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A STUDY OF THE FACTORS INFLUENCING THE ABILITY OF THE ANIMAL
TO DIGEST ITS FOOD.

Part I. Historical

The coefficient of digestion, as usually determined, is
not the true coefficient of digestion, but 1s the apparent
coefficient of digestibility. There are two sources of
error which make the coefficient of digestion, as usually
determined, an apparent coefficient only. The feces contain,
in addition to undigested food particles, substances which are
generally spoken of as metabolic products, The metabolic
products consist mainly of epithelial cells, dead bacteria,
and the digestive juices, which are to a large extent not
reabsorbed. Bacteria also act on the crude fiber of the feed,
forming gaseous products, such as methane, which are lost to
the animal.

While these two sources of error may amount to consider-
able they are somewhat constant, and when results of diges-
tion trials are to be compared with each other they should
not make any great difference. The metabolic products cause
the digestion coefficlents, especially of protein and fat, to
appear to bg lower than they actually are, since the metabolic
products are rich in nitrogenous and ether-soluble material,
But this material represents a loss to the body due to diges-
tion; therefore the coefficient of digestibility (especially



of protein and fat) represents a net gain to the body of these
two constituents. The difference due to metabolic products
is much greater in carnivora than in herbivora. Atwater
(working with men) has proposed the term !''"available! for the
apparently digestible food. The apparent coefficient of di-
gestibility of farm animals is generally spoken of as simply
the coefficient of digestibility.

It is now generally agreed that in digestion trial work
the feces shduld be collected at least ten days. The vari-
ations in the amounts of dung voided from day to day make
this necessary. These variation in weights of dung per day
are considerable in some cases. The following data is from

1
digestion trials conducted at the Missouri Station .

Grams of Dung Voided during 34 Hours.

Day of
Trial Steer 48 Steer 18 Steer 501 Steexr 507 Cow 37
1l 12,9323 3,694 10,638 6,963 30,245
3 11,938 3,298 3,619 3,299 38,011
3 30,546 3,876 3,433 3,454 30,110
4 17,158 3,934 3,631 3,467 35,608
5 17,2286 3,251 9,638 3,307 32,7238
8 14,547 3,936 4,374 3,309 29,935
4 16,319 2,801 5,319 4,420 31,503
8 20,526 3,811 9,531 3,788 38,801
9 14,808 3,378 4,438 3,131 26,638
10 18,883 3,007 3,688 2,910 38,337
1l e e 13,4233 2,836  ——--—-

It is easily seen from the foregoing data that two or three
day trials would not mean much. Even five day trials would
probably be subject to serious errors. Ten days seems to be

a safe period of time for collecting feces.



The American investigations on digestibility have been
concerned mainly with the determination of the coefficients of
digestion of specific feed stuffs. When the German or Wolff
feeding standards were introduced into this country some years
ago they were very favorably received, both by Experiment
Station workers, and by the practical feeder. The American
feeder, however, was using very different feeds from those
used in Europe. The knowledge concerning the digestibility
of American feeding stuffs, at that time, was very limited.

It was therefore necessary for the Experiment Stations to de=
termine the digestibility of a large number of the American
feeding stuffs. This work was so0 urgent that generally atten-
tion was given to no other problems concerning digestion.

We do, however, find a few American experiments concerning the
factors influencing the ability of the animals to digest food,
and of late the work of the Experiment Stations on digestion
as a whole seems to tend more in this direction than formerly.
Most of the experimental work concerning the factors influenc-
ing the ability of the animal to digest its food has been done
by German investigators, and more éepecially by the earlier
ones. Wolff seems to have studied this phase of the subject
more than other investigators.

That an animal is not able to digest roughages as well
as concentrates is a well recognized fact. The digestibility
of several representative American feeding stuffs taken from
the tables in the appendix of Henry and Morrison's !'' Feeds and

Feeding" 1is given below.



Digestiblility of Nutrients

Per
Per Per Per Cent
Cent Cent Cent Nitrogen Per
Dry Crude Crude Free Cent
Matter Protein Fiber Extract Fat
Corn Meal 20 74 57 94 93
Wheat Bran 85 78 31 73 68
Oats 70 78 35 81 _ 87
Cotton Seed Meal
(Choice and Prime) 77 84 37 75 95
Linseed meal(old
process) 79 82 57 78 89
Corn Stover 57 37 66 59 82
Timothy 55 48 50 63 50
Alfalfa 60 71 43 73 38
Clover (Red) 59 59 54 86 57
Corn Silage 66 51 85 741 82

From these figures it appears that the digestibility of
the nutrients of roughages is less than that of concentrates,
with the exceptiocn of crude fiber, which seems to be more di-
gestible in roughage than in concentrates.

The lesser digestibility of the nutrients in roughages
is probably due partly to their physical condition. Rough-
ages contain a large percentage of the difficultly digesti-
ble crude fiber which surrounds the other nutrients and pre-
vents the digestive julces from acting upon them. The chem-
ical composition of the different constituents also varies.

The difference in digestibility of protein may be due partly



to this cause. The difference in amcunt of metabolic products
would alsc affect the coefficient of digestibility of protein.
The fat variee considerably in digestibility. This may be
due partly, of cocurse, to the physical condition and to the
quantity of metabolic products, but is probably due also, in
part, to the difference in composition of the fat or ether-
gsoluble material, Fraps and’Ratherz'find that the ether
extract of hays and fodders contains from 38 to 72 per cent

of unsaponifiable matter, with an average of 58 per cent.

The digestibility of the unsaponifiable varies from O to 86.6,
with an average of 29.1. The digestibility of the saponifi-
able varies from 8.6 to ©3.3, with an average of 66.4. TFraps
and Rather conclude that the low digestibility of the ether
extract of hays and fodders is due to the presence of wax
alcohols, waxes, chlorophyll, and other substances not as eas-
ily digestible aes the free fatty acids or fats,

The variation in the digestibility of the nitrogen-free
extract may also be due to a difference in composition,
MoDowell3 of Pennsylvanie studied the digestibility of the
pentosans of the nitrogen-free extract in connection with steer
feeding experimente--The average digestibility of various feeds
was as follows:

Clover hay 60.75
Timothy hay 57.18

Corn meal (fed with
clover hay) 94,73

Bran (fed with timothy
hay) 66.39

The author states that the corn meal apparently increased



the digestibility of the hay. McDowell states ' that while
pentosans seem to be as digestible as other plant substances
it must be borne in mind that apparent digestibility does not
mean food value."

Fra.ps4 studied the distribution of pentosans and their
digestibility. He finds that legumes contain a much lower
per cent of pentosans than non-legumes, and that the pento-
sans of the legumes were generally better digested.

Since both the amount and digestibility of pentosans vary
in various feeds, we should expect that the nitrogen-free ex-
tract coefficient would be different in different feeds.

Since the major portion of the nitrogen-free extract of corn
consists of the easily digestible hexosan (starch) we should
expect a high coefficient of digestibility such as we find.

The crude fiber of roughages, on the whole, is recognized
as bging more digestible than that of concentrates, The crude
fiver of roughages consists largely of cellulose which is more
easlly digestible than some of the other crude fiber constitu-
ents, We should expect, too, that the stems of roughage would
be more easily digestible than the hard seed coatings of the
concentrates, That these seed coatings are very indigestible
is shown by the well-known fact that whole corn, when not mas-
ticated by cattle, passes thru the animal's alimentary tract
without being digested.

The quantity of one constituent present in a given feed or
ration may affect the digestibility of one or more cther conw-

stituents. Kellner cites the following experiment from Kihn,



showing the effect of the one-sided addition of an easily di-

gestible carbohydrate to a ration of meadow hay. The animals
used were oxen. To & ration consisting of © kilograms meadow
hay; 1.662 and 23.866 kilograms, respectively, of dry starch

were added. The starch was assumed to be entirely digestible.

Per Cent Nutrients of Meadow Hay Digested.

Crganic Crude Crude Crude
Substance Protein Fat N, F. E, Fiber

Meadow hay alone 63.5 57.0 39,7 6l1.8 67.5

Meadow hay + 1.663
Kg. starch 58.4 49,1 36.6 58.7 6l.5

Meadow hay + 2.866 ~
Kg. starch 56.0 41.9 37.4 55.5 60.5

With the exception of crude fat, the digestibility of
all nutrients seems to be depressed.

More recently, Ewing and Wellse have found that starch,
when added to a ration in excessive amcunts, appeared to have
& depressing effect on the digestibility of nitrogen and crude
fiver. When 47.3 per cent of the total energy of the ration
was supplied by starch the digestibility of the total ash was
also lowered. These depreesions were accompanied by a rise
in the digestion coefficient for fat.

Kellners states that the addition of a nitrogenous con-
centrate will diminish the effect due to adding &n excessive
amount of an easily digestible carbohydrate. Ewing and Wells!
work shows this to be true. They find that the addition of

a nitrogenous concentrate (cottonseed meal) will largely over-



come the depression due to starch. The one-sided addition of
protein does not seem to have a depressing effect, but, as
stated before, will diminish the depression due to the addition
of starch.

The one-sided addition of fat orvoil, according to Kellnerf
does not alter the digestibility, provided it is added in a
fineiy divided form and in moderate quantity ( one pound per
1000 pounds live weight). If large quantities are added, or
if oil is poured over the feed, a depression will occur.

The addition of lactic acid has no effect on the digesti-
bility of a feed so far as studied. This is important, since
lactic acid is formed during the fermentation of silage.

The effect of adding common salt to a ration has been
studied by H. Grouven, E, Wolff, V, Hofmeiater, H, Weiske, and
others. All find that salt has no effect. TWo experiments
by wolffv, one with sheep and one with horses, are qucted
below,

In the following experiment sheep were fed a ration of

meadow hay to which salt was added.

Per Cent Nutrients Digested.

Salt per day per Organic Crude Crude Crude
head -Substance Protein Fat N. F. E, Fiber

0 gr. 87 58 50 70 66

4 gr. 86 59 49 70 63

8 gr. 87 58 48 71 63

In the second experiment horses were fed a ration of meadow



hay, oats, and spelt straw to which salt (20 grems) was added

in one case.

Per Cent of Nutriente Digested

Organic Crude Crude Crude

Substance Protein TFat N. F. E. Fiber
Without salt 59 67 43 71 39
With salt 59 66 41 70 31

In neither of these experimentes does the addition of salt
seem to have any effect upon the digestibility of the feed.

The addition of calcium carbonate (CaCO,;) has been studied
by J. Volharda. Fifty grams of calcium carbonate was added

daily, in one case, to a basal ration of cotton seed meal and

hay.
Per Cent of Nutrientg Digested
Organic Crude Crude Crude
Substance Protein Fat N. F. E, Fiber
Basal ration 71.2 76.6 71.8 79.5 863.0
Basal ration + lime 70.0 74.9 70.6 823.1 61.3
Difference -1.2 -1.7 -1.3 +2.8 -1.7

The digestibility does not seem to be appreciably affected
by the addition of calcium carbonate.

G. Fingerling9 found that the addition of fennel or anise
to a ration did not affect its digestibility.

Michael and Kennedyzostudied the effect of various commer-

cial condimental stock foods on the digestibility of feed. The
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results in brief are given below.

Per Cent Organic Dry Matter Digested

Corn alone 89.84
Corn + International stock food 89,25
Corn + Iowa stock food 89.60
Corn + Standard stock food 89.70

These figures show that these stock foode did not materially
influence the digestibility either way, and at least did not
benefit it.

The difference in digestive power of different animals
has actually been studied in some cases, while in other cases
the amount of difference can be judged by comparing the average
coefficients obtained for different feeds with different types
of animals.

The following data comparing the digestive power of the
sheep and horse is cited from Kellner5 from an experiment by
Wolff,

Per Cent of Nutrients Digested

Organic Crude Crude Crude
Feed Substance Protein Fat N, F, E, Fiber
Meadow Hay (good)
Sheep 64 57 51 63 56
Horse 57 57 24 55 36
Meadow Hay (inferior)
Sheep 48 - 49 37 59
Horse 23 19 - 18 37
Clover Hay
Sheep 56 56 56 6l 50
Horse 57 568 -39 64 37
Lucerne Hay
Sheep 59 71 41 86 45
Horse 58 73 14 70 40
Maize Kernel
Sheep 89 79 85 91 63

Horse 89 77 61 94 70
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The horse seems to be able to digest the crude protein in
all feeds as well as does the sheep, but does not seem to be
able to digest the other constituents as well in a roughage.
The horse can digest concentrates just as well as the sheep;
with roughagee, the better the quality, the nearer the horse
approaches the sheep.

Kellner5 compares the average coefficients of digestion
for swine and ruminante for different feeds. The comparison

of a few representative feeds is given below,

Per Cent ¢of Nutrients Digested

Organic Crude Crude Crude
Feed Substance Protein Fat N. F., E, Fiber
Clover (young)
Ruminant 74 74 65 83 60
Swine 51 49 24 71 24
Clover (mature)
Ruminant 68 76 87 75 53
Swine 40 33 12 57 18
Maize Kernels
Ruminant 80 72 89 95 58
Swine 90 79 74 24 44
Barley Corn
Ruminant 86 70 89 92 50
Swine 83 74 19 88 8

Swine seem to be able to digest concentrates as well as
do ruminants, but they cannot digest roughages as well., They
are especially poor in digesting crude fiber in both roughages
and grain. |

From the foregoing comparisons it is evident that the di-
gestive ability of the non-ruminant is not as good as that of
the ruminant. There appears to be little difference, however,

in the digestive powers of the different ruminants except in
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the handling of coarse feeds. Kellnern compares the digesti-

bility of meadow hay and oat straw by sheep and steers.

Digestion Coefficients

Steers Sheep

Meadow Hay
Dry Matter 64.9 62.4
Organic Matter 67.1 64.6
Crude Protein 60.6 57.0
N. F. E. 70.3 68.5
Crude Fat 61.0 56.7
Crude Fiber 63.8 60.5

Oat Straw
Dry Matter 57.2 47.1
Organic Matter 58.1 47.7
Crude Protein 31.7 18.5
N. F. E. , 57.7 49.4
Crude Fat 43.9 50.4
Crude Fiber 63.6 48,7

The sheep digested the hay slightly less and the oat
straw considerably less than did the steers. There seems
to be a distinct advantage in favor of the steers.

Armsby, Frear, and Caldwell12 found that sheep digested
as much of the dry matter of young dent fodder corn as did
steers, but they digested less of the protein and fiber and
more of the starchy matter. They also determined the digee-
tibility of fine cut silage by steers and sheep. The corn
from which the silage was made was a large coarse variety.

Digestiblility of Silage by Steers and Sheep
Per Cent of Nutrlents Digested.

Dry
Matter Ash Protein Fiber N. F. E. Fat Nutritive Ratio

Steers 68.1 35,9 44,0 77.6 69.7 76.6 1:25,.,4
Sheep 53.8 13.3 31.5 63.6 54.9 68,3 1:40.7
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The sheep rejected the coarser portions of the silage and
ate only the finer, leafier, and probably more digestible por-
tion. But in spite of this, the sheep did not digest any of
the ingredients.as well as did the steers.,

J. M, Bartlett13 compared the digestive powers of sheép
and cattle. He found that steers had a greater capacity for
digesting coarse fodders low in protein like timothy hay and
corn fodders than the sheep. Sheep were able to digest the
more nitrogenous rations as well as the steers, The author
also states that there seems to be as great a difference be-
tween sheep individuelly as between sheep and steers.

Since little difference ie to be found in the relative
digestive ability of sheep and steers, except in the utiliza-
tion of coarse roughage, we should expect still less between
the different breeds of animals. E. Wolff = fed five different
rations to three different breeds of sheep. The average coef-
ficients of digestibility for all of these experiments is given.

Two animals (wethers) of each breed were used.

Per Cent of Nutrients Digested

Breed of Sheep Organic Crude Crude Crude
Substance Protein TFat N. F., E. Fiber
Electoral T3 68 75 79 50
Bastard 71 68 74 79 49
Southdown 68 64 74 77 48

There seems to be, as we should expect, no appreciable dif-
ference in the digestive powers of the different breeds of sheep.

Thies is no doubt true of the other farm animals also.
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Armsby and Friee15 have compared the digestive power of a
pure bred and a scrub steer. The experiment extended over a
period of three years and the ability of each animal to digest
timothy hay and grain was studied.

Comparative Digestibility of Timothy Hay

Pure bred Scrub

1905
Total Dry Matter 53.8 54,9
Energy 49,5 50.8
Protein 14.4 3.0

1906
Total Dry Matter 53.7 55.3
Energy 50.7 52.6
Protein 34.1 33.8

1207
Total Dry Matter 62.0 61.4
Energy 58.6 57.9
Protein 43.8 43.6

Comparative Digestibility of Grain (by computation)

1905
Bran
Total Dry Matter 66.1 66.5
Energy 87.5 69.1
Protein 73.7 8l.4
12086
Mixed Grain
Total Dry Matter 8l.4 80.4
Energy 83.3 8l.9
Protein 73.6 76.0
1907
Mixed Grain
Total Dry Matter 77.8 78.8
Energy 78.9 79.7
Protein 73.4 80,3

Armsby and Fries state that these figures give no support
to the idea that pure bred animals digest their food better
than do scrubs. That there 1s no difference in digestibility

does not indicate, however, that there is no difference in the
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utilization of the digested food. So far as the digestibility
alone is concerned, however, there appears to be no difference
between the pure bred animal and the scrub. |

The age of the animal does not seem to directly affect
its powere of digestion, provided its digestive organs have
become fully developéd and its teeth are in good condition,
In the experiments cited here the animals were given a ration
fully sufficient for bodily needs.

E. Wolff15 compared the digestive ability of Bastard and

Southdown wethers at various ages.

Effect of Age on Digestion

Per Cent of Nutrients Digested

Organic Crude Crude Crude
Age in Months Substance Protein Fat N. F. E, Fiber
8 87 83 83 472 87
8 87 80 84 71 87
9 69 76 8l 74 69
11 1/3 69 75 77 77 89
14 69 78 77 75 69

So far as this experiment is concerned there seems to be
no effect due to age.

More recently Christensen and Simpsonr7 have conducted
digestion trials on range steers of different ages, feeding
alfalfa hay. In 1911 yearlings and two-year-olds were com-
pared, and in 1913 calves and three-year-olds were used.

The results are as follows:
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Experiments in 1911
Per Cent of Nutrients Digested

Dry ~ Organic Non- Crude Ether Total
Matter Ash Matter Protein Protein Fiber N. F. E. Extract Nitrogen

Trial I v

Ave. of two-year-olds 59.63 39.60 63,63 66,33 100,00 35,863 76,53 30,60 71.31

Eve. of yearlings 53.35 18.83 57.34 60,39 100.00 3137 71.57 30.17 66.53
Trial II ,

Ave, of two-year-olds 57.38 40.08 58.87 58.20 100.00 41,79 71.71 37.88 68.05

Ave. of yearlings 58.45 43.39 59,77 58.64 100,00 43.31 73.83 38,30 68.53
Trial III

Ave, of two-year-olds 54,36 42.74 55,65 56.21 100,00 33.33 70.58 37.87 85.70

Ave, of yearlings 53.69 45.95 54.60 55.41 100.00 32.327 69.13 38,14 64.95

Experiments in 1913

Trial I
Three-year-olds 56.97 51.56 57.66 83.71 100,00 238:88 73.41 32.72 73.59
Calves 53.80 58.30 53.24 63.61 100,00 2085 70.68 34,54 71.58
Trial II
Three-year-olds 56.29 43.28 57.61 58,53 100.00 36,08 73.70 43,87 68,05
Calves 57.30 45.75 58.238 58.54 100,00 37.85 73.27 38.11 68,83
Trial III
Three-year-olds 58,09 45.64 59,36 61,03 100,00 31.08 74.83 40.84 68.53
Calves 58.78 54,32 59,33 64.88 100.00 38.47 74.684 55.13 71.59

As seen by this data, the differences in digestibility for
the different ages are not uniformly in one direction. Chris-
tensen and Simpson conclude that this data gives no positive
evidence that the age of the animal 1nfluencee its ability
to digest feed.

The results of this Station (to be discussed later) do
not show any positive evidence of a direct effect due to age,
but an indirect effect has been noticed, due probably to the

condition of the animal.
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The effect of the quantity of food fed upon the ability of
the animal to digest it has been studied by several investiga-
tors. Kellners distinguishes between the effect of feeding
different quantities of roughage and different quantities of
a mixed ration.

E. Wolff, et.al.18 experimented on a horse doing ordinary
farm work., He was fed different rations and twice the di-
gestion coefficient for timothy hay alone was determined.

The horse received different quantities of feed each time.

Per Cent of Nutrients Digested

Wt. Dry :
Substance Dry Organic Crude Crude.Crude
Period Eaten Substance Substance Protein Fat. Fiber XN.F.E.
I 8,813.00 55.78 56.84 63,69 42.17 47.31 63,18
III 10.898.75 53.42 53,95 81,75 42.680 44,19 59.77

These results indicate that the coefficient of digestion
decreases as the quantity of food increases.

Since in the above case the timothy hay was not the same
in both cases it was determined to investigate this matter
further. For this purpose Wolff19 repeated the experiment,

using pure lucerne hay. The results are given below.

Per Cent of Nutrients Digested

Wt. Dry
Substance Dry Organic _Crude Crude Crude
Period fed Substance Substance Protein Fat Fiber N.F.E.
II 8,431.,0 57.47 57.97 73,35 === 37,06 70.81

4 9,936.0 80.64 61.07 77.03 --- 43.88 71.83
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In this experiment the result seems to be exactly opposite
to that of the previous experiment: the coefficient of diges-
tion increases as the food increases,

Woli’f19 tried a similar experiment with sheep. Two, two-
year-o0ld wethers were fed different amounts of lucerne hay. In
the first and second periods animal No., 2 had a slight sickness
and could not be used, and it was only in the third period that

he was sufficiently normal to be used.

Per Cent of Nutrients Digested

Animal Wt. Dry

and Substance Dry Organic Crude Crude Crude

Period Ted Substance Substance Protein Fat Fiber N.F.E
1 I 879.38 58.84 60.80 72.12 36,34 43.58 70.861
1 II 850.00 80.34 61.87 74,76 30.84 48.46 68.28
1 IIT 1033.56 60.96 63.43 73.94 31,73 47.48 70,53
3 III 953,50 61,31 63.38 73.83 33.96 49,09 70.64

There are no marked differences to be noted here; at least,
there is not a decrease in digestibility with an increase in

quantity.
20
Henneberg and Stohman fed clover hay in different quan-

tities to oxen. The results follow:

Per Cent of Nutrients Digested

Animal No. Wt. of Feed Fed Protein Crude Fiber N. F. E.
1 20.4 51 38 68
i 35.0 50 40 66
3 34.1 53 38 67
3 29.0 51 39 66
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From these figures, there seeme to be no appreciable dif-
ference due to the quantity of feed fed.

Armeby and Fries in comparing the digestibility of timo-
thy hay on maintenance and submaintenance rations state that
their results seem to indicate clearly a real, tho slight,
effect of the increasing quantity diminishing the digestibility.

The quantity of roughage fed appears to have little in-
fluence upon its digestibility. With mixed rations (in which
the ratio of grain to hay is kept constant) the result is some-
what different.

Kellner5 fed a ration consisting of meadow hay, molasses

cake, rye meal, and cotton seed meal to oxen, in different

quantities.
Per Cent of Nutrients Digested

Organic Crude Crude Crude
Daily Ration Substance Protein N, F., E. Fat Fiber
10.84 K. 76.1 71.0 82.0 63.5 62.8
13.01 K. 74.7 68.3 80.8 84.4 81.3
15.18 K. 73.8 65.8 79.0 64.2 59.3
10.84 K. 75.8 71.3 81.2 67.6  63.6

The difference in quantity seems to have a marked effect
on the digestibility. There is generally a decrease in the
coefficient of digestion with an increase in quantity.

Jordan and Jentner81 ran digestion trials with four
sheep on two different kinds of rations. Sheep Nos. 1 and
2 were on full feed during both experiment, while sheep Nos.
3 and 4 were on half feed. Full ration No. 1 consisted of
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100 grams timcthy hay, 800 grams corn silage, 100 grams ground
cats, and 130 grams.ground peas; half ration No. 1 consisted
of one-half these amounts. Full ration No. 2 consisted of
300 grams of timothy, 500 grams of corn silage, 40 grams
malt sprouts, 60 grams brewers grains, and 60 grams of Buf-
falo gluten feed; half ration No. 2 consisted of one-half
these amounts.

The summary of both trials follows.

Per Cent of Nutrients Digested

Dry Organic
Matter Ash Matter Protein Fiber N, F. E., Fat

Ration I

Full 69.4 13.4 71.7 70.8 59.0 75.4 80.5

Half 74.4 30.7 76.4 75.6 67.3 79.0 83.1
Ration II

Full 61.6 7.9 64.3 65.3 60.0 65.0 73.8

Half 66.0 3l1.5 68.0 70.7 63.3 69.3 76.1

The authors state that the results show that the half
ration was uniformly better digested.

H. Weieke23 in experimenta with rabbits, tc determine the
influence of salte, fed ocate in differing amounts.

Per Cent of Nutrients Digested

Quantity Fed Protein Fat Cellulose N. F. E,
93.5 66.8 93.8 19.6 67.9
84.5 81.3 94 .7 10.4 84.2
53.0 93.68 93.1 34.7 86.5
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The digestibility of the protein and nitrogen-free extract
increases with a decrease in quantity. The fat and fiber var-
iations are not uniform.

;o Katayama?‘ fed two swine a ration of potate chips,
molasses cake, wheat bran, and rye meal. Two digestion trials
were run and in one the animals received twice as much feed as
in the other.

Per Cent of Nutrients Digested

Wt.of Dry Organic Crude Crude Crude
Animal Food Substance Substance Protein N. F. E. Fat Fiber
5 1450 86.4 88.0 68.1 94.0 --- 55.3
6 1450 86.0 87.6 66.9 94.0 --- 54.3
Average for full
ration 86.3 87.8 67.5 94.0 --- 54.8
5 735 86.4 88.2 73.4 93.7 - 54,4
6 725 86.1 87.8 72.3 93.6 - 54,4
Average for half
ration 86.3 88.0 73.8 93.7 - 54.4

There seems to be littie difference here except in the di-
gestibility of protein. More fat was excreted than ingested
by these swine in every case--due to metabolic products. T.
Katayama determined the amount of nitrogen in the feces which
was soluble in alcohol and ether (metabolic) and subtracted
this from the total feces nitrogen. The coefficient of di-
gestibility of the protein was then recalculated. These
figures are compared with the coefficients as usually obtained

below.
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5(1) 6(1) Ave. 5(2) 68(3) Ave.
Digestion Coefficient
for Protein 86.1 66,9 67.5 73.4 73.3 72.8

(Taking out metabolic
nitrogen in feces) 73.6 71.6 73.1 75.8 75.8 75.5

In this way he obtains a much closer agreement for the
coefficient of digestion of protein, but the coefficient for
the small ration is still larger.

Ecklea25 ran digestion trials on two Jersey cows on full
ration and on maintenance. These cows were fed a ration con-
sisting of alfalfa hay, silage, corn, bran, and oil meal in

different quantities.
Per Cent of Nutrients Digested

Organic Crude
Animal Ration Dry Matter Protein Fat Fiber N. F. E.
37 Full Feed 86.37 58.75 66.95 53.83 72.63
63  Full Feed 66.95 60.58 59.82 53.89 73.63
37 Maintenance 73.79 67.33 73.17 55.33 83.13
62 Maintenance 73.19 85.54 73.93 52,08 80.99

The organic dry matter, protein, fat, and nitrogen-free
extract seem to be better digested by the cows on a maintenance
ration than when full fed.

Phelps and Woodsae fed sheep a ration of so& bean meal
and timothy rowen in different quantities. In the first period
each sheep received one-half pound soy bean meal and one pound
of timothy, and in the second period each received three-fourths

pound soy bean meal and one and one-half pounds of timothy.
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Per Cent of Nutrients Digested

~Animal Wt.of
No. Food Organic Protein Fat Fiver N. F. E.

A 3405 68.5 75.8 71.1 61.3 66.7
A 5100 67.0 77.0 74.1 69.7 62.3
B 3405 70.5 77.0 ©~  786.7 6l.2 69.0
B 5100 69.5 77.4 73.3 83.1 66.5
C 3405 71.5 80.0 77.4 63.1 68.4
C 5100 66.9 78.5 72.0 55.8 63.5
E 3405 65.4 76.0 71.4 56,7 60.9
E 5100 73.7 80,0 73.1 69.5 71.8
Average for small
ration 69.0 77.3 74.2 60.6 66.3
Average for large '
ration 69.3 78.2 73.1 63.0 66.0

Sheep A pulled some wool, which was probably eaten, from
its side, in the first trial. The difference in quantity
here doee not seem to make any appreciable difference in the
average coefficients. A, B, and C show an increase in diges-
tibility with a decrease in quantity, but E shows an increase.
There seems to be some error here, due to individuality.

Mumford, Grindley, Hall, and Emmett87 find that in feed-
ing a ration of clover hay and ground corn to steems (ratio 1:1)
the coefficients will vary inversely as the quantity fed when
the feed consumed varies from maintenance to full feed. The

average results are given below.
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Per Cent of Nutrients Digested

(Ether
Plane of Extract)
Nutrition Dry Matter Crude Protein Carbohydrates Fat
Maintenance 69.99 45.48 74.85 73.58
One-third Feed 65.85 44,54 71.72 74.20
Two-thirds Feed 65.63 42.52 70.24 72.24
Full Feed 63.03 40.45 67.48 72.33

They also state '' That the coefficients of digestibility

of dry substance and carbohydrates of a ration of clover hay

and ground corn in the ratio of 1:3 or 1:5 may be greater in

the maintenance ration than in the one-third feed ration, the

two-thirds feed ration, or the full feed ration.

Between the

coefficients of dry substance of rations heavier than mainte-

nance or one-third feed there is little, if any, difference.

The coefficients of digestibility of protein and fat of

rations composed of clover hay and ground corn in the ratio

of 1:1, 1:3, and 1:5, apparently do not vary with the amounts

feda.m

In determining the digestibility of a ration of clover

hay, ground corn and oil meal (ratio 1l:4:1) Mumford, Grindley,

et.al., find no difference due to the amountes of feed fed.

Per Cent of Nutrients Digested

Plane of

Nutrition Dry Matter
Maintenance 79.99
One-third Feed 77.14

Two-thirde Feed 75.10
Full Feed 76,13

Crude Protein Carbohydrates

70,33
67.73
66.668
68.233

83,03
80,39
77.83
79.09

Fat
84.38
83.88
83,33
80.60
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The previously mentioned authors conclude '!'that the cause
of differences in digestibility induced by differences in the
amounts of feed consumed seems t0 be the proportion of hay in
the ration. Apparently, the essential point of difference
caused by the larger proportion of hay is in the content of
crude fiber, Hence it may be said that differences in the
amounts of feed consumed influence the digestibiiity only when
the quantity of crude fiber in the ration is relatively large.™

The evidence regarding the influence of the amount of rough-
age fed seems to indicate that the amount fed does not affect
the digestibility. When grain and roughage are fed in constant
ratio in differing quantities the experimental evidence seems
to be conflicting., In some caeses we find that there is a de-~
crease of digestibility with an increase in quantity and in
others no difference is noted.

Kellner seems to think that there is a difference, due to
the amount of food fed (mixed ration). He mentions two factors
which might cause this to be true. The consumption of a large
amount of food probably makes the passage of the food thru the
alimentary canal more rapid, and when large quantities of easily
digestible food are consumed, it ie possible that the intestines
are not able to absorb all of the digested material.

An experiment by H. Weiekeae seems to throw some light on
this point. He studied the effect of feeding a like quantity
of feed in one and several portions. The following results

are from an experiment with a sheep fed hay and oats in one and
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in four portions.

Protein Fat Cullulose N. F. E,

Feed in one porticon 58.123 78.36 36.086 77.97
Feed in four portions 63,30 83.40 33.80 76.34
+4.08 "'4014 -2026 -1.63

The protein and fat seem to be better digested when fed
in four portions. Feeding the ration in four portions does
not seem to benefit the digestibility of cellulose or nitrogen-
free extract. This experiment seems to indicate that the bulk
does not influence the coefficient as much as the ability of
the intestine to absorb the digested nutrients.

Mumford, Grindley, et.al, seem to have an entirely differ-
ent idea as to the cause of the influence of quantity as seen
from their conclusion, previously quoted.

The coefficient of digestibility does not seem to be in-
fluenced by the condition under which the animal is placed.

The temperature, lighting, or other conditions of the stable

have no appreciable effect, so far as studied. The removal

of the wool in sheep does not appear to affect digestion.

Whether an animal is working or resting does not appear to
materially influence the coefficient of digestion. Excessive
work has been shown to depress it slightly while moderate work
has increased the digestibility. Kellner states, without citing
experiments, that alterations of the conditions under which- the

animals are placed are without influence upon the digestibility
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of food, provided violent excitement and disturbance of health

are avoided.

The writer has not been able to find any experimental data

concerning the influence of the treatment and condition of the

animal,
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Part II. Experimental

The purpose of the digestion trials, to be discussed in
this paper, was to determine the effect of various factors on
the ability of the animal to digest its food. The object of
these experiments is somewhat different from the great major-
ity of digestion trial experiments. It was not the purpose
of these digestion trials to determine the coefficient of di-
gestibility of any particular feed or ration., The purpose of
these digestion trials was to determine the coefficient of
digestibility of the animal rather than th&t of the feed.

The principal factors studied are the effect of age, the plane
of nutrition, the condition of the animal, and the effect of
gestation. Other minor factors will be taken into consider-
ation and discuesed.

The animals used for the digestion trials were also being
used in other experiments. The digestion trials were conduc-
ted partly to help answer the question of the specific experi-
ment, and partly to answer questions regarding the digestive
power of the animal under different conditionms. The animals
selected for use in digestion trials represented a variety of
conditions and treatment,

Two kinds of animals were used for these experiments--
steers and swine (gilts). The principal factors studied with
steers were the effect of the kind of ration, the effect of age,
the effect of the plane of nutrition and condition of the ani-
mal, The principal factors studied in the experiment with
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gllts were the effect of gestation,lactation,and the condition

of the animal. The ration fed the gilts was quite different
from that fed to the steers, and taking everything into consid-
eration 1t will be best to discuss each kind of animal separately,
and then compare where necessary. By far the major portion and
the most important data,is from steers, and they, therefore, will
be discussed first.

A, Digestion Trials with Steers

Method of Conducting Trial--

The first of the digestion trials on steers was conducted
in 1907. The last reported here were conducted in June, 1915,
The methods of conducting the trials have changed somewhat,
particularly in the manner of collecting the feces. This will
be discussed later.

The ration fed-- Three different rations were fed to the

different steers on these trials. Ration I consisted of alfalfa
hay, three parts; oat straw, two parts. Ration II consisted of
alfalfa hay, four parts; grain mixture, ten parts. The grain
mixture consisted of corn chop, eight parts; linseed meal (old
process) one part: Ration III consisted of alfalfa hay, five
parts; grain mixture ten parts. The grain mixture in this ra-
tion consisted of corn chops, six parts; oats, three parts; line
seed meal (old process),one part, Water and salt was given ad
libitum.to all steers.

Preliminary feeding period-- The animals used were kept con-
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experiment
tinuously on the same ration thruout the/ ([except when very

young), the only variable being the quantity fed. The ani-
mals were in practically all cases fed the same amount of the
same ration for at least two weeks before the digestion trial.,
In some cases, animals which were on a high plane of nutrition
were continually refusing feed, and therefore refused feed
during the trial. This refused feed was weighed and analyzed
separately, and the amounts of nutrients contained in same
were subtracted from the amounts offered. The amount of feed
refused during a period of ten days would be practically the
same as for the preceding ten days, and therefore this should
cause no appreciable error in the results.

Feeding and sampling of feeds-- The animals were fed twice

daily. When a grain mixture was fed the different grains were
mixed in the proportion desired before weighing out the feed.
The hay was chopped before feeding. The amounts of feed for
each animal were carefully weighed out. Whenever possible,
during a digestion trial, the feeds for the entire period were
weighed out at the same time--to prevent any error due to a
change of moisture content. A representative sample of each
feed was taken for analysis. The different grains in the grain
mixtures were analyzed separately and not composited.

Method of analysis for feeds-- In general, the methods of

the A, 0. A. C. were followed in analyzing the feeding stuffs
used. Moisture, nitrogen, ash, fat, and crude fiber were deter-

mined. The nitrogen-free extract was obtained by difference.
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The moisture was determined, generally, by drying in a vacuum
over sulphuric acid.

Collecting of feces-- Metabolism stalls were used for the

earlier digestion trials. The animals were fitted with a
rubber feces duct and urine funnel, as described in Pennsyl-
vania Station Bulletin No. 43, page 74. For the later trials
this method was discarded. Attendants were kept with the
animals to catch the dung. The urine was not collected from
these animals. The attendants were provided with large dip-
pers, with long handles, with which to catch the feces. They
rarely falled to catch the dung, but in case any fell on the
floor, which was kept clean, it was picked up, put in a sepa-
rate container, and the weight taken. This dung was not used
in making up the composite dung sample.

There are several advantages from our point of view in
using the attendant, with a dipper, rather than the feces duct.
The feces duct previously used seemed to irritate the animal.
The animals were kept ordinarily in an open shed with southern
exposure. When conducting the trials in metabolism stalls
it was therefore necessary to move the animals into strange
surroundinge, which very probably had an effect on the experi-
ment. |

With the method now in use the animal is kept in the stall
to which he has become accustomed. He is held either by a
stanchion or tied with a rope. The animal can gét up or
lie down at will,

It might be well to mention here that the metabolism

stalls perviously spoken of were lined with matting. Steer
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B892, a submaintenance animal, ate part of the matting of his
stall, The matting was discarded after this experience. The
stalls now used have a plank flcor.

The feces are collected at least ten days. In some of the
earlier trials they were collected eleven days. The attendant
catches the dung in the dipper (previously mentioned) and imme-
diately transfers it to a tight covered can. The dung is
weighed up once every twenty four hours during the frial. If
the attendant has allowed any dung to drop on the floor it is
also weighed up separately and the total weight of dung voided

of the total dung voided
obtained. The clean dung is then thoroly mixed and an aliquot/

( 1/10 to 1/20) accurately weighed out, and placed in an air-
tight container. A little chloroform or some alcoholic solu-
tion of thymol is used as a preservative. When the trial is
being conducted in warm weather the aliquots are always kept in
a cool place. At the conclusion of the trial, the different ali-
quots are mixed thoroly and a composite dung sample thus is ob-
tained. This composite dung sample is used for analysis.

Methods of analysis-- In general the proceedure and methods
are the same as for the feeding stuffs, but some differences are
to be noted.

Nitrogen--Nitrogen was always determined on the fresh
dung sample. This was handled as follows: a well mixed portion
of dung was placed in a weighing bottle and a small spatula was
also weighed with the weighing bottle. The samples for nitro-
gen were weighed by difference,in triplicate, onto filter paper.
The filter paper was folded and introduced into a Kjeldahl flask,

and nitrogen determined as usual. A blank determination to
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correct for the filter paper and reagents was run as usual,
This method gave excellent results so far as checks and ease
of handling are concerned.

Moisture--Samples were weighed in triplicate for
moisture and the weight of moisture obtained by drying in a
vacuum over sulphuric acid.

Air dried sample--A large sample (300 to 500 grams)

was air dried for the remalning analyses. This sample, when
air dry, was ground so as to pass thru a 1 mm. sieve, and
moisture, fat, crude fiber, and ash were determined on this
sample.

Description of the Steers Used--

The steers used in digestion trials were drawn from the
''General Use of Food Experiment' ., The animals in this ex-
periment may well be divided into four separate experiments,
the Retarded Growth Experiment, the Special Maintenance Ex-
periment, the Regular Maintenance Experiment, and the Use of
Food Experiment proper. The last may well be divided into
three groups, I, II, and III.

Two animals from the Retarded Growth Experiment have been
used, Nos. 583 and 586. These animals have been fed a scant
ration from birth, and have received no graln, Their ration
consisted of alfalfa hay and oat straw, previously designated
a8 Ration I. Steer 582 was a Hereford-Shorthorn born April
18, 1914. Steer 586 was a Shorthorn born April 21, 1914,

Steers 593, 595, and 599 from the Special Maintenance

Experiment were used for digestion trials., Steer 582 was a

Hereford-Shorthorn born April 15, 1907. Steer 595 was a
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pure bred Hereford born May 15, 1907. Steer 599 was a Here-
ford-Shorthorn born March 1, 1907, All were well fed until
February 35, 1908. At that date steer 592 was put on Sub-
maintenance (made to lose one-half pound per day), steer 585
on Maintenance (held at body weight), and steer 592 on Supere
maintenance (allowed to gain one-half pound per day). These
animals weighed 664, 609, and 730 pounds respectively, Febru-
ary 35, 1908. All three received the ration previously des=
ignated as Ration II, consisting of alfalfa, corn chops, and
linseed.

Steers 18, 48, 184, 197, and 588 were taken from the
Regular Maintenance Experiment, These animals received
Ration II, They were subjected to a variety of treatments
and therefore each animal must be described separately.

Steer 18 was a grade Shorthorn. born in April, 1905, He
was in the cooperative feeding experiment until February, 1907.
At that date he wae placed on maintenance and kept on mainte-
nance until after the digestion trial,

Steer 48 wae a grade Shorthorn born in April, 1904.

Until February, 1907, 48 was in the cooperative feeding ex-
periment. He was placed on maintenance in February,1907, and
kept on maintenance until June 30, 1907. From June 30, 1907,
he was on full feed.

Steer 164 was a grade Hereford born April 1, 19086. He
was used in the cooperative feeding experiment until May, 1907.
From May, 1907, he was on maintenance.

Steer 197 was a registered Shorthorn born October 286,
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1906. From the spring of 1907 to December, 1907, steer 197
was a very fat show steer (Rudclph). From December, 1907,
he was on maintenance.

Steer 588 was a reglstered Angus born December 10, 1904.
From June, 19086, to February, 1907, he was used as & show
steer (Edwin Ruthven). From February, 1907, he was on main-
tenance. He was used twice for digestion trials.

The Use of Food Experiment proper furnished steers 501,
502, 507, 509, 533, 537, 539, 549, 551, and 559. These ani-
mals, as previously stated, were divided into Groups I, II,
and III. Group I was full fed, Group II was fed for maxi-
mum growth without the laying on of fat, and Group III wes
fed a scant ration (allowed to gain one-half pound per day).
These animals were all fed the ration previously designated
ag III except steer 529 in his first trial. His ration in
his firet trial consisted of milk and alfalfa hay.

Steer 501 was a grade Hereford born March 28, 1907. He
was used as a CGroup I animal and was full-fed from birth.

Steer 503 was a Hereford-Shorthorn born March 233, 1907.
He was liberally fed until weaning time (about five months of
age) and then placed in Group II and allowed the limited
ration of that group.

Steer 507 was a Hereford-Shorthorn born March 18, 1807.
He was treated the same as steer 503.

Steer 509 was a grade Hereford born March 30, 1907. He

was liberally fed until weaned and then put on a scant ration

(in CGroup III).
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Steer 522 was & Jersey steer and showed considerable of
the dairy type. He was born January 1, 1907, and fed liber-
ally until weaned. He was fed as a Group IT animal until
February, 1908. At that time he was put on full feed, and
wag on full feed during the digestion trial.

Steer 537 was a Hereford-Shorthorn born October 8, 1907,
He was placed in Group I and therefore was full-fed from
birth.

Steer 539 was a Hereford-Shorthorn born November 2, 1907.
He was scantily fed until six monthe of age when the first
digestion trial was run. He was then held at body weight
from the first digestion trial to the second. He waes fed a
ration of milk and alfalfa hay during the first trial and the
regular Ration III during the second trial. He had been on
maintenance six months when the second trial was conducted.

Steers 549, 551, and 559 were fed according to the group
they were placed in from birth. Steers 549 and 551 were
placed in Groupr III and steer 559 in Group II. Three diges-
tion trials have been conducted on each of these animals.
Steer 542 was a Shorthorn born April 23, 1913. Steer 551
was a Shorthorn bérn March 30, 1913; steer 559 was a Short-
horn born April 17, 1812.
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Results of the Digestion Trials with Steers--

Table I gives the dates of conducting the digestion
trials, and the breed, age, treatment, and the weight of
the steers used. Table II gives the composition of all
the feeds fed; Table III gives the composition of the dung
voided by steers during digestion trials. Tables IV, V,
VI, and VII give the weight of each feed offered, feed re-
fused, and dung voided during the trials. Tables VIII,
IX, and X show, respectively, the weights of nutrients con-
sumed, the weights of nutrients voided in the dung, and
the weights of nutrients digested. Table XI is a tabula-
tion of the coefficiente of digestion of organic matter, pro-
tein, fat, nitrogen-free extragt, crude fiber, and ash for
all steers. Table XII shows the weight (grams) of total
organic matter and digestible organic matter consumed per kilo
of body weight per day by the steers during digestion trial

periods.
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Discussion of Results of the Digestion Trials with

Steers—-

The coefficient of digestibility for ash-- Table XI

shows the coefficient of digestibility of ash to be negative
in many cases; where the coefficient is positive it is rather
variable. The steers on a low plane of nutrition, almost
invariably, K excrete more ash than they consume in their feed.
Steer 539 (on maintenance) during his second digestion trial
excreted 5,849.4 grams more of ash than he obtained from his
feed (see Table X). This excess of ash excreted was so
great in this case as to cause the coefficient of total dry
matter to be negative (Table X).

There are two very probable causes for the variation in
the ash coefficient. Salt, as stated before, was fed ad
libitum. (A record was kept of the amount of salt fed to
groups of animals, i.e., animales in the same feed lot, but
no individual salt record was kept as for the feed fed.)
This salt, however, should not greatly affect the ash coef-
ficient. Sodium chloride is very readily absorbed from
the intestines, and that which could affect the coefficient
of digestion of ash would probably be sodium chloride thrown
out in the metabolic products.

The other probable cause of the fluctuation in the ash
coefficient would probably have considerable effect. This
error is also hard to eliminate, in the digestion trials

as conducted at the Missouri Station. Aes has been stated
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before, the digestion trials formed part of a general ''Use
of Food'!' experiment. The animals‘used were being fed
to answer other questions beside those relating to diges-
tion. It was desirable to keep these animals as nearly
normal as possible. When the animals were removed to metab-
olism stalls or tied up (as is now practiced) for digestion
trials, it is obvious that their condition would not be en-
tirely normal. The period during which they were confined
was therefore made as small as possible--the actual length
of the digestion trial. These animals just prior to being
put on digestion trials had had the run of a small feed lot.
The steers, especlally those on a low plane of nutrition,
have the habit of picking up dirt from the feed lot. Since
this earth, which waes ingested, consiste chiefly of ash,
and this ash consiets largely of inscluble siliceocus mater-
ial, we should expect it to raise the percentage of ash in
the dung for the firet few days of the trial,

A daily moisture and ash determination was made on the
dung voided by Steer 551. (Recent trial not reported here).
The percent of ash in the dry matter ies as follows:

Per cent of Ash

Firet day o . o + « « . . . . 18,433
Second d.ay. ¢ ¢ 8 e @ & o o @ 18,049
Third day « « ¢ ¢« o« ¢ « o o o 15.405
Fourth day . « o o =+ o o ¢ & 16.355
Fifth day « + » o + « + « « . 13.689
sixth day . L L L] . . . . . . 18.198
Seventh day « « ¢« ¢ ¢« o ¢ o & 13.121

The percentage of ash seems to decrease during the first

four days. After the fourth day the per cent of ash seems to
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be rather constant.

In the digestion trials with swine the dung from the first
five days and the dung from the second five days was analyzed
separately. The greatest difference is shown by an animal
in poor condition--Gilt 5. The air-dry dung of Gilt 5 for
the first five days contained 38.248 per cent ash, while for
the second five days it contained only 16.183 per cent ash.
Gilt 5 1s an extreme case. So far as general observation is
concerned those animals receiving a liberal food supply and
in good condition do not seem to have the habit of picking
up earth as badly as those animals receiving a limited ration.

Since the ash coefficient is subject to error in all of
these trials, it will not be further considered in the dis-
cussion.

The coefficient of digestibility for total dry matter--

It is very obvious that fluctuations in the ash coefficient
would affect the total dry matter coefficient. For this
reason the coefficient for total dry matter is not shown.

The coefficient of digestibility for total organic mat-

ter--The coefficient of digestibility for total dry matter
being subject to error, the best remaining coefficient for
comparing the total digestibility is the coefficient for the
total organic matter. An examination of Table XI will show
this coefficient to be the least bubject to variation, Tn
one respect it 1s a better figure than the coefficient of di-
geetibility of total dry matter, since 1t shows the amount of
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energy producing substance digested.
The relative value of the coefficients of digestibility

of protein, fat, nitrogen-free extract, and crude fiber--In

Ratione II and III better than sixty per cent of the dry mat-
ter ie nitrogen-free extract. Because of this large per cent
of nitrogen-free extract any considerable variation in its
digestibility would affect the digestibility of the total
organic matter, The coefficiente of nitrogen-free extract
and total organic matter, therefore, vary simultaneocusly in
most cases.

The coefficient of digestibility for protein is subject
to more variation than either the coefficient of total organ-
ic matter or the coefficient of nitrogen-free extract. It
is a valuable figure, however, because of the importance of
protein in metaboliem. The variations probably are to scme
extent caused by the differing quantities of metabolic prod-
ucts in the feces.

The coefficients for crude fiber and crude fat are sub-
ject to more variation than any of the other organic constit-
uents. The presence of metabolic products may explain the
variations in the coefficient of digestibility for fat.

Since fat is present‘in very small amounts in the ration
(Table VIII) and the weight of crude fiber actually assimi-
lated is small, and the coefficientes of these substances also
vary considerably, it is not poseible to draw as definite con-
clusions as for the other coefficients.

The per cent of total organic substance digested seeme to
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be the most important figure. The coefficients of digesti-
bility of nitrogen-free extract and protein seem to be of
about equal importance.

The coefficient of digestion for Steer 593--It has

been previously mentioned that Steer 592 ate scme of the
matting from his stall while on the digestion trial. The
amount of crude fiber voided exceeded that in the feed by
166.8 grams. The coefficient of digestion for all nutri-
ents was 64.954.

We have the digestion coefficients for crude fiber of

four other young thin steers as follows:

Steer 5239 31.521
Steer 585 39.417
Steer 164 39.547
Steer 523 39,7086
Average 30,048

Assuming that Steer 592 did not digest more than 30.048
per cent of the crude fiber in his feed and that the matting
was all crude fiber, a correction in his coefficlient was
made. This correction raised the coefficient of digestion
for total organic nutriente to 70.559. This calculated co-
efficient is not of much value, but since it tends in the
same direction as that of other thin young animals this coef-
ficient will be mentioned in the discussion.
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The coefficients of digestion for the third digestion

trials with Steers 549, 551, and 558--Steers 548, 551, and

559 during the third trial with these animals were not re-
ceiving twice as much grain as hay such as Ration III spec-
ifies. A comparison of the calculated coefficients of the
regular Ration III and of these rations (Table XIV) shows
that these rations (designated as IIla) are slightly less
digestible than Ration III. It seems to be safe to assume
that Rations IIJawere at least no better digestible than
Ration III.

The comparative digestibllity of the ratione fed to

steers--Table XIV shows the calculated?® and the actual
average coefficients of Rations I, II, III, and IIIa. Ra-
tion I is certainly lees digestible than Rations II, III,

or IIla both according to the calculated and actual coef-
ficients of digestion, with the exception of the coeffic-
ient of digestibility for crude fiber. The calculated
coefficient for crude fiber for Ration I is larger than

the calculated coefficients for Ratione III or IIIa, and
the actual coefficient is larger than thg actual coefficient
for either Ration II or III.

According to the calculated coefficients (Table XIV)
the coefficients of digestibility for total organic matter,
fat, nitrogen-free extract, and crude fiber are larger for
Ration II than for Ration III. The digestibility of pro-

tein is about the same. The actual average coefficients



differ in the same way as do the calculated coefficients.
The actual average digestibility of both ratiomsin all cases
except fat is less than the calculated digestibility.

It is hardly fair, however, to call Ration III as
much less digestible than Ration II as is shown by these
calculated and actual average coefficients of digestion.
Referring to Table I it will be found that the average for
Ration III is affected by the coefficients of digestion of
three full-fed animals, while the average for Ration II con-
tains the coefficients of digestion of only one full-fed an-
imal. The average for Ration II is largely made up of co-
efficients for older animals on maintenance, which we should
expect to be high. The coefficient of digestion for organic
matter for Ration II varies from 87.1 to 83.7, while in Ra-
tion III it varies from 69.8 to 77.5 (or 80.53. Steers
509 and 599 were animals of very similar condition. Steer
509 (Ration III) digests 77.5 per cent of organic matter of
his feed, and Steer 599 (Ration II) digests 77;5 per cent of
the organic matter of his feed also, A comparison of the
coefficients of digestibility for the four full-fed steers,
48, 501, 533, and 537, (Table XI) does not show any advantage
for Ration II. If there is any difference in the digesti-
bility of the two rations it is in favor of Ration II, but
this difference 1s probably not so large as indicated by the
calculated and actual average digeetion coefficients,

A comparison of Ratione III and IIIa shows the calculated

*If Ration IIIa is included with Ration III.



digestibility to be somewhat less for Rations IIIa (Table XIV).
Steer 559 digests about the same per cent of organic matter of
Ration IIIa as he did of Ration III, while Steers 549 and 551
digest considerably more of the organic matter of Ration IIIa,
Steers 549 and 551 also digest a much higher per cent of crude
fiver than usual when on Ration IIIa. This may be attributed
to the lowering of the amount of easily digestible nitrogen-
free extract in the ration,

The ration of milk and alfalfa hay fed to Steer 539(1)
differs in digestibility from the other rations in some re-
spects, The coefficients of digestion for protein and fat
are rather high, while the coefficient for nitrogen-free
extract is rather low.

The individuality of the animal-- The individuality of

the animal is a factor which must always be considered in
work of this nature. It is unfalr, however, to ascribe too
many differences to this factor, In many cases what appears
to be a difference in individuality may actually be a differ-
ence due to the condition, treatment, etc., of the animal,

A very few of the animals to be discussed here appear to show
greatly marked individual variation. Steer 501 appears to be
a case of variation in the appetite of the animal rather than
in his digestive ability (See Table XII). Steer 164 cer-
tainly seems to be a case of individual variation, The fact

that he was a ridgeling may partially explain this,
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Generally speaking, individual variation seems to be
smallest among those animals in a good, thrifty condition,
on a medium ration, Animals extremely full-fed and very
low-fed seem to be subject to more variation.

The influence of breed-- No difference due to breed

can be detected in the data from the steers used. Most

of the steers used (Table I) were either Hereford or Short-
horn or a cross between these two breeds. Steer 533 was

a Jersey and Steer 588 was an Angus. If any variation due
to breed was present these two last mentioned animals should
show 1t, since they are of rather @different type than the
other steers used. Both animals, however, show normal co-
efficients of digestion when their respective treatments

are taken into consideration.

The influence of the age of the animal--In Table XV the

digestion coefficients of young and old steers on maintenance
(fed Ration II) are compared. The average coefficients of
digestibility for organic matter, nitrogen-free extract, and
crude fiber are somewhat larger for the older animals, The
coefficients of protein and‘fat are larger for the younger
animals. The variation between animals of the same age is
80 great ae to indicate that there is another factor present.
Steer 197, 18 months of age, digests over ten per cent more
organic matter than does Steer 595, also 18 months old. The
difference in previous treatment and condition seem to influ-
ence the coefficiant more than the age (this will be discussed

later). The calculated coefficient of Steer 593 (Table XI)
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shows that he digested only 70.559 per cent of organic matter.
This steer was 19 monthe old and was on submaintenance.

Table XVI compares the coefficients of digestion of
young and old animals on a limited ration. Steer 509 at 13
months of age digests considerably more of his food than Steer
549 at 18 and 35 months. The coefficient of digestibility
of organic matter is greater for 509 at 12 months than for
551 at 18 months; Steer 509 and 551 have about the same coefw-
fieients of digestion for organic matter when they are, respeo-
tively,. 13 and 35 months old.

The coefficients of organic matter, protein, and nitrogen-
free extract increase with age in Steers 549 and 551. At 37
months of age both steers digest a greater per cent of organic
matter, nitrogen-free extract, and protein than 509 does at
12 months of age. Steers 549 and 551 had been fed as Group
IIT animals from birth, while 509 was not placed in this group
until about five months of age. The growth of Steers 549 and
551 was much more retarded than that of Steer 509, since these
animals when 35 months o0ld weighed less than Steer 509 at 13
ponths of age (see Table I). While at 37 months of age Steers
549 and 551 have a better coefficient of digestion than Steer
509 at 13 months, yet if we take into consideration the quan=-
tity of food fed to these steers per kilo of body weight
(Table XII) it seems very possible that this increase may be
due to a deorease in the quantity of food fed.

If we assume the digestibility of Ratlions II and III to

be practically the same we can compare the coefficients of



48

digestion of o0ld and young animale on full feed. (Table
XVIiI). The variatione in the digestion coefficients of
animals on full feed certainly do not indicate that there
is any influence due to age. Steer 48 at 42 months of age,
on a ration which is just as digestible as the one the young
steers were receiving, digests less of all nutrients except
crude fiber than any of the younger stecrs. The older
animal in this case certainly does not seem to have any
superiority over the younger animal so far as the digestion
of food is concerned. The variations among these steers do
not follow the age, but appear to follow the quantity of
food fed, as will be shown later (Plate I).

So far, the influence of age on animals which were
on a very high plane of nutrition, or on a very low plane of
nutrition has been considered. Table XVIII shows the coef-
ficients of digestibility of animals on a medium plane of
nutrition (Group II) at the ages of 13, 18, 35, and 37 months.
The difference in the digestibility of organic matter and
nitrogen-free extract for the different ages is very small.
The other coefficients certainly do not indicate any influence
of age. It 18 interesting to note also that the difference
due to individuality appears to be negligible so far as these
three steers are concerned.

From the comparisons made, it appears that young ani-
mals on maintenance or a very limited ration dq not digest
their food as well as older animals on maintenance. This

is shown by comparing the coefficients of Steers 595 and
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5923 with those of the older animals., Steer 539(2) shows
the same tendency (Table XI). This difference can hardly
be ascribed to age, however, but is possibly due to another
factor or factors. The age may be the indirect but not
the direct cause of this difference. TWhen animals in me-
dium condition, and fed a medium ration are compared (Group
II, Table XVIII) no influence of age is observed. Other
factors seem less liable to be present in the Group II
animals. The age of the animal does not seem to influence
the animal's digestive power, if only the age of the aniﬁal
is considered as a factor.

The influence of the plane of nutrition or the quantity

of food fed-- The plane of nutrition and the quantity of food
fed are somewhat synonymous. The plane of nutrition, however,
refers to the amount of food fed to keep the animal in a given
condition or to cause a definite amount of growth or fattening.
The actual quantity of food fed per kilo of body weight does
not take into consideration the weight, condition, age, or
stage of growth of the animal., When cbmparing animals of dif-
ferent ages and different weights the plane of nutrition is
probably a better unit of reference. Comparisons will be
made, however, using both units.

The influence of the plane of nutrition will be con-
sidered first. The groups of steers receiving the different
rations will be compared separately. Ration II (Table XIX)
was fed to one steer on full feed, to one steer on supermaine-

tenance, and to five steers on maintenance. Table XIX shows
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that Steer 48 receiving full feed digested a smaller per cent
of the organic matter, protein, and nitrogen-free extract of
his feed than any of the other steers. Steer 164 was a
ridgeling and Steer 595 wae a young animal on maintenance.
These animals have low coefficients of digestibility. Factors,
other than the plane of nutrition, probably influenced their
coefficients of digestion. Even 1f these two steers are left
in the average for steers on maintenance, the average coeffic-
ients for organic matter, protein; and nitrogen-free extract
are higher than those of the supermaintenance steer (599) or
those of the full fed steer (48). If these two steers are
left out of the average, however, the average coefficients

for all nutrients are higher for the maintenance animals than
for either the supermaintenance or the full fed animal.

Table XIX seems to indicate that the coefficient of
digestion increases as the plane of nutrition is lowered,
providing, however, that the plane of nutrition is not lowered
too far.

A comparison of the steers receiving Ration III (Table
XX) shows the same tendency as has been observed for those
receiving Ration II. The significance of Group I, II, and
III has already been explained, and no repetition is needed
here. All of the Group II animals are able to digest a
larger per cent of organic matter, protein, and nitrogen-free
extract than any of the Group I animals. The average Goef -

ficients of digestion for Groups I and II show that the Group
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ITI animals are superior in digestive ability for all nutrients
except fat. Between Groups II and III there does not seem
to be as much difference as between Groups I and II. The
average coefficients of digestion for all steers in Group
III show these coefficients to be a little higher for all
nutrients, for Group III, than for Group II. As has been
stated before, however, Steers 549 and 551 had received a
rather different treatment.  If the coefficients of diges-
tion for Steer 549(1 and 2) and 551(1) are excluded from
the average the average digestion coefficients for all
nutrients for Group III are still higher than those for
Group II. If only the third trials of Steers 549 and 551
(when they received a slightly different ration) are ex-
cluded from the average, the average coefficients of diges-
tibility are very nearly the same for Groups II and III,
with the exception of the coefficient of digestion for
crude fiber, which 1s lower for Group III., Because of the
difference in previous treatment and wide variations among
the individuals in Group III it is hard to draw any def-
inite conclusions regarding the relative digestive abil-
ity of Groups II and III. Steer 549 for his first two
digestion trials has coefficients of digestibility for
organic matter as low as some of the animals on full feed.
Steer 529(3) on maintenance it will be noticed has
very low coefficients of digestion (Table XX). The coef-
ficient of digestion for organic matter is lower than that

of Steers 501 or 533 on full feed. The same tendency is
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noted here as with animals on Ration II; the coefficient of
digestion increases as the plane of nutrition is lowered--to
a certain point. When the plane of nutrition is lowered
too far a decrease in the coefficient of digestion appears
to occur. It seems reasonable to believe that Steer 549(1
and 3) and Steer 551(1), considering the previous treatment
of these steers, were on too low a plane of nutrition, and
their coefficients of digestion therefore are depressed.

If the coefficients of digestion of Steers 549(1
and 2) and 551(1) are considered as depressed and eliminated
from the Group III average then it may be said that Group
III animals digest their food better than Group II animals.

While there may be some difference of opinion as to
the relative digestive ability of Group II and III animals,
there does not seem to be much doubt that both Group II and
Group III animals digest their food better than Group I
animals. _

So far the animals on different ration have been con-
sidered scparately. Previously it has been shown that the
probable difference in the digestibility of Rations II and
III is emall. In Table XXI it has been assumed that the
difference in digestibility of the two rations is negligible.
In this table the different digestion trials are arranged in
ascending order of the of the coefficient of digesti-
bllity for organic matter. The animals recelving a full feed

are found near the top of the table, while the medium animals
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are found mid-way in the table. The older animals on main-
tenance are found near the bottom, but the younger animals
on maintenance are found nearer the top. The general ten-
dency even with all animals included seems to be that the
animals on a low plane of nutrition digest a larger per cent
of their foocd than those on a high plane of nutrition.

If those animals which for various reasons may be
considered as abnormal are struck out of this table it makes
the sequence almost ideal. When Steers 539(3), 549(1 and 23),
595, 164, and 551(1) are left out, the order is as follows:
full fed, full fed, full fed, full fed, medium, medium, me-
dium, medium, medium, low, low, supermaintenance (low),
maintenance, low, low, maintenance, maintenance, maintenance.
The coefficient of digestibllity appears to increase as the
plane of nutrition is lowered.

The steers will now be compardd as to the influence
of the quantity of food fed per kilo of body weight. In
this comparison the same assumption is made as in the fore-
going comparison, i.e.,, that the digestibility of Rations II
and III is practically the same. Table XII gives the grams
of organic matter consumed and the grams of digestible organ-
ic matter per kilo of body weight. It will be interesting
to note from Table XII that while Steers 48 and 537 digest a
much smaller per cent of their food than any of the other
animals, yet they assimilate a larger quantity of nutrients
per kilo of body weight.

Plates I to V show the weight of organic matter per
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kilo of body weight plotted against the coefficients of diges-
tibility of organic matter, protein, fat, nitrogen-free ex-
tract, and crude fiber. Certain trials, which were con-
sidered abnormal, have not been included in these diagrams.

The coefficients of digestibility of orgeanic matter,
protein, and nitrogen-free extract, seem to decrease as the
quantity of food increases. The quantity of fcod seems to
have little if any influence on the digestibility of fat and
crude fiber.

Plates I, II, and IV certainly show & very marked
tendency for the digestibility to decrease as the quantity
of food increases.

No matter how the different digestion trials are com-
pared there seems t0 be & general tendency for the coefficient
of digestion to increase as the plane of nutrition or the quan-
tity of foocd fed is lowered--provided it is not lowered too
far,

Why do the steers on full feed digest a smaller per
cent of their foodd The dung of the steers contained whole
particles of grain in varying quantities. This grain must
be considered as grain which had escaped mastication. This
unmasticated grain was washed out of a quantity of dung and
ite weight and composition determined.for some steers.

Table XXII shows the per cent of grain unmasticated by steers
on various planes of nutrition., It 18 very evident from
this table that those steers on full feed did not masticate

their food as well as those on lower planes of nutrition.
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From these figures it would seem that the difference
in thoroness of mastication might probably account for all of
the differences in the coefficients of digestion. This.
is not the case, however. The quantities of nutrients in
the unmasticated grain were determined and then were sub-
tracted from the quantities of nutrients consumed, and the
digestion coefficient for ''masticated'' food calculated.
Table XXIII shows the digestion coefficients for total food
consumed and for masticated food. While the coefficients
of digestion for the masticated food for the steers on full
feed are considerably higher than for total food, yet they
lack & great deal of reaching the coefficients of digestibil-
1ty of those steers on a lower plane of nutrition. In fact,
the order of the coefficients of digestibility for organic
matter for the total food and the masticated food are the
sane, The difference in mastication will account for part
of the difference in the digestive ability of animals on
different planes of nutrition, but certainly not for all of
it.

The bulk of food might have an effect on the digestion
because of the rapidity with which it would pass thru the
intestines. Various 1nveat1gator;? however, have found that
the quantity of roughage fed had no influence on its digesti-
bility. If difference in bulk had any effect a difference
in quantity of roughage certainly should show it,

It has aleso been suggested that the intestline is un-
able to absorb all of the dissolved nutrients. This may be
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true, but considering the enormous absorptive power of the in-
testines it is hard to imagine that any dissolved nutrients
would escape absorption. The inability of the organs of se-
cretion tc produce a sufficient quantity of digestive enzymes
seems to be a more likely cause.

The influence of the condition or vitality of the ani-

mal--It has been noted in the discussions concerning other
factors that young animals when held at.body weight (main-
tenance) do not seem to be able to digest their food as
well as older animals on maintenance, or as well as animals
of the same age on a more liberal ration. Steer 539(2) has
a much lower digestive ability than some of the steers of
the same age on a more liberal rationm. Steer 595 at 18
months (maintenace) of age has & much lower coefficient of
digestion than Steer 599 at 20 months. Steer 599 was on
a supermaihtenance ration. Thee coefficient of digestion
for Steer 592 (on submaintenance) is subject to criticism,
but the fact that this calculated figure is even lower than
the coefficient for Steer 595 is certainly significant.

The coefficients of 197 and 595 have been compared
before in considering the influence of age. Steer 197

had only been on meintenance 4 months at the time of the
digestion trial. Steer 595 had been put on maintenance
in February and the digestion trial was conducted in Novem-
ber. Steer 595 was in very good condition when put on

maintenance. Steer 187 was a very fat show steer previous
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to being put on maintenance.

The best explanation for this lowering of the coefficient
of digestion in these young animals on & limited ration seems
to be that their low vitality caused a lowering in the diges-
tion coeffieient.

It has been observed that young animals on a limited
ration were sluggish and unthrifty in appearance and were
not very active. Furthermore, these animals seemed to be
very susceptible to disease. Nearly all of the losees by
deaths during the progress of the variocus experiments have
been animals on a low plane of nutrition.

The younger animals on a more liberal ration were
thrifty and rather active. The older or mature animals
on maintenance were thrifty in apprearance and generaliy
somewhat active except when they were rather fat. There
seeme t0 be no question that the vitality of these young
animals on maintenace was very low.

The retarding of the growth and the lowering of vi-
tality seemed to be correlated somewhat. It has been
shown at this Station3° that young animals on maintenance
or even on submaintenance actually grow in size of skeleton.

The following explanation is tentatively offered for
the lowering of vitality and its influence upon the animal's
ability to digest its fcod. The young animal will use the
energy supplied to him by his food for these purposes, viz.,
the general up-keep or maintenance of his body, for growth,

and for laying on of fat. The tendency for growth in the
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young animal is so great, however, that very little of the en-
ergy is used for laying on of fatal. The young animal per-
sists in using the excess energy fed to him for growth, and
must be liberally fed before he can be made to lay on any ap-
preciable fat. When an animal is held at body weight, it ise
assumed that he is being fed just enough energy to repair the
losses due to metabolism. Then the young animal is put on
maintenance, however, it persists in using some of the energy
for growth, and does so apparently at the expense of the gen-
eral up-keep or maintenance of the body. If there has been
any fat deposited, this of course will be used first. Since
there will be an insufficient supply of energy for repairing
the daily losses, a low vitality is to be expected in a young
animal on maintenance.

When a mature animal is placed on maintenance the con-
dition will be somewhat different. The mature animal uses
the energy of ite food for two general purposes, viz., the
up-keep or repair of the body, and the excess 1s used for
the laying on of fat. This laying on of fat, however, is
probably not essential to the health of the animal, and can
be dispensed with. When the mature animal is placed on main-
tenance, he will stop the laying on of fat. Some of the fat
already stored up may be used for other purposes. The ma-
ture animal hae stopped growing and therefore needs food only
for the general up-keep and repair of the body.

How does the low vitality influence the digestion?
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Then an animal's vitality is low, less glandular activity would
be expected, and therefore a smaller quantity of digestive en-
zymes would be secreted.

The muscular movements of the stomach and intestines
would probably not be as efficient if the animal's vitality
were low.

The absorptive power of the intestines might possibly
be less. The most reascnable cause, however, seems to be
the insufficient quantity of enzymes secreted.

If the foregoing theory is applied not only the low
coefficients of 539, 595, and 592 can be explained, but the
low coefficients of 549(1 and 3), and 551(1) may be explained.
Steers 549 and 551, when 35 months o0ld, did not weigh as much
as Sgteer 509 at 12 months of age (Table I). Steer 509, when
12 months o0ld, weighed 244.85 kilos. Steers 549 and 551
weighed, respectively 166.24 and 165.79 kilos, when 18 months
old. Steer 509 was not mature at 12 months, but he certainly
was more nearly mature than either 549 or 551 at 18 months,
or even at 25 months. The impetus for growth would probably
be less marked, therefore, in 509, at 12 months, than in 549
or 551 at 18 months. For other reasons*than his low diges-
tion coefficients Steer 549 seems to be a rather subnormal
individual. He did not seem to be able to withstand the low
plane of nutrition as well as Steer 551.

Taking into consideration that Steer 197 was very fat
at the time he was put on maintenance and that he had only

been on maintenance about 4 months at the time of the diges-

*An attempt to put thie animal on full feed falled.
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tion trial, the difference between his coefficients of diges-
tion and those of Steer 595 do not seem unreasonable. While
Steer 595 was in good condition he was not as fat as Steer
187.  Assuming that both animals, if treated alike, would
have grown equally well, Steer 595 certainly had not been
allowed to grow (increase in weight) as much as Steer 197.
Steer 197 when 18 months old weighed 503.81 kilos, and Steer
595 only weighed 2371.39 kilos. It certainly seems reason-
able to conclude that Steer 197 was more nearly mature than
Steer 595, and considering also the previous condition and
the length of time on maintenance, Steer 197 was probably

in better condition, and had much more vitality®

Steer 539, it i1s conceded by all who had an opportunity
to observe him, was exceedingly low in vitality. The same
applies to Steer 593.

The low coefficient of digestion for Steer 164 cannot
be explained by the lack of vitality. As has been stated be-
fore, he was a ridgeling, and waes of a rangy type, and also
very nervous and active. His nervousness might account for
his poor digestive ability.

The influence of the vitality of the animal, and of the
plane of nutrition may well be summarized as follows: that the
coefficient of digestion increases as the plane of nutriticn
ie lowered, provided it is not lowered enough to lower the

general vitality of the animal.

————— ——————— -

*When slaughtered, still in maintenance condition,Steer 197 showed
the presence of a much greater amount of fat than did Steer 595.
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B. Digestion Trials with Swine

Methed of Conducting Trial--
The ration fed--All of the swine used for digestion trials

received the same ration. Thie ration consisted of four parts
of ship stuff, two parts of corn chop, two parts of bran, and
one part of linseed meal (o0ld process).

Preliminary feeding period--The swine were fed the above

ration continuously. The same quantity of the ration was fed
for at least two weeke before the digestion trial,

Feeding and sampling of feeds.--The animals were fed

twice daily. The different feeds were mixed in the propor-
tion desired before weighing out the feed for each animal.

The quantity of feed for each animal was accurately ieighed.

A representative sample of each of the unmixed feeds was taken
for analysis.

Methods of analysis for feeds--Same as for steers.

Collection of feces--The swine were confined in crates

during the digestion trials. These cratee were wide enough
and high enough to give freedom of movement, but were small
enough to prevent the animal from turning around. A gate

in the front of the crate allowed access to the feeding trough
during feeding time. The animal was held in, at the back

of the crate, by two iron bare which could be adjusted in po-
sition so as to accommodate animals of different sizes.

The floor of the crate at the rear end was covered with zinc.
A pan was placed under the rear edge of the floor to catch

any urine not caught by the attendant. The animals were taken
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from these crates and exercised daily.

The dung and urine were collected in dippers by an atten-
dant. In case the dung or urine wae not caught in dippers,
it fell on the zinc covered floor or drained into the pan,
where it could easily be recovered. The dung for each defe-
cation was welghed at once, and also the urine for each uri-
nation. The dung was placed in a can provided with a tight-
fitting cover. The urine was placed in a stoppered bottle.
Every 24 hours the dung and urine weights were added up, and
checked with the actual weight in the containers. The dung
and urine were collected ten days. Every 24 hours an ali-
quot of the dung and urine was taken and preserved for analy-
sls. The dung and urine for the first five days, and sec-
ond five days, were composited separately for analysis.

Methods of analysis for the dung--Large samples (30 to
40 grame) of the well mixed composite were weighed out in
triplicate for the moisture determination, into tared porce-
lain dishes. These samples were dried to constant weight
in a vacuum over sulphuric acid. The dry residues from
this determination were ground so as to pass thru a 1 mm,
sieve and analyzed for moisture, fat, ash, and crude fiber
(see method used for dung of steers). The per cent of
nitrogen was determined in the fresh feces, using the same
method as for steers.

Total solids, ash, and nitrogen were determined on

the urine.
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Descripticn of the Animals Used--

The swine used were pure bred Duroc~Jersey gilts from
the Animal Breeding Experiment to study the ''effect of the
periods of gestation and lactation upon the growth and com-
poeition of swine''. Gilts 5, 6, 9, and 10 were used for
digestion trials. Gilt 5 was born March 1, 1914; Gilt 6,
March 24, 1914; Gilt 9, March 7, 1814; and Gilt 10, March 7,
1914. Gilte 5 and © were bred in November, 1914. The
first digestion trial was conducted from January 33 to Feb-
ruary 2, 1915, Gilts 5 and © were pregnant at this time,
but Gilte 6 and 10 were not. The second digestion trial
wae conducted from April 37 to May 7, 1815. Only three
gilte were used in this trial, Gilt 10 having been slaugh-
tered in the meanwhile. Gilt 5 farrowed March 10, 1915;
Gilt © farrowed March 5, 1915. Gilt 5 gave birth to three
males and three females, and was suckling these six pigs at
the time of the digestion trial. Gilt 9 gave birth to five
pigs, four females and one male. These pigs were taken
away from Gilt 9 soon after farrowing and given to another

gilt who was suckling pigs.

Results of the Digestion Trials with Swine--
Table XXIV gives the composition of the feeds used in the
digestion trials with gilts. Table XXV gives the composition
of the dung (calculated to fresh material) voided by the gilts
during digestion trials. Table XXVI shows the weight of each
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feed consumed, and the weight of dung voided by the gilts
during digestion trials. Tables XXVII, XXVIII, and XXIX
give respectively, the weights of nutrients consumed, the
weights of nutrients vecided in the dung, and the weights
of nutrients digested by the gilts. Table XXX is a tab-
ulation of the coefficients of digestion for all digestion
trials with gilts. Table XXXI shows the average weights
of the gilte in kilos at the time of the digestion trial,
and the grams of organic matter and grams of digestible

organic matter consumed per kilo of body weight per day.

Discussion of the Results of Digestion Trials
with Swine (Gilts)
The ash coefficient--Table XXX shows that the ash co-

efficient is not only quite variable, but is also negative
in two cases. The steesrs, as has been mentioned before,
had access to mineral matter other than that in their feed.
The gilts also had access to mineral matter other than that
in their feed, and the coefficient of digestion for ash is
just as unreliable as for steers.

The relative value of the coefficients of digestion of

of different nutrients--In general, the relative value of

the various coefficients seems to be about the same as for
the steers.

the influence of the period of gestation or pregnancy on

the coefficiente of digestion--Table XXXI shows that the preg-

nant gilte digest a larger per cent of the organic food con-
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stituents except crude fiber. Whether or not this difference
is due to pregnancy, however, is a question. The gilts in
this trial were fed the same quantity of feed per head.
Table XXXI shows that Gilts 5 and © weighed considerably
more than Gilts 6 and 10. Therefore, Gilts 6 and 10 were
fed a larger quantity of food per kilo of body weight (Table
XXXI). The apparent difference due to gestation, therefore,
might very well be caused by the difference in the plane of
nutrition. Plate VI shows the grams of organic matter con-
suned per kilo of body weight per day plotted against the
coefficients of digestibility of organic matter (as in steers)
for these four trials. The same tendency is noted as in
steers; the coefficients of digestion vary inversely as the
quantity of feed consumed. Certainly more factors than the
influence of gestation are present here and no definite con-
clusion regarding the influence of the period of gestation
can be drawn. From the results obtained with steers it
seems more probable that the apparent influence of gestation
is really the influence of the plane of nutrition, and that
the period of gestation does not influence digestion.

The influence of other factors-=- Gilts 5, 6 and 9 in

their second digestion trial digested a larger per cent of
the organic matter of their feed than they did previously.
The difference in the plane of nutrition might account for
the difference in digestive ability of Gilt 6 at different

times, but it will not acéount for the differences in the co=-
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efficients of digestion for Gilts 5 and 9 at different times.
of digestion

The coefficient/ST'?ﬁ%"ﬁEﬁziregnant gilt 1is explainable,

but the coefficients of digestion of the giltes that have

been pregnant are not. At first glance, one might say that

this difference in digestive ability at different times was

due to the age of the animal. Such a conclusion, however,

is hardly tenable coneidering that other factors probably

are present.

If the first digestion trial is disregarded altogether,
and also the influence of the plane of nutrition, then it
may be sald that the gilt suckling young ( 5(3)) has a low=-
er digestive ability than the other two gilts. If this
were 80 1t could be explained by the poor condition of
Gilt 5. This gilt was extremely emaciated at the time of
the second digestion trial, due to the drain of suckling
8ix pigs. The data on these points is rather conflicting,

and no definite conclusions can be drawn.
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Part III. Summary and Conclusions

In the foregoing discussion of the experimental data
animals which apparently were abnormal for the particular
point under discusesion have been omitted. As much as
poseible, however, the general tendency has been pointed
out with all animals consldered, and the tendency is also
shown when these animals are eliminated. The following

general conclusions seem warranted.

1. The digestibility of the ration of alfalfa hay and
oat straw (Ration I) is oonaidérably less than a ration of
alfalfa hay, corn, and linseed (Ration II), or a ration of
alfalfa hay, corn, oats, and linseed meal (Ration III),

3. The ration of alfalfa hay, corn, and linseed (Ration
II) is probably slightly more digestible than the ration of
alfalfa hay, corn, oats, and linseed (Ration III). The
difference does not seem to be as great as the calculated
digestibility of the two rations tends to show,

3. The difference in the age of the animal does not
influence the digestive ability of animals on a medium ra-
tion or on full feed. Young animals on maintenance (or on
a limited ration slightly above maintenance) will digest less
of their feed than older animals on maintenance.

4, The plane of nutrition or the quantity of food fed
influences the coefficient of digestion. The general ten-

dency appears to be for the coefficient of digestibility to

increase as the plane of nutrition is lowered--provided the
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plane of nutrition is not lowered enough to affect the gen-
eral health or vitality of the animal,

5. The less thoro mastication of food by steers on full
feed may account for part of the depression in the digestion
coefficient for these animals, but not for all of it.

6. If the plane of nutrition is lowered to a point
where the general health of the animal suffers and its vi-
tality is lowered, the digestion coefficient will be de-
pressed.

7. In the digestion trials with swine an apparent effect
of the period of gestation may be an effect due to the dif-
ference in the plane of nutrition. The data on swine is not

sufficient to allow any definite conclusions to be drawn.
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Table I. Breed, Age, Ration, Treatment, and Weight of Steers in pjigestion Trials.

Age of Animal Average Live
in Months Weight during
at Time of Trial

Animal Breed of Animal Date of Trial Trial Ration Fed Plane of Nutrition Kilos

18 Grade Shorthorn 10/30 to 11/8, 1907 30 11 Maintenance 356.30

48 Grade Shorthorn 10/30 to 11/8, 1907 43 II Full Fed 563.233

Grade Hereford

164 (Ridgeling) 4/31 to 4/30, 1908 ‘85 11 Maintenance 420.03
197 Registered Shorthorn 4/31 to 4/30, 1908 18 II Maintenance 503.81
501 Grade Hereford 4/1 to 4/11, 1908 12 IIT Full Fed 380.35
502 Hereford-Shorthorn 4/1 to 4/11, 008 13 111 Medium 385.77
507 Hereford-Shorthorn 4/1 to 4/11, 1908 13 11T Medium 391.35
509 Grade Hereford 4/1 to 4/11, 1908 13 ITI Low 2344.85
533 Jersey 4/1 to 4/11, 1908 15 111 Full Fed 353.97
537 Hereford-Shorthorn 11/6 to 11/15, 1908 13 111 Full Fed 422.48
5239(1 Hereford-Shorthorn 4/21 to 4/30, 1908 <] Milk and Alfalfa Very Low 91.76
539(23) Hereford-Shorthorn 11/6 to 11/15, 1908 13 III Maintenance 93.03
549(1 Shorthorn 10/10 to 10/30, 1913 18 III ~ Low 166.24
549(3 Shorthorn 5/27 to 6/8, 1914 35 111 Low 331.43
549(3 Shorthorn 5/39 to 6/8, 1915 37 111 Low 383.63
551(1 Shorthorn 10/10 to 10/30, 1913 18 1I1 Low 165.79
551(2 Shorthorn 5/37 to 8/6, 1914 25 I1I Low 2325.94
551(3 Shorthorn 5/39 to 6/8, 1915 37 III Low 304.36
559(1 Shorthorn 10/10 to 10/30, 1913 18 111 Medium 308.99
559(3 Shorthorn 5/37 to 6/8, 1914 35 111 Nadins 357,84
559(3 Shorthorn 5/29 to 6/8, 1915 37 111 Medium 393.54
5823 Hereford-Shorthorn 5/39 to 6/8, 1915 13 1 Low 104 .43
586 Shorthorn 5/39 to 6/8, 1915 13 1 Low 111.90
588513 Registered Angus 10/30 to 11/8, 1907 35 II Maintenance 561,05
588(2) Registered Angus 4/21 to 4/30, 1908 40 T1 Maintenance 553.84
593 Hereford-Shorthorn 11/6 to 11/15, 1908 19 II Submaintenance 223.44
595 Pure Bred Hereford 11/6 to 11/15, 1908 18 11 Maintenance 371.39

599 Hereford-Shorthora 11/6 to 11/15, 1908 30 1I Supermaintenance 388.83
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Table II. Composition of Feede Used in Digestion Trials

Feed
Laboratory
Feed Number
Alfalfa Hay 07-13-95
Alfalfa Hay 08-4-16
Alfalfa Hay 08-4-26
Alfalfa Hay 08-11-4
Alfalfa Hay 08-11-5
Alfalfa Hay 13-10-543
Alfalfa Hay 14-6-39
Alfalfa Hay 15-6-45
Oat Straw 15-6«50
Milk 08-4-79
Corn 07-12-96
Corn 08-4-15
Corn 08-4-230
Corn 08-11-23
Corn 13-10-545
Corn 14-6~18
Corn 15-6=44
Oats 08-4-14
Qatse 08-11-3
Oats 13-10-544
Oats 14-6-31
Oats 15-8-48
Linseed 07-12-108
Linseed 08-4-13
Linseed 08-4-21
Linseed 08-11-1
Linseed 13-10-5486
Linseed 14-6-19
Linseed 15-8-46
Refused Feed 07-12-88
Refused Feed 08-4-24
Refused Feed 08-4-35
Refused Feed 08-11-24
Refused Feed 08-11-25

Per Cent
Moisture

5.150
6.140
5.280
4. 850
3.540
6.873
9.140
11.180
11,6813
88.244
11.630
13.670
13,360
8.790
10.627
13.440
14,365
2.180
7.130
10.033
11.850
13.975
8.950
8.690
8.690
6.550
9.403
10.520
10.770
5.750
6.210
6.300
3.970
8.330

With Steers.

Per Cent Per Cent
Protein Fat
(N X 6.35) (Ether Sol,
13.769 1.680
17.480 2.830
13,750 1,760
13.900 3.460
13.894 3,800
13,775 2,015
13.513 0.620
15.813 2.805
7.350 2.450
2.988 3.250
8.812 4,298
7.830 4,250
7.790 3.500
9.313 4.640
9.269 4,780
2.550 3.930
9.525 3.973
11.720 5.310
i1.566 5.770
12.531 4.715
11.881 3.130
11.813 3.773
34.531 6.598
33.330 6.560
35.200 6.520
34.000 7.310
33.8335 7.148
35.935 8.370
35.4235 5.6230
10,4086 1.543
13,800 4.160
13.840 3.750
14.831 3.690
11.269 3.910

Per Cent
Nitrogen-Free
Extract

35.675
40.370
38,400
34.845
40.786
36.239
38.963
37.689
37.404

4.818
78.560
71.8230
72,630
73.807
71.908
70.537
68.493
61.750
60.034
58.918
59,971
56.348
36.480
37.170.
36.850
38,570
35.701
34.100
34,933
34,211
61.810
60.730
42.839
67.551

Per Cent

Crude
Fiber

35.688
24 .530
32.090
34.200
239.060
33.145
38.550
24.490
33,400
none
1.792
1,850
1.540
23.000
3,030
2.200
2,380
8.880
11.680
10.313
9.700
11.678
8,095
9.080
7.670
8.030
8.738
8.000
7.898
41.153
9.370
10.890
35.000
8.180

Per Cent
Ash

8.060
8.860
8.7230
8.645
9.820
7.353
9.2315
8,233
7.783
0.700
-1.110
1.2380
1.180
1.450
1,388
1,353
1.285
3.180
3.840
3.490
3.478
3.513
5,340
5.170
5.370
5.540
5.785
5.085
5.355
6.938
4.650
4,490
10.870
3.760
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Animal

18

48
588(1)
501
503
507
509
523
588(23)
197
184
539(1)
599
537
595
592
5239
549
551
559
549
551
559
549
551
559
583
586
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Composition of Dung Voided by Steers

Calculated to Fresh Basis.

Laboratory Per Cent

Number

08-1-233
08-1-24
08-1-235
08=4=1
08-4-3
08-4-5
08=4 -7
08-4-2
08-4-80
08-4-81
08-4-823
08«=4-84
08=11=11
08-11-13
08-11«13
08-~11-14
08=11=15
13-10-540
13-10-541
13-10-5423
14-6-26
14-6-37
14-6-28
15-6-20
15-8-31
15-8-22
15-6-233
15-6-34

76.380
75.490
723.760
81.110
75.856
77.034
74.109
77.787
74.889
77.380
76.144
74.075
77.818
73.471
70.366
74.820
76.659
73.754
74.558
78.070
76.438
74,037
80,067
77.683
78.713
78.779
81.347

Per Cent Per Cent
Protein Fat
Moisture (N X 6,25) (Ether Sol.)
3.781 0.474
3.731 0.743
4,025 0.653
3.169 0.872
3.850 1.083
3.7683 1.028
3,956 0.972
3.585 0.764
3.863 0.710
3.600 0.836
3.863 0.996
3.413 1,261
3.544 0.879
3,308 0.7623
3.188 0.548
2.763 0.489
3.463 1,067
3.638 0.780
4,031 0.835
3.856 0.731
3.231 0.833
3.475 0.795
3.813 0.902
3.350 0.871
3,756 0.866
3.500 0.724
2.763 0.583
2.381 0.521

Per Cent

Nitrogen-Free

Extract

7.3235
13.701
8.067
7.5235
9.108
9.504
9.9056
9,280
7.483
7.897
7.729
8.976
8.065
11,494
7.984
6.945
84371
8.338
8,447
9,133
7.691
7.2330
8.893
7.035
7.369
6.673
7.874
6.355

Per Cent
Crude
Fiber

6.510
4,446
7.475
5.381
6.491
6.431
7.735
6.486
8.196
7.841
6.637
7.311
6.2338
4,771
6,318
7.747
6.796
7.181
7.833
7.526
7.452
8.720
7.520
5.746
6.807
5.809
7.2350
6,337

Per Cent
Ash

5.830
1.889
7.031
2.143
3.659
23.242
3.333
2.158
4,859
1.874
3.415
23.895
7.409
1.851
9.491
11.690
5.483
3.534
5.111
4,196
3,923
3.343
5.035
3,941
3.720
4,582
3.853
3.159
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Table IV, Showing Weight of Feed Offered and Refused, and Dung Voided during Digestion Trial with 582 and 586.

Animal

583
586

Table V,

Animal

18
48
164
197
588(1)
588(3)
592
595
599

Total Weight
of

Feed Offered

During Trial
Grams

33,679.50
33,679.50

Showing Weights of Feed Offered, Feed Refused, and

Total Weight
of

AALFALTFA

Laboratory
Number

15-6-45
15-6-45

Weight
Offered

During Trial

Grams
13,807.70
13,607.70

ALFALTFA

Feed Offered Laboratory

During Trial
Grams

31,751.80
133,355.50
35,153.15
47,626.98
36,741.38
35,153,235
9,923.28
36,076.89
43,807.55

Number

07-12--95
07-13-95
08-4-236
08-4-26
07-12-95
08-4-36
08-11-4
08-11-4
08-1l-4

OAT
Laboratory

Number

15-6-50
15-6-50

Weight Total Brain
Offered Offered
During Trial During Trial
Grams Grams
9,071.90 23,679.90
40,8233.10- 103,057.80
10,305.78  24,947.37
13,607.70 34,019.28
10,205.93 36,535.43
10,205.78  34,947.37
2,834.94  7,087.34
7,370.84 18,706.05
12,190,233 30,617.33

STRAW
Weight
Offered

During Trial

Grams

9,071.80
9,071.80

Laboratory

Numbexr

REFUSED FEED

Weight
of Feed
Refused

During Trial

Grams

none refused

none refused

DUNG
Weight of
Laboratory Dung Voided
Number During Trial
Grams
15-6=33 41,635.95
15-6-24 49,2368.95

Dung Voided during Digestion Trial with Steers 18, 48, 164, 197, 583, 599, and

Table VI, Showing Weight of Feed Offered and Refused, and Dung Voided by Steer 529 (first trial)
ALFALTA

Animal

5239

Total Weight
of

Feed Offered Laboratory

During Trial
Grams

70,306 .45

Number

08-4-26

Weight
Offered

During Trial

Grams

8,803.85

MILK
Laboratory

Number

08-4-79

REFUSED FEED

CORXN LINSEED Weight
Weight Weight of Feed
Laboratory Offered Laboratory Offered Laboratory Refused
Number During Trial Nunmber During Trial Number During Trial
Grams Grams Grams
.07+13-96 30,157.90 07-12-108 3,523.00 none refused
07-12-98 90,718.00 07-13-108 11,339.80 07-12-88 9,535.40
08-4-20 33,175.44 08-4-21 3,771.93 none refused
08-4-320 30,2339.36 08-4-31 3,779.93 none refused
07-13-96 33,587.05 07-13-108 2,948,38 none refused
08-4-20 33,175.44 08-4-31 2,771.93 none refused
08-11~-3 6,399.91 08~-1l=1 787.43 none refused
08-11~-2 16,628.61 08-11-1 3,077.44 none refused
08-11-3 37,315.40  08=ll=l 3,401,93 none refused
REFUSED FEED Weight DUNG
Weight of Feed Weight of
Offered Laboratory Refused Laboratory Dung Voided
During Trial Number During Trial Number During Trial
Grams Grams Grams
63,502.60 none refused 08-4-84 16,887.00

595.

DUNG
Weight of
Laboratory Dung Voided
Number During Trial
Grams
08-1-33 33,246,00
08-1-24 168,177.00
08-4-83 40,647,00
08-4-81 33,191.02
08-1-35 37,938,00
08-4-80 37,054,00
08-11-14 17,367.00
08-11-13  34,317.00
08-11-11 46,178.00
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Table VII, Showing Weights of Feed Offered and Refused, and

Animal

501
503
507
509
523
537
529(3)
549(1)
549(2)
549(3)
551(1)
551(2)
551(3)
559(1)
559(3)
559(3)

with Use of Food Steers 501, 503, 507,'509,

Total Yeight

Feed S}fered

During Trial
Grams
89,810.8
56,131.8
53,389.6
44,905.5
73,596.1
94,403.4
8,504.8
23,813.5
37,215.4
36,2387.3
33,813.5
37,315.4
38,555.8
47,627.0
40,823.1

47,637.0

ALFALFA

Laboratory

Number

08-4-16
08-4-16
08-4-16
08-4-16
08-4-16
08-11-5
08-11-5

13-10-543

14-6-39
15-6-45

13-10-543

14-6-39
15-6-45

13-10-543

14-6-38
15-6-45

Weight
Offered
During Trial

Grams
39,9386.9
18,710.6
17,463.3
14,968.5
24,267.1
31,467.8

3,834,9
7,937.8
9,071.8
13,807.7
7,937.8
9,071.8
13,607.7
15,875.7
13,607.7
18,143.6

Total Weight
of

Grain Offered Laboratory

During Trial
Grams

59,873.9
37,431.3
34,926.4
29,937.0
49,338.0
63,935.6
5,669.9
15,875.7
18,143.8
23,879.5
15,875.7
18,143.8
24,947.5
31,751.3
27,215.4
29,483 .4

Dung Voided during Digestion Trials

533, 537, 539, 549, 551, and 559.

Number

08-4-15
08-4-15
08-4-15
08-4-15
08-4-15
08-11-3
08-11-3

13-10-545

14-6-18
15-6-44

13-10-545

14-6-18
15-6-44

13-10-545

14-6-18
15-6-44

CORN

Weight
Offered

During Trial

Grams
35,934.3
23,453.7
30,955.9
17,962.23
39,596.8
37,761.4

3,401.9
9,535.4
10,886.2
13,607.7
9,525.4
10,886.2

14,968.5

19,050.8
16,329.3
17,690.0

Laboratory

Number

08-4-14
08-4-14
08-4-14
08-4-14
08-4-14
08-11-3
08-11-3

13-10-544

14-6-31
15-6-48

13-10-544

14-6-21
15-6-48

13-10-544

14-6-31
15-6-48

OATS

Weight
Offered

During Trial

Grams

17,963.3
11,326.4
10,477.9

8,981.1

14,798.4
18,880.7

1,701.0
4,763.7
5,443.1
6,803.9
4,763.7
5,443.1
7,484.3
9,535.4
8,164.6
8,845.0

LINSEED

Laboratory

Number

08-4-13
08-4-13
08-4-13
08-4-13
08-4-13
08-11-1
08-11-1

13-10-546

14-6-19
15-6-46

13-10-546

14-6-19
15-6-46

13-10-546

14-6-19
15-6-46

Weight
Offered

During Trial

Grams
5,987.4
3,742.1
3,492.6
3,993.7
4,932.8
6,293.6

567.0
1,587.6
1,814.4
3,268.0
1,587.6
1,814.4
3,494.8
3,175.1
3,721.5
3,948.,3

é

Hay

Laboratory
Number

08-4-24
none
none
none

08-4-235

08-11-234

Grain 08-11-35

nene

none

nene

none

none

none

none

nene

none

none

REFUSED FEED
Weight
of Feed
Refused
During Trial
Grams

25,287.7

refused
refused

refused

20,184.7

11,425.9
1,980.0

refused
refused
refused
refused
refused
refused
refused
refused
refused

refused

DUNG
Weight of
Laboratory Dung Voided
Number During Trial
Grams
08-4-1 88,555.0
08-4-3 57,540.0
08-4-5 56,452.0
08-4-7 38,358.0
08-4-2 64,118.0
08-11-12 106,717.0
08-11-15 11,447.5
13-10-540 29,442.0
14-6-26 33,399.0
15-6-30 36,069.5
13-10-541 34,905.0
14-8-37 35,958.0
15-6-231 32,808.2
13-10-5423 48,729.0
14-6-28 41,273.0
15-6-33 57,796.4
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Table VIII. Weight of Nutrients Consumed by Steers during Digestion Trials.

Weight of Weight of Weight of Weight of
Weight of Organic Protein Fat Nitrogen-Free Weight of Weight of
Dry Matter Dry Matter (N X 6.35) (Ether Sol.) Extract Crude Fiber Ash

Animal Consumed Consumed Consumed Consumed Consumed Consumed Consumed
Grams Grams Grams Grams } Grams Crams Grams
18 38,715 37,635 3,856.0 1,183.4 18,782.0 3,803.8 1,089.6
48 120,097 115,855 16,358.3 5,178.1 81,126.7 13,191.8 4,242.0
164 31,412 30,114 4,107.3 1,136,5 231,041.0 3,829.1 1,297.7
197 43,542 40,799 5,558.4 1,544.3 28,573.86 5,132.3 1,742.6
501 57,179 54,365 8,657.3 2,608.7 35,501.4 7,597.7 3,813.5
503 50, 569 48,066 7,591.6 3,287.9 31,957.3 6,339.5 2,493.4
507 47,189 44,862 7,085.5 3,135.4 39,826.8 5,814.3 3,337.23
509 40,448 38,453 6,073.3 1,830.4 35,565.9 4,983.6 1,994.7
5323 47,361 45,016 7,144.3 3,248.5 29,707.2 5,916.3 2,345.3
537 75,389 71,943 10,293.5 3,797.9 48,2331.4 9,631.6 3,446.3
539(1 13,910 13,872 3,833.6 3,183.6 5,672.3 3,183.4 1,037.8
539(3 7,947 7,520 1,100.0 376.8 4,907.0 1,136.1 427.3
549(1 31,639 30,663 3,100.6 953.3 13,154.4 3,454.3 966.0
549(2 34,196 33,931 3,564.0 769.5 15,095.3 3,503.6 1,264.8
549(3 31,684 30,030 5,055.0 1,379.3 19,068.1 4,837.3 1,6854.3
551(1 31,629 20,663 3,100.6 963.3 13,154.4 3,454.3 966.0
551(3 24,196 33,931 3,564.0 769.5 15,095.3 3,503.6 1,264.8
551(3 33,644 31,036 5,345.3 1,371.8 30,463.0 4,756.8 1,707.8
559(1 43,257 41,335 6,301.3 1,906,.6 26,308.7 6,908.5 1,932.0
559(2 36,294 34,397 5,345.9 1,154.2 32,642.7 5,253.9 1,897.3
559(3 41,592 39,404 6,643.2 1,6874.9 24,959.4 6,126.6 2,187.9
583 230,105 18,280 3,818.4 576.7 8,531.8 6,363.5 1,835.0
586 30,105 18.280 2,818.4 576.7 8,521.8 6,363.5 1,825.0
58821; 33,309 31,967 4,454.8 1,377.7 21,831.3 4,303.4 1,341.9
588(2 31,413 30,114 4,107.3 1,136.5 31,041.0 3,829.1 1,397.7
593 9,196 8,816 1,248.5 448.0 5,941.3 1,178.6 380.3
5956 24,2865 23,172 3,3879.5 1,178.5 15,642.7 3,071.8 1,093.4
599 39,674 38,037 5,388,5 1,933.3 35,646.7 5,071.9 1,836.9
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Table IX. Nutrients Volded in Dung by Steers during Digestion Trials.
Weight of Weight of Weight of Weight of
Weight of Organic Protein Fat Nitrogen-Free Weight of Weight of
Dry Matter Dry Matter (N X 6.25) (Ether Sol.) Extract Crude Fiber Ash

Animal Voided Voided Voided Voided Voided Voided Voided
Grams Grams Grams Grams Grams Grams Grams
18 7,617 5,801 1,219.3 152.9 2,329.8 3,099.3 1,815.5
48 41,2321 38,044 6,375.1 1,349.6 23,041.9 7,477.2 3,176.9
164 9,203 7,814 1,570.0 404.8 3,141.6 2,6897.7 1,388.1
197 7,353 8,630 1,194.9 377.5 2,554.7 3,803.5 632.0
501 16,728 14,830 3,806.1 595.1 6,683.8 4,765.1 1,897.7
502 13,908 11,803 3,315.3 611.7 5,340.7 3,734.9 3,105.4
507 13,965 11,699 3,124.3 579.2 5,365.3 3,830.4 1,2365.7
509 9,933 8,657 1,517.4 373.8 3,799.4 2,967.0 1,374.6
5323 14,2343 13,859 2,260.2 489.9 5,950.3 4,158.7 1,383.7
537 33,674 21,699 3,528.3 813.2 13,366.1 5,091.5 1,975.3
529(1 4,039 3,540 5768.3 313.0 1,515.8 1,334.8 488.9
529(3 8,533 3,255 396.4 122.1 958.3 778.0 6,376.7
549(1 6,873 5,833 1,071.1 339.7 3,435.4 2,105.4 1,040,5
549(23 7,324 6,348 1,079.1 311.4 3,568.7 3,488.9 976.3
549(3 7,190 6,139 1,308.3 314.3 3,533.9 3,073.8 1,060.8
551(1 6,537 5,264 1,003.9 308.0 3,103.7 1,948.1 1,373.9
551(23 8,117 5,249 903.0 206.4 1,876.8 3,363.5 867.5
551(3 7,323 6,102 1,332.4 384.1 3,417.6 2,1687.6 1,220.5
559(1 12,398 10,353 1,879.0 356.3 4,450.4 3,667.3 3,044.7
559(2 10,718 8,638 1,491.2 372.3 3,870.8 3,103.7 3,078.,1
559(3 13, 303 9,655 3,032.9 418.5 3,856.3 3,357.4 3,848.3
583 8,833 7,604 1,149.9 242,3 3,194.4 3,017.9 1,228.8
586 9,190 7,634 1,173.2 356.7 3,131.0 3,072.9 1,556.4
588213 7,611 5,649 1,134.5 183.23 2,353.8 3,088.4 1,961.5
588(3 8,794 5,479 1,045.1 103.1 3,034.5 2,317.4 1,314.8
593 4,835 3,595 479.8 84.9 1,306.1 824.5 2,030.3
595 9,447 8,190 1,094.0 188.1 2,739.9 2,168.3 3,357.0
599 11,971 8,550 1,636.4 313.8 3,724.3 2,876.0 3,431.3



Table X.

Animal

18

48
164
197
501
503
507
509
533
537
529(1
539(3
549(1
549(3
549(3
561(1
551(23
551(3
559(1
559(2
559(3
5823
586
58851;
588(2
5923
595
599
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Weight of Nutrients Digested by Steers during Digestior Trials

Weight of
Total

Dry MHatter

Digested
Grams

21,098
78,876
33,310
35, 390
40,451
36, 653
34,2235
30,517
33,119
51,715
9,881
- 584
14,758
18,873
34,495
15,093
18,080
26,331
30,799
35,578
29, 389
11,371
10,915
25,598
24,618
4,571
14,718
37,703

Weight of
Organic

Dry Matter

Digested
Grams

21,834
77,811
22,300
34 169
39,535
36,264
33,163
29,797
33,157
50, 344
9,333

5,365
14,831
16,583
33,901
15,399
17,683
25, 834
30,973
25,759
39,749
10,6875
10, 646
36,318
24, 835
8, 331
16,983
29,487

Weight of

Protein

(N X 6.35)
Digested

rams

3,6836.7
10,083.3
3.537.3
4,363.4
5,851.2
5,376.3
4,961.3
4,555.9
4,884.1
8,764.2
2, 356.4
703.8
2,029.5
3,484.9
3. 846.6
2,096.7
2,662.0
4,111.9
4,323.3
3,854.8
4,620.3
1,668.5
1,645.3
3,330.3
3,082.4
768.8
2,185.5
3.749.1

Weight of
Fat

(Ether Sol.)

Digested
Grams

1,030.6
3,928.5
731.7
1,366.9
2,013.6
1,876.3
1,556.3
1,457.5
1,758.7
3,984.8
1,970.6
354 ,7
723.7
558.1
965.1
745.3
563.1
1,087.8
1,550.4
781.9
1,356.4
334 .5
330.1
1,195.8
944 .4
363.1
990.4
1,619.7

Welght of

Nitrogzen-Free

Extract
Digested
Grams

16,453.2
58,084.7
17,899.3
26,018.8
28,837.8
28,716.8
24.461.6
31,766.5
23,757.1
35,955.4
4,158.5
3.,948.7
10,728.9
12,536.5
16,534 .3
11,050.8
13,318.5
18,044 .4
21,858.3
19,072.3
21,103.3
5,337.5
5,390.8
19,577.5
19,018.5
4,735.3
13,903.9
31,933.4

Weight of

Crude Fiber

Digested
Grams
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Weight of

Ash
Digested
Grams

- 735.8
1,065.1
-90.4
1,130.6
915.8
388.0
1,081.5
730.1
961.6
1,470.9
548.9
—5,849.4
- 74.5
288.6
593.5
-306.9
397.3
487.4
-173.7
-180.9
-460.4
596.2
268.6
-719.7
-1609
"1, 65000
-3,263.6
-1,784.4



Table XI.

Animal

18

48
164
197
501
503
507

Digestion Coefficients for all Trials with Steers,

Date

78

Per Cent

Dry Matter
Digested

Trial

11/8,1907
11/8, 1907
4/30, 1908
4/30, 1908
4/11, 1908
4/11, 1908
4/11, 1908
4/11, 1908
4/11, 1908
11/15, 1908
4/30, 1908
11/15, 1908
10/20, 1913
8/6, 1914
6/8, 1915
10/20, 1913
8/6, 1914
8/8, 1915
10/30, 1913
8/6, 1914
8/8, 1915
6/8, 1915
6/8, 1915
11/8, 1907
4/30, 1908
11/15, 1908
11/15, 1908
11/15, 1908

0

rganic

79.001
67.163
74.051
83.750
73.731
75.449
73.9323
77.488
71.435
69.839
73.501
70.017
71.777
73.317
79.590
74.535
77.313
80.894
74.948
74.887
75.498
58.399
58.338
83.329
81.8086
70.559
73.387
77.531

Per Cent
Protein
(N X 8.235)
Digested

68.379
61,639
61.7786
78.503
67.587
70.8230
70.024
75,013
68.361
65.730
79.65%7
83.962
65.455
69.733
76.097
67.6223
74.690
76.945
69.700
73.106
69.550
59.199
58.374
74,758
74,559
6l1.574
66.644
69.614

Per Cent

Fat

(Ether Sol.)
Digested

87.084
75.868
64.378
82,033
77.188
73.365
72.876
79.630
78.314
78.589
90.2348
67.588
75.910
72.534
75.443
78,185
73.181
79.288
81,317
67.746
75.016
57.995
55.493
86.778
83.098

81,043

84.0423
83.781

Per Cent
Nitrogen-Free

Extract

Digested

87.596
71.598
85.069
91,059
81.329
83.601
82.013
85.139
79.971
74,563
73.377
80.471
81.562
82.983
86.717
84.007
87.567
88.185
83.084
84.333
84,550
63.515
83.2359
89,676
90.379
79.699
82.485
85.478

Per Cent
Crude Fibver
Digested

44,798
43.330
39.547
49.193
37.383
40.045
37.559
40.465
29.708
47.138
43,454
31.531
39.049
38.943
55.310
43.604
35,376
54,431
46,916
40.9236
45.2300
53.568
51.703
51.473
42.093
30.048
39,417
43.396

Per Cent
Ash
Digested

negative
35,109
negative
64.306
32.550
15.560
45.614
36.098
41.003
42,881
523.894
negative
negative
33,816
35.876
negative
31.412
28,537
negative
negative
negative
32.669
14.718
negative
negative
negative
negative
negative
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Table XII. Organic lMatter Per Kilo Per Day.

Grams of Diges-
Average Live Grams Organic Dry tible Organic Dry

Weight Matter Consumed Matter Consumed
During Trial Per Kilo Per Day Per Day Per Kilo

Animal Kiles During Trial During Trial
18 356.30 7.75 €.12
48 563.33 30.57 13.82
184 430,03 7.47 5.31
197 503,81 8.10 6.78
501 380,85 13.00 9.45
503 385,77 15.39 11.54
507 391,35 14.00 10,35
509 244.85 14 .38 11.06
523 353,97 16.18 11.55
537 4323.48 17.03 11.89
529(1 91.76 14,03 10.17
539(3 93.03 8.08 5.87
549(1 166.24 13.43 8.3
549(23 331.43 9.91 7.16
549(3 383.63 10.58 8.43
551(1 165.7¢ 13.46 9.29
551(3 335.94 10.15 7.83
551(3 304.36 10.49 8.49
559(1 308.92 13.38 10,02
559(3 357.84 9.61 7.20
559(3 393.54 10.04 7.58
583 104 .42 17.51 10,33
586 111.90 18.34 .53
588(1 561.05 6.33 5.21
588(3 553.84 5.44 4.45
593 323.44 3.97 3.80
595 371.32 8.54 6.236

599 388.83 9.78 7.58
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Table XIII. Comparative Digestibility of the Different Rations.
Per Cent Nutrients Digested

Organic Protein Fat Crude
Animal Matter (N X 6.25) (Ether Sol.) N, F. E. Fiber
Ration I
583 58.399 59,199 57.995 63.515 53.568
586 58.238 58.374 55.493 63.259 51.703
Average for
Ration I 58.319 58.787 56.744 63.887 52.138
Ration II
18 79.001 68.379 87.084 87.596 44,798
48 67.183 61.639 75.868 71.598  43.330
164 74,051 61.776 64,378 85.069 239.547
187 83.750 78.5023 83.033 91.059 49.193
58821 83.339 74,758 86.778 89.676 51.472
588(3 81.806 74 .559 83.098 90.379 43.093
595 73.287 66.644 84.042 83.485 39.417
599 77.5831 69.614 83.781 85.478 43,298
Average for
Ration II  77.364 69.484 80.883 85.418 41.643
Ration III
501 72.731 67.587 77.188 81.339 37.282
5023 75.449 70.830 73.265 83.601 40,045
507 73.933 70.034 73.876 83.0138 37.559
509 77.488 75.013 79.630 85.139 40,465
532 71,435 68,361 78.214 79.271 29,706
537 69.839 65.730 78.589 74.563 47,138
539(3 70.017 63.963 67.588 80,471 31.531
549(1 71.777 65.455 75.910 8l1.563 39,049
549(3 73.317 69.733 73.534 83.983 38.943
551(1 74.535 67.623 78.185 84.007 43.804
551(2 77.111 74.690 73.181 87.567 35.376
559(1 74.948 69.700 81,317 83.084 46.°16
559(3 74.887 72.108 67.746 84.232 40.928

Average of
Ration III not
including last
trials with

549,551, 559 73.573 69.291 75.093 82.340 38.348
Ration IIla
549(3 72.590 76.097 75.442 86.717 55.210
551(3 80.8%4 76.245 79.288 88.185 54 .431
559(3 75.498 69.550 75,018 84.550 45.2300
Average of
Ration IIIa 78.661 74 .197 76.582 86.484 51.6230
Average of all
Ratiog III 74.528 70.211 75.372 83.117 40.836
Milk and
Alfalfa

539(1 73,501 79.657 90.248 73.277 43.454
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Table XIV. Comparison of the Actual Average Digestibility
and the Calculated Digestibility of the Rations Fed.

Per Cent Nutrients Digested

Organic

Matter Protein Fat N.F.E, Fiber
Ration I
Calculated Digestibility 57.6 53.6 38.4 83.6 49.8

Actual Average Digestibility 58.3 58.8 ©56.7 63.9 52.1

Ration II
Calculated Digestibility 80.6 74.4 77.0 86.4 53.0
Actual Average Digestibility 77.4 69.5 80.9 85.4 41.6

Ration III

Calculated Digestibility 75.3 74.8 73.3 83.0 47.9
Actual Average Digestibility

(not including last trials of

549, 551, and 559) 73.8 69.3 75.1 82.3 38.3

Actual Average Digestibility
(all trials) 74.5 70.3 75.4 83.1 40.8

Ration Illa
549 Calculated Digestibility 74.3 74.6 71.0 83.3 47.8

Actual Digestibility 79.68 76.1 75.4 86.7 55.3
551 Calculated Digestibility 74.8 74.7 "73.3 83.7 47.8
Actual Digestibility 80.9 76.9 79.3 88.3 54.4
559 Calculated Digestibility 74.3 74.5 70.7 83.2 47.6
Actual Digestibility 75.5 69.6 75.0 84.6 45.3
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91.059
83.485

86.773

85.069
87.596
89.676
90.379

88.180

85.139
81.563
84,007
83.983
87.567
86.717
88.185

81.339
74.563
79.971
71.598

83.661
83.013
83.084
84.233
84.550

Crude
Fiber

49.193
29,417

39.305

39.547
44.798
51.473
42.093

41.978

40.465
39.049
43.604
38.943
35.376
55.210
54.431

Feed.

37.2823
47.138
39.706
43.330

Animals

40.045

37.559
46.916
40.9236
45.200

Table XV. Effect of Age--Comparison of Young and 0ld Animals
on Maintenance on Ration II.
Per Cent Nutrients Digested
Age Organic Protein Fat
Animal Months Matter (N X 6.25) (Ether Sol.) N. F. E.
197 18 83.750 78.502 83.033
595 18 73.287 66.644 84.042
Average of
young animals 78.519 - 78.573 83.037
1684 35 74.051 61.776 64.378
18 30 79.001 68.379 87.084
588(1 35 82.329 74.758 86,778
588(2 40 81.806 74.559 83,098
Average of cld-
er animals 79.297 69.868 80.335
Table XVI. The Effect of Age--Comparison of Group III Animals
Fed Ration III.
509 123 77.488 75.013 79.830
549(1 18 71.777 65.455 75.910
551(1 18 74.535 67.633 78.185
549(3 25 73.317 69.723 72.524
551(2 25 77.111 74.6290 73.181
549(3 37 79.590 76.097 75.442
551(3 37 ‘80.894 76.945 79.388
Table XVII. Comparison of Young and Old Animals on Full
501 12 73.721 67.587 77.188
537 13 69.839 65.7230 78.589
5233 15 71.435 68.361 78.214
48 43 67.163 61.639 75.868
Table XVIII. The Effect of Age--Comparison of Group II
at Different Ages on Ration III.
503 13 75.449 70.830 73.265
507 13 73.932 70.034 72.876
559(1) 18 74.948 69.700 81.317
559(2 35 74.887 73.106 67.746
559(3 37 75.498 69,550 75.016



83

Table XIX. Animals on Ration II Compared as

Mutrition.

Per Cent Nutrients Digested

Organic
Animal Matter
Full Fed
48 67.163
Supermaintenance of
similar to Group III
599 77.531
Maintenance
18 79.001
164 74,051
197 83.750
588(1) 82.339
588(3) 81.806
595 73.387
Average of all on
Maintenance 79.037

Average of all ex-
cluding 164 and 595 81.733

Protein

61.639

69.614

68,379
61.776
78.502
74.758
74.559
66.644

70.770

74 .050

Fat

75.868

83.781

87.084
64.378
83,032
86.778
83.098
84.043

81.335

84.748

to Plane of

N. F. E. Fiber

71.598

85.478

87.596
85.069
91.059
89.676
90,379
82.485

87.711

89.678

43,320

43,396

44,798
39,547
49.193
51.473
43.093
39.417

41.087

46.889



Table XX.

Animal

Group I
Full Fed
501
533
537
Average of
Group I

Group II
502
507
559
559
559
Average of
Group II

Group III
509
549
549
549
551
551
551

Average of

1
3
3

Group III

Average of

QWHGVH
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Animals Receiving Ration III Compared as to Plane
of Nutrition.

§

Organic
Matter

73.731
71.435
69.839

71.3323

75.449
73.933
74.948
74.887
75.498

74.941

77.488
71.777
73.317
79.590
74 .535
77.111
80.894

76.343

Group III ex-

cluding
549(1 and 3
and 551(3)

Averace of
Group III
excluding
549233 and
551(3

Maintenance

)

78.771

74 .644

539(3) 70.017

Per Cent Nutrients Digested

Protein

67.587
68.361
65.720

67.233

70.830
70.034
69.700
73.106
69.550

70.440

75.013

65.455
69.733
76.097
67.633
74 .690
76.945

73.331

75.686

70.500

63.963

Fat

77.188
78.214
78.589

77.997

73.265
723,876
81.317
67.748
75.016

74,044

79.630
75.910
72.534
75.443
78.185
73.181
79.288

76.309

76.885

75.886

67.588

(N X 6.35) (Ether Sol.) N. F, E,

81.2339
79.871
74.563

78.588

83.601
83.013
83,084
84.333
84.550

83.496

85.139
81.563
83.983
86.717
84,007
87.567
88.185

85.166

86.903

84.352

80.471

Crude
Fiber

37.283
39.706
47.138

38.042

40.045
37.559
46.9186
40.936
45.300

43.139

40.465
39,049
38.943
55.8310
43,604
35.376
54.431

43.440

46.371

37.487

31.531
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Table XXI. Steers Arranged According to the Coefficient of
Digestion of Organic Matter.

Per Cent Nutrients Digested

Plane of Organic

Animal Nutrition Matter Protein Fat N. ¥, E, Fibver
48 Full Fed 67.183 61,839 75.868 71.598 43,330
537 Full Fed 69.839 65,720 78.589 74.563 47,138
539(3 Maintenance 70.017 63.963 67,588 80.471 31.531
533(1 Full Fed 71.435 68.381 78.314 79.971 29.708
549(1 Low 71.777 65.455 175.910 81.562 39,049
549(23 Low 73.317 69.733 73.534 82.983 28.9423
501 Full Fed 72,731 87.587 77.188 81.239 .37.283
595 Maintenance 73.387 ©66.644 84,042 83.485 239,417
507 Medium 73,933 70.024 73.8768 83.013 37,559
164 Maintenance 74.051 61.776 64,378 85.089 29.547
551(1 Low 74.535 67.833 78.185 84.007 43.6804
559(2 Medium 74.887 72.106 67.746 84.232 40,9236
559(1 Medium 74.948 69.700 81.317 83.084 48.918
503 Medium 75.449 70.830 73.2365 83.801 40,045
559(3 Medium 75.498 69.550 75.016 84.550 45,300
551(23 Low 77.111 74.690 73,181 87.567 35.378
509 Low 77.488 75.013 79.830 85,139 40.485
599 Supermaintenance
(low) 77.531 69.614 83.781 85.478 43.2396
18 Maintenance 79.001 68.379 87.084 87.596 44,798
549(3 Low 79.590 76.097 75.4423 86.717 55.2310
551(3 Low 80.894 76.945 79.388 88.185 54,431

588(3 Maintenance 81.808 74.559 83.098 90.379 42,093
588(1 Maintenance 83.339 74.758 86.778 89.676 51.473
197 Maintenance 83.750 78.502 83.033 ©1.059 49.193
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Table XXII. Per Cent of Grain Umnmasticated.

Per Cent of

Animal Plane of Nutrition Grain Unmasticated

48 Full Fed 8.196
501 Group I Full Fed 5.903
5233 Group I Full Fed 3.944
503 Group II Medium 3.333
507 Group II Medium 5.763
509 Group III Scant 1.984
18 Maintenance 1.059
164 Maintenance 1.195
197 Maintenance 0.451
588(1) Maintenance 0.367

588(23) Maintenance 0.460
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Table XXIII. Comparison of Coefficients of Digestibility of
Total and Masticated Food.
Per Cent Nutrients Digested.

Total Magticated Total Masticated Total Masticated Total Masticated Total lasticated
Org.Matter Org. Matter Protein Protein Fat Fat N. F. E, N, F. E, Fiver Fiver
Animal Digested Digested Digested Digested Digested Digested Digested Digested Digested Digested
48 67.183 73.131 61.639 64.430 75.868 76.738 71.598 78,331 43.330 44.080
501 73.731 75.594 67.587 69.355 77.188 80.500 81.329 84.906 37.383 38.355
533 71.435 73.569 68.381 69.657 78.314 80.544 79.971 83.714 39.708 30.338
503 75.449 77.171 70.830 71.918 73.265 74,964 83.601 85.808 40.045 40,599
507 73.923 76 .985 70.034 71.905 73.876 75.858 83,013 85.866 37.559 38.559
509 77.488 78.543 75.013 75.714 79.630 80.585 85.139 86.469 40.465 40.840
18 79.001 79.644 68.379 68.613 87.084 87.137 87.596 88.531 44,798 44,938
164 74.051 74.886 61.7786 63.039 64,378 64.583 85.0869 86.131 29.547 39.683
197 83.750 84.038 78.502 78.630 83,033 83.163 91.059 91.444 49.193 49,378
588(1) 83,339 83.5523 74,758 74,858 86.778 86.839 89.676 89.971 51,473 51.583
588(23) 81.808 83,090 74.559 74.685 83,098 83.307 90.379 90.767 42,093 43,165



Table XXIV. Composition of Feeds used in Digestion Trials with Swine

Feed

Ship Stuff
Ship Stuff
Corn Chop
Corn Chop

Bran
Bran
Linseed
Linseed

Table XXV.

Animal

(]

OOV ONUIOWO MWL

Laboratory

Number

15-2-63
15-6-16
15-23-64
15-6-15
15-2-61
15-6-17
15-3-63
15-6-18

Laboratory

Number

15-3-8
15-23-8
15-3-10
15-2-11
15-3-13
15-3-13
15-3-14
15-3-15
15-5-5
15-5-6
15-5-7
15-5-8
15-5-9
15-5-10

88

Per Cent
Moisture

11.730
12.740
13.408
15.303

9.588
11.315
10.785
10.585

Per Cent
Moisture

77.610
76.854
77.018
77.943
77.760
77.316
76.051
77.528
73.666
73.153
74 .468
76.401
75.378
76.226

Per Cent
Protein

20.194
19,006

8.544

9.035
17.744
18.235
36.288
37.494

Per Cent

Protein

(N X 6.35

3.575
3.569
3.950
3.856
3.419
3.763
3,981
3.738
3.988
3.988
4,000
3.981
3.831
4,089

Per Cent
Fat
(Ether So¢l.)

4,870
4,733
3.520
3.335
4.835
4.550
6.365
5.178

Per Cent
Fat
(Ether Sol.)

1.705
1.853
1.923
1.836
3.073
3.214
3,313
3.068
1.509
1.534
1.475
1.585
1,507
1.9386

Per Cent
Nitrogen-Free

Extract

53.208
53.391
71.585
69.374
51.985
50.437
33.104
33.538

Composition cof Dung Voided by Gilts during Digestion Trials.

Per Cent
Nitrogen~Free

Extract

10.303
11.143
10.729
10.495
10.068
10.118
11.189
10.398

8.561
10.030
11.317

9.690

9.701
10.535

Per Cent

Crude Fiber

6.490
5.985
1.805
3.018
9.168
9.165
7.970
7,940

Per Cent

Crude Fiber

4,048
3.871
3.720
3.333
3.858
3,917
3.261
3.711
3.883
4,393
4,333
3.937
4.078
4.362

Per Cent

Ash

4.718
4.355
1.138
1.045
6.680
6.418
5.488
5.265

Per Cent
Ash

3.859
3.911
3.661
2.838
3.8233
3.773
3.805
3.557
8.393
6.203
4.417
4,406
5.605
2.893
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Table XXVI. Showing Weights of Feed Fed and Dung Voided by Swine During Digestion Trials

SHIP STUFTF

Total Weight CORN CHOP BRAN LINSEED DU NG (Firest 5 days) D U N G (Second 5 daye)
of Weight Weight Weight Weight Weight Welght
Feed Fed Laboratory Consumed Laboratory Consumed Laboratory Consumed Laboratory Consumed Laboratory Voided Laboratory Veided
Animal During Trial Nunmber During Trial Number During Trial Number During Trial Nunmber During Trial Number During Trial Number During Trial
Grams Grams Grams Grams Grams Crams Granms
5(1) 323,679.5 15-2-63 5,039.9 15-2-64 3,519.9 15-2-61 3,519.9 15-2-63 1,260.0 15-2-9 13,857.3 15-2-13 13,866.3
5(3) 28,122.8 15-6-18 6,249.5 15-8-15 3,124.7 15-6-17 3,124.7 15-6-18 1,5623.4 15-5-5 18,270.6 15-5-8 16,778.3
8(1) 23,679.5 15-2-63 5,039.9 15-2-64 2,519.9 15-2-61 2,519.9 15-3-63 1,260.0 15-2-10 14,633.7 15-2-14 13,784.6
6(3) 27,215.4 15-6-16 6,047.9 15-6-15 3,033.9 15-6-17 3,033.9 15-6-18 1,513.0 15-5-7 12,804.9 15-5-10 14,883.3
9(1) 32,879.5  15-2-63 5,039.9 15-2-64 3,519.9 15-2-61 3,519.9 15-2-63 1,260.0 15-2-8 14,392.4 15-2-13 14,310.8
9(2) 37,215.4 15-8-16 6,047.9 15-8-15 3,023.9 15-6-17 3,023.9 15-6-18 1,512.0 15-5-6 13,8723.9 15-5-9 16,161.4
10 37,679.5 15-2-63 5,039.9 15-2-64 3,519.9 15-3-61 2,519.9 15-2-63 1,260.0 15-2-11 15,961.8 15-23-15 14,324.4
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Table XXVII.Weight of Nutrients Fed to Swine during Digestion Trial.

Weight of Weight of Weight of Weight- of Weight of
Total Organic Protein Fat Nitrogen=Free Weight of Weight of
Dry Matter Dry Matter (N X 6.35) (Ether Sol) Extract Crude Fiber Ash
Animal Fed Fed Fed Fed Fed Fed Fed
Grams Grams Grams Grams Grams Grams Grams
5(1 30,087.3 19,059.4 4,274.8 1,052.23 12,324.4 1,408.0 1,007.9
5(3 24,548.6 23,385.9 5,350.3 1,244.9 15,196.3 1,694.4 1,162.7
8(1 20,067.3 19,059.4 4,374.8 1,052.2 12,324.4 1,408.0 1.007.9
8(23 33,758.8 23,831.5 5,080.9 1,304.7 14,706,121 1,639.8 1,1256.3
9(1 20,0867.3 19,059,4 4,274.8 1,052.3 12,324.4 1,408.0 1,007.9
9(23 33,756.8 23,6831.5 5,080.9 1,204.7 14,708.1 1,639.8 1,1385.3
10 20,087.3 19,059.4 4,274.8 1,053.3 12,324.4 1,408.0 1,007.9
Table XXVIIT Weight of Nutrients Voided in Dung during Diges tion Trial with Swine.
Weight of Weight of Weight of Weight of Weight of
otal Organic Protein Fat Nitrogen-Free Weight of Weight of
Dry Matter Dry Matter (N X 6.35) (Ether Sol.) Extract Crude Fiber Ash
Animal Voided Voided Voided . Voided Voided Voided Voided
Grams Grams Grams Grams Grams Grams Grams
5(1 8,376.6 5,578.8 1,016.3 536.1 3,947.0 1,079.6 797.8
5(2 8,770.9 6,498.3 1,396.6 541.6 3,190.0 1,370.0 3,373.7
6(1 8,662.1 5,913.9 1,136,4 586.1 3,111.3 1,090.0 748.3
8(2 6,807.4 5,811.4 1,117.7 475.5 3,015.5 1,208,7 996.0
9(1 6,405.1 5,589.8 1,003.8 542.1 2,909,3 1,134.7 815.3
9(2 7,451.4 5,656.9 1,133.4 441.0 2.859.0 1,324.4 1,794.5
10 8.739.6 5,953.3 1,150,.9 589.3 3,164.8 1,047.5 787.3
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Table XXIX. Weight of Nutrients Digested by Swine during Digestion Trial,

Weight of Weight of Weight -of Weight of Weight of
Total Organic Protein Fat Nitrogen-Free Weight of Weight of
Dry Matter Dry Matter (N X 6,35) (Ether Sol.) Extract Crude Fiber Ash
Animal Digested Digested Digested Digested Digested Digested Digested
Grams Grams Grams rams Grams Grams Grams
5(1 13,690.8 13,480.7 3,358,.6 516.1 9,377.5 338.5 310.1
5(3 15, 777.7 16,887.7 3,853.7 703.3 12,006.4 324.4 -1,110.0
6(1 13,405.3 13,145.5 3,148,3 466.1 9,213.1 318.0 359.7
8(2 16,949.4 16,820.1 3,963.23 729,2 11,690.6 437.0 129,3
9(1 13,663.3 13,469.7 3,371.0 510.23 9,415.2 . 373.3 192.8
9(23 16,305.4 16,974.6 3,948.5 763.7 11,847.1 415.3 -869,23
10 13,337.7 13,107.3 3,183.9 483.9 9,159.8 3680.8 230.5
Table XXX. Per Cent of Nutrients Digested by Swine during Digestion Trial.
Per Cent Per Cent Per Cent Per Cent
Organic Proteln Fat Nitrogen-Free Per Cent Per Cent
Dry Matter (N X 6.35) (Ether Sol,) Extract Crude Fiber  Ash
Animal Date of Trial Digested Digested Digested Digested Digested Digested
5(1 1/23 to 3/2, 1915 70.730 76.228 49,053 76.088 33.330 20.849
5(3) 4/37 to 5/7, 1915 73.213 73.400 56.421 79,008 19,148 negative
(1) 1/23 to 3/2, 1915 88.971 73.649 44,2396 n4.755 32.587 25.763
6(3) 4/37 to 5/7, 1915 74,323 78.003 60.531 79.495 26.653 11.488
9(1 1/33 to 3/8, 1915 70.873 76.519 48.484 76,394 19.412 19.104
9(2 4/37 to 5/7, 1915 75.004 77.712 63,393 80.559 , 35.3238 negative
10 1/33tt0 3/3, 1915 88.770 73.077 43,995 n4.338 35 .608 21.883
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Table XXXI. Weight of Gilts during Digestion Trial, and
Grams of Organic Matter and Digestible Organic
Matter per Kilo of Body Weight per Day.

Average Weight Grams Organic Grams Digestible

in Kilos at Matter per Organic Hatter
Animal Time of Trial Kilo per Day per Kilo per Day
5(1) 105.9 18.00 13.73
5(3) 88.9 36.31 19.00
8(1) 84.5 23.56 15.56
8(3) 114.7 19.73 14,68
9(1) 102.1 18.87 13.19
9(3) 133.7 18.39 13.73
10 89,3 31.34 14.68

Table XXXII. Comparison of Pregnant and Non-Pregnant Gilts.
Per Cent Nutrients Digested

Organic
Animal Condition Matter Protein Fat N. F. E. Fiver

5(1) Pregnant 70.730 76.338 49.053 76.088 233,330
9(1) Pregnant 70.873 76.519 48.484 76.394 19.413
Average for Pregnant 70.701 76.374 48.769 76.241 31.371

6(1) Open 68.971 73.649 44.396 74.755 233.587

10 Open €8.770 73.077 43.995 74,323 35,808

Average for
Non-Pregnant 68.871 73.363 44,146 74.539 34,0098
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