,761 
ordinances, necessity in maintenance of sani- 

tation standards  361-362 
processing  plants,   inspection  as  sanitary 

measure  ___ 362-363 
production- 

energy requirement per pound of milk      656 
in dairy cows, intensified by feeding prac- 

tices, summary  57-59 
intensive, in practice, feeding dairy cows 

for, Edward B. Meigs  566-696 
presence of vitamins in, summary. _ 64-66 
protein sources, arrangement according to 

value          666 
vitamins in.   C. A. Gary 668-684 

yearly, by breeds of cows having official 
records. _       642 

products- 
composition and feed value 1024,1026 
digestible protein and digestible nutrient 

content for cattle, sheep, and swine, de- 
terminations    1072 

percentage composition used  in animal 
feeding  1068-1069 

role of micro-organisms      349 
value in calf diet     602 

protein- 
content  506,507-608 
content relation to fat and energy values..   . 644 
source . 695-697 

Quantities for dairy-calf ration      603 
relation between protein, fat, and energy 

values       643 
secretion- 

effect of glands, hormones, and blood con- 
stituents, summary  66-67 

effect of pituitary extracts 687,688-689,691 
energy-utilization, experiments 650-656 
feed energy and feed protein in, utilization, 

summary 63-64 
onset and maintenance, factors govern- 

ing  687-691 
protein utilization 656-667 
relation to glands, hormones, and blood 

constituents.   M.   H.   Friedman   and 
C. A. Gary  685-698 

utilization  of feed  energy and  protein. 
C. A. Gary 649-667 

See also Lactation, 
skim- 

composition and total digestible nutrients.     602 
digestible nutrients and feed value per 100 

pounds,  comparison  with fresh  skim 
milk      602 

dried,   reconstituted,   feeding   to   dairy 
calves  607-608 

feeding to dairy calves after starting on 
whole milk 604-605 

spoilage prevention      345 
substitution of— 

calf meals for, in feeding dairy calves 609-612 
grain for, in feeding dairy calves ....     609 

sugar, source 694-695 
supervision and inspection— 

Ernest Kelly 360-363 
summary 38-39 

unknown factors, discoveries 699-701 
value in- 

dict as protective food  380-381 
nutritional research, progress, summary... 68-69 

vitamin A content  222,224 
vitamins in— 

and in milk production.   C. A. Gary... 668-684 
summary  64-66 

whole- 
composition and total digestible DUtrients.    602 

602 

605 

Milk—Continued. Page 
whole—continued. 

digestible nutrients and feed value per 100 
pounds,   comparison  with  fresh  skim 
milk    

elimination from starting ration of dairy 
calves    

later feed of dairy calves, impracticabil- 
ity_ _  605-606 

value m first feeding of dairy calves 602-604 
zinc content      _ 647 

MILLER, C, 0.: Composition of the Principal 
Feedstuffs Used for Livestock.   With N. R. 
Ellis and W. R. Kauffman  1065-1074 

Mineral-supplement mixtures, for horses and 
mules, recommendations      779-780 

Minerals- 
content   of— 

feeds  531-533 
foods 275-285 
foods, analyses, technical notes     283 
foods, analysis, shortcomings     ... 280-282 
milks 506,507,645-648 
plants 408-410 

deficiency in- 
dict, misleading advertising         142 
rations, effect on cattle 530-531 

effect on hatchability of eggs 797-798 
functions in- 

animal body  52^-530 
human body 8-10,111-115 

human requirements 187-220 
in forage- 

deficiency   and   excess.     A.   M.   Hart- 
man .... 1027-1044 

key list of correspondents 1042-1044 
in poultry diet, nature and value 822-823 
needs of man- 

Henry O. Sherman, Mabel A. Dickson, 
Margaret Cammack Smith, and Esther 
Peterson Daniel  187-220 

summary  18-21 
nutritionally    essential,    deficiencies    by 

States 1031-1042 
requirements of— 

animal reproduction 487-488 
beef cattle 529-538 
dairy cattle 585-589, 631-632 
dogs 853-854 
egg production 805-806 
gallinaceous upland game birds 916-918 
horses  769-770, 779-780 
livestock, limited knowledge    1057 
mules   769-770,779-780 
poultry 814-816 
swine 718-720 

trace elements,  identification,  occurrence, 
and effects 213-220 

Minks- 
characteristics  885-886 
diets used in metabolism studies      888 
digestion trials at Cornell University, re- 

sults  886-889 
feeding, recommendations      890 
vitamin A reserve      886 

Minnesota— 
Agricultural   Experiment   Station,   silage 

experiments      558 
forage crops- 

iodine deficiency    1036 
phosphorus deficiency    1032 

MITCHELL, H. H., statement on research in 
animal industry 1049,1050-1051 

MITCHELL, HELEN S.: 
Carbohydrates  152-157 
Food Fads, Facts, and Fancies  139-144 

Moisture- 
effect on quality of silages 985-987 
effect on yield and nutritive value of grasses    935 

Molasses- 
addition to silage, purpose     988 
use in making silage 546-547,1010 

Molds- 
cause of organic decomposition  341-342 
growth— 

In eggs, preventive methods 344-345 
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growth—continued. 
in fruit juices, preventive measures      342 
on fruit?, preventive measures      342 
on vegetables, preventive measures-      343 

Molybdenum, occurrence in human body      220 
Montana, forage crops- 

iodine deficiency    1036 
phosphorus deficiency    1033 

MOREY, NANCY B.: Energy Requirements- 360-172 
MORRISON, F. B., statement on research in 

animal industry ..       1047 
Mules- 

calcium requirements 770-772 
energy requirements  767-769 
feeding under work conditions, methods. _ 780-781 
feeds and economical feeding practices 773-786 
idle, wintering  782-783 
iodine requirements  772-773 
mineral requirements  769-770, 779-780 
nutrition— 

Earl B. Krantz and S. R. Speelman 763-786; 
summary  75-77 

nutritive requirements  764-773; 
phosphorus requiremen ts  770-772 
preparation for spring work      783 
protein requirements . 764-767 
salt requirements      772 
vitamin requirements  773, 779-780 
water requirements     779 
work, daily rations, suggestions      782 

Nebraska, forage crops- 
calcium deficiency    1035 
iodine deficiency    1037 
phosphorus deficiency    1033 
selenium excess      1039 

NELSON, E. Mx Vitamin E  259-261 
Nervous system, influence on lactation      690 
NESTLER, RALPH B.: Feeding Requirements 

of Gallinaceous Upland Game Birds  893-924 
Nevada, forage crops- 

iodine deficiency    1037 
phosphorus deficiency     1033 

New Mexico- 
Agricultural  Experiment  Station,  feeding 

experiments       548 
forage crops, phosphorus deficiency    1033 

New York Association for Improving the Con- 
dition of the Poor, work in calcium nutri- 
tion   189-190,193 

New Zealand, livestock disease caused by co- 
balt deficiency, and control  215-216 

Nickel, occurrence in human body      219 
Nicotinic acid- 

amide— 
efficacy in cure of pellagra. _  269, 271 
remedy for blacktongue of dogs      268 
efficacy in treatment of pellagra      267 
function in- 

human body      119 
control of pellagra 268-269 

sources and value in control of pellagra :      291 
Night blindness, cause and control 223, 226-227 
Nitregen- 

content of dried grass      996 
supplies, carbohydrate relationships, tvpes. 412-415 
value in plant fertilizers      412 

North Dakota, forage crops- 
iodine deficiency     1037 
phosphorus deficiency  1033-1034 

Nueleinase, function in digestion      429 
Nutrients— 

disgestible, daily- 
maintenance requirement of cattle      520 
requirement for growth and fattening of 

beef cattle      524 
essential- 

food sources  132-134 
requirements of swine 708-722 

lacking in plants, cause and effects      410 
Nutrition- 

adequate, relation to agricultural surplus. 391-392 

Nutrition—Continued. Fage 
and reproduction.   M. H. Friedman and 

W. A. Turner  482-491 
animal  405-1142 
better, national goal, summary   40-44 
birds,  upland game, gallinaceous, require- 

ments, summary. _    86-87 
cattle, beef and dual-purpose, requirements- 

W. H. Black, Bradford Knapp, Jr., and J. 
R. Douglas  519-543 

summary  54-56 
cattle, dairy, requirements 624-638 
dairy stock, young, requirements- 

practical feeding.   Joseph B. Shepherd 
andH. T. Converse 697-638 

summary  60-63 
dogs, requirements, summary 81-82 
fads and frauds, scope  140-144 
fur animals, summary 84-86 
good, planning— 

Hazel K. Stiebeling and Faith Clark 321-340 
summary  34-36 

horses— 
and mules.   Earl B.  Krantz and S.  R. 

Speelman 763-786 
summary  75-77 

human :  97-402 
human- 

calcium   and   phosphorus   requirements. 
Henry C. Sherman  187-197 

development from tradition to a science. 
Louise Stanley  97-99 

development from tradition to a science, 
summary      6-7 

improvement  as national  goal.   Hazel K. 
Stiebeling,    Marius    Farioletti,    F.    V. 
Waugh. and J. P. Cavin :._. 380-402 

livestock. _ See Livestock, -nutrition, 
maintenance— 

by farm animals, factors affecting.   Louis 
L. Madsen  431-449 

essential to vital functions   433-443 
of farm animals, factors affecting  47-48 

mules, summary _. 75-77 
national    level,    improvement    problem. 

Hazel K. Stiebeling 380-385 
plane- 

effect on wool fiber 496-497 
relation to reproduction 482-485 

poultry, practical requirements- 
Harry W. Titus  787-818 
summary _.___■  77-79 

relation to production of hides and wool- 
John I. Hardy and Imogene P. Earle__- 492-500 
summary ■        52 

science of— 
development from tradition.   Louise Stan- 

ley  97-99 
value and importance      3-5 

sheep requirements  746-749 
swine, requirements— 

N. R. Ellis and J. H. Zeller 706-722 
summary : 69-70 

very young animals— 
Imogene P. Earle  501-518 
summary 52-54 

vitamin C, state of, judging 239-242 
vitamin requirements 23-30 
See also Feeding. 

Nutritional- 
deficiencies, in milk, source of knowledge - 703-705 
goal- 

attainment, role of agriculture  400-402 
relation to agricultural adjustment pro- 

grams.   J. P. Cavin 396-402 
levels, some effects.   Paul E. Howe 469-475 
research, value of milk, a sketch of progress. 

C.A.'Cary 699-705 
Nutrive elements, sources and cycles— 

E.J. Kraus :  _ 405-417 
summary 44-45 

Nuts- 
byproducts, feed value  1018-1023 
source of— 

phosphorus....-       277 
protein in feeds 1018-1023 
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feeding to horses and mules      774 
in hay and silage, comparative composition. _   1014 

Ohio Agricultural Experiment Station, feeding 
experiments      560 

Oilseed byproducts, protein content and feed 
value 1018,1019 

Orange juice, source of— 
iron  201,202 
vitamin C 240,246,248 

Oranges, source of carotene      225 
Oregon, forage crops- 

iodine deficiency  Î037-1038 
phosphorus deficiency    1034 

Ox- 
digestion in, description 424,427 
mastication habits 422-423 
prehensive habits 419-420 
salivary secretion and swallowing habits      423 

Oysters, source of— 
copper 208,210 
iron        204 

PALMEE, L. 8., statement on research in ani- 
mal nutrition  1048-1049 

Pancreatic juice, function in digestion     427 
Partridges- 

feeding requirements 900,902,910 
range and description 895-896 

Pasteurization, milk, for spoilage prevention _ _     345 
Pasteurizing plants, milk, inspection as sani- 

tary measure  362-363 
Pasturage- 

feeding to dairy cal ves      615 
nutritive value to livestock 935-944 
use to supplement hay and concentrates in 

livestock feeding 942-944 
Pasture- 

feeding, suggestions for research 1060-1061 
in livestock feeding— 

P. V. Card-on, W, R. Chapline, T. E. 
Woodward, E. W. McComas, and O. R. 
Enlow.  925-955 

summary    -- 87-89 
Pastures- 

distinction from ranges  926-929 
effects of soil and fertilizers on, research 952-955 
farm— 

econonic importance and major uses 929-930 
for livestock   929-944 

kinds, classification 930-932 
management, effect on nutritional value. _ _ 935-939 
nutritive value, influence of— 

management practices 935-939 
physical factors      935 

permanent, temporary, and supplemental 
scheme      932 

use by horses and mules as supplementary 
feed      778 

value in swine production  741-742 
Pea-cannery waste, protein content and feed 

use      1020 
Peaches, source of carotene      225 
Peanut byproducts, protein content and feed 

value    1019 
Peas, source of iron  ---- 201,202 
Pellagra- 

cause and— 
geographical extent  266-267 
prevention       30 

control by foods containing nicotinic aeid___     291 
prevention and cure 269-271 
preventive factor— 

O. L. Kline 266-271 
research 702-703 

relation to diet deficiency      119 
similarity to blacktongue in dogs      267 
symptoms 267-268 

Pepsin, function in digestion        427 
Perosis— 

cause and symptoms in poultry      829 
in chickens, cause      797 

Pheasant chicks, feeding practices __ 906-907,921-922 

feeding requirements 900, 902,903, 909-911,924 
range and description        896 

Page 
PHILLIPS, RALPH W.: Reproductive Failures 

in Livestock  476-482 
Phosphoric acid, combination with vitamin Bi      232 
Phosphorus- 

adult needs- 
comparison with calcium requirements. 194-197 
for normal maintenance  194-195 

assimilation in- 
dairy cows, factors affecting      587 
humans, function of vitamin D      193 

balance studies with children      196 
content of— 

foods, analysis, shortcomings      282 
poultry feedstuffs      841 

deficiency— 
in forage crops, by States 1031-1035 
relation to food utilization    441-442 

foods rich in, list      277 
function in human body 9,111-112 
human requirements   ___ 19,194-197 
metabolism, role of vitamin D 255-256 
needs of women during pregnancy and lacta- 

tion      195 
requirement, source in feeds  533-538 
requirements— 

for growing and fattening steers      537 
of chickens 814,818 
of children  195-196 
of dairy cattle  631-632 
of dairy cows  686-587 
of gallinaceous upland game birds 917-918 
of growing turkeys 814,818 
of horses and mules  770-772 
of human nutrition.   Henry C. Sherman. 187-197 

Pigeon- 
digestion in, description      425 
milk, composition      425-427 
prehensive habits      421 

Pigments, yellow, association with vitamin A_    222, 
224, 225 

Pigs- 
body composition,  relation to nutritional 

needs  707-708 
breeding, special feeding practices      743 
digestion in, description      424, 427 
feeding— 

during gestation period 743-744 
recommendations 514-516 

growth and fattening, special feeding prac- 
tices  742-743 

mastication habits      422 
prehensive habits 419-420 
salivary secretion, description  _ _,     423 
suckling, special feeding practices      742 
young, nutrition.  501-509,514-516 

Pituitary- 
extracts— 

effect on milk production 687,688-689,691 
milk-stimulating, relation to other body 

processes  __ 691-693 
gland, function, relation to diet 693-694 

Plant- 
foods— 

degree of maturity, relation to vitamin 
content      292 

preservation and storage, effect on vitamin 
content 292-293 

species, principal, in United States      926 
tops, care and management  410-411 
varieties, effect on vitamin content 291-292 

plants- 
capacity for absorbing and utilizing mineral 

nutrients 410-411 
carbohydrate reserves, relation to fertilizers.   411- 

412 
growth and development, mineral elements 

necessary 409-410 
mineral content 408-410 
nutritive values, dependence on water sup- 

ply      410 
poisonous to sheep, kinds      756 

effects of soil amendments 952-954 
nutritive value to livestock _ 947-948 
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storage of, energy processes  406-407 
vitamin content, effects of varietal differ- 

ences, soil, and climate 291-292 
Polyneuritis, symptoms, cause, and cure      231 
Polypeptides, function in synthesis of body 

proteins  695-696 
Pork- 

products, quality, relation to feeds  732-733 
soft, causes  732-733 

Potassium, occurrence in foods      278 
Potatoes, source of iron      202 
Poultry- 

conditioners, use, disadvantages __     826 
contributions to human diet.... 326-327 
fattening, nutritive requirements.  817-818 
feeding- 

management, recommendations ___ 837-838 
practical, summary  79-81 
systems, description and recommendations-829-832 

feedstuffs— 
calcium content      841 
composition, analysis 839-840 
digestibility in chicken        842 
manganese content      841 
phosphorus content         841 
vitamin content 842-^843 

growth, nutritive requirements 807-817, 818 
houses, lighting, recommendations      839 
mineral requirements 814r-816 
nutritive requirements, practical- 

Harry W. Titus__._  787-818 
summary 77-79 

practical feeding,   Harry W. Titus 819-842 
vices, causes and prevention 826-827 
vitamin requirements 816-817, 818 
water supply, recommendations 825-826 
See also Fowl; also under specific kinds. 

Prolactin, effect on milk secretion 692,693 
Protein- 

absorption by suckling animals      508 
concentrates,  requirements of gallinaceous 

upland game birds 913-914 
content of— 

foods  274-275 
milks  606, 507-508 

deficiency- 
. in diet, prevalence  184-185 
quantitative or qualitative effect on farm 

animals 438-440 
definition        175 
digestibility- 

differences.-   __ 178-179 
in artificially dried hay       999 

effect on— 
hatchability of eggs  793-794 
heat production of animals 434-436 
reproduction  488-490 

feed, utilization in milk secretion— 
O. A. Gary 649-667 
summary 63-64 

feeding to swine  734-736 
function in human body 107-109,173-175 
high content in diet, effects 185-186 
human requirements 8,17-18,173-186 
in milk, source 695-697 
in poultry diets, nature and value 821-822 
levels, in feeds, experiments 662-667 
of plant origin, effect on chick embryonic 

mortality        799 
percentages in grain mixtures for young dairy 

stock      614 
quantitative requirement in human diet-, 180-182 
requirements of— 

animals 436-438 
beef cattle 525-528 
chickens 811-814 
dairy cows 579-580 
dogs 845,849-852 
egg production 804-805 
horses and mules 764-767 
livestock, limited knowledge  ___   1056 
man.   D. Bréese Jones   173-186 
swine  _  715-718 
turkeys 814, 818 
wool production. ._  498-499 

Protein—Continued. Pa^e 
source of heat and energy      436 
supplementary relationship  179-180 
utilization— 

in milk secretion  656-667 
relation of  inadequate food  intake to 

energy production 440-441 
variation in nutritive value  175-178 

Prunes, source of iron  201,202 
Pullets- 

adaptation to protein diet, relation to hatch- 
ability of eggs      798 

age, effect on hatchability of eggs 798-799 
economic maintenance requirements      801 

Puppies- 
feeding, recommendations      516- 

618,857-859,864-866 
young, nutrition....  501-509, 616-518 

Purchasing power, relation to employment 
and income distribution 389-390 

Pyorrhea, cause and cure  251-252 

Qubil— 
chicks, feeding practices 923-924 
feeding requirements 900,902-906, 909,910 
range and description 895-896 

Rabbits, domestic, feeding 891-892 
Rainfall, effect on yield and nutritive value of 

grasses        935 
Range- 

areas, extent, and description  944-952 
distinction from farm pastures 926-927 
feeding— 

of livestock, summary 87-89 
suggestions for research   1061-1062 

forage- 
maintenance, relation   to   livestock pro- 

duction  948-961 
production, types and species  946-947 

forest, southern, management requirements 
for livestock grazing  951-962 

in livestock feeding.   P. V. Cardon, W. R. 
Chapline,   T.   E.   Woodward,   E.   W. 
McComas, and O. R. En low 926-966 

major uses      945 
western, extent and significance      944 

Rat- 
experimental value  145-151 
white— 

as contributor to science.  M. H. riedman.. 145-151 
place in science, summary  12-13 

Rations- 
allotment to dairy cows, summary  59-60 
fattening, for steers 549-550, 558-562 
for— 

brood mares, requirements  783-784 
dairy cows, amounts required, determina- 

tion  570-571 
dairy cows, figuring.   T. E. Woodward. 692-596 
dairy heifers, effect on growth      620 
fattening lambs, types  750-752 

mineral-deficient, effect on cattle 530-531 
requirements for— 

pregnant ewes  __.     753 
range sheep  _ 754-756 

selection for— 
horses and mules   781-782 
swine   736-738 

special, for swine  742-744 
types fed to milk goats  760-761 
well-balanced, for swine, requirements 708-720 
See also Feeds. 

REED, O. E.: What  We  Need to  Know in 
Livestock Nutrition  1045-1064 

Rennin, function in digestion      427 
Reproduction— 

and nutrition.   M. H. Friedman and W. A. 
Turner 482-491 

dietary requirements, exceptions 490-491 
failures in livestock.   Ralph W. Phillips.. 476-482 
fat and protein requirements 488-490 
mineral requirements 487-488 
relation to— 

diet.   Ralph W. Phillips, M. H. Fried- 
man and W. A. Turner   476-499 
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Reproduction—Continued. Tage 
relation to—continued. 

diet, summary  50-52 
plane of nutrition  482-485 

vitamin requirements 485-487 
Research, animal nutrition, needs 1050-1064 
Rheumatic fever, control by use of vitamin C_     253 
Riboflavin— 

Lela E. Booher . 261-266 
chemical nature  265-266 
concentration in milk 676-678 
content of— 

cow's colostrum, comparison with later milk.     505 
foods, quantitative determination 264-265 

deficiency— 
effects 29-30 
symptoms in man      265 
symptoms in rats      262 

derivation of term      261 
discovery  261-262 
distribution in foods      264 
effect on hatchability of eggs  791. 796-797 
function in human body      265 
in eggs, effect on hen's diet      792 
properties.-. 262-264 
requirements of growing— 

chickens  817,818 
turkeys  817,818 

sources in foods      290 
See also Vitamin B,; Vitamin O. 

Rice- 
byproducts, composition and feed value    1021 
polishing, effect on vitamin B i content      232 

Rickets- 
cause and control  256,257-258 
in animals, experimental cause-      219 
in chickens, causes and symptoms      827 
result of vitamin D deficiency      702 

Roots- 
digestible  protein and  digestible nutrient 

content for cattle, sheep, and swine, de- 
terminations     1074 

feed value  1024-1025 
percentage composition used in animal feed- 

ing _____:     1071 
Roughages- 

feeding to- 
dairy cows, importance and methods... 568-570 
horses and mules  776-778 

miscellaneous, feeding to horses and mules. 777-778 
Roup, of chickens, cause and symptoms      827 
Rubidium, occurrence in human body      219 
Ruminants- 

digestion in, description 424,427 
mastication habits  422-423 
salivary secretion and swallowing habits      423 

Salivary secretion, in domestic animals, com- 
parison  423-424 

Salt- 
excess in diet of chickens, effects      829 
iodized, use in goiter belt      212 
requirements for— 

dairy cattle      631. 
horses and mules      772; 

Samarani method of making silage, descrip- 
tion    1011 

Savings accounts, idle, need for redistribution 
of incomes  389-390 

SCHOENING, H. W.: The Digestive Processes 
in Domestic Animals 418-430 

Science- 
contribution of white rat to.   M. H. Fried- 

man  145-151 
debt to white rat, summary : 12-13 

Scurvy- 
result of vitamin C deficiency       702 
symptoms and cause        236 

Sea food- 
source of— 

calcium :      276 
iodine      212 
iron      278 
phosphorus      277 

value in diet, recommendations.__ 203, 204, 207,210 

Seeds— Pa&0 

byproducts, feed value  1018-1023 
digestible protein and digestible nutrient 

content for cattle, sheep, and swine, de- 
terminations  1071-1072 

requirements of gallinaceous upland game 
birds 911-912 

percentage composition used in animal feed- 
ing  1067-1068 

source of protein in feeds   1018-1023 
Selenium- 

damage to animals and occurrence in foods-.     218 
effect on hatchability of eggs      798 
excess in forage crops, by States  1039-1040 
in forage, effects onlivestock  1040-1041 

Serum, blood, of dam, feeding as substitute for 
colostrum  505-506, 509 

Sheep- 
digestion in, description 424,427 
feeding- 

future outlook  756-757 
hay and concentrates to supplement pas- 

turage      942 
in farm flocks  752-753 
problems.   Damon A. Spencer 746-757 
problems, summary  72-74 

grazing habits  746-749 
mastication habits  422-423 
nutritive requirements :__ 746-757 
prehensive habits  419-420 
range, feeding— 

on poisonous plants, problems      756 
requirements  754-756 

serum, substitution for colostrum, experiments.   506 
See also Ewes; Lambs. 

Shellfish, source of— 
copper      210 
iron      204 

SHEPHERD, JOSEPH B.: Practical Feeding and 
Nutritional Requirements of Young Dairy 
Stock.   With.H. T. Converse 597-638 

SHERMAN,  HENRY  C: Calcium and  Phos- 
phorus Requirements of Human Nutrition. 187-197 

Silage— 
acid-brown,  feed  constituents,  losses  and 

gains    1009 
acidity,   causes  and   effects  on   nutritive 

values  983-984 
acids, bases, and dry matter in, comparison 

with green crops. _     1014 
chemical- 

changes  1013-1014 
composition, factors affecting 982-983 

chopping, purpose and methods used .. 989-990 
clamp, formation     1007 
composition  1014-1015 
curing losses  1001-1016 
digestible protein and digestible nutrient 

content for cattle, sheqp, and swine, deter- 
minations     1074 

drainage losses ^. 1012-1013 
early experiments  1004-1005 
effect of acidity  1011-1012 
feed- 

constituents, losses or gains    1008 
constituents, recovery    1007 
value  1015-1016 

feeding to- 
dairy calves        615 
horses and mules      778 

formation- 
comparison of losses by different methods.    1013 
methods  1009-1011 
theory  1005-1006 

forms, effect of type of silo  1006-1009 
green fruity, feed constituents, losses and 

gains     1009 
kinds— 

dry-matter and carbohydrate losses    1009 
feed value, and chemical composition. 1002-1004 
sses— 
and feed values, data  1004-1016 
and haymaking losses.  J. A. LeClerc. 992-1016 
summary 91-93 

making— 
methods.__ _ 987-990 
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with molasses .  546-547 
moisture content, effect on nutritive value. 985-987 
nutritive value- 

factors affecting  981-990 
suggestion for research    1063 

oat and vetch, composition, comparison with 
hay ---   1014 

partial drying, effects on quality and odor__     989 
percentage composition used in animal feed- 

ing      1071 
quality, factors affecting 983-987 
stack, formation  1006-1007 
temperature, effect on nutritive value      985 
tower, formation  1007-1009 
trench, formation  1006-1007 
use as feed, limitations 990-991 

Silicon, occurrence in soil, plants, and human 
tissues       220 

Silos- 
history  1001-1002 
types, effect on form of silage  1006-1009 
utilization, factors affecting nutritive values 

in silage  981-990 
Silver, occurrence in human body. _      219 
Skins, animal- 

structure, description 493-494 
utilization and economic value  492-493 

Slaughterhouses, requirements for carrying out 
Federal inspection  .      357 

SMITH,   MARGARET   CAMMACK:  Iodine  and 
Fluorine  211-213 

SMITH, SYBIL L.: Vitamin C 235-255 
Sodium- 

chloride, requirements for horses and mules—     772 
occurrence in foods _._     278 
requirements of gallinaceous upland game 

birds  -..- : 916-917 
Soil- 

amendments, effects on range plants  952-954 
effect on- 

nutritive value of forage crops      962 
pastures, research 952-955 
vitamin content of foods 291-292 

South, swine production and feeding prac- 
■ tices  727-728 

South Dakota, forage crops, selenium excess __    1040 
Sows, with litters, special feeding practices.__     744 
Soybean- 

byproducts, protein content and feed value.   1019 
calcium content, analysis, technical notes. _ 283-285 
chemical composition, variations 281,283-285 
meal, effect on hatchability of eggs      799 
source of riboflavin in diet      264 

Spectrograph, use in identifying chemical ele- 
ments in foods  __:     214 

SPEELMAN, S. R.: 
Feeding Dogs ____' 856-870 
Nutrition of Horses and Mules.   With Karl 

B. Krantz  763-786 
SPENCER,   DAMON   A.: 

Feeding Problems With Goats  758-762 
Feeding Problems With Sheep 746-757 

STANLEY, LOUISE: From Tradition to Science. 97-99 
Starches- 

classification and value in diet  13-14 
function in diet      154 

Steapsin, function in digestion :___     427 
Steers- 

body composition at various growth stages..     524 
fattening— 

in dry lot    556-562 
on grass  555-556 

feed consumption, hand-feeding versus self- 
feeding  522-623 

growing and fattening, daily calcium and 
phosphorus requirements      637 

vitamin A deficiency, symptoms 538-541 
wintering  549-550 

Stems, underground, feed value 1024-1025 
STIEBELING, HAZEL K.: 

Food Habits, Old and Xew  124-130 
Planning for Good Nutrition.   With Faith 

Clark   321-340 

STEIBELING, HAZEL K.—Continued. Page 
Present-Day Diets in the United States. 

With Callie Mae Coons 296-320 
The Problem [Better Nutrition as a Na- 

tional Goal] 380-385 
Storage- 

foods, effect on vitamin content  292-293 
methods, food materials 351-354 

Strontium, occurrence in human tissues      219 
Sucrase, function in digestion       429 
Sugar- 

bacterial action in, prevention      346 
chemical classification and function in diet .153-154 
classification and value in diet  13-14 
contribution to diet      327 
milk, source  _._ 694-095 

Sugar-beet byproducts, composition and feed 
value .    1026 

Sulfur, occurrence in foods      280 
Sunlight, source of vitamin D 256-257,259 
Sunshine- 

effect on hatchability of eggs      798 
value for poultry        837 

Sweetpotatoes, source of carotene      225 
Swine- 

energy requirements  710-714 
essential nutrients, requirements 708 709 
feeding— 

for energy and fattening  729-732 
on brewery and distillery byproducts... 733-734 
on pasture crops, economic value 741-742 
on protein mixtures  734-736 
practices.   J. H. Zeller and N. R. Ellis. 723-745 
practices, summary 70-72 
present-day problems  __ 744-745 

growth— 
and weight, factors affecting 708-722 
factors affecting  706-707 

mineral requirements   718-720 
nutritive requirements— 

N. R. Ellis and J. H. Zeller 706-722 
summary 09-70 

production in United States 724-729 
protein requirements 715-718 
vitamin requirements 720-722 
water requirements.—       722 
See also Hogs. 

Teeth- 
calcium— 

and phosphorus requirement 9, 111, 117 
requirements  187-188 

decay- 
prevention in children      259 
relation to diet  121-122 

defects due to vitamin A deficiency      224 
formation, role of vitamin D  255-256 
mottled, cause, extent, and control._. 212-213 
vitamin A requirement        115 
vitamin C requirement ...      117 
vitamin D requirement  _      117 

Temperature- 
body, control in farm animals, factors af- 

fecting  433-434 
effect on yield and nutritive value of grasses.     935 
high, processing, use in silage making, ef- 

fects      988 
Tennessee, forage crops, phosphorus deficiency.   1034 
Texas, forage crops- 

iodine deficiency    1038 
phosphorus deficiency     1034 

Thiamin— 
abundance in nature  _ _.     289 
chloride, properties      231 
requirement of milk cows        673 
sources in foods 289-290 
See also Vitamin Bi. 

Thorium, occurrence in human body      220 
Thyroid gland, iodine requirement 9,113-114 
Thyroxin formation, iodine requirement. 113-114,211 
Tin, occurrence in human body      217 
Tissue, lean of meat, fat content 461-462 
Titanium, occurrence in human body      220 
TITUS, HARRY W.: 

Growth, Fattening, and Meat Production. 
With O. G. Hankins  450-468 
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TITUS, HARRY W.—Continued. Fage 
Practical Feeding of Poultry 819-842 
Practical Nutritive Requirements of Poul- 

try  787-818 
Tomatoes- 

ripe, source of carotene      225 
value in diet as protective food 380-381 

Tonics for chickens, use, disadvantages     826 
Toro-Siton method of making silage, descrip- 

tion _      1011 
Trace elements- 

Esther Peterson Daniel  _. 213-220 
definition and importance      214 
field of future research 416-417 
identification   213-214 
list and body requirements 22-23 
occurrence and uses-.-   22-23 
unbalance, effect on farm crops, animals, and 

man  214-215 
Trypsin, function in digestion      427 
Tuberculosis,   control   by   use   of   vitamin 

C  239.253.254 
Tubers- 

digestible protein  and  digestible  nutrient 
content for cattle, sheep, and swine, de- 
termination      1074 

percentage composition used in animal feed- 
ing    1071 

Turkeys- 
feed mixtures, recommendations   .- 836-837 
growth^ nutritive requirements_810-811,814-817,818 
utilization of feed for growth, comparison 

with other breeds of poultry 810-811 
wild- 

food requirements  900.902.910 
range and habits i 896-897 

TURNER, W. A.: Nutrition and Reproduction. 
With M. H. Friedman 482-491 

Ulcers, peptic, control by use of vitamin C._      238, 
250, 252-252 

Undernutrition, effects on— 
farm animals  446-448 
meat animals  474-475 

united States- 
present-day diets in.   Hazel K. Stiebeling 

and Callie Mae Coons  296-320 
swine production areas  724-729 

United States Fur Animal Experiment Sta- 
tion- 

fisher research      891 
marten research      891 
mink research  889-890 
silver fox research 879-883 

United States Pharmacopoeia, recommenda- 
tions of cod-liver oil dosage  258, 259 

United States Public Health Service, research 
work with pellagra      267 

United States Rabbit Experiment Station, 
feeding experiments 891-892 

United States Range Livestock Experiment 
Station, Miles City, Mont., feeding experi- 
ments  545-546.547-548,549 

Vanadium, occurrence in foods and tolerance of 
experimental animals      217 

Vegetables- 
contributions to diet 326,327 
feeding to dogs, recommendations      859 
grade- 

labeling, problems      369 
standards        367 

protection from bacteria and molds      343 
source of— 

calcium      276 
carotene    222,225 
copper,—   208, 210 
iron 201.204,208,278 
phosphorus       277 
riboflavin      264 
vitamins in feeds  1024-1025 

storage changes      354 
value in diet as protective foods  380-381 

Vetch, in hay and silage, comparative composi- 
tion --   1014 

Vinegar making, role of bacteria,- _ 347-348 

Virginia, forage crops— ^aff« 
calcium deficiency    1035 
phosphorus deficiency  1034-1035 

Vitamin- 
content of— 

colostrum      505 
eggs      800 
foods.   Esther Peterson Daniel 286-295 
foods, determination  286-287 
foods, summary 32-33 
vegetable feeds  1024^1025 

deficiency- 
relation to body disturbances 9,115-120 
relation to dental caries   121-123 
relation to food utilization 442-443 

needs of man— 
Lela E. Booher,  Elizabeth C. Callison, 

O. L. Kline, Sybil L. Smith, Frederick 
W. Irish, and E. M. Nelson 221-271 

summary 23-30 
requirements— 

for animal nutrition and reproduction.. 485-487 
of beef cattle 638-543 
of chickens 816-817,818 
of dairy cattle 633-637 
of egg production      806 
of gallinaceous upland game birds 914-916 
of horses and mules 773, 779-780 
of human body  220-271 
of livestock, limited knowledge 1057-1058 
of poultry 816-817,818 
of swine  720-722 
of turkeys 816-817, 818 

therapy, misleading claims..  142-143 
Vitamin A— 

Lela E. Booher and Elizabeth C. Callison- 221-229 
amount  in  milk, relation to quantity of 

carotene in feed      669 
concentration    in   butter fat,   relation    to 

carotene in feed _.     669 
content of— 

foods   ._ 222.224 
milk 668-673 

deficiency- 
cause of hemeralopia      702 
effects  24, 223-224, 226, 538-539 
in chickens, symptoms      827 

discovery 221-222 
distribution in foods 224-225 
effect on— 

hatchability of eggs  791,795 
male chickens      790 

feeding to chickens 823-824.834 
function in human body  115-116. 223-224 
human requirements 23-25, 226-229 
in eggs, effect of hen's diet      792 
in foods, quantitative measurements      225 
International Unit      225 
potency, per gram of colostrum, from cows of 

various breeds on and without pasture._.     672 
pure, occurrence and properties      222 
relation to proper functioning of human eye.     3-4 
requirements of— 

dairy cows  581-585 
foxes 877-879 
gallinaceous upland game birds      914 
young turkeys      836 

sources and description  23-25 
sources in foods  287-288 
supplements, effect on growth rate of young 

calves      633 
value in animal body   538-541 

Vitamin B— 
complex- 

requirement of calves        542 
See. aiso Riboflavin. 

content in milk   673-678 
deficiency, effects   673-674 
requirements of foxes  _       879 

Vitamin Bi— 
O. L. Kline  229-235 
chemical nature 231-232 
crystals, properties        231 
deficiency- 

cause of beriberi disease      701 
diseases   230-231 
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effects  25-26 
in chickens, symptoms         _        827 

effect on hatchability of eggs         795 
feeding to chickens. J  __ 824 
function in human body  116 
human requirements 25-26, 232-235 
requirement of— 

cows      673-678 
upland gallinaceous game birds 914-915 

sources— 
and description  25, 26 
in foods 289-290 

synthetic, description  25 
values— 

Chase-Sherman unit      __        233 
International Units         _     _'~     233 

See also Thiamin. 
Vitamin Ba- 

in colostrum, comparison to Ba in later milk.     677 
requirement of cows    _     _     _ 673 
See also Riboflavin; Vitamin G. 

Vitamin Be— 
concentration in milk    676, 678 
use in control of pellagra.._   __ '268 

Vitamin C— 
Sybil L. Smith  235-255 
content m milk  678-682 
deficiency— 

cause of scurvy  _  702 
effects 26^27, 238 

discovery   , 235-236 
effect on— 

hatchability of eggs  ._. 795-796 
human body tissues    _        238-239 

function in- 
human body  116-117 
nutrition of cattle  678-679 

human- 
requirements 26-28,235-255 
requirements, determination methods     242-243 

nutrition- 
blood test  241-242 
capillary-resistance test  239-240 
excretion test    240-241 
optimal, representation by saturation.    243-244 

properties..  236-238 
relation to infections 238-239, 253-254 
requirements— 

in disease  250-254 
m health  244-250 
of adults    247-248 
of children  246-247 
of infants  __        244-246 
of old people     _   249-250 
of pregnant and lactating women    248-249 

sources— 
and uses  26 
in foods.__   289 

Vitamin D— "" 
Frederick W. Irish  255-259 
aid to mineral assimilation 193 
content of milk  682-684 
deficiency- 

cause of rickets      _ 702 
effect on chick embryo mortality ' '     799 
effect on growth in children..._ 256 
effect on hatchability of eggs 791 
in chickens, symptoms  827 

effect on hatchability of eggs_ _ 796 
feeding to chickens.  824-825,834 
function in- 

animal diet  530 
human body 117-118,255-256 

human requirements  28-29, 257-259 
requirements- 

effect on dietary constituents  443 
of beef cattle      _   542-543 
of gallinaceous upland game birds.       915 
of human body 28-29, 257-259 
of young turkeys  . 836 

secretion in milk, effects of diet and exposure 
of animal to light  684 

sources— 
and abundance    28-29 

Vitamin D—Continued. Page 
sources -continued. 

in foods  288 
Vitamin E- 

E. M. Nelson    259-261 
deficiency- 

effect on chick embryo mortality  799 
in chickens, discussion  . 827 

effect on— 
hatchability of eggs    _        796 
male chickens    _ 790 

feeding to chickens       _ 825 
function in human body        118 
human need undetermined    260-261 
requirement of— 

beef cattle      543 
gallinaceous upland game birds            915 
rats      260 

sources in foods      289 
studies  .... _ 29 

Vitamin G— 
deficiency in chickens, symptoms... 827-829 
feeding to chickens 825,834 
function in human body       118 
requirements of— 

gallinaceous upland game birds      916 
human body 29-30 

sources in foods            290 
See also Riboflavin; Vitamin Bj. 

Vitamin K— 
deficiency in chickens, symptoms       829 
function in human body       119-120 
requirement of beef cattle       542 
sources— 

and function      291 
need for research      825 

Vitamins- 
conservation , suggestions      295 
determined and synthesized, description      703 
discovery,  relation   to   diet-deficient   dis- 

eases  701-705 
effect on hatchability of eggs  795-797 
functions in human body  115-120 
in hay, losses in curing 997-998 
in milk, and in milk production— 

C. A. Gary  668-684 
summary 64-66 

occurrence in foods 287-291 
undiscovered, additional research      705 

Vixens, breeding, composition of rations, ex- 
periments      883 

Volatile acids, formation in silage    1006 

WALLACE, HENRY A., Secretary, foreword    v-vi 
Washington, forage crops, iodine deficiency,..    1038 
Water- 

available to crops, effect on their nutritive 
value      410 

consumption, calves from 3 to 24 weeks oJd ..     637 
fluorine content, dangers 21-22 
function in human body    105-107 
requirement of— 

calves   637-638 
dogs      862 
gallinaceous upland game birds      911 
horses and mules      779 
human body  8 
poultry   825-826 
swine      722 

supply- 
filtration for removal of fluorine      213 
fluorine concentration, result 212-213 
iodine deficiency, result      212 

WAUGH, F. V.: Subsidizing Consumption of 
Foods 393-396 

Weight, body, control by foods, danger        12 
West Virginia, forage crops, calcium deficiency.   1035 
Western States, swine production and feeding 

practices      729 
Wheat- 

bran, composition and feed value    1021 
germ- 

source of riboflavin in diet      264 
vitamin content and value 231,1026 
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Whey- Pag* 
composition and total digestible nutrients __     602 
digestible nutrients and feed value per 100 

pounds, comparison with fresh skim milk_     602 
fresh, feeding to dairy calves 606-607 
milk, riboflavin content   261-262,264 
use in making silage    1010 

White House Conference on Child Health and 
Protection, report on iron content of infants.     208 

Wine production, role of micro-organisms      347 
Wisconsin, forage crops- 

iodine deficiency    1038 
phosphorus deficiency    1035 

Women- 
anemia, occurrence and control... 206-207, 209-210 
copper requirements      211 
farm, energy output..  163-164 
food energy, daily allowance suggestions      172 
iron requirements  205-208 
phosphorus requirement       194 
pregnant and laetating— 

calcium requirements      192 
phosphorus requirements       195 
vitamin C requirements 248-249 
vitamin D requirements..      259 

relative energy allowances, recording sched- 
ule      168 

vitamin Bi requirements...      234 
vitamin C, daily allowance,      255 
weight averages according to height and age.     161 

WOODWARD, T. E.; 
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