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LETTER OF TRANSMITTAL.

UNITED STATES DEPARTMENT OF AGRICULTURE,
BureEAU OF ANMAL INDUSTRY,
Washington, D. C., January 7, 1911.

Sir: I have the honor to transmit herewith and to recommend for
publication as a bulletin of this bureau a manuscript entitled “The
Influence of Type and of Age upon the Utilization of Feed by Cattle,”
by Dr. Henry Prentiss Armsby and Mr. J. August Fries. The paper
describes work done during a period of three years in cooperation
between this bureau and the Institute of Animal Nutrition of The
Pennsylvania State College.

Two steer calves were selected as the subjects of this investigation,
one a purebred typical beef animal of one of the well-known beef
breeds, the other a ‘““scrub’’ of mixed breeding. Exhaustive feeding
trials were carried out with these animals, including twenty-four
experiments with. the respiration calorimeter. Finally the steers were
subjected to a slaughter test whereby the quality of the meat and the
relative size of the various cuts were accurately determined. The
work is therefore important alike to the practical feeder and the
agricultural scientist.

Respectfully, A. D. MELvIN,

Chaef of Bureau.
Hon. JamMeEs WiLsON,

Secretary of Agriculture.
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THE INFLUENCE OF TYPE AND OF AGE UPON THE
- UTILIZATION OF FEED BY CATTLE.

INTRODUCTION.

It is a fact of common knowledge that marked differences exist
between individual animals as regards the returns which they yield
forthe feed consumed. In the case of beef cattle especially it is easy
to cite from the experimental records of the past numerous instances
in which, quite aside from any differences in the quality of the
product, the actual gain in weight per pound of feed consumed has
varied considerably with different animals under like conditions.
It is true that it is almost equally easy to cite experiments which have
failed to show any such differences in this respect between typical beef
animals and ‘‘scrubs” as was confidently anticipated by their pro-
jectors, but nevertheless differences in the type and individuality of
animals are admittedly of great importance. The tendency has been
to ascribe such differences to physiological causes. A common state-
ment is that a good feeder has a greater digestive power than a poor
one, although fairly numerous experiments have failed to show any
marked differences in the percentage digestibility of the same feeding
stuffs by animals of different types. What is really meant by such
a statement usually is that the power of assimilation of the one
animal is superior to that of the other; that is, it has been assumed
that the advantage of the better type of animal lay in its ability to
produce more flesh or fat from a unit of feed than could the poorer one.

The existence of such differences in the metabolic processes of
individuals of the same species, however, does not seem especially
probable. It is difficult to see, for example, how one steer could
manufacture more fat than another from a unit weight of a carbo-
hydrate. Moreover, an observed superiority in the amount of gain
in live weight made may be conceived to arise from other causes,
as, for example, from a difference in the maintenance requirement or
in the chemical composition of the increase or from the ability of the
one animal to consume a larger amount of feed than the other, while,
of course, differences in selling price depend to a very large extent
upon the conformation of the animal and the quality of the meat.
Nevertheless, we are not warranted in ignoring the possibility that an
improved animal or breed may have actually become a more efficient

11



12 INFLUENCE OF TYPE AND AGE ON UTILIZATION OF FEED.

mechanism for converting digested food into tissue, and if such
differences do exist, it is obviously of the highest importance,
both from the scientific and the practical standpoints, that their
existence and their extent be determined. On the one hand, if con-
siderable, they would render futile any attempt to express with
scientific accuracy the nutritive values of feeding stuffs, as, indeed,
some writers claim to be the case. On the other hand, their practical
importance is manifest, not merely in relation to the selection of
animals for meat production but especially in their bearing on the
problem of the improvement of the breeds of meat-producing animals.

The object of the investigation here reported was to test this
question by using two animals of markedly dissimilar type and deter-
mining their digestive power for the same feeding stuffs and the pro-
portion of the energy of the latter which they were able to use for
maintenance or for productive purposes, respectively.

It has also been commonly taught, and seems to be generally
accepted by animal husbandmen as an established fact, that young
growing animals not only make rélatively larger gains than more
mature ones, but likewise more economical gains. While it is true,
as Waters ! has pointed out, that most feeding experiments have
exaggerated the differences between young and mature cattle in these
respects through failure to take account of the marked influence of
the condition of fatness upon the rate and cost of gain, it is, never-
theless, a well-established fact that a given gain in live weight is,
other things being equal, obtained more rapidly and with less feed in
young than in old animals.

Certainly a large share of this difference, however, is due to the
well-known variation in the character of the increase, as has been
previously discussed by one of us.?2 The young animal has a remark-
able power of storing up protein in the tissues of the body, and the
increase in weight of such an animal consists to a great extent of
protein tissue with its accompanying large amount of water. As the
age of the animal increases, its capacity to store up protein diminishes,
at first rapidly and then more slowly, while the storage of fat tends to
increase. As a result, a unit of gain made by a young animal con-
tains a relatively low percentage of dry matter, which itself has a
relatively low energy value. On the other hand, the gain in weight
made by a mature animal consists largely of adipose tissue with a low
water content and a high energy value, so that a unit of increase in a
mature fattening animal may represent the storage of six to eight
times as much energy as an equal gain in weight by a very young
animal. It is obvious that to produce a unit of increase in weight
must require very different amounts of food in the two cases.

1¢“Limitations of Baby Beef Production,” Thirty-ninth Annual Report Missouri State Board of
Agriculture, 1907, pp. 114-166.

t Armsby. U. 8. Department of Agriculture, Bureau of Animal Industry, Bulletin 108, pp. 11-33.
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The energy of the growth process in the young animal is such a
striking phenomenon, however, and the feeder is so accustomed to
thinking in terms of live weight that the impression has been created
that somehow the rapid increase in weight and bulk by the young
animal is, in part at least, the result of a greater intrinsic capacity for
utilizing its feed. It has been supposed, in other words, that the
actual physiological processes involved in the increase of weight are
in the growing animal, by virtue of its power of growth, performed
more economically than in the mature animal and consequently that
a larger percentage of the energy of the food is stored in the form of
gain in the younger animal.

It is clear that the truth of this supposition can not be tested by
experiments in which only the gain in live weight is ascertained but
that it is necessary to know also the make-up of the increase or the
amount of energy which it contains. One object of the present
investigation was to make comparisons of this sort upon the same
animals at different ages, but this object was only partially attained.

GENERAL PLAN OF INVESTIGATION.

Two steer calves were selected as the subjects of investigation.
One of these was a purebred Aberdeen-Angus of typical beef form,
while the other was a ‘‘scrub’ containing considerable Jersey blood
and possessing the dairy rather than the beef form. Theseanimals were
about 8% and 11 months old, respectively, at the beginning of the
investigation in October, 1904, and were under nearly continuous
observation for over 24 years. During this time, with the exception of
certain of the periods in which the balance of matter and energy was
determined by means of the respiration calorimeter, they were fed an
ordinary growing ration, and while maintained in a thrifty condition
were at no time fattened. The feeding stuffs used were of the same
kind for both animals in all the periods, and the different grains used
were mixed throughout in the same proportions for each steer. The
live weights of the animals were taken at least once weekly, as well
as on three consecutive days at the end of each month, and they
were systematically measured and photographed every three months.

At intervals during this time the digestibility of the total ration
and the nitrogen balance were determined for each animal. It was
originally intended to make these determinations once in three
months, but this proved to be impracticable. In all, four such trials
were made in addition to those included in the respiration calorim-
eter experiments mentioned in the next paragraph, viz,in December,
1904, July, 1905, November, 1905, and June, 1906. On subsequent
pages these will be designated as ‘“digestion and metabolism trials.”

During each of the three winters covered by the investigation
four experiments were made on each animal by means of the respira-
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tion calorimeter in order to determine the percentage availability of
the energy of the feeds consumed. During the first winter, that of
1904-5, the feeding stuffs used differed from those employed during
the ordinary feeding. In the succeeding two winters the grain feeds
used were the same, only the amounts differing. The respiration
calorimeter experiments, of course, included determinations of the
digestibility of the rations and of the nitrogen balances of the animals.
They will be designated, for the sake of brevity, as ‘“calorimeter
experiments.”’

For the convenience of the reader, the report of the work is divided
into three parts.

Part I consists of a general account of the investigation, summariz-
ing and discussing the principal results, but omitting the details of
the respiration calorimeter experiments and of the digestion and
metabolism trials.

Part II records the details of the respiration calorimeter experi-
ments and of the digestion and metabolism trials the general results
of which are discussed in Part I.
~ Part IIT contains the necessary information regarding the technic
of the investigation, this being omitted in Parts I and II in order to
avoid cumbering the pages and distracting the attention of the
reader from the main line of thought.

After the close of the investigation in the spring of 1907 the ani-
mals were put on pasture during the summer, were fattened in the
fall, and finally used for a demonstration in slaughtering and meat
cutting, the weights of the different cuts being recorded.

GENERAL CONCLUSIONS.

The principal results of the investigation outlined in the foregoing
paragraphs may be briefly summarized as follows:

The respiration calorimeter experiments failed to show that either
the type or age of the steers exerted any material influence upon
the percentage digestibility of the feeding stuffs or upon the pro-
portion of their energy which was metabolized. As regards the
percentage of the metabolizable energy which was available either
for maintenance or for production, slight differences were observed
in favor of the purebred steer and, in case of the grain, of the older
as compared with the younger animal, but it is questionable whether
they were large enough to be of practical significance.

On the limited grain ration of the periods outside the respiration
calorimeter experiments, the scrub steer consumed relatively more
hay than did the purebred animal, made an equal gain in live weight
per head, and a materially greater one per unit of weight, and con-
sumed somewhat less total air-dry feed per unit of gain.
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This apparent discrepancy between the results of the respiration-
calorimeter experiments and those of the remainder of the investi-
gation appears to have been due chiefly to a difference in the compo-
sition of the increase in live weight in the two animals. The nitrogen
balances show a notably greater tendency toward a storage of pro-
tein by the scrub than by the purebred steer, while the respiration-
calorimeter experiments, on the other hand, show a materially
greater gain of fat by the latter than by the former. In other words,
the gain in weight by the scrub as compared with that by the pure-
bred steer consisted more largely of protein with its accompanying
water and to a smaller extent of fat, and therefore represented a
materially smaller storage of feed energy. A similar conclusion was
indicated by the results of the block test. From the data obtained
for the available energy of the rations it is estimated that a kilogram
of gain in live weight by the purebred steer was equivalent on the
average to the storage of 40 per cent more energy than in the case
of the scrub.

The energy requirement of the scrub steer for maintenance, com-
puted to the same live weight, averaged 18.7 per cent higher than
that of the purebred steer. Accordingly, the latter was able to
use a relatively larger proportion of the total energy of his ration
for the production of gain. A distinct influence of age upon the
maintenance requirement was observed between the ages of 14 and
39 months, the requirement decreasing relatively as the animals
matured.

In those of the respiration calorimeter experiments in which a
heavy grain ration was fed, it was found that the purebred steer had
a notably greater feeding capacity than the scrub steer—that is, he
could be fed larger rations of grain, which he utilized to the same
degree as did the scrub. A

While, then, our results fail to show any material differences
between the physiological processes of food utilization in the two
animals, they also show clearly an economic superiority of the pure-
bred over the scrub steer, due, first, to his relatively smaller main-
tenance requirement, and, second, to his ability to consume a larger
surplus of feed above that requirement. Both these factors tend
to make the actual production of human food in the form of meat
and fat per unit of total feed consumed by the animal notably
greater by the purebred animal. In these experiments this differ-
ence was masked by the inferior quality of the increase made by the
scrub steer, so that on the basis of live weight alone the latter appears
superior to the purebred animal.

Contrary to the conclusions drawn by us from earlier experiments,
it was found that the availability of the energy of the grains used
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was substantially the same above and below the point of mainte-
nance, and that in both cases the energy values as determined by the
respiration calorimeter agreed well with those computed from the
chemical composition by the use of Kellner's well-known factors.
In the case of the hay, on the contrary, the availability below the
point of maintenance was considerably greater than the result com-
puted by means of Kellner’s factors for the percentage utilization
above maintenance.

In the case of the purebred animal especially, and to a less degree
in that of the scrub, rations containing less available energy and
notably less digestible protein than the amounts called for by the
current feeding standards for growing cattle, produced entirely
satisfactory gains in live weight.
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PART I. GENERAL ACCOUNT OF THE INVESTIGATION.
THE ANIMALS.

Since one object of the investigation was to study the influence of
the type of animal upon the utilization of the feed, as complete a
description as possible of the animals used is essential to enable the
reader to judge of the significance of the results. The animals selected
were the following:

Steer A, Aberdeen-Angus, Maggie’s Baron 2d, 69524. Sire, Bella’s Baron, 46381;
dam, Maggie of Douglass, 40511. Dropped January 16, 1904. Bred by the Pennsyl-
vania State College.

Steer B, scrub. Sire, probably a scrub; dam, a high-grade Jersey. Dropped about
November 7, 1903. Bred by W. I. Thompson, jr., State College, Pa. Purchased
July, 1904.

As already stated, the animals were photographed at intervals of
approximately three months, a side, front, and rear view being taken
in each instance. The negatives are preserved as part of the records
of the investigation. All these photographs were taken with the
same lens and at the same distance from the subject, so that they
are strictly comparable. Plates I, II, and III contain reproductions
of photographs taken on October 8, 1904, October 15, 1906, and
February 20, 1907, selected as illustrations of the whole series. The
pictures show quite clearly that steer A (Aberdeen-Angus) was of the
recognized beef form, while steer B (scrub) appears as distinctly to
have belonged to the dairy type.

MEASUREMENTS.

Measurements of the animals were made monthly. The results are
recorded in Table I of the appendix, and those relating to length
of body, shoulder height, chest girth, and thickness at paunch are
represented graphically on figures 1, 2, 3, and 4.

The method employed for measuring the animals was imperfect, and
for this or other reasons it is evident that the results were not very
accurate, as is indicated by the irregularities of the figures. While
differences in the thickness of the animal’s coat and variations in the
state of fatness may have affected the results, they can hardly account
for the considerable fluctuations shown. The following general con-
clusions, however, appear to be justified.

18
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FiG. 1.—THE PUREBRED STEER AT 9 MONTHs OLD, OCTOBER 8, 1904.
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Fig. 2.—THE Scrus STEER AT 11 MONTHs OLD, OcToBER 8, 1904.



BuL. 128, BUREAU OF ANIMAL INDUSTRY, U. S. DEPT. OF AGRICULTURE. PLATE II.

FiG. 1.—THE PUREBRED STEER AT 2 YEARS AND 9 MONTHS OLD, OCTOBER 15, 1906.

Fia. 2.—THE ScruB STEER AT 2 YEARS AND 11 MONTHs OLD, OCTOBER 15, 1906.
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Fia. 1.—THE PUREBRED STEER.

Fic. 2.—THE SCRUB STEER.

REAR VIEW OF THE STEERS ON FEBRUARY 20, 1907.
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Length of body.—After the irregularities of the first six months, it
appears that both animals gained in length at a similar rate for a
time. After about November, 1905, however, the growth in length
of steer A was much less rapid, while that of steer B continued at
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Fia, 1.—Length of body of steers at monthly perlods from November, 1904, to May, 1907.

about the same rate as heretofore, so that this animal finally over-
took steer A.

Shoulder height.—At the beginning of the experiment both steers
were of about the same height. Steer B, however, increased his
height much more rapidly than did steer A. In both the rate of
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Fi1g. 2.—Height at shoulder of steers at monthly periods from November, 1904, to May, 1907.

increase appears to have diminished as the animals grew older, but

this effect is rather more marked with steer B than with steer A.
Chest girth.—Steer B was inferior in chest girth to steer A, but his

growth in this respect was fully as rapid as that of the latter. After
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about July, 1906, however, the rate for steer B falls off much more
rapidly than that for steer A.
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F1a, 3.—Chest girth of steers at monthly periods from November, 1904, to May, 1907.

It is plain from these comparisons that the increase in weight of
steer A was due much more largely than that of steer B to an increase
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F16. 4 —Thickness at paunch of steers at monthly periods from November, 1904, to May, 1907.

in the size of body, particularly in cross section. Steer B, on the
other hand, gained more markedly in length and height.
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LIVE WEIGHTS.

The live weights taken are recorded in Table II of the appendix
and are represented graphically in figure 5, which shows the average
live weights at the beginning of each month as recorded in Table ITa
of the appendix. A comparison of these results shows that steer A
steadily increased in live weight with but partial interruption by the
calorimeter experiments. Steer B, on the other hand, shows a per-
ceptibly slower rate of increase after the first year, while his growth,
measured by live weight, was much more affected by the limited
rations of the calorimeter experiments. A comparison of these results
with those of the measurements and with the photographs taken
shows that steer A made his gains of weight largely by increase in
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F16. 5.—Live weights of steers, monthly, from November, 1904, to January, 1908.

depth and width of body, while the growth of steer B was much
more ‘‘rangy.”

It does not appear from the foregoing that the introduction of a
period of light or insufficient feeding each year permanently affected
the growth of the animals. It is true that steer B made little or no
gain on the light rations of the calorimeter experiments, although
steer A still showed some in¢rease. The calorimeter experiments,
amounting in all to about nine months, were largely lost time so far
as gain in weight was concerned, but with the return to liberal rations,
the gain apparently proceeded without any serious check, while the
increase in size of the animal appears to have been much less affected
than the increase in weight.

On December 4, 1906, the actual ages of the two animals were:
Steer A, 34.5 months; steer B, 37 months. The periods during
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which actual productive feeding was carried on, however, amounted
(omitting the period July 4-28, 1906, in which no gain was made)
to 17.7 months for steer A and 16.6 months for steer B,! so that what
we might call their virtual ages and the corresponding live weights
at the close of the feeding, were:

Steer A, 26.2 months old; live weight, 1,089 pounds.
Steer B, 27.5 months old; live weight, 834 pounds.

The weight of steer A was at least fairly good for an unfattened
animal at that age.

After December 4, 1906, there followed another experimental period
of low feeding, during which, however, steer A gained materially
(about 73 pounds). Following this the animals were on pasture for
about six months, making their weights and virtual ages, October 28,
1908:

Steer A, 32 months old; live weight, 1,307 pounds.
Steer B, 33 months old; live weight, 943 pounds.

Two months later, January 4, 1908, they weighed after fattening:
Steer A, 1,392 pounds; steer B, 1,063 pounds.

At most, the periods of maintenance and submaintenance seem
only to have rendered the rate of gain in weight slightly less rapid,
but not to have prevented the final attainment of a fairly satisfactory
weight nor the production of a good quality of beef. It is also to be
noted that up to the close of the records the animals were still increas-
ing both in weight and size, showing that they had not yet completed
their growth and indicating that the effect of scanty feeding is to
delay rather than to diminish growth. This conclusion is entirely in
harmony with the very interesting results upon the growth of ani-
mals under adverse conditions reported by Waters.?

BLOCK TEST.

As previously noted, both the animals were used for a demonstra-
tion in slaughtering and meat cutting, the work being conducted by
Mr. W. H. Tomhave. The animals were killed on January 4, 1908.
Steer B was not as well fattened as steer A, being rated as ‘‘ common,”
while steer A was graded as ‘““prime.” Table 1 shows the total
dressed weight and the weights of the several wholesale cuts expressed
as percentages of the live weight and of the dressed weight, respec-
tively.

1Compare Table 52, p. 78.
3S8ociety for the Promotion of Agricultural Science. Proceedings, 1908, pp. 71-96.
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TaBLE 1.—Weights and percentages of wholesale cuts.

Steer A (Aberdeen-Angus). Steer B (scrub).

Cuts.
Welght Live Dressed | Welght Live Dressed
of cuts. | weight. | weight. | of cuts. | weight. | weight.

. | Per cent. | Per cent. | Pounds. | Per cent. | Per cent.
22.50

13.08 21.79 130. 50 12.25 3
10. 49 17. 46 95. 25 8.94 16.42
2.43 4.03 10. 25 .96 177
3.12 5.20 20.00 1.88 3.45
5.88 9.79 59. 00 5.53 10.12
17.90 29.79 195. 00 18.31 33. 62
7.15 11.94 70. 25 6.59 12,12
60. 05 100. 00 580. 25 54.48 100. 00

These results show the considerably higher percentage of dressed
weight in the case of steer A which is characteristic of the beef
animal, and likewise the predominance of the loin cut over the less
valuable cuts in the forequarter in the beef animal as compared with
the scrub.

The following comparison of the marketable meat of the retail
cuts likewise shows that the proportion of the more valuable cuts
was notably greater in steer A than in steer B:

TABLE 2.— Marketable meat in retail cuts.

Steer A (Aberdeen-Angus). Steer B (scrub).
Cuts.
. Market- Market-~
Dressed Dressed
Weight. able Weight. able
weight. meat. weight. meat.

Round steak, rump, sirloin steak, porter- | Pounds. | Per cent. | Per cent. | Pounds. | Per cent. | Per cent.
house steak, and prime ribs............. 337.00 40. 25 44,24 222,25 38. 32 42. 46
All Other CutS. e et iiee i ieeaiaaaaaan 424.75 50.74 35.76 301. 25 52.14 57.54

The evidence of the block as well as of scales and tape line confirms
that of the eye in characterizing steer A as a beef animal as contrasted
with steer B.

THE RESPIRATION CALORIMETER EXPERIMENTS.

In studying the records of the animals just described while under
experiment it will be convenient to consider first the results obtained
in the respiration calorimeter experiments, taking up subsequently
the records of the intermediate feeding periods and of the digestion
and metabolism trials included in them.

PLAN OF RESPIRATION CALORIMETER EXPERIMENTS.

As stated in the introduction, the prime object of the investigation
was to compare the total metabolism of the two animals at different
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ages when fed upon rations made as nearly comparable as possible
for the purpose, especially, of determining whether the age or type of
animal exerted any perceptible influence upon the percentage avail-
ability or percentage utilization of the energy of the ration, using
these terms in the senses defined in our previous publications.

The income and outgo of matter and of energy was accordingly
determined for each animal by means of the respiration calorimeter
during January to April, 1905, 1906, and 1907 on four different
rations, making 24 experiments in all. The general plan for each
year was the same, being substantially that followed in the experi-
ments upon the energy values of red-clover hay and corn meal
reported in a previous bulletin.! In two periods upon hay alone
different amounts were fed, one ration being intended to be slightly
and the other considerably below the maintenance requirement. A
comparison of these two periods served to determine the availability
of the energy of the hay. In a third period grain was added to the
smaller of the two hay rations in amount estimated to be nearly
sufficient to reach the maintenance point, thus affording data for
computing the availability of the energy of the grain. Finally, in a
fourth period, as heavy a grain ration as was thought practicable
was fed in conjunction with the same amount of hay, so that a com-
parison of the third and fourth periods would show the percentage
utilization of the energy of the grain. As will appear in the following
pages, the actual chronological order of the experiments differed from
that just stated.

With a view to securing, in addition to the main results sought,
data as to the energy values of individual feeding stuffs, the attempt
was made in the experiments of 1905 to substitute wheat bran for
the mixture of grains used up to that time, while timothy hay was
employed in place of mixed hay on account of its being a more
definite material. The substitution of bran for the mixed grain
proved unfortunate in some respects. The animals did not appear
to relish it and the amounts eaten were relatively small, even in the
periods of heaviest feeding. It is possible that these facts may in
some degree account for the irregularity of the results in that year.

In the respiration-calorimeter experiments of the two succeeding
-winters, therefore, the attempt to determine the energy values of
single grains was abandoned and the same mixture of grains employed
as was used in the intermediate periods up to April 12, 1906 (com-
pare p. 60), viz: '

Parts,
by weight.
Wheat bran. ... it iie i ciieccteaccaaeeaaaaaaa 1
(01037115 1 T-Y: ) 3
Old process linseed meal....ceeieinininininiiiiiiiiiiiinnen 3

1 Bulletin 74, Bureau of Animal Industry.
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Timothy hay was continued as the coarse feed. While this change
in the grain disturbs the comparison between the three years as
regards the influence of age, it does not affect the comparison of the
two animals with each other. Table 3 shows the rations fed.

TABLE 3.—Daily rations in respiration calorimeter experiments.

~

Steer A. Steer B.

Experiment. Old- Old-

Ezxperiments of 1905.

Grams. |Grams.|Grams.| Grams

Period I...........coooooi. 1,600 |.oonneeifoniieaaan,
Period IT.............cooooue 2,250 | 3,000 |........|..........
Period TII................... 2,250 ... el
Period IV.....ocoeoin.t. 4,000 | ..o feeeiii it

Ezxperiments of 1906,
Period T....oooooiiniiiaaae. 3,000 300 900 2, 800 200
Period TI..........ooiiiees 3,000 700 | 2,100 2,100 2, 800 357 | 1,072 1,071
Period IIT.....ooooeiannnan. 3,000 |.ooeiiiifoieiae e 2,800 [oeeeoa]ommnaii]oeiiint
Period IV.....coovoiiii. 5,000 [.oooii]ieiineiiiiiaiaan 4,300 |-oeoni )i

Ezperiments of 1907
Period T...........ooooooiaen 3,400 335 | 1,000 1,000 3,200 235 700 700
Period TI..............c..o.. 3,400 800 | 2,400 2,400 ,200 450 | 1,350 1,350
Perfod IIT................... 3,400 | oenmiii]erniinnn]iiininnns b2 3501, (1N (RN IR PR
Period IV.......cooooeoo ... 7 B I IR I 5,300 |-eennee|omeenesfoaeaanans

RELATIVE DIGESTIVE POWER.

As stated in the introduction, differences in the productive capacity
of animals have been somewhat commonly ascribed to differences in
digestive power. Do the results of this investigation support that
view? The term ‘‘digestibility’’ has not infrequently been loosely
used as equivalent to the total effect of the food upon growth, fatten-
ing, milk production, etc. In scientific usage, however, the concep-
tion of digestibility is, of course, entirely distinct from that of nutri-
tive effect. The percentage digestibility means simply the propor-
tion of the feeding stuff which the digestive organs of the animal are
able to bring into solution and transmit to the blood for the various
uses of the body. The nutritive effect obtained depends upon how
good use the tissues of the body can make of materials thus supplied
to them by the digestive organs. Digestibility is commonly deter-
mined by measuring the difference between feed and feces, the latter
being regarded as consisting of the indigestible portion of the feed.
‘While this is not strictly true in the case of farm animals it is suffi-
ciently so for many purposes, while the difference does represent the
net contribution of the feed to the nutrition of the body. In the
present discussion the term ¢ digested matter” is used as equivalent
to ‘“‘feed minus feces.”



96 INFLUENCE OF TYPE AND AGE ON UTILIZATION OF FEED.

In comparing the digestive powers of two animals it is obviously
necessary that they should receive identical rations, since feeds differ
among themselves in digestibility. This condition is strictly fulfilled
only in those of the calorimeter experiments in which hay was fed
alone, and these will be first considered.

DIGESTIBILITY OF HAY.

The hay used was, as previously stated, nearly pure timothy
(Phleum pratense). Analyses of duplicate samples taken at the
beginning of each season’s experiments showed the dry matter of the
hay to have had the composition recorded in Table 4. Examination
of subsequent samples taken as the hay was weighed out for feeding
fully confirmed the accuracy of the sampling.

TaBLE 4.—Composition of timothy hay'—water-free.

Component. 1905 1906 1907

Per cent. | Per cent. | Per cent
4.87 5.86 5.01

7, )
59 013 T 4T 5.08 6.72 6.90
Nonprotein3...... e e e .39 .83 24
Crude fiber........... ...| 38.14 33.02 31.15
Nitrogen-free extract ..| 49.51 51.01 54.55
Ether extract........ 2.01 2.56 2.15
Total dry matter. ... ... i iiaieeaaas 100. 00 100. 00 100. 00
Organicmatter...... ... ... ... i 95.13 94.14 94.99
Total nitrogen.......... .894 1.251 1.155
Protein nitrogen . 812 1.075 1.104
Carbon............... 46.849 |346.803 | 846.943
B2 0 (- ¢ U 6.302 36.570 35.779
-,

Cliloriea. Calories. | Calories.

Energy per gram 4. ... . iiiiiiieeiiiieieceaaacaeaaas 4309 4.5159 , 24.5053

1 Average of two general samples.

2 Computed from nitrogen, using the factors stated in Part III, page 203.

3 Average of four samples wei‘g)hed out for the four periods.

4 The word “‘calorie’” in this bulletin signifies in every instance the large, or kilogram, calorie.

As stated, two different amounts of hay were fed each year, one
being slightly below (in one instance slightly above) the maintenance
requirement and the other considerably below it. They are desig-
nated here for convenience as maintenance and submaintenance
rations without implying that the former was an exact maintenance
ration. The results of the digestion trials, which are recorded in
Part II of this bulletin, are summarized in Table 5.
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TABLE b.—Percentage digestibility of timothy hay.

Steer A. Steer B.
Component.
Submain-| Mainte- True |Submain-| Mainte- True

tenance. | nance. | average. | tenance | nauce. | average.

Experiments of 1905. Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.
36.6 36.4 36.5 37.7 . 31.9
23.2 8.5 14.4 10.1 .. 3.0
.................. 54.6 50.8 52.2 55.8 54.7 55.1
Nitrogen-free extract...................... 59.0 57.5 58.0 60.0 61.4 60.8
Etherextract...........o......o.oool... 4.5 45.1 4.9 46.3 53.1 50.56
Total dry matter.......oo..ooooeiioiaa.. 54.6 51.9 52.8 54.9 55.0 54.9
Organic matter 55.3 52.6 53.6 55.6 56.1 55.9
Total nitrogen. 36.2 24.8 29.3 20.6 24.3 22.9
Carbon.......... 51.4 49.1 49.9 51.9 52.3 52.2
Organic hydrogen.. 58.6 45.2 50.2 35.9 55.6 55.7
3 1 - 208 50.9 48.6 49.5 49.9 51.5 50.8

Ezperiments of 1906,

3« 48.7 42.9 45.0 42.3 42.7 42.5
Protein ... . ..ol 31.8 35.4 34.1 35.3 36.1 35.8
Crudefiber...c.oeoveemeen i, 54.0 52.1 52.8 58.2 55.7 56.7
Nitrogen-free extract...................... 58.9 57.3 57.9 59.8 58.1 58.8
Etherextract...........ooooiiiiiiiiioas 47.6 49.1 48.6 43.4 52.4 49.1
Total dry matter......................... 54.7 53.1 53.7 56.4 54.9 55.6
Organic matter 55.1 53.7 54.2 57.3 55.6 56.3
Total nitrogen 37.9 42.1 40.6 40.9 42.7 4.0
Carbon.......... 53.0 51.0 51.7 54.4 52.1 53.0
Organic hydrogen 54.5 53.2 53.7 55.9 52.2 53.6

.......... 51.8 50.1 50.7 53.6 52.0 52.6

Ezperiments of 1907

....................................... 39.7 38.4 38.9 37.5 40.1 39.1
Proteinl............. 40.9 45.5 43.8 43.0 4.0 43.6
Crude fiber.......... 63.1 62.6 62.8 64.1 61.7 62.6
Nitrogen-free extract. 67.0 65.5 66.1 65.5 64.9 65.1
Ether extract........ 47.3 48.4 48.0 44.4 50.7 48.4
Total dry matter......................... 62.6 61.6 62.0 62.0 61.0 61.4
Organicmatter......................o.... 63.8 62.9 63.2 63.3 62.2 62.6
Total nitrogen....... 48.4 49.6 49.1 50.2 48.2 48.9
Carbon...c.ocu...... 60.5 59.6 59.9 59.8 59.2 59.4
Organic hydrogen.. .. 62.0 61.7 61.8 62.5 61.7 62.0
B30 1 -7 59.2 58.2 58.6 58.4 57.6 57.9

1 Nonprotein assumed to be entirely digestible. Computed from nitrogen, using the factors stated in
Part III, page 203.

INFLUENCE OF AMOUNT OF HAY CONSUMED ON DIGESTIBILITY.

A comparison of the submaintenance and maintenance periods
shows that the digestibility of the crude fiber was less in every
instance, and that of the nitrogen-free extract in every case but
one (that of steer B in the experiments of 1905) upon the heavier
of the two rations. Since these two ingredients make up the bulk of
the organic matter of the hay, the percentage digestibility found for
the organic matter and for the total dry matter is likewise less on the
heavier ration, with the exception noted; and the same is also true
of the total carbon and the total energy. The differences are not
large, their extreme range being:

Per cent.
Crude fiber. ... ... i 0.5-3.8
Nitrogen-free extract. . ......... .o 6-1.7
Dry matter. ... ..o 1.0-2.7
Organicmatter. . ... ... ..ot 1.1-2.7
Carbom. - - .. 6-2.3
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In some cases the differences are decidedly less than the probable
experimental error, while in no case are they considerable; but, never-
theless, their general uniformity of direction seems to indicate clearly
a real, although slight, effect of increasing quantity in diminishing
the percentage digestibility.

On the other hand, in four cases out of six the digestibility of the
protein as here computed (i. e., assuming the nonprotein to be en-
tirely digestible) was greater in the heavier ration, and the same is
true of the total nitrogen, although the cases are not identical with -
those under protein.! The ether extract in all cases showed a higher
digestibility in the heavier rations. The differences in digestibility
of these ingredients are of about the same order of magnitude as
those noted in the previous paragraph, except in the case of the ether
extract in the experiments of 1907, where the difference was decidedly
greater with steer B. It is not impossible that these apparent differ-
ences in the digestibility of nitrogenous materials and of ether extract
may be due to a relatively lower amount of metabolic products in
the feces from the heavier rations, while the method here adopted
for computing the digestibility of the protein is not free from error.
It was not found practicable, however, in these experiments to enter
into any of the very interesting questions regarding the true as com-
pared with the apparent digestibility of these nutrients.

COMPARISON OF ANIMALS.

In making a comparison of the digestive powers of the two animals,
the possible influence of differences in the amount of hay consumed
must be borne in mind. Obviously, too, since the animals differed
in weight, this is a question of relative and not of absolute consump-
tion. Table 6 shows the average of the last six weighings of each
animal in each period, the actual consumption of dry matter per
head, and the same calculated per 500 kilograms live weight, first in
direct proportion to the weight and, second, in proportion to the two-
thirds power of the live weight. The latter, however, would appear
to be the proper basis of comparison, since it may be assumed that
the efficiency of the digestive and resorptive organs would be pro-
portional to their internal surface rather than to their cubic capacity.

1 The results upon protein in the experiments of 1905 are obviously of questionable value.



. COMPARISON OF DIGESTIVE POWERS OF ANIMALS. 29

TABLE 6.—Dry matter of hay eaten.

Steer A. Steer B.
Dry matter of hay. Dry matter of hay.
Experiments. Li L
ve ve
weight. Per 500 kilos. weight. Per 500 kilos.
Per Per
head. head.
w. Wi. w. wi.
Ezperiments of 1905."
Kilos. | Grams. | Grams. | Grams. | Kilos. | Grams. | Grams. | Grams.
Submaintenance (Period I1T)........ 268.8 | 2,001 | 3,722 3,026 | 194.1 | 1,774 | 4,570 3,334
Maintenance (Period IV)............ 277.5| 3,493 | 6,294 | 5,172 | 189.6 | 2,610 | 6,884 4,980
Ezperiments of 1906.
Submaintenance (Period III)........ 399.1 | 2,647 | 3,316 | 3,076 | 296.2 | 2,470 | 4,169 3,501
Maintenance (Period IV)............ 406.6 | 4,425 | 5,442 | 5,079 | 308.6 | 3,805 | 6,162 5,249
Ezperiments of 1907.
Submaintenance (Period III)........ 507.3 | 2,974 | 2,931 | 2,945 | 373.7 | 2,798 | 3,744 3,398
Maintenance (Period IV)............ 514.2 | 4,892 | 4,757 | 4,801 | 384.9 | 4,630 | 6,015 5,513

~ From Table 6 it appears that, with the exception of the maintenance

ration of 1905, steer B consumed in every case relatively more hay
than steer A, so that any effect of the quantity of hay consumed
would be to lower the digestibility by steer B. We actually find,
on the contrary, a distinct tendency toward a higher digestibility by
steer B in the first two years. This is true of the total dry matter,
the organic matter, the crude fiber, the nitrogen-free extract, the
carbon, and the energy, with but a single exception (the energy of
the submaintenance ration in 1905). The differences show a range
very similar to that observed in regard to the influence of quantity
but are in the opposite direction, that is, while in five cases out of
six steer B consumed relatively more dry matter than steer A, the
percentage digestibility is greater on the part of steer B. The actual
range of the differences is:

Per cent.
Crude fiber. .. ..o 1.24.2
Nitrogen-free extract .. . . ... ... ... ... ...l .9-3.9
Drymatter. ... .. ...l .3-3.1
Organic matter. . ... .. ... . .. ...l .3-3.5
Carbon. . .. i 5-3.2
351153 .4 1.9-2.9

In the third season, 1907, on the contrary, steer A seems to have
overtaken steer B as regards digestive power, the differences being in
every case slightly in favor of steer A, although they are mostly
fractions of 1 per cent, the results being practically identical. The
results upon total nitrogen, protein, and ether extract are irregular
and lead to no conclusions.
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INFLUENCE OF AGE OF ANIMALS.

The percentage digestibility appears to have increased from year
to year in these experiments. A strict comparison is not possible,
however, since the composition of the hay consumed was not identi-
cal in the three seasons. The hay of 1905 was low in nitrogen and
high in crude fiber and had a correspondingly low digestibility. That
of 1906 was of better quality, containing considerably less fiber, and
shows a notably higher percentage digestibility of the total nitrogen
and of the protein, but only a slight gain in that of the crude fiber
and nitrogen-free extract. The hay of 1907 contained almost the
same percentage of total nitrogen as that of the previous season but
a larger proportion of true protein, and the digestibility of the latter
again showed a marked increase. The most striking difference, how-
ever, is the notable increase in the percentage digestibility of the
nonnitrogenous ingredients in 1907 as compared with 1906. This is
true both of the crude fiber, the nitrogen-free extract, the total car-
bon, and the energy, as well as of the dry matter and total organic
matter. While some of this difference may be due to the lower crude
fiber content of the hay, it seems questionable whether it can all be
ascribed to this cause. The figures at least suggest an influence of
the age of the animal. If such is actually the explanation, the
~ increase, as already noted, was apparently greater with steer A than
with steer B, so that the digestive powers of the two animals appear
practically equal in the third year.

All the differences just discussed are relatively small and the experi-
ments as a whole are in accord with those of numerous previous
investigators in showing that individual differences in digestive power
are of comparatively little significance. At any rate the results as
regards the hay clearly fail to show any superiority in this respeét on
the part of the purebred over the scrub animal, or on the part of the
young over the more mature animal.

DIGESTIBILITY OF GRAIN.

In the experiments of 1905 wheat bran constituted the exclusive
grain ration. In the other two years the grain consisted of a mix-
ture by weight of 1 part of bran, 3 of corn meal, and 3 of old process
linseed meal. In 1905 two general samples of the bran were taken
which agreed closely in composition with each other and also with
subsequent samples taken in the course of the experiments. In the
other two years each kind of grain was weighed out separately in the
proportions given and the composition of the mixture computed,
check analyses on the mixture agreeing substantially with the com-
puted composition. Table 7 shows the average composition of the
grain used in each season.
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TABLE 7.—Composition of gratn—water-free.

Wheat | Mixed | Mixed
Component. bran, grain,

grain
1905, 1906. 1907.

Per cent. | Per cent. | Per cent.
7 4. 4.14

7 .52 10 3
Proteinl...... ... i ...| 14.50 16.97 17.95
Nonprotein!.. . .49 3.43 2.22
Crude fiber........ 11.49 6.10 6.16
Nitrogen-free extrac ...| 61.88 62.89 64.38
Ether exXtract.cee oo 4.12 6. 51 5.15
100. 00 100. 00 100. 00
Organie Matter.. ... oot 92. 48 95.90 95. 86
Total NItrogen. .. ... ot 2. 648 3.743 3.6568
Protein nitrogen. ...l 2.544 3.013 3.185
L7 o 0T ¢ 46. 392 46. 860 46. 957
B2 80§07 ) 6.768 6. 965 6. 082
D OF a5 728 o) a2 4+ U Calories. | Calories. | Calories.

4.5318 4. 6904 4. 6698

1Computed from nitrogen, using factors stated in Part III, page 203.

The digestibility of the grain must, of course, be estimated from
that of the total ration by subtracting the amount computed to have
been digested from the hay, and for well-known reasons the results
of such a computation are subject to not inconsiderable errors. The
first question which arises is what digestibility should be assumed for
the hay in these experiments. On the one hand the hay portion of
the mixed ration was substantially the same in amount as the hay
fed in the submaintenance periods, so that it may seem that the coeffi-
cients obtained in those periods should be used. On the other hand,
however, a considerable amount of grain was fed with the hay, so that
the total amount of dry matter consumed was even greater than in
the maintenance periods on hay. The matter is largely one of arbi-
trary choice, but fortunately the differences are not large. The
experiments have been computed by the use of what may be called .
the true average digestibility. The amounts of each ingredient
digested in the two experiments with the hay alone have been added
and compared with the total amount of the same ingredient con-'
sumed, thus giving more weight to the maintenance than to the
submaintenance periods. These averages are the ones recorded in
Table 5, page 27. Two amounts of grain were fed each year along
with practically the same quantity of hay. The detailed figures are
given in Part IT of this bulletin and the results as to percentage
digestibility summarized in Table 8. For the sake of comparison
there has been included in the table the percentage digestibility of the
total crude fiber plus nitrogen-free extract, i. e., of the total nonnitrog-
enous organic matter other than ether extract.
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TaBLE 8.—Percentage digestibility of grain.

Steer A. Steer B.
Components. Ligh . Light H
Aght eavy g eavy
ration. | ration. |AVer®8e| ration. | ration. |Average.
Experiments of 1906— Wheat bran. Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.
44.3 53.6 49.0 20.3 44. 32.5
72.2 73.2 72.7 76.9 85.8 81.4
2.9 22.7 12.8 11.0 12.9 12.0
Nitrogen-free extract e 74.1 74.4 74.3 75.0 77.0 76.0
Etherextract............... .- 82.3 81.0 86.7 70.9 77.0 74.0
Total dry matter.......................... 64.9 67.2 66.1 64.9 68.1 66.5
Crude fiber+nitrogen-free extract.......... 63.6 66. 4 65.0 65.3 67.8 66.6
Organic matter. . 66.5 68.3 67.4 67.7 70.1 68.9
Total nitrogen... 74.7 75.9 75.3 78.7 81.5 80.1
Carbon........cooeoiiaii. 68.7 68.3 68.5 69.2 70.8 70.0
Organic hydrogen R 79.2 73.1 76.2 71.0 72.8 71.9
Energy.coeeeeiemi i 67.3 67.6 67.5 67.8 70.4 69.1
Ezperiments of 1906— Mized grain.
ASh. .o 24.0 39.1 31.6 30.7 30.0 30. 4
Protein!... 78.9 66. 2 72.6 81.2 71.0 76.0
Crude fiber 70.9 - 7.3 31.8 38.9 —56.9 - 9.0
Nitrogen-free extract 90. 6 87.8 80.2 91.7 89.0 90. 4
Etherextract................. . 104.1 95.0 99.6 108.3 99.9 104.1
Total dry matter.......................... 85.6 77.1 81.4 8.3 75.5 80. 4
Crude fiber+nitrogen-free extract.......... 88.8 79.2 84.0 86.9 75.8 81.3
Organic matter.................... 88.3 78.7 83.5 87.6 77.4 82.5
Total nitrogen.. . 84.7 75.6 80.2 86. 2 79.3 82.8
arbon.......... 86. 4 76.9 81.7 86.6 76.8 81.7
Organic hydrogen. 92.9 77.0 85.0 99.2 77.8 88.5
2 115) ¢4 72 87.0 77.6 82.3 86.4 77.3 81.9
27.9 29. 4 28.7 10.9 36.5 2.7
73.9 73.0 73.4 81.7 78.8 80.3
11.3 - 7.2 2.1 -13.9 17.6 1.9
Nitrogen-free extract. . 87.4 87.6 87.5 84.5 9.1 87.8
Ether extract....... R 97.5 92.1 94.8 89.7 91.5 90.6
Total dry matter.......................... 78.4 77.2 77.8 75.2 82.3 78.8
Crude fiber+nitrogen-free extract 80.6 79.3 80.0 73.8 84.6 80.2
Organic matter.................... 80.6 79.3 80.0 78.0 84.3 81.2
Total nitrogen.................... 79.1 78.7 78.9 85.0 83.4 84.2
Carbon..... ..ol 78.7 77.9 78.3 75.9 83.4 79.6
Organic hydrogen................. 81.2 79.2 80.2 76.0 85.2 80.6
) 1 -1 2 79.6 78.3 78.9 76.3 8.1 79.7

1 Nonprotein assumed to be entirely digestible. Computed from nitrogen, using factors stated in Part
IIT, page 203.

The negative coefficients for crude fiber shown in the foregoing
table are familiar results of such computations of the digestibility of
a grain ration and, of course, are to be interpreted as indicating that
the grain diminished the digestibility of the crude fiber of the hay.
These effects, even if small in themselves, when calculated upon the
small absolute amount of crude fiber in the grain become relatively
great. The results show the usual irregularities in the case of those
ingredients which are present in relatively small amount and whose
digestibility is most affected by the presence of metabolic products in
the feces, viz, the ether extract and the protein.

INFLUENCE OF AMOUNT OF GRAIN CONSUMED ON DIGESTIBILITY.

The two following tables show the amount of dry matter contained
in the total ration (grain plus hay) and in the grain consumed in each
period per head and per 500 kilograms live weight computed as in the
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case of the hay in Table 6. It will be seen that the total consumption
on the light ration, when computed in proportion to the surface of
the animal, was very uniform. The additional amount consumed on
the heavy ration ranged from about 22 to 34 per cent, except in the
case of steer A in the last two experiments, where it rose to over
50 per cent.

TABLE 9.—Dry matter of total ration (hay and grain) eaten.

Steer A. Steer B.
Dry matter of ration. Dry matter of ration.
Ration. Li
ve Live
h Per 500 kilos. Per 500 kilos.
weight. Per weight. Per
head. head.
w. Wi w. wi.
Ezperiments of 1906—Bran.
Kilos. | Grams. | Grams. | Grams. | Kilos. | Grams. | Grams. | Grams.
Light ration (Period I)............... 270.7 | 3,348 | 6,184 | 5,049 | 198.6 | 2,803 | 7,057 | 5,188
Heavy ration (Period II)............. 279.1 | 4,579 | 8,204 | 6,763 | 196.9 | 3,582 | 9,098 6, 666
Ezperiments of 1906— Mized grain.
Light ration (Period I)............... 404.0 | 4,400 | 5,446 | 5,073 | 298.0 | 3,628 | 6,087 5,123
Heavy ration (Period IT)............. 420.7 | 6,804 | 8,085 | 7,634 | 309.6 | 4,583 | 7,402 6,306
Ezrperiments of 1907— Mized grain.

Light ration (Period I} ............... 498.6 | 4,931 | 4,945 | 4,041 | 372.6 | 4,157 | 5571 | 5,055
Heavy ration (Period IT)............. 518.7 | 7,708 | 7,430 | 7,521 | 386.4| 5,451 | 7,054 6,471
TABLE 10.—Dry matter of grain eaten.

Steer A. Steer B.
Ration. Per 500 kilos. Per 500 kilos.
Per head. Per head.
w. W3i. w. Wi.
Ezperiments of 1905—Bran.
Grams. | QGrams. | Grams. | Grams. | Grams. | Grams.
Light ration (Period I)....... et 1,370.2 2,531 2,066 | 1,032.5 2,600 1,011
Heavy ration (Period IT).................. 2,583.2 4,628 3,816 | 1,802.6 4,578 3,355
Ezxperiments of 1906— Mized grain.
Lightration (Period I).................... 1,792.0 2,218 2,066 | 1,194.7 2,005 1,687
Heavy ration (Period IT).................. 4,172.9 4,959 4,682 | 2,129.0 3,439 2,930
Experiments of 1907— Mized grain.
Light ration (Perfod I). ................... 1,996.2 2,003 2,001 | 1,397.8 1,876 1,700
Heavy ration (Period II)..... e 4,759.0 4,588 4,644 | 2,676.9 3,464 3,178

The digestibility of the bran is seen to be greater on the heavier
ration, with the exception of the ether extract, total carbon, and
organic hydrogen in the case of steer A. The differences, however,
are small and probably within the range of error of such experiments.

With the mixed grain fed in 1906 and 1907 the results are contra-
dictory. In the first year the digestibility appears to have been
decidedly less on the heavier ration, while in 1907, on the other hand,

92946°—Bull. 128—11—3
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very little difference is noted in the case of steer A, and in the case of
steer B a notably higher digestibility is shown for the heavier ration.
There is no apparent error in the determination of the digestibility of
the total ration, but it is not easy to form a judgment as to the range of
possible error in the computation of the digestibility of the grain from
that of the total ration. The figures for the digestibility of the light
ration in 1906 seem abnormally high as compared with the average
digestion coefficients of these feeding stuffs, from which an average
percentage digestibility of about 81 for the total dry matter of the
mixed grain may be computed. On the whole, the safest course
seems to be to consider that the average of the coeflicients for the
light and heavy rations represents approximately the actual digesti-
bility of the grain.
COMPARISON OF ANIMALS.

If we are justified in assuming, as just suggested, that the average
figures for the two periods represent the true digestibility of the
grain, very little difference appears between the two animals in this
respect either in the case of the mixed grain or of the bran. If
anything, the tendency is toward a slightly higher digestibility by
steer B, but all the differences are much less than those found between
the light and heavy rations.

INFLUENCE OF AGE OF ANIMALS.

No comparison in this respect is possible between the experiments
of the first year and those of the succeeding two, since the feed was
different. The digestibility in the experiments of 1907 was, on the

-average, less than that found in the experiments of 1906, although
again the differences are smaller than those found between the light
and heavy rations. If we are justified in suspecting that the results
obtained for the light ration in the experiments of 1906 are too high,
the difference between the two animals in the two years becomes
insignificant.

PERCENTAGE OF ENERGY METABOLIZABLE.

By metabolizable energy is understood that portion of the total
potential energy of the feed which is capable of conversion into kinetic
energy in the body. Expressed in another way, it is the total poten-
tial energy of the feed minus the potential energy of the excreta,
the latter including the feces, urine, and methane or other combustible
gases. The determination of the percentage of the feed energy
metabolized is precisely similar to the determination of the digesti-
bility of the feed in being a determination by difference, the only
distinction in this respect being that in the one case only one excre-
tum (the feces) is taken account of, while in the other all the excreta
are considered. The percentage of energy metabolizable may be
computed either upon the total potential energy of the feed or upon
the potential energy of the digested matter, the latter method of
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expression having the advantage for some purposes of eliminating
the effect of variations in digestibility. The results for metabolizable
energy are given in detail in Part II of this bulletin and are summar-
ized here. As in the case of the determination of digestibility, it is
necessary to consider first the results upon the hay, and with these
as a basis to compute the corresponding results for the grain.

TIMOTHY HAY.

The percentage losses of potential energy in the feces are of
course the complements of the percentage digestibility as already
given. The percentage losses in the urine and methane and the per-
centage of energy metabolizable are shown in Table 11.

TaBLE 11.—Percentage losses and percentages of energy metabolizable— Timothy hay.

Per cent of total energy. Percent of ‘“digested ”’ energy.
Submain-{ Mainte- True {Submain-| Mainte- True
tenance. | nance. | average. | tenance. | nance. | average.
Percentage losses of energy in urine.

Experiments of 1905: Per cent. | Per cent. | Per cent. | Per ceni. | Per cent. | Per cent.
Steer Ao ..o il 3.64 2.86 3.14 7.15 5.88 6.35
Steet 2 3.20 2.79 2.95 6. 42 5.42 5.81

AVerage.e. . iiiiiiiiiaiaaa 3.42 2.83 3.05 6.79 5.65 6.08

Experi.ments of 1906:

............................... 3.44 3.40 3.42 6. 64 6.74 6.74
Steer B ............................... 3.72 3.70 3.7 6.94 7.12 7.05
AVerage..oo.oiiiiiniiiaiiaaaa, 3.58 3.55 3.57 6.79 6.93 6.90

Experiments of 1907:

Steer A 4.52 4.40 4.45 7.64 7.56 7.60

4.97 4.61 4.74 8.51 8.01 8.19

AVerage.......ooniiiiiiiiiaaaaas 4.75 4.51 4.60 8.08 7.79 7.9
Percentage losses of energy in methane.

Experlments of 1905:

517515 o U 6.87 6.75 6. 80 13.49 13.88 13.74
Steet B ............................... 7.76 6.78 7.17 15. 56 13.17 14.12
AVErage..cooeuiiiiiiiiii i 7.32 6.77 6.99 14.53 13.53 13.93

Experiments of 1906 (computed from di-

gested carbohydm ):
[STCTS N 6.97 6.68 6.78 13. 46 13.34 13.38
1773 B - 7.24 6.92 7.04 13.51 13.30 13.38
AvVerage........ooeiiiiiiio i, 7.11 6. 6.91 13. 49 13.32 13.38

Experlments of 1907:

) . W R 8.17 7.90 8.00 13.81 13.57 13.65

Swer 2 2 8.38 7.84 8.04 14.34 13.61 13.89

AVOrage. oo ooemiiiiiii i 8.28 7.87 8.02 14.08 13.59 13.77
Percentage of energy metabolizable.

Experiments of 1905:

Steer A.. 40. 43 39.01 39. 52 79. 36 80. 24 79.91
Steer B.. 38.92 41.88 40.70 78.02 81.41 80.07
AVOIAZe. .. emiieieniienianaaeaaas 39.68 40.45 40.11 78.69 80. 83 79.99

Experiments of 1906:

xpe r A 41.37 40.01 40. 52 79.90 79.87 79. 88
42.65 41.38 41.88 79.55 79.58 79. 57
42.01 40.70 41.20 79.73 | 79.73 | 79 73
46.49 45.92 46.14 '78.55 78.87 | 78.75
45.07 45.13 45.11 77.15 78.38 77 92
578 4.8 4.63| 77.85| 7.63| 7834
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In consequence of the relatively smaller losses in the feces (. e.,
the greater digestibility) observed in 1907, the percentage of the
total energy of the hay which was metabolizable was higher than
in the two previous years, the average percentages for both animals
being:

Percentage of total energy metabolizable.

Per cent.
Experiment of 1905. - ... oot 40.11
Experiment of 1906. - . ... ... i 41.20
Experiment of 1907. ... ... e 45. 63

When the influence of varying digestibility is eliminated by com-~
puting the percentage of ‘‘digested” energy metabolizable, this
difference practically disappears, the results being:

Percentage of ‘“digested” energy metabolizable.

Per cent.
Experiment of 1905. ... ... L i 79.99
Experiment of 1906. . . ... oot 79.73
Experiment of 1907. . .. ... i 78. 34

Computed in this way, the percentage of the ‘‘digested” energy
which was metabolizable shows a slight decrease from year to year
which is chiefly due to an increasing percentage loss in the urine.
The latter, however, may be plausibly accounted for by the greater
richness of the hay in protein, especially in 1907. If this explana-~
tion be accepted, the experiments fail to give any indication of an
influence of the age of the animal upon the percentage of energy
metabolizable.

But very little difference is apparent between the two animals as
respects the percentage of energy metabolizable. Averaging the
results on the two animals for the three years we have the following:

TABLE 12.—Percentage of energy of timothy hay metabolizable—Average of 3 years.

Submain- | Mainte-
tenance nance Average.
ration. ration.
Total energy: Per cend. Per cent. | Per cent.
Bteer A e 42.76 41.65 42,06
5 5 P 42.21 42.80 42, 56
“Di; ted‘;’ energy: 0.2
5 o 79.27 79. 66 79. 51
L 173 - 2 S 78.24 79.79 79.19

Neither does the amount of hay consumed appear to have had
any material influence, except possibly in the case of steer B, where
a slightly greater loss both in the urine and the methane is recorded
in the submaintenance periods. The differences, however, hardly

seem significant.
GRAIN.

The data for the grain, as already noted, must be computed by
difference and therefore are subject, like the results of a digestion
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experiment, to relatively large errors.
urine and methane and the percentages of energy metabolizable are

summarized in Table 13.

37

The percentage losses in

TaBLE 13.—Percentage losses and percentages of energy metabolizable—Grain.

Per cent of ““digested””
Per cent of total energy. energy.
Submain-| Mainte- . Submain-| Mainte-
tenance. | nance. | AVer®8e- tenance. | nance. |AVerage-
Percentage losses of energy in urine.
Ex‘perlments of 1905—DBran: Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.
T A 5.06 4.90 4.98 7.51 7.25 7.38
5.52 6.04 5.78 8.14 8.57 8.36
AVerage. oo 5.29 5.47 5.38 7.83 7.91 7.87
Expeﬂments of 1906—Mixed grain:
Stee] 7.62 6.13 6.88 8.76 7.90 8.33
8.19 6. 86 7.53 9.48 8.89 9.19
AVeIaEe. ce e 7.91 6. 50 7.21 9.12 8.76
6.78 6.28 6.53 8.52 8.02 8.27
7.79 7.53 7.66 10.21 9.06 9.64
7.29 6.91 7.10 9.37 8.54 8.96
Percentage losses of energy in methane
Experiments of 1905—Bran:
Steer A 8.04 6.93 7.49 11.94 10.25 11.10
7.18 7.56 7.37 10. 58 10.73 10. 66
7.61 7.25 7.43 11.26 10. 49 10.88
8.30 7.63 7.97 9.54 9.83 9.69
8.11 7.30 7.71 9.38 9.44 9.41
8.21 7.471 7.84 9.46 9. 64 9.55
8.52 7.29 7.91 10.70 9.31 10.01
9.42 8.72 9.07 12.35 10.48 11.42
AVeragO. e ii i 8.97 8.01 8.49 11.53 9.90 10.72
Percentage of energy metabolizable.
Experiments of 1905—Bran:
(317575 2 54.24 55.77 55.01 80. 55 82.50 81.53
Steer B. ..o 55.13 56. 85 55.99 81.24 80.70 80.97
AVerage. .c.meii i 54.69 56. 31 55. 50 80.90 81.60 81.25
71.08 63. 86 67.47 81.70 82.27 81.99
70.10 63.18 66. 64 81.14 81.67 81.41
AVerage.eec i 70. 59 63. 52 67.06 81.42 81.97 81.70
64. 28 64.70 64.49 80.78 82.67 8L.73
59.08 66. 88 62.98 77.44 80. 46 78.95
61.68 65.79 63.74 79.11 81.57 80.34

1 Computed from digested carbohydrates.

The greater digestibility of the mixed grain used in the second
and third years as compared with that of the bran fed during the
first year of course raises the percentage of the total energy metabo-
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lizable in the two latter years, the average results for the two ani-

mals being:
Percentage of total energy metabolizable.

Per cent.
Experiment cf 1905 (wheat bran)....... ... ... ..o ..oool.. 55. 50
Experiment of 1906 (mixed grain)............ ... ... ... 67.06
Experiment of 1907 (mixed grain)..._ ... .. .. .. .. ... 63. 74

As between the second and third years, the lower digestibility of
the grain observed in 1907, of course, lowers correspondingly the
percentage of the total energy metabolized. When, however, we
eliminate the influence of the digestibility, by computing the results
upon the ‘‘digested” energy, we obtain almost uniform results for
the three years. The slightly lower figure for the last year is due,
as in the case of the hay, to a slightly greater relative loss in the urine.

Percentage of ““ digested” energy metabolizable.

Per cent.
Experiment of 1905 (wheat bran)....... ... ... ... ... ....... 81.25
Experiment of 1906 (mixed grain)....... .. .. ... ... ..oaoa. 81.70
Experiment of 1907 (mixed grain)............ .. .. oo, 80. 34

The percentage of ‘‘digested” energy metabolizable appears to
have been slightly greater on the heavy than on the light ration, the
difference being due to somewhat smaller losses in the methane.
It is questionable, however, whether any of these differences are
sufficiently large to be significant.

On the average of the results of all three years, disregarding the
differences of feed in the first year, steer A shows a slight superiority
over steer B in the percentage of energy metabolizable. This differ-
ence is largely due, however, to the comparatively low result obtained
for steer B on the light ration of 1907. Except for this, the differ-
ences are very small and doubtless within the limits of error.

TABLE 14.—Percentage of energy of grain metabolizable—Average of 3 years.

Light Heavy

ration. | ration. |Average.

Total energy: Per cent. | Per cent. | Per cent.
1 7TC) o 63. 20 61. 44 62. 32
tee 61. 44 62.30 61.87
81.01 82.48 81.75
79.94 80.94 80. 44

On the whole, the results for metabolizable energy agree closely
with those obtained regarding the digestibility of the feed and fail
to indicate with certainty any effect of age or of individuality upon
either. This is quite what would have been expected and, so far as
digestibility is concerned, is in accord with the results of other investi-
gators. The process of digestion might be called, in a broad way, a
chemical process. In healthy animals under normal conditions and
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after they have passed the stage of extreme youth, we may assume
that the digestive enzyms are secreted in quantity sufficient to secure
complete action upon all the food ingredients consumed, unless these
are taken in excessive quantities. Furthermore, it may be assumed
that by the time cattle have reached the age of 8 or 10 months
a normal bacteriological flora has been established in the digestive
tract. Under these conditions digestion may be said to be a chemical
and bacteriological rather than a physiological process. It is a sort
of incubation of materials which have not yet, strictly speaking,
entered into the substance of the body at all. Under such condi-
tions there is little scope for any effect of age or of individuality.

AVAILABILITY OF METABOLIZABLE ENERGY.

The metabolizable energy of a feeding stuff is that portion of its
total potential energy which is capable of conversion into the kinetic
form in the body. It corresponds to the conception of ‘‘Physiolo-
gischer Wirmewert,” or ‘‘Physiologischer Nutzeffekt,” introduced
by Rubner® in connection with his experiments upon the replace-
ment values of nutrients, or to the fuel values of Atwater.? Upon the
results of these earlier experiments Rubner based his celebrated law
of isodynamic replacement. This law is in effect that, when fed in
limited quantities, the several nutrients may be substituted as sources
of energy for body substances previously katabolized, or may replace
each other, in amounts inversely proportional to their physiological
heat values, or metabolizable energy., The validity of this law was
generally accepted and not only were the relative values of single
nutrients and of human dietaries estimated upon the basis of their
metabolizable energy, but it was attempted also to apply Rubner’s
factors to the digestible protein, carbohydrates, and fats, so-called,
of stock feeds and extensive tables of the fuel values of the latter
computed in this way have been published. Moreover, there was a
natural tendency to overlook the limitation which Rubner set to his
law and to apply it to productive as well as to maintenance rations.

It has been clearly demonstrated, however, that only under special
conditions is the metabolizable energy, or fuel value, of a nutrient or
feeding stuff the measure of its value to the organism. This was
shown clearly by the early experiments of Zuntz and his associates,
which antedate Rubner’s results, while later investigations have fully
confirmed the earlier ones, the difference being especially marked in the
case of herbivorous animals. Zuntz and Hagemann * have demon-
strated that this is the case with the horse, especially upon the coarse

1 Zeitschrift fiir Biologie; 21, 250 and 337.

2 U. 8. Dept. of Agr., Office of Experiment Stations Bul. 21; Conn, (Storrs) Experiment Station, 12th
Report (1899), p. 71.

s Landw. Jahrb., 18, 1; 28, 125; 27, Ergiinzbd. III.
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feeds; Kellner ! has shown the same thing to hold true in the fatten-
ing of cattle; we? have demonstrated that it also holds in the case
of maintenance and submaintenance rations of cattle; and Rubner 3
himself has shown that his earlier results were due to the compara-
tively low temperatures at which he experimented and constituted a
special case of a general law.

Opinions are still more or less divided as to the cause of the phe-
nomenon, but there is no dispute as to the fact. Only a part of
the metabolizable energy of the food is ordinarily substituted for
energy previously derived from the katabolism of protein and fat in
the body or is recovered in the gain of flesh and fat made by the body
on abundart feeding.

METHOD OF NMETERMINING AVAILABILITY.

The relation between the amount of metabolizable energy sup-
plied to the animal in its feed and the resulting effect upon the body
may be determined by a comparison of two periods in which different
amounts of the feeding stuff or ration in question are consumed.
For example, in Periods IIT and IV of the experiments of 1905 two
different amounts of the same timothy hay were fed. After making
the necessary corrections as described in succeeding paragraphs and
in the detailed account of the experiments, it was found that the
metabolizable energy of the rations consumed by steer A and the
gain of energy by the animal (a loss being regarded as a negative
gain) were as follows:

Metabo-

lizable exﬁ?g';‘gy
energy o

ration. animal.

Calories. Calories.
oS35 10T B ) 5,981.4 —  680.
20 ¢ 1T B 5 R 3,641. 4 —2,096.1

0 i 153 =) T 2,340.0 1,415.9

The excess of 2,340 calories of metabolizable energy in Period IV
as compared with Period III reduced the loss of potential energy from
the body by only 1,415.9 calories. In other words, only 60.5 per
cent of the additional metabolizable energy supplied in Period IV
was substituted for energy previously derived from the katabolism
of body substance, while the remainder was disposed of by an increase
of 924.1 calories in the heat production of the steer, corresponding to
Rubner’s “‘specific dynamic effect,” the heat production rising from
5,635.8 calories to 6,559.9 calories (corrected). It is customary in
such a case to speak of the 1,415.9 calories as the available energy of

1 Landw. Vers. Stat., 44, 257; 47, 275; 50, 245; 53, 1.
2 Bureau of Animal Industry Bulletins 51, 74, and 101; Landw. Jahrb., 82, 665; 84, 861; 87, 423.
3 Gesetze des Energieverbrauchs bei der Ernghrung, 1902.
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the hay added to the basal ration of Period III and to say that 60.5
per cent of the metabolizable energy of the hay was available. Such
a method of statement does not necessarily imply that the remaining
39.5 per cent served no useful function in the body, but simply
asserts that the net result to the organism was the same as if 60.5
per cent of the metabolizable energy were substituted unit for unit
for energy derived from the katabolism of body substance and as if
the remaining 39.5 per cent were useless. What the experiment
really shows is that a unit of metabolizable energy in the hay had
only 60.5 per cent of the value of a unit of metabolizable energy in
the body substance (chiefly fat) previously katabolized, but the first
method of expression is both common and convenient and may be
retained. A precisely similar computation might, of course, be made,
based upon the total instead of the metabolizable energy of the

rations.
CORRECTIONS.

In a determination of the availability of feed energy it is, of course,
essential that the two periods compared be identical, except as to the
amount of feed consumed. In practice it is impossible to secure
exact identity, and certain corrections usually become necessary.’
These are, in the order of their importance, a correction for the
influence of standing and lying, a correction for the difference in the
live weight of the animal, and a correction for unavoidable variations
in the amount of the basal ration consumed.

Correction for standing and lying.—The authors have shown in pre-
vious experiments that standing as compared with lying causes a
very material increase in the metabolism of cattle. These results
were fully confirmed in the present investigation. By averaging
those portions of each period which seemed free from irregularities
due to the change from the standing to the lying position, and vice
versa, with its accompanying change in the rate of flow of water
through the heat absorbers, and which also seemed free from acci-
dental irregularities, the average rate per minute at which heat was
emitted by the animal by means of radiation and conduction and
brought out of the calorimeter in the water current was computed
for the standing and lying positions separately. The method is
described in detail in Part II of this bulletin, in connection with the
experiments of 1905 (p. 118), and the results are given in full in
connection with the experiments of each of the three years. The
percentage excess of heat given off in the standing as compared
with the lying position was found to be as shown in Table 15, the
percentage being calculated upon the amount given off while lying.
The figures of the table render it obvious that any considerable
difference in the proportion of time spent standing or lying in the
two periods to be compared would seriously distort the result.
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TABLE 15.—Percentage increase in heat emission due to standing.

Experi- Experi- Experi-
ments of | mentsof | ments of
1905. 1906. 1907.

Steer A: Per cent. Per cent. Per cent
Period T ... 50.0 34.2 31.3
Period I6. . . 37.9 44. 4 48.5
Period III 48.3 32.9 34.6
36.3 41.6 37.2
31.8 38.5° 39.7
36.0 44.4 50.1
43.6 40.1 36.6
36.9 42.0 46. 4

In a recent article! Zuntz has called attention to the apparently
smaller influence of standing and lying upon the metabolism of the
sheep, as computed from experiments by Hagemann,? in which the
difference in the heat production as computed from the respira-
tory exchange was only 8 per cent. Dahm/? working in Zuntz's
laboratory and by his methods, likewise found an increase of only
8 per cent in the respiratory excretion of carbon dioxide by a young
bull when standing as compared with that when lying. Zuntz points
out that even with a uniform rate of heat production the heat emis-
sion would tend to be less in the lying posture, since less of the
animal’s surface is exposed for radiation and evaporation. Zuntz
is inclined to attribute the discrepancy between our results and
those of Hagemann and of Dahm to this effect, or, in other words,
to assume in our experiments a storing up of heat, either in the
body of the animal or in the platform beneath him, during the
periods of lying.

That there would be a tendency in this direction is undeniable,
but we do not believe that it is of sufficient magnitude to seriously
affect our comparison of the metabolism standing and lying. While
it is impracticable at this time to enter into a detailed discussion of
the point, we hope to do so on another occasion, but attention may be
called to the fact that in making the comparisons contained in Table
15 those portions of the experiments immediately preceding or fol-
lowing the change from the one position to the other were excluded.

The foregoing results refer only to that part of the heat which was
given off by radiation and conduction and taken up by the water
current in the heat absorbers. No similar results are available for
that portion of the heat which was given off as latent heat of water
vapor, since only the total elimination of this substance during each
subperiod of 12 hours was determined. A comparison* of the propor-
tion of the total heat evolved which was given off as latent heat of

1 Medizinische Klinik, 1910.

2 Arch. (Anat. u.) Physiol., 1899, Suppl., p. 111.

3 Biochem. Ztsch., 28, 494.

4 The details of the comparison will be found on pages 122-124 of Part II of this bulletin.
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water vapor in the 96 subperiods of the three years, however, fails
to afford any indication that this proportion was affected by the
proportion of time spent standing or lying, although the latter varied
quite widely. Consequently it has been assumed that the amount of
heat given off as latent heat of water vapor is proportional to that
given off by radiation and conduction. On this basis the heat pro-
duction of each period has been corrected to what it would have been
had the animal stood for 12 hours out of each 24. The method of
computing the correction may be conveniently illustrated by the
results on steer A in Period I of the experiments of 1905, for which
the following data are recorded:
Heat emission per day:

By radiation and conduction. .. ................ calories.. 5,217.6
As latent heat of water vapor.......... .. ... . ... do.... 3,293.8
T DO do.... 8,511.4
Percentage of heat in water vapor ............ccoiiiineanaa... 38.70
Time standing....... ... i it minutes.. 1,137
Time lying. - . o oo e do 303
Heat by radiation and conduction, per minute:
Standing. ... ... calories.. 3.8260
Lying. . ool do.... 2.5509
Difference.......ooooiniii i do.... 1.2751

If we multiply the difference between the heat emission per minute
when standing and when lying by one-half the difference in the num-
ber of minutes standing and lying, we obtain a correction which in
this case must be subtracted from the observed heat to obtain the
heat computed to 12 hours standing, as follows:

1.2751 X417 = 531.7 calories.
5,217.2 —531.7 =4,685.9 calories.

Assuming that the percentage of the total heat emitted which was
given oif by radiation and conduction would have remained the same,
viz, 61.30 per cent, the total heat emission would have been:

4,685.9 +-0.6130 =7,644.8 calories.

The corrected heat emission as thus computed has been used in
calculating the gain or loss of energy by the body. The balances of
energy as thus corrected and the corresponding gains are recorded
in Part IT of this bulletin in connection with each of the three series
of experiments (pp. 126, 157, and 184).

Correction for live weight.—The varying rations consumed caused
greater or less changes in the live weights of the animals, which pre-
sumably caused corresponding changes in their maintenance require-
ments. It is evident, however, that if the steer weighs more in the
second period than in the first some of the feed added in the second
period will be used to supply his increased maintenance requirement,
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and in this way the comparison between the two periods will be dis-
turbed. The method used for correcting this error may be conven-
iently illustrated by the results obtained with steer A in Periods III
and IV in the experiments of 1905, which have already served (p. 40)
to illustrate the general method of determining availability. The
basis of the correction is the assumption that the maintenance
requirement, as measured by the fasting katabolism, is approximately
proportional to the two-thirds power of the live weight. This has
been shown by various experimenters to be the case, not only with
different animals of the same species but even with different species.
According to Kellner, it is true, the increase in the maintenance
requirement during fattening is in a somewhat more rapid proportion,
but for the rather small changes in weight in these experiments and
for the purpose of
computing a correc-
€ 5 tion simply the as-

/( sumption is probably

] 4 ! sufficiently accurate.

In the periods se-
lected as an illustra-
tion, the average of
a the last six weighings
. of steer A was: Period
II1, 268.8 kilograms;
Period IV, 277.5 kilo-
grams.

Assuming the fast-
ing katabolism to be
approximately pro-
portional to the two-thirds power of the live weight, that of Period
IV would be to that of Period IIT as1:0.9781. In figure 6,in which the
abscissas represent the metabolizable energy of the ration and the ordi-
nates the gain of energy by the body, let the points p, and p, having
the ordinates z, ¥, and z, ,, respectively, represent the results obtained
in Periods III and IV on the same animal. Through these points let
there pass the parallel lines AC and BD, making with the axis of X
the angle z, whose tangent would represent the percentage availability
of the metabolizable energy of the hay. The distances OA and OB
would then represent the fasting katabolism in the two periods and
would be to each otherasthe two-thirds powers of the live weights. Let-

Y

F1a. 6.—Correction for live weight.

. OA
ting Gg="n, and tang z=m, it may be shown that the value of m,

that is, the availability of the metabolizable energy, is

_Ys— 7Y,
Ty — N,
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Substituting the corresponding numerical values for steer A from
Table 101, page 126, in Part II, viz,

z,=3,641.4 Ys= —2,096.1
z,=6,115.3 Yo=— 695.4
n=0.9781

we find the percentage availability to be 60.51 per cent, as the fol-
lowing computation shows:

—2,096.1— (0.9781 X — 695.4)
3,641.4— (0.9781X 6,115.3) ~ 0-6051

m=

Correction for variations in basal ration.—The availability of the
energy of the grain is computed by comparison of a period in which
both grain and hay were fed with a basal ration of hay alone. Such
a comparison, of course, requires that the amount of hay consumed
in each instance be the same, a condition which it is practically
impossible to exactly fulfill.

The method of correction may be illustrated by the results upon
steer A in Periods I and III of the experiments of 1905. The hay in
Period I was intended to be the same in amount as in Period III,
in which the basal ration was fed. On_account of slight variations
in the moisture content of the hay, however, the actual amounts of
organic matter of hay consumed in the two periods varied slightly, so
that the difference in metabolizable energy between the total rations
of Periods I and IIT does not accurately represent the additional
metabolizable energy derived from the bran. The total organic
matter of the hay consumed was: In period III, 1,919.6 grams; in
Period I, 1,894.3 grams; difference, 25.3 grams.

In the case of steer A, according to Table 94 of Part II (p. 116),
the total organic matter of the hay contained, on the average of
Periods IIT and IV, 1.853 calories of metabolizable energy per gram,
of which 60.51 per cent, as just computed, was available. Applying
these factors to the difference in the organic matter consumed in the
hay, we may correct the results on Period I to what they would have
been had the same amount of hay been consumed as in Period III,
as follows:

Metaboliza-

?;Eggf ble ener Gain by
of ha of total body
y (Table 101).

ration
consumed. | mahia’101).

Grams. Calories. Calories.
In Period I. .. ...ttt aia e taiaacaaaaannn 1,894.3 6,889.1 —951.3
Correction for hay. ... ..o +25.3 +46.9 + 28.4

Period I, corrected. . ..o cunoii i 1,919.6 6,936.0 —922.9
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The corrected results of Period I may then be compared with those
of Period III, making a further correction for the difference in live
weight in the same manner as in comparing Periods III and IV.

The average weight of the steer for the last six weighings of each
of these periods was: Period III, 268.8 kilograms; Period I, 270.7
kilograms. The ratio of the fasting katabolism of Period III to that
of Period I, represented by » in the previous formula, would there-
fore be:

268.8\%/3

The corresponding values of « and ¥, after correction for the differ-
ence in the hay consumed, would be:

z,=6,936.0 Y, =— 9229
z,=3,641.4 Yg= —2,096.1

Accordingly, the percentage availability, computed by the previous
formula, is 86.11, the computation being as follows:

_—2,096.1—(0.0051x ~922.9) _ .
M=""3641.4— (0.9951 X 6,936.0) _ "'

PERCENTAGE AVAILABILITY.

The availability of the metabolizable energy in the several experi-
ments has been computed in the manner above illustrated. The data
for the several corrections, as well as the details of the computation,
are recorded in connection with the description of the individual
calorimeter experiments in Part IT and the final results are summa-
rized in Table 16.

TABLE 16.—Percentage avatlability of metabolizable energy.

1905 1906 1907
Ration.
Steer A. | Steer B. | Steer A. | Steer B. | Steer A. | Steer B.
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.
Timothyhay..... ..., 60. 51 55.21 71.49 60. 86 57.05 56. 50
‘Wheat bran:
58.74 £ 0 I e A D
36.11 [ 25 (U8 PR PN P B,
Periods II-I..... ... ... 84.13 50.55 |eeemeeni il
Mixed grain:
Periods TI-TIX.... .. ... oo ]oeaiait 58.89 51.51 61. 57.71
Periods I-IIT..... ... oooiiaieii]oeaii ot 74.02 41.12 58.18 58.73
Periods II-L..... .. i ereeinae]eeaeaaan 52.30 70. 44 64.10 56.74

The foregoing results are also represented graphically in figures 7,
8, and 9, in which the abscissas represent the amounts of metaboliz-
able energy in the several rations and the ordinates the correspond-
ing gains of energy by the animal. The values for the several
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periods are those obtained after correcting for differences in live
weight and in the amount of hay consumed. The percentage avail-
ability derived from a comparison of any two periods is equal, of
course, to the tangent of the angle made by the corresponding line
with the horizontal axis.

An inspection of the table and diagrams renders it evident that the
results of the experiments of 1907, in which the closest agreement
between the observed and computed heat production was obtained,
are likewise the most consistent among themselves, while those of
the two previous years show greater irregularities. The latter is
especially the case with regard to the availability of the energy of
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the grain as computed respectively by a comparison of Periods I and
IIT and of Periods IT and I. On the other hand, if we regard Period
IIT as the basal ration and compute the availability of the energy of
the grain from a comparison of Periods II and III, the results in the
three years are decidedly more concordant. Accordingly, in the
figures the availability of the energy of the hay as shown by a com-
parison of Periods IV and IIT and that of the grain as computed by
a comparison of Periods II and IIT are represented by full lines and
the other results by broken lines.

AVAILABILITY ABOVE AND BELOW MAINTENANCE.

A computation of the availability by a comparison of Periods II
and IIT assumes that the same percentage is available above and
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below the maintenance requirement. In previous publications ! we
have expressed the belief, based in part upon experimental results
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F1a. 8.—Availability of metabolizable energy, experiments of 1906.

and in part upon theoretical considerations, that this is not the case,
but that the proportion of metabolizable energy capable of being
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Fia. 9.—Availability of metabolizable energy, experiments of 1907.

stored up as gain after the maintenance requirement is satisfied is
materially less than that available below the maintenance require-

1 Bureau of Animal Industry Bul. 51, p. 64, and Bul. 74, pp. 42-44; “Principles of Animal Nutrition,”
Pp. 444-446.
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ment to diminish the loss of energy from the body. The results of
the present series of experiments fail to support that view. The
experiments upon hay alone were all upon quantities below the
maintenance requirement, with the exception of steer A in Period IV
of the experiments of 1907, and even in this case the ration was but
slightly in excess of maintenance. In the case of the mixed rations
of hay and grain, however, Period I, in which a light grain ration was
added to the hay of the basal ration of Period III, was intended to
be approximately a maintenance ration, while in Period II the amount
of grain was increased so as to cause a material gain by the animals.
As a matter of fact, the ration of Period I was less than the main-
tenance requirement of steer B in every case, while with steer A on
the contrary it was somewhat above the maintenance requirement
except in the experiments of 1905. If, now, it be true that the
percentage availability is less above the maintenance requirement
than below, then the availability computed from a comparison of
Periods I and II should be less than that computed from a com-
parison of Periods I and III. In the experiments of 1907, in which,
as noted, the results seem most concordant, the availability com-
puted from Periods I and II is in one case greater than in the other
case less than that computed from Periods I and III, the difference
being relatively small in both cases. Both the figures of Table 16
and the graphic representation of the results appear to indicate
clearly that in this series the percentage of the metabolizable energy
of the grain which was available was substantially independent of
whether the amounts consumed were above or below the maintenance
requirement. In the other two years, in which the results are less
satisfactory, the availability computed above the maintenance re-
quirement, i. e., from Periods I and II, is in two cases greater and in
two cases less than that computed below, but the differences are
decidedly greater. In consideration of the greater weight attaching
to the concordant results of the experiments of 1907, we are inclined
to conclude that the percentage of the metabolizable energy of the
grain available was substantially the same above and below the main-
tenance requirement and that the discrepancies in the earlier experi-
ments are perhaps due to errors affecting particularly the results of
Period 1.

A reconsideration of the experimental evidence upon which we
based our earlier view points to the same conclusion. In the experi-
ments on timothy hay, reported in the first of the publications cited,
only one period showed a gain of energy by the animal and this
amounted to only 266 calories. Attention was called to this fact in
the discussion of the results and it was specifically stated that much
stress should not be laid upon the results of this period. In the

92946°—DBull. 128—11—4
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experiments with corn meal in 1903, reported in the second of the
publications cited, however, a gain of 3,525 calories was obtained
in the period of heavy feeding, and from this we computed a per-
centage utilization of 53.28 as compared with a percentage avail-
ability below maintenance of 77.81. In this computation, however,
we failed to take due account of the fact that in these experiments
the proportion of time spent standing was notably greater in the
period of heavy feeding (Period IV) than in the others, a fact which
would tend to reduce the gain by the animal. In connection with
the detailed description of the respiration calorimeter experiments
in Part II of this bulletin, we have included a recalculation of the
results, making the corrections for standing and lying, for live weight,
and for differences in the amount of hay consumed in percisely the
same manner as in the three series of experiments under discussion.
In the experiments of 1903 the minimum ration of hay was given in
Period II, the light grain ration (much below maintenance) in Period
IIT and the heavy grain ration in Period IV. The final results for
availability are as follows:

TABLE 17.— Recalculated availability of metabolizable energy, 1903.

Red clover hay: Per cent.
Periods T-TT1. .o it 44.04
Corn meal:
Light ration, Periods TII-IT........... .. ... ..o ... 66. 22
Heavy ration, Periods IV-II... .. .. ... .. ... ....... 69.12
Heavy ration, Periods IV-III.. ... .. ... ... .......... 70. 83

These figures, as well as the graphic representation of the results on
figure 10, like those of the three series of 1905-1907, fail to give any
evidence of a decreased availability above the point of maintenance
as compared with that below.

SUMMARY OF AVAILABILITY.

If, then, we are justified in concluding that the percentage avail-
ability is the same above and below maintenance, it would seem that
the most satisfactory measure of the availability of the energy of the
grain in the experiments under discussion will be obtained by com-
paring the results of Period II, in which the maximum amount of
grain was fed, with those of Period IIT upon hay alone, regarding the
latter as the basal ration, since this comparison affords the widest
range in the amount of grain consumed, thus presumably reducing
the relative error. Upon, this basis, we obtain the following com-
parison of the results upon the two animals in the three series of
experiments:
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TaBLE 18.—Summary of availability of metabolizable energy.

Steer A. | Steer B.

Timothy hay.
Experiments of 1905...... ... .. i, 60. 51 55. 2;
Experiments of 1906..... ... i, 71.49 60. Bfli
Experiments of 1907.... ... o 57.05 56. 50
Wheat bran
Experiments of 1905. ... ... . L 58.74 51.98
Mized grain
Experiments of 1906. . . ..o ... oo 58. 89 51.51
Experiments of 1907.. .. ... i 61. 55 57.71
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Fig. 10.—Availability of metabolizable energy, experiments of 1903.

INFLUENCE OF AGE OF ANIMAL ON AVAILABILITY.

One of the objects of the investigation was to compare the per-
centage availability in the same animal at different ages. This pur-
pose was largely frustrated, however, by the impossibility of obtaining
hay of identical quality in the three years and likewise by the neces-
sity of changing to a mixed-grain ration in order to secure the con-
sumption of an adequate amount.

As noted in the discussion of the results upon digestibility, the
hay used in 1905 was of decidedly poorer quality than that of the
other two years, being low in protein and high in crude fiber. The
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latter fact, as has been well established by Kellner’s investigations,
tends to increase the expenditure of energy in digestion and assimi-
lation, or, in other words, to diminish the percentage availability of
the energy. Notwithstanding this, however, the availability found
for the poorer hay, as compared with that observed with the better
quality in 1907, was but 1.29 less in the case of steer B, and 3.46
greater with steer A. These results might be taken to indicate a
relatively greater availability by the younger animal were it not for
the rather unsatisfactory character of the experiments of 1905. The
results on the hay in 1906 seem abnormally high, being greater for
each animal than those for the grain.

In the case of the grain a comparison of the results in 1906 and
1907 upon practically identical mixtures shows a higher percentage
availability in the case of the older animal, especially with steer B,
although here, too, the differences are rather small. On the whole,
while the results as regards the influence of age are indecisive, they
afford little support to the belief in a greater ability of young animals
to utilize the metabolizable energy of their feed.

INFLUENCE OF INDIVIDUALITY UPON AVAILABILITY.

It is not easy to form a judgment as to the probable error involved
in the results of complicated experiments like the foregoing, and the
significance of small differences may readily be exaggerated. In the.
experiments of 1907, which, as already pointed out, are the most satis-
factory of the three series, there is a difference in the percentage
availability of 3.84 in the case of the grain and 0.55 in that of the
hay in favor of steer A as compared with steer B. These differences
are small, and in the case of the hay especially seem practically negli-
gible. They appear to gain somewhat in significance, however, from
the fact that the differences observed in the earlier, even though less
satisfactory series, are not only greater but also are uniformly in the
same direction. Even including the less satisfactory comparisons
contained in Table 16, this fact is true in 9 cases out of 12. Taking
- the results as a whole, therefore, they seem to indicate a small but
distinct superiority of steer A over steer B as regards the availability
of the metabolizable energy of the feed. This difference appears to
be more marked in the earlier years, while as the animals matured
steer B nearly or quite overtook steer A in this respect, so that it
seems questionable whether the differences in the third year’s experi-
ments are of much significance.

As regards the explanation of such a difference, only speculations
can be presented. It is not easy to conceive how any metabolic
process or set of processes, such, for example, as are involved in the
production of fat from carbohydrates, can be conducted more effi-
ciently in one individual than in another. It would seem that if
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such a difference between individuals exists as is indicated by the
foregoing results we must seek for its explanation in differences in
the character of the body substance gained or katabolized. Upon
this point, of course, respiration-calorimeter experiments afford but
meager information. They show the total gain or loss of ash, nitrog-
enous matter, and fat (and glycogen), but reveal nothing as to the
part of the body where they are deposited or katabolized, nor as to
the exact nature of the material involved. It may not be without
significance in this connection that, as shown on previous pages, the
growth of steer A was more largely in body girth, while steer B
increased relatively more rapidly in length and height, or that, as
will appear later, steer A showed a tendency to fatten, while steer B
inclined to gain relatively more nitrogenous material. In other words,
the difference in availability may conceivably be related to the
apparent difference in the nature of the gains or losses.

THE ENERGY REQUIREMENT FOR MAINTENANCE.

From the results of the two periods on hay alone in each year it
is easy to compute, on the one hand, the amount by which it would
have been necessary to increase the supply of metabolizable energy
to prevent any loss of potential energy from the body, or, on the
other hand, to calculate the amount of potential energy which would
have been lost by the animal had the ration been reduced to zero.

Thus in the case of steer A in the experiments of 1907, for example,
the metabolizable energy of the hay consumed daily in Period III
was 6,234.5 calories, and on this ration the body lost daily 1,679.4
calories, while a comparison with Period IV (compare p. 51) shows
an availability of the metabolizable energy of 57.05 per cent. Evi-
dently, then, to prevent the loss from the body of 1,679.4 calories
it would have been necessary to add to the daily ration sufficient
hay to supply 1,679.4-+0.5705=2,943.7 calories of metabolizable
energy, making the total metabolizable energy of the daily ration
2,943.7 + 6,234.5 =9,178.2 calories.

If, on the other hand, the ration had been reduced to zero, the loss
of energy per day by the animal would have been increased by
6,234.5 X 0.5705 =3,556.8 calories and the total loss would have been
1,679.4 +3,556.8 =5,236.2 calories.

A precisely similar computation may, of course, be made from the
data of Period IV.

In figure 11, let the points A and B represent the results of Periods
IIT and IV, plotted in the same manner as in figure 9, the metabolizable
energy in the two periods being represented, respectively, by OE and
OF and the gain or loss by the animal by EA and FB, while the line
AB, intersecting the horizontal axis at C, represents the percentage
availability. It is plain, then, that OC represents the amount of
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metabolizable energy required to reduce the loss from the body to
zero, that is, for maintenance, while OD evidently represents the body
loss that would have occurred if the supply of metabolizable energy
had been reduced to zero. That is, OD represents the computed
fasting katabolism,' or the amount of energy actually required for
the necessary internal work of the body, while the value of OC shows
the amount of metabolizable energy having this particular percent-
age of availability, viz, 57.05, which would have been required to
reach equilibrium. In other words, the maintenance ration, expressed
in terms of metabolizable energy, is variable depending upon the per-
centage availability of the energy, while the maintenance requirement
expressed in terms of the computed fasting katabolism is constant
for the same animal
under the same exter-

£ 5 c/la nal conditions. Any
- 4 ration therefore which
) will supply available
A energy equal to OD

will be & maintenance
ration. Thus, if the
metabolizable energy
. of a ration had an
b availability of 65 per

cent, represented by
v the line DG, the main-

F16. 11.—The maintenance requirement. .
tenance requirement

in terms of available energy would still be represented by OD, but the
maintenance ration expressed in terms of metabolizable energy would
equalnot OC but OG. Plainly it is preferable, therefore, to express the
maintenance requirement as a constant in terms of available energy.

The computation of the maintenance requirements of the two
animals in these experiments suffers from the more or less unsatis-
factory nature of the results obtained with regard to the availability
of the metabolizable energy of the hay in the first two years. In the
experiments of 1906 in particular, the percentage availability of the
energy of the hay appears to be too high. In the case of steer A
especially the results are not only larger than those obtained in 1905
and in 1907, but are higher than the figures found for the availability
of the mixed grain, a result which seems unlikely. The hay used
was similar in composition and digestibility to that used in 1907 and
the computation of the maintenance requirement has been made by
assuming the availability of its energy to have been the same as that
found for the corresponding animal in the year 1907.

1 On the assumption, of course, that the experiment is made at or above the critical external tempera~
ture for the animal.
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Computed on this assumption and in the manner shown in the fore-
going example, the maintenance requirements of the two animals
in the three series of experiments were as shown in Table 19. For
the sake of ready comparison, the results have also been recalculated
to a uniform weight of 500 kilograms in proportion to the two-thirds
power of the live weight.

TaBLE 19.—Computed maintenance requirements in terms of avatlable energy.

Steer A. | Steer B.

Per day and head: Calories. | Calories.
Experiments 0f 1005. .. . ... e 4,396 y
Experiments of 1906. . .. ... ... i 5,228 4,801
Experiments of1907.............. 5,236 5,821

Per day and 500 kilos live weight:

Experiments of 1005, .. ... e 6,649 7,533
Experiments of 1006 . .. ... .. et 6,077 6,806
EXDeriments of 1907- .. - ..« o e 5,186 6,931

The experiments of 1907, the results of which are the most satis-
factory, show a marked difference between the two animals as regards
the maintenance requirethent, that of steer B being 33.7 per cent
higher than that of steer A. The results obtained in 1905 and 1906
naturally have less weight, but nevertheless they show a difference
in the same general direction. On the average of the three years’
experiments the available energy required for maintenance per 500
kilograms live weight was: Steer A, 5,971 calories; steer B, 7,090
calories. Even omitting the relatively low result for steer A in 1907,
the average for steer A is materially lower than that for steer B.

The correction of the results to a uniform time of 12 hours stand-
ing may be assumed to have approximately eliminated any difference
in the maintenance requirement due to the influence of standing or
lying. Steer B possessed the active, nervous temperament of the
dairy type, while steer A showed the quiet, almost phlegmatic dis-
position of the typical beef animal. The figures appear to show that
this difference in temperament, aside from any effect which it had
upon the amount of time spent standing or lying, very materially
affected the maintenance requirement. If such differences prove
to be characteristic of the two types of animals, they will go far
toward explaining the economic superiority of the beef type.

With the exception of steer B in 1907, the relative maintenance
requirement shows a marked decrease from year to year. We may
conjecture that this is due to lessened muscular activity with
advancing maturity.

ENERGY VALUES OF FEEDING STUFFS.

In order to have a basis for estimating the available energy of the
rations in periods not covered by the calorimeter experiments, it
appears desirable to compute from the foregoing results the energy
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values of the feeds used, while it will be of interest also to compare
the experimental results with those obtained by applying Kellner’s
factors to the digestible nutrients as computed from the results of the
digestion experiments.

TIMOTHY HAY.

The total chemical energy of the hay in each of the three years is
recorded in Table 4, page 26, while the average percentage of it which
was metabolizable is shown in Table 12, page 36, the difference
between the two animals in this respect being insignificant. The
percentage availability of the metabolizable energy, as shown in
Table 18, page 51, and in the subsequent discussion, appears to have
been slightly greater by steer A than by steer B, but the differences
seem too small to be of any importance in such a general comparison
of rations as is attempted on subsequent pages. Accordingly, the
average percentage availability by the two animals is made the basis
of the computation. Furthermore, as noted in the discussion of the
percentage availability, the results upon hay in the year 1906 are
questionable. They have therefore been ‘rejected in the following
computation and the average result with the two animals in the experi-
ments of 1907 has been used, as was the case in the computation of
the maintenance requirement on page 55. The content of availa-
ble energy therefore has been calculated from the metabolizable energy
by the use of the following percentages of availability:

Per cent.
Experiments of 1905. . ... ... .. L . ..aiiillLL 57. 86
Experiments of 1906. . . ... ... ... ...l ][5 6.78
Experiments of 1907. . ... .. ... iiiiiiiii.. ’

Computed in this way, the energy values of the hay are:

TaBLE 20.—Energy values per gram of dry matter of timothy hay.

Experiments of—

1905 1906 1907
Calories. Calories. Calories.
Digested energy -« . coooeni i 2.2243 2.3347 2. 6266
Metabolizable @nergy - ... ...t 1.7782 1.8610 2.0567
Availableenergy ... ... ..o 1.0288 1. 0567 1.1678

WHEAT BRAN.

But one series of experiments, viz, that of 1905, was made upon
wheat bran alone. As was the case with the hay, the percentage of
the total energy metabolizable, as shown in Table 13, page 37, differed
but slightly as between the two animals. The percentage availability
of the metabolizable energy was 6.76 per cent greater with steer A
than with steer B, but it may be questioned whether this difference
is significant. The energy values of the wheat bran are as follows:
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TABLE 21.—Energy values per gram of dry matter of wheat bran.

Calories.

Digested energy...... ... i 3. 0942

Metabolizable energy........ .. . ... ... .. ............. 2. 5149
Available energy:

Steer Ao 1. 4773

Steer B i 1.3072

Average. ..ol 1. 3923

MIXED GRAIN.

The mixed grain in the experiments of 1906 and 1907 consisted, as
previously stated, of 1 part by weight of wheat bran, 3 of corn meal,
and 3 of old-process linseed meal. The energy values of the separate
ingredients of this mixture were not determined, but only that of
the mixture as a whole. Using the averages of the results obtained
with the two animals for the percentage of the total energy digestible,
metabolizable, and available, we have the following results:

TABLE 22.—Energy values per gram of dry matter of mized grain.

Experiments of—
xpe Average of
the 2
1906 1907 years.

Calories. Calories. Calories.
3. 850

Digested energy.........cooooiiiiiiiiaiiaa.. e . 8508 3.7032 3.7770
Metabolizableenergy . ......... .. ... Ll 3. 1457 2.9758 3. 0608
Available energy:
Steer A... ... ... e 1.8525 1.8316 1.8421
Steer B. .. 1. 6204 1.7173 1. 6689
Average.........oeoiiiiiiiiiiaiao e 1.7365 1.7745 1.7555

COMPUTED ENERGY VALUES.

Applying to the average composition of the feeds used in the three
experiments as shown in Tables 4 and 7, pages 26 and 31, the average of
the coefficients for the two steers as recorded in Tables 5 and 8, pages
27 and 32, we obtain the figures of Table 23 for the so-called digestible
nutrients computed in the customary way. The corn meal used in the
investigations of 1903, reported in Bulletin No. 74 of this bureau, the
availability of whose energy is recalculated on page 50, has also been
included in the table.

TABLE 23.—Drgestible nutrients in dry matter of feeding stuffs.

Timothy hay. Vl‘)frh;?t Mixed grain. g:’;]"
1905 1906 1907 1905. 1906 1907 | Average.| 1903.
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.| Per cent. | Per cent.

Protein............... 0.73 2.35 3.02 11.18 12.61 13.80 13.20 6. 58
Nonprotein.......... .39 .83 .24 .49 3.43 2.22 2.83 .48
Carbohydrates1.._.... 49.89 47.89 55.33 47.95 57.06 56. 50 56.78 80.39
Etherextract......... .96 1.25 1.04 3.31 6.03 4.77 5.40 4.05
Total........... 51.97 52.32 59. 63 62.93 79.12 77.29 78.21 91. 50

1 Sum of digestible crude fiber and digestible nitrogen-free extract.
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From the results contained in Table 23, together with the per-
centage of total crude fiber contained in the several feeds, we may
compute their production values according to Kellner by the use of the
factors which he has worked out. These are:!

Production values per gram.

Calories.

Digestible protein....... ..o i 2.24

Digestible starch and crude fiber............. ... il 2.36

Digestible cane sugar. . .......ooooi i 1.79
Digestible ether extract:

In coarse fodders. ... ooooiom i 4.50

In cereals and legumes and their by-products................. 5.00

In feeds containing over 5 per cent of fat......... ... ....... 5.70

The factor for the protein is applied only to the true protein, the
nonprotein being ignored in the computation. From the total energy
thus computed there must be deducted in the case of hay, straw,
and similar coarse fodders 1.36 calories and in the case of chaff and
like materials 0.66 calories for each gram of total crude fiber present.
In the case of concentrated feeds the total is multiplied by a per-
centage expressing the relative energy value of the digestible matter
as compared with digestible starch or other pure nutrients, these
percentages (Wertigkeit) being based on the results of experiments
by Kellner which have not yet been published in full. As applied,
for example, to the hay of the experiments of 1907, the computation
would be as follows:

In 1 gram dry matter.

Calories.
Digestible protein..... ... ool 0. 0302 2. 24=0. 0676
Digestible carbohydrates..... .. ... ... ... ... . 5533 X 2. 36=1. 3058
Digestible ether extract.......... ... ... ... . 0104 X4. 50= . 0468

1. 4202
Total crude fiber. ... ..o .3115X1. 36= . 4237
Production value............. oo i iiiiaaaaan . 9965

For the grains used in these experiments Kellner gives the follow-
ing percentages by which the production values as obtained by com-
putation from the digestible protein, carbohydrates, and fat are to
be multiplied: Wheat bran, 77 per cent; corn meal, 100 per cent;
linseed cake, 97 per cent. For a mixture of these in the proportion
used in these experiments the average value would be 95 per cent.
Kellner’s production values attempt to show the amount of energy
which will be stored up in the body of an animal as gain of flesh and
fat when a unit of the feed is added to a ration already fully sufficient
for maintenance.

1“Dje Ernihrung der Landwirtschaftl. Nutztiere,”” 5th ed., pp. 149 and 159.
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TaBLe 24.—Comparison of observed and computed energy values per gram dry matter.

Observed | Computed
Feed. available |production _gggégfvt:g
energy. values.

Timothy hay: Calories. Calories. | Per cent.
Experiments of 1905. . 1.0288 0.7183 69. 82
Experiments of 1906. . 1. 0567 . 7900 74.76
Experiments of 1907. . 1.1678 . 9965 85.33

Average of American timothy hay *....... .. .. ..o ieianaianaa, L8525 |aeiiiaannn..

Wheat bra
Ex'periments of 1905—

Steer A 1.4773 oo
1.3072 |
1.3923 1.1916 85. 58
1.8525 | oo e e
1.6204 | oo
1.7365 1.8314 105. 47
18316 [.oooeeiiiifoieaaaaaaas
L7173 |
1.7745 1.7870 100.70
1.8421 | ooooiiiii i
1.6689 |.....oooiiforeiiiaias
1.7555 1. 8092 103. 07

Corn meal
Experiments Of1903 3. 2. 3460 2.2471 95.78

1 U. S. Department of Agriculture, Farmers’ Bulletin 346, p. 15.
2 Using corrected availability for Periods IV-II, Table 17.

As was shown on pages 47-50, our results indicate that in the case
of the grain the availability was the same above and below the point
of maintenance and the very good agreement between the observed
and computed energy values shown by the foregoing table in the
case of the mixed grain, especially in the experiments of 1907, appears
entirely in harmony with this conclusion.

On the other hand, the results upon the hay show a marked dis-
crepancy, the computed energy value ranging from 70 to 85 per
cent of the observed. The observed results on the hay, however,
represent substantially the availability of its energy below the point
of maintenance and the comparison perhaps indicates that on the
light hay rations used in these experiments the availability of the
energy is greater than when, as in Kellner's experiments, the hay is
added to a liberal basal ration and when, therefore, the volume of
the contents of the alimentary canal is considerably greater. In
other words, it seems not impossible that, as Kellner has suggested,?
there may be an optimum volume of the contents of the digestive
tract below which the expenditure of energy in the mechanical work

1 “Die Erniihrung der Landwirtschaftl. Nutztiere,”” 5th ed., p. 164.
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of digestion is not materially affected by the amount of food con-
sumed. It is hoped that subsequent experiments now in process of
computation may throw some light upon this point.

It will be noted that the results obtained upon the bran in 1905
show almost as great a discrepancy as compared with the computed
as do those obtained upon the hay. No obvious explanation of this
difference presents itself, although it may be noted that all the rations
in this series of experiments were comparatively light.

THE INTERMEDIATE FEEDING PERIODS.

The prime object of the respiration-calorimeter experiments was to
compare the digestibility of the feeding stuffs and the percentage of
their energy metabolizable, as well as the availability of the latter,
by the two animals and in the successive seasons. For these pur-
poses, especially the latter, it was necessary in some periods to give
rations less in amount than the maintenance requirement. As
already stated, there were four respiration-calorimeter periods each
winter, covering in all, including preliminary and transition feeding,
about three months. During three of these periods the animals were
on rations either below or but little above the maintenance require-
ment. The ration of the remaining period was fairly comparable in
kind and amount with the feeding during the remainder of the year,
but this period was interpolated between two periods of low feeding
and was too short (three to four weeks) to give the determination of
the gain of live weight any material value. During about three
months of each year, therefore, the live weight of the animals,
especially of steer B, was either at a standstill or showed only a very
moderate gain. During the remaining nine months of the year,
designated as ‘‘intermediate feeding periods,” the aim was to supply
a ration which should be sufficient to produce normal growth but
not such as to fatten the animals.

RATIONS CONSUMED.

At the outset of the investigation and up to April 12, 1906, inclu-
sive, with the exception, as stated, of the respiration-calorimeter
periods of 1905, the grain consisted of the same mixture which was
employed in the respiration-calorimeter experiments of the second
and third years, viz:

Parts by

weight.

Clear corn meal. . . ... .. ittt 3
Linseed meal. . ... ... ... .. 3

Wheat bran .......oorttitiiit ettt aeaaaaann 1
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From that time until July 31, 1906, inclusive, the grain mixture
consisted of—

Parts by

weight

Cornand cobmeal. .. ... .. ... i, 3
Linseed meal. .. ... . ... .. ... 1
Wheat bran. ... .o iiiieeiaann 1

§ From August 1 to December 15, 1906, the use of linseed meal was
discontinued, the grain ration consisting of—

Parts by

weight.

Cornand cobmeal .. ... .. ... 2
Wheat bran. ... ... e 1

During the remainder of the investigation the animals were either
upon the rations of the respiration calorimeter periods or those
preliminary to them.

The coarse feed for the intermediate periods above referred to con-
sisted during the winter of mixed clover and timothy hay, the timothy
predominating. During the summer and fall of each year, viz, from
July 16 to October 5, 1905, and from July 7 to November 30, 1906,
the hay was replaced by the green soiling crops or ensilage which
were being fed to the dairy herd.

Each animal received, per 1,000 pounds live weight, 7 pounds of the
grain mixture, the amount of feed being based upon the average of
three weighings of the animal at the end of each month. The
amount of coarse fodder consumed was regulated by the appetite of

the animal.
FEEDING RECORD.

The complete feeding records of the two animals, exclusive of the
calorimeter periods, are contained in Table III of the appendix.
The following summary, Table 25, shows the totals and averages for
the periods into which the feeding naturally divides itself according to
the kinds of feed consumed, and corresponding also to the grouping of
the live weight results in Table 52, page 78. In those periods in
which green soiling crops were fed, the air-dry weights consumed, as
computed from the percentages given in Table III of the appendix,
are recorded as being most nearly comparable with the gross weights
of the other feeding stuffs. The percentage of air-dry matter in
the soiling crops was determined, in connection with the observations
on the dairy herd, upon a composite daily sample representing the
entire period during which the given feed was used.
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TABLE 25.—Intermediate feeding pertods— Feeding record per head.

Aver-
Num- Corn
. Tim- | Soiling Lin- | Total age
: ber | Mixed Wheat | Corn and :
Date of feeding period. of he othy | crops, | } seed | &ir-dry | air-dry
Y. : ran. | meal. | cob
days. hay. |[air . meal. meal. | feed. fe%%ym. r

Steer A.

Oct. 1to Dec. 10, 1904.
Apr. 2 to July 15, 1905.
July 16 to Oct. 5, 1905 R
Oct. 6 to Dec. 3, 1905. .
Apr. 8 to July 6, 1906. .
July 7 to 31, 1906. .....
Aug.1to Oct. 25,1906..
Oct. 26 to Dec. 15, 1906.

Steer B.

Kilos.| Kilos. | Kilos. | Kilos. | Kilos. | Kilos. | Kilos. | Kilos. | Kilos.

sen
28

Nep oo
258883

Oct. 1 to Dec. 10, 1904.. 12.49
May 7 to July 15 1905.. 19.99
July 16 to Oct. 5 1905.. 23.42
Oct. 8 to Dec. 3, 1905. . 16. 34

‘Er 15boJuly6 1906..
7 to 31,1906......
Aug 1to Oct. 25,1906..
Oct. 26 to Dec. 15 1906.

Papousous
REERBEES

33.47 |...

Owing to his smaller size, steer B consumed somewhat less air-dry
feed than did steer A. In proportion to his size, however, he con-
sumed notably more. . This is true in every case when the comparison
is made per thousand pounds of live weight. If the comparison is
made on the basis of the two-thirds power of the live weight (that is,
approximately in proportion to the surface), only one exception to
the rule occurs.

COMPOSITION OF FEEDING STUFFS.

Tables 26 and 27 contain the results of the analyses which were
made of the feeding stuffs used in the intermediate feeding periods
and in the digestion and metabolism experiments which were included
in those periods. The results are grouped under the same dates
shown in Table 25, the date at which the samples were taken being
also shown. Details regarding the exact period covered by each
sample, as well as other particulars, will be found in the notes
appended to the tables. In a considerable number of instances only
the loss of moisture on air drying and the nitrogen in the air-dry
material were determined. To facilitate comparison of the results,
the partial dryings have therefore been tabulated. In a few
instances, due to an oversight, the moisture in the air-dry feeding
stuff was not determined, and it has been necessary to assume a
figure for it. These assumed percentages, as well as all the percent-
ages affected by the assumption, are distinguished by being inclosed
in brackets.



TABLE 26.—Composition of feeding stuff's in intermediate feeding periods.

In air-dry
Air- matter. In dry matter.
dry Dry
matter matter
Feed and period. . Dat‘f. of in f le%h Nitro- £
sampling. fresh | Dry . T Non- en- | Ether | Total |PET&Y,
sub- | mat- Ni- sub- |, Pro- ro- | Crude | o0 ex- ni. | calories
trogen. | stance. © | tein. pr fiber. N per
stance. | ter. tein. ex- tract. |trogen ram
tract. g "
Mized hay. Perct.
Nov. 26,1904 0.78
Oct.1toDec. 10,1904 . ... o i c...doo...... ..
Nov. 28,1904!
Apr.2toJuly 15,1905, . ..o iiiiiiiiiiiiiaiaaa June 28,1905
Oct. 4,1905
Oct. 6to Dec. 3,1905. . oo Oct. 31,1905
Nov. 6,19051
2
Apr. 8 to July 6,1906............ e o oe s on | aran | iraos [ eerl | Ay e e | s0ren | e et
Oct. 26 to Dec. 15, 1906. . .... e June 18,19062). .. ...oo|eceeee]ioanaan]eiaae e e e e

Oct. 1 to Dec. 10, 1904

Alsr. 2 to July 15, 1905
July 16 to Oct. 5, 1905

Oct.6toDec.3,1905. .. ... .o

APr.8to July 6,1906. . .. coti it

July 7 t031,1906............
Aug. 1 to Oct. 25, 1906
Oct. 2610 Dec. 15,1906 . . - ooeeoniitiiii i

Oct. 1t0 Dec. 10,1904 ... o.oemmmee e eaaneaeenen..

A]ir. 2toJuly 15,1905, . cooiiiiiiii i e
July 16 60 OCt. 5, 1905 . v .o oo e oo eeeen

{Oct. 1,1904

“\Nov. 29,19041
.{ June 28,19051

4,1905
Oct. 13,1905 3
Dec. 4,1905
Apr. 11,1906
June 11,1906
June 16,1906?

.| June 11,19062

{July 30,1906
Oct.
Oct. 4,19063

{Oct. 1,1904
Nov. 29,19041
June 28,19051

Aug. 2,1905

1 Sample for digestion and metabolism.

92. 80
92. 50
96. 80
96. 33

90.12] 1.450 | [83.63
90.127f 1.413 | {83.36
89.91 | 1.337 | 87.03
........ 1.475 1. ...
2 See above.

[9.65] [1.84] [86.99] [1. 609].-......
........................................ 1.568........
8.22 0.61 2.40 | 83.69 3.60 | 1.487 | 4.4773

3 Composite sample.

‘SHINLS YNICHEA 40 NOILISOIINOD
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TABLE 26.—Composition of feeding stuffs in intermediate feeding periods—Continued.

In air-dry

Air- matter. Dry In dry matter.
m(;l;{er matier
Feed and period sate of in ol Nitro- Ener
plDg. fresh | Dry Ni- sub- Pro- | Non- | rade en- | Ether | Total calogz.é
sub- | mat- |4 ooen |stance.| ASM: | tein. | P | fiber ree ex- ni- er
stance. | ter. gen. g tein. . ex- tract. |trogen, %m
tract. gram.
Corn meal—Continued. Per ct. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct. | Perct.| Perct. | Perct.
Oct. 13,1905 92.00 |........ B OR:7: 10 AR BN PR PR PRI RPURPIN PO IO P,
Oct. 6toDec. 3, 1005, .« ettt aacaaans Nov. 4,19052% 91.25 | 95.38 | 1.490 | 87.03 1.39 8.99 0.30 2.27 | 84.14 2.91 | 1.562 | 4.4077
Dec. 4,19051) 88.83 |........ O 1¢: 2 R PR (RPN PR (RPN PR PPN I PR,
Oct. 12{3855,} ........ 92.58 | 1.487 |.oeen... 1.83| 9.21| 0.3¢] 223] s201| 3.48| 1.606|........
ADE. 80 TULY 6, 1906 - o eoeee e e e Apr. 11,19065 93.50 |........ 1375 oo e
June 11,19065 91.50 |........ DI 14 2 R R PR DR R PRPRDRRI PRURPRRPRY R PR,
June 16,190625 . 7 4.5233
July 710 31, 1906 Tuly 30,19065 81.00 1.071
uly 30,19065 81.00 |........ .
Aug. 1 to Oct. 25’1906"""'“"""""""""""""""“{Oc . 4:19065 94.60 |........ 1.258
Oct. 2610 Dec. 15,1906 . o oeeii it enaae [ T2 PR A O P
0ct. 110 De. 10, 1904. - .+ ee.eoeeeeeeeeeee e (RE% o isors oo | for o]l 5335 | [oa-de]. 78 [ose1 ) [e.39) [
Apr. 2 to July 15, 1905. .| June 28,1905%
July 16 to Oct. 5, 1905. ..| Aug. 2,1905
Oct. 13,1905
Oct.6t0DeC. 3,1905. .o vmnnemie it Nov. 4,1905
Dec. 4,1905
Oct. 13,1905
Dec. 4,19053
ADL. 810 TULY 6,1906 .« eeneneneeee e eeeeenannns Apr. 11,1906
June 11,1906
June 16,19062
JULY T 1081, 1906 « - o e e eeeene e e June 11,1906 4

1 See below.
2 Sample for digestion and metabolism trial.

3 Composite sample.
4 See above.

6 Corn and cob meal.
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TaBLE 27.—Composition of green forage used in intermediate feeding periods.

Ajr-dry .
! Nitrogen
Date. Feedstufl. matterin | in air-dry
substance. | Substance.
1905. Per cent. | Per cent.
July 16 to 28.. ...| Alfalfa 25.74 2.70
July 29 to Aug. ...| Soy beans.. 20.75 2.11
Aug.9tol14... .| Cowpeas. .. 14.26 2.78
Aug.15to31.... ...| Kafir corn and cowpeas 16.57 1.37
Sept.1t05..cviuneiiiano.. Alfalfa. o 25. 60 3.11
Sept.6t020..... ...| Cowpeas 15.70 2.88
Sept. 21 to Oct. 3 ...| Corn fodder 12.00 1.83
Oct. 4105 v Clover and grass 62. 50 2.34
1906.
July7to 8. ..ol 48.80 1.40
July 9t016. - ceeneeeaann... 12.19 2.58
July 170 20. ... - 27.37 2.66
July 21 to Aug. 3 30.20 2.00
Aug.4to21... 16.79 [..oooee ..
Aug.22to28.. 20.71 2.75
Aug. 29 to Sept. 2.. . Cowpeas.. ..ol 17.16 2.59
Sept.3t07. . ceeeen s AMalfa. ... oo 28. 36 2.55
Sept.8to21... ...| Kafir corn and cowpeas 13.34 1.84
Sept. 22 to 30 Corn fodder Nosample. | No sample.
Oct.1to4.. Grass..... Nosample. | No sample.
Oct.5t09.. Alfalfa. .. . 20. 52 2.67
Oct.10t012.. ...| Corn fodder. ...|Nosample.| No sample.
Oct.13t025. . cceiieeiaa... Cornsilage. ...ooooiinmi i No sample. | No sample.

NOTES ON

COMPOSITION OF FEEDING STUFFS.

October 1 to December 10, 1904: During October and November long hay was fed.
On November 26, 1904, a portion of the same hay was cut for the digestion trials of
December 1 to 10 and duplicate samples were taken in which the composition of the
dry matter was determined. The average of these two analyses is regarded as repre-
senting the composition of the dry matter of the hay used in the digestion trial and
also of that previously fed. On November 28, when the feeds were weighed out for
the digestion trial, a second sample was taken in which only the loss in air drying and
the nitrogen were determined. The percentage of moisture in the air-dry matter has
been computed on the assumption that the nitrogen content was the same as the average

of the two previous samples.

i In the samples of grain taken during this period the determination of the moisture
in the air-dry material was overlooked. The percentage given in the table is estimated
from that found in similar samples in these and previous experiments.

April 2 to July 15, 1905: From April 2 to 26, steer A was fed timothy hay from the
‘stock used for the preceding respiration-calorimeter experiments. A sample of the
mixed hay used during the remainder of this time was taken on June 28, 1905, when
feed was weighed out for the digestion and metabolism trial, and the same is true of

the sampling of the grain.

October 6 to December 3, 1905: On October 4, hay, consisting chiefly of timothy,
was weighed out and used until October 30. Beginning October 31, another lot of
mixed hay containing but little clover was used, a considerable quantity being cut
and mixed. This hay is represented by the samples of October 31 and November 6,
1905, the latter being taken when the feed was weighed out for the digestion trial.
This hay was used up to December 3.

On October 13 and November 4, 1905, samples of the grain were taken, both samples
being of the same lot, the second being taken at the time when feeds were weighed out
for the digestion trials. Another set of samples of the same lot was taken December 4.
The samples of October 13 and December 4 were subsequently united and an analysis

made of the composite sample.

92946°—Bull. 128—11—5
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April 8 to July 6, 1906: Mixed hay, represented by the sample of October 31, 1905,
was fed to both steers up to May 18, 1906, inclusive. The hay subsequently fed is
represented by the sample of June 6, 1906, taken when the feed was weighed out for
the digestion trial. The grain fed to steer A up to April 11 is represented by the com-
posite of the samples taken October 13, 1905, and December 4, 1905.

The samples of April 11 and June 11, 1906, represent the mixed grain fed between
April 12 and June 20, 1906, while subsequent to June 20 the grain used is represented
by the samples of June 16, 1906, taken when the feed was weighed out for the digestion
trial.

July 7 to 31, 1906: The grain fed during this time was the same as that represented
by the sample of June 11, 1906, in the previous period.

August 1 to October 25, 1906: The grain is represented by the samples of July 30 and
October 4, 1906, in which air-dry matter and nitrogen only were determined. The
first sample was taken from the lot fed from August 1 to October 3, and the second
sample from that fed from October 4 to October 25, 1906.

October 26 to December, 1906: Hay was fed from the lot represented by the sample
of June 18, 1906, in the previous period, and the grain was the same as that represented
by the samples of October 4, 1906, in the previous period.

For convenience of comparison the average composition of the
feeding stuffs used in the calorimeter experiments is given in Table 28.

TaBLE 28.—Composition of feeding stuffs used in calorimeter experiments.

Timothy hay. ‘Wheat bran. } Corn meal. Linseed meal.
Component. |
1904-51[1905-61| 1906-71 | 1904-51 | 19056 2 1906-7 2| 1905-6 2| 1906-7 2| 1905-6 2 | 1906-72
!
Perct. | Perct. | Perct. | Perct. | Perct. | Perct. ‘ Perct. | Perct. | Perct. | Perct.
Ash ... ... ...l 4.87 5. 86 5.01 7.52 6.92 7.08 ‘ 1.52 1.49 5.76 5.81
Proteind............ 5.08 6.72 6.90 | 14.50 | 14.22 | 13.40 9.20 9.93 | 25.65 27.48
Nonproteins........ .39 .83 .24 .49 2.62 3.10 .63 .34 6. 50 3.80
Crude fiber.......... 38.14 | 33.02 |31.15 | 11.49 9.60 | 10.23 2.13 2.14 8.88 8.83
Nitrogen-free extract | 49.51 | 51.01 | 54.55 | 61.88 | 61.90 | 62.20 | 81.26 | 82.07 | 44.85 47. 44
Ether extract....... 2.01 2.56 2.15 4.12 4.74 3.99 | 5.26 4.04 8.36 6. 64
100.00 [100.00 [100.00 [100.00 [100.00 [100.00 100.00 [100.00 [100.00 | 100.00
Total nitrogen....... .894 | 1.251 | 1.155| 2.648 | 3.053 | 3.012 | 1.668 | 1.725 | 6.047 5.807
Protein nitrogen....| .812| 1.075 | 1.104 | 2.544 | 2.495 | 2.351 ’ 1.534 | 1.653 | 4.664 4.998

1 Average of two ‘‘general samples.”
2 Average of samples for Periods I and II.
3 Computed from nitrogen, using the factors stated in Part III, page 203.

DIGESTION AND METABOLISM TRIALS.

As was stated in the introduction, four digestion and metabolism
trials were made in the course of the intermediate feeding periods.
The trials were made simultaneously upon the two animals, in the
building containing the respiration calorimeter, upon the following

dates:
TABLE 29.—Dates of digestion and metabolism trials.

Year. Preliminary period. | Excreta collected.
1004, .ot eeeeeeeaeeaaaan Nov.1t030......... Deec. 1 to 10,
1905 . i, Julyl1to5... ...| July 6 to 15.
B Nov. 8 to 12.. ...| Nov. 13 to 22.
1006 . o e ieeiieeecieaecaeanaeeaaaaaan June20t026........ June 27 to July 6.
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The purpose of these trials was to secure such data as was possible
regarding the actual amounts of digestible matter and of metabolizable
energy consumed by the steers during the several periods of the
feeding and also to determine by means of the nitrogen balance the
rate of growth of nitrogenous tissue in the two steers at different ages.

To secure the first of these objects, the attempt was made to have
the rations in the digestion trials representative of those consumed dur-
ing the intervening time. While, however, they corresponded quite
closely in most cases with those of the previous two to four weeks, the
variations in the hay eaten during the several periods were not incon-
siderable. Consequently, it is not possible to apply the coeflicients
of digestibility obtained in the digestion trials directly to the average
mixed rations of the corresponding periods. Nevertheless, as will
appear, the results of the digestion trials may be made the basis of a
fairly accurate computation of the metabolizable energy of the
rations actually consumed. On the other hand, the results of these
trials afford no sufficient basis for a comparison of the digestive
powers of the two animals, nor of those of the same animal at
different ages.

The details of these digestion and metabolism trials are recorded in
Part IT, pages 187 to 199. The total digestible nutrients, including the
““digested”’ energy, in each trial were as shown in the following table:

TaBLE 30.—D1igested nutrients in digestion and metabolism trials.

Steer A. Steer B.

Component.
Dec. 1 to | July 6 to [Nov. 13 to] 328 2710 Des 1 to| July 6 to |Nov. 13 to| JuRE27t0

10, 1904. | 15,1905. | 22,1905. | JS1¥.6 |10, 1004, | 15,1905. | 22, 1905. A

Grams. | Grams. | Grams. | Qrams. | Grams. | Grams. | Grams. | Grams.
450,

Protein!............. } 6.7 | 403.0|  406.6 . o606 | 349.0| 3631 380, 9
Nonprotein!......... . 70.0 109.5 106. 6 " 61.5 103.1 81.2
S o LS R el 2

trogen-free extract. 7. f . 3 .7 2,254.8
Ether extract........ } 1,345.6 { ‘157,61 1075 1947 }1’338'4 { ‘11:8| 17| Tiatle

Total organic

matter........| 1,917.1| 2,915.4 | 3,40L.1| 4,553.7 | 1,993.8 | 2,797.0| 3,166.3 | -3,518.3
Ash...........000000 32.8 9.5 85.9 191.4 87.9 1125 84.2 146.

Total dry matter.| 1,949.9 | 3,011.9| 3,487.0 | 4,745.1| 2,08L.7 | 2,909.5 | 3,250.5 | 3,664.4

Total nitrogen........ 45.6 85.1 89.6 | 100.1 45.6 73.4 79.2 82.1

Calories. | Calories. | Calories. | Calories. | Calories. | Calories. | Calories. | Calories.
Energy..cccoeeaeeadfoaaiit 13,756.6 | 15,609.9 | 21,024.7 |.......... 13,290.8 | 14,565.7 | 16,063.2
True protein, esti-
mating nonprotein
at average of other

trials.eeecaan. .. 57 P 2N O N A, b L7 A1 I R P PN

1 Computed from nitrogen, using the factors stated in Part III, page 203.
NITROGEN AND ENERGY BALANCES.

The nitrogen balances of the four trials are tabulated in Part II,
pages 197-199. With the exception of the first trial (Dec. 1 to 10,
1904), determinations of energy were made in the feed and feces,
while the energy of the urine was also determined in the first, second,
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and fourth trials. The results of the determinations on the feeds and
feces are tabulated in Part II in connection with the analyses of
those materials. Table 31 contains the results on the urine:

TABLE 31.—Energy per gram of urine.

Date of experiment. . Steer A. Steer B.

Calories per | Calories per

gram. gram.

Dec. 1 0.2271 0.2713
Tuly 6 L1265 . 2615
June 27 to . 2949 .3010

The ration of November 13 to 22, 1905, did not differ widely from
that of June 27 to July 6, 1906, and the energy of the urine in the
former trial may be computed from that found in the latter, in pro-
portion to the urinary nitrogen, without serious error.

Applying these figures to the weights of urine excreted, as shown in
the detailed records of the experiments in Part II, upon the assump-
tion that the energy content of the spilled urine and washings was pro-
portional to its nitrogen content, gives the following results for the
total energy of the urine:

TaBLE 32.— Total energy of daily urine.

Date of experiment. ) Steer A. | Steer B.!

Caloriess. Calories.

DOC. 110 10, 1904 - oo oo oo oo 1,2 ,

JUY 6 60 15, 1905 .- - vnvmemoms oo 1,088 1,028
NOV. 1310 22, 1905. .- -« -+ oo oo 11,363 | 11,26
Tune 27 t0 July 6, 1906 . -~~~ - oo wmom oo 1,599 1,361

1 Computed from nitrogen.

The production of methane in the digestion trials can be computed
approximately from the total amount of carbohydrates digested. On
the average of the respiration-calorimeter experiments of 1905 and of
1907 (compare p. 142) there were excreted 3.65 grams of carbon in
the form of methane for each 100 grams of carbohydrates (nitrogen-
free extract plus crude fiber) digested. Applying this factor to these
experiments we can compute approximately the loss of potential
energy in methane with the following results:

TABLE 33.—Approximate datly loss of energy in methane.

Date of experiment. . Steer A. | Steer B.

Calories. | Calories.

Dec. 1t010,1904. ... cuneeieiiiiiiiiiiiiiiaaaan ,106 ,

July 6 to 15, 1905........ 1,487 1,461
Nov. 13 to 22, 1905....... 1,807 1,691
June 27 t0 July 6, 1906.. .. . ..o e 2,474 1,897

Combining the foregoing figures and estimates for the urine and
methane with the data as to energy contained in the detailed report of
the digestion trials in Part II, we may add to the nitrogen balance in
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each case a partial energy balance showing the approximate amount of
metabolizable energy contained in the ration in each trial. The energy
of the estimated hair and brushings is computed from the estimated
nitrogen, the average for the three series of respiration-calorimeter
experiments being 65.9 calories per gram nitrogen. The results of
this computation are as follows, those figures depending upon esti-
mates being distinguished by brackets:

TABLE 34.—Nitrogen and partial energy balances in digestion trials.

Steer A. Steer B.

Nitrogen. Energy. Nitrogen. Energy.

Income. | Outgo. | Income. | Outgo. | Income. | Outgo. | Income. | Outgo.

Dec. 1to 10, 1904.

[1.935]
7,384
1,412

Nitrogen balance. ..
Metabolizable energy

July 6 to 15, 1905,

Mixed hay......
Wheat bran.

Nitrogen balance.. ..
Metabolizable energy

Nov. 13 to 22, 1905.

Mixed hay.............o....n
‘Wheat bran, ..

Urin

Hair and brushings. .
Methane..........
Nitrogen balance....
Metabolizable energy.

June 87 to July 6, 1906.

Mixed hay..........
Wheat bran. ......

H&ir and brushings. .
Methane............
Nitrogen balance.. ..
Metabolizable energy.

Foo Total..oeneoneeeon .. 167.2 | 167.2 | 32,461
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PROTEIN AND ENERGY CONTENT OF RATIONS FOR ENTIRE PERIODS.

As stated in the foregoing paragraphs, the rations consumed in
the digestion and metabolism trials did not correspond exactly with
the average of those consumed in the corresponding feeding periods.
The differences do not appear to be great enough, however, in most
cases to prevent the computation of a correction which shall give at
least a reasonably accurate result for the protein and energy content
of the rations of the entire periods.

Protein.—The mixed grain in the respiration-calorimeter experi-
ments of 1906 and 1907 contained on the average 17.46 per cent of
protein, which had a percentage digestibility of 75.6, making the
average percentage of digestible protein in the dry matter 13.2 per
cent.

Computed from the composition of the separate feeds, the mixed
grain of the last digestion trial contained 13.25 per cent of protein.
If we assume the same percentage digestibility for this as for that of
the other three periods, viz, 75.6, this is equivalent to 10.02 per cent
digestible protein in the dry matter.

The average percentage digestibility of the protein of the hay in
the respiration-calorimeter experiments of 1907 was 43.7 per cent.
The mixed hay of the general feeding, however, contained considerably
more protein, the percentage ranging from 8.26 to 12.25 as compared
with 6.90 in the timothy hay. We may presume that along with
this higher proportion of protein there went a higher percentage
digestibility. The experiments afford no means of computing it
separately, but we have arbitrarily assumed a digestibility of 50
per cent.

Tabulating the foregoing results, we have the following:

TasBLE 35.—Digestible protein in dry matter of feeds in intermediate feeding periods.

. Mixed
Date of experiment. Hay. grain.
Per cent. | Per cent.
Oct. 110 Dec. 10, 1005 - - . oottt e 15.79
ADr. 2 to July 18, 1005, . ..t eeaaeaaaaaaan 6.13 13.20
Oct. 6 to Dec. 3,1905.... 4.13
APL 810 JULY 16, 1006, .« ottt ittt it ee et ca e cecaeaeaeeenaraeaneaaane 5.57 10.02

1 Assuming an average percentage of 1.46 nonprotein.

Energy.—For the purpose of computing corrections for the energy
values, factors may be derived from the results of the respiration-
calorimeter experiments.

The hay used in the general feeding was mixed clover and timothy,
while that of the respiration-calorimeter experiments was timothy
alone. The chemical composition of the former, however, except
for the higher percentage of protein, corresponded fairly well with
that of the timothy hay of the respiration-calorimeter experiments
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of 1907, especially as regards the percentage of crude fiber, and the
energy results for the two animals in that year have been used in
computing the factor for the correction. A

The grains in the first three digestion and metabolism trials were
substantially the same as in the respiration calorimeter experiments
of 1906 and 1907 as appears from a comparison of their chemical
composition as shown in Tables 26 and 28, and accordingly we may
apply to the mixture the average results for steers A and B in the
two years. In the fourth trial (June 27 to July 6, 1906) the propor-
tions of the single grains were different and corn-and-cob meal was
used in place of corn meal. Probably these changes would result in
a somewhat lower percentage availability, but simply for use as a
correction we may tentatively assume the same factors.

The factors to be used for correcting the energy results, then, as
derived from Tables 18, 20, and 22, pages 51, 56, and 57, are as follows:

TABLE 36.—Estimated energy values of feeds in intermediate periods.

Metabo- | Percentage
lizable t?'ﬁu&‘f Available
energy per ility of | energy per

Feed. gram of | metabo- | gram of
lizable |dry matter.
matter. energy.

Calories. Per cent. Calories.
Mixedhay..cooiiieiiiiiiiiiiaaaaa e 2.057 56.78 1.168
Mixed grain. ... i 3.061 57.43 1.756

Applying the foregoing factors to the differences between the hay
and grain consumed in the metabolism trials and in the whole periods,
we may make the following computations of the protein and energy
values of the rations consumed in the several periods.

OCTOBER 1 TO DECEMBER 10, 1904.

The average feed consumption for the entire period, computed
from the data contained in Tables 25 and 26, pages 62 and 63, as com-
pared with that of the digestion trial of December 1 to 10, 1904, is
shown in the following table:

TaBLE 37.—Comparison of feed consumed per day.

Steer A. Steer B.

Whole period, Oct. | Metabolism trial, | Whole period, Oct. | Metabolism trial,
Feed. 1 to Dec. 10, 1904. | Dec. 1 to 10, 1904. | 1 to Dec. 10, 1904. | Dec. 1 to 10, 1904,

Fresh Dry Fresh Dry Fresh Dry Fresh Dry
weight. | matter. | weight. | matter. | weight. | matter. | weight. | matter.

Grams. | Grams. | Grams. | Grams. | Qrams. | Grams. | Grams. Gram{.

Wheat bran.......... 250 217 254 219 176 153 180
Corn meal...... .- 749 626 761 634 528 442 540 450
Linseed meal......... 749 669 761 673 528 472 540 478

Total grain..... 1,748 1,512 1,776 1,526 1,232 1,067 1,260 1
Mixed hay........... 3,552 2,928 2,492 1,954 3,552 2,928 3,120 2,
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The succeeding table shows the excess or deficiency of the grain
and hay consumed in the whole period as compared with the corre-
sponding quantities in the digestion trial, and the equivalent amounts
of digestible protein and of metabolizable energy computed by the
use of the factors contained in Tables 35 and 36. These corrections,
added to the digestible protein and metabolizable energy found in
the metabolism trial give the approximate amounts of the same
ingredients in the average ration of the whole period.

TABLE 38.—Digestible protein and metabolizable energy in entire period.

Steer A. Steer B.

Dry Digestible | Metaboliza-| Dry Digestible | Metaboliza-
matter. protein. [ble energy.| matter. protein. | ble energy.

Grams. Grams. Calories. | Grams. Grams. Calories.
Difference in grain................ — 13 - L7 — 40 - 17 - 2.2 - 52
Differenceinhay.................. +974 + 56.4 +2,003 +365 + 21.1 + 751
Total correction...... ... ..|.......... + 54.7 +1,963 |.......... + 18.9 + 699
Found in metabolism trial........[.......... 151.2 6,269 |.......... 197.0 6,613
Computed for whole period..|.......... 205.9 8,232 |..oaii... 215.9 7,312

In this instance, the rations of the digestion trial differed quite
widely as regards the ratio of hay to grain from the average ration
of the period, while the results obtained, as noted, were questionable,
especially as regards the nitrogen balance. (Compare pp. 192 and
197.) It will probably be more accurate, therefore, to compute the
digestible protein and the energy values directly from the average daily
feed consumed during the period by applying to the total dry matter
of the grain and hay eaten as shown in Table 37 the same factors used
above. The following are the results of this computation:

TABLE 39.—Computed digestible protein and energy per day in entire period.

Steer A. | Steer B.

Digestible protein. ... ... .. i .. 374.4 315.7
Metabolizable energy .Ci i 10, 651 9,289
Avallable BN gy - . vt eaeeeaeieeaeaaaaaeaas do.... 6,075 5,204

APRIL 2! 1O JULY 15, 1905.

A comparison of the average daily feed consumed, as computed
from Tables 25 and 26, with the amounts eaten during the metabolism
trial of July 6 to 15,1905, shows much smaller differences than in the
period previously considered.

1 May 2 for steer B.
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TABLE 40.—Comparison of feed consumed per day.

78

Steer A. Steer B.
‘Whole period, Apr. | Metabolism trial, | Whole period, May | Metabolism trial,
Feed. 2 to July 15, 1905. | July 6 to 15, 1905. | 2 to July 15,1905. | July 6 to 15, 1905.
Fresh Dry Fresh Dry Fresh Dry Fresh Dry

weight. | matter. | weight. | matter. | weight. | matter. | weight. | matter.

Grams. | Grams. | Grams Grams. | Grams. | Grams. v Grams. | Grams.
‘Wheat bran. 350 310 360 319 286 254 285 253
Corn meal... R 1,050 914 1,080 940 857 746 855 744
Linseed meal.. 1,050 954 1,080 981 857 779 855 777
Total grain... .. 2,450 2,178 2,520 2,240 2,000 1,779 1,995 1,774
Mixed hay........... 3,150 2,654 2,800 2,357 3,353 2,825 2,800 2,357

Correcting the results of the metabolism trial for the differences in
the dry matter of grain and hay consumed as compared with the
whole period, in the same manner as in the previous case, the follow-
ing results are obtained:

TABLE 41.—Digestible protein and metabolizable energy per day in entire period.

Steer A. Steer B.
Dry Digestible | Metaboliza-| Dry Digestible | Metaboliza-
matter. | protein. |ble energy.| matter. | protein. |ble energy.
Grams. Grams. Calories. | Grams. Grams. Calories.

Difference in grain................ — 6 — 8.2 — + 6 + 0.7 + 15
Differencein hay.................. +297 +18.2 +611 +468 +28.7 +963
Total correction.............{.......... +10.0 +421 | +29.4 +978
Found in metabolism trial........[.......... 403.0 11,083 |....c...en 349.0 10,723
Computed for whole period..|.......... 413.0 11,504 |.......... 378.4 11,701

As a check upon the results of Table 41, the digestible protein and
metabolizable energy has also been computed from the average
amounts of dry matter consumed per day during the whole period
with the following results:

TaBLE 42.— Computed digestible protein and metabolizable energy per day in entire period.

Steer A. | Steer B.
Digestible protein:
From hay . .o grams. . 162.7 173.2
B {03 s 1 do.... 287.5 234.8
0 7Y N do 450. 2 308.0
Metabolizable energy:
B 05 (o) 0110 o1 calories. . 5,460 5,811
From grain. oo eiiiiiiiiiiiieiaaen do.... 6, 667 5,446
4] 7Y SN do 12,127 11,257
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The fairly good agreement of the results obtained by these two
methods indicates the absence of any serious error. .

The difference between the percentage availability of the hay and
that of the mixed grain, as shown in Table 36, is so small that for
these approximate computations we may apply the average of the
two results, viz, 57.11 per cent, to the total metabolizable energy of
the whole ration. Computed in this way the available energy of the
ration of this period as computed, on the one hand, from the corrected
results of the metabolism trial, and, on the other hand, from the
total dry matter consumed, is as follows: From digestion trial—
Steer A, 6,570 calories; steer B, 6,682 calories. From dry matter
eaten—Steer A, 6,925 calories; steer B, 6,428 calories.

OCTOBER 6 TO DECEMBER 3, 1905.

Comparing the feed consumed in the entire period with that eaten
in the digestion trial of November 13 to 22, 1905, we obtain the
following results:

TABLE 43.—Comparison of feed consumed per day.

Steer A. Steer B.

‘Whole period, Oct.| Metabolism trial, | Whole period, Oct.| Metabolism trial,
Feed. 6 to Dec. 3, 1905. | Nov. 13 to 22, 1905. | 6 to Dec. 3, 1905. | Nov. 13 to 22, 1905.

Fresh Dry Fresh Dry Fresh Dry Fresh Dry
weight. | matter. | weight. | matter. | weight. | matter. | weight. | matter.

Grams. | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. | Grams.
Wheat bran.......... 354 310 360 316 277 243 285 250
Corn meal...... e 1,061 923 1,080 940 831 723 855 744
Linseed meal 1,061 960 1,080 978 831 752 855 774
Total grain..... 2,476 2,193 2,520 2,234 1,939 1,718 1,995 1,768
£ 3,585 3,119 3,440 3,014 3,466 3,016 3,600 3,155

The metabolizable energy computed from the results of the metab-
olism trials by correcting for differences in the amounts of hay and
grain consumed and that computed directly from the average dry
matter eaten during the entire period are as follows:

TABLE 44.—Digestible protein and metabolizable energy per day in entire period.

Steer A. Steer B.

Dry Digestible | Metaboliza-f Dry Digestible | Metaboliza-
matter. | protein. |bleenergy.| matter. | protein. | ble energy.

Grams. Grams. Calories. | Grams. Grams. Calories.
Differencein grain................ — 41 —5.3 - - — 6.6 —153
Differencein hay.................. +105 +4.3 +216 —139 — 5.7 —286
Total correction.............|.......... —-1.0 + 90 —12.3 —439
Found in metabolism trial........{.......... 406. 6 12,328 |... 363.1 11,517
350.8 11,078

Computed for whole period..|.......... 405.6 12,418
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TaBLE 45.—Computed digestible protein and metabolizable energy per day in entire period. )

Steer A. | Steer B.
Digestible protein:
B {03 1130 1 grams. . 128.8 124.6
From grain. ... eieaaaaan do.... 289.5 226.8
B0 7 do.... 418.3 351.4
Metabolizable energy:
From hay 6,417 6,204
From grain. 6,713 5,259
L7 D do....| 13,130 \ 11,463

The corresponding available energy, computed as before, is: From
digestion trial—Steer A, 7,092 calories; steer B, 6,327 calories. From
dry matter eaten—Steer A, 7,499 calories; steer B, 6,546 calories.

APRIL 8! To JULY 6, 1906.

In this period, as already noted, the ingredients of the mixed grain
differed from those in the previous periods, corn-and-cob meal taking
the place of corn meal, and the proportions of the single grains in the
mixture being different. In the absence of any direct determinations
of the energy values of the new grain mixture, however, we have used
those employed in the previous three periods for the other mixtures.
Tabulated as before, the comparison of the whole period with the
digestion trial of June 27 to July 6, 1905, gives the results contained
in the following tables:

TaBLE 46.—Comparison of feed consumed per day.

Steer A. Steer B.
‘Whole period, Metabolism trial, ‘Whole period, Metabolism trial,
Apr. 8 to July 6, June 27 to July 6, | Apr. 15 to July 6, | June 27 to July 6,
Feed.
1906. 1906. 1906. 1906.
Fresh Dry Fresh Dry Fresh Dry Fresh Dry

weight. | matter. | weight. | matter. | weight. | matter. | weight. | matter.

Grams. | Grams. | Grams. | Grams. | Grams. | Grams. | Grams. | Grams.
‘Wheat bran...... ceen 590 511 635 550 438 379 460. 398
Corn-and-cob meal...| %1,770 1,525 1,905 1,641 1,314 1,132 1,380 1,189
Linseed meal........ 634 558 635 559 438 386 460 405
Total grain..... 2,994 2,594 3,175 2,750 2,190 1,897 2,300 1,992
ed hay. e ...... 5,318 4,611 5,120 4,439 4,654 4,036 4,080 3,538

1 April 15 for steer B. 2 Includes 67 grams corn meal.
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TABLE 47.—Digestible protein and metabolizable energy per day in entire period.

Steer A. Steer B.

Dry Digestible | Metaboliz- Dry Digestible | Metaboliz-
matter. | protein. |ableenergy. matter. | protein. |ableenergy.

Grams. Grams. Calories. | Grams. Grams. Calories.
Differenceingrain................ —156 — 15.6 — 47 — 95 - 9.5 - 291
Difference inhay............ +172 + 9.6 + 354 +498 + 27.7 + 1,024
Total correction. ..... — 6.0 + 18.2 + 733
Found in metabolism trial. .. 450. 4 380.9 12,701
Computed for whole period..|.......... 444. 4 399.1 13,434

TABLE 48.—Computed digestible protein and metabolizable energy per day for entire period.

Steer A. | Steer B.
Digestible protein:
Fromhay.........cooooooii ... e et grams. . 256. 8 224.8
From grain........ e do.... 259.9 190.1
7 do.... 516.7 414.9
Metabolizable :
rom hay ....calories. . 9,485 8,302
B0 (0% 410 s o do.... 7,940 5,807
0] P do....| 17,425 14,109

The available energy, computed as before, is: From digestion trial—
Steer A, 9,542 calories; steer B, 7,673 calories. From dry matter
eaten—Steer A, 9,952 calories; steer B, 8,058 calories.

OCTOBER 26 TO DECEMBER 15, 1906.

No digestion and metabolism trials were made during this period.
We are compelled, therefore, to compute the digestible protein and
the available energy of the average daily ration from the total amounts
consumed by the use of average factors.

The average daily ration which was consumed during this period
is shown in the table below. The mixed hay, wheat bran, and corn-
and-cob meal are assumed to have contained the same percentage
of dry matter as in the previous period and the air-dry corn silage
to contain 90 per cent of dry matter.

TABLE 49.—Awverage feed consumed per day.

Steer A. Steer B.
Feed.
Fresh Dry Fresh Dry

weight. | matter. | weight. | matter.

Grams. | Grams. | Grams. | Grams.
MiXed DAY . .. ettt 3,812 3,305 3,212 2,785
Corn silage (air-dry weight) e FU - 1,118 963 1,118
Wheat bran................ . 693 600 669 579
(0103 B3 16 BT ) o5 41 - 1 1,386 1,247 1,339 1,205




AVERAGE RATIONS IN INTERMEDIATE FEEDING PERIODS. 77

For the wheat bran we may assume the same protein and energy
values as were found in the respiration-calorimeter experiments of
1905, and for the mixed hay the averages used in computing the last
previous period, as follows:

Digestible protein:
Wheat bran..... ... il per cent.. 11.18
Mixed hay. ... .. .. do.... 5.57
Available energy per gram of dry matter:
Wheat bran...... ... . . .. calories. . 1.392
Mixed hay. .. ... .. iiil.. L do.... 1.168

No determinations of the available energy of corn-and-cob meal
are on record. A calculation based on the composition as shown in
Table 26, using Jordan’s coeflicients of digestibility and Kellner’s
factors for energy and assuming a ‘‘Wertigkeit” of 90 per cent,
gives the following approximate values: Digestible protein, 3.93 per
cent; available energy per gram dry matter, 1.76 calories.

For the silage, we have used the digestible protein and available
energy computed for average American corn silage in Farmers’ Bul-
letin 346 of the United States Department of Agriculture, viz, digest-
ible protein in dry matter, 4.73 per cent; available energy per gram
of dry matter, 1.426 calorles

Using these estimates, the average daily ration as stated above
contained:

TABLE 50.— Computed digestible protein and metabolizable energy per day for entire period.

Steer A. Steer B.
Feed. Digestible | Available | Digestible | Available

protein. energy. protein. energy.

Grams. Calories. GQrams. Calories.
Mixed B8Y . ce e e e 184.1 3,861 155.1 3,253
Corn silage...... . 45.6 1,373 45.6 1,373
Wheat bran....... R 67.1 835 67.7 806
Corn-and-cobmeal...................... ... . 49.0 2,195 47.4 2,121
345.8 8,264 315.8 7,553

SUMMARY OF AVERAGE RATIONS IN THE INTERMEDIATE FEEDING PERIODS.

The foregoing computations of the digestible protein and available
energy of the average daily rations in the several periods of the
general feeding are summarized in the following table:

TaBLE 51.—Summary of average daily rations per head.

Steer A. Steer B.
Periods. Digestible | Available | Digestible | Available
protein. energy. protein. energy.
Grams. Calories. Grams. Calories.
.4 6,075 315.7 5,294
""" 3784 6,682
350.8 6,327
""" 3001673
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NUTRITIVE EFFECT OF RATIONS.
GAINS IN LIVE WEIGHT.

The following table shows the live weights most nearly correspond-
ing to the beginning and end of each of the periods into which the
intermediate feeding was divided, as shown in Table 25. The weights,
except where otherwise noted, are the average of three or five con-
secutive daily weighings, regarded as representing the average weight
on the middle day. Dates have been selected on which such averages
could be taken and, therefore, they do not in all cases correspond
exactly with those of Table 25 showing the feed consumed. The
differences in this respect are so small, however, that we may safely
compare the daily averages of feed consumed and gains made with-
out fearing the introduction of any sensible error.

TABLE 52.—Gains in live weight in tntermediate feeding pertods.

Daily
Initial Final : gain per
Periods. lgp(f‘ab:r weight of | weight of T:it;ﬂ G%"E Per | =1 000
8. steer. steer. gain. . mean
weight.
Steer A.
Kilos. Kilos. Kilos. Kilos. Kilos.
Oct.1toDec. 11,1904, ... .. ... ... 71 246.5 280.7 34.2 0.482 1. 828
Mar. 31 to July 13,1905............. . 104 277.0 314.3 37.3 .359 1.262
July 13 to Sept. 28, 1905............ 7 314.3 360.0 45.7 .594 1.762
Sept. 28 to Nov. 28, 1905............ 61 360.0 387.3 27.3 .448 1.199
Apr.6toJuly4,1906 .............. 89 403.2 456.1 52.9 .594 1.382
July 4 to July 28, 1906.............. 24 456.1 1456.6 .5 .021 .046
July 28 to Oct. 27, 1906............. 91 1 456.6 1466.8 10.2 112 .243
Oct. 27 to Dec. 4,1906.............. 39 1 466. 8 495.1 28.3 726 1.509
Apr. 30 to Oct. 28,1907............. .. 181 527.8 1594.2 66. 4 367 . 654
Oct. 28 to Jan. 4,1908...c.coooeeneiooo.. 68 1594.2 1632.8 38.6 568 926
Totals and means:
Qct. 1, 1904 to Dec. 4,1906............. 555 ..ot 236.4 426 1.149
Oct. 1, 1904, to Jan. 4, 1908............ 825 [...iifeeeieaae 341.4 414 .942
Steer B.
Oct.1toDec 11,1904 .................... 71 171.0 215.0 44.0 620 3.213
May 6 to July 13,1905 ............. . 69 195.0 233.6 38.6 559 2. 608
July 13 to Sept. 28, 1905............ 77 233.6 263.5 29.9 388 1.561
Sept. 28 to Nov. 28, 1905............ 61 263.5 296. 8 33.3 546 1.949
Apr.13to July 4,1906.............. 82 307.9 343.1 35.2 429 1.318
July 4 to July 28,1906 ... ......... 24 343.1 1335.4 —7.7 —. 321 —. 946
July 28 to Oct. 27,1906............. 91 1335.4 1363.2 27.8 305 .873
Oct. 27 to Dec. 4, 1906.............. 39 1363.2 379.2 16.0 410 1.105
Apr.26to Oct. 28,1907............. .. 185 384.1 1428.6 44.5 241 .593
Oct. 28 to Jan. 4, 1908. . ................... 68 1428.6 1483.1 54.5 801 1.757
Totals and means:
Oct. 1, 1904, to Dec. 4, 1906............ 514 (.o 217.1 422 1.875
Oct. 1, 1904, to Jan. 4, 1908 ............ TO7 e 316.1 412 1.260

1 Single weighing.

In five periods out of nine, omitting the doubtful period of July
4 to 28, 1906, steer B shows a somewhat greater gain per head and a
notably greater gain per 1,000 kilograms live weight than steer
A, but taking the experiments as a whole, little difference appears
in the average daily gain in live weight per head. The average
daily gain per 1,000 kilograms up to December 4, 1906, which ter-
minates that portion of the intermediate feeding for which exact
feeding records were kept, is 63 per cent greater by steer B than by
steer A. If we include in the comparison the summer pasturage in
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1907 and the period of fattening during the succeeding winter, the
difference is reduced to 34 per cent.

FEED CONSUMED PER UNIT OF GAIN.

The feed consumed in the foregoing periods is recorded in Table 25,
but the amount of air-dry matter eaten may be repeated here for
readier comparison with the gains in live weight. Table 53 shows
the average daily consumption of air-dry feed per head and also
the amount eaten per 1,000 kilograms live weight, computed both
directly in proportion to the weight and in proportion to the two-
thirds power of the live weight, i. e., to the surface.

TaBLE 53.—Air-dry feed eaten.

Feed consumed per day.
Feed con-
sumed
Per 1,000 kilo- | per kilo-
Periods. grams average | gram
Per head. live weight. g&]{lé eln
weight.
w. w3,
Steer 4. Kilos. | Kilos. | Kilos. | Kilos.
Oct.1toDec. 11, 1904, .. .oo oo iiaa e 5.30 20.11 12.89 11.00
Mar. 31 to July 13, 1905.. . 5. 60 18.84 12.55 15. 52
July 13 to Sept. 28, 1905. 5.07 14.35 9.99 8.15
Sept. 28 to Nov. 28, 1905. 6.06 16. 32 11.76 13.62
AlBr. 6 to July 4, 1906.... . 8.31 19.34 14.59 13.99
July 41028, 1906. . ... ...l 4.30 9.40 7.24 [204. 30
July 28 to Oect. 27,1906 ... ... ... i llllllllIiIII 445 9.64 7.45 39.73 .
Oct.27toDec. 4,1906. ... . ... o i 7.01 14. 57 11. 42 9.66
Average.............. et ieeaeeeaeaeeaeaaas 5.85 15.73 11.31 13.68
Steer B.
Oct. 1 to Dec. 11, 1904... 4.78 24.51 14.17 7.63
May 5 to July 13, 1905. .. 5.35 24.34 14. 59 9.60
July 13 to Sept. 28, 1905. 4.55 17.44 10. 96 10. 96
Sept. 28 to Nov. 28, 1905. .. 5.40 19.31 12.63 9.91
Apr.13toJuly 4,1906.. ... .. ...l 6.84 21.10 14. 52 16. 01
July 41028, 1906. . .. ... 4.11 11.81 8.26 .. .......
July 28 to Oct. 27, 1906. . . .. ... i 4.48 12.83 9.03 14. 69
Oct.27to Dec. 4, 1906 ... .. ooioii i 6.34 17.08 12.27 15. 46
AVOIBEO. .. -ttt 5.28 18.98 12.34 12.37

The greater consumption of coarse feed by steer B on the limited
grain ration has already been noted and is reflected in the foregoing
table. While the air-dry matter consumed per head is greater in
the case of steer A, the consumption is relatively greater by steer
B, whether calculated in proportion to the weight or surface, with
a single exception in the latter case. Accompanying this greater
consumption of feed by steer B we find (omitting the doubtful
period, July 4 to 28, 1906) that in four cases out of the seven, steer
B produced a unit of gain in live weight on less air-dry feed than did
steer A, the average of the whole time being decidedly in favor of
the former animal. Judged merely from the standpoint of the
increase in live weight therefore, steer B appears to have been on
the whole a more economical producer than steer A up to December
4, 1906. On pasture during the following summer, however, steer
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A gained 50 per cent faster per head than did steer B and a little
more rapidly per 1,000 kilograms live weight. Steer A reached
a greater final weight than steer B, because he started the experiment
with the advantage of weight in his favor. He had more internal
machinery to work with, but the figures do not indicate that the
machinery worked any more efliciently in the production of increase
in live weight. Whatever advantage, if any, steer A had over steer
B in the economical production of live weight in relation to total
feed consumed apparently manifested itself in the earlier periods
of his life before the beginning of this investigation.

THE PRODUCTION OF PROTEIN TISSUE.

The four respiration calorimeter experiments each winter neces-
sarily included determinations of the nitrogen balance. In one of
these four periods (Period II) the ration was largely in excess of the
maintenance requirement, while in the experiments of 1906 and
1907, the rations of steer A in Period I likewise proved to be materially
above maintenance. We may therefore presume that in these
periods the animals made a normal gain of protein, since the protein
supply in the ration was fairly liberal. In addition to these periods,
the digestion trials made on each animal during the intermediate
feeding periods included determinations of income and outgo of
nitrogen, so that in all we have nine nitrogen balances for steer A
and seven for steer B, exclusive of those on maintenance or sub-
maintenance rations. The dates of these trials and the rations con-
sumed are brought together for convenience, in the following table:

TaBLE 54.—List of nitrogen balances.

Steer A—Daily ration. Steer B—Daily ration.
Date of trial. Date of trial.
Ha ‘Wheat | Corn |Linseed Ha Wheat | Corn |Linseed
Y+ | bran. | meal. | meal. Y- | bran. | meal. | meal.
Grams. | Grams. | Grams. | Grams. Grams. | Grams. | Grams. | Grams.
Dec. 1 to 10, 1904 .| ! 3,629 254 761 761 || Dec.2 t010,1904.(1 3,629 180 540 540
Feb. 9 to 18, 1905.[22,250 | 3,000 |........|........ Apr. 27 to May 6,
July 6 to 15, 1905 .| 1 2,800 360 | 1,080 | 1,080 1905........... 22,000 | 2,000 [........)oooo...
Nov. 13 t0 22,1905.| 1 3, 440 360 [ 1,080 1,080 (| July 6 to 15,1905.(1 2 800 285 855 855
Jan. 18 to 27, 1906.] 2 3,000 300 900 900 || Nov.13 t022 1905.) 1 3, 600 285 855 855
Feb. 15 to 24 1906.| 2 3,000 700 | 2,100 | 2,100 || Feb.23to Mar. 3,
June 27 to J uly 6, 1906. . ......... 22,800 357 | 1,072 1,071
1906. . .c..onn. .. 15,120 635 | 31,905 635 || June 27 to July 6,
Jan. 31 to Feb. 9, 1906........... 1 4,080 460 | 31,380 460
1907. ...l .. 3,400 335| 1,000 | 1,000 || Mar. 7 to 16,1907.| 2 3,200 450 | 1,35% 1,350
Feb 28 to Mar 9,
............ 23,400 800 | 2,400 | 2,400
1 Mixed clover and timothy hay. 2 Timothy hay. 3 Corn-and-cob meal.

The succeeding table summarizes the daily gain or loss of nitrogen
by the animals in the foregoing periods, as shown by the detailed
records of Part IT, and the corresponding amounts of protein, obtained
by multiplication of the nitrogen by the factor 6.0, while the protein,
has also been computed per 1,000 kilograms in direct proportion to
the live weight.
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TABLE 55.—Gains of nitrogen and protein.

Equivalentprotein—
Average
Age of Gains of
Date of trial. steer ngvflt nitrogen.| po, | Per 1,000
ght. hesd, | Kllos live
* weight.
Steer 4. Months. | Kilos. | Grams. | Grams. | Grams.
11 278.3 - 39.7 | — 238.2 — 856.0
13 279.1 + 1.8+ 10.8 + 38.7
18 312.3| + 44|+ 26.4| + 84.5
22 379.3 + 29|+ 17.4 + 45.9
24 404.0 + 3.2+ 19.2 + 47.5
25 420.7 - 57— 34.2 — 81.3
30% 451. 4 - L5 — 9.0 - 19.9
364 498. 6 + 11|+ 6.6 + 13.2
38% 518.7 + 36|+ 216 + 41.6
13 215.5| — 25.4| — 152.4 | — 707.1
15 196.9 + 11.6 | + 69,6 | + 353.5
20 232. 4 + 6.3|+ 37.8| + 162.6
24 288.0 + 54|+ 32.4 + 112.5
28 309.6 - 1.2|- 7.2 - 23.3
32 340.9 + 2.6+ 15.6 + 45.8
40 386. 4 + 9.6+ 57.6 + 149.1

It is evident from the foregoing table that the results as regards
protein are decidedly irregular. Those obtained in the first digestion
trial (Dec. 1 to 10, 1904), as already noted, are plainly erroneous,
owing in part to the abnormally low consumption of feed during
those trials and in part probably to some undetected error. In the
digestion trial of June 27 to July 6, 1906, as pointed out on page 198,
some extraneous cause seems to have affected the protein katabolism,
causing a marked increase during the 10 days on which the nitrogen
balance was determined. It seems probable, therefore, that the
gain of nitrogen shown by the tables is lower in this trial than properly
corresponds to the feed consumed. We are unable to account for
the negative nitrogen balances in the respiration calorimeter experi-
ments of February 15 to 24 and February 24 to March 2, 1906.

Omitting the first digestion trial and accepting the results of the
others as they stand, figure 12 shows the gain of protein in grams
per 1,000 kilograms live weight. With the exception of the appar-
ently abnormal gain by steer B in the trial from April 27 to May 6,
1905, the results on the two animals, notwithstanding their apparently
capricious character, show a rather striking parallelism, falling to a
minimum in the trial of February, 1906, and rising to approximately
the original level in the last trial. The cause of this behavior is not
obvious. It does not seem to be directly related to the protein
supply in the feed. Table 56 shows the digestible protein of the
rations per head and also computed per 1,000 kilograms in proportion
to the live weight. The minimum protein requirement for the
maintenance of the nitrogen equilibrium of cattle may be estimated
at not far from 500 grams per 1,000 kilograms live weight. Sub-
tracting this amount from the digestible protein per 1,000 kilograms
gives, in the fifth column of the table, the amount of protein available

92946°—Bull. 128—11—F6
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for the production of gain of flesh, while the sixth, or last, column
shows the percentage of this surplus actually stored up in the body
of the animal according to the figures of Table 55.

v 9
8
0 - 0
7
(-3
F1G. 12.—Gain of protein per 1,000 kilograms live weight.
TABLE 56.—Digested protein of rations in digestion and metabolism trials.
Per 1,000 kilos live
weight.
Percenft-
: Ageof | Per age 0
Date of trial. Surplus | surplus
steer. head. after de- | stored in
Total. | ducting | body.
mainte-
nance.

Steer 4. Months. | Grams. | Grams. | Grams. | Per cent.
Feb. 9 to 18, 1905 13 293.1| 1,050.2 550. 7.0°
July 6 to 15, 1905 18 403.0 | 1,290.3 790.3 10.67
NOV. 13 to 22, 190. 22 406.6 | 1,072.0 572.0 8.02
Jan. 18 to 27,1906 24 315.8 781.7 281.7 16.86
Feb. 150 24, 1006 - .- -00oomoeminiiin oo, 2 530.5| 1,261.0| 761.0| — 10.68
June 27 to July 6,1906. ... ..ol .- 30% 450. 4 997.8 497.8 | — 4.00
Jan.31to Feb.9,1907. .. ..o L. 36% 353.9 709.8 209.8 6.29
Feb. 28 to Mar. 9 1907 o e 38% 725.4| 1,398.3 898.3 4.63

Steer B. ’

gr 27 to May 6 1905 15 218.3 | 1,108.7 608.7 58.08
TJuly 6 to 15,1905, ......... 20 349.0 | 1,50L.7 | 1,00L.7 16.22
Nov. 13 to 22, 1 5 ......... 24 363.1| 1,260.7 760.7 14.79
Feb. 23 to Mar. 3, 1906 28 318.1 1 1,027.4 527.4| — 4.42
June 27 to July 6, 1906 32 380.9 { 1,117.3 617.3 7.42
Mar. 7t016,1907. . .coonmnee e 40 467.9 | 1,211.0 711.0 20.97
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Figure 13 shows graphically the surplus protein supply per 1,000
kilograms live weight in each period. A comparison with figure 12,
representing the gains of protein, shows no obvious relation between
the two. ‘

The results recorded in the last column of Table 56 as to the per-
centage of the surplus protein retained in the body are expressed

F1a. 13.—Surplus protein per 1,000 kilograms live weight.

graphically in figure 14. The percentage retention in the case of steer
A in the trial of January 18 to 27, 1906, is relatively high. No corre-
sponding result is available on steer B for the reason that the energy
of his total ration in that period was below the maintenance require-
ment, and a material loss of fat from the body of the animal took

»

F1G. 14.—Percentage of surplus protein retained in body.

place. If we disregard this one result for steer A and consider the
broken line in the diagram to represent the course of his protein gains
between the trials of November, 1905, and February, 1906, we find
the same general parallelism between the results on the two animals
as in the case of the absolute gains. The rations fed were lower in
protein than was intended, The computed surplus of protein above
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the estimated maintenance requirement is in most cases greater with
steer B than with steer A, but the fact that in the case of the former
animal a higher percentage of this larger supply was retained would
not indicate that the somewhat more liberal supply of protein in the
feed of steer B was the cause of his greater gain, nor that the protein
supply was the limiting factor of the gain of protein tissue by
steer A.

We may say, then, that the relative gain of protein by the animals
and the percentage of the surplus feed protein which was retained
in the body run, in general, parallel in the two animals, but that
steer B was superior to steer A in both respects. In spite of some
irregularity in the results, therefore, they seem to indicate quite
clearly that steer B possessed a greater tendency to growth of protein
tissue than did steer A.

ENERGY STORAGE—CHARACTER OF GAIN IN LIVE WEIGHT.

It has been shown on pages 78 to 80 that steer B made relatively
greater gains in live weight than did steer A and required on the
average a smaller weight of air-dry feed to produce a unit of gain.
The differences in the character of the growth of the two animals,
however, as revealed by the measurements and photographs taken
and confirmed by the results of the block test would prepare one to
expect that a unit gain in live weight might differ widely at different
times and with the two animals, both as to chemical composition and
as to the amount of energy storage which it represented, and there-
fore as to its value as human food. The comparisons now to be pre-
sented appear to confirm this expectation.

RELATIVE GAIN OF PROTEIN.

It has been shown in some detail in preceding paragraphs that
steer B showed a distinctly greater tendency toward gain of protein
tissue than did steer A. A gain of protein, however, represents the
storage of much less energy than that of a corresponding weight of
fat, and, moreover, a gain of protein implies the deposition along with
it of three or four times its weight of water. The tendency of the
apparently greater ability of steer B to store up protein, therefore,
would be to make his gain in live weight relatively more rapid than
that of steer A on equivalent rations. Part of this difference may be
plausibly accounted for by his greater increase in length and height
with the accompanying increase in those structural tissues such as
bones, ligaments, tendons, skin, etc., which consist largely of protein.

PROPORTION OF FAT TO PROTEIN IN INCREASE.
In the respiration calorimeter experiments we have data as to the

proportions of protein and fat gained. A comparison of the record
shows that in every case in which there was a gain of both protein
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and fat the ratio of the former to the latter was notably smaller with
steer A than with steer B. This is also shown by the following tabu-
lation, in which the composition of the ash-free increase is computed
from the data contained in Part II, assuming fresh lean meat to con-
tain 3.55 per cent nitrogen. The table includes also two cases of a
negative nitrogen balance, illustrating the greater gain of fat by steer
A in these cases also.

TaABLE 57.—Computed composition of ash-free gain.

Steer A. Steer B.

Weight. Per cent. ‘Weight. Per cent.

Flesh. Fat. Flesh. Fat. Flesh. Fat. Flesh. Fat.

Ezperiments of 1905.
Grams. | Grams. | Per cent. | Per cent.| Grams. | Grams. | Per cent. | Per cent.

Period II.............. 50. 112.5 31.06 68.94 326.8 54.6 85. 69 14.31

Ezperiments of 1906.
PeriodI............. 90.1 135.0 40.03 51427 PR DR (R PR,
Period II............. —160. 6 469.2 |.ceciennnineiiannn, — 33.8 122.6 [.......... P

Experiments of 1907
PerlodI.............. 31.0 175.7 15.00 -5 111 AR DR PR PRy
Period II............ 101. 4 657.3 13.36 86. 64 270.4 243.8 52.569 47.41
PerfodIV............ — 42.3 () T — 67.6 b ¢ Y PN RPN

The corresponding energy content of one kilogram of the ash-free
gain, computed by the use of the customary factors, is as follows:

TABLE 58.—FEnergy content of 1 kilogram of ash-free gain.

Steer A. | Steer B.
Experiments of 1905. Calories. | Calories
B3 1070 6 6,926 2,399
Ezxperiments of 1906.
b o) o (0o B 6,183 |.ceecnnnns
Experiments of 1907.
B = o 1076 8,257 |.vcenen...
555 15X 8,393 5,143

It is of course true that the foregoing comparisons are probably
affected by the total amount of feed eaten. In the corresponding
periods steer A consumed heavier rations than steer B, and this
would tend to increase the production of fat relatively to that of
protein tissue. The results are cited as indications rather than
proofs of the difference in the character of the gains in the two animals.
It is to be noted, however, that in the experiments of 1907 the ration
of steer A in Period I and that of steer B in Period II were approxi-
mately equal in amount, and in this case the energy content of 1
kilogram of gain is notably greater with steer A.
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Another indication of the greater proportion of fat in the gain made
by steer A was obtained in connection with the block test. In the
fattening preliminary to this test it was impossible to bring steer B
into as good condition as steer A, the latter being graded as ‘‘ prime,”
while steer B was graded as “common.” Steer B produced somewhat
less internal fat than steer A, and his subcutaneous fat tissue was
much less fully developed. In technical phrasing, his carcass was
not well covered. The following table illustrates these differences:

TABLE 59.—Proportion of fat in carcasses.

Per cent of live weight.

Live Dressed
Animals. Paunch
welght. | welght. | guotin | andin- | Pluck
loin. te?tltnal fat.
at.

Pounds. | Pounds. | Per cent. | Per cent. | Fer cent.
[317205) o 1,395 837.75 2.426 0.910 5.02
[217:75) o - S 1,065 580.25 . 962 .658 4.60

The lean meat of both steers was ‘“marbled,” but that of steer A
to a much greater extent than that of steer B. It was not possible
to analyze the carcasses of the two animals, but samples of the lean
meat of the porterhouse and round of each animal were analyzed
by Mr. W. W. Braman,! with the following results, the energy being
computed in the same manner as before. The results show a marked
difference in the energy content of the lean meat of the two animals.

TABLE 60.—Composition of fresh lean meat.

Porterhouse cut. Round cut.

Steer A. | Steer B. | Steer A. | Steer B.

Total DItrogen. .. ... ... vioieiie i e per cent. . 3. 407 3.488 3.49%6 3.616
8 do....| 1271 6.72 6.66 3.34
Energy per kilogram........ .ol calories. . 2,372 1,831 1,829 1,554

ENERGY CONTENT OF GAIN IN LIVE WEIGHT.

The foregoing results agree in indicating that a unit of gain in live
weight by steer A contained more potential energy than in the case
of steer B. The data contained in Table 51 regarding the available
energy of the average daily rations consumed afford a further test
of this supposition.

The available energy of a feeding stuff or ration, in the sense in
which the term is here used, signifies that portion of its total energy

1 ¢ The Influence of Fattening upon the Composition of the Lean Meat of Cattle,” thesis for the degree of
M. 8., 1908. .
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which can be used on the one hand to prevent a loss of the stored-up
energy of the body or, on the other hand, when supplied in excess of
the maintenance requirement, is stored up as gain of flesh and fat.
If, then, from the available energy of the rations as recorded in
Table 51, we deduct the available energy required for maintenance,
the remainder will represent the amount of energy capable of being
stored up in the body as the potential energy of protein and fat.
In the following table this computation has been made. The main-
tenamce requirements are those computed on page 55, viz, per 500
kilograms live weight, for steer A, 5,971 calories, and for steer B,
7,090 calories. The actual maintenance requirement per day in
each case has been computed in proportion to the two-thirds power
of the live weight on the basis of the average live weight for the period
as shown in the first column of the table. Dividing the estimated
daily gain of energy by the average daily gain in live weight gives in
the last column the total energy content of 1 kilogram of gain.

TABLE 61.—Energy content of gain in live weight.

Esti-

' mated Estl- | Average | Energy
Average | Available, dail in 1

Date of trial. live energy
weight.! | per day.

main- mated
tenance | gain of gain{n kiloj
require- | energy. | weight. gal
ment.

Kilos. | Calories. | Calories. | Calories.

Kilos 5
Oct. 263. 6 6,075 3,897 2,178 482 4,519
Apr. 295.7 6,570 4,207 2,363 359 6,583
Oct. 373.7 7,092 4,918 2,174 4,853
Apr. 429.7 9,542 5,397 4,145 . 594 6,978
Oct. 481.0 8,264 5,818 2,446 2,726 3,369
Steer B.
Oct. 1 to Dec.10,1904.....cccueeuunnnn.n. 193.0 5,294 3,760 1,534 .620 2,474
May 2 to July15,1905....cccceveanannnnn. 214.3 6, 682 4,030 2,652 . 559 4,744
Oct. 6 to Dec. 3,1905.... 280. 2 6,327 4,819 1,508 .546 2,762
Apr.15 to July 6,1906........cccccuuann.. 325.5 7,673 5,326 2,347 .429 5,471
Oct. 26 to Dec.15,1906.......ccuuennnnnn.. 371.2 7,553 5,813 1,740 2,410 4,244

1 Average of initial and final weights as recorded in Table 52 for the period corresponding most nearly to
the feeding period.
2 Initial weight in this period is from a single weighing.

The data of Table 61, as well as the graphic representation of the
results in figure 15, show that with the exception of the last period,
in which the true gain of weight is somewhat uncertain, steer A
appeared notably superior to steer B as regards the energy content of
a unit of gain. We can hardly err in ascribing this difference largely
to the greater proportion of protein and accompanying water which
appears to have characterized the gain made by steer B.

Another interesting point brought out by these results is an ap-
parent seasonal variation in the energy content of the gain, it being
greatest in the spring months and least in the fall months.
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None of the foregoing results can, of course, be interpreted as con-
stituting a quantitative determination of the composition or energy
value of the gains in live weight. Taken together, however, they
seem to be fairly conclusive as to the qualitative nature of the differ-
ence in this respect between the two animals and to furnish an ade-
quate explanation of the apparent discrepancy between the results of
the determinations of digestibility and availability of the feed, on the
one hand, and the relatively greater gain of live weight by steer B
on the other hand.

F1a. 15.—Energy content of 1 kilogram gain in live weight.
FEED REQUIREMENTS FOR GROWTH.

It is of interest to compare the rations consumed and the gains
made by these two steers with the accepted feed requirements of such
animals as formulated in the current tables of ‘“feeding standards”
for growing cattle. The most recent and generally accepted of these
are Kellner’s* which are expressed in terms of digestible protein and
“starch values,” 1 kilogram starch value being equivalent to
2,356 calories of energy value. Kellner’s standards are as follows,
the starch values being reduced to their equivalents in energy
value expressed in ‘‘therms.”?

TABLE 62.—Kellner’s feeding standards for growing cattle.

Requirements per 1,000
kilos live weight.
Average
Age in months. 1live weight
per head. | pyostible | Energy
protein. values.
Dairy breeds. Kilos. Kilos. Therms.

140 2.80 35.81
240 2.30 27.10
320 1.80 21.20
400 1.30 18.85
150 3.50 38.88
250 2.80 31.81
350 2.20 23. 56
430 1.50 21.20

1 “Die Erniihrung der landwirtschaftl. Nutztlere.,” 5th ed., p. 615.
? A therm equals 1,000 kilogram calories.
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The live weight of steer A at the beginning of the investigation
corresponded with the weight assumed by Kellner for animals of the
same age, being, if anything, a trifle higher, but the weight of steer B
was considerably less. The later weights of the two steers can not
be compared with those predicated by Kellner for the corresponding
ages on account of the respiration calorimeter experiments, covering
about three months of each year, during which light rations were fed
and little or no growth made. We may, however, compare our
results with those expected to be obtained by the use of Kellner's
standards by computing the average daily rate of gain in the inter-
mediate feeding periods. From Kellner’s figures, as given in Table
62, the expected gain per day and head may be computed as follows:

Dairy Beef
breeds. | breeds.

Kilos. Kilos.
Between 43 and 9 MONtNS. ... ouitiiiiii it iiitetei et eaaaae 0.392 0.392
Between 9 and 15 months...... . .437 .564
Between 15 and 21 months .437 .437

The actual average daily gains by our steers, as shown in Table 52,
for the periods for which the protein and energy content of the rations
are computed in Table 51, are shown also in Table 63, which likewise
includes what was called on page 22 the virtual age of the animals,
that is, the age exclusive of the respiration calorimeter experiments.

TABLE 63.—Average daily gains in live weight.

Steer A. Steer B.

Perlods. Virtual Average Virtual Average
a dalily
ge. gain. age.

Months. Kilos. Months. Kilos.

Oct. 1 to Dec. 10, 8.5-10.9 0.482 | 10.9-13.2 0.620
Apr. 2 to July 15 1905... 10.9-14. 4 I: 13 I P E

ay 2 to July 15 1905... ] 13.2-15.4 . 569
Oct. 6 to Dec. 3,1905... .| 17.0-19.0 .448 | 18.1-20.2 .546
Apr. 8 to July 6 1906...... 19.0-22.0 WB94 e,
Apr. 15 to J uly 6,1906. .ccc. oo 20.2-23.1 429
Oct. 26 to Dec. 15, 1906 25.0-26.2 726 | 26.2-27.5 410

" On the average of the foregoing feeding periods, aggregating 17.7
months for steer A and 16.6 months for steer B, the average daily
gains per head were, respectively, 0.426 kilogram and 0.422 kilogram,
equivalent to an average of about 0.935 pound. The figures show
clearly that the rate of gain during the feeding periods, outside of
the respiration calorimeter experiments on limited rations, was fully
as great as that predlcated by Kellner for similar animals and would
be very satisfactory in practice for animals not being fattened.
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The rations shown in Table 51, computed to 1,000 kilograms live
weight in direct proportion to the latter, are as follows:

TABLE 64.—Average rations per 1,000 kilograms live weight.

Steer A. Steer B.

Virtual age | Digestible | Energy Virtual age | Digestible | Energy

in months. protein. values. in months. protein. values.
Kilos. Therms. Kilos. Therms.

8.5 to 10.9 1.42 23.05 10.9 to 13.2 1.64 27.43

10.9 to 14.4 1.40 22.22 13.2 to 15.6 1.77 31.18
17.0 to 19.0 1.09 18.98 18.1 to 20.2 1.25 22.58
19.0 to 22.0 1.03 22.20 20.2 to 23.1 1.23 23. 57
25.0 to 26.2 0.72 17.18 26.2 to 27.5 0.85 20.35

ENERGY VALUES.

The rations of steer B contained in the earlier periods of the experi-
ments somewhat less energy value than the standards for dairy
breeds call for and a somewhat larger amount during the later periods.
The differences, however, are not very marked. Steer A, as already
noted, consumed relatively less feed than steer B and consequently
the energy value of his rations is notably less in the earlier periods
than that called for by the standards for beef breeds and somewhat
less in the later periods. On these rations both steers made on the
whole quite similar gains per head, which, as already noted, were
entirely satisfactory from a practical standpoint. Steer B being the
lighter animal, his gains were relatively greater, although, as has
already been shown, this greater relative gain seems to have had a
lower energy value per unit. Steer A, on the other hand, seems to
have had a relatively low maintenance requirement and possibly
the average beef animal would require more feed for this purpose
than did steer A. On the whole, the results upon these two animals
indicate that for simple growth without material fattening, Kellner’s
standards as regards energy might be somewhat reduced.

PROTEIN SUPPLY.

As regards the protein supply, we find a striking contrast be-
tween our rations and the accepted standards. Our two steers
made entirely satisfactory gains on rations whose digestible protein
ranged in the case of steer B from 70 to 95 per cent of the formulated
requirements of the dairy breeds, and in the case of steer A from 50
to 70 per cent of those of the beef breeds. The difference is greatest
at the earliest ages and gradually diminishes. One of us!® has pre-
viously called attention to the fact that the protein supply called
for by the current feeding standards for growing cattle is greatly in
excess of the sum of the maintenance requirement and the amount

1 Armsby : Bureau of Animal Industry, Bulletin 108, pp. 27-29 and pp. 57-65.
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actually stored up in the body, and that we have no recorded deter-
minations of the minimum protein demands of such animals. The
quantities of digestible protein consumed by the two steers in this
investigation, although less than those called for by the standards,
were still considerably in excess of the amounts calculated in the pub-
lication, referred to, but, on the other hand, our results afford no
proof that the minimum was reached. Of course it must be regarded
as probable that some waste of nitrogenous matter would be-involved
in the chemical reconstitution necessary in changing food protein to
body protein, while it is not impossible that a certain surplus of pro-
tein may be necessary for, or at least favorable to, growth. The
tendency of recent investigations, however, is to show that in all
branches of feeding the minimum protein requirement has been con-
siderably exaggerated. This has been shown to be true of the main-
tenance requirement and of the requirement for milk production,
while our results suggest that it is also true for growth. At any rate
this branch of the subject seems worthy of further investigation.



PART II. DETAILS OF RESPIRATION CALORIMETER EXPERI-
MENTS AND OF DIGESTION AND METABOLISM TRIALS.

In the following pages are recorded the details of the respiration-
calorimeter experiments of 1905, 1906, and 1907, whose general plan
has been stated on pages 23-25, and whose results have been dis-
cussed in Part I, and likewise the particulars of the digestion and
metabolism trials made during the intermediate feeding periods as
described in Part I, pages 66-77, in connection with the discussion
of the protein and energy content of the rations consumed.

RESPIRATION CALORIMETER EXPERIMENTS OF 1905.
FEEDING STUFFS.

Hay.—The hay used was nearly pure timothy hay grown upon the
experiment station farm. It contained a slight admixture of red
clover, but was the purest available. It was cut during the last
week in June, 1904, was housed in good condition, and when taken
from the mow was very bright and showed no effects of one slight
rain to which it was exposed during curing. Two tons of this hay
were cut to 4 to 5 centimeter lengths on November 26, 1904. On
November 29 the cut hay, which in the meantime had lain on the
barn floor protected from the weather, was thoroughly mixed, and
two general samples drawn for determination of the composition of
the dry matter. The hay was stored in the loft of the barn, pro-
tected from the weather, and as portions were weighed out for the
successive periods samples were taken for analysis. Table 65 shows
the composition of the two general samples and of the seven samples
taken during the progress of the experiments. The good general
agreement of these nine analyses shows that a reasonably uniform
material was used throughout the experiment.

92
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TABLE 65.—Composition of dry matter of timothy hay, 1905.

General samples. Samples taken during experiments.
Period
Components. Aver. | Period | Period | %S%T | period | Perlod | Perlod | Perlod
C. D. . |1,both |1, steer Period | 2-Steer | 3,steer | 4,steer | 4,steer
888 | Steers. A only. A. A. B.

3, steer B.
B.

Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct.
4.30 4.25 4.60 4.07 4.26 4.06
5.21 4.96 6.06 5.09 4.26 4.28

. .40 .52 .07 7 .71 1.11

37. 5 . X 37.61 |39.35 |38.16 |39.94 | 40.17 | 39.20

Nitrogen-free extract| 50.12 | 48.91 | 49.51 | 50.32 | 50.41 | 49.08 | 49.42 | 48.39 | 48.75 | 49.40

Ether extract....... 2.05 1.97 2.01 1.98 2.07 1.84 1.69 1:74 1.85 1.98

100.00 {100.00 |100.00 [100.00 |100.00 [100.00 [100.00 (100.00 [100.00 |100.00
Total nitrogen....... .884 . 904 . 894 . 896 .919 . 904 . 985 .977 .831 .918
Protein nitrogen. ... . 759 . 865 .812 .730 . 834 . 793 .970 .814 .681 .682
Carbon.............. 46.795 | 46.902 | 46.849 | 47.394 | 47.482 | 47.039 | 47.282 | 47.272 | 46.985 | 46.967
Hydrogen........... 6.521 | 6.083 | 6.302 | 6.032 | 6.012 | 6.033 | 7.340 | 6.331 | 6.031 | 5.679
Calo- | Calo- | Calo- | Calo- | Calo- | Calo- | Calo- | Calo- | Calo- | Calo-

Energy (calories per | ries. ries. ries. ries. ries. ries. ries. ries. ries. ries.

) PO 4.4399) 4.4218) 4.4309| 4.4909| 4.4957) 4.4084| 4.4826| 4.5015| 4.4882 4.4828

1 Computed from nitrogen, using the factors stated in Part III, page 203.

Wheat bran.—Fresh bran purchased directly from the mill was
used. About 500 kilograms were thoroughly mixed and two general
samples taken for determination of the composition of the dry
matter. The remainder was stored, protected from moisture and
vermin, and further samples were taken as the bran was weighed
out for the several periods in which it was used. The results of all
the analyses are contained in the table below and indicate a satis-
factory degree of uniformity in the bran, as was the case with the
hay.

Y TABLE 66.—Composition of dry matter of wheat bran, 1905.

General samples. Samples taken during experiments.
Components. Period 1, | Period 1
’ ' | Perlod 2, | Perlod 2,
E, F. | Average. Sz’é’:g. Sg‘:ﬁ;f steer A. | steer B.
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.
7.38 7.66 7.52 7.33 7.55 7.54 7.45
14.49 14.51 14.50 15.27 14.31 14.74 13.90
.66 .32 .49 .50 .88 .85 1.11
11.48 11.51 11.49 10.79 10.64 11.29 10. 44
Nitrogen-free ex 61.84 61.92 61.88 61.30 61.95 61.31 62.16
Ether extract........ | 415 4.08 4.12 4.81 4.67 4.27 4.95
100. 00 100.00 100. 00 100. 00 100. 00 100. 00 100. 00
Total nitrogen.................. 2.683 2.613 2.648 2.784 2.698 2.767 2.674
Protein nitrogen................ 2.542 2.545 2.544 2.678 2.510 2. 586 2.438
[65:74 0 70) « PR 46. 781 46.003 46.392 45.979 45.623 45.740 44.379
Hydrogen.........ccceveeeennn. 6.628 6.907 6.768 6.141 6.581 6.392 7.150
.
Calories. | Calories. | Calories. | Calories. | Calories. | Calories. | Calories.
Energy (calories per gram)..... 4.5340 4. 5295 4.5318 4. 5651 4.5238 4.5584 4. 4608

1 Computed from nitrogen, using the factors stated in Part III, page 203,
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PERIODS AND RATIONS.

Beginning on December 10, 1904, the feed of the animals was
changed to timothy hay and wheat bran and the ration brought
gradually to that assigned to the first period. The several periods
and rations were as shown in tables 67 and 68, the dates being inclu-
sive in all cases. Throughout this investigation the term ‘“day”’
~ signifies the 24 hours ending upon the date named.

It was found necessary, as appears from Table 67, to postpone
Period II for steer B until the very close of the experiments. The
same number, however, was retained for this period so as to facili-
tate comparisons between the different periods and animals.

The ration fed during the transition feeding differed only in amount
and not in kind of feeding stuffs from that of the periods proper. As
a matter of convenience in connection with the calorimeter experi-
ments, the hour of 6 p. m. was taken as the beginning and ending of
the day. Approximately one-half of the feed was given at 6 p. m.
and the remainder 12 hours later. The weight of the animal was
taken daily at 1 p. m., 24 hours after the last watering. The rectal
temperature was then taken and the animal was watered and re-
weighed, the difference between the two weighings representing the
amount of water consumed. On the days when the animal was in
the calorimeter the live weight was taken immediately before enter-
ing and immediately after leaving the apparatus and the animal
was watered immediately after the morning feeding at 6 a. m.

TABLE 67.—Periods, 1905.

Steer A. Steer B.
Periods.
Preliminary feeding. | Excreta collected. | Preliminary feeding.| Excreta collected.
O Dic.ll6, 1904, to Jan. | Jan. 5 to 22, 1905 . D(;g. 16, 1904, to Jan. | Jan. 19 to 28, 1905.
5 . , 1905,
Transition feed-| Jan. 23 t028,1905...]....c.ccoviimieniiians Mar. 26 to Apr. 1,
ing. 1905

| 3

Transition feed-|
ing.

Jan. 29 to Feb. 8,
1905.

Feb. 19 to Mar. 1,
1905.

Mar. 12 to 18, 1905. ..

Mar. 19 to 22, 1905.. .

Mar. 23 to Apr. 1,
1905.

Apr. 2 t0 26, 1905. . ..

Jan. 29 to Feb. 4,
1905.

Feb. 5 to 15, 1905. ...

Feb. 26 to 28, 1905. ..

Feb. 29 to Mar. 15,
1905.

Apr. 27 to May 6,
1905.
Feb. 16 to 25, 1905.

Mar. 16 to 25, 1905.

TaBLE 68.—Daily rations, 1905.

. Steer A. Steer B.
. Periods.

Timothy| Wheat |Timothy| Wheat

hay. «bran. hay. bran.

Kilos. Kilos. Kilos. Kilos.
2.25 1.80 2.00 1.20
2.25 3.00 2.00 2.00
2.25 |.......... 2.00 f..........
< 400 ). ... 3.00 [..........
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DIGESTIBILITY OF TOTAL RATIONS.

A uniform aliquot sample of the fresh feces was set aside daily and
preserved in a cold place with the addition of a small amount of carbon
bisulphid. At the close of the period the total nitrogen was deter-
mined in the mixed fresh feces and the other ingredients in an air-
dried sample. The daily weights of the excreta, together with the
live weights of the animals, weight of water consumed, and the
composition of the dry matter of the feces and of the feed refused
are recorded in Tables IV, V, and VI of the appendix. From the data
there recorded the digestibility of the several rations is computed
in the following tables.

In Period I the feed was not readily eaten by steer B and salt was
used to render it more palatable. In the computations of digesti-
bility the uneaten residues in this period have been corrected for the
salt which they contained on the basis of a determination of soluble
chlorin. A smaller but similar correction is also made in Period IV
with the same animal.

TABLE 69.—Feed and excreta—Period I, 1905.

Steer A. Steer B.

Feed and feces.

Number | Fresh Number | Fresh

of days. | weight. Dry matter. of days. | weight. Dry matter.

Timothy hay: @Grams. | Per cent.| Grams. Qrams. | Per cent.| Grams.

Total............ 18 | 40,500.0 87.91 | 35,602.2 10 | 20,000.0 88.50 | 17,699.8
Wh Oig'%red perday..|.......... 2,250.0 |.......... 1,977.8 |.......... 2,000.0 |.......... 1,770.0

eat bran:

Total............ 18 | 28,800.0 85.64 | 24,664.2 10 | 12,000.0 86.04 | 10,324.8
Uneotggreg (fr etsiay. ..... 1,600.0 1,370.2 |.......... 1,200.0 |.......... 1,032.5

aten residues:

Jan.24.. .. ....... . .- 5 . 499.3

Jan.26........... .. - .. . . 379.8

Jan. 25 and 26 . - - . 40.7

Total............ . 919.8

Uneaten per day. 92.0
Feces:

Spilled Jan. 19.
Spilled Jan. 23
Spilled Jan. 26.
In ductJan. 19..

In ductJan.27...|.. 39.8
In ductJan.28... 4.1
Total.......... 11,220.7
Excreted per
day.......... 1,122.1
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TaABLE 70.—Digestibility of rations—Period I, 1905.

To-
- Nitro- |[Ether| tal Hy-
Dry Organic| Pro- | Non- |Crude| ;o s - | ni- |carb d £
Feedand feces. | oscer | ASh. | mgtter.| tein. [protein.| fiber. g;%r;ceé ot | e arbon. g;g: nergy,:
gen.
Steer A.
Qrams.| Gms. | Grams.| Gms. | Grams. | Gms. | Grams. | Gms. |@ms.| Grams.| Gms. | Calories.
Timothy hay!..|1,977.8 | 83.5 |1,894.3 | 96.5 11.6 1749.9 | 996.5 | 39.8 {18.0 | 938.2 |119.1 | 8,886.8
Wheat bran....|1,370.2 [101.9 |1,268.3 [202.7 9.5 |146.9 | 844.3 | 64.9 |37.5| 627.5 | 87.2 | 6,226.6
Total ....[3,348.0 {185. 4 |3,162.6 |299.2 21.1 |896.8 [1,840.8 |104.7 |55.5 |1,565.7 [206.3 [15,113.4
Feces.......... 1,414.2 [109.9 |1,304.3 [139.0 |........ 501.5 | 636.9 | 26.9 [22.2 | 666.1( 77.4 | 6,525.3
P Dlgestgii.l,933.8 75.5 |1,858.3 |160.2 21.1 /395.3 |1,203.9 | 77.8 [33.3 | 899.6 {128.9 | 8,588.1
ercentage di-
gestibillty....| 57.76| 40.74] 58.75| 53.54|[100.00]| 44.08| 65.40| 74.30/60.00| 57.46| 62. 48 56.83
Steer B.
Timothy hay...[1,770.0 | 73.1 {1,696.9 | 80.7 13.8 |676.7 | 890.7 | 35.0 |15.9 | 838.9 |106.8 | 7,948.9
Wheat bran....|1,032.5 | 75.7 | 956.8 [157.7 5.11111.4 | 632.9 | 49.7 |28.7 | 474.7 | 63.4 | 4,713.5
Total ....[2,802.5 [148.8 |2,653.7 238.4 18.9 (788.1 |1,523.6 | 84.7 (44.6 {1,313.6 |170.2 |12,662. 4
Uneaten: :
Jan. 24..... 249.9 ( 4.9 45.0| 6.8 8| 7.7 27.8| 19113 22.2| 3.4 214.8
Jan. 26..... 38.0| 2.8 35.2| 4.6 2| 8.1 21.0 1.3 .8 17.4 1.8 170.7
Jan. 25,26.. 4.1 .4 3.7 .6 .0 7 2.2 2] .1 1.9 .3 18.3
Total .... 92.0| 8.1 83.9 | 12.0 1.0 | 16.5 51.0 | 3.42.2 41.5) 5.5 403.8
Eaten.......... 2,710.5 [140.7 |2,569. 8 [226. 4 17.9 (771.6 |1,472.6 | 81.3 |42.4 |1,272.1 [164.7 (12,258.6
Feces.......... 1,122.1 | 98.4 (1,023.7 [(108.9 |........ 94.4 | 489.9 | 30.5 |17.4 | 530.3 | 63.5 | 5,252.6
Digested.|1,588.4 | 42.3 |1,546.1 (117.5 17.9 |377.2 | 982.7 | 50.8 [25.0 | 741.8 |101.2 | 7,006.0
Percentage di- .
gestibility. ... 58.60( 30.06] 60.16 51.90] 100.0| 48.89] 66.73] 62.48/58.96] 58.31| 61.45 57.15

1The average composition of the two samples taken for steer A is used in computing the digestibility.
2 Exclusive of 6.8 grams of salt.

TABLE 71.—Feed and excreta—Period 11, 1905.
Steer A. Steer B.
Feed and feces.
Num- Num- :
Fresh Fresh
lég; (s)f weight. Dry matter. ge;; gf weight. Dry matter.
Tlmothy hay: Qrams. | Per cent. | Grams GQrams. | Per cent Qrams,
................ 10 | 22,500.0 .69 | 19,955.7 10 | 20,000.0 17,790.0
Oﬂered perday......fe....... ,250.0 |......... 1,995.6 |........ 2,000.0 |.......... ,779.0
‘Wheat b mn
Total...ooeveeano.n. 10 | 30,000.0 86.11 | 25,832.7 10 | 20,000.0 90.13 | 18,026.0
Oﬂered perday.....of........ ,000.0 [.......... 2,583.2 |........ ,000.0 |.......... ,802.
Feces:
Collected. ............ 10 | 94,840.0 18.49 | 17,538.8 10 | 68,600.0 19.96 | 13,689.2
Spilled Feb. 17 ......|........ 629, 27.02 b (% T DR DR PR P,
ST TITTO .Y €3 S AR ORI PP IO P, 54.6 45.24 24.7
In duct Feb. 16 ......|........ 370.2 23.37 £ 0N 1 PR DR PR (R
In duct Feb. 18 ......|........ 378.3 25.44 96.3 |oeeoene] i e e
InductMay 4 .......0ceeeei)oomieni oo oo, 179.5 20.62 37.0
Induct May 6 «......|eoeeee ool P 42.0 25.48 10.7
Total. .o oeeeeeii]oanannas 96,217.9 |.......... 17,896.2 |........ 68,876.1 |.......... 13,761.6
Excreted perday...|........ ,621.8 [....o..o... 1,789.6 |........ ,887.6 |.oeiiiann. 1,376.2
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TABLE 72.—Digestibility of rations—Period II, 1905.
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; Non- Nitro- |Ether{Total Hy-
Dry | pqn.|Organic| Pro- Crude ¢ y
. : TO- gen-free| ex- [nitro-{Carbon.| dro- | Energy.
. matter. ) matter.| tein. in. fiber. extract.| tract.| gen. gen.
Steer A.

Grams. | @ms. | Grams. | Gms. |Gms.| Grams. | Grams. | Gms. | Gmas. | Grams. | Gms. | Calories.
Timothy hay...(1,995.6 | 84.8 11,910.8 | 99.0 | 10.4| 785.3 | 979.4 | 36.7 | 18.0 | 938.7 [120.4 | 8,797.4
‘Wheat bran....2,583.2 |194.8 [2,388.4 [380.8 | 21.9| 291.6 (1,583.8 |110.3 | 71.5 |1,181.6 (165.1 [11,775.3

4,578.8 279.6 (4,299.2 {479.8 | 32.3(1,076.9 (2,563.2 [147.0 | 89.5 [2,120.3 |285.5 [20,572.7
Feces. ......... 1,789.6 (144.2 |1,645.4 [186.7 |..... 601.3 | 816.2 | 41.2 | 29.9 | 844.0 [104.4 | 8,261.0

Digested. [2,789.2 [135. 4 [2,653.8 |203.1 | 32.3| 475.6 [1,747.0 {105.8 | 59.6 [1,276.3 [181.1 [12,311.7

Percentage di-

gestibility.... 60.91| 48.43| 61.73| 61.09(100.0f 44.16| 68.16| 71.97| 66.59| 60.19| 63.43 59.84
Steer B.

Timothy hay...1,779.0 | 81.8 [1,697.2 |107.8 | 1.2| 678.9 | 879.2 | 30.1 | 17.5 | 841.1 [130.6 | 7,974.5

‘Wheat bran....|1,802.6 (134.3 [1,668.3 {250.6 | 20.0| 188.2 (1,120.3 | 89.2 | 48.2 | 800.0 |128.9 | 8,041.0

3,581.6 1216.1 [3,365.5 (358.4 | 21.2[ 867.1 [1,999.5 [119.3 | 65.7 [1,641.1 |259.5 |16,015.5
Feces.......... 1,376.2 (130.0 |1,246.2 [140.1 |..... 468.6 | 602.1 | 35.4 | 22.4 | 636.0 | 92.9 | 6,297.9

Digested.|2,205.4 | 86.1 {2,119.3 [218.3 | 21.2 398.5 |1,397.4 | 83.9 | 43.3 {1,005.1 {166.6 | 9,717.6

Percentage di- :

gestibility.... 61.57| 39.84] 62.97] 60.91/100.0{ 45.96] 69.89! 70.33| 65.91| 61.25| 64. 20, 60.68
: TABLE 73.—Feed and excreta—Period 111, 1905.
Steer A. " Steer B.
Feed and feces.

Num- Num-

Fresh Fresh
ber of Dry matter. ber of Dry matter.
days. weight. days. welght.

Timothy hay: Grams. | Per cent. | Grams. QGrams. | Per cent. | Grams.
Total... . 88.93 | 20,009.9 10 | 20,000.0 88.69 | 17,738.4
Offered per day 0 ... 2,00L.0........ 2,000.0 ... 1,773.8

Feces:

Collected.......
Spilled, Feb. 22
Spilled, Mar. 10
In duct, Feb. 23..
In duct, Feb. 25..
In duct, Mar. 9...
In duct, Mar. 11......[........
Total. o veeeennennfenennnn. 44,597.7
Excreted per day. .|-....... ,459. 8
TABLE 74.—D1gestibility of rations—Pertod 111, 1905.
. Non- Nitro- |Ether|Total Hy-
Dry Ash Organic| Pro- Crude, :
. : pro-~ gen-free| ex- |nitro-|Carbon.| dro- | Energy.
matter. matter.| tein. (goin | fIber. gxiract. tract.| gen. gen.

' Steer A.

Grams. | Gmas.| Grams. | Gms.| Gms.| Gms.| Gms. | Gms.| Gms.| Gms. | Gms.| Culs.
Timothyhay..ZOOl.O 81.4 |1,919.6 [101.9 | 15.4 (799.2 | 968.3 | 34.8 | 19.5 | 945.9 [126.7 | 9,007.5
Fec 909. 51.6 | 857.6 | 78.3 |...... 363.1 | 396.9 | 19.3 | 12.5 | 459.7 | 52.5 | 4,419.3

Digested.|1,091.8 | 29.8 [1,062.0 | 23.6 | 15.4 |436.1 | 571.4 | 15.5 | 7.0 | 486.2 | 74.2 | 4,588.2

Percentage di-

gestibility. .. 54.56| 36.61| 55.32 23.16(100.00| 54.57| 59.01 | 44.54| 36.22| 51.40| 58.56 50.94

i Steer B.

' 'l‘l.mothy hay.. 1,773.8 | 75.4 [1,608.4 | 88.0 [ 9.2 [698.0 | 870.6 | 32.6 | 16.0 | 834.4 {107.0 | 7,819.6

800.7 | 47.0 | 753.7 | 79.1 |...... 308.4 | 348.7 | 17.5 | 12.7 | 401.1 | 47.2 | 3,918.9

Digested.| 973.1 | 28.4 | 944.7 | 8.9 | 9.2 (389.6 | 521.9 | 15.1 | 3.3 | 433.3 | 59.8 | 3,900.7
Percentage di-

gestibility. .. 54.86| 37.67| 55.62| 10.11(100.00| 55.82| 59.95 [46.32 20.63 | 51.93 (55.89 49.88

92946°—Bull. 128—11—7
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TABLE 75.—Feed and excreta—Period IV, 1905.

INFLUENCE OF TYPE AND AGE ON UTILIZATION OF FEED.

Steer A. Steer B.
Feed and feces.
Num- Num-
Fresh Fresh
ber of Dry matter. ber of Dry matter.
days. weight. days. weight.
Ti.mothy hay: Grams. | Per cent.| Grams Grams. | Per cent.| Grams.
................ 10 | 40,000.0 87. 34,931.2 10 | 30,000.0 88. 26,573.7
Oﬂered er day......loc...... 4,000.0 |.......... 3,493.1 |........ ,000.0 |.......... 2,657.4
Uneaten residues:
March 24.. 448.6
March 24... 12.1
March 25............. 32.7
Total.............. 493. 4
Uneaten per day.. 149.3
Feces:
Collected.... 10 | 58,195.0 20.16 | 11,730.9
Spilled, Mar. 24......|........ 12.0 5 7.
Spilled, Mar. 31.
In duct, Mar. 23
In duct, Mar. 25
In duct, Mar. 30. 3 .1
In duct, Apr.1.......|........ 24.0 12.7
Total.....ooooviiiifoaaa.n. 97,563.0 [.......... 16,816.2 |........ 58,217.6 |.......... 11,745.5
Excreted per day..|........ 9,756.3 |-ceaennn.n 1,681.6 |........ 5,821.8 |.....o.... 1,174.6
1 Including salt. Without salt it is 47.8.
TABLE 76.—Digestibility of rations—Period IV, 1905.
s Non- Nitro- {Ether| Total Hy-
Dry Ash Organic| Pro- Crude h
. . pro- gen-free| ex- |nitro-|Carbon.| dro- | Energy.
matter. matter. | tein. tein. fiber. extract.| tract.| gen. gen.
Steer A.

Grams. | Gms. | Grams. | Gms. | Gms. | Grams. | Grams. | @ms. | Gms. | Grams. [Gms. | Calories.
’I‘lmothyhay..3 493.1 148.8 (3,344.3 |148.8 | 24.8 [1,403.2 [1,702.9 | 64.6 | 29.0 |1,641.2 (210.7 (15,677.7
Feces......... 1,681.6 | 94.7 (1,586.9 (136.2 |...... 690.8 | 724.4 | 35.5 | 21.8 | 835.3 [115.4 | 8,055.9

Digested.|1,811.5 | 54.1 (1,757.4 | 12.6 | 24.8 | 712.4 | 978.5 | 29.1 | 7.2 | 805.9 | 95.3 | 7,621.8
Percentage di-
gestibility...| 51.86| 36.36| 52.55| 8.47(100.00] 50.77| 57.46| 46.05| 24.83| 49.10| 45.23 48.62
Steer B.
Timothy hay..|2,657.4 [107.6 |2,540.8 1113.2 | 20.5 [1,041.7 [1,312.8 | 52.6 | 24.4 |1,248.1 (150.9 {11,912.6
Uneaten...... 147.8( 2.0 45.8| 3.6 | 0.1 17.3 23.6| 1.2| 0.6 2.2 |...... 219.6

2,609.6 [105.6 |2,504.0 [109.6 29.4 1,024.4 (1,289.2 | 51.4 | 23.8 (1,224.9 |150.9 [11,693.0

Feces. ........ 1,174.6 | 76.3 |1,098.3 [112.5 |...... 464.6 | 497.1 | 24.1 | 18.0 | 584.2 | 67.0 | 5,676.8

Digested.|1,435.0 | 29.3 (1,405.7 |—2.9 | 29.4 | 559.8 | 792.1 | 27.3 | 5.8 | 640.7 | 83.9 | 6,016.2
Percentage di-

gestibility...| 54.99| 27.75 56.14[...... 100.00 54.65 61.44| 53.11| 24.33| 52.31| 55.60 51.45

1 Exclusive of salt.
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DIGESTIBILITY OF TIMOTHY HAY AND OF WHEAT BRAN.

From the data contained in the foregoing tables the percentage
digestibility of the several ingredients of the wheat bran may also be
computedupon the customary assumption that the latter did not affect
the digestibility of the hay. In making this computation the average
digestibility of the hay in Periods III and IV has been used, the
average being computed as shown in the table below, giving weight
to each period in proportion to the amount of hay consumed.

TABLE 77.—Average digestibility of timothy hay, 1905.

: Non- Nitro- |Ether| Total Hy-
Dry Organic| Pro- Crude A
Ash. : ro- gen-free| ex- |nitro-|Carbon.| dro | Energy.
matter. matter.| tein. ein., fiber. extract.|tract. | gen. gen.
Steer A.
Fed in Period | Gms. | Gms.| Gms. | Gms.| Gms.| Gms. | Gms. | Gms.| Gms.| Gms. | Gma.| Calories.
II.......... ,001.0 | 81.4 [1,919.6 |101.9 | 15.4] 799.2 | 968.3 | 34.8 | 19.5 | 945.9 |126.7 | 9,007.5
Fed in Period
IVeaoo. 3,493.1 1148.8 (3,344.3 |148.8 | 24.8/1,403.2 |1,702.9 | 64.6 | 29.0 |1,641.2 |210.7 )15,677.7

Total...[5,494.1 |230.2 |{5,263.9 250.7 | 40.22,202.4 (2,671.2 | 99.4 | 48.5 [2,587.1 (337.4 [24,685.2

igested in .
D rlg)e((liIII...l,Ot)l.B 20.8 |1,062.0 | 23.6 | 15.4] 436.1 | 571.4 | 15.56 | 7.0 | 486.2 | 74.2 | 4,588.2
G
5eriodIV...1,811.5 54.1 {1,757.4 | 12.6 | 24.8| 712.4 | 978.5129.1 | 7.2 | 805.9 | 95.3 | 7,621.8
Total....[2,903.3 | 83.9 |2,819.4 | 36.2 | 40.2/1,148.5 |1,549.9 | 44.6 | 14.2 {1,292.1 [169.5 {12,210.0
Percentage di-
gestibility...| 52.84| 36.45| 53.56( 14.44| 100.0| 52.15] 58.02| 44.87| 29.28] 49.94] 50.24 49. 46

Steer B.

Fed in Period
Imr.......... 1,773.8 | 75.4 |1,698.4 | 88.0 9.2 698.0| 870.6 | 32.6 | 16.0 | 834.4 [107.0 } 7,819.6

Fed in Period
IVe....... 2,609.6 1105.6 [2,504.0 {109.6 | 29.4;1,024.4 |1,289.2 | 51.4 | 23.8 11,224.9 [150.9 [11,693.0
Total ...|[4,383.4 |181.0 [4,202.4 [197.6 | 38.6|1,722.4 (2,159.8 | 84.0 | 39.8 |2,059.3 [257.9 19:512.6

Digested in

Di[’eriod II...| 973.1|28.4| 944.7 | 8.9 9.2 389.6| 521.9 |15.1| 3.3 | 433.3|59.8 | 3,900.7
ested n
eriod IV...[1,435.0 | 29.3 (1,405.7 |—2.9 | 29.4] 559.8 | 792.1|27.3 | 5.8 | 640.7 | 83.9 | 6,016.2

Total...|2,408.1 | 57.7 (2,3560.4 | 6.0 | 38.6| 949.4 [1,314.0 | 42.4 | 9.1 [1,074.0 (143.7 | 9,916.9
Pementaqedl-
gestibility ..] 54.04 31.88| 55.93 3.04| 100.0] 55.12] 60.84| 50.48| 22.86( 52.15] 65.72, 50. 82

In the following computation of the digestibility of the wheat bran
it has been assumed that the uneaten residue left by steer B in Period
I contained hay and bran in the same proportion as the ration weighed
out.
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TaBLE 78.—Computed digestibility of wheat bran, 1905.

: Non- Nitro- |Ether|Total Hy-
m]ggger Ash. ?I;'ﬁ‘:’lelf feﬁ;' pro- ﬂbegegen-free ex- |nitro-|Carbon.| dro- [Energy.
. * | tein. * lextract. | tract.| gen. gen.
Steer A.
Period I:
Total di-| Gms. | Gms.| QGms. |Gms.|QGms.|Gms.| Gms. |Gms.|Gms.| Gms. |Gms.| Calories.
gested.....|1,933.8 | 75.5 |1,858.3 (160.2 | 21.1 [395.3 |1,203.9 | 77.8 | 33.3 | 899.6 (128.9 | 8,588.1
Computed
digestible
hay ......[1,045.1 | 30.4 |1,014.6 | 13.9 | 11.6 (391.1 | 578.2 | 17.9 | 5.3 | 468.5 | 59.8 | 4,395.5
Digested
from
bran....| 888.7 | 45.1| 843.7 |146.3 | 9.5 | 4.2 | 625.7 | 59.9 | 28.0 [ 431.1 | 69.1 | 4,192.6
Totalin bran|1,370.2 |101.9 |1,268.3 [202.7 | 9.5 [146.9 | 844.3 | 64.9 | 37.5 | 627.5 | 87.2 | 6,226.6
Percentage
digesti-
bility..... 64.86| 44.26]  66.52| 72.18/100.00{ 2.86] 74.11| 92.30( 74.67] 68.70( 79.24, 67.33
7
. 63.55
Period I1:
Total di-
gested ....[2,789.2 [135.4 |2,653.8 [293.1 | 32.3 |475.6 {1,747.0 1105.8 | 59.6 [1,276.3 |181.1 [12,311.7
Computed
digestible
hay....... 1,054.5 { 30.9 [1,023.4 | 14.3 | 10.4 409.5 | 568.2 | 16.5 1 5.3 | 468.8 | 60.5 | 4,351.2
Digested
from
bran....[1,734.7 (104.5 |1,630.4 [278.8 | 21.9 | 66.1 (1,178.8 | 89.3 | 54.3 | 807.5 {120.6 | 7,960.5
Total in bran|2,583.2 (194.8 |2,388.4 (380.8 | 21.9 [291.6 (1,583.8 [110.3 | 71.5 |1,181.6 {165.1 |11,775.3
Percentage
digesti-
bility..... 67.15) 53.64| 68.26| 73.21|100.00| 22.67| 74.43| 80.96{ 75.94| 68.34] 73.05 67.60
66. 38
Steer B.
Period I:
Total di- .
gested..... 1,588.4 | 42.3 |1,546.1 [117.5 | 17.9 [377.2 | 982.7 | 50.8 | 25.0 | 741.8 |101.2 | 7,006.0
Co mputed
digesti-
ble hay....| 940.5 | 22.0 | 919.1 | 2.3 |13.1 |365.2 | 523.8 | 17.0 | 3.5 | 423.7 | 57.6 | 3,911.0
Digested
from
bran....| 647.9 [20.3 | 627.0 [115.2 | 4.8 |12.0 | 458.9 | 33.8 | 21.5 | 318.1 | 43.6 | 3,095.0
Totalin bran| 998.6 | 71.6 | 926.6 (149.8 | 4.8 {109.1 | 611.7 | 47.7 | 27.3 | 459.7 | 61.4 | 4,563.2
Percentage
digesti-
bility..... 64.88 28.35|  67.67] 76.90/100.00 11.00] 75.02| 70.86( 78.75| 69.20] 71.01 67.83
65. 33
Perfod II:
Total di-
gested..... 2,205.4 | 86.1 12,119.3 |218.3 | 21.2 [398.5 1,397.4 | 83.9 | 43.3 [1,005.1 [166.6 | 9,717.6
Computed
digesti-
blehay....| 977.4 | 26.1 | 949.2 | 3.3 | 1.2 |374.2 | 534.9| 15.2 | 4.0 [ 438.6 | 72.8 | 4,052.6
Digested
from
bran....[1,228.0 | 60.0 (1,170.1 [215.0 [20.0 | 24.3 | 862.5 | 68.7 | 39.3 | 566.5 | 93.8 | 5,665.0
Total in bran|1,802. 6 [134.3 (1,618.3 [250.6 | 20.00/188.2 |1,120.3 | 89.2 | 48.2 | 800.0 {128.9 | 8,041.0
Percentage
digesti-
bility..... 68.12| 44.68| 70.14| 85.79/100.00| 12.91]  76.99| 77.02| 81.54| 70.81] 72.77 70.45
——————r
67.77 '

URINARY EXCRETION.

In a composite sample of the urine made up of aliquot daily samples,
dry matter, total solids, nitrogen, carbon, organic hydrogen, and
energy were determined. From the results of these determinations
and the data for the weights of the urine contained in Table IV of the
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appendix, the total excretion has been computed as shown in Table
79. In case urine was spilled it was taken up with water, the total
nitrogen determined in the mixed sample, including the water used to
take it up, and it was assumed that the content of hydrogen, carbon,
and energy was proportional to the nitrogen.

TABLE 79.—Results on urine (inclusive of wash water), 1905.

Aver- - Energy.
e Total ni
spe- otal ni- Total hy-
Weight. cPﬂc Total solids. | “cocn” | Total carbon. | /0 2 en).' Per
rav- Total
gity. gram.
Period 1.
Per Calo-| Calo-
Steer A: .| Gms. | cent. | Gms.| ries. | ries.
Collected........ 1,076.06 0.293/161. 11|0. 1997|10, 980. 5
Spilled, Jan. 20.. 42 150 .006| .02| .0043 1.5
Spilled, Jan. 21.. 2.58 .052) .39| 0353 26.3
Spilled, Jan. 22.. 3.40( .092( .51| .0630] 34.7
......... 91. 3 1,082.19......(162.03|......]|11,043.0
Average(ladays) .................... 216.2|...... 34.2|...... 60.1 |...... 9.0 |...... 613.5
Steer B:
Collec 263.40| 2.159| 446.37| .319| 65.95| .2248| 4,647.7
2.98| 1.729 5.06 .255 .75 . .7
266. 38 l......| 66.70]. .4
29.6 7.4 . .3
Period II.
teer A:
Collected........ 32,310.0| 1.035| 7.684/2,482.7| 1.209(390.63| 1.742| 562.84| .267| 86.27| .
Spilled, Feb. 18..| 449.2|...... . 733 3.3| .115, .52| .166 .75 L0250 .11 .
Bpilled Feb. 18.. 110. 5...... 8. 861 9.8| 1.395 1.54| 2.010 2.22| .308] .34].
U1 7:Y D PR PP 2,495, 8|-..... 392.69|...... 565.81]...... 86.72
Average (7days)|-eeeeeee|oeaena]ennnns 856.5|-..... 56.1 |...... 80.8 |...... 12.4
Steer B:
Collected........ 21,265.0 1.044] 9. 595(2,040. 4| 1.246/264.96| 2.603| 553.53| .451| 95.91| .
Spilled May 5.. 408.3|...... 13.973] 57.1f 1.814| 7.41| 3.790| 15.47| .657| 2.68{ .
Spilled May 5.. 2, 036.0|...... .913| 18.6| .119] 2.42] .249 5.07| .043] .88].
B 017 DR PR AR 2,116.1f-..... 274.79]...... 574.07)...... 99. 47
Average [CIEVA)) P R R, 235.1)-..... 30.5 |...... 63.8 |...... 11.1
Period II1.
teer A:
Collected........ 35,995.0] 1.022| 5.086|1,830.7| .389|140.02| 1.146| 412.50| .154/ 55.43| .1087] 3,912.7
Spilled, Mar.10..| 256.9)|...... 3. 561 9.1] .272| .70| .801 2.06| .108 .28| .0761] 19.6
(01729 SN PR R PO 1,839.8...... 140.72...... 414.56]. ... 55.71|...... 3,932.3
Average(lo [¢E:0°) P R R, 184.0|...... 4.1 |...... 415 [...... 5.6 |...... 393.2
Steer B:
Collected........ 14,665.0|...... 8.861(1,299. 5| 1.155/169.38| 2.570| 376.89| .382| 56.02| .2460| 3,607.6
Average(10days)|- -« ---|ocecu|oaenen 130.0|.. ... 16.9 |o-.... 3.7 ... 5.6 |...... 360.8
Period IV.
Steer A
ected........ 23,015.0| 1.037( 7.905|1,819.3( .601|138.32| 2.396| 551.44| .277| 63.75| .2193| 5,047.2
Spﬂled Mar.25..| 196.2|...... 12.693] 24.9{ .966| 1.90| 3.851 7.56[ .445 .87 .3525 69.2
............................. 1,844.2]......(140.22)..._..] 559.00|......| 64.62|......] 5,116.4
Avemge(m days)|eeeemenfoaai)eenans 184.4|...... 14.0 |..._.. 55.9 ... 6.5 |...... 511.6
Steer B:
Collected........ 15,525.0| 1.043| 8.829(1,370.7| .793|123.11| 2.610| 405.20| .394| 61.17 . 2428' 3,769.5
Spilled, Mar. 23..| 2,388.1]...... 1.306] 31.2] .117] 2.79] .385 9.19] .058/ 1.39 .0358] 85.5
Total.eoeann oo oiii]eennts 1,401.9|...... 125.90)...... 414.39)...... 62.56]...... 3,855.0
Average(10days)|-.......|-co...|.oo... 140.2|...... 126 |.-oo.. 41.4 (... 6.3 |...... 385.5

The foregoing results are summarized for convenience in Table 80.
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TABLE 80.—Average daily excretion in urine, 1905.

Perlods. Nitrogen.| Carbon. | Energy. | per

Grams. | Calories. | Calories.

60.1 613.5 10.21
80.8 839.4 10.39
41.5 393.2 9.47
55.9 511.6 9.15
50.2 522.3 10.40
63.8 635.0 9.95
31.7 360.8 9.57
41.4 385.5 9.31

PRODUCTION OF EPIDERMAL TISSUE.

The steer was thoroughly brushed immediately before entering the
calorimeter and after leaving it, and the hair, dandruff, etc., in the
latter case collected. To this was added the small amount brushed
up from the floor of the calorimeter. In these samples determinations
of nitrogen, carbon, and energy were made with the following results:

TABLE 81.— Weight and composition of brushings for the two days in the calorimeter, 1905.

v Period I. Period II. Period III. Period IV,

Steer A.[Steer B.|Steer A.|Steer B.|Steer A.|Steer B.|[Steer A.|Steer B.

Weight...oooooiiiiiiiiLt grams. .| 39.2 46.2 54.7 14.9 25. 4 22.5 41.6 38.0
Dry matter................ per cent..| 94.27 | 92.46° | 92.65 | 81.72 |94.72 | 95.29 | 90.87 | 91.86
Weight of dry matter........ grams..| 37.0 42.7 50.7 12.2 24.1 21.4 37.8 34.9
In dry matter:
5.244 | 4.441| 7.681 | 4.660 | 5426 | 6.046 | 7.322 | 6.562
1.94 1.89 3.89 .57 1.31 1.29 2.77 2.29
Percentage................... 36.391 | 40.490 | 42.657 |........ 39.629 | 40.600 | 43.360 | 39.412
Weight.............. grams..| 13.45 | 17.28 | 21.63 |........ 9.53 8.69 |16.39 | 13.75
Hydrogen—
Percentage................... 4.627 | 5.258 | 5.538 |........ 4.682 | 4.743| 5.576 | 4.548
Weight.............. grams..| 1.71 2.25 2.81 |........ 1.13 1.02 2.11 1.59
nergy—
cgasiories per gram............ 4.1925 4.3659| 4.7535)........ 4.2791| 4.4601| 4.6748| 4.3371
Total............... calories..[153.0 [186.4 [241.0 |........ 103.0 95.4 |176.7 |151.4

ESTIMATED GROWTH OF HAIR.

The growth of hair was not determined in the experiments of 1905,
but the dry matter in the average daily growth in the experiments
of 1906 and 1907 was approximately proportional to the relative sur-
face of the animals as computed in proportion to the two-thirds power
of the live weight, except in the case of steer B in 1906, in which the
observed result was considerably less than the estimated. Taking
the results for steer A in 1907 as the basis of computation as a matter
of convenience, Table 82 gives a comparison of actual and estimated
daily growth in each series of experiments.
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TaBLE 82.—Estimated growth of hair.

Steer A. Steer B.
Dry matter in daily Dry matter in daily
Years. Approxi- growth of hair. Approxi- growth of hair.
mate mate
live weight. live weight.
Actual. | Estimated. Actual. | Estimated.
Kilos. Grams. Grams. Kilos. Grams. Grams.
270 )., 3.38 200 |..ooiiioaal. 2.76
400 4.76 4.39 300 2.54 3.62
500 5.09 5.09 375 4.29 4.20

Applying to the estimated daily growth in 1905 the average per-
centages of nitrogen, carbon, and hydrogen and the average heats of
combustion found for both animals in both the other years, we obtain
the estimate shown in Table 83 for the amounts of the several ele-
ments and of energy contained in the daily growth of hair. These,
added to the amounts contained in the brushings, give the average
daily production of epidermal tissue which is used in the balance
tables on subsequent pages.

TABLE 83.—Average daily production of epidermal tissue, 1905.

Steer A. Steer B.

Components. In efse?l- In brush In etseté- Inb
ma n brush- ma rush-
Total. g“LWth of ings. Total.

18.70 22.08 2.76 13.90 16. 66
1.24 1.74 .4 .76 1.17
7.63 9.28 1.34 6. 62 7.96

97 1.21 .1 .81 1.00
70 101.65 14.65 72.20 86.85

DETERMINATION OF RESPIRATORY PRODUCTS.

At about 1 p. m. on the sixth day of the 10 during which the excreta
were collected, the animal was placed in the respiration calorimeter
and the air current started. During the following 5 hours the
necessary adjustments of the calorimeter were made, and beginning at
6 p. m. the respiratory products, as well as the heat evolved, were
measured for the succeeding 48 hours, the time being divided into sub-
periods of 12 hours each. In other words, the respiration experiments
covered the seventh and eighth days out of the 10 (or the fourteenth
and fifteenth out of the 18 included in Period I, steer A).

In previous publications the data of the respiration determinations
have been given in considerable detail. In Part III of this report the
technic of the respiration experiments is described and illustrated by
the detailed figures of one subperiod. It has not seemed necessary,
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however, to occupy space with a complete tabulation of these results
for each subperiod, since at best they could scarcely serve any other
purpose than verification of the arithmetical accuracy of the calcula-
tions. These calculations have been checked independently by two
computers and are believed to be substantially correct, while the com-
plete records of the experiments will be carefully preserved in the
files of the Institute. Table 84 shows the results obtained for the
excretion of carbon and hydrogen in the forms of carbon dioxid, water,
and hydrocarbon gases for each subperiod, together with the ratio of
hydrogen to carbon in the combustible gases excreted.

TaBLE 84.—Carbon and hydrogen in gaseous excreta, 1905.

In COgand H3O. | In hydrocarbons.
CH4com-| H: Cin
Periods. Hyd Hydro- | om0, | covbons
ydro- ydro- | from C. |carbons.
Carbon. gen. Carbon. gen.
Period I.

Steer A, Jan. 18 and 19: Grams. | Grams. | Grams. | Grams. | Grams. 1:
Subperiod 1.. ... ..ol 461. 4 346. 4 30.98 10.21 41. 4 3.035
Subperiod 2.. ... ool 457.2 332.0 31.29 10.31 41.8 3.035

Firstday..oeeoeeeeiaenioiiaaao.. 918. 6 678. 4 62.27 20. 52 83.2 3.035
Subperiod 3. . 407.2 286.6 | . 30.84 10.16 41.1 3.036
Subperiod 4.. 419.8 271. 4 30.93 10.19 41.3 3.036

Second day....coeiiiiiiiiianaaaa.t 827.0 558.0 61.77 20.35 82.4 3.036

AVErage. e o e e i e et 872.8 618.2 62.02 20. 44 82.8 3.035

Steer B, Jan. 25 and 26:

Subperiod 1...... ... . ... 327.1 163.2 22.89 8.04 30.6 2.847
Subperiod 2.... ... ...l 356.0 189.5 24.03 7.84 32.1 3.065
Firstday..ooeoeeneneniiiianaaa., 683.1 352.7 46.92 15.88 62.7 2.955
Subperiod 3..... ...l 356. 6 204.5 24,52 7.66 32.8 3.201
Subperiod 4...... ...l 372.8 192.0 27.17 8. 54 36.3 3.182
Secondday......cooiiiiiiiiiiiia... 729. 4 396.5 51.69 16,20 69.1 3.191
AVeIBge. it 706.3 374.6 49.31 16. 04 65.9 3.074
Period II.

Steer A, Feb. 15 and 16:

Subperiod 1......... . ..ol 484.5 287.4 38.68 12.31 51.7 3.142
Subperiod 2............o.o.lL. 511.8 296.0 40.12 12.87 53.6 3.117
Firstday...cocovmeeiiiinaeaa i, 996. 3 583. 4 78.80 25.18 105.3 3.129
Subperiod 3. . 489. 6 330.1 39.27 12.80 152.5 3.068
Subperiod 4. . 543. 4 336.1 40. 47 12.92 54.1 3.132
Secondday.........o.ciiiiiiiiao... 1,033.0 666. 2 79.74 25.72 106. 6 3.100

AVerage.....oooiiiiiiiiii i, 1,014.7 624.8 79.27 25.45 106.0 3.115

Steer B, May 3 and 4:

Subperiod 1.... ... . . ... 379.2 154.3 32.52 10.75 43.5 3.025
Subperiod 2.... ... ..ol 411.8 164.8 34.48 11. 56 46.1 2.983
Firstday........oooiiiiiiiiiio. 791.0 319.1 67.00 22.31 89.6 3.003
Subperiod 3....... ... ... il 389.5 175.7 33.23 10. 89 44. 4 3.052
Subperiod 4.........o.ooilllLL 396. 4 181.2 32.07 10.84 42.8 2.959
Secondday...............o.ollL. 785.9 356.9 65. 30 21.73 87.2 3.005

PN (5] -V T 788.5 338.0 66.15 22.02 88.4 3.004

1 Pump stopped 2.23 to 3.06 a. m.
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TaBLE 84.—Carbon and hydrogen in gaseous excreta, 1905—Continued.

In COsand H3O. | In hydrocarbons.
CHycom-| H:Cin
Feriods. Hyd Tydro- | fhonco. | carbons
ydro- - ydro- | from C. | carbons.
Carbon. gen. Carbon. gen.
Period II1I.

Steer A, Mar. 8 and 9: Grams. | GQrams. | Grams. | QGrams. | Grams. 1:
Subperiod 1..... ..o 292.8 155.7 15. 67 5.08 20.9 3.085
Subperiod 2... ...t 1199.0 138.9 18.27 5.75 24.4 3.177

First day.oeoeeeein et 204.6 33.94 10.83 45.3 3.134
Subperiod 3.l 309.9 127.4 18.11 5.69 24.2 3.183
Subperiod 4., 307.7 134.1 17.34 5.33 23.2 3.253

Second day....cooiiiiiiiiiiiiiaos 617.6 201.5 35.45 11.02 47.4 3.217

AVerage.. o vt 2 606.9 278.1 34.70 10.93 846.4 3.176

Steer B, Feb. 22 and 23:

Subperiod 1..... ... .....o.ii. 258.1 93.5 16.02 4.76 21.4 3.365
Subperiod 2..... ... il 268.9 103.5 18.19 5.78 24.3 3.147
Firstday..ccooeveonoieiaiaaas 527.0 197.0 34.21 10. 54 45.7 3.246
Subperiod 3...... ool 257.8 95.5 16.91 5.18 22.6 3.264
Subperiod 4.................. - 254.2 93.0 16. 99 5.563 22.7 3.072
Second day 512.0 188.5 33.90 10.71 45.3 3.165
519.5 192.8 34.06 10. 63 45.5 3.204
Period IV.

Steer A, Mar. 29 and 30:

Subperiod 1........ .ol 395.2 188.6 29.93 10.74 40.0 2.787
Subperiod 2...... .. ...l 400.5 183.5 29.51 9.98 39.4 2.957
First d8y..eeeeeoooeiieeaen s 7957 372.1| 59.44| 20.72 79.4|  2.860
Subperiod 3........ ...l L 390.7 169. 4 29.48 9.62 39.4 3.065
Subperiod 4....... ... ...l 398.9 173.2 29.68 9.72 39.7 3.054
Second day................oo.....L 789. 6 342.6 59.16 19.34 79.1 | 3.059

AVeIage. .. vt 792.7 357.4 59.30 20.03 79.3 l 2.961

Steer B, Maf. 22 and 23: i
Subperiod 1.l 310.9 140.8 22.83 7.50 30.5 3.044
Subperiod 2.......... ...l 292.3 129.3 21.79 7.20 29.1 3.026

Firstday.......oooooooiiiiiiill. 603. 2 270.1 44. 62 14.70 59.6 3.035
Subperiod 3. ... ... .ol 308.7 149.0 23.00 7.19 30.7 3.199
Subperiod 4....... ... .l 284.2 152.2 21.22 7.18 28.4 2.955

Secondday..............o........ 592.9 301.2 44.22 14.37 59.1 3.077

AvVerage.....................o...... 598. 1 285.7 44. 42 14.54 59.4 l 3.055

1 Probably error in determination of COg in ingoing air. 2 Average of 3 subperiods.

The average ratios of hydrogen to carbon in the combustible gases
excreted are shown in Table 85, which justifies the assumption that
they consisted chiefly or wholly of methane.

TaBLE 85.—Ratios of hydrogen to carbon in combustible gases, 1905.

Periods. Steer A. | Steer B.
1: 1:
3.035 3.074
3.115 3.004
3.176 3.204
2.961 3.055
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THE BALANCE OF MATTER.

From the data recorded on the foregoing pages, the following
tabulation of the average income and outgo of matter has been made
up. Following the customary plan, the gain or loss of organic matter
has been regarded as consisting wholly of protein and fat, for which
the following elementary composition has been assumed:

Protein.!| Fat.2

IK8hler; Ztschr. Physiol. Chem.; 81, 479.
2Schulze & Reinecke: Landw. Vers. Stat.; 9, 97.

In order to determine the water balance on the two respiration
calorimeter days, the daily portions of the different feeding stuffs
previously weighed out were reweighed very shortly before being fed,
any difference being considered to represent a gain or loss of water.
Special samples of the feces voided in the calorimeter were taken for
the determination of dry matter. No special determinations of
the urinary solids were made on the calorimeter days, but in com-
puting the water balance, their amount is assumed to have been
proportional to that of the total nitrogen. To the income of water
as such is added the amount equivalent to the organic hydrogen
oxidized, as shown by the balance of that element. It must be
borne in mind that the water balance applies only to the two days
spent in the calorimeter, while the other balances may be assumed
to represent the average of the entire period.
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TABLE 86.—The balance of matter per day and head, 1905.

Water. Nitrogen. Carbon. Orgalggnhydro-
Periods and components. m?&{r' o = n -
coxI;e. Outgo. | o | Outgo. come, | Outgo. come, | Outgo.
Period I.
Steer A: Grams. | Grams. . | Grams. | Grams. | Grams. | Grams. | Grams. | Grams.
Timothy hay........... 1, 977.8} 4370 18.0(........0 938.2..... 1 .
‘Wheat bran. 1,370. 2] * 37.5|.

...... 16,478.0

Methane. . . . 8|. . 0]. 20.
Carbon dio: Y] IS P . . PR
E)Vaterivalll)oa.r.(; e
rganic en 0Xi-
(ﬁ“ﬂ 3 ydrog

1,670.3} 1,670.3] 222.4| 222.4

838.9|........ 106.8|........

Carbon dioxid.
‘Water va J
Or yd.rogen oxi-

76,405 00
L 37N ISR IR 15,370.0[15,370.0]  50.4]  50.4| 1,385.6] 1,385.6 181.1] 18L.1

Brushmgs and hair. .
Methane.........

gVaterivalllmr .
rganic hydrogen oxi-
d‘i"“d

16, 900. 0

425.0
}7, 425.0

‘Water vapor.
Organic hydrogen oxi-

Total..oeeenmannniafoeenias 11,007. 0j11, 007. 0| 65.7 65.7| 1,641.1{ 1,641.1{  259. 5 259.5)
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TABLE 86.— The balance of matter per day and head, 1905—Continued.

INFLUENCE OF TYPE AND AGE ON UTILIZATION OF FEED.

Period and component.

Dry
matter.

Water. Nitrogen. Carbon. Organéignhydro-
In- In- In- In-
come. Outgo. come. Outgo. come. Outgo. come, Outgo.

Period I11I.

Steer A:
Tlmothy hay...........

Carbon lexld
‘Water va
Or, anic

Steer B:

Urin

‘Water vapor.
Or; anio hydrogen oxi-

................................................ 66.7
................ 14.8)........]  46.7]........ 6.3)........
................................ 119.3). ..., 18.6....o...
1,656. 0| oo
6,191.0/ 6,191.0|  30.8|  30.8| 1,000.4] 1,000.4] 131.9| 131.9

Steer

392.0)
8,135.0)

9
B 2 e e ) P
Total.eoeeeaneaen ]t 12,344.012, 344.0 37.5 37.5) 1,752.5| 1,752.5| 227.5| 227.5
Steer B:
Tl.mothy hay........... 2,657. 4 %g O........ 24.4........ 1, 248 ... 150.9)........
1)) R R R .-

T
rganic hydrogen oxi-
vfized

1 From only 3 subperiods.
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COMPUTED GAINS OR LOSSES OF LIVE WEIGHT IN THE CALORIMETER.

The results of the heat determinations recorded on subsequent
pages, as is there pointed out, require a correction for the amount of
matter gained or lost by the body of the animal. In the absence of
direct determinations of the oxygen consumed, these gains or losses
by the body have been computed in Table 86 on the usual assumption
that its small content of carbohydrates remained substantially
unchanged and that the gains or losses of organic matter may be
regarded as consisting of protein or fat. The ash of the urine not
having been determined, it is not possible to compute an ash balance,
but this omission does not render the results seriously erroneous for
the purpose here in view.

Subject to these relatively small uncertainties, the data of Table
86 show the single factors which make up the gain or loss of live
weight during the days spent in the calorimeter. To the results as
thus computed there must be added a correction for irregularity of
excretion, especially of the feces. In computing the balances of
nitrogen, carbon, and hydrogen, the average excretion of dry matter
as determined in the 10-day digestion period is rightly made the
basis of calculation. The actual amount of dry matter excreted
during the two days in the respiration calorimeter, however, differs
somewhat from this average. While the differences are relatively
insignificant, they are entered as corrections in the proper column
of Table 87.

TaABLE 87.—Computed daily gains or losses of live weight in the calorimeter, 1905.

Period I. Period II. Period II1. Period IV.
Loss. | Gain. | Loss. | Gain. | Loss. | Gain. | Loss. | Gain.
Steer A Grams.| Grams.| Grams. | Grams. | Grams.| Grams.| Grams. | Grams.
Protein ... ...t ) (I O P 11 53 [eeecnnen 51 (........
) 7R 125 foveeeoennan 113 21 P 110 |........
LY 7) SR IR 4,688 | 4,334 |........ 2,487 |........ 3,126 |........
Correction for irregularity of excretion |........ 344 |........ 108 |..c.n... 25 [aennn.
E21 o - R 4,801 | ... ... 4,102 |........ 2,747 |........ 3,207
5,032 | 5,032 ( 4,334 | 4,334 | 2,772 | 2,772 | 3,287 3,287
Steer B
Protein......covemeiiiiiiiio k21 20 A 70 89 [......n. 48 |........
Fat. oo (VN PR PR 55 155 [........ 34 |........
AZ: S 7 RO (R 6,495 | 2,070 |........ 1,556 |........ 6,769 |........
Correction for irregularity of excretion |........ 176 -1 (RN 30 |........ 176
Alance. ....oiiiiiiii e 6,566 |........ ........ 2,031 |........ 1,770 |........ 6,675
6,671 | 6,671 | 2,156 | 2,156 | 1,800 | 1,8uu | 6,851 | 6,851

1 Computed from nitrogen, using the factors stated in Part III, page 203.
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Our apparatus does not permit of weighing the animal while in the
respiration chamber, so that the observed gains or losses of weight
cover the four or five preliminary hours in the calorimeter. A com-
parison of the computed with the observed changes in live weight
for this whole time, however, in the manner described in connec-
tion with the experiments of 1906 (pp. 145-147), gives the following
results, which show a fairly good agreement:

TABLE 88.—Computed and observed gaing in live weight in the calorimeter, 1905.

Periods. Computed. | Observed.

55 »o o5 So
OD O Nt D>

1 Records incomplete.
HEAT EMISSION.

The results of the determinations of heat, made in the manner
described in Part III of this bulletin, pages 205-216, are contained in
the following table. That portion of the heat given off by radiation
and conduction and brought out of the calorimeter in the water
current is recorded for each animal in the column headed ‘‘Radiation,”
while the second column shows the amount carried off as latent heat
of water vapor. The small corrections necessary for feed, excreta,
etc., put into and taken out of the calorimeter have been made
upon the heat given off by radiation.
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TaABLE 89.— Heat emission.

111

Steer A. Steer B.
Periods. B at Aﬁx latex;t i Aslatent
y radi- | heat o By radi- | heat of
ation. | water | Lol | “gtion. | water | Totel.
vapor. vapor.
Period I
First day: Calories. | Calories. | Calories. | Calories. | Calories. | Calories.
Subper!od L 2,823.0 | 1,845.8 | 4,668.8 | 2,079.6 869. 4 2,949.0
Subperiod 2........................... 2,578.6 | 1,769.0 | 4,347.6 | 2,132.3 | 1,000.9 | 3,142.2
b1 5,401.6 | 3,614.8 | 9,016.4 | 4,211.9 | 1,879.3 6,091.2
Second day:
Subperiod 3.............o.ooooiil.. 2,500.7 | 1,526.7 | 4,027.4 | 2,390.7 | 1,089.7 | 3,480.4
Subperiod 4........ ...l 2,534.8 | 1,446.0 | 3,980.8 | 2,385.8| 1,022.9 3,408.7
Total....oeeeeanennnn... s 5,035.5 | 2,972.7 | 8,008.2| 4,776.5| 2,112.6 | 6,889.1
Daily AVerage.......oooeeeenneeeeaanen. .. 5,218.6 | 3,203.8 | 8,512.3 | 4,404.2 | 1,996.0 | 6,490.2
4,161.4
3,363.0
7,524.
3,038.1 | 1,758.8 | 4,796.9 | 3,717.7 .0 3,653.7
2,837.7 | 1,790.7 | 4,628.4 | 2,595.5 965.5 3,561.0
07 Y 5,875.8 | 8,549.5 | 9,425.3 | 6,313.2 | 1,901.5 7,214.7
Daily average........ceeeeieeniiaiianaan. 5,909.3 | 3,328.9 | 9,238.2| 5,568.9 | 1,800.7 7,369.6
Period III.
First day:
Subperiod 1.............oooiiiii.t 2,434.4 829.7 | 3,264.1 | 2,484.6 498.0 2,082.6
Subperiod 2 .......... ...l ,417.0 740.3 | 3,157.3 | 2,166.5 551. 4 2,717.9
Total. ..o 4,851.4 | 1,570.0 | 6,421.4 ( 4,651.1 | 1,049.4 5,700.5
BSecond day:
Subperiod 3.......ooiiiiiiiiiiiiiaa 2,308.6 678.8 | 2,987.4 | 1,947.7 509.0 2,456.7
Subperiod 4... .. .. i 2,382.0 714.3 | 3,096.3 | 1,861.3 495. 4 2,356.7
Total. .o 4,690.6 | 1,393.1| 6,083.7 | 3,809.0 | 1,004.4 4,813.4
Dailyaverage...-coeooiiieiiiiiiiiainan. 4,771.0 ,481. 6,252.6 [ 4,230.1 | 1,026.9 5,257.0
Period 1V.
First day:
Subperfod 1......... ... 2,920.9 | 1,004.9 | 3,925.8 | 1,840.4 750.3 2,590.7
Subperiod 2..........oiiiiiiiiiiiiiia. 2,783.3 977.8 | 3,761.1 | 2,107.6 689.1 2,796.7
L7 5,704.2 | 1,982.7 | 7,686.9 | 3,948.0| 1,439.4 | 5,387.4
Second day:
Subperiod 1 2,760. 2 902 5| 3,662.7 | 2,149.7 793.9 2,043.6
Subperiod 2 2,578.6 922.7 | 38,501.3 | 2,017.0 810.8 2,827.8
Total.. 5,338.8| 1,825.2 7,164.0 | 4,166.7 | 1,604.7 5,771.4
Daily average.. 5,521.5 | 1,904.0 | 7,425.5| 4,057.4 | 1,522.1| 5,579.4

HEAT PRODUCTION.

~ The figures of Table 89 show the amounts of heat given off daily
by’ the animals, but these are not necessarily equal to the amounts
actually produced in the same time, since heat may, on the one hand,
be retained in the body, or, on the other hand, heat produced previous
to an experimental period may be eliminated during that period.
Variations in body temperature.—While the body temperature of a
healthy animal is approximately constant, it is, nevertheless, subjeot
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to minor variations which in the case of man are of a distinctly peri-
odic character. So far as the writers are aware no similar observa-
tions are on record for cattle. The rectal temperatures as recorded
in the appendix were taken about 1 p. m., except upon the respiration
calorimeter days, and show considerable fluctuation, the extreme
range being from 0.5° to 1.0° C., while nearly as great variations are
observed in some instances from one day to the next. A rise of body
temperature is, of course, equivalent to the storage of a corresponding
amount of heat, while, conversely, a fall of temperature is equivalent
to the emission of heat previously produced. If the extreme range
of 1.0° C. occurred between the beginning and end of a calorimeter
experiment, the resulting error in these experiments, assuming a
specific heat of 0.8 for the whole body, would be equivalent to about
200 calories for steer A and about 160 calories for steer B. Whether
such extreme variations actually took place, the data are insufficient
to show. A study of the temperature records shows some peculiar
irregularities. In many cases, the body temperature is approximately
the same for several successive days and then suddenly for one or two
days shows a striking difference. The cattle gave no indications of
illness and the results raise a question as to the reliability of the rectal
temperature as an index of the true body temperature of these ani-
mals. In view of these uncertainties and since, moreover, the tem-
peratures taken at 6 p. m. at the end of the calorimeter runs may not
be comparable with those taken at a different hour during the remain-
der of the experiment, we have not attempted to compute any cor-
rection, but content ourselves with calling attention to this source
of error.

Gain or loss of matter by the body.—Even if the body maintains a
uniform temperature, a gain or loss of matter is equivalent to a gain
or loss of heat, since the food, drink, and excreta are reduced to the
temperature of the calorimeter actually or by calculation. The data
recorded in Table 87 show the nature of these gains and losses and
enable a correction to be computed. In the computation of this
correction, the temperature of the animal has been regarded as rep-
resented by the average body temperature for the period. The spe-
cific heat of the fat and protein gained is based on Rosenthal’s results.!
He finds a specific heat of approximately 0.3 for dry muscle tissue
and of 0.72 for fat tissue. If we assume the latter to contain 15 per
cent of water and 85 per cent of fat, neglecting the small amount of
fat-free dry matter, Rosenthal’s figure is equivalent to a specific heat
of 0.66 for fat. The small correction for the irregular excretion of
dry matter may be neglected as entirely insignificant for the purpose

1 Arch. (anat. u.) Physiol.; 1887, p. 215.
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of the calculation. Using Period I, steer A, as an illustration, the
calculation is as follows:

Period I.—Steer A.

[Average body temperature, 37.6° C. Calorimeter temperature, 17.2° C.)

Protein —0.016 kilosX0.30<20.4= — 0.10 calories.
Fat —0.125 kilos X0.66X20.4= — 1.68 calories.
Water +44.688 kilosX1.00X20.4= +95.64 calories.

Correction............... +-93.86 calories.

In Table 90 the heat actually produced -by the animals has been
computed by applying the correction computed as just illustrated to
the figures for heat emission contained in Table 89. The results are,
of course, still subject to the uncertainty above mentioned regarding
the influence of changes in body temperature.

TABLE 90.—Average heat production, 1905.

Steer A. Steer B.

Periods. Correc- Correc-
Hoat | tion for Heat Heat | tion for Heat
emission.| gal y emission.| gal y
body. tion. body- tion.

Calories. | Calories. | Calories. | Calories. | Calories. | Calories.

T 8,512.3 +93.9 | 8,606.2 | 6,490.2 | +130.7 6,620.9
6 9,238.2 —89.4 | 9,148.8 | 7,369.6 | — 43.1 7,326.5
8 6,252.6 —~56.3 | 6,196.3 | 5,257.0 | — 35.6 5,221.4
IV . 7,425.5 —69.1| 7,356.4| 5,579.4 | —145.0 5,434.4

THE BALANCE OF ENERGY.

The following table shows the energy balance for each period of the
experiments, assuming the average heat values of 5.7 calories and
9.5 calories per gram, respectively, for the gains of profein and fat
shown by the nitrogen and carbon balances of Table 86 and reckoning
13.344 calories per gram of methane. The energy balance has been
divided for convenience so as to show also the metabolizable energy
of each ration. Before making the latter computation, however, it
is necessary to correct the potential energy of the urine for the gain
or loss of nitrogen, since in case of a loss of nitrogen, the urine contains
energy derived from body tissue, while in the contrary case energy
which would have appeared in the urine is retained in the body. The
energy of the urine has accordingly been corrected to nitrogen equi-
librium by adding or subtracting Rubner’s figure of 7.45 calories for
each gram of nitrogen gained or lost by the body. This having been
done, however, the same correction must be made in the computed
energy of the protein gained or lost by the animal in order to be able
to compare the metabolizable energy with the gain by the animal.
In the table following these corrections have been made.

92946°—Bull. 128—11—38
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TABLE 91.— The balance of energy per day and head, 1905.

Steer A. ‘ Steer B.
Dry Energy. ‘} Dry Energy.
matter. | ypcome. Outgo. | matier. | tnoome, Outgo.
Period 1. Grams. | Calories. | Calories. | Grams. | Calories. | Calories.
Timothy hay..................... 1,977.8 .
Wheat bran ........... 1 370.2

Uneaten residues

Fec

Methane...........

Metabolizable

Brushin, s
Loss by
gr(ztem ezzorrected for nitrogen)

Period II.

Timothy hay.............c......
‘Wheat bran .

eces
Urine (corrected for nitrogen).....
Methane..........................

Loss by
grotem z:orrected for nitrogen)

Timothy hay....
Uneaten residues

Period 1V.

Loss by

grotem ?corrected for nitrogen)

8,797.4 |...cieennnn. 1,779.0

10,367.5 10,367.5 |..........

48977

11,912.6 11,912.6

4,897.7 | .......

5,521.3 5,521.3
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Under the head of “Error” in the foregoing table there is shown
the amount by which the gain or loss of energy by the body as deter-
mined by a comparison of the income and outgo of energy differs
from that contained in the gain or loss of protein and fat as computed
from the nitrogen and carbon balance, or, in other words, the extent
to which the results differ from those required by the law of the con-
servation of energy. With the exception of Period IV, these differ-
ences are considerable, and while they may be due in part to the some-
what crude nature of the method by which the gain or loss of matter
is computed, this can hardly account for the entire error. The
relative magnitude of the difference would seem to be most fairly
expressed by comparing the observed heat production with that
computed from the balance of nitrogen and carbon, as is done in
Table 92.

TABLE 92.—Observed and computed daily heat production, 1905.

Steer A. Steer B.
Periods. o R o ted
ompute mpu
Observed. | Computed.| Error. +observed. Observed. | Computed. | Error. |~ observed.
Calories. Calories. | Calories. | Per cent. Calories. Calories. | Calorics. | Per cent.
I........ 8,606.2 8,047.2 | —559.0 93.5 6,620.9 6,378.9 | —242.0 96.4
I........ 9,148.8 8,825.7 | —323.1 96.5 7,326.5 6,900.7 | —425.8 94.2
II....... 6,196.3 5,979.1 —217.2 96.5 5,221.4 4,825. 4 6. 0 92.4
IV....... 7,356. 4 7,285.0 | — 71.4 99.0 5,434.4 5,345.9 | — 88.5 98.4

The errors expressed in this way are relatively large and are in the
opposite direction to those observed in most of our previous experi-
ments; that is, in these experiments the observed amounts of heat
are greater than correspond to the amounts of carbon dioxid and water
produced. The experiments are far from being satisfactory in this
respect and correspondingly less weight attaches to the results, but,
nevertheless, it has seemed worth while to carry out the computation
on the same plan adopted for those of the subsequent two years in
which a much closer agreement was obtained. It may be added also
that the conclusions regarding the availability of the energy of the
feeds do not differ widely whether the observed or the computed heat
production is made the basis of the comparison.

METABOLIZABLE ENERGY.

By metabolizable energy, or fuel value, is understood the poten-
tial energy of the feed minus the potential energy of the excreta,
including the gaseous excreta. The chief channel of loss of potential
energy is the feces, although a considerable amount is carried off in
the urine and the methane.

From Table 91 it is easy to compute in each case the percentage of
the total energy which was lost in the several excreta or was metab-
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olizable, and also, in connection with the results of the digestion
trials, to compute the metabolizable energy in calories per unit of
tatal or of digestible organic matter.

TIMOTHY" HAY.

From the energy balances of Periods III and IV the percentage
distribution of the total energy of the hay and also that of the energy
contained in the digested organic matter of the latter may be com-
puted as follows:

TABLE 93.—Percentage distribution of energy of timothy hay, 1905.

Total energy. Energy of digested matter.

Period II1. | Period IV. | . TfU€ | period III. | Period IV.|  Lrue

*| average. average.
Steer A Percent. | Percent. | Per cent.| Percent. | Per cent. | Per cent.

Infeces.....ooooeiiiiiiiiinnannns 49.06 51.38 50.54 | ceeeeeaneieiieiae e
.. 3.64 2.86 3.14 7.15 5.88 6.36

In methane. . 6. 87 6.75 6.80 13.49 13.88 13.74
Metabolizable 40.43 39.01 39.52 79.36 80.24 79.91

100. 00 100. 00 100.00 100.00 100.00 100.00

Steer B

Infeces...ooooeeeneninnnnnannnns 50.12 48. 55 49.16 [.oeeieei i
In urine 3.20 2.79 2.95 6.42 5.42 5.81
In methane... 7.76 6.78 7.17 15. 56 13.17 14.12
Metabolizable 38.92 41.88 40.70 78.02 81.41 80.07

100. 00 100. 00 100.00 100.00 100. 00 100.00

The metabolizable energy per gram of organic matter, total or
digested, was as follows:

TABLE 94.— Metabolizable energy per gram organic matter of timothy hay, 1905.

Organic matter.! “ Metabolizable energy.
| o | atgctred.
.. . otal igeste
Total. | Digested. Total.2 organic olgganic
| matter. matter.
|
Steer A. Grams. Qrams. Calories. Calories. Calories.
Perioa TIT. .. ooeoiii i 1,919.6 1,062.0 3,641.4 1.897 3. 4
Period IV.eaeeoiiiiniiiiiiiiiiia . 3,344.3 1,757.4 6,115.3 1.828 3.480
Totals and averages ....o.o.oo....... 5,263.9 2,819.4 | 9,756.7 1.853 3. 460
Steer B.
Period IIT...nenieniemiiiiiiaiii i 1,698.4 944.7 3,042.9 1.792 3.221
Period IV.eeeeieeienaia 2,504.0 1,405.7 4,897.7 1.956 3.484
Totals and 8Verages . ................ 4,202.4 | 2,350.4 | 7,940.6 1.889 3.378
1 From Tables 74 and 76. 2 From Table 91.

WHEAT BRAN.

The results in Table 91 for Periods I and II show the metabolizable
energy of the total rations. That of the bran alone may be computed
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by difference, assuming, much as in the case of a digestion experi-
ment, that the percentages of the energy of the hay which were lost
in the various excreta or which were metabolizable were the same as
when the hay was fed alone. For this purpose the averages of Table
93 have been used, each animal being treated separately. As before,
the results are expressed both in percentages and as calories per gram
of total or digestible organic matter.

TABLE 95.—Percentage distribution of energy of bran, 1905.

Organic matter.1 Energy of excreta.
Total. ] Metab
energy. Urine(cor- el;le?gye
Total. |Digested. Feces. rected). Methane.
Steer A.
Period I: Grams. | Grams. | Calories.| Calories. | Calories. | Calories. | Calories.
In total ration.. 3,162.6 | 1,858.3 | 15,113.4 | 6,525.3 594.1 | 1,104.9 6,889.1
In hay.. 1,804.3 | 1,014.6 | 8,886.8 | 4,491. 279.0 604. 3 3,612.1
Inbran............... 1,268.3 843.7 | 6,226.6 | 2.033.9 315.1 500. 6 3,377.0
Per cent of total energy 100.0 32.67 5. 06 8.04 54,24
Per cent of digested energy.|..........| ... .o 7.51 11.94 80. 55
Perlod II:
In totalration.............. 4,299.2 | 2,653.8 | 20,572.7 | 8,261.0 852.8 | 1,414.5 | 10,044.4
Inhay.. ..ol 1,910.8 | 1,023.4 | 8,797.4 | 4,446.3 276.2 598.2 3,476.7
Inbran..................... 2,388.4 | 1,630.4 | 11,775.3 | 3,814.7 576.6 816.3 6,567.7
Per cent of total energy.....|....... ..l .. ... 100.0 32.40 4.90 6.93 55.77
Per cent of digested energy.|........ .| oo ool 7.25 10.25 82. 50
Steer B.
Period I:
In totalration.............. 2,5669.8 | 1,546.1 |212,258.6 | 5,252.6 479.1 879.4 5,647.5
Inhay..........coooiiiian.. 1,643.2 919.1 | 27,695.4 | 3,784.6 227.0 551.8 3,132.0
Inbran..................... 926. 6 627.0 | 24,563.2 | 1,468.0 252.1 327.6 2,515.5
Per cent of total energy.....{.........|.......... 100.0 32.17 b.52 7.18 55.13
Per cent of digested energy.|...... .. |-ccooiioiifoeaiiiiii it 8.14 10. 58 81.28
Period II:
In total ration.............. 3,365.5 1 2,119.3 | 16,015.5 | 6,297.9 721.4 | 1,179.6 7.816 6
Inhay.............oco..... 1,697. 2 949.2 | 7,974.5 | 3,921.9 235.2 571.8 | 3,245.6
Inbran..............o...... 486. 2 607.8 4,571.0
Per cent of total energy..... 6. 04 7.56 56. 85
Per cent of digested energy.|.... 8.57 10.73 80.70
1 From Tables 70, 72, and 78. 2 Uneaten residues divided proportionally between hay and bran.
TABLE 96.— Metabolizable energy per gram of organic matter of wheat bran, 1905.
Organic matter. Metabolizable energy.
Periods. Per gram | Per gram
total digested
Total. |Digested.| Total. organic | organic

matter. | matter.

Steer 4. Grams. | Grams. | Calories. | Calories. | Calories.
843.7 | 3,377.0 2.663 4.003
1,630.4 | 6,567.7 2.749 4.028
627.0 | 2,515.5 2.715 4.012
1,170.1 | 4,571.0 2.740 3. 906
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CORRECTION OF HEAT PRODUCTION FOR STANDING AND LYING.

As has been shown by the writers in previous experiments, a very
marked effect is exerted upon the heat production of cattle by stand-
ing as compared with lying. The differences are so marked that
before satisfactory comparisons of different periods can be made it
seems necessary to correct the observed results for differences in the
proportion of time spent standing and lying.

HEAT EMITTED BY RADIATION AND CONDUCTION.

In previous experiments the basis for such a correction has been
obtained by computing the average rate per minute at which heat
‘was brought out of the calorimeter in the water current, either for
the entire time spent standing and lying, respectively, or with the
omission of such relatively short periods as appeared of little value.
In the present experiments a somewhat different plan has been fol-
lowed. From the records of the rate of flow of water through the
heat-absorber system and the observed temperatures of the in-going
and outgoing water, the rate per minute at which heat was being
brought out was computed at intervals of 4 minutes® and the results
plotted. Figure 16, representing one of the periods of the experi-
ments of 1907, is a typical example of the results obtained.
After a study of these diagrams, those portions of the curves which
seemed free from irregularities due to the change from the standing
to the lying position, or vice versa, and to the accompanying change
in the rate of water flow, and which also seemed fairly free from acci-
dental irregularities, were selected and the average rate per minute
at which heat was being given off by radiation and conduction and
taken up by the absorber system in the calorimeter computed from
these portions of the experiments. In figure 16 the portions selected
in that particular subperiod are indicated. In computing the heat
during each section of the experiment, the small corrections for
capacity and lag, described in Part III, page 208, have been made and
consequently the results may be taken to represent, without sensible
error, the amounts of heat given off by radiation and conduction to
the heat-absorber system during those sections. The table following
shows the amounts of heat thus measured.

1Each rate was in reality the average for 12 minutes, the successive averages overlapping each other.
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TABLE 97.—Heat emitted by radiation and conduction during periods of standing and

lying, 1905.

Time.
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TaBLE 97,—Heat emitted by radiation and conduction during periods of standing and
lying, 1905—Continued.

Standing. Lying.
Time.
Elapsed | Total | Elapsed | Total
time. heat. time. heat.
Period II—Contiuued.
Steer B—Continued. Minutes. | Calories. | Minutes. | Calories.
8.16 a. m, to 9.56a. m 100
10.32 8. m. to 11.16 a. m
11.36 a. m. to0 12.28 p. m
12,44 p. m, to 1.36p.
1.40 p. m. to 4.56 p.
528 p.m.to 5.56p.
6.00 p. m. to 8.04p.
8.48 p. m. to 9.32p.
9.36 p. m. to 1.08 a.
1.32a. m.to 4.24a.
4.52a. m.to 5.28a.
5.48 a. m. to 5.56 a.
6.00 a. m. to 9.00 a.
9.28a. m. to 3.40p.
4.04 p. m. to 6.00 p.
TOAIS . - ee i

Heat perminute.... ... ... ... ... ...l
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TaBLE 97.—Heat emitted by radiation and conduction during periods of standing and
lying, 1905—Continued.

Standing. Lying.
Time.
Elapsed | Total | Elapsed { Total
time. heat. time. heat.
Period III—Continued.
Steer B—Continued. Minutes. | Calories. | Minutes. | Calories.
6.00a. m.to 7.04a 64 } 63889{ ...................
7.08a. m.to 9.32a R | PR
9.56a. M. t010.16a. M. ... . ... ...l i 20 34.83
}g% a. m. ttg 12.0(2) 240.50 |........ T Rt
.20 p. m. b9 P25 o J05 ¢ (NN PR PR 17

316 p.m. to 420 p. ..l 64 } 495.01
4.48 p. m. to 6.00 238.81 [ i
B 7 £ 4,502.94 888 | 2,001.44
Correction for feed, water, excreta, etc —=23.06 ... ]iiiiianns
.......... 4,479.88 |..........| 2,001.44
Heat perminute. ... .. .o i 3.2652 |.......... 2.2744

Period IV.
Steer A:
6.00p. M. 1012.28 8. ... ..o i
12484a. m.to 1.36a.m..
1.56a. m.to 6.00a. m..
6.00a. m.te11.16a8. m.._....
11.36a. m.t012.00 p. m.._....
12.24p.m.to 6.00p. m.... ...
6.00p.m.tol1l.44p. m.._._..
12,08 a.m.to 2.28a.m.....
2.44a.m.to 6.00a. m.....
6.00a. m.to 836a.m...._.
9.00 8. m. to 10.40a. m.......
11.00 8. m. to 12.04 p. m._.....
2.04p.m.to 236p.m.......
3.08p.m.to 4.08p.m.......
448p.m.to 6.00P. TN ... .. iiiiiiiiiiieaaaa.
N
Correction for feed, water, excreta, e

Heat perminute. ... ... ... i

Steer B:
6.00 p. m. to 6.56 p. m
11.40 p. m. to 5.40 a. m
6.04a. m.to 828a. m
9.12 a. m. to 12.52 p. m
1.40 p.m.to 3.12p.m
3.16 p.m.to 4.00p. m
4.04 p.m.to 5.56 p.m
6.00 p. m. to 7.04 p. m
7.08 p. m. to 8.00 p.m
9.00 p. m. t0 10.04 p. m. ..
10.08 p. m. to 10.28 p. m.
10.32 p. m. to 11.08 p. m.
11.36 p. m. to 11.56 p. m.
12,00 p. m. to 12.24 a. m
12.28a. m. to 1.36a. m
1.40a. m. to 1.48a. m
1.52a. m.to 2.16a. m
2.20a. m.to 5.36a. m
6.04 8. m.to 7.12a.m
7.40a. m.to 8.24a. m
8.284a. m.to 8.56a. m
9.00 a. m. to 12.52 p. m
1.12p.m. to 2.16 p.m
220p.m.to 4.08p. m
436 p. m. to 6.00p. m

Totals
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The average rate per minute at which heat was given off by radia-
tion and conduction in the standing and lying portions of the several
periods is summarized in the following table:

TABLE 98.—Average heat per minute emitted by radiation and conduction, 1905.

Periods. Standing. Lying.

Steer 4. Calories. | Calories.
3. 8260 2.5
4.2623 3.0906
3. 5867 2.4177
4.0310 2.9578
3.4699 2.6333
4.2313 3.1116
3.2652 2.2744
3. 5586 2. 5999

HEAT GIVEN OFF A8 LATENT HEAT OF WATER VAPOR.

The foregoing table shows the rate at which the animals gave off
heat by radiation and conduction when standing and lying, respec-
tively. Unfortunately no such detailed record of the rate at which
heat was emitted as latent heat of water vapor is available, since only
the total water vapor given off in each subperiod was determined.
For the manner in which this was distributed between the standing
and lying periods we must therefore depend upon estimates. As was
pointed out in a previous paper,' the extremes of probable variation
would seem to be represented by the assumptions, first, that the heat
given off as latent heat of water vapor was proportional to the amount
of heat given off by radiation and conduction, or, second, that the
total amount given off as latent heat of water vapor was unchanged
in the lying as compared with the standing periods. In considering
which of these assumptions seems the more probable, it isdesirable
to anticipate some of the results of the experiments of the two suc-
ceeding years.

Table 99 shows the amount of time spent standing and lying in each
subperiod of the three series of experiments, the time being expressed
both as minutes and as a percentage of the total time, and likewise
the percentage of the total heat emitted in each subperiod which was
carried off as latent heat of water vapor.

1 Bureau of Animal Industry Bul. 51, p. 38.
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TABLE 99.—Percentage of heat emitted as latent heat of water vapor.

Experiments of 1905. Experiments of 1906. Experiments of 1907.
Periods. Time standing.| per |Timestanding.| per |Time standing.| per
cent cent cent
heat in heat in heatin
Min- Per | water | Min- Per | water | Min- Per | water
utes. | cent. | vapor.| utes. | cent. | vapor.| utes. | cent. | vapor.
Steer A.
Period I:
Subperiod 1............. 720 | 100.00 | 39.54 4371 60.70 [ 23.05 402 | 55.84 20. 92
Subperiod 2..........._. 571 | 79.31 | 40.69 526 | 73.06 | 21.78 354 | 49.17 21.52
Subperiod 3............. 414 | 57.51| 37.88 223 | 30.97 | 23.11 346 | 48.04 22.28
Subperiod 4............. 569 | 79.03 | 36.32 324 | 45.00| 21.30 349 | 48.48 22.12
Totals and averages....| 2,274 | 78.96 | 38.70 | 1,510 | 52.43 | 22.32 | 1,451 | 50.38 21.72
Period II:
Subperiod 1............. 720 | 100.00 | 32.92 434 | 60.28 [ 26.74 417 | 57.92 28.98
Subperiod 2_............ 468 | 65.01 | 35.85 440 | 61.12 | 25.46 394 | 54.73 29.58
Subperiod 3 . 568 | 78.89 | 36.66 429 | 59.58 | 27.17 617 | 85.70 29.07
Subperiod 4............. 5191 72.09 [ 38.69 361 | 50.14 | 26.65 425 | 59.03 20.16
Totals and averages....| 2,275 | 78.99 | 36.04 | 1,664 | 57.78 | 26.49 | 1,853 | 64.34 29.19
Period II1:
Subperiod 1............. 580 | 80.56 | 25.42 351 [ 48.75( 20.49 444 | 61.67 22.05
Subperiod 2............. 583 | 80.98 | 23.44 537 | 74.58 | 18.39 398 | 55.28 22.04.
Subperiod 3............. 414 | 57.51 | 22.72 349 | 48.48 | 19.27 264 | 36.67 21.41
Subperiod 4....._...._.. 597 | 82.92 | 23.07 408 | 56.67 | 19.16 308 | 42.78 21.92
Totals and averages....| 2,174 | 75.49 | 23.70 | 1,645 | 57.12 | 19.32 | 1,414 | 49.10 21.85
Perlod IV: -
Subperiod 1..........._. 648 [ 90.00 | 25.60 337 | 46.81 | 21.78 334 | 46.39 24,71
Subperiod 2............. 679 | 94.31 | 26.00 336 | 46.67 | 21.57 435 | 60.42 23.83
Subperiod 3. .. 551 | 76.53 | 24.64 409 | 56.81 | 23.10 376 | 52.09 24.32
Subperiod 4............. 459 | 63.75 | 26.35 382 | 53.06| 22.19 266 [ 36.95 25.16
Totals and averages....| 2,337 | 81.15| 25.64 | 1,464 | 50.83 | 22.19 1;410 48. 96 24,50
Steer B.
Perlod 1:
Subperiod 1............. 294 | 40.84 | 29.48 376 | 52.23 | 25.05 262 | 36.39 22.66
Subperiod 2............. 515 71.53 | 32.14 344 | 47.78 | 26.91 455 | 63.20 22.65
Subperiod 3. 437 | 60.70 | 31.31 188 | 26.11 | 24.76 304 | 42.22 22.61
Subperiod 4............. 621 | 86.25| 30.01 454 | 63.06 | 24.65 359 | 49.86 22.43
Totals and averages....| 1,867 | 64.83 | 30.75| 1,362 | 47.20| 25.32| 1,380 | 47.92| 22.5
Period I1:
Subperiod 1............. 357 | 49.58 | 19.75 305 | 42.36 | 24.04 332 | 46.12 31.21
Subperiod 2............. 276 { 38.34 | 26.10 3371 46.81 | 23.56 317 | 44.03 31. 55
Subperiod3............. 375 | 52.09 | 25.62 321 [ 44.59 | 22.66 301 | 41.81 32.43
Subperiod 4. ............ 322 | 44.72| 27.11 340 | 47.22| 23.86 367 | 50.98 32.08
Totals and averages....| 1,330 | 46.18 | 24.44 | 1,303 | 45.24 [ 23.53 | 1,317 | 45.73 31.82
Period IIT:
Subperiod 1............. 467 | 64.87 | 16.70 362 | 50.28 | 21.86 270 | 37.50 26.19
Subperiod 2............. 543 | 75.42 | 20.29 483 | 67.09 | 20.28 388 | 40.00 26.01
Subperiod3............. 257 | 35.70 | 20.72 390 | 54.17 | 20.38 200 | 27.78 26. 64
Subperiod 4............. 401 | 55.70 | 21.02 399 | 55.42| 19.68 379 | 52.64 26.01
Totals and averages....| 1,668 | 57.92 | 19.53 | 1,634 | 56.74 | 20.56 | 1,237 | 42.95 26. 22
Period TV:
Subperiod 1............. 156 | 21.67 | 28.96 249 | 34.58 | 21.39 277 | 38.48 27.58
Subperiod 2............. 190 | 26.39 | 24.64 217 | 30.14 | 19.80 302 | 41.95 27.31
Subperiod 3............. 194 | 26.94 | 26.97 211 | 29.31 | 20.73 253 | 35.14 30.21
Subperiod 4............. 267 | 37.08 | 28.67 275 | 38.20 | 22.52 301 | 41.81 31.67
Totals and averages.... 807 | 28.02| 27.28 952 | 33.05| 21.12 | 1,133 | 39.34 29.20
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If the absolute amount of heat given off as latent heat of water
vapor is independent of whether the animal is standing or lying, then
in any subperiod in which the percentage time spent standing is
greater than the average for the entire period, a larger percentage of
the total heat would tend to be given off by radiation and conduction,
and a less proportion would appear as latent heat of water vapor. If,
on the other hand, the heat given off as latent heat of water vapor is
proportional to the heat given off by radiation and conduction, then
the ratio between the two would be unaffected by the standing or
lying of the animal.

The amount of heat carried off in the water vapor is also influenced,
however, by the relative humidity of the ventilating air current and
by its temperature, and these effects might mask the effect of the
standing and lying in a single experiment. The foregoing table,
however, allows of 96 such comparisons, the results of which are as
follows:

Out of 46 subperiods in which the percentage of time spent standing was greater
than the average for the period, there were 23 cases in which the heat carried off in the
water vapor was above the average for the period and 23 in which it was below the
average for the period.

Out of 50 subperiods in which the percentage of time spent standing was less than
the average forthe period, there were 25 cases in which the heat carried off in the water
vapor was above the average for the period and 25 in which it was below the average
for the period.

In other words, the above figures give no indication of any influence
of the standing and lying positions upon the proportions of heat
eliminated as latent heat of water vapor and by radiation and con-
duction, respectively. An entirely similar result may be obtained by
similar comparisons of the results of the experiments upon timothy
hay reported in Bulletin 51 of this bureau.

Averaging the percentage of total heat brought out in the water
vapor in the foregoing 46 and 50 subperiods, respectively, we obtain
the following averages:

Percentage of heat as latent heat of water vapor.
Per cent.

Time spent standing greater than average....................... 25.73
Time spent standing less than average........................... 25. 46

The foregoing seems to justify the conclusion that the percentage
of the heat which is given off as latent heat of water vapor is inde-
pendent of the standing or lying of the animal and that at any rate
a correction of the observed heat production based upon this assump-
tion will probably not involve any serious error. The method of
computing the correction to a uniform number of hours of standing
and lying has already been described and illustrated in Part I,
page 43.
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HEAT PRODUCTION CORRECTED TO 12 HOURS’ STANDING.

With the exception of the experiments with steer A in 1905, the
time spent standing does not vary widely from 12 hours out of the 24,
averaging 710 minutes. It will be convenient, therefore, to correct
the heat emission to 12 hours’ standing, which will make the correc-
tion relatively small in most of the experiments. Applying to the
several periods the methods of computation illustrated in Part I, and
adding the same correction as in Table 90 for the gain or loss of
matter by the body, we have the following results for the heat pro-
duction corrected to 12 hours’ standing:

TaBLE 100.—Heat production corrected to 12 hours’ standing, 1905.

Steer A. Steer B.
Correction Correction
Periods. Corrected | for gain or g)ogleﬁﬁdt Corrected | for gain or S orrected
otal heat
total heat loss of roduc- total heat loss of rod
emission. | matter by | P{OCH emission. | matter by | P{otuc
body. . body. g

Calories. Calories. Calories. Calories. Calories. Calories.

7,644.8 +93.9 7,738.7 6,231.8 +130.7 ,362.5
8,474.2 —89.4 8,384.8 7,451.7 — 43.1 7,408.6
5,692.1 —56.3 5,635.8 5,116.3 — 35.6 5,080.7
6,778.1 —69.1 6,709.0 5,996.7 —145.0 5,851.7

AVAILABILITY OF METABOLIZABLE ENERGY.

By substituting the foregoing corrected values for the heat pro-
duction in the energy balances of Table 91, we obtain the correspond-
ing corrected values for the gain or loss of energy by the body of the
animal. These can then be compared with the amounts of metaboliza-
ble energy supplied in the feed. In the foregoing tables the energy
value of the growth of hair and brushings has been given separately.
In previous publications this has been treated as part of the gain by
the body, but in strictness it should not be thus regarded. The
growth of hair and other epidermal tissue goes on substantially inde-
pendent of the feed supply, except possibly in extreme cases, and is
more analogous to an excretum than to a gain of tissue. In the fol-
lowing comparisons ‘‘Gain”’ sigm'ﬁes only the actual increase of
protein and fat, exclusive of the growth of hair, etc.
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TaBLE 101.—Corrected gains ! of energy by the animals, 1905.

Steer A. Steer B.
Periods.
Income. Outgo. Income. Outgo.
Period I. Calories. Calories. Calories. Calories.
Metabolizable........ ... ... Ll 6,889.1 |....oo...... 5,647.5 [............
Brushings and hair......... . 1017 |.ooeeeannns 86.9
Heat (from Table 100) I 71887 oo 6,362.5
GaIN. e I 20 D 8019 | ... .......
............................................ 7,840. 4 6,449. 4 6,449. 4
............ 7,816.6 |......o.....
02 P 86.9
8,384.8 [............ 7,408.6
1,857.9 |..ooinnnnns 321.1
10,044. 4 7,816.6 7,816.6
Metabolizable... ... ... ...l A 3,042.9 |............
Brushings and hair............. . 1017 |oooieiann. 86.9
Heat (from Table 100) 5,635.8 [..oieenaann 5,080.7
Gain... ... iiciiiiiiii] 2,096.1 |l 2,124.7 ...
0 7Y 5,737.5 5,167.6 5,167.6
Metabolizable.................cooooiiiiiiiiiiil. 1 3 PO 4,807.7 [..ooiii ...
Brushings and hair............. . 10L.7 | oo 86.9
Heat (from Table 100). . N P, 6,709.0 {..ccoann..-- 5,851.7
Gain.. ... 695.4 |......o..... 1,040.9 |...oonnnnnnn
0T 6,810.7 6,810.7 5,938.6 5.938.6

1 A gain entered under the heading “Income” is, of course, a negative gain, i. e., a loss.

While the gain or loss of energy by the animal might, of course, be
compared with the total energy supplied in the feed, it is in many re-
spects preferable to compare it with the metabolizable energy. In this
way the relation is made more independent of accidental variations in
the excretion of feces, urine, and methane. Thus, for example, if the
excretion of feces in a given period be in error by the equivalent of
100 calories, the metabolizable energy and the gain of energy by the
animal are both affected by an equal amount and in the same direc-
tion, so that the relation between the two is relatively less affected
than is that between the gain and the total energy of the feed. More-
over, the comparison with the metabolizable energy would seem to
afford & more rational comparison o the physiological processes of
nutrition proper.

The average live weights of the animals for the last six weighings
of each period were as follows:

TABLE 102.—Awverage live weights in calorimeter experiments, 1905.

Periods. Steer A. Steer B.
Kilos. Kilos.
270.7 198.6
279.1 196.9
268.8 194.1

277.5 189.6




AVAILABILITY OF METABOLIZABLE ENERGY, 1905. 127

TIMOTHY HAY.

A comparison of Periods III and IV shows the availability of the
metabolizable energy of the hay. Correcting for the differences in
live weight by means of the formula in Part I (p. 44),in which m=the
percentage availability, we have:

TaBLE 103.—Availability of metabolizable energy of timothy hay, 1905.

Steer A—Periods IV-III. Steer B—Periods IV-III.
1
_ (2688 %s_( g 7a1 _ 194.1)2/3=1 )
n— (2% 5) 9,78 n= ({21 016
=3,6414  yg——2,006.1 30829 21247
Py (115 3. u= 5 695.4 . (1 o1 e —)1 1040.9
—2,006.1—(0.9781X— 695 21247~ (1016X —1,040.9
=60.51 per t. = 55.21 t.
M= 3 6414 (0.9781X  6,115.3) per cen T 3 2.9 (106X 4,807.7) per cen \

WHEAT BRAN.

In Periods T and ITI two different amounts of wheat bran were added
to the basal ration of Period ITI. By comparing either Period I or II
with Period III, or by comparing Periods I and IT with each other,
we have the basis on which to compute the availability of the metab-
olizable energy of the bran. Before this can be done, however, a small
correction must be made, in the manner described in Part I (p. 45),
for the differences in the amounts of hay consumed. The following
table contains these corrections computed on the basis of the results
for the average metabolizable energy of the hay per gram of organic
matter contained in Table 94 and those for the percentage availa-
bility of the latter contained in Table 103. In these computations
each animal is considered separately.

TaBLE 104.—Corrections for differences in amount of hay eaten, 1905.

Steer A. Steer B.
Periods. Metaboliza-| Metaboliza-|
LOrganic | bl energy | Gain by n?;tgt"é‘rﬂgf ble energy | Gain by
ha of total animal. hay. of tota animal.
- rations. rations.
Grams. Calories. Calories. Grams. Calories. Calories.
Period IIL 1,919.6 | oieoiecanafieaiiaaaaan 1,608.4 | ... oeeiiiia.t.

Period I 1,894.3 6,889.1 —951.3 1,643.2 5,647.5 —801.9
Correction...............cccea. 25.3 46.9 28.4 55.2 104.3 + 57.6
Period I corrected............. 1,919.6 6,936.0 —922.9 1,698. 4 5,751.8 —744.3
Pood T Do0s oo a | sy | Leors [aees | R
Correction 8.8 116. 3 9.9 1.2 2.3 1.3

Period II corrected............ 1,919.6 10,060.7 | +1,567.8 1,698. 4 7,818.9 +322. 4
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Using these corrected figures for Periods I and II, the computa-

tions of availability are as follows:

TABLE 105.—Avatlability of metabolizable energy of wheat bran, 1905.

Steer A.—Periods I-III.

Steer B.—Periods I-III.

268.8\ 23
n= (m =0.9951
73=3,641.4 ys= —2,096.1
7;=6,936.0 n= — 9229

—2,006.1—(0.9951 X —922.9)
M= "3 647.4—(0.9951 X 6,936.0) —20-11 per cent.

2
194.1) /a= 0.9847

n=\198.6
75=3,042.9 Yo —2,124.7
7,=5,751.8 = — 7443

—2,1247- (09847 X —T44.3) _
™= "3 043.9—(0.9847 X 5,751.8) — o> 10 per cent.

Steer A.—Periods II-III.

Steer B.—Periods II-III.

2
n= (268'8 ls_o.9752

279.1
Tg= 3,641.4 Yz= —2,096.1
23=10,060.7 Y= 1,567.8

—2,096.1—(0.9752 X 1,567.8)

M= —3 §41.4—(0.9752 X 10,000.7) — 2574 per cent.

194.1\ ?/3
n= m) =0.9,904
3=3,042.9 Yo= —2,124.7

23=17,818.9 Y= 322.4
—2,124.7—(0.9904 X 322.4)
M= —3042.9=(0.0904 X 7,818.9) =51.98 per cent.

Steer A.—Periods II-I.

Steer B.—Periods II-I.

270.7\ %3
n= Tgl) =0.9797
1= 6,936.0 = — 922.9
23=10,060.7 Y= 1,567.8
-~ 922.9—(0.9797 X 1,567.8)

M= —§936.0—(0.9797 X 10,000.7) — >+18 per cent.

198.6\\ %/3
n= (m) =1.006
5n=57518  g= —7443
=T8189  y— 3224
= TH43—(L006X 322.4)
=" 751.8—(1.006 X 7,818.9) —-0-05 per cent.

The results of this series are summarized in Table 106 and repre-
sented graphically in figure 7 on page 47, where the abscissas repre-
sent the metabolizable energy of the feed and the ordinates the gain
or loss by the body of the animal. The diagram includes the correc-
tions for the hay and for the differences in live weight.

TABLE 106.—Summary of percentage availability of metabolizable energy, 1905.

Steer A. | Steer B.

Timoth hag: Per cent. | Per cent.
Periods ITT and IV. ... .. o it eeeeen 60. 51 55.21
‘Wheat bran:
Periods ITand TIT. .. ... oot it ceiae e 58.74 51.98
Perlods Tand IIL. ... ..o ittt cetatcacaeaanaaneaaanannns 36.11 53.10
Periods Tand Il.... ..ottt ceceeaeecaaaaaaaas 84.18 50. 55

RESPIRATION CALORI.'METER EXPERIMENTS OF 19086.

Beginning on December 4, 1905, the attempt was made to repeat
the experiments of 1905 upon wheat bran and timothy hay. The
animals, however, showed the same distaste for the exclusive bran
ration as in the previous year and in view of the experience of that
year it was thought better on the whole to abandon the attempt and
to use in the calorimeter experiments the same grain mixture which
was employed in the general feeding.
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FEEDING STUFFS.

Hay.—The hay used was from the same crop as that employed
during the previous year, and, although it had been stored for more
than 12 months, was in excellent condition. It was nearly pure
timothy containing very little red clover. Somewhat less than 1,000
kilograms was run through the feed cutter on December 12, 1905.
Duplicate samples were taken as in the previous year, and the re-
mainder was stored in the same loft previously used. The composi-
tion of the two samples taken at this time, as well as of those
subsequently taken when the rations were weighed out for the several
periods, was as shown in the following table. It will be observed
that the two general samples agree very closely in composition.
Those taken later show a somewhat higher percentage of nitrogen,
with the exception of that in Period III, and also rather more crude
fiber, but the differences hardly seem sufficient to seriously disturb
the comparison of the periods. That the hay differed considerably
in composition from that of the previous year may have been due
to variations in quality in different parts of the mow, or possibly to
greater losses in handling in the experiments of 1905.

TABLE 107.—Composition of dry matter of timothy hay, 1906.

General samples. Samples taken during experiments— -
Components. { Period rod tod rlod
| erio Perio Perio Perio
A B.  |Average.| "7 I L Iv.
|
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.
Ash.oooooiiiiii 5.87 5.85 5. 86 5.71 5.45 5.82 5.87
Protein!.... ... ... . ... 6. 69 6.74 6.72 7.52 7.28 7.11 7.58
Nonprotein1................... .84 .81 .83 .56 .75 .50 .66
Crude fiber............ .| 33.29 32.76 33.02 34. 46 33.29 34.06 34.10
Nitrogen-free extract. . ..| 50.65 51.38 51.01 49.07 50. 68 50.73 49.82
Etherextract.................. 2.66 2. 46 2. 56 2.68 2.55 1.78 1.97
' 100. 00 100. 00 \ 100. 00 100. 00 100. 00 100. 00 100. 00
Total nitrogen.................. . 1.252 | 1.251 1.324 1.325 1.245 1.354
Protein nitrogen. . .. 1.079 | 1.075 1.204 1.165 1.138 1.213
[07:5 8275} « D RPN PPN | 46. 52 46. 65 47.32 46.72
Hydrogen.............ocooooooo|oiiii oo foweeeanens 7.02 6.39 6.52 6.35
Calories. | Calories. | Calories. | Calories. | Calories. | Calories. | Calories.
Energy—per gram.............. 4. 5669 4. 4548 4.5159 4. 4831 4. 4837 4. 5098 4. 5090

1Computed from nitrogen, using the factors stated in Part III, page 203.

Grain.—The grain consisted of a mixture of one part of bran,
three of corn meal, and three of old-process linseed meal by weight.
The required daily amount of each grain was weighed out separately
and each day’s ration mixed before feeding, samples of the individual
grains being taken at the same time, the analyses of which are con-
tained in the table following.

92946°—Bull. 128—11—9
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TasLe 108.—Composition of dry matter of grain, 1906.

‘Wheat bran. Corn meal. Linseed meal.
Components.
Period | Period | Period | Period | Period | Period
L. 1I. I II. . II.
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.
Ash .o 16.90 6.93 1.53 1.50 5.72 5.79
Protein2. 15.01 13.43 9.17 9.23 26.21 25.09
Nonprotein 229 2.95 111 .15 6.79 6.21
Crude fiber...... 9. 40 9. 80 2.11 2.16 8.76 9.01
Nitrogen-free extract . .| 61.64 62.16 80.83 81.69 43.88 45.82
Ether extract............_.. Bt 4.76 4.73 5.25 5.27 3.64 8.08
100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
Total nitrogen..... . .................... 3.121 2.984 1.765 1.571 6. 210 5. 884
Protein nitrogen. . | 2.634 2. 356 1. 529 1. 539 4.766 4. 562
Carbon............ .| 45.02 45. 54 45.90 46. 25 43.18 48.16
Hydrogen.....ooeeeiinraeoianiiiinaaan. 6.94 6.91 7.04 7.13 6.84 6.88
Calories. | Calories. | Calories. | Calories. | Calories. | Calories.
Energy—per gram...........o.o.......... 4. 5435 4.5136 4. 5229 4..5260 4. 9088 4.9117

1 Calculated from composite sample.

2Computed from nitrogen, using the factors stated in Part IIT, page 203.

As the grains were being weighed out, an additional portion of the
mixed grain was prepared and an analysis made of this as a check

upon the results of the single analyses.

Table 109 shows the compo-

gition of these composite samples as compared with the composition
computed from the weights and composition of individual grains,
the results showing a very satisfactory agreement.

TaBLE 109.—Composition of dry matter of mized grain, 1906.

Period I. Period II.
Components.

Composite Composite
Computed. sample. Computed. sample.
Per cent. Per cent. Per cent. Per cent.
7 ) o 4.09 4,22 4.11 4.23
33 011731 1 S S 17.31 16.91 16.63 17.09
Nonprotein!. ... .. .. il 3.71 3.65 3.15 3.75
Crude fiber....... .. ... .. .ol 6.00 6. 49 6.19 6.57
Nitrogen-free extract.... .. ... . . ... ... ... ... .. 62. 26 62.11 63. 52 62.72
Etherextract. ... ... . ... g 6.63 6.62 6. 40 5.64
100. 00 100. 00 100. 00 100. 00

Total nitrogen..................o.o. e 3.864 3.720 3. 621 3.773

Protein nitrogen....... .. .. ... .ol 3.074 2.944 2.951 2.976
Carbon.... ... el 46.75 46. 51 46,97 47.20
Hydrogen......... ... 6.94 6.94 6.99 6.86
Calories. Calories. Calories. Calories.

Energy per graml. . .. ....oioiouiiiia i aaaanaas 4.6912 4. 6925 4. 6895 4.7079

*Computed from nitrogen, using the factors stated in Part III, page 203.
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PERIODS AND RATIONS.

Beginning December 4, 1905, the grain feed of the steers, which
up to that time had been the mixture of braf, corn meal, and linseed
meal used in the general feeding, was gradually changed to bran
alone, which was fed December 17 to 22, inclusive. As already
stated, it was not well relished by the animals, the amounts eaten
were small, and no gain in weight was made. Accordingly, a return
was made to the mixed-grain feed, the experimental periods beginning
January 7 for steer A and January 14 for steer B. The dates of the
periods and the rations given were as follows, the dates being in-
clusive, as in previous experiments, and a day signifying the 24
bours ending at 6 p. m. on the date named:

TABLE 110.—Pe@d3, 1906.

Steer A. Steer B.

Periods.
Preliminary Excreta Preliminary Excreta
feeding. collected. feeding. collected.

.| Jan. 7to17........ Jan. 18 to 27....... Jan. 14 to 24....... Jan. 25 to Feb. 2.
.[Jan28to Feb.3...|............... Feb.4to10.......
.| Feb. 23 to Mar. 3.

Feb. 410 14, ......| Feb. 15 to 24. Feb. 11'to 22.
..| Feb. 25 to Mar.7..| Mar.8to 17.......| Mar.4to 14....
.{ Mar. 18t0 28......| Mar. 29 to Apr. 7..[ Mar. 25 to Apr.

1 Amount of grain gradually increased.

TaBLE 111.—Daily rations, 1906.

Steer A. Steer B.

Periods.
Timothy | Wheat Corn | Linseed | Timothy| Wheat Corn | Linseed
hay. bran. meal. meal, hay. bran. meal. meal.
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DIGESTIBILITY OF THE RATIONS.

INFLUENCE OF TYPE AND AGE ON UTILIZATION OF FEED.

The experimental methods were the same as those of the previous

year.

From the data i Tables VII and VIII of the appendix, the

digestibility of the rations is computed in Tables 112 to 119.

TaBLE 112.—Feed and excreta—Period I, 1906.

Steer A. Steer B.
Num- Num-
Fresh Fresh
lc)l:ry gf weight. Dry matter. l&gry gr weight. Dry matter.
Timothy hay: Grams. Per cent. | Grams.
Total....eeeunnnn... 30,000.0 86.95 | 21,911.4
Uneaten............. 5. 84.38 13.5
Eaten................ 20,994.2 |..........| 26,079.4 |........] 25,184.0 |.......... 21,897.9
Eaten per day 2,999.4 |..........| 2,607.9 |........| 2,798.2|.......... ,433. 1
‘Wheat bran:
Total................ 10 | 3,000.0 86. 59 1,558.6
Eaten perday.......|........ 300.0 |.........f 259.8 ) .......] 200.0 |.......... 173.2
Corn meal:
Total................ 10 { 9,000.0 81.66 4,400.6
Eaten perday.......j........ 900.0 [..........] 4.9 i........ 600.0f.......... 490.0
Linseed meal:
Total..........
Eaten perday.......|........| 900.0 [..........[ 797.3 {........] 600.0|..........
Collected.....

Spilled, Jan. 24.
Spilled, Jan. 31.
In duct

Total.coveeeennen....
Excreted perday....j........| 7,766.0 [..........[ 1,465.1|........] 5,592.4 . .........
TABLE 113.—D1igestibility of rations—Period I, 1906.
Nitro- Total
Dry | ach gg;}c f;Pro- N(rwg_- (ért;lde gen-free Eet;‘fr ni- t()}(z)ar- ng;'_ En-
matter. : ein. ) er. ex- tro- n. ergy.
matter. ein. tract. | tract- gen gen, | ©T8Y
Steer A.
Grams. | Gms. | Grams. | Gms. | Gms. | Grams. | Grams.| Gms.| Gms.| Grams.| Gms.|Calories.
Timothy hay...| 2,607.9| 148.9| 2,459.0| 196.1; 14.6| 898.7[ 1,279.7| 69.9] 34.5| 1,213.2| 183.1[11,601.5
Wheatbran....| 259.8/117.9; 241.9| 39.0] 5.9 24.4 160.1 12.4 8.1 117.0] 18.0f 1,180.4
Corn meal...... 734,91 11.2] 723.7| 67.4] 8.2 15.5] 594.0{ 38.6] 13.0 7.3 51.7| 3,323.9
Linseed meal...| 797.3| 45.6 751.7( 209.0| 54.1 69.8 349.9/ 68.9] 49.5 384.1] 54.5( 3,913.8
Total..... 4,399.9| 223.6| 4,176.3| 511.5; 82.8| 1,008. 4| 2,383.7| 189. 8| 105. 1| 2,051.6/ 307. 3{20,109.6
Feces.......... ,465.1{ 138.7| 1,326.4] 195.7|-..... 456.4] 643.2| 31.1} 31.3| 609.9] 93.5| 6,855.6
llgigestetd...a.... 2,934.8| 84.9| 2,849.9| 315.8| 82.8 552.0[ 1,740.5| 158.7| 73.8 1,351.7| 213.8/13,254.0
ercentage di-
gestibility....| 66.70] 37.97| 68.24| 61.74(100.00] 54.74] 73.02| 83.61) 70.22| 65.89| 69.56] 65.91
Steer B.
Timothy hay...| 2,433.1| 138.9| 2,204.2| 183.0 13.6] 838.4| 1,193.9] 65.2| 32.2| 1,131.9| 170.8/10;907.8
‘Wheat bran.... 173.2)112.0] 161.2( 26.0| 4.0 16.3 106.7) 8.2 5.4 78.0; 12.0] 786.9
Corn meal...... 490.0] 7.5 482.5] 44.9] 5.4 10.3[ 396.1f 25.7] 8.6] 224.9 34.5| 2,216.2
Linseed meal...| 631.5| 30.4/ 501.1| 139.3| 36.1 46.6) 233.2| 45.9] 33.0{ 256.1] 36.4] 2,609.0
Total..... 3,627.8| 188.8| 3,439.0| 393.2| 59.1] 911.6| 1,929.9| 145.0] 79.2| 1,690.9| 253.7|16,519.9
Feces.......... 1,259.7] 114.4) 1,145.3| 157.1]...... 408.1) 553.5] 26.6| 25.2| 606.7 79.9| 5,930.0
Ir?igeétEd...a.i.. 2,368.1] 74.4] 2,293.7| 236.1[ 59.1 503.5| 1,376.4] 118.4] 54.0[ 1,084.2| 173.810,589.9
ercentage di-
gestibility....| 65.28] 39.41f  66.70] 60.05(100.00] 55.23| 71.32( 81.66| 68.18| 64.12( 68.51| 64.10

1 Estimated.
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TaBLE 114.—Feed and excreta—Period II, 1906.
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Steer A. Steer B
Num- Num-
Fresh Fresh
t(;g;rg'! weight, Dry matter. ggryg.f weight, Dry matter.
Timothy hay: Grams. | Per cent.| Grams Grams. | Per cent.| Grams.
6 9] 25,200.0 87.76 | 22,115.5
........ 31.2 96.15 30.0
........ 25,168.8 |..........| 22,085.5
........ 2,796.5 |..........] 2,453.9
. 5,964.0 9! 3,213.0 85.20 | 2,737.5
Eaten perday.......{........ N (N 596.4 |........ 357.0 |.......... 304.2
Corn meal:
%ottal ..... G 10 21,(1)00.0 82.54 | 17,333.4 9 9,%.0 82.54 7,963,
aten perday................ 00.0 {........ 1,733.3 |........ 1 N (2 DR, 884.
Linseed mesl: ’ ’ Ty
460.
.0 .
tal ,587. L 4,530.
Excreted perday....|........ 4,058.7 |..cooonnnn ,174.3 | ..o ,870.5 |..cooon..n 1,614,
TABLE 115.—Dsugestibility of rations—Period II, 1906.
Non- Nitro- |Ether|Total Hy-
m]a:a){ty;r Ash. %rggt’grc tI;:;g— pro- | 1uCelgen -ree| ex- |nitro- (Carbon.| dro- | Energy.
. i * | tein. extract.| tract.| gen. gen.
Steer A.
Grams. | Gms. | Grams. | Gms. [ Gms. | Gms. | Grams. | Gms. | Gms. | Grams. | Gms. | Culories.,
Timothy hay...| 2,630.9| 143.4] 2,487.5| 191.5| 19.7 875.8/ 1,333.3] 67.1| 34.9| 1,227.3| 168.1| 11,796.2
‘Wheat bran, 3 41.3| 555.1| 80.1f 17.6| 58.4| '370.7| 28.2] 17.8| 271.6| 41.2( 2,601.9
rn meal....... 26.0( 1,707.3| 160.0{ 2.6/ 37.4| 1,415.9| 91.3| 27.2| 801.7| 123.6( 7,844.7
Linseed meal.... 106.7| 1,736.5| 462.4( 114.5( 166.1| 844.5| 148.9/ 108.4] 887.6| 126.8 9,052.3
Total..... 317. 4] 6,486. 4| 894.0f 154. 4/1,137.7| 3,964. 4] 335.5| 188.3| 3,188.2| 459.7| 31,385
Feces........... 184.8 1,989.5| 363.5]...... 094.7]  883. 47.8| 58.2| 1,045. 8| 145.0| 10,196.
Digested........ 132.6| 4,496.9( 530.5) 154.4| 443.0| 3,081.0/ 287.7| 130.1| 2,142.4/ 314.7| 21,188.5
Percentalmﬁ di-
gestibility.....| 68.04] 41.78| 69.33| 59.34{100.00| 38.94] 77.72| 85.75| 69.09| 67.20| 68. 46| 67.51
.
Steer B.
Timothy hay...| 2,453.9| 133.7| 2,320.2| 178.6| 18.4| 816.9| 1,243.6 62.6 32.5| 1,144.7| 156.8| 11,002.6
Wheat bran.....| 304.2| 21.1] 283.1] 40.8) 9.0/ 29.8 189.1, 14.4f 9.1] 1385 21.0| 1,373.0
. . . 871.5 81.7| 1.3 19.1] 722.8 46.6| 13.9] 409.2| 63.1] 4,004.6
885.6/ 235.8/ 58.4] 84.7] 430.7 76.0] 55.3) 452.7| 64.7| 4,617.0
4,360. 4| 536.9| 87.1] 950.5| 2,586.2| 199.6| 110.8| 2,145.1| 305.6| 20,997.2
1,475.5) 218.8...... 563.6/ 661.0/ 32.1] 35.0] 769.6| 105.7| 7,476.3
]lgigwted..._.d.i.. 2,968.4| 83.5 2,884.9( 318.1| 87.1| 386.9| 1,925.2) 167.5 75.8| 1,375.5 199.9| 13,520.9
ercentage  di-
gestibility..... 64.77| 37.53]  66.16| 59.25/100.00) 40.70; 74.44) 83.92| 68.41| 64.12) 65.41 64.39

IS
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TABLE 116.—Feed and excreta—Period 111, 1906.

Steer A. Steer B.
%v;fg; Fresh Dry matter. Ibfe}:-nolf Fresh Dry matter
days. weight. days. weight.
'l‘imothy hay: Grams. | Per cent.| Grams. Grams. | Per cent.| Grams.
Total.... 30, 000.0 88.25 0 . 24,710.0
Uneaten. e . 7.2
Eaten........ 24,702.8
Eaten per day 2,470.3
Collected. 10,761.2
Spilled, Mar. 15......0ccceeeed] 1L3 0 9L15 | 103 |.i.iiiifieieiiianeeiiiei i
duct............ 3.3
‘Washed from duct. 4.3
otal................ 10,768.8
Excreted per day.... 1,076.9
TasLE 117.—Dsigestibility of rations—Period I1I, 1906.
Nitro- |Ether{Total Hy-
Dry | gp, [Organic Pro-) Non- |Crudel,o, treel ex. | nitro-|Carbon.| dro- | Ener
Ash, : H E - . gy.
matter. matter.| tein. |protein.| fiber. ST7-0e€) B poy gen. 34
Steer A.
Grams. | Gms. | Grams. | Gms. | Grams. | Gms. | Grams. | Gms.| Gms. | Grams.| Gms.| Calories.
Tlmothyhay .| 2,647.2( 154.1| 2,493.1| 188.2] 13.2) 901.6( 1,342.9 47.1 33.0} 1,252.7| 172.6| 11,938.3
......... 11991 79.1) 1,120.0( 128.4(........{ 415.0/ 551.8{ 24.7| 20.5/ 583.2| 78.5 5,757.0
Digested...... 1,448.1] 75.0[ 1,373.1] 59.8 13.2| 486.6] 791.1| 22.4] 12.5 663.5 94.1] 6,181.3
Percentage di- .
gestibility... 54.70| 48.67| 55.08) 31.77| 100.00| 53.97| 58.91| 47.56| 37.88| 52.97| 54.52 51.78
Steer B.
Ti.mothyhay.. 2,470.3| 143.8| 2,326.5| 175.6 12.4] 841.4] 1,253.2) 44.0{ 30.8} 1,169.0( 161.1| 11,140.6
......... 1,076.9] 83.0] 993.9) 113.7|........| 351.5| 503.8) 24.9| 18.2] 533.0, 71.1] 5,168.3
Digested...... 1,393.4| 60.8] 1,332.6/ 61.9 12.4| 489.9] 749.4] 19.1] 12.6{ ©636.0] 90.0[ 5,972.3
Percentage di-
gestibility...| 56.41| 42.28| 57.28| 35.25| 100.00| 58.22| 59.80| 43.41| 40.91| 54.41| 55.87 53.61
TABLE 118.— Feed and excreta—Period IV, 1906.
Steer A. Steer B.
Num- Num-
Fresh Fresh
ggry g.f welght. Dry matter. 1&:1;1 g.l weight. Dry matter.
Tlmothy hay: Qrams. | Per cent.| Grams. Grams. | Per cent.| Grams.
................ 10 | 50,000.0 88.49 | 44,245.0 10 | 43,000.0 88.49 | 38,050.7
Eaten perday. . il 50000 [ooeunnn.. 44245 |........ 4300.0 {oeeennnn.. 3,805.1{
Collected............. 10 /109,865.0 18.86 | 20,720.5 10 | 83,585.0 20.44 | 17,084.8
Spﬂled Mar. 13, oo 26.5 50.94 13.5
Induct. ..o foaiaaots 170.3 17.92 i35 PR 93.7 86.31 80.9
Total....oooeoiiiiieenanan 110,035:3 |.ccuennn.n 20,751.0 |........ 83,705.2 |.......... 17,179.2
Excreted per day....[........ 11,003.5 |oeeunnnnn. 2,075.1 |........ 8,370.5 [.......... 1.717.9
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TABLE 119.—Dsigestibility of rations—Period IV, 1906.
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: Non- Nitro- |Ether|Total Hy-
m?t;,y;zr Ash, ?;g?&lrc tlzig- pro- %{)ue(ie gen-free| ex- |nitro- Carbon.| dro- | Energy.
: : * | tein. | tract. |tract.| gen. gen.
Steer A.

Grams. | Gms. | Grams. | Gms. | Gms. | Grams. | Grams. | Gms. | Gms. | Grams. | Gms. | Calories.
Timothyhay.. 4,424.5 259.7| 4,164.8] 335.4] 29.2 1,508.8 2,204.3| 87.2| 59.9| 2,067.1| 281.0! 19,950.2
Feces......... 2,075.1) 148.4( 1,926.7| 216.6/...... 723.4) 942.3| 44.4| 34.7| 1,013.9| 131.4] 9,957.4
Digested...... 2,349.4| 111.3} 2,238.1| 118.8 29.2| 785.4| 1,262.0| 42.8/ 25.2| 1,053.2| 149.6| 9,992.8
Percentage di-

gestibility...| 53.10{ 42.86| 53.74] 35‘42i100'00 52.05|  57.25| 49.08| 42.07| 50.95| 53.24] 50.09
Steer B.
Tlmothyhay.. 3,805.1 223.4] 3,581.7| 288.4, 25.1| 1,297.5 1,895.7| 75.0| 51.5 1,777.7| 241.6| 17,157.3
Feces......... 1,717.9] 128.0| 1,589.9; 184.3/...... 575.5) 794.4| 35.7| 29.5 851.2| 115.6| 8,235.7
Digested...... 2,087.2| 95.4 1,991.8 104.1 25.1  722.0] 1,101.3| 39.3 22.0f 926.5| 126.0! 8,921.6
Percentage di- |
gestibility...| 54.85 42.70| 55.61 36,10‘100.00 55.65 58.09| 52.40| 42.72]  52.12| 52.15] 52.00

DIGESTIBILITY OF TIMOTHY HAY AND OF MIXED GRAIN.

The average digestibility of the timothy hay in Periods III and IV,
computed as in the experiments of the previous year, i. e., giving
weight to each period in proportion to the amount of hay eaten, is
shown in Table 120, while Table 121 contains the computation of the
digestibility of the mixed grain.

TABLE 120.—Average digestibility of timothy hay, 1906.

: Non- Nitro- |Ether,Total Hy-
Dry Ash Organic| Pro- ro- Crude . :
. 3 gen-free| ex- |nitro-|Carbon.| dro- |-Energy.
matter. matter.| tein. in. fiber. extract.| tract.| gen. gen. v
Steer A.
Fed in Perlod | Grams.| Gms. | Grams. | Gms.| Gms. | Grams. | Grams. | Gms. | Gms. | Grams. | Gms. | Calories.
ImI.......... 2,647.2| 154.1| 2,493.1f 188.2( 13.2| 901.6| 1,342.9| 47.1) 33.0| 1,252.7| 172.6| 11,938.3
Fed in Period
.......... 4,424.5| 259.7| 4,164.8| 335.4] 29.2] 1,508.8] 2,204.3| 87.2| 59.9| 2,067.1] 281.0| 19,950.2
Total ...| 7,071.7| 413.8| 6,657.9| 523.6| 42.4| 2,410.4| 3,547.2| 134.3| 92.9| 3,319.8| 453.6| 31,888.5
Digested _in |
eriogIII ..|'1,448.1] 75.0f 1,373.1] 59.8/ 13.2[ 486.6] 791.1] 22.4| 12.5 663.5 94.1] 6,181.3
este in
eriod IV...| 2,349.4| 111.3] 2,238.1{ 118.8| 29.2| 785.4| 1,262.0{ 42.8/ 25.2( 1,053.2| 149.6| 9,992.8
Total ...| 3,797.5| 186.3| 3,611.2| 178.6| 42.4| 1,272.0} 2,053.1] 65.2| 37.7| 1,716.7| 243.7| 16,174.1
Percentage di-
gestibility...| 53.70| 45.02 54.24] 34.11{100.00{ 52.77| 57.88| 48.55| 40.58/ 51.71| 53.73| 50.72
Steer B.
Fed i m Period
IMi.......... 2,470.3| 143.8 2,326.5 175.6] 12.4] 841.4] 1,253.2| 44.0{ 30.8| 1,169.0| 161.1| 11,140.6
Fed in Period
.......... 3,805.1f 223.4| 3,581.7| 288.4| 25.1} 1,297.5/ 1,895.7| 75.0| 51.5/ 1,777.7| 241.6( 17,157.3
Total ...| 6,275.4] 367.2] 5,908.2| 464.0| 37.5| 2,138.9( 3,148.9| 119.0| 82.3| 2,946.7| 402.7| 28,297.9
Digested _in
eriod TIT...| 1,393.4| 60.8| 1,332.6{ 61.9| 12.4] 489.9] 749.4| 19.1) 12.6] 636.0 90.0] 5,972.3
Digested in
lgenodIV ..| 2,087.2| 95.4| 1,991.8] 104.1f 25.1| 722.0 1,101.3| 39.3] 22.0{ 926.5 126.0| 8,921.6
Total ...| 3,480.6| 156.2| 3,324.4| 166.0] 37.5{ 1,211.9| 1,850.7 58.4| 34.6| 1,562.5 216.0| 14,893.9
Percen lﬁedl—
gestibility...| 55.46| 42.54] 56.27| 35.78{100.00| 56.66] 58.77| 49.08| 42.04) 53.03] 53.64] 52.63
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TABLE 121.—Computed digestibility of mixed grain, 1906.

INFLUENCE OF TYPE AND AGE ON UTILIZATION OF FEED.

Non- Nitro- [Ether| Total Hy-
Dry | pgh, |Organic| Pro- | . 7| Crude | on fraal ex. |nitro-|Carbon.| dro- | Ener,
. |~ o . gY.
matfer. matter.| tein. | £ | fiber. | B0 00 (haot.| gen. gen.
Steer A.
Period I:
Total di- | Grams.|@ms. |Grams. | Gms.| Gms.| Gms. | Grams. | Gms. | Gms. | Grams. | @ms. | Calories.
gested....|2,934.8 | 84.9 [2,849.9 [315.8 | 82.8 | 552.0 |1,740.5 (158.7 | 73.8 {1,351.7 |213.8 |13,254.0
Computed
digestible
in hay....[1,400.4 | 67.0 |1,333.8 | 66.9 | 14.6 | 474.2 | 740.7 | 33.9 | 14.0 | 627.3 | 98.4 | 5,929.9
Digested
from
m ttflra.ini!i. 1,534.4 ] 17.9 |1,516.1 [248.9 | 68.2 | 77.8 | 999.8 [124.8 | 59.8 | 724.4 [115.4 | 7,324.1
o
grain..... 1,792,0 | 74.7 |1,717.3 [315.4 | 68.2 | 109.7 [1,104.0 |119.9 | 70.6 | 838.4 [124.2 | 8,418.1
Percentage
digesti-
bility....| 85.63] 23.96 88.28( 78.92{100.00{ 70.92| 90.56/104.09| 84.70( 86.40] 92.91 87.00
—_—
88.78
Perlod II:
Total di-
gested....[4,629.5 [132.6 |4,496.9 |530.5 |154.4 | 443.0 (3,081.0 [287.7 {130.1 [2,142.4 [314.7 [21,188.5
Computed
digestible
inhay....|1,412.8 | 64.6 [1,340.2 | 65.3 | 19.7 | 462.2 | 771.7 | 32.6 | 14.2 | 634.6 | 90.3 | 5,983.0
Digested
from
m ta.13111:..3,216.7 68.0 3,147.7 |465.2 [134.7 (—19.2 [2,309.3 |255.1 |115.9 (1,507.8 |224.4 |15,205.5
o in
grain..... 4,172.9 (174.0 (3,998.9 [702.5 [134.7 | 261.9 (2,631.7 [268.4 (153.4 (1,960.9 [291.6 |19,588.9
Percentage
digesti-
bility..... 77.00| 39.08] 78.71f 66.22(100.00— 7.33| 87.77| 95.04 75.55[ 76.89| 76.95 77.62
79.19
Steer B.
Perlod I:
Total di-
gested....|2,368.1 | 74.4 [2,293.7 [236.1 | 59.1 | 503.5 [1,376.4 |118.4 | 54.0 [1,084.2 |173.8 |10,589.9
Computed
digestible
ay....[1,349.4 | 59.1 |1,290.9 | 65.5 | 13.6 | 475.0 | 701.7 | 32.0 | 13.5  600.2 | 91.6 | 5,740.8
Digested
from
- t:ﬁr i 1,018.7 | 15.3 11,002.8 |170.6 | 45.5 | 28.5 | 674.7 | 86.4 | 40.5 | 484.0 | 82.2 | 4,849.1
o
grain..... 1,104.7 | 49.9 |1,144.8 |210.2 | 45.5 | 73.2 | 736.0 | 79.8 | 47.0 | 550.0 | 82.9 | 5,612.1
Percentage
leesti—
bility....| 85.27| 30.66] 87.60| 81.16/100.00] 38.93] 91.67/108.27| 86.17| 86.58 99.16) 86. 40
86.91
Period II:
Total di-
gested....|2,968.4 | 83.5 |2,884.9 (318.1 | 87.1 | 386.9 |1,925.2 {167.5 | 75.8 [1,375.5 |199.9 [13,520.9
Computed
digestible
in hay....|1,360.9 | 56.9 |1,305.6 | 63.9 | 18.4 | 462.9 | 730.9 | 30.7 | 13.7 | 607.0 | 84.1 | 5,790.7
Digested
from
o tglrainm 1,607.5 | 26.6 |1,579.3 |254.2 | 68.7 |—76.0 |1,194.3 [136.8 | 62.1 | 768.5 |115.8 | 7,730.2
o]
grain.. ... 2,129.0 | 88.8 [2,040.2 |358.3 | 68.7 | 133.6 |1,342.6 |137.0 | 78.3 |1,000.4 [148.8 | 9,994.6
Percentage
digesti-
bility....| 75.50( 29.95 77.41{ 70.95/100.00/—56.88] 88.95( 99.85( 79.31| 76.82| 77.82 77.34
—_——
75.76
|
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URINARY EXCRETION.

The urine was collected, sampled, and analyzed in precisely the
same way as in the experiment of the previous year, but in addition
triplicate determinations of nitrogen were made daily in a sample
of the fresh urine. The results of these daily determinations and the
daily excretion of nitrogen are recorded in Table VII of the appendix.
The result of the nitrogen determination made upon the composite
sample for the whole period is likewise recorded in the same table
and shows a satisfactory agreement with that computed from the
daily analyses. Table 122 contains the results on the urine, which
are also summarized in Table 123.

TABLE 122.—Results on urine (inclusive of wash water), 1906.

Av- Energy.
erage -
Weight.| ©- Total Total Total Total
*| cific solids. nitrogen. carbon. hydrogen. Per Total
grav- otal.
ity. gram.
Period I.

Steer A: Grams. P.ct.| Gms. |P.ct.| Gms. | P.ct.|Grams.|P.ct.|Gms.| Cals.| Cals.
Collected........ 52,615. 0/1. 0410] 8.310/4,372.3(1.307| 687.48 1.9031,001.26 0.335/176. 26 192 7 10, 139.4
Spilled, Jan. 21 . 813.1f...... . 032 .3 .005 04| 1,007, .061.001[ .01 .6
Spilled, Jan. 27.. 173.5|...... 9.137  15.9(1.437 2. 49.12. 093] 3.631.339 591211 8 36.7

Total........|eeeeei]oena]oeattn 4,388.5(..... 690. 01! ...... 1,004.95). .. .. 176. 86: ...... 10,176.7
" A\éerage (1048YS)|- - vennafeamens]oennnn 438.9|..... 69.00...... 10050 ... .. 17.69)...... 1,017.7
er B:
Collected........ 27,003.01.0531/11.690|. ....... 1.828| 495.26| 3.004| 813.87 .445/120.56, 292.8| 7,932.5
Average (9days)|........|-ceeiifeeaann 351.9]..... 55.02...... 90.43|..... 13.40...... 881.4
Period II.

Steer A:

Collected.. ...... 50, 815. 0/1. 0408] 9.270|....... 2.112(1,073.39) 2.529(1,285. 11| . 448227.65| 259.4|13,180.1

Ste A\I;erage (€10 E:0°4) ) (R R S, 588.8..... 134.17...... 160.64. .... 28.46 ...... 1,647.5
er B:

Collected. ....... 31,035.01.0513/11.679. ...... 2.195| 681.26| 3.251|1,008.95| .553|171.62| 319.9| 9,229.1
Average (9days) |- .c.coec]aeeiifennnnn 402.7}..... 75.70[...... 112.11. ... 19.07|...... 1,103.2
Period III.

Steer A:

Collected........ 49, 805.0(1. 0315! 6.521]....... .669| 333.43' 1.358| 676.35/ .194| 96.62! 116.1) 5,781.0

Ste Average(lo [43:3°4)] [ FOR P, 324.8..... 33.34-..... 67.64|..... 9.66|...... 578.1
er B
Collected. ....... 25,685.0|1.0380| 8.615|....... .962| 247.05| 1.989| 510.87| .307| 78.85| 187.6| 4,819.8
Average (9days)f-.......leeeeiifoennn 245.9..... 27.45|...... 56.76|..... 8.76|...... 6356.6

Period IV.

Steer A
Collected.......... 44,840.0(1.0356| 7.838....... .687| 308.02| 1.897| 850.61( .268|120.17| 163.4| 7,327.0

s Average(lodays) .................... 351.5]..... 30.80[--.... 85.006). ... 12.02...... 732.7

teer B
Collected. ........ 32,385. 0[1.0433{10. 412(3,371. 9] .930| 301.12( 2.416( 782.42| .431(139.58 217.2| 7,032.5
Spilled, Apr.12.. 157.0{...... 8.252( 13.0; .737 1.16{11.915 3.011 .281( .44/1172.1 27.0
Total.........l........].. -13,384. 9] 302.28).. 140.02|. .| 7,059.5
Average(10days)|........ PR PR 338.5 30.23 14. 00] 706.0

1 Assumed to be proportional to nitrogen content.
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TaABLE 123.— Awerage daily excretion in urine; 1906.

Energy
Periods. Nitrogen.| Carbon. | Energy. | per gram
of carbon.
Steer 4. Grams. | GQrams. | Calories. | Calories.
. 00 100.50 | 1,017.7 10.13
134.17 160.64 | 1,647.5 10.26
33.34 67.64 578.1 8.55
30.80 85.06 732.7 8.61
55,02 90. 43 881. 4 9.75
75.70 112.11 103.2 9.84
27.45 56.76 535.5 9.43
30.23 78.54 706.0 8.99

PRODUCTION

OF EPIDERMAL TISSUE.

As in the previous year’s experiments, the steer was thoroughly
brushed before entering and after leaving the calorimeter and the
material thus obtained weighed and analyzed. The results of these
determinations are contained in Table 124.

TABLE 124.— Weight and composition of brushings for the two days in the calorimeter, 1906.

Steer B.
Components and energy.
Period Period | Period | Period | Period | Period
I Iv. I. II. III. Iv.
Weight..... 37.8 5 L 25.8 43.0 47.0 26.2 29.1
Dry matter. 95.67 | 94. 95.70 | 95.75 |97.61 | 95.30 | 95.97 94.29
‘Weight of dr .1 36.16 | 56.92 | 23.45 | 24.70 | 41.97 | 44.79 | 25.1 27.44
In dily matter:
itrogen—
Percentage.................. 4.70 4.80 4.98 5.85 4.46 4.59 7.07 5.39
Weight. . ............ grams 1.70 2.73 1.17 1.44 1.87 2.08 1.78 1.48
Carbon—
Percentage. ..._._._......... 36.72 | 40.48 | 41.56 | 40.76 | 37.89 | 40.96 | 41.74 37.90
Weight. . ............ grams..| 13.28 | 23.04 9.75 |10.07 | 15.90 | 18.35 | 10.49 10. 40
Hydrogen—
Percentage.................. 5.14 5.49 5.63 5.79 5.06 5.52 5.94 5.20
Weight 1.86 3.12 1.32 1.43 2.12 2.47 1.49 1.43
Energy—
Per gram . . | 4.244 | 4.447 | 4.534 | 4.564 | 4.223 | 4.415| 4.603 4.193
Total........ ..[153.46 (253.12 (106.32 [112.73 [177.24 {197.75 (115.72 | 115.06

The steers were clipped just before the beginning of the experiment,
viz, steer A on January 5 and steer B January 11, and were again
clipped shortly after the close of the experiment, steer A on April 19
and steer B on April 20. The weights and composition of the hair
obtained at this second clipping were as follows:
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TABLE 125.— Weight and composition of hair, 1906.

Components and energy. Steer A. Steer B.
Number of 8YS. .« cuueeii ittt ittt ca et 104 99
‘Weight.......... grams.. 554.00 289. 00
Dry matter.......... ..per cent.. 89. 40 87.11
Welght of dry matter. . .- .. .- et grams. . 495. 28 251.75
Dry matter POr daY ... ueueruieiiii ittt ci ettt et do.... 4.76 2.54
In dry matter:
Nitrogen—
PerCentage. . ..ot 15.45 15.64
Welght. ... feeeeeee.....grams.. 76.52 39.37
Dally average. .. ....oooeieiiiiiiiiiaiaiaann. [ do.... .74 .40
Carbon—
55 7] o1 7 V- 49.45 49.26
Weight...... grams. . 244.92 124.01
Dally average. ... oooiiiii e 2.36 1.25
Hydrogen—
Percentage. .. ... 7.78 7.91
Weight........ PR -4 s 11 ¢ 38.54 19.91
Dally average .37 .20
Energy—
5,380.00 5,391.00
2,664. 61 1,357.18
25. 62 13.71

If we may assume that the brushings represent fairly well the aver-
age daily loss of hair and epidermis, the sum of the brushings and
hair would represent the daily growth of epidermal tissue, exclusive,
of course, of that of hoofs and horns. The results as computed are
shown in Table 126. They may, perhaps, be regarded as being some-
what too high, since the brushings may exceed the average daily
loss, but they may fairly be taken to represent with a sufficient degree
of approximation the daily demand of material for this growth.

TABLE 126.—Average daily production of epidermal tissue, 1906.

Components and energy. Steer A. Steer B.

Bro-N
BLEIB
BrprBd
BRas®

DETERMINATION OF RESPIRATORY PRODUCTS.

The methods employed were the same as those of the previous year
and the results are tabulated below in the same form. The average
ratio of hydrogen to carbon in the hydrocarbon gases excreted was
as follows:

TaBLE 127.—Ratio of hydrogen to carbon in combustible gases, 1906.

Periods. Steer A. Steer B.

3.171 3.221
3.171 3.34b
3.355 3.510
13.212 3.101

1 Second day only.
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TaBLE 128.—Carbon and hydrogen in gaseous excreta, 1906.

In COg and H,O0. In hydrocarbons. CH, H:C
computed | in hydro-
Carbon. |Hydrogen.| Carbon. |Hydrogen. from C. carbons.
Period I.
Grams. Grams. Qrams. Grams. 1:

212. 87 35. 64 10.96 47.61 3.252
195.20 37.59 12.06 50. 22 3.117
408.07 73.23 23.02 97.83 3.181
198.94 38.21 12.02 51.04 3.179
184.58 41.03 13.05 54.82 3.144
383. 52 79.24 25.07 105. 86 3.161
395. 80 76.24 24.05 101.85 3.171

Steer B, Jan. 31 and Feb. 1:
Subperiod 1 . 488. 21 222. 56 30.69 9.62 41.00 3.190
Subperiod 2............... 491. 02 217.24 29.92 9.34 39.97 3.203
Firstday............... 979.23 439. 80 60. 61 18.96 80.97 3.197
Subperiod 3............... 467.92 205. 46 26. 60 8.15 35.54 3. 264
Subperiod 4............... 494. 84 208. 36 23. 56 7.28 31.48 3.236
Second day............. 962. 76 413.82 50.16 15.43 67.02 3.251
Average.........c.o.. 971.00 426. 81 53.39 17.20 74.00 3.221

Period II.
Steer A, Feb. 21 and 22:

Subperfod 1.............. 735.05 332. 42 39.10 12. 46 52.24 3.138
Subperiod 2............... 760.89 308.06 35.86 11.28 47.91 3.179
Firstday............... 1,495.94 640. 48 74.96 23.74 100.15 3.158
Subperiod 3............... 754.31 342.13 30. 40 9.46 40. 61 3.214
Subperiod 4............... 755. 51 318.04 34.28 10.83 45.80 3.165
Second day............. 1, 509. 82 660. 17 64.68 20.29 86. 41 3.188
Average.....occeeunan.. 1, 502. 88 650. 33 69. 82 22.02 93.28 3.171

Steer B, Feb. 28 and Mar. 1:
Subperiod 1............... 540. 42 224.80 23.78 7.05 3177 3.373
Subperiod 2............... 537.22 215.91 34.07 10.79 45.52 3.158
Firstday............... 1,077.64 440.71 57.85 17.84 77.29 3.243
Subperfod 3............... 540.35 209.12 24.15 6.49 32.26 3.721
Subperfod 4............... 543. 87 221.98 22.98 7.05 30.70 3.260
Second day.............| 1,084.22 431.10 47.13 13.54 62.96 3.481
Average................ 1,080.93 435.91 52.49 15.69 70.13 3.345

Period 111.
Steer A, Mar. 14 and 15:

Subperiod 1 384.19 143.33 16.72 4.83 22.34 3. 462
Subperiod 2 385.25 131.90 16. 56 4.87 22.12 3. 40C
Firstday............... 769. 44 275.23 33.28 9.70 44.46 3.431
Subperiod 3............... 379. 44 138.11 22.30 6.80 29.79 3.279
Subperiod 4............... 379.74 134.81 21.02 6.30 28.08 3.336
Second day............. 759.18 272.92 43.32 13.10 57.87 3.307
AVerage.........ooeenn. 764.31 274.08 38.30 11.40 51.17 3.355

1 Uncertain, Power off at intervals.
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TABLE 128.—Carbon and hydrogen in gaseous excreta, 1906—Continued.

In CO. H;0. h .
s and Hy In hydrocarbons CH, H:C
oomputed in hydro-
Carbon. |Hydrogen.| Carbon. |Hydrogen,| {romC. | carbons.
Period 11I—Continued.

Steer B, Mar. 21 and 22: Grams. Grams. Grams. Grams. Grams. 1:
Subpe od1............... 355. 06 143. 24 14.77 4.17 19.73 3.542
Subperiod 2............... 352.35 129.85 16.70 5.04 22.31 3.313

Firstday............... 707.41 273.09 31.47 9.21 42.04 3.417
Subperiod 3. 357.40 135.63 13.27 3.59 17.73 3. 696
Subperiod 4. 349.08 126. 25 14. 44 4.06 19.29 3. 557

Second day............. 706. 48 261. 88 27.71 7.65 37.02 3.622

Average................ 706. 95 267. 49 29. 59 8.43 39. 53 3.510

Period I'V.

Steer A, Apr. 4 and 5:

Sub, pe riod 1............... 450. 86 166. 75 [15.21] 451 oo
Subperiod 2............... 452. 41 165. 05 22.30 6.84 29.79 3. 260
Firstday............... 903. 27 331.80 37.51 DD U 1 T R
Subperiod 3 464. 51 193. 30 23.09 7.05 30. 85 3.275
Subperiod 4... 460. 88 172. 66 32.48 10.25 43.39 3.169
Second day............. 925. 39 365. 96 55.57 17.30 74.24 3.212

Average................ 914.33 348.88 51.91 14.33 69.35 |............

Steer B, Apr 11 and 12:

Subpe ............... 408. 13 153.17 25.97 7.94 34.70 3.2711
Subperiod 2 ............... 404. 95 130.83 30.05 9.48 40.14 3.170
Firstday............... - 813.08 284.00 56. 02 17.42 74.84 3.216
Subperiod 3............... 412.90 150. 48 30.82 9.71 41.18 3.174
Subperiod 4............... 409. 97 155.39 30. 51 9. 64 40.76 3.165
Becond day............. 822. 87 305. 87 61.33 19.35 81.94 3.170

Average 817.98 294.94 58.68 18.39 78.39 . 3.191

COMPUTED METHANE PRODUCTION.

In the experiments of 1906 the supply of gas to the furnaces in
which the combustible gases produced by the animal were oxidized
was inadequate, and it is questionable whether the oxidation was
complete. The researches of Kellner have shown that the amount of
methane produced bears a fairly constant ratio to the total amount
of carbohydrates digested. The following table shows the amount of
carbon found in the combustible gases in the experiments of each of
the three years, expressed both in grams and as a percentage of the
amount of carbohydrates digested. The results for 1906 seem to
show very clearly that the methane was irregularly and incompletely
oxidized, the ratio of methane carbon to carbohydrate being much
lower than in the other series or in Kellner’s experiments.
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TABLE 129.— Methane carbon.

Steer A. Steer B.
Digested | Carbon in Digested | Carbon in
carbohy- | combusti- | Percent. | carbohy- | combusti- [ Per cent.
drates. ble gases. drates. ble gases.
Grams. Grams. Grams. Grams.
1,599.2 62. 02 3.88 1,359.9 49.31 3.63
2,222.6 79.27 3.57 1,795.9 66.15 3.68
1,007.5 34.70 3.44 911.5 34.06 3.74
1,690.9 59.30 3.51 1,351.9 44. 42 3.29
Experiments of 1906:
Period I... 2,292.5 76.24 3.33 1,679.9 55.39 2.95
Period II 3,524.0 69.82 1.98 2,312.1 52.49 2.27
Period IT 1,277.7 38.30 3.00 1,239.3 29.59 2.39
Period IV. 2,047.4 51.91 2.54 1,823.3 38.68 3.22
2,772.8 103. 69 3.74 2,269.9 90. 34 3.98
4,301.5 150. 66 3.50 3,132.7 117.67 3.76
1,676. 4 61.45 3.67 1,562.3 59.27 3.79
2,693.3 97.94 3.64 2,521.8 92.08 3.65

The average percentage for the experiments of 1905 and 1907 is
3.65. In view of what seem to be the obviously erroneous results
in 1906, we have felt justified in using this factor to compute the
methane from the digestible carbohydrates. The results of this
computation are contained in the following table and are used on
succeeding pages in computing the carbon and energy balances:

TaBLE 130.—Computed methane production, 1906.

Computed | Equiva- Equiva- Equiva-
Periods. carbon in ent ent lent.
methane. | methane. | hydrogen. | energy.

Grams. Grams. Grams. Calories.
83.68 111.80 28.12 1,491.81
128. 63 171.85 43.22 2,293.16

46.63 62.30 15.67 831.
74.73 99.84 25.11 1,332.26
68:62 91.68 23.06 1,223.33
84.39 112.75 28.36 1,504. 47
45.23 60. 43 15.20 806. 34
66. 55 88.9. 22.36 1,186.43

THE BALANCE OF MATTER.

From the data on previous pages, the balances following, including
the water balance for the two days in the calorimeter, have been
computed in the same manner as for the previous year’s experiments.
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.

TaBLE 131.—The balance of matter per day and head, 1906.

b Water. Nitrogen. Carbon. h?ﬁ'iﬁ'éﬁ%.

Ty
matter.

Tncome.| Outgo. |[Income.| Outgo. | Income. | Outgo. Income.| Outgo.

Period I.

Steer A:
Timothy hay........
Wheat bran.. .

Grams.

z)Vaterivaml)lr.(i ......
rganic rogen
ogxidized. y .. g e

Steer B:

Timothy hay........
‘Wheat bran. . .
Corn meal. ..
Linseed meal

Urine...............
Brushings and hair. .
Methane (computed)
Carbon dioxid....... .
Water vapor.._......0...o...... ...eoai. 3,84l |oieiiiifennnnnns ceeerenees (RPN PPN P

d. e B 1 ceveeene]ocenena| 1446

Period II.

Steer A:
Timothy hay........
‘Wheat bran..........
Corn meal...........
Linseed meal........
%Vater ...............

Brushings and hair. .

Methane (computed)

Carbon dioxid.......

‘Water vapor.........

Organic ~ hydrogen
oxidized...........

Gain_ or loss by
body—

Protein.......... 34.2 |ceieeiiifinnnnnns 5.7 [eevnnnen 18.0 |-euennnn 2.4 ....... .
Fat

Steer B:
Timothy hay........
Wheat bran.........
Corn meal...........
Linseed meal........
Water...............
Feces......ccovunnnnn
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TABLE 131.—The balance of matter per day and head, 1906—Continued.

Water.

Nitrogen.

Carbon.

Organic
hydrogen.

Income.

Outgo.

Income.

Outgo.

Income.

Outgo. Income.

Outgo.

Period II—Continued.

Steer B—Continued.
Brushings and hair..
Methane(computed).
Carbon dioxid.......
‘Water vapor........
Organic _hydrogen

. |Grams.

Grams.

.| Grams.
1

2,148.9

Steer A

Urine...............
Brushings and hair. .
Methane(computed).
Carbon dioxid.......
‘Water vapor........
Organic hydrogen

oxidized...........
Gain  or

Bteer B:
Timothy hay........
Water .

Urine................
Brushings and hair. .
Methaneicomdputed).
Carbon dioxi
Water vapor.........
Organic _hydrogen
oxidized...........
Gain_ or loss

Brushings and hair. .

Methane(comdputed).

Carbon dioxid.

‘Water vapor

Organic
oxidized

Gain_ or
bod,
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TaABLE 131.—The balance of matter per day and head, 1906—Continued.

Organic
Dry ‘Water. Nitrogen. Carbon. hydrogen.
matter.

Income.| Outgo. [Income.| Outgo. | Income. | Outgo. Income.| Outgo.

Period I V—Continued.

Grams. |Grams. | Grams. | Grams.
L,771.7 |.. 241.6 |...

.......... 12,219 | 12,219 | 610 61‘0‘ 1,822, 4 1,822.4‘ 248.0 | 248.0

OOMPUTED GAINS OR LOSSES OF LIVE WEIGHT IN THE CALORIMETER.

Table 132 summarizes the single factors which make up the esti-
mated gain or loss of live weight by the animal while in the calorim-
eter as computed from the data of Table 131 in the same manner
ag in the experiments of 1905 (p. 109.)

TaBLE 132.—Computed daily gains or losses of live weight in the calorimeter, 1906.

Period I. Period II. Period III. Period IV.

Loss. | Galn. | Loss. | Galn. | Loss. | Gain. | Loss. | Gain.

COMPARISON OF OBSERVED AND COMPUTED GAIN OR LOSS OF LIVE
WEIGHT.

The respiration calorimeter is not provided with means for taking
the weight of the animal while in the respiration chamber. Its
weight was taken, however, immediately before entering and imme-
diately after leaving the apparatus, the time of weighing being noted,
while the weights of the visible excreta for the four or five hours

92946°—Bull. 128—11—10
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preliminary to the actual experiment were recorded in the last three
periods.

While it is not possible to compute a complete balance for these
preliminary hours, if we may assume that the excretion of carbon
dioxid and water went on at the same rate as in the experiment proper,
we have sufficient data for an approximate computation of the loss
in weight during the preliminary hours. This can then be combined
with the computed loss of weight in the 48 hours of the experiment
proper and the result compared with that of the actual weighing. It
scarcely need be said that such a comparison can be nothing more
than a general check upon the accuracy of the work. An exact agree-
ment could not be looked for, but any gross error in the experiments
would probably be revealed. The method for computing the cor-
rection may be conveniently illustrated by the results for steer A in
Period II. The animal entered the calorimeter at 1.38 p. m., the
preliminary period thus amounting to 262 minutes. During this
time neither food nor drink was consumed and a loss of weight must
have taken place, due to the continued excretion. The amounts of
the visible excreta which were recorded need simply to be deducted
from the live weight. This is not true of the carbon dioxid and
water excreted, since at least a considerable part of their oxygen is
derived from the air and we have no experimental data as to the
amount of the latter taken up. For the purpose of this approximate
computation, however, it seems permissible to neglect the katabolism
of the protein and to consider only the nonnitrogenous material
oxidized. If this consisted only of carbohydrates—that is, if the
respiratory quotient was equal to one—the corresponding loss of
weight by the animal would evidently be equal to the water given off
plus the carbon of the carbon dioxid excreted. If some of the mate-
rial oxidized consisted of fat, however, the loss of weight would be
less than that indicated above, since some of the oxygen of the water
eliminated as well as all that contained in the carbon dioxid would
have been derived from the air. On the other hand, if a formation of
fat from carbohydrates took place, the contrary would be true, some
of the oxygen of the carbon dioxid being derived from the carbohy-
drates consumed and not from the air. On the basis of the average
composition of animal fat, viz,

C=76.5

H=12.0
0=11.5

the following correction may be computed:

Ozidation of 100 grams of fat.
Grams,
O required for oxidation of H.....coeemeiio i 96.0
O contained in fat . .. ... i iiaieaaaaas 11.5
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Formation of 100 grams of fat.

Grams.
Cg H;;,04required to furnish C..................o.............. 191. 25
0in 191.25 grams CgH 50q- - o« e v eeeeee e 102.0
Oinl100grams fat...... .. ..o i i i 11.5
O of carbohydrate excreted in CO,. ........................... 90. 5

On the above basis, we may compute the change in weight by steer
A in Period II as follows:

In preliminary period (262 minutes): Grams.
T 130
L0 - 1,470
Methane 93.8 X A e vvrer oo 17
0 0f 0O 1,502 9K e - e e e e e e e e e e 273
Water vapor 5,853 X Ay <+« eeeeeetememe et a et 1, 065
Oxygen equivalent to fat gained 4.692X90.5X 8- - o vveeenaiaa .. 77

In calorimeter period:

Net loss, Table 132, computed to 48 hours.............cooo.o ... ... 8,248

Computed loss of weight. ... .. .. . ... 11,270

Actual loss of weight.......oo oot 11, 800

A similar computation for the several periods, with the exception
of the first, for which the weights of feces and urine excreted during
the preliminary period were not recorded, gives the following
comparison:

TaBLE 133.—Computed and observed gains in live weight, 1906.

Computed. | Observed.
Period II. Kilos. Ki
573 . M —11.3 —11.8
2773 o - 75 — 82
Period III.
7 — 5.6 — 5.3
B2 7 g 2 2 + 4.5 + 4.2
Period IV.
£33 —11.8 —11.9
57 - - — 2.9

The generally good agreement in the foregoing table indicates at
least that no gross errors have crept into the work, while it also tends
to confirm our confidence in the reasonable accuracy of the compu-
tations of the nature of the gain or loss which are contained in
Table 132.

HEAT EMISSION AND HEAT PRODUCTION.

The following tables show the results of the determinations of the
heat given off by the animals, and likewise the heat production com-
puted by correcting for the gain or loss of matter by the body in the
manner described in connection with the experiments of 1905 (pp.
112-113).



148 INFLUENCE OF TYPE AND AGE ON UTILIZATION OF FEED.

TABLE 134.— Heat emission,. 1906.

Steer A. Steer B.
By | eatol By | ‘Veatel
y eat o y eat o
radiation. | water Total. | ragiation. | water Total.
vapor. vapor.
Period I.

First day: Calories. Calories. Calories. Calories. Calories. | Calories.
Subperiod 1................. 3,752. 2 1,124.6 4,876.8 3,516.0 1,175.8 |  4,691.8
Subperiod 2................. 3,715.5 1,031.2 4,746.7 3,125.0 1,147.7 4,272.7

Total..ooieeneneanannnnn. 7,467.7 2,155.8 9,623.5 6,641.0 2,323.5 8,964.5
8econd day:
Subperiod 3 3,497.8 1,051.0 4,548.8 3,305.3 1,085.4 4,390.7
Subperiod 4. 3,593.0 975.1 4,568.1 3,359.6 1,101.3 4,460.9
Total... 7,090.8 2,026.1 9,116.9 6,664.9 2,136.7 8,851.6
Daily average 7,279.2 2,091.0 9,370.2 6,653.0 2,255.1 8,908.1
Period II.

First day:

Subperiod 1................. 14,810.2 1,756.2 6,566.4 | 33,779.3 1,187.6 4,966.9
Subperiod 2................. 4,760.3 1,627.5 6,387.8 3,685.0 1,140.6 4,825.6
77 S 9,570.5 3,383.7 12,954. 2 7,464.3 2,328.2 9,792.5

Second day:

Subperiod 3................. 4,843.8 1,807.5 6,651.3 3,776.0 1,104.8 | 4,880.8

Subperiod 4................. 4,629.0 1,680.2 6,309.2 3,749.8 1,172.8 4,922.6

Total....ooooiiiiinnnnnn.. 9,472.8 3,487.7 12,960.5 7,525.8 2,277.6 9,803.4

Dally average.........c.co...... 9,521.7 3,435.7 12,957. 4 7,495.1 2,302.9 | 9,798.0
Period III.

First day:

Subperiod 1................. 2,944.7 757.2 3,701.9 2,705.2 756.8 | 3,462.0

Subperiod 2................. 3,090.8 696.9 3,787.7 2,698.4 686.0 3,384.4

Totaleeereeneennnnnnnn.. 6,035.5 1,454.1 7,489.6 5,403.6 1,442.8 | 6,846.4

3,060.8 729.6 3,790. 4 2,798.1 2,716.5 3,514.6

3,005.1 712.2 3,717.3 2,720.5 667.0 | 3,387.5

Total.......oooiviiiiiiaias 6,065.9 1,441.8 7,507.7 5,518.6 1,383.5 | 6,902.1

Daily average...........o....... 6,050. 7 1,448.0 7,498.7 5,461.2 1,413.1 | 6,874.3
Period I'V.

First day: -

Subperiod 1................. 3,159.7 881.0 4,040.7 2,968.0 809.2 | 3,777.2
Subperiod 2................. 3,182.8 872.0 4,054.8 2,800.4 691.2 3,500.6
Total..........cooiveiiann. 6,342.5 1,753.0 8,095.5 5,777.4 1,500. 4 7,277.8

Second day:

Subperiod 3................. 3,391.0 1,021.3 4,412.3 3,035. 4 795.0 3,830.4
Subperiod 4................. 3,197.4 912.1 4,109.5 2,828.9 820.9 3,649.8
Total.eeeeioiiiiiininan. 6,588.4 1,933. 4 8,521.8 5,864.3 1,615.9 7,480.2

Daily average........cc.eeun.... 6,465.5 1,843.2 8,308.7 5,820.8 1,558.2 | 7,379.0

1 Computed for first 102 minutes from average heat emission standing and lying, e 156,
2 First 30 minutes computed. € g pag
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TABLE 135.—Average heat production, 1906.

149

Steer A, Steer B.
Perlod. Correcti Heat i
Heat rrection eal Heat Correction Heat
! for gain produc- for gain produc-
emission. | 1oody. | tion. | emdssion. |y ohoie. | tion.
Calories. Calories. Calories. Calories. Calories. Calories.
9,370.2 - 311 9,339.1 8,908.1 +28.8 8,936.9
12,957. 4 — 85.7 12,871.7 9,798.0 —61.9 9,736.1
7,498.7 — 46.3 7,452. 4 6,874.3 +54.1 6,928.4
8,308.7 —100. 2 , 208. 7,379.0 + 1.0 7,380.0

THE BALANCE OF ENERGY.

The balance of energy in the several periods, computed on the
same basis as in the experiments of 1905 (pp. 113-114), is as follows:

TaABLE 136.— The balance of energy per day andAhead, 1906.

Steer A. Steer B.
Periods and components. Energy. Energy.
Dry Dry
matter. matter.
Income. Outgo. Income. Outgo.
Period I )
Grams Calories. Grams Calories. Calories.

Calories.

t .9
Brushings......cocoviveiineaianen 224 |l 20.0 |oeeecnnnnn- 89.4
Gain or Joss by body:

Protein (corrected for nitrogen) 19.2 fooooal... 85.6 13.8 616 |............

Fat oo 135.0 foeennnana.n 1,282.5 60.9 578.6 |..ceaen..... !
b 03y (1) o e LU, R R R 116.2

B0 7 1 ) P 10,811.0 10,811.0 |.......... 9,142.5 9,142.5

Period I1.
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TABLE 136.— The balance of energy per day and head, 1906—Continued.

Steer A. Steer B.
Periods and components. Energy. b Energy.
ry
matter. matter.
Income. Outgo. Income. Outgo.
Period II1. ) .
Grams Calories. Calories. | Grams. Calories. Calories.
Timothy NAYeeeeiieeeeaannes 2,647.2 | 11,938.3 |[............ 2,470.3 | 11,1406 |............
Urine'('c’o’r'rélz’téa' for nitrogen). ....|  324. .

Brushings...........
Gain or loss by body:
Protein (corrected for nitrogen)

It is apparent from the foregoing tabulation that a much better
agreement between the observed and computed heat production was
obtained in this series of experiments than in those of the previous
year, as is clearly shown by the following summary, and also that the
differences are in both directions:

TABLE 137.—Observed and computed daily heat production, 1906.

Steer A. Steer B.
Periods. Computed Computed
Observed. | Computed.| Error = Observed. | Computed.| Error. +

observed. observed.

Calories. Calories. | Ca Per cent. Calories. Calories. | Calories.| Per cent.
9,339.1 9,248.8| — 99.0 8,936.9 9,053.1 +116.2 101.3
12,871.7 12,881.5 | + 100.1 9,736.1 9,700.1 | — 36.0 99.6
7,452. 4 7,344.7 | — 98. 6 6,928. 4 6,709.2 | —219.2 96.8
8,208.5 8,164.4 | — 99.5 7,380.0 7,448.1 | + 68.1 100.9
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METABOLIZABLE ENERGY.

The results for the metabolizable energy of the timothy hay and
of the mixed grain in these experiments are tabulated in the follow-
ing pages in the same form as in the experiments of the previous
year (pp. 115-117).

TaBLE 138.—Percentage distribution of energy of timothy hay, 1906.

Total energy. Energy of digested matter.
True True

Period III. | Period IV. average. Period III. | Period IV. average.
Calories. Calories. | Calories.| Calories. Calories. | Calories.
48.22 49.91 49.28 [ e
3.4 3.40 3.42 6.64 6.79 6.74
6.97 6. 68 6.78 13.46 13.34 13.38
41.37 40.01 40. 52 79.90 79.87 79.88
100. 00 100.00 100. 00 100. 00 100.00 100.00

46. 3! 48.00 L 708 70N PO R OO,
3.72 3.70 3.71 6.94 7.12 7.05
7 6.92 7.04 13.51 13.30 13.38
42.65 41.38 41.88 79.55 79.58 79. 57
100. 00 100. 00 100. 00 100.00 100. 00 100.00

TABLE 139.— Metabolizable energy per gram of organic matter of timothy hay, 1906.

Organic matter. Metabolizable energy.
Periods. . Petr0 %n:.m Iéi,r grt:gl
Al ges
Total. Digested. Total. organic orzanic
matter. matter.
Steer A Grams. Grams. Calories. | Calories. | Culories.
8 U 2,493.1 1,373.1 4,938.8 1.981 3.597
IV e e 4,164.8 2,238.1 7,981.4 1.916 3.566
Totals and averages. .......ccoueu.-. 6,657.9 3,611.2 12,920.2 1.941 3.578
Steer B.
11 RN 2,326.5 1,332.6 4,751.2 2,042 3.565
IV e iteet et eee s 3,581.7 1,991.8 7.100.0 1.982 3.565
Totalsand averages................. 5, 2 3.324.4 11,851.2 2. 006 3.565




152 INFLUENCE OF TYPE AND AGE ON UTILIZATION OF FEED,

TaBLE 140.—Percentage distribution of energy of mized grain, 1906.

Organic matter. Energy of excreta.
Metabo-
Total
lizable
energy. Urine |Methane
Total. DLg&asb— Feces. | (cor- | (com- | CTeTEY.
* rected). | puted).
Steer A.
Perlod Grams. | Grams. | Calories. | Calories. | Calories. | Calories. | Calories.
In total ration.........cooeeiioo. 4,176.3 2,849.9] 20,109.6 | 6,855.6 | 1,041.5 | 1,491.8 [10,720.7
IDhAY.eeeecieiraienranriecnnnnnnnn ,459.0( 1,333.8] 11,691.5 | 5,761.6 399. 792.7 | 4,737.4
Tngrain..........coeeeennennnn. 1,094.0 | 641.7 | 699.1 | 5,983.3
Per cent of total energy 13.00 7.62 8. 30| 71.08
Per cent of digested energy.......foeeeeeeifonenniiiaiaiiii i, 8.76 9. 54 81.70
Period II:
In totalration.................... 6,486.4| 4,496.9] 31,385.1 (10,196.6 605.0 | 2,293.2 |17,290.3
INhaY.ceearemerannaeenraaniannns 2,487.5| 1,349.2| 11,796.2 | 5,813.2 403. 4 799.8 | 4,779.8
Ingraln.. ...t 3,098.9| 3,147.7) 19,588.9 | 4,383.4 201.6 | 1,493.4 |12,510.5
Per cent of total energy........... R 100.00] 22.38 6.13) 7. 63| 63. 8
Per cent of digested energy.......;ccc.ooouefomeneen i 7.90) 9. 83| 82.27
Steer B.
Period It
In totalration.................... 3,439.0( 2,293.7| 16,519.9 | 5,930.0 | 864.3 | 1,223.3 | 8,502.3
Inhay.cieemeeeeneraeaaenncanan 2,204.2 1, 9| 10, 907.8 | 5,167.0 404.7 767.9 | 4,568.2
Tngrain. . .o.ooeiniiiiannann., 1,144.8] 1,002.8] 5,612.1 | . 763.0 | 459.6 | 455.4 | 3,934.1
Per cent of total energy...........f.e.oooiioaaians 100. 00| 13. 60, 8.19] 8.11 70.10
Per cent of digested energy.......| ceeeeecfeemeeadfoenaiiiaiiitt 9.48 9.38 81.14
Period II:
In totalratlon........ccooeeeaia. 4,360.4/ 2,884.9| 20,997.2 | 7,476.3 | 1,094.3 | 1,504.5 [10,922.1
Inhay..ccieieiieneneenanennnn. 2,320.2( 1,305.6( 11,002.6 | 5,211.9 408.2 | 774.6 | 4,607.9
Ingrain.............ooaaoill. 2,040.2| 1,579.3 r9, 094.6 | 2,264.4 686. 1 729.9 | 6,314.2
Per cent of total energy...... 00. 00| 22. 6.86 7.30] .18
Per cent of digested energy 8.89 9.44 81.67

TABLE 141.— Metabolizable energy per gram organic matter of mized grain, 1906.

Periods.

Organic matter. Metabolizable energy.
Sk Al
ota geste!
Total. Digested. Total. organic organic
matter. matter.

Calories. Calorica
3.484 3.946
3 128 3.974
3.306 |....oaen....
3,437 3.923
3.095 3.998

3.266 |..eoennan...
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CORRECTION OF HEAT PRODUCTION FOR STANDING AND LYING.
HEAT EMITTED BY RADIATION AND CONDUCTION.

The foregoing results for heat production have still to be corrected
for differences in the amount of time spent standing and lying, in
accordance with the methods discussed on pages 41 and 118. The
following tables show for each period the results in the individual
sections which were selected for comparison and likewise the average
heat emitted per minute by radiation and conduction during the
several periods and brought out of the apparatus in the water current.

TaBLE 142.—Heat emitted by radiation and conduction during periods of standing and

lying, 1906.
Standing. Lying.
Periods.
Elapsed | motal heat.| EISPS | otal heat.
Period I.
Steer A:
6.00 p. m.to 8.08p. m
9.16 p.m.to 9.44p.m..
10.12p. m. to11.36 p. m..
11.56 p. m. to 1.36 . m..
2.40 a. m. to 3.32a8.m..
428 a.m,to 5.56 a.m..
6.00 8. m.to 9.04 a.m..
9.24 8. m. t0 12.16 p. m..
12.36 p. m.to 5.36 p.m..
6.00p.m.to 7.20p.m..
7.48 p. m. t010.08 p. m..
11.36 p. m. to 2.32 a.m.
3.44 a.m.to 5.00 8. m.
5.20 a. m. to 5.56 8. m.
6.00 8. m.to 7.16 a. m.
7.48 a.m.to 9.56 a. m.
10.20 a. m. t0 11.20 a. m.
12.00p. m.to 3.04p.m..
3.32p.m.to 6.00p. m
L7 S 1,216 | 6,890.91 1,056 | 4,607.18
Total corrections for capacity, feed, water, excreta,
L (P +79.61 |............ —96. 40
............ 6,970.42 |............| 4,510.78
Heatperminute..........c..ooooiiiiiiioiiiaai]iaiaaaannt 5.7328 |..cooeeett 4.2716
Steer B:
6.40 p. m.to 9.20p
10.20 p. m. to 11.48 p
12.08 a. m. 10 12.36 a
12.36 8. m. to 2.32 a,
3.20 a. m. to 4.40 a.
5.04 a.m. to 6.00 a.
6.00 a. m. to 7.20 a
8.00 a. m. t0 10.16 a.
10.40 a. m. to 4.32p
4.52p.m.to 6.00 p
6.00 p.m.to 7.16 p
7.44p.m. t010.40 p
10.40 p. m. to 4.12 a,
5.08 a.m.to 6.00 a.
6.00 8. m.to 9.36 a
9.56 a. m. to 11.04 a,
11.04 a. m. to 2.48Dp
3.20p. m.to 6.00p .
a8 . e 3 4,893.41
Total corrections for capacity, feed, water, excreta,
OUC . e ettt . —13.85

4,879. 56
3.8850
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TABLE 142.—Heat ematted by radiation and conduction during periods of standing and
lying, 1906—Continued.

Standing. Lying.
Periods. Elapsed Elapsed
pse 1]
time. Total heat. time. Total heat.
Period 11.

Steer A: Minutes. Calories. Minutes. Calories.
8.52p.m.to 9.28p.m.. [ PO 36 220.89
9.48 . m. t0 10.44 p. m. .

11.16 p. m. to 11.28 p. m..
11.28 p. m, t0 12.40 a. m..
1.00 a.m,to 2.24 a.m..
2.44a.m.to 456 a.m..
520 a.m,to 6.00 a. m..
6.00 a.m.t0 816 8. m..
8.40 a.m.to 9.14a.m..
914a.m.to 9.44a.m..
10.00 a. m. t0 10.23 a. m._.
10.23 a. m. t0 11.08 a. m. .
11.52 a. m. t0 1224 p. m..
12.40 p. m. to 12.575 p. m.
12.575p.m. to 1.18 p. m
1.185p. m. to 1.36 p. m..
2.08p. m. to 2.48p.m..
3.12p.m.to 448p.m..
5.08 p. m. to 6.00p. m..
6.00p.m.to 7.44p.m..
8.08p. m.to 9.20p.m..
9.40p. m. to12.24 a. m..
1244a.m.to 1.16 a.m..
1.36 a. m. to 1.56 a. m..
2.16 a.m.to 4.20 a. m..
440 a.m.to 6.00a.m..
6.00 a. m.to 7.56 a.m._
8.32 a. m. t0 10.08 a. m..
10.28 a. m, t0 10.48 a. m,
11.08 a. m. t0 12.56 p. m.
116 p.m. to 1.56 p. m.
2.16 p. m.to 3.52p.m..
412p.m.t0 6.00 P M. et
TotalS.oweneecaeenann. T 1,268 9, 459. 08 £88 | 4,758.45
Total corrections for capacity, feed, water, excreta, .
ete...... ) +110.37  |..o...o..o. —118.70
T PP 9,569.45 [............ 4,639.75
Heat perminute... ... ..o 7.5469 ... ......... 5.2249

Steer B:
6.52p.m.t0 804D . M oo ooiiiiiiiiiiiiaiaana..
8.28p. m.to 9.56 p.m.

10.16 p. m. t0 11.36 p. m.
12.00 a. m, to 1.36 a.m.
2.00 8. m. to 4.40 a.m,
5.00 a. m, to 6.00 a. M.
6.00 a. m.to 7.44 a. m.
8.08 a. m. 0 10.52 a. m.
11.12 a. m. to 1.36 p. m.
2.00 p.m. to 4.48 p. m.
5.04p.m.to 6.00p. m.
6.00 p. m. to 8.00 p. m.
8.20p.m.to 9.32p.m.
9.52p. m. to 11.12p. m.
11.36 p. m. t0 12.52 a. m.
1.12 a.m. to 2.00 a. m.
224a.m.to 528 a.m.
6.00 a.m.to 7.28 a. m.
8.00 a. m. t0 10.56 a. m.
11.18 a. m. t0 12.32 p. m.
12.56 p. m. to 3.24 p. m.
34p.m.to 6.00p.m..... ...l

Totals

©

Heat per minute

Total corrections for capacity, water, feed, excrota,

.......... s 45417 (Lol —44.81
............ 6,563.10 |. ..........| 5,688.89
............ 6.1683 |............ 4.2709




155

periods of standing and

HEAT EMISSION STANDING AND LYING, 1906.

during

tion
inued.

nd conduc

on a
lying, 1906—Cont

TABLE 142.—Heat emitted by radiat

g

-

o

m.a.maaappppaaaaappp
BEBRIBRVRIBRRE5R88

mmmwmmwmwwwomwwwwm
mmmmmmmmmmmmmmmmmm

“SREIRBHRSZ]R28%82A2

6013569&69&14&8124

Total corrections for capacity, feed, water, excreta,

Mo.mmmmun%mmwm% a8 &%m

Bmmmmmm%nmmmmwzmzwwmznau

2

w

Tota]é

Total corrections for capacity, feed, water, excreta,

-

Adddddddddddddd
SIBBRIDIBREEE

5528838858883
Eeddiddiddedid
<88U8RIRNHRINIY

681236812‘.2356

g

-
w

3 T L T T T T T L= | - A S S
g §RiB 8 ZIRI| R E8En 88 %N &8 A |NS R R
i | SEB BFIR7| FEEFEIRBEISEIEFIET) @B IBIRED
mmmm““"“ L | I A S A O R A A A
g, | siEBL g ] zigimisgimizamigizig fl i igigiigiigiri!
[-*] = . . e - .o . . . . .o . . s . . - Y . Y .. . .o
58 g1 0o I A A A : RS
2 = AR I S T I IR I R
] R =8 T I S S N : P
3 mm&“ﬂ:. 5 8192 ummmmmnmmmmm%m%mmmmﬁmumumm ] R 35 88 2 88
o | B | S2:i8:E3 22|57 854282398 3:53|8 F|&7) 5% EgEe %38
g T s e R S RS A e : Cor
i, [ s em 5 || &gz sEs ez zigg || 8= ee g
&g | § ¢ ¢ SRS N SR S R A A U I : o
2208 A0 T! I S A O A ] I B
TEEREE I S
E; m mmmm.mmmmmmmmmmmmm gl i AAdAdAAAAdAAdAdAAAEEAd m SHEEEEEEHAEAAE
& iyl &
g A
8 &
S35 8
= &

Heat perminute...........cooooiiiiiiaieiiiiaaaa.



156 INFLUENCE OF TYPE AND AGE ON UTILIZATION OF FEED.

TABLE 142.—Heat emitted by radiation and conduction during periods of standing and
lying, 1906—Continued.

Standing. Lying.
Ferlods. Elapsed Elapsed
apse! apses
) mge‘ Totalheat.| *2P%¢ | Total heat.
: Period I V—Continued.
Steer A—Continued. Calories. | Minutes. | Culories.

X m to
324 a.m to
4.52 a. m. to
6.00 a. m. to
7.32 a. m. to
9.16 a. m. to
10.08 a. m. to
10.52 a. m. to
12.20 p. m. to
4.24 p. m. to
B0
Total corrections for capacity, feed, water, excreta,
L

Heat perminute..........c.cocooiiioann. e
Steer B:

[=)

et

® P PPT
as»—n'sooq

—

._
PAWNNORNDR OB TIPS LR DD

SRR OO PNNHOPNSOONONHHESMHNDON
CTETE
TRV T TETE Ve e e P eTs

888888885888 58888588888888¢8¢8¢T

=

EHESEHEHAEHENEYHEEEEEEEEREEEE

Bhebobborbhohopbonka8kRealks
HEPBHEBHEBHEBREBEEEEBEEBEEREES
SRrREaESREE3R88kEERREREREER

WIBT P e e e P eTOTTTTTOTT L P P

BUTTTE PP R P

TotalS. cn e e ettt
Total corrections for capacity, feed, water, excreta,
e

Heat perminute. ... ........oooiiiiein... o

............ +94.19 [............| =95.12
............ 2,935.23 |............] 5,625.28
............ 4.9919 | ... ... 3.5158

TABLE 143.—Average heat per minute emitted by radiation and conduction, 1906.

Periods. Standing. Lying.
Calories. Calories.

5.7323 4.2716

7. 5469 5.2249

4. 6410 3.4918

5.2166 . 6834

5.3824 3.8850

6.1683 4.2709

4. 3029 3.0710

4. 9919 3.5158
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HEAT GIVEN OFF A8 LATENT HEAT OF WATER VAPOR.

On the basis of the discussion on pages 122 to 124, it is assumed
that the percentage of the total heat emitted which was given off as
latent heat of water vapor was independent of the standing or lying
of the animal.

HEAT EMISSION AND PRODUCTION COMPUTED TO 12 HOURS STANDING.

With the exception of steer B in Period IV, the time spent standing
did not vary greatly from 12 hours, and consequently the correction,
computed as in the previous year’s experiments (see p. 43), is compar-
atively small. The following are the final results of the computation:

TABLE 144.—Heat production corrected to 12 hours standing, 1906.

Steer A. Steer B.

Periods Correction Correction
g Corrected | for gain or | Corrected | Corrected | for gain or | Corrected

total heat | loss of mat-| total heat | total heat [lossofmat-| total heat

emission. ter by |production.| emission. ter by |production,

body. body.
Calories. Calories. Calories. Calories. Calories. Calories.
9,305.0 — 311 9,273.9 8,986.9 +28.8 9,015.7
12,509. 2 — 85.7| 12,513.5 9,971.3. —61.9 9,909. 4
7,291.7 — 46.3 7,245.4 6,724.2 +54.1 6,778.3
8,285.7 —100.2 8,185.5 7,836. 1 + 1.0 7,837.1

AVAILABILITY OF METABOLIZABLE ENERGY.

By substituting the foregoing corrected values for the heat pro-
duction in the balances of energy contained in Table 136, we obtain
the corresponding corrected values for the gains of energy by the
animals, as follows:

TaBLE 145.—Corrected gains of energy by the animals, 1906.

Steer A. Steer B.
Periods.
Income. Outgo. Income. Outgo.
Perlod I Calories. Calories. Calories. Calories.
l]getabolizable ...................................... 10,720.7 |oeeeeen..... 8,602.3 |- cenen.. .

Heat ([rom Tabie 144).

Period II:
Metabo].lzable ......................................
Heat (fron':'T'éBié 144).
L€ 7 ¢

Period III:
Metabolizable
hin,

Period IV
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From the data of the foregoing table, the percentage availability
of the metabolizable energy of the hay and of the mixed grain may be
computed in the same manner as in the experiments of 1905 (pp. 126~
128). The corrections for live weight are based on the averages of
the last six weighings of each period, as follows:

INFLUENCE OF TYPE AND AGE ON UTILIZATION OF FEED.

TABLE 146.— Average live weights in calorimeter periods, 1906.

Perlods. Steer A. Steer B.
Kilos. Kilos.
404.0 208.0
420.7 309.6
399.1 296. 2
406. 6 308.6

TIMOTHY HAY.

The availability of the metabolizable energy of the hay may be
computed from the results of Periods III and IV, making the nec-
essary correction for live weight, as follows:

TABLE 147.—Availability of metabolizable energy of timothy hay, 1906.

Steer A—Periods IV-III.

Steer B—Perfods IV-III.

399.1\%
n= (m) =0.9879
75=4,938.8 Yr=—2,410.4
Z4==7,081.4 Ya=— 307.9

—2,410.4—(0.9879X —307.9)
4938.8—(0.0879X 7,081.4)~ /149 per cent.

M=

296.2\ ¥s
n—(m) =0.9729
T=d4,7512  ye=—2,116.5
=71000  ye=— 826.5
—2,116.5—(0.9729X —826.5)
M= 751.2—(0.9729X7,100.0) — 00-86 per cent.

MIXED GRAIN.

The following tables show the corrections for the variations in the
amount of hay consumed in Periods I and II, on the mixed rations,
and the availability of the metabolizable energy of the mixed grain,
computed in the same manner as in the experiments of 1905.

TaBLE 148.—Correction for differences in amounts of hay eaten, 1906.

Steer A. Steer B.
Periods. Organic Metaboliz- o i Metaboliz-
able ene Galn b, TRANIC | able ener, Galn b
maiter of | o to animal, matter of | "ot fotar | animal
Y. ration. . ration.
Grams. Calories. | Calories Grams. Calories. | Calorics,
Period III.................... 2,493.1 |..... B P 2,326.5 ... eeiiinai.
(2 ¢ (276 B 2,459.0 10,720.7 1,343.0 2,204.2 8,502.3 —602.8
Correction............... 34.1 66.2 47.3 32.3 64.8 39.4
Period I corrected 2,493.1| 10,786.9 1,390.3 2,3%.5 8,567.1 —563.4
Period TIT .. 2,493.1 ... ... e 2,328.5 | .o e
Period IT...................... 2,487.5 17,290.3 4,673.0 2,320.2 10,922.1 923.3
Correction............... 5.6 10.9 7.8 6.3 12.6 7.7
Perlod II corrected............ 2,493.1 17,301.2 4,680.8 2,326.5 10,934.7 931.0
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TABLE 149.—Awailability of metabolizable energy of mized grain, 1906.

Steer A—Periods I-III.

Steer B—Periods I-III.

399.1Y\ 2¢
n= (m =0.9199
2= 4,938.8
2=10,786.9 n=

—2,410.4—(0.9199% 1,390.3)

Y= —2,410.4
1,390.3

=4 938.3—(0.9199 10, 786.9) — 4 02 per cent.

296. 2\ 2¢
7&=(§9#8'0) =0.9961
13=4,751.2 yz= —2,116.5
=8, 567.1 = — 563.4

—2,116. 5—(0. 9961 X —563. 4)
M=14,751.2—(0.9961 X8, 567.1)

=41.12 per cent.

Steer A—Periods II-III.

Steer B—Periods II-III.

e (22—
Zy= 4,938.8 Yo=—2,410. 4
25=17,301.2 y— 4,680.8

—2,410. 4—(0. 9656 X 4, 680.8)

=" 338. 8 (0. 9656 X 17, 301. 2) — 5+ 89 per cent.

206.2 24
n=(m —0.9707

5= 4,751.2
79=10,934.7 Y=
—2,116. 5—(0.9707X931.0)

M= {751. 2— (0. 9707 10, 934. 7) — 91- 51 per cent.

yo—= —2,116.5
931.0

Steer A—Periods II-I.

Steer B—Periods II-1,

404.0\2¢
n= ( 20.7 =0.9734
21==10,786.9 21=1,390.3
2¢=17,301.2 y5=4,680.8

1,390.3—(0.9734X 4, 680.8)
M=10,786.9—(0. 9734 17, 301. 2) — 2- 30 per cent.

298.0\ 2§
e (m) —0.9744

n= 8,57.1 = —563. 4
79=10,934.7 ys= 931.0
—563.4—(0.9744X  931.0)

M= g 567.1—(0. 974410, 034, 7) = 0+ 44 per cent.

TaABLE 150.—Summary of percentage availability of metabolizable energy, 1906.

Steer A. Steer B.
Timot;lll_?7 ha{l: Per cent. | Per cent.
I;ie ods IIT and IV. .ot 71.49 60. 86
e :
Periods I and III... 74.02 41.12
PeriodsIIand I.... 52.30 70. 44
PerlodS IT and I ....oo oottt eaaas 58.89 51.51

The foregoing results are also represented graphically in figure 8

of Part I (p.48).

RESPIRATION CALORIMETER EXPERIMENTS OF 1907.

These were substantially a repetition of the experiments of the
previous year, the amount of feed given being increased to correspond
to the increased weight of the animals.

FEEDING STUFFS.

Hay.—The hay was very nearly pure timothy, grown upon the
experiment station farm and harvested about the last of June or the

first of July in unusually good condition.

No clover was noticed

when handling the hay. The hay was cut and sampled on December
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18 and 19, 1906, duplicate samples being taken for analysis and the
Table 151 shows the
composition of the two general samples and also of the four taken
during the progress of the experiments.

remainder stored as in the previous year.

TaBLE 151.—Composition of dry matter of timothy hay, 1907.

General samples. Samples taken during experiment.
Components and energy.
Perlod | Period | Period | Perio
A B. | Average.| "7 1L IIL v.
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent.
ASh...iiiiiiiiiiiiiiiiiaaa 5.110 4.915 5.013 4.973 4.956 4.978 5.116
Protein ! 7.094 6.700 6.897 6.850 6.419 6. 331 6.913
Nonprotein 1. 0.244 0.244 0.244 0.428 0.597 0. 691 0. 423
Crude fiber..................... 30.675 31.619 31.147 30.930 31.170 31.114 29.980
Nitrogen-free extract........... . . . 54.610 54.973 54,804 55. 409
Ether extract................... 2.209 1.885 2.082 2.160
100.000 { 100.000 | 100.000 100. 000
Total nitrogen.................. 1.187 1.154 1.160 1.196
Protein nitrogen. .. 1.096 1.027 1.013 1.106
Carbon............ 46.793 46.961 46.930 47.087
Hydrogen.........cooeueeennnnn 5.775 5.742 5.792 . 806
Calories. | Calories. | Calories. | Calories
Energy pergram ............... 4,493.4 [4,497.5 |4,509.3 4,520.8

1 Computed from nitrogen, using factors stated in Part III, page 203.

Grain.—The same mixture of bran, corn meal, and old-process
linseed meal was used as in the previous year and the sampling was
done in the same way. Check analyses of samples of the mixed grain
were also included. The results were as follows:

TABLE 152.—Composition of dry matter of grain, 1907.

Wheat bran. Corn meal. Linseed meal.
Components and energy.

Period I. | Period II. | Period I. | Perlod II. | Period I. | Period II.

Per cent. | Per cent Per cent. | Percent. | Percent. | Per cent.
..... s 7.156 7.019 1. 495 1.477 5.816 5.811
Proteinl.... 13.298 13. 503 10. 090 9.744 27.150 27.819
Nonprotein 3.158 3.050 0.155 0.517 3.972 3.633
Crude fiber.... 10. 400 10. 060 2.220 2.061 8.810 8. 840
Nitrogen-free 61.905 62. 474 81.972 82.172 47.614 47.259
Ether extract... 4.083 3.804 4. 4.029 6.638 36.638
100. 000 100. 000 100. 000 100. 000 100. 000 100. 000
Total nitrogen................ 3.005 3.018 1.715 1.734 5.782 5.831
Protein nitrogen. 2.333 2. 369 1.682 1.624 4.937 5. 058
Carbon........... R 45.685 45. 867 46. 360 46.141 47.816 48. 295
Hydrogen.......oeveveeeennnn. 5.954 5.995 6.247 6.153 6.049 5.948

Calories, Calories, Calories. Calories. Calories. Calories.

Energy, pergram............. 4.5789 4. 5835 4.5348 4. 5276 4.8010 4.8747

1 Computed from nitrogen, using factors stated in Part III. 203.
3 Assumed same as Period L. » boge
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TABLE 153.—Composition of dry matter of mized grain.

Period I. Period II.
Components and energy. o te Ca ;
mposi mposite
Computed. sample. Computed. sample.
Per cent. Per cent. Per cent. | Per cent.

) VN 4.156 4.283 4.126 4.129.
Protein? 17. 861 18.215 18.030 18.763
Nonprotein?. . 2. 1.889 2.214 2.120

efiber.......c....oooils 6.213 6. 404 6.109 6.342
Nitrogen-free extract 64.378 63.775 64.393 63. 461
Etherextract........cooooiieiiiiiiiiiiiiiiiiiiiiia... 5.172 5.434 5.128 5.185

100. 000 100. 000 100. 000 100. 000
Totalnitrogen. . .....ocoioiiiiimiiiiiii i 3.642 3.635 3.673 3.783
Protein nitrogen. . 3.170 3.233, 3.202 3.332
Carbon.......... 46. 888 46.818 47.025 47.074
Hydrogen. . .......ooeomiiii i 6.120 6.467 6.043 5.827
Calories. Calories. Calories. Calories.
Energy per gram. ... ...oovommunnaaaaaeaeaeenaanns 4.6552 4. 6806 4.6843 4.6959

1 Computed from nitrogen, using factors stated in Part III, page 203.

PERIODS AND RATIONS.

The periods and rations are tabulated in the same manner as
before, the dates being inclusive in all cases.

TaBLE 154 —Periods, 1907.

Steer A. Steer B.
Periods. o -
Pr elmuillalzry feed- | Bycreta collected. Prelumir:lzry feed- | mxcreta collected.
Jan. 20 to 30....... Jan. 31to Feb.9...| Jan.27to Feb.6...| Feb. 7 to 16.
.| Feb.10t016. .. .. |oeeii e Feb.17t023. . ccecfecereanenaccananan
.| Feb.17t027....... Feb.28toMar.9...| Feb.24 to Mar.6..| Mar. 7 to 16.
.| Mar.10t020....... Mar.2: t030...... Mar.17to 27.. Mar.28to Apr.6.
Mar.31to Apr.10..| Apr.11t020......] Apr.7to17 ...... Apr. 18 to
TABLE 155.—Daily rations, 1907.
Steer A. Steer B.
Periods.
Timothy | Wheat Corn Linseed |Timothy| Wheat Corn Linseed
hay. bran. meal. meal hay. bran. meal. meal.
Grams. | Grams. | Grams. | Grams Grams Grams. | Grams.
v 335 1,000 1,000 3,200 2. i 700
800 2,400 2,400 3,200 450 1,350 1,350
.............................. b 21,1 5 DR PR o
.............................. F2%: 012N A P s

92946°—DBull.
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DIGESTIBILITY OF THE RATIONS.

The digestibility of the rations is computed from the figures in
Tables IX and X of the appendix in the same manner as before with
the following results.

TABLE 156.—Feed and excreta—Period I, 1907.

Steer A. Steer B. R
Num- Num-
Fresh Fresh
d tter. { ¢ .
ggry g.f weight. Dry matter 13;1;, (s). weight. Dry matter.
Timothy hay: Grams. | Per cent.| Grams. Grams. | Per cew.| Grams.
Total 10 | 34, 003(5) 86. )
33,997.5
Eaten perday.......|--...... 3,399.8
‘Wheat bran:
Total. . c.oovveennnnan 3,350.0
Eaten per day 335.0
Corn meal:
Total......... 10,000.0 8,370.9 10 | 7,000.0 83.71 5,859.6
Eaten per day 1,000.0 |... 837.1 |........ 700.0 |... . 586.0
Linseed meal:
Total......... 10,000.0 8,743.8 10 | 7,000.0 87.44 6,120.7
- Eaten per day 1,000.0 |... 874.4 |........ 700.0 |.... . 612.1
eces:
Collected............].ceeeetn 84,590.0 18.12 | 15,323.5 60,950.0 23.14 | 14,105.1
Spilled Feb.7....... . 5.0 80.68 23 O ]
In duct............. 616.9 21.77 134.3 |. 7.4 50. 68 3.
Total. . .ooeeeeenn... 85,2119 [ ... ..... 15,461.8 |. 60,957.4 |.......... 14,108.8
Excretion per day...|........ 8,621.2 [.......... 1,546.2 ,095.7 [.ooooaies 1,410.9
TABLE 157.—Digestibility of rations—Period I, 1907.
Non- Nitro- |Ether|Total Hy-
Dry | ,op. {Organic| Pro- | 0 Crude N
. gen-free| ex- |nitro-|Carbon.| dro- |Energy.
matter. maiter.| tein. | PIO | fiber. 057001 0%, gen. gen. y
Steer A.

Gms. |Gms.| Gms. |Gms.|Gms.| Gms. | Gms. |Gms. |Gms.| Gms. | Gms.|Calories.
Timothy hay..|2,934.9 (146.0 (2,788.9 [201.0 | 12.6 | 907.8 (1,602.7 | 64.8 | 34.8 |1, 373.3 169.5 [13,187.7
Wheat bran...| 284.7120.4 [ 264.3 |37.9| 8.9 29. 176.2 | 11.6 | 8.6 0.1 | 17.0 | 1,303.6
Cornmeal.. ... 837.1 | 12.5 | 824.6 | 84.56| 1.3 18. . 3,796.1
Linseed meal..| 874.4 | 50.9 | 823.5 |237.4 | 34.7 . 4163 58.0 506 4181 52.9 | 4,198.0
3.0 [2,881.4 [168.5 |108.4 [2,309.6 [291.7 [22,485.4

7,359.3

15,126.1

Total....|4,931.1 (229.8 |4,701.3 [560.8 | 57.5 |1,033.

Feces.......... 1,546.2 |149.6 [1,396.6 [206.9 |...... 448.9 | 704.6 | 36.3 | 33.1 | 750.0 | 89.7
Digested.|3,384.9 | 80.2 |3,304.7 [353.9 | 57.5 | 584.1 [2,176.8 |132.2 | 75.3 [1,569.6 [204.0
Percenta.%e di-
gestibility ...|  68.64] 34.90| 70.29( 63.09(100.00] 56.54| 75.55| 78.46| 69.46| 67.53| 60.93| 67.27
Steer B.
Timoth, hay.. 2,760.8 137.3 (2,623.5 [189.1 | 11.8 | 853.9 [1,507.7 | 61.0 | 32.8 {1,291.9 [159.4 (12,405.4
‘Wheat bran. 199.7 | 14.3 185 4126.6| 6.3 20.8| 123.6| 8.2 ] 6.0 91.2 | 11.9 914.4
Corn meal. .... 586.0 | 8.8 | 577.2159.1| 0.9 13.0 [ 480.4 | 23.8 [ 10.0 | 271.7 | 36.6 | 2,6567.4
Linseed meal..| 612.1|35.6 | 576.5 |166.2 | 24.3 53.9 | 291.4|40.6 | 35.4 | 292.7 | 37.0 | 2,938.7
Total....|4,158.6 [196.0 |3,962.6 |441.0 | 43.3 | 941.6 |2,403.1 [133.6 | 84.2 |1,947.5 [244.9 (18,915.9
Feces.......... 1,410.9 (135.9 |1,275.0 [152.8 |...... 419.0 | 664.1 | 39.0 | 24.5 | 682.3 | 81.1 | 6,767.7
Digested .|2,747.7 | 60.1 |2,687.6 [288.2 | 43.3 | 522.6 [1,739.0 | 94.6 | 59.7 |1,265.2 {163.8 (12,148.2
Percentage di-
gestibility ...| 66.07| 30.66[ 67.82 65.35{100.00, 55.50| 72.36| 70.80| 70.90| 64.97| 66.88| 64.22
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TaBLE 158.— Feed and excreta—Period II, 1907.
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Steer A. Steer B.
Num- Num-
Fresh Fresh
3:1' yg( weight. Dry matter. légry:f weight. Dry matter.
Timothy: Grams. | Per cent. | Grams. Grams. | Percent.| Grams.
T , 000. 86. 7. . 32,000.0 86.75 | 27,760.0
. 8.5 20.0 86.75 17.4
Eaten 90. 486.5 31,980.0 J.......... 27,742.6
Eaten perday...[........ 3,399.0 |.coeunnnnn 2,948.7 |........ 3,198.0 |..conn.... 2,774.3
Whea ran'
............ 10 8,000.0 83.78 | 6,702.5 10 4,500.0 83.78 | 3,770.2
Eaten perday...|-ceee... 800.0 |.....o.... 670.3 |........ 450.0 |..coionnnn 377.0
Corn meal:
Total..oooiveeecfonnnnnns 24,000.0 83.28 | 19,987.9 10 13,500.0 83.28 | 11,243.2
Eaten perday...|........ 2,400.0 |.......... 1,998.8 |........ 1,350.0 |.......... 1,124.3
inseed meal:
........ 24,000.0 87.08 | 20,899.4 10| 13,500.0 87.08 | 11,755.9
2,400.0 1,350.0 |.....o...n 1,175.6
132,550.0 .3
142.3
,241.
133,933.3 |..
Excretion pe 13,393.3

TaBLE 159.—Drgestibility of rations—Period II, 1907.

Non- Nitro- | Ether |Total Hy-
D Organic| Pro- Crude :
Ash. : pro- gen-free| ex- |nitro-|Carbon.| dro- | Energy.
ma{ger. matter.| tein. tein. fiber. extract.| tract. | gen. gen.
Steer A.
Timothy| Gms. |Gms.| Gms. | Gms. |Gms.| Gms. | Gms. | Gms. | Gms.| Gms. | Gms.| Calories.
hay...... 948.7 |146.1 [2,802.6 | 189.3 | 17.6 | 919.1 (1,621.0 | 55.6 | 34.0 |1,384.7 (169.3 [13,261.8
‘Wheat bran| 670.2 | 47.0 | 623.2 90.5 | 20.4 67.4 | 418.7| 26.1(20.2 | 307.4 | 40.2 | 3,071.9
ICgmmeald. 1,998.8 | 29.5 {1,969.3 | 208.0 | 10.3 41.2 |1,642.5 | 80.5 | 34.7 | 922.3 [123.0 | 9,049.8
nsee
meal..... 2,090.0 [121.4 [1,968.6 | 581.4 | 75.9 | 184.8 | 987.8 [1138.7 [121.9 |1,009.4 |124.3 [10,188.1
Total .|7,707.7 [344.0 (7,363.7 |1,069.2 {124.2 [1,212.5 {4,670.0 | 300.9 |210.8 |3,623.8 {456.8 |35,571.6
Feces...... ,204.6 [229.0 |1,975.6 | 343.8 [...... 656.5 | 927.1| 48.2 | 55.0 |1,049.3 |124.4 {10,340.7
Digested|5,503.1 [115.0 |5,388.1 | 725.4 [124.2 | 556.0 [3,742.9 | 252.7 |155.8 |2,574.5 [332.4 |25,230.9
Percent?ge
esti-
:ﬁty.... 71.40| 33.43| 73.17) 67.84]100.00] 45.89| 80.15 83.98 73.91] 71.04| 72.77 70.93
Steer B.
Timothy
Yeuenn- 2,774.3 [137.5 12,636. 8 178.1 | 168.6 | 864.7 |1,525.1 [ 52.3 | 32.0 {1,302.8 (159.3 (12,477.4
‘Wheat bran| 377.0 ) 26.5 | 350.5 50.9 | 11.5 37.9) 2355 14.7)11.4| 172.9 | 22.6 | 1,728.0
:([Jloirnmeald. 1,124.3 | 16.6 (1,107.7 | 117.0 [ 5.8 23.2 | 923.9| 45.3 | 19.5| 518.8 | 69.2 | 5,090.3
nsee
mesal..... 1,175.6 | 68.3 |1,107.3 | 327.0 | 42.7 | 103.9 | 555.6 |178.0 | 68.5 | 567.8 | 69.9 | 5,730.7
Total |5,451.2 [248.9 |5,202.3 | 673.0 | 76.6 (1,029.7 {3,240.1 | 190.3 [131.4 |2,562.3 [321.0 (25,026.4
Feces|1,542.5 {154.4 [1,385.1 | 205.1|...... 459.0 | 685.2 | 38.8|32.8| 737.5| 84.5|7,371l.1
Digested...|3,908.7 | 94.5 |3,814.2 | 467.9 | 76.6 | 570.7 [2,554.9 | 151.5 | 98.6 [1,824.8 |236.5 |17,655.3
Percentt e
esti-
bility....| 71.70{ 37.97] 73.32| 69.53100.00( 55.42| 78.85 79.61| 75.04| 71.22| 73.68] 70.55

1 Percentage of ether extract assumed to have been the same as in Period I.
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TABLE 160.—Feed and excreta—Period 111, 1907.

Steer A. Steer B.
Num- Num-
Fresh Fresh
l&:; g.f weight. Dry matter. lé:l;, g‘f weight. Dry matter.
Timothy hay: Grams. | Per cent.| Grams. Grams. | Per cent.| Grams.
Total................ 10 | 34,000.0 27,995.8
3.7 13.2
27,982.6
2,798.3
10,595. 8
Spilled Mar.28.......0........] 640 | 4885 | 3Ll ... .. icieiiiiieiiiiiiiiifoiiinanan
Spilled Aprodo....oofeeiiii]iiiiaas 3.4
Induct............. 176.8 L
Washmgs from duct. . 185.0 .
Total.....cooo.ooo.. .| 50,590.8 |.......... ..| 47,862.9
Excretion perday....|........ 5,059.1 |.......... l 112.1 4,786.3
TaBLE 161.—Digestibility of rations—Period III, 1907.
Or- Nitro- To-
Dry : Non- Ether| Hy-
mat- | Ash, | ganic | Pro- [ 7 Crude| gen- | %o, " ital niagpon | gro- [ Energy.
mat- | tein. fiber. | free ex- tro-
ter. ter. tein. tract. tract. gen. gen.
Steer A.

Grams.| Gms. | Grams.| Gms. | Gms. | Gms. | Grams. | Gms.| Gms. | Grams. : Gms.| Calories.
Timothy hay....|2,974.2 [148.1 |2,826.1 [188.3 | 20.6 [925.3 |1,630.0 | 61.9 | 34.5 |1,395.8 172.3 (13,411.6
Feces........... 1,112.1 | 89.3 1 022.8 {111.3 |...... 341.7 | 537.2 | 32.6 | 17.8 | 551.9 | 65.4 5 475.1

Digested..|1,862.1 | 58.8 [1,803.3 | 77.0 | 20.6 [583.6 (1,092.8 | 29.3 | 16.7 | 843.9 [106.9 | 7,936.5
Percentage di-

gestibility ....| 62.61| 39.70, 63.81| 40.89(100.00| 63.07| 67.04] 47.33| 48.41|  60.46| 62.04 59.18
Steer B.
Tlmothyhay ...2,798.3 (139.3 |2,659.0 (177.2 | 19.3 [870.6 {1,533.6 | 58.3 | 32.5 |1,313.2 [162.1 [12,618.4

........... 1,062.4 | 87.1 | 975.3 [101.0 |......[312.3 | 520.6 | 32.4 [ 16.2 | 527.9 | 60.8 | 5,247.0

Digested.. 1,735.9 | 52.2 |1,683.7 | 76.2 |'19.3 558.3 (1,004.0 | 25.9 | 16.3 | 785.3 [101.3 | 7,371.4
Percentage di-
gestibility ....| 62.03| 37.47| 63.32] 43.001100.00 64.13|  65.47 44.43) 50.15 59.80| 62.49 58.42

TABLE 162.—Feed and excreta—Period IV, 1907.

Steer A. Steer B.

Num- Num-
ber of Wl;ﬁgll}; Dry matter. | berof vf;ri;ﬁ Dry matter.

days. days.

Timothy hay:

:

N wWor

B g:@

8 o
BEReE BE.E

HH. .
S8

1
Excretion perday....[........
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TABLE 163.—Digestibility of rations—Pertod IV, 1907.

Or-

Nitro- To-
Dry Non- Ether Hy-
mat- | Ash, | 8anic | Pro- 1 ) Crude | gen- |5  Mital nilog pon | dro- | Energy.
ter. %‘f‘ tein. f yoiy, | fiber. ﬁtme%f' tract. ;elno_ gen. ey

Steer A.

Grams.| Gms.| Grams. | Gms.| Gms. | Grams. | Grams. | Gms.| Gms. | Grams. | Gms. | Calories.
’I‘lmothyhay..4892.0 250.2 14,641.8 (338.2 [ 20.7 |1,466.6 (2,710.6 |105.7 | 58.5 |2,303.5 (284.0 |22,115.8
Feces......... 1,876.9 [154.2 17244 184.4 [...... 548.4 | 935.5 | 54.5 [ 29.5| 931.8 [108.9 | 9,236.8

Digested...|3,015.1 | 96.0 [2,917.4 [153.8 | 20.7 | 918.2 [1,775.1 / 51.2 | 29.0 |1,371.7 |175.1 |12,879.0
Percentage di-
gestibﬂity... 61.64] 38.37| 62.85 45.48{100.00] 62.60| 65.49| 48.44] 49.57| 59.55| 61.65 58.23
Steer B.

Timothy hay..|4,629.8 (236.8 |4,393.0 [320.1 | 19.6 |1,388.0 (2,565.3 {100.0 | 55.4 |2,180.0 [268.8 [20,930. 4
Feces......... 1,801.8 (141.8 |1,660.0 (179.3 |...... 531.7 | 899.8 | 49.3 | 28.7 | 889.2 (103.0 | 8,870.1

Digested...|2,828.0 | 95.0 [2,733.0 |140.8 | 19.6 | 856.3 [1,665.5 | 50.7 | 26.7 |1,290.8 |165.8 [12,051.3
gestibility...| 61.02| 40.12| 62.21/43.99 [100.00] 61.69| 64.92| 50.70( 48.19| 59.21 |61.68 57.58

DIGESTIBILITY OF TIMOTHY HAY AND OF MIXED GRAIN.

From the data of Tables 156-163, the average digestibility of the
timothy hay in Periods ITI and IV and the percentage digestibility of
the mixed grains in Periods I and II are computed in the two follow-
ing tables in the same manner as in the previous years:

TABLE 164.— Average digestibility of timothy hay, 1907.

Or- Nitro- To-

Dry Non- Ether : Hy-
ganic | Pro- Crude | gen- " [tal ni-
ztr;\eatt- Ash.| Tnat- | tein. t%g- fiber. |freeex- t:z};ct tro- |Carbon. d;‘!ol- Energy.
* ter. N tract. |~ ‘| gen. gen.
Steer A.
Fed in Period Grams Gms. | Grams. | Gms.| Gms. | Grams. | Grams. | @ms. | @ms. | Grams. | Gms. | Calories.
m.......... 2,974.2 (148.1 (2,826.1 |188.3 | 20.6 | 925.3 (1,630.0 | 61.9 | 34.5 |1,395.8 |172.3 113,411.6
Fed in Period
IV ........ 4,892.0 |250.2 [4,641.8 (338.2 | 20.7 |1,466.6 |2,710.6 |105.7 | 58.5 |2,303.5 [284.0 22,115.8

Total ...|7,866.2 [398.3 |7,467.9 |526.5 | 41.3 2,391.9 |4,340.6 [167.6 | 93.0 (3,699.3 |456.3 |35,527.4

Digested in
Peﬂodl({ll...lsﬁzl 58.8 11,803.3 | 77.0 | 20.6 | 583.6 |1,092.8 | 20.3 | 16.7 | 843.9 {106.9 | 7,936.5
Digested in
PgenodIV ..[3,015.1 | 96.0 |2,917.4 |1563.8 | 20.7 | 918.2 |1,775.1 | 51.2 | 29.0 {1,371.7 (175.1 |12,879.0

Total ...|4,877.2 |154.8 |4,720.7 |230.8 | 41.3 |1,501.8 (2,867.9 | 80.5 | 45.7 [2,215.6 |282.0 |20,815.5
Percentage di-
gestibility...| 62.00 38.87| 63.21| 43.84/100.00| 62.79] 66.07| 48.03| 49.14f 59.89] 61.80 58.59

Steer B.

Fed in Period

TIT.......... 2,798.3 {139.3 [2,659.0 {177.2 | 19.3 | 870.6 |1,533.6 | 58.3 | 32.5 |1,313.2 |162.1 |12,618.4
Fed in Period

IVoee.ooo.. 4,629.8 [236.8 [4,393.0 320.1 | 19.6 (1,388.0 |2,565.3 {100.00| 55.4 (2,180.0 [268.8 [20,930.4

Total ...[7,428.1 [376.1 |7,052.0 (497.3 | 38.9 |2,258.6 (4,098.9 158.3 | 87.9 (3,493.2 |430.9 (33,548.8

Digested in
Period H...1,735.9 52.2 11,683.7 | 76.2 | 19.3 | 558.3 |1,004.0 { 25.9 | 16.3 | 785.3 |101.3 | 7,371.4
Digested in
Pger]odIV...2,828‘0 95.0 [2,733.0 |140.8 | 19.6 | 856.3 |1,665.5 | 50.7 | 26.7 [1,290.8 |165.8 [12,051.3

'l‘otald.i,.4,563.9 147.2 4,416.7 [217.0 | 38.9 [1,414.6 [2,660.5 | 76.6 | 43.0 2,076.1 |267.1 (19,422.7
Percentage di- :
gestibility...| 61.44| 30.14] 62.63| 43.64/100.00] 62.63| 65.13| 48.39| 48.92)  50.43 61.99 57.89
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TABLE 165.—Computed digestibility of mized grain, 1907.

Nitro- To-
Non- Ether| Hy-
D Organic| Pro- Crude| gen- tal nl-
matter.| ASD: | matter | teln. o | Aber. frec o] tro- Carbon. derg- Energy.
g extract. *| gen. gen.
Steer A.
Period I:
Total di- | Grams.| Gmas.| Grams. | Gms. | @ms. |Grams.| Grams. | Gms.| Gms. | Grams.| Gms. | Calories.
gested....[3,384.9 | 80.2 [3,304.7 |353.9 | 567.5 | 584.1 |2,176.8 |132.2 | 75.3 |1,559.6 [204.0 |15,126.1
Computed
digestible
inhay ...[1,819.6 | 56.8 [1,762.9 | 88.1 | 12.6 | 570.0 {1,058.9 | 31.1 | 17.1 | 822.5 |104.8 | 7,726.7
Digested
from
T gra;i.n‘...l,ﬁﬁs.a 23.4 [1,541.8 |265.8 | 44.9 | 14.1 [1,117.9 [101.1 | 58.2 | 737.1 | 99.2 | 7,399.4
ota n
grain._... 1,996.2 | 83.8 |1,912.4 [359.8 | 44.9 | 125.2 [1,278.7 [103.7 | 73.6 | 936.3 |122.2 | 9,297.7
Percentage
diizest -
bility ....| 78.41) 27.92| 80.62] 73.87|100.00, 11.26] 87.42| 97.49| 79.08] 78.72] 81.18] 79. 58
N |
80. 64
Perlod II:
Total di-
gested....|5,503.1 [115.0 |5,388.1 [725.4 [124.2 | 556.0 [3,742.9 |252.7 [155.8 |2,574.5 (332.4 |25,230.9
Computed
digestible
inhay...[1,828.2 | 56.8 [1,771.5 | 83.0 | 17.6 | 577.1 [1,071.0 | 26.7 | 16.7 | 829.3 |104.6 | 7,770.1
Digested
from
- gmlmiﬁ- 3,674.9 | 58.2 (3,616.6 |642.4 |106.6 [—21.1 |2,671.9 |226.0 1139.1 |1,745.2 [227.8 |17,460.8
ota
grain..... 4,759.0 {197.9 [4,561.1 [879.9 |106.6 | 293.2 (3,049.0 [245.3 [176.8 [2,239.1 [287.5 22,309.8
Percentage
dil-ﬁest -
bility ....| 77.22| 29.41 79.29{ 73.01{100.00] —7.19| 87.63| 92.13{ 78.68 77.94| 79.23 78.27
79.30
Steer B.
Period I:
Total di- .
gested....[2,747.7 | 60.1 |2,687.6 [288.2 | 43.3 | 522.6 |1,730.0 | 94.6 | 50.7 |1,265.2 |163.8 |12,148.2
Computed
digest-
ible in
hay...... 1,696.2 | 53.7 |1,643.1 | 82.5 | 11.8 [—534.8| 982.0 | 29.5 | 16.0 | 767.8 | 98.8 | 7,181.5
Digested
from
o 1gralmm 1,051.5 | 6.4 |1,044.5 [205.7 | 31.5 |—12.2 | 757.0 | 65.1 | 43.7 | 497.4 | 65.0 | 4,966.7
ota
grain..... 1,397.8 | 58.7 |1,339.1 (251.9 | 31.5 | 87.7 | 895.4 | 72.6 | 51.4 | 655.6 | 85.5 | 6,510.5
Percentage .
dltﬁest-
ibility....| 75.23[ 10.90] 78.02| 81.66/100.00|—13.91| 84.54| 89.67| 85.02| 75.87| 76.02, 76.29
. 75.76
Period II:
Total di-
gested....[3,908.7 | 94.5 [3,814.2 (467.9 | 76.6 | 570.7 [2,554.9 |151.5 | 98.6 |1,824.8 [236. 5 (17,655.3
Compute d
digest-
ible in
hay...... 1,704.5 | 53.8 |1,651.4 | 77.7 [ 16.6 | 541.6 | 993.3 [ 25.3 | 15.7 | 774.3 | 98.8 | 7,223.2
Digested
rom
o tgralinl..z,mtz 40.7 [2,162.8 [390.2 | 60.0 [ 29.1 {1,561.6 |126.2 | 82.9 [1,050.5 |137.7 |10,432.1
otal in
grain..... 2,676.9 (111.4 [2,565.5 [494.9 | 60.0 | 165.0 |1,715.0 (138.0 | 99.4 |1,269.5 [161.7 (12, 549.0
Percentage
dilﬁes -
ibility. 82.34) 36.54| 84.30] 78.84]100.00| 17.64] 91.06| 91.45 83.40| 83.41) 85.16 83.13
[ N———————
84‘.61
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The urine was collected, sampled, and dnalyzed as in the experi-

ments of 1906, including daily determinations of nitrogen.

The

urinary excretion is tabulated in detail in Table IX of the appendix,
and the results are summarized in the following tables in the same
form as in the previous experiments:

TABLE 166.—Results on urine (inclusive of wash water), 1907.

Aver- Energy.
e Total Total
spe- ota. otal
Weight. | T2~ | Total solids. nitrogen, | Totalcarbon. |y aibe Per | o
grav- otal.
ity. grarm.
Period 1.
Steer A: Per Per Per Per Calo-| Calo-
Total col-| Grams. cent. | Grams. | cent. | Grams. | cent. | Grams. | cent. | Gms. | ries. | ries.
8 le(itleiid - |42, 440. 0 |1.0446|10. 384/4,407.0 | 1.682 713.84| 2.786(1,182. 38 0. 381|161. 70{0. 281411, 942. 6
e
g‘eb 7...’ 975.0 |...... 5.464 53.3| .885 8.63|11.466( 14.29{1.200| 1.95(L. 1481 144.4
Total...... 43,415.0 |......|...... 4,460.3 |...... 722.47|...... 1,196.67._.... 163.65|. . .... 12,087.0
Daily aver-
age (10
days)..... 4,341.5 . ... |-..... 446.0 [...... T2.25...... 119.67(...... 16.37|...... 1,208.7
Steer B:
Total col-
8 Ie<l:tleii. ..132,020.0 |1.0501/12,366/3,959.2 | 1.820| 582.76| 3.360|1,075.87| .466(149.21} .3411(10,922.0
e
g‘eb. 16..:. 1,120.7 2.867| 32.1| .422 4.73[1.779 8.73|1.108( 1.21/L.0791 88.6
Total......(33,140.7 |......|---... 3,991.3 |...... 587.49(...... 1,084.60[...... 150.42f...... 11,010.6
Daily aver-
age (10
days)..... 3,314.1 |.....|...... 399.1(...... 58.75...... 108.46|...... 15.04|...... 1,101.1
Period II.
Steer A:
Total col-
g le(iztleii.d 81,030.0 |1.0322{ 9.433(7,643.6 | 1.847(1,496.62 2.329|1,887.19| .419\339. 52| .2415!19, 568.7
e
ar. 5... ! 270.4 |...... 11.149] 30.2 | 2.183 5.90(12. 753 7.44) 1.495 1.34{ .2854 7.2
Total..... .181,300.4 [......|...... 7,673.80|...... 1,502. 52|...... 1,894.63(...... 340. 86). . .... 19, 645.9
Daily aver-
age (10
days).....| 8130.0 |......[...... 767.4 |...... 150.25|...... J189.46|...... 34.09|...... 1,964.6
Steer B:
Total col-
s I sted..-- 37,785.0 [1.0518{13.392(5,060.2 | 2.291 865.65 3.774/1,426.01) .577/218.02| .3844(14,524.6
e
s ili'.lloa. ! 269.6 |...... 12.602| 34.0 | 2.156] 5.81/13. 552| 9.58| 543 1.47| .3617 97.6
e
g ?{.115(1..’ 102.2 |...... 7.307] 7.5 | 1.250] 1. 28|12. 059 2.10{ .315 .32 .2097 21.4
e
ar. 1 .’ 173.2 |...... 1. 058] 1.8 | .181 .31 1.298| .52] 1.046] .08 .0304 53
Total......[38,330.0 |......|--.... 5,103.5 |...... 873.05(...... 1,438.21(...... 219. 89 14,648.8
Daily aver-
age.. 138330 ......0...... 510.4 {...... 87.31)...... 143.82|...... 21.99...... 1,464.9
Period III.
Steer A:
Total col-
lected..... 60,035.0 (1.0202| 6.710(4,028.4 | .490| ,203.85| 1.176| 706.01| .182/109.26| .1109| 6,657.9
Daily aver-
age
days)..... 6,670.585i......1...... 47.6 1...... 32.65l...... 78.45l...... 12.14l...... 739.8

1 Assumed to be proportional to nitrogen content.
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TABLE 166.—Results on urine (inclusive of wash water), 1907—Continued.

Aver-| Energy.
e Total Total
e- ota! o
Weight. (s:fﬁc Total solids. nitrogen. Total carbon. hydrogen. Per T L
grav- otal.
ity. sram. .

Period IIT—Con.

Steer B: Per Per Per Per Calo-| Calo-
Total col- | Grams. cent. | Grams. | cent. |Grams. | cent. | Grams. | cent. | Gms. | ries. | ries.
sletiztieil..d..%,l%ﬁ 1.0395| 9.265(3,631.4 | .725] 284.00| 1.932| 757.25 .285[111.71| .1860| 7,290.3

e
s ?{.1286’ 188.8 |...... 1. 866, 3.5 .146 . 28| 1.389) .73 L057) .11{1.0375 7.1
e
.28 50.0 |...... 11. 679 58| .914 . 46| 2. 436 1.22] 1.359] .18 .2345 11.7
Total...... 39,433.8 [......|]-..... 3,640.7 |...... 284.741...... 759.20!...... 112.00,...... 7,309.1
Dalily aver-
age (10
days)..... 3,043.4 [......|...... 364.1 |...... 28.47]...... 75.92(...... 11.20|...... 730.9
Period IV,
Steer A:
Total col-
Sletl:tleii..d...Gl,ﬂ&O 1.0354| 8.240/5,060.6 | .466] 286.19| 1.757|1,079.06| .239|146.78( .1605| 9,857.1
pille
Apr. 11...’. 226.5 |...... 1.390 3.2 | .079 .18] 1.298] .67| 1.041] .09]1.0272 6.2
Total...... 61,641.5 |......|...... 5,063.8 |...... 286.37...... 1,079.73|...... 146.87|...... 9,863.3
Dally aver-
age (10
days)..... 6,164.2 |.... .| ..... 506.4 §...... 28.64|...... 107.97|...... 14.69)...... 986.3
8 B:
Total col-
lected..... 55,225.0 |1.0410( 8.434(4,657.7 | .447| 246.86| 1.707| 942.69 .236/130.33| .1601 8,841.5
Daily aver-
age (9
. days)..... 6,136.1 |......|...... 517.5 |...... 27.43|...... 104.74...... 14.48)...... 982. 4
1 Assumed to be proportional to nitrogen content. 2 Estimated.
TaBLE 167.—Average daily excretion in urine, 1907.
Energy.
Period. Nitrogen. | Carbon. P
er gram
Total carbon.
Grams. Calories. Calories.
119. 67 1,208.7 10.10
189. 46 1,064.6 10.37
78.45 739.8 9.43
107.97 986.3 9.13
108. 46 1,101.1 10.15
143.82 1,464.9 10.19
75.92 730.9 9.63
104.74 982. 4 9.38
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Steer A was clipped on January 7 before beginning the experi-
ments and at their close on May 7, and steer B on January 8 and.
May 6. The brushings of the animals were collected as in the previous

year.

following tables:

The results of these determinations are contained in the

TABLE 168.— Weights and composttion of brushings for the two days in the calorimeter, 1907.

Steer B.

Steer A.
Components and
energy. Period | Period | Period | Period | Period | Period | Period | Period
I. II. III. Iv. I. II. III. Iv.
Weight....... grams..| 35.1 62.7 39.6 42.3 45.9 52.7 39.7 Lost.
Dry matter.percent..| 95.647 93.991 90. 962 94.382 85.875 96.128 94.765 |..........
Welght of dry mat-
......... .. 33.57 58.93 36.02 39.92 39.42 50. 66 37.62 |..........
In dry matter:
Nitrogen—
Percentage....... 5.408 5.308 5.446 6. 643 4.059 5.197 6. 347
‘Weight ..grams. . 1.82 3.13 1.96 2.65 1.60 2.63 2.39
Carbon—
Percentage....... 39.083 40. 412 41.584 41.984 37.156 40. 355 41.120
HWdt:.ight .grams.. 13.12 23.81 14.98 16.76 14.65 20.44 15.47
ogen—
erceg:ta ....... 4.833 5.244 5.340 5. 457 4,677 5.213 5.335
Weight ..grams..| 1.62 3.09 1.92 2.18 1.84 2.64 2.01
Energy—
Per gram,
calories 4. 4298 4. 4. 5951 4.7393 4.2212 4. 5496 4.6251 [..........
Total...... do 148.7 270.2 .6 189.2 166. 4 230.5 1740 ..........

TABLE 169.— Weights and composition of hair, 1907.

Components and energy. Steer A Steer B
120 118
770 607
79. 33,437
610. 86 46
5.09 4.29
13.727 14. 624
83.85 74.06
.70 .63
47.796 48.157
. 291.97 243.90
- dDall:»,' average.. 2.43 2.07
rogen—
v Percentage .............................................................. 5.980 6. 280
Wel, . 36. 53 31.81
Dally avemge .304 .27
Enell'gy 5.1673 5. 2003
) 4.2\ o 3
tﬁ 3,156.5 2,683.9
26.3 2.7
TaBLE 170.—Average daily production of epidermal tissue, 1907
Components and energy. Steer A Steer B.
Dry matter 26.15 25.58
Nitrogen....... 1.90 1.74
Carbon..... l%. % lg. g(ﬁ)
Baorgens 123.0 7.9

Energy.....cccoevicinannn.
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DETERMINATION OF RESPIRATORY PRODUCTS.

The respiratory products were determined upon two consecutive
days of each period as in the previous year with the results shown in
Table 172. In the combustible gases given off by the animals the
ratio of hydrogen to carbon was as follows:

TaBLE 171.—Ratio of hydrogen to carbon in combustible gases, 1907.

Steer Steer
Periods. Al: B, 1:
3.114 3.110
3.059 3.076
3.168 3.158
3.121 3.106
TaBLE 172.—Carbon and hydrogen in gaseous excreta, 1907.
In COzand HgO. In hydrocarbons. CH, H:Cin
Periods. computed | hydrocar-
Carbon. | Hydrogen.| Carbon. | Hydrogen,| fromC bon.
Period I.

Steer A, Feb. 6 and 7: Grams. Grams. Grams. Grams.| Grams. 1:
Subperlod 1.. 592. 200. 21 52.27 16. 62 69. 83 3.145
Subperiod 2.. 592. 06 200. 61 50. 82 16. 42 67.90 3.095

First day.cceeeceaenn. .. 1,184.71 400. 82 103.09 33.04 137.73 3.120
Subperiod 3............... 594.71 223.66 52. 64 16. 89 70.33 3.117
Subperiod 4............... 595.10 211.99 51. 64 16. 66 68.99 3.100

Second day............. 1,189.81 435. 65 104.28 33.55 139. 32 3.108

Average................. 1,187.26 418.24 103. 69 33.30 138.53 3.114

Steer B, Feb. 13 and 14:

Subper od 1....oooenaaaa.. 530. 04 204. 44 45.44 14.31 60. 71 3.1756
Subperiod 2............... 543. 22 207.09 45.26 14.83 60. 47 3.052
First day.ceeeeneean..... 1,073.26 411. 53 90.70 29.14 121.18 3.113
Subperiod 3............... 529. 31 205. 42 43.96 14.19 58.74 3.098
Subperiod 4............... 537.34 203. 22 46. 02 14.76 61. 48 3.118
Second day............. 1,066. 65 408. 64 89.98 28.95 120.22 3.108
Average................. 1,069. 96 410.09 90. 34 29. 05 120.70 3.110
Period II.

Steer A, Mar. 6 and 7:

Subperiod 1 840.05 388.91 77.07 25.01 102.96 3.082
Subperiod 2.. 868. 33 403. 48 77.62 25. 51 103.70 3.043
First day.. 1,708.38 792. 39 154.69 50. 52 206. 66 3.062
Subperiod 3. 862. 26 414.33 74.11 24.26 99.01 3.055
Subperiod 4.. 847.76 373.35 72.51 23.72 96. 88 3.057
Second day............. 1,710.02 787.68 146. 62 47.98 195. 89 3.056
Average........o........ 1, 709. 20 790. 04 150. 66 49.25 201.28 3.059

Steer B Mar. 13 and 14:

riod 1 657. 47 345.12 58.58 19.00 78.26 3.083
669. 19 333.21 59.08 19.20 78.94 3.077

First day................ 1, 326. 66 678.33 117.66 38.20 157.20 3.080
Subperiod 3............... 660. 77 359. 64 59.02 19.29 78.86 3.060
Subperiod 4............... 684.48 349.57 58. 66 19.01 78.37 3.086

Second day............. 1,345.25 709.21 117.68 38.30 157.23 3.073

AVersgeeseeeaeecaaann... 1,335.96 693.77 117.67 38.25 157.22 3.076
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TABLE 172.—Carbon and hydrogen in gaseous excreta, 1907—Continued.

In COs and H40. In hydrocarbons. CH, H:Cin
Perlod. computed | hydrocar-
Carbon. |Hydrogen.| Carbon. |Hydrogen.| fromC. bon.
Period III.

Steer A, Mar, 27 and 28: Grams. Grams. Grams. Grams. Grams. 1:
Subpe od 1......oonnen... 425.79 169. 27 . 35 9.61 40. 55 3.158
Subperiod 2. 425. 52 157.15 30. 52 9.80 40.78 3.114

First day.. 851.31 326. 42 60. 87 19.41 81.33 ©3.136
Bubperiod 3. . 417.80 159. 66 31.62 9.89 42.25 3.197
Subperiod 4............... 418.90 1569.19 30. 40 9. 50 40. 62 3.200

Second day............. 836.70 318.85 62.02 19.39 82.87 3.199

Average................. 844.01 322.64 61.45 19.40 82.10 3.168

Steer B, Apr. 3and 4 .
Subpe P 422.62 198. 60 29.43 9.21 39.32 3.195
Bubperiod 2............... 420.29 191.17 29.78 9.64 39.79 3.089

First day................ 842.91 389.77 59.21 18.85 79.11 3.141
Subperiod 3 414.63 199. 37 29. 64 9.22 39.60 3.215
Subperiod 4. 417.03 190. 53 29.68 9.46 39. 66 3.137

Second day.. 831. 66 389. 90 59. 32 18.68 79.26 3.176

Average........c.o...... 837.29 389. 84 59.27 18.77 79.19 3.158

Period 1V,

Steer A Agr 17 and 18 )

............... 547.94 222.84 49.22 15. 51 65.76 3.173
Subperlod 2 ............... 554.95 215. 46 48.84 15.76 65.26 3.099

Firstday...c............ 1,102. 89 438.30 98. 06 31.27 131.02 3.136
Subperiod 3 556. 31 229.72 49.31 15. 81 65.88 3.119
Bubperiod 4.. 552. 24 221.33 48. 51 15. 68 64.81 3.004

Second day. 1,108. 55 451.05 97.82 31.49 130. 69 3.108

Average...... 1,105. 72 444.68 97.94 31.38 130. 86 3.121

Steer B Apr 24 and 25

............... 533.21 251.08 46.32 14.84 61. 89 3.121
Subperlod P 541. 51 237.25 46.21 15.10 61.74 3.060

Firstday................ 1,074.72 488.33 92. 53 29.94 123.63 3.001
Subperiod 3............... 531. 81 271.22 45. 00 14. 42 60.12 3.121
Subperiod 4............... 538.96 280. 41 46.63 14.94 62.30 3.121

Second day............. 1,070.77 $51.63 91.63 29. 36 122.42 3.121

Average................: 1,072.75 519.98 92.08 29. 65 123.03 3.106

THE BALANCE OF MATTER.

From the data contained in the foregoing pages the following
balances have been computed in the same manner as in the previous

experiments.
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TABLE 173.— The balance of matter per day and head, 1907.

Water. Nitrogen. Carbon. Organic hydrogen.
Periods and compo-
nents.
Income. | Outgo. | Income. | Outgo. | Income. | Outgo. | Income.| Outgo.
Period I.
Ste

er A
Timothy hay....
‘Wheat bran.....

Organic hydro-
gge;ntl)xidized. ..

Period II.

Steer A:
Timothy hay....
Wheat bran.....

Organic hydro-
genox:ldlZed...

5,587
1,497 | oo 166.3
25,614 | 25,614 210.8 | 210.8 | 3,623.8 (3,623.8 456.8 456.8

1 Tn absence of daily determination of nitrogen the urine solids computed in proportion to specific gravity.

1 Computed.
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TABLE 173.— The balance of matter per day and head, 1907—Continued.

Water. Nitrogen. Carbon. Organic hydrogen.

Periods and compo- D
nents. ma{t;y;r
‘| Income. | Outgo. | Income. | Outgo. | Income. | Outgo. | Income. | Outgo.
Period II—Contd.
Steer B: Grams.| Grams. |Grams.| Grams. {Grams.| Grams. |Grams.| Grams. | Grams.
Timothy hay....[2,774.3 232 |........ 32.0 f........ 1,302.8 |........ 159.3 |........
. 172.9 22.

Organic hydro-
gen oxidized...|........ /715 D R I RO SO R 140.5
........ 14,824 | 14,824 131.4 | 131.4| 2,562.3 {2,562.3 321.0 321.0
Period I11.
Steer A:
Timothy hay....[2,874.2 223 |........ 34.5 ........ 1,395.8 [........ 172.3 |........
Water........ [N R b1, 0.V DA PP AP RPN SRS MR RO,

........ 9,875 | 9,875 52.4 52.4  1,546.9 |1,546.9 194.8 194.8

‘Water vapor
QGain_or loss by
body—

Organic by
gen oxidized.. .

........ 11,521 | 11,521 46.4 46.4 | 1,510.9 1,510-.9 192.2 192.2

Period IV.

Steer A:
Timothy hay
Water.
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TABLE 178.—The balance of matter per day and head, 1907—Continued.

Periods and compo-
nents.

Dry
matter.

‘Water.

Nitrogen.

Carbon.

Organic hydrogen.

Income.

Outgo.

Income.

Outgo.

Income.

Outgo.

Income. | Outgo.

Period I V—Contd.

Steer A—Continued.
Carbon dioxid...

Wate:
Oé%i“i‘iléiied ....... 1,067 [oeoeenenfenannns S AU RSSO AESUUU IS 118.5
....... 16,705 | 16,705 60.0 60.0 | 2,308.2 [2,308.2 284.6 284.6
Steer B:
Timothy hay....|4,629.8 " 335 ........ 56.4 |........ 2,180.0 |........ 268.8 |........

(o) 1telin d
rganic hydro-
gen oxidized..

15,118

2,187.6

2,187.6

1 Only 1 day; was spilled on second day.

COMPUTED GAINS OR LOSSES OF LIVE WEIGHT.

The following tables show the computed changes of live weight in
the calorimeter and the comparison of the computed and observed
gain by the animals, computed in the same manner as in the experi-
ments of 1905 and 1906:

TABLE 174.—Computed daily gains or losses of live wetght in the calorimeter, 1907.

Components.

Period I.

Perlod II.

Period III.

Period IV.

Loss.

Galn.

Gain.

Gain.

Steer A:
Protein..
t....

regularity of ex-

cretion.
Balance

Correction for ir-
regularity of ex-
cretion.........

......... 160 |.......... 9 |.......... 38 12 ..........
......... 2,267 407 |.ooeonna. 2,683 |.ceennnnnn 1,223 |..........
2,427 2,427 407 407 2,867 2,867 1,249 1,249
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TaBLE 175.—Computed and observed gain tn live weight, 1907.

Period. Computed. | Observed.
Kilos. Kilos.
) »
- 6.1 — 5.4
—13.4 —14.0
- L5 - 1.2
— 4.6 — 4.2
3.6 4.2
—11.6 —13.6
0.9 0.6

1 Weights not recorded.
HEAT EMISSION AND HEAT PRODUCTION.

The following tables show the results of the determinations of the
heat given off by the animals and likewise the heat production, com-
puted by correcting for the gain or loss of matter by the body in the
manner described in connection with the experiments of 1905:

TABLE 176.—Heat emission, 1907.

Steer A. Steer B. 4
Periods. B Aﬁ laterrxt B Aﬁ ]atte?t
y eat o y eat o
radiation. water Total. radiation. water Total. i
vapor. Vapor.
Period I.

First day— Calories. Calories. Calories. Calories. Calories. Calories.
Subperiodl ............... 3,998.1 1,057.7 5,055. 8 3,678. 4 1,080.1 4,758.5
Subperiod 2............... 3,853.7 1 059.8 4,913.5 3 729.3 1,094.0 4,823.3

Total...coeeeieennaan... 7,851.8 2,117.5 9,969.3 7,407.7 2,174.1 9,581.8
Second day—
Subperiod 3............... 4,130.2 1,181.6 5,311.8 3,717.6 1,085.3 4,802.9
Subperiod 4............... 3,947.1 1,119.9 5,067.0 3,710.9 1,073.6 4 784.5
Total...ooeeeeieenanan. 8,077.3 2,301.5 ! 10,378.8 7,428.5 2,158.9 9,587.4
Daily average........... 7,964.6 2,209.5 10,174.1 7,418.1 2,166.5 9,584.6
Period II.

First day—

Subperlod ) PO 5,021.3 2,054.6 7,075.9 4,013. 4 1,823.2 5,836. 6
Subperiod 2............... 5,081.9 2,131.6 7,213.5 3,815.3 1,760. 4 5,575.7
Total..ooevoeniaiaion.s 10,103.2 4,186.2 