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LETTER OF TRANSMITTAL.

U. S. Department of Agricultiire,

Bureau of Animal Industry,

WasUngton, D. C, July 11, 1912.

Sir: I have the honor to transmit, and to recommend for pubH-

cation in the bulletin series of this bureau, the accompanying manu-
script entitled ''The Influence of Breed and Individuality on the

Composition and Properties of Milk," by Messrs. C. H. Eckles, pro-

fessor of dairy husbandry, University of Missouri, and Roscoe H.

Shaw, chemist in the Dairy Division of this bureau.

The experimental work reported herein forms part of a series of

cooperative investigations inaugurated in 1906 between the Dairy

Division and the Missouri Agricultural Experiment Station, with the

object of studying in detail the factors influencing the composition

and properties of milk as produced under normal dairy conditions.

The first results of the work have been forwarded for publication as

Bulletin 155, entitled "The Influence of the Stage of Lactation upon

the Composition and Properties of Milk."

Respectfully,

A. D. Mei.vin,

Cliief of Bureau.

Hon. James Wilson,
Secretary of Agriculture.
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THE INFLUENCE OF BREED AND INDIVIDUALITY ON THE COM-
POSITION AND PROPERTIES OF MILK.

INTRODUCTION.

In 1906 the Dairy Division of the Bureau of Animal Industry, in

cooperation with the Missouri Agricultural Experiment Station,

began a series of investigations, the main object of which was to

study in detail the factors influencing the composition and proper-

ties of normal milk. It is a well-known fact that although the

same constituents are always present in milk, the relative amount
of each is subject to constant variations. Among the causes of

these variations are known to be the breed of fhe animal, the stage

of lactation, the individuality, and to some extent the feed, the

interval between the milkings, and the temperature and weather
conditions. It is also known that the first and the last milk drawn
differ in composition.

A large amount of data has been published regarding these varia-

tions, the greater part of which deals with the fat content alone.

In planning this series of investigations it was arranged to give

attention first of all to the variations occurring during the period

of lactation. The data concerning this part of the subject have
been prepared for publication as Bulletin 155 of the Bureau of Ani-
mal Industry, entitled ''The Influence of the Stage of Lactation on
the Composition and Properties of Milk." In carrying on this inves-

tigation the plans were so arranged that the influence of breed and
individuality of the animals could be studied concurrently with that

of the period of lactation, and a presentation of these results is the

object of the present paper.

There is no lack of data concerning the influence of the breed and
the individuality of the animal upon the composition of milk as far

as the per cent of the fat is concerned, although in practically all

investigations reported there was no uniformity in the rations fed

the animals and no data taken concerning the composition of the

fat produced. When the influence of the stage of lactation is not
taken into account, and when the ration is changed from time to

time or varies with different animals, it is clearly impossible to state

54010°—Bull. 156—13 2 7



8 INFLUENCE OF BKEED AND INDIVIDUALITY ON MUK.

to what extent any variation found may be due to the ration fed

and to what extent to the stage of lactation, breed, or individuaUty

of the animal. It is especially important to keep the ration uni-

form, since it has been demonstrated that the nature of the food

has an important influence, more particularly in regard to the com-

position of the fat.

PLAN OF THE INVESTIGATION.

Eleven animals were selected for the investigation, consisting of 3

representatives each of the Jersey, Holstein, and Shorthorn breeds,

and 2 of the Ayrshire breed. These cows were typical specimens

of the breed—that is to say, neither superior nor inferior producers

of milk, but about the average. They were all purebred and reg-

istered. They were kept under much the same conditions as would

be found in a commercial dairy except in regard to the control of

the feed of the animals. The ration fed was of uniform composi-

tion throughout the entire lactation period and was made up as

follows

:

Choice alfalfa hay 3 parts.

Grain mixture:

Corn, 8 parts 1

Bran, 1 part [2 parts.

Oats, 1 part J

This ration supplied the nutrients necessary for milk production in

about the right proportion. The ratio between the hay and the

grain was such that the animals would eat the entire ration at all

times. The amount fed was governed by the needs of the animal.

The animals all went through the entire lactation period with no ill

effects resulting from the lack of variety, and in no case was there

any serious sickness of any kind. The hay, which was the most
variable part of the ration, was bought in large quantities from the

same source in order that there might be few changes in its compo-
sition. The animals were housed at night in the barn for feeding

and milking and in the daytime were turned outside in a dry lot.

The date for beginning the taking of samples was 5 days after the

birth of the calf. The sampling was continued until the production

of milk declined to the point where in a commercial dairy the cow
would not be milked longer. A more detailed account of the plan

of the investigation is found in Bulletin 155, previously mentioned.

METHOD OF SAMPLING AND PREPARATION OF SAMPLES FOR
ANALYSIS.

The milk was weighed immediately after milking and mixed by
pouring from one pail to another. A sample consisting of about 1

liter placed in a glass jar bearing the number of the cow and marked.
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with the amount of niilk produced was deUvered at the laboratory.

A certain number of cubic centimeters per pound of milk produced
was then measured out and placed in a closed receptacle. In this

manner a composite sample was prepared representing the produc-
tion of that particular cow for 1 week. The milk was preserved by
the addition of formalin. At the end of the week the composite
sample was thoroughly mixed and a subsample consisting of about
300 c. c. taken for analysis. The remainder of the composite sam-
ple was heated to the proper temperature and the cream separated

with a hand-power separator. The cream so obtained was churned
by shaking in a glass jar, and the butter resulting was melted on a
steam bath. The methods of sampling and analysis have been
described in detail in Bulletin 155; it is sufficient to say that the

methods of analysis followed were those of the Association of Offi-

cial Agricultural Chemists wherever possible.

THE TRUE AVERAGE PER CENT.

In many cases in reporting analyses of milk a simple average

instead of a true average is given. An average made in this man-
ner is often misleading. In the case of the constituents of the milk
it generally gives a result somewhat high, since milk becomes richer

as it decreases in amount toward the end of the lactation period.

Unless otherwise stated the averages given in this publication rep-

resent true averages. The average per cent of fat for the lactation

period, for example, is found by dividing the total milk into the

total fat produced.

RESULTS OF THE EXPERIMENTS.

Table 1 gives the data concerning the cows used in this investi-

gation. Under the heading ''Period samples were taken" is shown
the periods covered by the samples taken for analysis.

Table 1.

—

Data concerning the cows used.

Breed.
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TOTAL SOLIDS.

The determinations for total solids were made by using the Bab-

cock asbestos method. The figures given are in each case an average

of the determinations for 4 weekly composite samples. These are

simple averages. The averages given for the lactation period of the

animal and for the breeds are true averages.

Table 2 gives the percentage of total solids for each of the 1 1 ani-

mals used in the investigation by 4-week periods, the average for

each animal for the period of lactation, and the average by breeds.

The results correspond closely with those usually given for the breeds

included. In Table 3 is given a compilation of analyses reported by
several experiment stations in this country. The figures used

include only those that represent purebred animals of the respective

breeds, and where an entire period of lactation is involved. The
data included in the column headed "Other American experiment

stations" include all in print coming under the above conditions.

A portion of tliis data was taken presumably by calculation from the

specific gravity and the fat. Since these animals, owned by various

experiment stations, represent a variety of conditions, it is believed

that the average figure given, which includes all the data of such

kind available up to the present, is reasonably accurate.

Table 4 gives the composition of the total solids in percentage of

fat, protein, and sugar. The ash is not included, since it was lacking

in some of the data, and furthermore, the amount of ash is so uniform

with the different breeds and different individuals that no marked
variations were found. The animals supplymg the data from the

New Jersey and New York experiment stations are the same as in

Table 3.

Table 2.

—

Average percentage of total solids for each cow, and breed average, by 4-week
periods.
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Table 2.

—

Average percentage of total solids for each cow, and breed average, by 4-ireeh

periods—Continued.
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on an average, 34.9 per cent of fat, which is relatively high as com-
pared with the Holstein, Ayrshire, or Shorthorn breeds. Among the

breeds included in these data the Holstein, with an average of 28.1

per cent, has the lowest proportion of fat, wliile the Shorthorn ranks

next. The rule is that those animals having a higher per cent of fat

in the milk also have a relatively larger proportion of fat in the solids.

The individual animals show some variations, but on the whole they

follow the characteristics of their breed quite closely. The per cent

of fat in the total solids produced by the 3 Jerseys used in this inves-

tigation varied from 34.6 to 35.7, the 3 Holsteins from 26.7 to 27.3,

while the 3 Shorthorns varied from 27.7 to 31.7. The individual

variation has to be taken into account in connection with the total

solids, but is of less importance than is the variation due to breed.

FAT.

Table 5 gives the percentage of fat in the milk of the 11 animals

represented in the investigation, expressed in the same manner as

the total solids. The well-known facts regarding the relative compo-
sition of the milk for the 4 breeds used is brought out in these data.

Table 6 gives the average percentage of fat in the milk of animals

used in investigations at the New Jersey and New York experiment

stations; also a compilation showing the average per cent of fat for

all registered animals of the respective breeds, the records of which
have been published by American experiment stations. This table

includes only data relating to purebred animals and where it is possi-

ble to obtain a true average per cent of fat for the entire period of

lactation. It is believed that the summary, representing as it does a

large number of animals in different States under somewhat compar-
able conditions, gives a reliable average as to the fat content of the

milk of the breeds represented.

Table 5.

—

Average percentage offat for each cow, and breed average, by 4-week periods.
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Table 5.

—

Average percentage offatfor each cow, and breed average, by 4-week periods—
Continued.
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TOTAL PROTEIN.

Table 7 gives the percentage of total nitrogen as protein for each

individual and the average for each breed. The totals are also cal-

culated as protein by using the factor 6.38. The results show a

decided influence due to the breed of the animals, the Jersey having

a uniformly higher percentage of protein than the others. The Hol-

steins are the lowest, while the Shortliorns and Ayrshires range

between the Holsteins and Jerseys. The marked influence exerted

by the stage of lactation upon the proportion of this constitutent

present can be seen from the data given and has been shown in a

previous publication.^

Table 8 is a compilation from the same sources as used in previous

tables showing the average percentage of protein in the milk of 5

breeds. It will be noted that the figures obtained at the Missouri

Experiment Station for Holsteins, Jerseys, and Ayrshires are some-
what lower than those obtained at the New Jersey and New York
stations, while the figure for the Shorthorns is slighfly above. There
is some variation with the individuals regarding the amount of this

constituent secreted, as is the case with other constituents of the

milk. The individuals and breeds having the higher percentage of

fat have at the same time the higher percentage of protein. The
same animals also have a higher ratio of fat to protein. With the

11 cows used in our investigation, for each pound of protein there

was found in the milk of the Jerseys 1.36 pounds of fat, in the Ayr-
shires 1.13, in the Shorthorns 1.10, and in the Holsteins 1.05. While
an individual or a breed that produces milk with a high percentage
of fat is certain to have a high percentage of protein as well, the pro-

tein and the fat do not increase in the same proportion.

Table 7.

—

Average total nitrogen for each cow, and breed average, by 4-week periods, and
average total nitrogen and protein for the whole lactation period.
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Table 7.—Average total nitrogen for each cow, and breed average, by 4-week periods, and
average total nitrogen and protein for the whole lactation period—Continued.
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Table 9.

—

Average casein nitrogen for each cow, and breed average, by 4-toeek periods,
and average casein nitrogen and casein for the whole lactation period.
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Hart * studied the relation between the fat and the casein in the

milk of 26 cows representing 5 breeds and covering 12 days' time.

He finds that "the relation of casein to fat varies among animals of

different breeds and among animals of the same breed." His data

averaged by breeds are as follows:

Breed.

Jersey . .

.

Guernsey
Holstein.
Ayrshire.

Relation
of fat and
casein.

1.72:1
1.90:1
1.49:1
1.44:1

The following gives the relation of the fat to the casein in the milk

of each of the 1 1 cows used in our investigation

:

Breed.
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SUGAR.

The sugar content was determined by the optical method.^ The
results are found in Table 10. This tabic shows that the percentage

of sugar in the milk of the Jersey, Ayrshire, and Shorthorn breeds was
practically the same, while that in the Holstein was somewhat lower.

Table 11 gives the average percentage of sugar from the same
sources as previously used. The average figures show that the

Holstein breed has a somewhat lower percentage of sugar than the

other breeds, although the variation is small as compared with that

of other constituents. It is a well-established fact that, with the

exception of the ash, sugar is the least subject to variations of the

milk constituents. Some variation, however, is found with the

individuals. This is especiall}'' noticeable \vith the Holsteins, where
one has an average of 5.05 per cent and another 4.25 per cent. The
sugar composes from 34 to 39 per cent of the total solids, varying in

this respect with the breed.

Table 10.—Average percentage ofsugarfor each coiv, and breed average, by 4-week periods.

Four-week period No.
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Table 11.

—

Average percentage of sugar in milk of dairy cattle, as reported by American
experiment stations.
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in the milk of the 3 breeds which were entered in competition at the

Columbian Exposition at Chicago in 1893:

Breed.
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other hand, has fat globules that in many cases are as large as those

contained in the milk of the Jersey, although less uniform in size.

Table 12.

—

Relative size offat globules in viilk of each cow, and breed average, by 4-week
periods.
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Ayrshires on the average are only 0.5 liigher, while the Shorthorns

and the Jerseys show a somewhat higher figure. The individual

variations are very marked in the case of Jersey No. 118 with an
average of 23.28, which is the lowest of the entire number. If the

data of this individual was not included the average for the Jersey

would be considerably higher than any of the other breeds. With
the exception of this individual there is no marked variation that is

to be attributed to the individuality of the animal. The marked
variation in the Reichert-Meissl number due to the advance in the

period of lactation is evident from the table.

Table 13.

—

Average Reichert-Meissl number for each cow, and breed average, by 4-week
periods.
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THE lODIN ABSORPTION NUMBER.

Table 14 gives the data in regard to the iodin number for each
individual and for the 4 breeds. It will be observed that with this

constant there is an evident variation due to breed. The Shorthorn
and the Holstein show a noticeably higher iodin number than the

Jersey, while the Ayrshire comes between. The Jersey cow No. 118

shows an individual variation in this respect, as is the case with the

Reichert-Meissl number. If the figures on this animal be left out of

the total the variation with the breeds would be even more marked.
The variation with the breeds, since it shows practically the same for

each individual, seems sufficient to warrant the conclusion that there

is a variation in this constant to be attributed to breed and that the

Holstein and the Shorthorn may be expected to show the highest

figures, while the Jersey is at the other extreme.

Table 14.

—

Average iodin numberfor each coiv, and breed average, by 4-week periods.
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THE SAPONIFICATION OR KOETTSTORFER NUMBER.

The data regarding this constant are found in Table 15. The varia-

tions that may be attributed to breed are comparatively small. The
Holsteins show a number 1.5 higher than the Shorthorns. This dif-

ference, while comparatively small, seems to indicate at least some

tendency for a variation between these two breeds. With this excep-

tion no special variation can be observed that may be attributed

safely to the influence of the breed. No marked individual varia-

tions are observed, with the exception of Jersey cow No. 118, which

shows individual variations in this as well as in the other constants.

A high iodin number is usually associated with a low Reichert-Meissl

number and a low saponification number. The data of cow No. 118

follow this rule. The variations, however, are not sufficient to justify

any special emphasis being placed upon either breed or individuality

as a factor in causing variations in the saponification number.

Table 15.

—

Average saponification number for each cow, and breed average, by 4-u'eeh

periods.
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THE MELTING POINT OF THE FAT.

The melting point was determined according to Wiley's method.
An examination of the data given in Table 16 shows a close agreement
in the melting point for all of the animals. Apparently there is no
variation in the melting point that could reasonably be attributed

either to the breed or to the individuality of the animal supplying

the samples. A marked variation is noticeable due to the advance
in lactation period, but this is regardless of the individual or breed.

Table 17 gives a summary for comparison of the constants of the

fat for the four breeds.

Table 16.

—

Average melting .point of the fat for each cow, and hreed average, by 4-v)eeh

periods.
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Table 17.

—

Average chemical and physical constants of the fat by breeds.

Breed.
Relative
size of fat

globules.

lodin
number.

Saponifi-
cation

number.

Reictiert-
Meissl

number.

Melting
point.

Jersey
Ayrshire.

.

Holstein.

.

Shorthorn

328
150
142

282

30. S2
31.61
34.20
34.36

228.9
228.2
229.1
227.6

26.73
25.93
25.46
26.28

'C.

32.95
33.47
32.88
33.23

SUMMARY AND CONCLUSIONS.

1. The data presented show the influence of the breed and the

individual upon the composition of the milk and upon the constants

of the fat as evidenced by 11 cows, including 3 each of the Jersey,

Holstein, and Shorthorn breeds, and 2 of the Ayrshire breed. These

cows were kept upon a uniform ration and the samples represent an

entire lactation period for each. A compilation is also given which

includes all complete analyses of the milk of purebred animals for

entire lactation periods published up to the present by American

experiment stations.

2. The average percentage of total solids is highest with the Jersey

and lowest with the Holstein. The fat represents 34.9 per cent of the

total solids with the Jersey breed and 28 per cent for the Holsteins.

The relation of the fat to the total solids is influenced by breed espe-

cially and to soine extent by the individual in the breed.

3. The data corroborate the well-known facts regarding the

variations in fat content due to breed.

4. The breed exerts a decided influence upon the protein content.

A low average percentage of fat goes with a low protein content,

although the ration is not constant. Breeds such as the Jersey,

having a high fat content in the milk, also have a high protein con-

tent; they also have a liigher ratio of fat to protein.

5. The proportion of the total protein present as casein does not

seem to bear any special relation to the breed, although some indi-

vidual variations are observed.

6. The ratio of casein to the fat varies uniformly with the breed.

The variation between the Ayrshire, Shorthorn, and Holstein is slight,

but the Jersey has more fat in proportion to the casern.

7. The sugar content of milk does not show much variation either

with the breed or with the individual. Our data showed a somewhat
lower figure for the Holsteins than for the Ayrshires, Shorthorns, or

Jerseys.

8. Tlie data presented show the well-known breed characteristics

regarding the size of the fat globules, those in the Jersey being the

largest, followed in order by the Shorthorn, Ayrshire, and Holstein.
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9. The breed apparently is a factor having some influence on the
Reichert-Meissl number. The highest was found with the Jersey,

while the Holsteins had somewhat lower figures.

10. The influence of the breed is shown on the iodin number. The
Holsteins and Shorthorns have a noticeably liigher number than
the Jersey, with the Ayrsliire coming between.

11. Little influence due to breed or individuality can be observed
with the saponification number.

12. The melting point of the fat shows no variation that may be
attributed to breed and but little with the individual animals.

13. With the exception of the size of the fat globules, the fat con-
stants are far less influenced by the breed and the individuality of the
animals than by the stage of the lactation period. The feed of the
animal is probably a greater factor than breed or individuality in

influencing the nature of the fat.

ADDITIONAL COPIES of this publication
-lV may be procured from the Superintend-
ent OF Documents, Government Printing
Office, Washington, D. C. , at 5 cents per copy
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