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DIGESTION EXPERIMENTS.

BY HARRY SNYDER.

OBJECT OF THE BULLETIN AND EXPLANATION OF
TERMS.

This bulletin contains the results of experiments upon
the digestibility and manurial value of pea ensilage and
wheat bran when fed to milch cows. Theresultsshow what
becomes of each ingredient of the food, the amounts of each
recovered in the milk, returned in the dungand urine and the
amount required as fuel to carry on the vital functions.
These experiments are given in detail so as to serve as an
outline for the remainnig experiments upon the composition
and digestibility of barley andshorts, barley,corn and shorts
and corn, fed to grown pigs; and corn and bran, peas and
bran and peas, when fed to growing pigs.

The determination of the digestihility of a fodder is
simply finding the amount of it that can be utilized by the
animal. A fodder, as clover, is said to he sixty per cent di-
gestible; this means that out of every hundred pounds of the
dry cloverhay, sixty pounds are hroken down in the digest-
ive tract, and forty pounds are not acted upon, but leavethe
body undigested in the dung. Each constituent of everv fod-
der has its own digestibility.

A digestion experiment is carried on in the following way:
An animal, as a cow, sheep or pig isfed for some time upon
the particular food in question, the food heing carefully
weighed and analyzed. This is carried on at first simply for
a preliminary feeding period, the object of whichis to get the
animal in the same condition as it will be later on when the
experiment is in progress. Afterthis preliminary feeding all



of the dung is collected as evacunated, weighed and analyzed.
This is done for a number of days. The dung and urine
made for any number of davs are the products of the food
for an equal period. In the dung a certain portion of each
of the components of the food is returned undigested; this is
determined, and this amount not digested, when taken from
the amount of that ingredient in the original food gives the
amount digested. The results are usually expressed in per-
centages, and the per cent digested is called the digestion co-
efficient.

The names of the different fodder constituents, and the
terms used in this hulletin may not be familiar to some read-
ers, and are here brieflv explained.

All food stuffs are composed of water and dry matter;the
water is sensibly present in the juices, and even in field cured
hayv or fodder corn there is always more or less water. The
larger part of the dry matter when burned is converted into
smoke, while a small portion remains as ashes. The part
that is burned is called the organic part.

The first general division of the constituents of fodders
an:! food stuffs, then, 1s into water and drv matter; and the
sccond, the dry matter into ash and organic matter- A far-
ther division of the organic part is made into those com-
pounds that contain an element or building unit known as
nitrogen, and those that do not contain this element. The
compounds that contain nitrogen are called nitrogenous
compounds, while those that contain no nitrogen are called
non-nitrogenous. All fodders contain from four to ten times
more of the non-nitrogenous compounds than of the nitro-
genous ones.

The most important among the nitrogenous compounds
is crude protein, which includes a large class that have cer-
tain characteristics in common, one of them being that they
all contain about the same per cent—169%—of the element
nitrogen. The white of an egg is a typical example; lean
meatis composed largely of these kinds of substances.
The protein compounds of food stuffs are extremely valuable
as animal food inasmuch as they contain the building ma-
terials that compose the muscles. Crude protein is usually



spoken of as muscle or flesh forming material. The protein
compounds are more familiarly known as the crude albumi-
noids; in this work, however, hoth terms are used, cach one
having a separate meaning. Some authorities™ restrict the
term albuminoids to such hodies as gelatine, while others
use proteids and albuminoids as synonymous terms. All al-
buminoids are proteids, while not all of the so called pro-
teids, as usually determined, are albuminoids. In the anal-
ysis of plants and food stufts the total nitrogen that is found
is taken as the basis for determining the crude protein. All
of the nitrogen thus determined is not in the form of albumi-
noids, and can not he taken as a basis for determining the
albuminoids. These are determined from the albuminoid ni-
trogen alone. Hence the distinction is made between the to-
tal nitrogen and the nitrogen that belongs only to the albu-
minoids. In the columns headed **Crude Protein" the total
nitrogen is taken as the hasis for its determination, while in
the column headed “Albuminoids’ the albuminoid nitrogen
is taken as the basis.

Ether Extract is the material which is extracted from
fodders by ether, and is composed largely of fat, with vari-
able quantities of foreign substances such as wax and color-
ing matter. In fodder analyscs thisis somctimes called fat
or oil, but it is not pure fat.

Crude Fiberis the woody part of plants; it helongs to
the same group of chemical substances as starch and sugar.
In young and tender plants the fiber is more digestible than
when the plant hecomes tough and woody.

Nitrogen Free Extract is the namce given to the remain-
ing compounds that contain no nitrogen—free from nitro-
gen—and are soluble in weak acid and alkaline solutions.
Such are the jellies, sugars and starches.

The ether extract, the crude fiber, and the nitrogen {ree
extract, when digested supply the body with heat and pro-
duce fat, while the main functions of the protein compounds
is to supply the materials for the muscles and waste matter.
Hence the two general classes of compounds in food are the

*Johnson.
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nitrogenous or flesh forming, and the non-nitrogenous or
heat and fat producing bodies.

These differentclasses ofcompounds,found in food stuffs,
are not equally digestible, the fibrous or woody part usually
being less digestible than the starches orsugars. Each sepa-
rate compound of a fodder has its own digestibility or diges—
‘tion coefficient, which it is the ohject of a dlcrestlon experi-
ment to determine.

Many digestion experiments have been made with nearly
all the different animal foods, and the results obtained have
been of material value. The importance of this work was
clearly foreseen by the framers of the Hatch bill, establishing
experimental stations, who in particular mentioned digest-
ion experiments as one of the important lines of work to be
conducted by them.



I. PEA ENSILAGE.

Digestibility and Value as a Cattle Food.

The few digestion experiments that have heretofore been
made with peas and pea meal, show that pea meal is one of
the most digestible and valuable of animal foods; but little,
however, seems to have been done in the way of determining
the digestibility and value of the whole plant either ficld
cured, or ensilaged, as cattlefood. Thefollowingexperiment
was carried out in order to obtain some data in regard to
this question, particularly when the ensilage is fed to milch
cows.*

The peas were cut while green and put into a separate
compartment of an experimental silo, which was opened
early in March, 1892. Wlhen opened, theensilage was sweet
and in good condition, and an analysis of it showed that it
had the following composition:

| f
| | Composition in Pounds Per Hundred of Dry NMatter.
! I

R

Water. {DryMatter Ash, \ Ether Ex- {Crude Pro-* Crude Fi- { Nitro. Free
|

|

tract. tein. bre. { ract.

"
50.08 49.92 6.95 ‘ 3.12 | 11.90 26.00 52.02
I

The points to be observed from this analysis are: That
the material contains a comparatively large percentage of
nitrogenous compounds, more ash and less water than ordi-
nary ensilaged cattle foods; these are points that are all in
its favor.

At the time this silo was opened the cows were receiving
a corn ensilage and mixed grain ration; and some of the
cows when gradually changed to pea ensilage and less grain
did not seem to relish it as well as the usual corn ensilage,

*For the manner of growing peas, and their yield, the reader is referred to Bul-
letin No. 20, of this Station.
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while others ate it equally aswell. With different cows there
was a difference as to the apparent palatability of the pea
ensilage. Many cows that refused to eat the pure ensilage
alone were induced to eat liberal quantities of it by mixing
bran, timothy, or corn with it. The feeding was not carried
on with a sufficient number of milch cows or for a period of
suthicient length to warrant any definite ‘conclusions as
to the effects upon the vield or composition of themilk; how-
ever, the daily dairy record of the herd shows no appreciable
variations either in the total yield of milk or fat while the
pea ensilage was being fed. This ration of pea ensilage and
bran, however, took the place of one of corn ensilage, hay,
and a mixed grain ration consisting of 3 Ibs. harley, 3 lbs.
bran and 1 Ih. oil meal per day, with a saving of the more
expensive barley meal and oil meal.

The two cows selected for thisexperiment were Sully and
Bess. Both cows were of about the same age, and had been
in milk for about five months. The daily ration consisted
of a mixture of thirty-four pounds of pea ensilage and twelve
pounds of wheat hran. Thefood was restricted to these two
articles so as notto introduce other factors in the experi-
ment. The preliminary feeding lasted fourteen days. Dur-
ing this time the cows were gradually accustomed to
the confinement and the constant presence of an attendant.
Beginning at noon on March 25th and ending at noon on
March 30, the solid and liquid excrements were caught as
evacuated, by an attendant constantly in charge both®*day
and night. This constant attendance prevented losses and
removed many of the sources of ervor, such as the mixing of
the dung and urine and the usc of absorbents for collecting
them. All of the food fed to cach cow was eaten, leaving no
factor tor food rejected, or leavings. A daily record was
kept of the weight of each cow and also the water consumed.
The manure of each cow was mixed and sampled in dupli-
cate at three different times during the experiment. The
analyses of the food consumed, the manure at the different
times of sampling, the milk vielded, and the urine voided, are
given in tabular form on the following pages.

A sample of the pea ensilage was takenatevery removal
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of the ensilage from the silo, and the average of the results
show the composition of the pea ensilage fed:
e R

| | (Pounds per hundred of the dry matter.,

! Truc Al-

Water. Dry Mat-. Crude Ash, Ether Ex-  Fiber. XNito. Free bumin-
: ter, . Protein, . tract. Extract. oids,

52.88 | 47.12 | 11.90 | 6.50 3.00 25.00 | 53.60 10.50

| l 1 : |
Comparing the results of the analyvsis when the silo was
opened, with theaverage results of the ensilage fed, it will be
observed that the ensilage was quiteuniform incomposition,

the water being the most variable constituent.
The wheat bran fed with the pea ensilage had thetollow-
ing composition, the results being expressed in pounds per
hundred of the dryvanatter:

. ! . ‘ | True Al-
Dry Mat- Ash. | Crude EtherEx-: Crude ‘NitroFrccf buniin-
ter. | Protein.  tract. . Fiber. | Extract. oids.
90.00 4.20 }

13.20 3.1 i 6.00 75.50 1200

During the five days that the dung and urine werecollect-
ed, 170 pounds of ensilage and 60 pounds of wheat hran
were fed to each cow; and the number of pounds of cach nu-
trient fed in both the pea ensilage and wheat bran, and the
totals, are given in the following table:

POUNDS OF FOOD COMPOUNDS CONSUMED.

;- ) =
u D Y -
L2 3oz AT R N S -
s = = T T YT | ReT T f
L. Pt e = =} = .-"‘G_p.- v o ~ ol :L‘
Kind ot Food. © Z 2 B8 % Z ETs|EEE'y E I
s 3 g Q0IgEE | EER e £ o2
o b s a, L;“:-v Pa E~ 7
a H g

In 170 1bs. Pea Ensilage 84,9  K0O.1 3,206
>0

9.53 240 20,04 +2.94 N4
In 60 Ibs. Wheat Bran... 6.0 54.0 7.18

1.67 3.22 39.6Y 6.4

I
: |
In 230 Ibs. Totals.......... 95.9 184.17.47 ;16.71 | 4.07 23.26 82.63 14.80
| ! | |

The total nitrogen present in the dung is but partly
the form of undigested protein compounds; the bile contains
compounds,such as glvcocholic acid,which contains nitrogen
and are digested products. In the crude protein column a
correction is made for these small amounts of digested nitro-
genous compounds. In the tables, the samples A and B are
duplicate samples of the manure for the same period,

and the results that are given for each sample are the aver-
ages of duplicate analyses, making in all a total of twelve
analyses of the manure of each cow.



BESS.—SOLID EXCREMENTS.

Description of Samples.

i

Composition of Dry Manure per Hundred Pounds.

. Total | ; r : P
. .. Time | Water y Crude ' Ether Nitrogen| Crude Total Albumi-; True Al
Period” in . po%nds Samples; per Maet:er | Ash Pro- Ex- | Free ' Fi- Ni-  noidNi-, bu- Totals
‘ hours ;\danure‘ [ ent Cpent tein tract ;Extract; ber ., trogen : trogen minoids
First 26 55 . A 84.50 © 15,50 & 9.08 | 11.40 2.06 | 46.10 | 31.41  1.82 1.37 | 8.36
| | - | B 84.30 | 15.70 = 9.21 : 11.52 2.04 | 46.01 r31 .22 1.84 1.34 | 9.00 100
e — T S S
[ x LA 84.85 | | J \ L -
; R . 15.12 | 8.90 : 10.44 2.54 47.00 | 3052 ' 1.67 1.36 | 8.50
Second; 36 | 615 : B 85.41 | 1459 . 9.00 | 10.87 2.70 f 47.17 | 30.76 . 1.66 1.31 | 818 100
e e S S R St ] —
: ! | ; ) . ' ~ J
. oA 84.23 , 15.R7 | 8.90 . 10.06 2.85 | 46.64 | 31.65 1.61 1.31 R.10
Third... 48 ( 89.25 . B 85.03 | 1497 | 908 | 962 . 3.00 ] 4674 | 3186 154 130 ‘ 812 100
; ‘ Lot S , SN I
POUNDS OF EACH CONSTI’I‘UENT IN THE MANURE.
o - - . YT T i
First...] 36 55 I 46.50 ' 8.50 785 .893 175 3.951 2.68 | .157 116 753 | 8.50
! | ' :

e o || | e
Second! 36 , 61.5 g 52.35 9.15 .818 | .952 .239 4.307 2.80 | 152 121 762 | 9.12
; < | i

LT b f"'_‘} 0 [ ST T -
Third..! 48 | 89.25 :: | 75.08 | 14.16 | 1.274 | 1.394 | .413 6.61 4.41 224 184 | 115 | 1416
I
— s | e e
Totals} 5 days !205'75 ‘ 173.93 i 31.81 | 2.877 | 3.239 J .829 14.87 9.95 534 422 l 2.666 ] 31.78

Ol



SULLY.—SOLID EXCREMENTS.

Description of Samples. ! Composition of Dry Manure per Hundred Pounds.
S o [ _ - . [
| ‘ ! | | | | | ] 3
Time Total , Water | Dry Crude | Ether Nitrogen; Crude Total 'Albumi- True
Period in | Pounds Sam- per | Matter | Ash Ex- | Free ‘ " mal  AlL. mi-! Total
Hours [Manure | ples Cent | pert ! Protein ; tract iExtract ! Fiber Nitrogen Nitrogen' ncids
| ! en | h |
- (RO S il RN DU R e e e -
l \ ] i - w , ‘ 1 :
j A 84,00 ' 16.00 | 9.51 11.13 | 243 | 46.81  380.12 1.78 | 1.31 8.18
First... 36 ‘i 585 : B 84.12 | 15.88 ; 9.33 10.85 | 2.66 46.96 : 30.20 - 1.72  1.37 8.56 100
i ! H .
Nﬁ_—“_i - !‘__ D T T 1 T T [
i i 8481 | 1539 | 840 | 1031 | 290 5026 | 2833 | 1.63 | 1290 8.06
Second] 36 !i 59.25 . B | 84.25 | 1575 | 855 | 10.19 | 3.15 | 5011 ! 28.00 1.65 ' 1.33 831 ° 100
I e e e e e e e e R
! i 84.85 |, 15.15 8.42 9.88 2.44 | 45.71 | 84.55 1.58 1.26 | 7.93
Third 48 ‘ 84.25 i B | 85.89 \‘ 1411 | 859 | 10.26 | 212 | 45.62 | 83.41 I 1.3 130 | 8.18% 100
: | i | ' =
POUNDS OF EACH CONSTITUENT IN THE MANURE.
T - T T | ! oo
Fii’fst...i ‘36 ! 58.5 . i 49.18 9.32 . .864 i .985 1 237 4.39 2.82 | .163 i 125 781 9.31
| ; . I i !
e e e | 1
Secondli 36 ‘ 59.25 & 50.08 9.17 778 940 . .278 4.60 2,67 154 ' 120 752 9.17
e £ o e T . - i
Third..! 48 84.25 ; 71.95 12.50 1.05 1.248 .280 5.60 +.15 197 1568 .996 12.32
71_7 - - "'l' - e - - e — —_— -— —
’I‘otals£ 5 days ‘ 202 | 171.25 30.79 2.692 - 3.173 795 14.59 9.54  .514 402 2.529 30.80

1T



From these tables it will be observed that the manure
from each cow was quite constant in composition and quan-
tity, the water again being the most variable constituent.
The average number of pounds of manure made by Sully per
day heing 40.5, by Bess 41.2.  Taking the yield and the
composition of the manure as an index to the condition of
the digestive tract, it appears that all of the functions were
carried on with uniformity, since hoth the yield and the com-
position of the manure were constant.

SUMMARY OF RESULTS.

| | y

R £ bR g %
- E 8% TiL s ¢ yl owgd
Kind of Sample w .8 vl g 5.2 K =5 2] okl
<7 B S5 ER A G RIERE
§2, 04 84 5
i :

BESS.
Total pounds in food........... :
Total pounds in manure.....,;
Pounds digested

! |
7.47'126.6 | 16.71] 4.07| 23.26) 82.63
2,88 28.93| 3.24 .83) 9.95| 14.87
4.59' 97.66| 13.47| 3.24| 13.31| 67.76

Co-eflicient of digestibility..." 75.5 | 61.4 | 77. j 80.6 } 79.6 | 56.9 |82,
SULLY. : ‘ | o |
Total pounds in food........... 8 7.47126.6 | 16.71] 4.07' 23.26| 82.63
Total pounds in manure...... o9, 2.69 281 | 3.17 .80 9.54,14.59
Pounds digested .................. 31, 478 98.5 ; 13.54 3.27, 13.721 68.04
‘ : ‘ — =
Co-efficient of digestibility.. 76.9 | 63.9 ' 77.8 | 81.2 . 80.3 5389 182'3

Two determinations of the digestibility of wheat hran
will be found in another article in this bulletin; in oxe case
wheat hran is found to be more digestible and in another
less digestible than the mixed pea ensilage and bran.  From
these facts it appears that the pea ensilage alone must
he at least as digestible as the hran. The effect of one food
upon the digestibility of another is not well known; shorts
and bran are both more digestible in one grain ration than
in another. The bran fed in these experimentscontained less
liher and ash than ordinary bran, and in this respect resem-
bled more the composition of shorts.  This would tend to
increase the digestibility of the bran. The digestibility of
the bran can not be assumed, and the pea ensilage digestibi-
lity determined by difference, inasmuch as there are two un-
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known factors that tend to inerease the digestibilitv of the
pea ensilage, viz: A different composition from ordinary
bran, and combination with a more digestible food.

Whatever these unknown factors may be the resultsshow
that the pea ensilage alone can not be less digestible than
the results given for the peas and bran, and making due al-
lowance for these two factors, the digestibility of the pea
ensilage is, no doubt, not far from the figures assigned to the
mixture.

The results farther show that when pea ensilage is intro-
duced into the feed of milch cows, it forms thebasis of a very
digestible ration.

Comparing the digestion work of these two cows, it will
be observed that there is a marked uniformity. About one
per cent more of the total organic matter was digested by
Sully than by Bess. With Sully there was a slightly greater
tendency toward the more complete digestion of the nitro-
genous compounds.

Milk Yield.—Complete analvses were made of the milk
from each milking. In the five days Sully gave 98.5 pounds
of milk, and Bess gave 108.7. The total number of pounds
of fat, ash, sugar, casein, and solids, in the milk of each cow
for the five days were:

i Total

| ) | :

‘pounds of Water Solids Ash ! Fat Casein | Sugar
oo milk U S
Sully... 9835 .  83.3 13.2 7.51 | +4.357 3.83 | 4.06
Bess...” 108.7 97.2 11.5 62 3.667 3.30 3.91

I

From the same number of pounds of food Bess gave ten
pounds more milk than Sully; but the 108 pounds of milk
from Bess contained less fat and solids than the 98.5 pounds
given by Sully. Sully’s milk, although ten pounds less, pro-
duced .89 pounds more of fat, which if made into butter
wouid make a difference of over omne pound in five days.
Each cow consumed 134.1 pounds of dry matter in the food
to produce 13.2 and 11.5 pounds respectively ofsolid matter
in the milk.

In the case of Bess 8.58 per cent of the solid matter of the



14

food was returned in the solid matter ofthe milk, while with
Sully 9.85 per cent was returned.  The difference in the
weight of the solid matters digested by the two cows, 1.02
pounds, does not entirely account for the difference in the
solid matter of the milk produced, 1.7 pounds. This ques-
tion will he farther discussed after considering the amount of
the nitrogen of the food retained in the body ofeachcow,and
the gain and loss in live weight.

The composition and uantity of the urineis another im-
portant factor in determining the completeness of the digest-
1ve process, inasmuch as over half of the nitrogen of thefood,
in these experiments, was returned in the urine.

AVERAGE COMPOSITION OF A HUNDRED POUNDS OF URINE.

| | (- |
| Total Lbs, Water. | Solids. | Ash.

|
TotalNitro.
Bess. .o | 115 91.76 | 8.24. | 3.00 1.21
Sully. oo, | 110.5 01.3 | 8.70 | 3.15 1.24
I I i

TOTAL POUNDS IN THE URINE OF EACH COW.

:

115 105.55 ‘ 954 | 345

110.5 100.82 | 963 | 3.45
, < |

1.39.
1.35

Bess....
Sully...

All of the data concerning the total dry matter, ash and
total nitrogen of the food, and the amount of each recovered
in the dung, urine and milk will be found tabulated below:

Dry Matter. Ash, ; Nitrogen.
BESS. ,
Pounds ;Per Cent| Pounds Per Centl: Pounds |Per Cent
1
S = | |
In food....ooviiiiiiinin 134.1 ' 747 2.66 |iiiiiinnia
In dung. .| 318.1 i 23.7 2.88 38.5 | 53 20.
In milk.. . 1135, 8.50 .62 8.00 .51 19.1
In TriNe. o ieiiieiiraniirees a4. 5 ; 7.04 3.56 47 | 1.39 52.25
Totals Returned....| £52.76 I 39.4 6.95 93. | 243 | 91.3
N PR S ‘
Dry Matter. ; Aslh. Nitrogen.
SULLY. !
~ Pounds !Per Cent, Pounds 'Per Cent' Pounds ‘Per Cent
. - 1 [— :
In food . 1 DFAT | 2,66 e -
In dung. ... 8079 23 | 269 | 36. I .82 19.5
In milk.. .13.2 9.85 77 1. . .65 24.4
In urine......c.oveeeveniiiienns 9.63 7.18 J‘ 3.45 L 46. ., 1.85 50.7

Totals Returned.... 53.62 40.  6.90 , 923 | 252 | 947
: |
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Bess returned 39.4 per cent of the total dry matter of
the food; Sully returned 40 per cent in the dung the milk and
the urine. The question naturally arises, What becomes of
the remaining 60 per cent of the total dry matter of the
food, since it is not returned in the dung, urine or milk? It
must be remembered that there is another means of escape of
the food that has not as vet heen considered, namely: the
losses by respiration and through the pores of theskin. The
food during digestion undergoes a series ofchemical changes,
the body is supplied with heat, and this heat is the result of
the burning of some of the food. When food is burned either
within the body or outside it is reduced to gaseous products
and is no longer solid matter.

The percent of nitrogen returned by each cow was some-
what less than the amount in the food. Sully returned
nearly 95 per cent, while Bess returned a little over 91 per
cent, indicating that noune of the vital functions had been
carried on at the expense of the muscles of the body without
due compensation from the protein of the food. Nearly the
same per cent of ash was returned by each cow.

Had the pea ensilage heen less digestible, a larger daily
quantity of food would have been required to furnish these
amounts of digestible compounds, and more undigestible ni-
trogen would have been returned in the dung.

In this case the percentage of nitrogen returned in the
dung would have heen correspondingly greater. Hence the
per cent of the nitrogen of the food, returned in the dung,
urine and milk for one food does not, and cannot he applied
to another food, since the foods may have both a different
chemical composition and different co-efficients of digestibility.

The gain and loss in weight of the cows was within nar-
row limits, and was materially influenced hy the amount of
water consumed; the variations in live weights cannot he
taken alone as actual indications of gain or loss in flesh, due
to the pea ensilage and wheat nran, hecause the variations
in live weight are small compared with the daily amounts of
water consumed, which in turn are unequal for the two
cows. The amount of water given off by the lungs and also
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the amount formed by the combustion of the food are un-
known factors, and no accurate estimates of these amounts
canbelormed. Abouteighty-two poundsof dry matter were
burned up in the body of each cow, equivalent to a little
over sixteen pounds per day.

The total weight of the two cows at the close of the ex-
periment was seventeen pounds less than at the beginning.
Bess gained ten pounds and Sullv lost twenty-seven. Bess
consumed twenty-eight pounds more water than Sully, and
also returned sixteen pounds more in the dung, urine and .
milk, as the following table will show:

| _BEss, SULLY.
— e ‘_,_Fc}““ds; _ Pounds.
In drink 308 280
) GV {0+ T4 DU PP PO ORI - 96 96
TOLAL «oveeveees st seeeseres s sestasossns onss) 404 | 376
WATER RETURNED.
T e I BEss. SULLY.
_ _ U _ ____ i Pounds, ' Pounds.
T10 TITET1C et e et et e v et ettt s et e s e e et e e aae e b e trrnaenan | 105.5 ! 100.8
Tn miik.. s 92.7 . 84.3
LS £ T o g 174. i 171.
| 372. 356.
o
NOt 1eturned. .o l 32 20

The amount of water in the dung, urine and milk of Bess
amounted to 372 pounds, thirty-two pounds less than the
amount that she consumed, equivalent tosix pounds per day
in addition to that formed by the combustion of the food to
be disposed of by the lungs and pores of the skin, With Sully
twenty pounds more of water was consumed than returned.
Bess returned sixteen pounds more water than Sully, or a
difference of twelve pounds more than the difference between
the amounts consumed and returned hy Sullv. Hence the
loss of weight of Sully is not a loss in flesh. This is shown
more conclusively in the nitrogen return of the food already
referred to.

From the same number of pounds offood, Bess gained ten
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pounds on live weight and retained nearly three per cent.
more nitrogen in her hody than Sully. Sully made no gain
in live weight, digested one per cent more of solid matter of
the food and returned over one per cent more solid matter in
the milk, which made a return of over one pound of butter in
five days. Taking these facts into consideration it is plain
to he seen why Sully made a better milk rerurn than Bess
when each consumed the same number of pounds of food.

The more complete digestive work of Sully; with no ten-
dency to gain in flesh or retain the nitrogen ot the food, gave
. better milk returns than the less complete digestive work
of Bess with a tendency to gain in weight and to retain more
of the nitrogen of the food.

In feeding, any one of these factors taken alome would
usually be considered too smell to he of any account, and
within the limits of error; hut these are the factors when
working togetherthat go far towards making dairying succes-
ful or unsuccessful, since they are the results of the mechani-
cal workings of a good dairy cow compared with a poorer
one that consumed the same quantity of food, hut produced
one-fifth of a pound less of butter per day.

THE MANURIAL VALUE OF PEA ENSILAGE.

Another important factor in considering the value of any
cattle food is the composition and value of the manure re-
turned. The elements, the compounds of which give a man-
ure its commercial value are nitrogen, phosphoric acid and
potash, since these are usually the important materials that
are found in the least abundance in the soil. In commercial
fertilizers, nitrogen in its most available forms 1s valued at
17 cents per pound, phosphoric acid at about seven cents
and potash at about four cents. Faim manures contain
these same elements in forms equally as valuable, and an
analysis of the dung and urine of any animal, fed on any
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food, shows the number of pounds of these compounds con-
tained in a hundred pounds of the manure. Multipiving the
pounds per hundred of nitrogen, phosphoric acid and potash
by twenty will give the number of pounds of each per ton.
The price of each element per pound being known the value
per ton can then easily be determined. An analysis of the
dung and urine of each cow showed the average percentages,
or pounds per hundred, of nitrogen, phosphoric acid and po-
tash to be:

| Nitrogen.  PhosphoricAcid. |~ Potash.
Duang.. .26 44
.06

T rine

Value. ; 7 ‘7

o o i \f'ah{ei -
Nitrogen. $ R84 Nitrogen i 24.1 $3.497
’hos. Acid...... . 616 :Phos. Acid a2 084
Potash........... < 254 (Potash..... K 21.8 872

- ] ——
Value per ton. o, : $1.754 j $4.453

$ .049

Value per day of dung.. ‘Value per day of urine,.

Value per day of mixed dung and urine,.
“ " ton " o “ "

This ismuch higher than manure is usually rated by far-
mers of thestate, and in many cases is morethanit would he
worth to them; however, it represents what these same ele-
nients would cost if purchased in the form of commercial fer-
tilizers. From these figures it will be seen that the nitrogen
is by far the most expensive element in the manure. Of the
total nitrogen in the food, ahout twenty per cent was re-
turned In the dung, from twenty to twenty-five per cent in
the milk, and over fifty per cent in the urine.  Nearlv all of
the phosphoric acid was returned in the dung.

The results show that the urine is of greater commercial
value than the dung, since half of the nitrogen of the food
was returned in the urine, and only a fifth in the dung. The
nitrogen in the urine is soluble and more available as plant
food, while the nitrogen in the dung is largely insoluble, as
the determinations of albuminoid nitrogenshow. The value
of the manure depends mainly upon the nitrogen, and this is
contained largely in the urine.
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Care should he taken to lose as little of the urine as pos-
sible. This can be done by closing up the leaks in the stable
floor, maintaining well constructed gutters, and the liberal
use of straw and other absorbents.

In conclusion, the important points briefly stated in re-
gard to ensilaged peas and wheat hran as a cattle food, are;

1. Peas furnish a food rich in nitrogenous compounds,
of which the dry matter coutains about twelve per cent,
which is about twice the amount in ordinary ensilaged crops.

2. In every hundred pounds of the dry matter, seventy-
_six pounds were digested, and all of the constituents, except
the ash and fiber, were nearly equally and evenly digestible.

3. The pea ensilage and bran alonetook theplace ofcorn
ensilage, hay and a mixed grain ration, saving the more ex-
pensive barley and oil meal, and giving the same milk and
butter vield.

4. The cowthatgave the better returns in miltk andhut-
ter from the same weight of food digested one per cent more
of solid matter and retained three per cent less nitrogen than
the one that gave a fifth of a pound less butter per day.

5. Nearly ninety-five per cent of the nitrogen of the food
was returned in some form; about one-half was returned in
the urine, one-fifth in the dung, and from one-fifth to one-
fourth in the milk.

6. About eighty- two per cent of the original fertilizer
materials in the food was returned in the dung and urine.

7. TFinally, pea ensilageis a valuable cattle food, rich in
nitrogen, largely digestible, and returns a valuable manure
to the soil.

The storing of peas in the silo as described in this article
may be unfamiliar to many and appear to be out of thereach
of the ordinary farmer, but this is not so. A silo likethe one
in which these peas were stored can be made by any farmer
at no great expense, and anyone who is desirous of securing
one more valuable cattle food, should give peas, either field
cured or ensilaged, a trial.



II. BARLEY AND SHORTS.

Digestibility and Manurial Value.

For this experiment a Poland-China-Duroc-Jersey bar-
row weighing about 250 pounds was used. The experiment
was carried on in May at medium temperature. The pig.
was of a quiet disposition, and did not seem to be disturbed
by the close confinement. The daily ration fed consisted of
9 5.7 pounds of a mixture of one-half barley and one-half
shorts by weight. The percentage composition of each was,

’ Water | Dry | Ash | Etiter | Crude | Crude [Nitrogen

. _ | Matter | | Extract | Protein | Fiber {Free Ex.
L1178 | 8822 | 232 | 27%0 1157 | 6.00 | 65.63
.| 10312 | 8988 | 270 | 490 | 1375 | 8.35 | 60.09

After the preliminary feeding the dung and urine were
collected; the pounds of ash, fiber and protein, in the thirty-
four pounds of each of the feeds consumed, and the totals,are
given in the following table.

| Water | Dry | Ash "Ether | Crude | Cruade Nitrogen
o l \Iqttm | ) Extract | Protein | Fiber |Free Ex.
Barley | 74.005 | 30,00 | 789 | 918 | 3.935 | 2.04 | 22.24
Shorts.........| 3.443 | 30. 'i“) | 949 | 1.666 |_ 4.6 15 | 2.84 ’ 20.4;3_
_Total....I 73148 |" 6055 | 1738 | 2584 [ 8610 | 488 42.67

The experiment was divided into two periods of
three and four days each. During the first period nearly 25
pounds of manure was made, or an average of eight pounds
per day, which contained 1.91 pounds of dry matter; during
the second period 31 pounds were made or an average of
about eight pounds per day, which contained about two
pounds of dry matter.
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AVERAGE COMPOSITION OF DRY MANURE IN POUXNDS PER 100.

. ’ | 7 Dry | o Ether o Crude 1Nitr6§én) Crude [True Ai-
Period..| Water | Matter | Ash | Extract| Protein [Free Ex.| Fiber |[bhum’'ids
First...| 64 | 14.54 | 8.80 ] 16.22 | 4272 2262 0 12.50
§econd.] 74.50 | 25.50 , 10.22 | 4082 | 1472 ] 45.62 | 2402 | 11.88

The variations in the composition of the manure for the
two periods are greater than in the experiment with pea en-
silage and wheat bran. The differences in composition of
the manure for the two periods when calculated to the num-
ber of pounds offiber, protein, etc., made per day, are partly
balanced by differences in dry matter, and the total weight
.of the manure for each period. All of the important data of
this experiment will be found in the following table:

SUMMARY OF DIGESTION RESULTS.

|

i
|
i
i

" ) : +# ; = 4 L =

i IR . ! 5ot =

mE . ' E 5 B|¥ 525 Ay 73

[ < 8 D8 W 1 0‘ = A TP v o

SE R EE R ElEElEi osEY g

— 2 . i = =

N ¢ = @Y ElY R ETa £

- > s S T B _ -
. [ ‘ : [ | i !

“Total pounds in food..... | 60.5511.738 !158.812. 2,584 8.61 4.88, 42.67 7.65

“Total pounds in manure T.AD

} 13.56; 1.632!11.822 .5961‘ 1.92! 3.22 6.01: 1
' i .
“Total pounds digested...! 46.99‘ .106 +6.984 .199, 669 1.66 36.66
Co-efficient of digestibili-! | ' . A
ty of shorts and barley| 77.61! .600 7.970 7.805 7.77 3401 : 85.92 77.12
{ i | |

e
o
<

The co-efficient of digestibility for the crude protein, if
not corrected for the biliary nitrogen would be 75.8,showing
that the biliary matters, as ordinarily determined, affected
the results to the extent of about two per cent.

Twenty-eight pounds of urine was made during the seven
days. The average composition showed that the urine con-
tained 5.60 per cent solids, .38 per cent ash and 2.05 per
cent nitrogen. In the 28 pounds of the urinethere were about
26.2 pounds of water, .11 pounds of ash, and .57 pounds of
nitrogen.

The pounds of nitrogen and ash in the food and the
pounds recovered in the dung and urine were:



ASH. NITROGEN,
In food..... cooviiininnin 1.739 1.37
In the dung .32
In the urine 57

The sum of the ash and nitrogen in the dung and urine,
when taken from the number of pounds in the food leaves the
amount retained in the body which is .48 of a pound for the
nitrogen, and no appreciable amount for the ash. During
the same period the.pig consumed 111 pounds of water, of
which 69 pounds passed in the dung and urine and 42 pounds
were either in part retained in the body or given oft through
the pores of the skin and by respiration. At the beginning
of the experiment the pig weighed 254 pounds, and at the
close 273 pouuds, the daily weighings showing an average
cain of over 2 pounds. A large proportion of this gain was
a gain in flesh, since over 65 per cent of the nitrogen of the
food was retained in the hody.

An average of eight pounds of manure and four pounds

of urine were made per day; a fertilizer analysis of the fresh
mannre and the urine showed the following percentage com-

position:

URINE
Nitrogeu. oo 2.05%
PPhosphori LooLTe2r .06
Potash ... .32 044

If these constituents of the dung and urine were purchased
in eastern markets in the form of commercial fertilizers,based
upon analysis, the dung would be valued at $3.30 per ton
and the urine $7.31 per ton. The value of the dung made
in one day would be worth $.012 and of the urine $.016.
The mixed urine and dung together would be worth nearly
three cents per day. The analysis shows that the urine is of
greater money value than the dung, since over 40 per cent of
the nitrogen of the food was returned in the urine, while:
about 25 per cent was returned in the dung.



III. BARLEY.

Digestibility and Manurial Value.

After determining the digestibility of barley and shorts,
this same pig was gradually changed from barley and shorts
to a ration of pure barley, and the digestibility of the barley
separately determined. In this experiment the dung and
urine were collected for six davs; during this time, as well
as during the preliminary feeding period, 6 pounds of barley
was fed per day. The barley was taken from the same lot
-as that used in the harley and shorts mixture, but was not
fed in such liberal quantities. The variations in the compo-
-sition of the manure from each period were slight. A little
over 24 pounds of manure was made, or an average of four
pounds per day. All of the important datalin connection

with this experiment will be found reported in the followfng
table:

SUMMARY OF RESULTS.

A R : | ] " | ”

E IR T AL T IR -

= ] S S 223 oo —='D i = 2

Kind of Sample | B9 5%% 5-7 | EQE g:g ! IR

P2 12T eg2 500 g«si“ FER

T O < IR TRt sTR1

| £ g | E | 2

i ! | | | | i

In 36 pounds barley...... 31.36 8334, 30.42 972 4165 L 405
In MANULE..ueeiennarnraannnn, G.80 e .79 6.01  .318 779 . 765
A}’nountdigested....,... . 24.56 045 | 24,40 554 3.386 85.285
Digestion Co-efficient..... K015 5.39 | 80.25 654 81.42 81,

At the beginning of the experiment the pig weighed 271
pounds and at the close 274, the six pounds of harlev per day
being just about sufficient to maintain the live weight. The
pig consumed 52 pounds of water, and voided 36 pounds in
the dung and urine. The food contained 0.666 pounds of
nitrogen; .123 pounds were retained in the dung, and 51
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pounds in the urine, making a total recovery of 94.2 percent
of the nitrogen of the food.

The average fertilizer analysis of the dung and urine
showed the following percentage compositions.

DUNG. URINE
NIitrogen.....coovveiiiiiivnivenarnninieninnin AZINItrogen....o.ooovviivemrneiinries vereenennns . 2.05
Phosphoric acid.. . .70{Phosphoric acid.. . .16
Potash............. . .62/ Potash............. . .10
Value per ton .$ 3.07|Value per ton. .$ 7.30
Value per day.ooevviiicnviiiiiisninninn .006(Value per day.......cooiinniinininns covveee .0108

Total Value per day,....ccoccovveiveiianinne $ .017




IV, CORN AND SHORTS.

Digestibility and Manurial Value.

The barrow selected for this experiment, a Yorkshire-
Berkshire-Duroc Jersey, was of a more contrary disposition
than the one used in the experiment with harley, and barley
and shorts. The preliminary feeding showed that about
half the food offered was refused. This necessitated the teed-
ing of an amount of food equivalent to about half that
consumed in the barley and shorts experiment. The daily
ration of a little over five pounds was just sutficient to even-
ly maintain the weight of the animal. The food consisted of
a mixture of equal parts of corn and shorts. having the tol-
lowing percentage composition:

1 Water Ash Ether Crude Crude Nitrogen

Extract Protein Fiber Free Extr't
- R - -
11.73 1.46 | 3.88 11.25 . 69 .40
10.12 2.78 4.90 13.75 | L G0LOY

Shorts. ...... Y

The experiment was carried on forseven days and during
that time eighteen pounds of each were fed.

POUNDS OF EACH CONSTITUENT CONSUMED.

Ether Crude | Crude Nitrogen True Al-
! Extract Protein | Fiber Free Ex. buminoid

Water Ash %
i i
|
|
[

N
|

| !

[
262 6984 | 2.0304| 1249 | 4106 I
501 872 | 2475 | 10.516 ] 1.506 |
775 | 157 { +£505 {

23306 | 1.916 |

The experiment was divided into two periods, but the
dung from each period was uniform in composition, and the
average of all the analyses showed the composition to be:



Water Ash Ether Crude NitrogenFree Crude
Extract Protein | Extract | Fiber
[ - | T
70.92 1479 4.00 1| 15.62 45.59 | 20.00
|

Dﬁﬁng the experiment seventeen pounds of dung was
evacuated and the seventeen pounds were composed of the
following number of pounds of each constituent:

! ; [ I I [
Water | Dry Ash . Ether Crude Nitrogen| Crude | True Al-
, Matter . Extract . Protein | Free Ex. Fiber |bumin'ds
— —
| |
12.05 ' 4.95 73.28 .198 | 795 2.25 ! .99 .683
! I B

And when these undigested portions are taken from the
amounts in the food, the amounts digested are obtained,
from which the digestion co-efficients of the corn and shorts
are found to be:

| |
Dry Ash I Organic . Ether Crude Crude Nitrogcn“ True Al-
Matter ‘ Matter Extract | Protein Fiber Free Ex. lbpmin’ds
o . i e t I
T o T l |
84.2 4.15 ] 86.5 1] 87.3 82.35 | 48.3 | 90.3 83.31
| | !

The barrow drank 51 pounds of water, and gave off in
the dung and urine 30 pounds, leaving 21 pounds to be dis-
posed of through the lungs, pores of the skin, or retained in
the body. At the bheginning pig weighed 236
pounds and at the close 235 pounds, daily weighing
fluctuating about 2 pounds. The nitrogen in the urine
amounted to .528 pounds, in the dung .135 pounds, making
a total of .663 pounds, while the amountin thefood was .658

pounds. The total recovery of the nitrogen was therefore a
little over 100 per cent. All of the daily tood consuined, 5%
pounds, was used up in supporting the machinery of the ani-
mal, leaving none of the food to allow for any material gain

in flesh.

A fertilizer analysis of the fresh dung and urine showed
them to have the following percentagecomposition:

DUNG. URINE.
Nitrogen...oo.. oo coooiviiiiiiiiiniiinnn, .80 Nitrogen...ooocccoviiiiiiciionninn e, 2.66
Phosphoric acid. . 1.20 Phosphoric acid . 20
Potash......c.occuennien . .65 Potash............... .15
Value per ton. $5.16 Value per ton.. ..$ 9456
Value per day...... ..... .. 006 Value per day...cccocvvinvinnnnns .0120

~_ Total value per ARV, eoveriiriniriicanienas $.018




V. CORN.

Digestibility and Manurial Value.

A few weeks later the barrow that had been used in the
corn and shorts experiments was - changed to a ration of
corn. By this time the animal had recovered {rom his
previous contrary indisposition to digestion experiments,and
was willing to eat a comparatively larger amount of
corn than of corn and shorts. Some of the same corn was
used as in the previous experiment. Forty-five pounds of
feed were consumed and 12% pounds of dungreturned in one
week. As usual the experiment was divided into two peri-
ods, the composition of the manure from each period was
quite uniform, and so only the average results are recorded.

CO’\IPOSITIO\ OF DRY M. \\UF‘

[
Crude | Crude
|

| i | | '
Water Dry | Ash | Ether | | Nitrogen
Matter | | Extract | Protein Fiber - ) Free Ex.
| | | | __ .
R [ | | T T
67.88 | 32,12 : 16.36 } 10.05 | 12,81 | 1283 1 47.05

The number of pounds of each of these compounds in the
food and in the manure are given in the following table, to-
gether with the percentage of each digested:

SUMMARY OF RESULTS—CORN DIGESTIBILIT

Bl Lol -
] £ ] :‘:'; ) | 5 v, 0 2 z =z
-T2 © V- R T =
. « o P wos N0 Q
Kind of Samples | 535 EOE 559 ESE TED " =
Q Ot U S i A RS =
R om|ASELA T A ga g
i Al &l PR | =
In forty-five pounds o : ! t :
[oT=3's - U OUN 39.721% 39.07| .657!1.746,5.062 1.027 31.23 4,633
In 12% pounds manure.; 4.02 | 8.87) .657} .40 ] b1 B2 1,927 465
1 ‘ K
Pounds digested............ 35.07 | 35.70! ......... 1.35 ! 1 4.55 | .507.20 %()‘3! 4.17
Co-efficient of digestibi- i 1 ;
LT overrricnerseseesonaeeenes 89.7 | 91.3 | 77.6 ! 89.9 1 48.7 . 92.91] w9
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The most important point of these retults is that none of
the ash of the corn was digested, and the amount lost in the
urine was entirely at the expense of that already stored in
the hody.

The urine contained 2.05 per cent nitrogen and had a
specific gravity of 1.0305, about the same as that of milk.
The urine for the seven days contained .520 pounds of nitro-
gen while the dung contained .10 pound; the nitrogen in the
food, .8 pound, exceeded that in the dung and urine by .18
pounds, showing that 22 per cent of the nitrogen of the food
was retained in the body. At the beginning of the experi-
ment the pig weighed 247 pounds; and at the close 255. The
pig consumed in all 48 pounds of water, and voided in the
dung and urine about 28 pounds.

The fertilizer analvsis of the dung and urine showed
the following composition:

URINE.

Nitrogen .82 2.05
Phosphoric aci .89 .29
Potash............. .70 | Potash..........., 21
Value per t $ 3.76 Value per t $ 7.59
Value per day.. ..0033 Value per day. .o L0095

Total value per day, ......ccoviiiniivininiiniiiiiecionian, $.0128




VI. DIGESTIBILITY OF SHORTS.

In the experiments reported in this bulletin, the digesti-
bilities of barley and shorts and of barley, were separately
determined upon the same animal. From thedata furnished
by these two experiments, the digestibility of the shorts may
be ohtained by the usual method of difference. The digesti-
bilities of corn and shorts, and of corn were also separately
determined upon another animal, thus furnishing entirely
different data for another determinrtion of the digestibility
of shorts in the same way.

Before considering these results it is necessary to review
briefly the conditions: In the experiments with barlev
and shorts, the pig was fed a very liberal ration of necarly
ten pounds per dav, and made rapid gains in weight; when
barley alone was fed the ration was cut down to
six pounds per day, and the pig made no ap-
preciable gain. In the experiments with corn and shorts,
a ration of 5% pounds per day made no gain,
while with six pounds of corn per dayv a noticeable gain re-
sulted. With each set of experiments it will be observed that
the conditions were intentionally varied; furthermore the
pigs used for these experiments were of different breeds, of
different dispositions, and of slightlv different weights.
Breed, live weight, individual characteristics, combinations
of the shorts with other grains, and the quantity of the food
fed are all factors so entirely different throughout, that the
results obtained, for the digestibility of shorts, when com-
pared, are under the most severe tests to which they could
be subjected.

The results are as follows:
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|

SHORTS—DIGESTIBILITY BY DIFFERENCE BETWEEN.

—- —— ? | :’12
[ ! [ | n &
CF | i (o 9} d
CEg oy 3E 9
| #4 . % | g2 [ =3 ~R
| =" ! 1 g0 | ne ; g
. . L l S I
] |
Barley and Shorts and Barley........oooveiienieea.. 74 6.6 71 25 ‘ 85.5
Corn and Shorts and Corn - 79 4.1 i 76 48 88.
|

.Except the fiber, the most extreme difference is five per
cent for the dry matter and the protein, showingthat the di
gestibility of the shorts was increased, when fed in combina-
tion with a more digestible grain, and under more favorable

conditions.

Outline—In the previous experiments with pigs the ani-
mals weighed on the average about 250 pounds. In the fol-
lowing experiments, growing pigs of about 150 pounds were
used. The digestion work as here reported canbe divided at
this point. The object of this division will appear when the
disposition of the food is discussed. In the following work
the digestibilities of corn and bran, peas and bran, and peas,
are given; this furnishes data for two determinations of
bran. All of the experiments were divided intotwo and three
periods each, and the results given are the averages of all of
the analyses made, which in no case was less than six.



VII. CORN AND BRAN.—Digestibility.

SUM\IARY OF RESULTS

~
1

| g | -
| o’ o g E
1|y 4 G 3
Sol » |EHlE T gI28 2.5
23| 2 2518 518 &1F & -
3 B R|R 81F o0 & g °
| ! E
Total pounds in 29| I N e \
pounds food............. j 25.59 | 1.15 | 24.44] 1.34 | 3.84 1.07 | 17.29] 3.53
Total pounds in dung..... 7.2%8| .864 6.30\I 40 .83 1.86 | B8.76] .77
| | |
Total pounds digested...| 18.36 | .28 18.08] .95 3.00 GO 18520 278
! ' |
|
R

i
Digestion Co-efficients...] 71.7 { 246 | 73.9 | 0.1 | 78.3 | 30.6 | 78.2 | 78.1
| | |

I N i

The food consumed consisted of amixture ofonehallcorn
(ground) and one half bran; 29 pounds of this mixture was
fed for one week, and 24 pounds of dung was returned in
the same time. The pig consumed 56 pounds of water and
voided 29 pounds in the dung and urine. The totalnitrogen
in the urine amounted to .22 pounds,in the dnng .14 pounds.
There was .61 pounds of total nitrogen in the food. The
pig weighed 141 pounds at the heginning of the experiment,
and 150 at the close. The mixed bran and corn and the
manure returned had the following compositions; theresults
for the manure are calculated to dry substance; the results
on the bran and corn are for the mmtme as fed:

‘ Water

t
* The aver age fertilizer anal\ sis for the dung and urine
gave the following results in percentages:

COMPOSITION AS VOIDED.

| i N |
i Ash Ether Ext.] Protein | Tiher |N. X ree Ex.
| I I o
i | | |
Bran and Corn{ 11.76 3.97 4.60 1 13.25 G.80 ! 50.62
540 | 11.56 180 1 52
| 1

Manure........... z 69.87 | 12.00

|
b
Nitrogen 57 Nitrogen....ooovevenvvrniiiiiiiiiiiinen, 1.57
Phosphoric acid. 1.70 Phosphoric acid. . .52
Potash............... 70 Potash............... .20
Value per day. | Value per day. .$.006
Value per ton | Value per ton ...l 6.22




VIII. PEAS AND BRAN.—Digestibility.

SUMMARY OF RESULTS.

(=
ol o Zls
2 5 = Alx @R 0lm Ol egE|5, 4
» » I o ot Q In] - - H-,‘ ~ jodih
o3 " o sl d =18 219 gl agsl5ad
g = |g 818 Sle 19 2(3°n[2"'56
" 6] e = & 33
Total pounds in 31 | ; |
Ibs. of bran and peas...{ 87.70 | 1.38] 26,22 .9138{ 5.71 2.65(16.92| 549
Pounds in manure......... 5.80 | .92, 4.87 .232 .98 1.12| 2.53 | 77
Pounds digested............ 21.90 46 ”1.33 681 4.73 1.54|14.39 | 4.72
| !
Digestion Co-eflicients... 79. | 33.5 81.83 | 74.5 827 | 57.6 85 85
| o N

The food consumed con51sted of a mixture of ground
peas and bran, half and half by weight; 31 pounds of this
mixture was consumed in seven days; 26 pounds of
urine and 37.45 pounds of dung were returned in the same
time; 69 pounds of water was consumed and 55 pounds
voided in the dung and urine. The food contained .91 pounds
of nitrogen, the dung .15 pounds, urine .40 pounds. Thepig
weighed 135 pounds at the beginning and 138 at the close.

The composition of the peas and bran as fed, and of the
dry dung are as follows:

r ] |
Ash lFtherEx.x Fiber | Protein | N, Free [Album’ds
- ' . ,_ L ‘ — e
3.06 .85 7.46 21.69 55.04 20,62
5.956 f 5.05 10.25 16.18 | 54.17 14.81
15.99 ‘ 4.00 | 19.40 17,00 +£3.7 14.07
|

The fertilizer compounds were present in the fresh dung
and urine in the following percentages

Value per ton........o.cceuvnees v 3.20 Value per ton

DUNG. l URINE
t _ -
|
Nitrogen.....ocvevivviviiniviinniriiines cone 44 Nitrogen........... 1.54
Phosphoric acid .94 Phosphoric ac .35
Potash.....c..eu.... 50 Potash.............. .10
Value per day $.0075 { Value per day .01




IX. PEAS.—Digestibility.

SUMMARY OF RESULTS.

|
t
|
|
i
i
!
|
i
i
i
)

Digestion Co-efficients.... 89.8

i |
| I L O| ! | =
1B ol . (BRI e Telngld
| & X1 & a8l Q’ Q 318 21 jog
| & < = 5 ele alc 213 2'¢
| " | IR <A , B | &
| ! | o (-
! ! ’
In 24 pounds of peas..... 21.15 l 734 20.42 204 5.20 1.79 13.209 4.935
In dung, pounds...... 2,16} 438 1,72 104 .59 3.96 628 AR
Digestible, pounds......... 18,49 | .296 18.69 .100] 4.61 1.3912.56 4.46
|

40.3 91.5 (50) | 88.6 | 77.9 9353.08 90.

In this experiment the dung and urine were collected for
only four and a half days. At the beginning of the experi-
ment the pig weighed 152 pounds and at the close 15115,
The confinement to a pea diet finally resulted in producing a
diarrhcea. At this point the experiment was stopped.



X. BRAN.—Digestibility.

From the experiments on the digestibility of corn and
bran, peas and bran, and peas, all of the data that are neces-
sary are given for two determinations of the bran, one in
.combination with corn and the other with peas. When fed
with corn the dry matter of the bran was only 53 per cent
digestible, with peas 77 per cent.

This difference is too great to he overlooked, and would
indicate, as in the case with shorts, that the per cent digest-
ed is materially influenced by two factors, viz: Combination
in which it is fed, and peculiarities of the animal to which it
is fed.

In reviewing the factors given by different investigators
on the digestibility of bran, results will be found that vary
as much as the ones here given. One factor that always.
tends to make a disagreement for bran co-efficients, is the
variations in the composition of the samples of bran, due
to the differences in the completeness of the milling process.
and the character of the wheat.

The digestion results that are obtained froma bran from
which everything is removed that possibly can be, are not
applicable to a bran in which variable quantities of the in-
terior of the grain are left. A chemical analysis of these two
kinds of bran, alone, cannot be taken as a safe guide in de-
termining this point, and to apply digestion co-eflicients to
such brans would be even more impossible. Inthe following
table are given the results of analyses of samples of bran
and shorts, from different grades of wheat in which the mil-
ling process was not as complete as for the bran and shorts
used in these experiments. The low per cent of the protein
in some of these samples is due entirely to the incomplete re-
moval of the starch in the flour. These samples are usually
considered of more value as feed, on account of theflour that
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has not been removed, and if digestion co-efficients were ap-
plied to such samples theresults would be far from the true
value.

WHEAT BRAN——(,OMPOSITION OF UI\I: HUNDRL POUNDS.

-

Pode e | e zle Iz
o T = c -
2! (T w|folgolf.ElE  |faz
Kind of Sample. s | B (5 B2 2 2197318 2FRE
g1 5 |E 82 (8 2[E-% 3 " EpT
5o R A - i
| | ' RO R TR S
1 t
Scotch Fite 10.59 | 6.37! 4.30 ‘13.4.3 ‘
Blue Stem. 10.82| 6.01: 4.60 [15.00 |
110,97 6.78 4,40 :12.81 ‘
10,32 6.13) 5.02 [14.43
10.65| 6.531 5.31'13.75
Scotch Fife hadly bleawd| 10,24 6.12' 5.60 16.12
Scotch Fife frosted......... 10.40) 548 4.12'13.89 ! 5
Scotch Fifebadlvfrosted 10.33 | 5.82 4.03 15.62 115.00
) i

SHORTS—COMPOSITION OF ONE HUNDRED POUNDS.

4.00 11.62

Scoteh Fife........ooocooinie, 10.12 ° 4.30: 631,
Blue Stem. . 1040 3.80j 3.756 14.25 . 56
Ladoga.. ©9.21] 4.40; 3.30.11.25 . 57
Scoteh Fife,o . ..o 10241 2,250 275 12,12 . 611y
Scotch Fife bleached..... 10421 2,400 2.92[10.87 . 60
Sc’ch Fife badly bleached 10.8¢ I 218 2.65:11.62 . 57TLa
Scotch Fife frosted......... 10.62 2.40 2.50'10.06 . 581y
Scotch Fifebadlyfrosted 10.34 | 3.25. 2.95 12.08 58
i |
SUMMARY OF DIGESTION CO-EFFICIENTS.
_ __ gy _ _l ‘ - ; : — ) S __,-,
Kind | Dry : Ash Ether | Crude Crude Nitrogen Albumi-
of Gram, | Matter Extract; Protein | Fiber Free noids
| i o |'7m o Extract;
! ! ! | !
Corn and Shorts. 8+.2 | 4.15 . 87.3 82.4 | 483 | 0.3 S1.3
! | : |
Corn..evniiiniivennns 89T 77.6 89.9 48.7 93.9 fadsl
Shorts........coeeiaus 79 4.15 e 76 ‘ 48 SR e
i i i
Barley andShorts 77.6 6.09 78.9 7.7 0 3¢ 85,9 7741
Barley....cocoovevenns ; 80.1 5.39 : 67.3 | 814 | 48.7 86.6 &1
! , |
SHOrts...ovevieeenn 74 8.63 { 71 | 25 85.5  ecerrrrenns
: I .
Corn and Bran... 71.7 24.6 | 70.1 | 78.3 , 80.6 78.2 781
Braf....oos o, DSBS et : 65.4 | 75.8 26.9 7
Peas and Bran 79 33.5 ' 74.5 82.7 57.6 85 85
Peas ... 89.8 | 40 v | 88,6 77.9 95 90
Bram........ ccoooo. | 77.3 i 301 | 781 } 744 | 301 75 75.8
' " . .
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In order to form some idea of the comparative value of
these grains it is necessary to take into consideration the
chemical composition as well as the digestibility.  The
chemical analyses show how many pounds of ash, fiber and
protein there are in a hundred pounds of the grain or fodder.
The digestibility is simply the amount fthat is digestible.
The corn, for example, was found to be composed of 11.25
per cent of protein or 11.25 pounds of protein in every hun-
dred pounds of the corn. This protein was found to be 89.9
per cent digestible, and in 11.25 pounds of protein there are
11.25 times .899 or 10.11 pounds of digestible protein in ev-
ery hundred pounds of the corn. In like manner the pounds
of digestible organic matter, fiber and other compounds are
calculated.

In the following table the percentage composition of
each grain is given, and then the number of pounds of digest-
ible orgauic matter, fiber and protein in every hundred
pounds of the grain as fed:



Barley&Shorts

Shorts,average

Corn and Bran
Peas and Brﬂﬂi

Peas. ............... .

Dry Matter

[
b
'

Sy
Mo |2
g g R o
B % e
j= &' 58 =)
a o g 2
o q o
88.28 . 79.18
i
. i
#9.08 | 75.00
88.22 | 70.71
89.00 | 69.08
89.88 | 68.76
88.24 | 63.27
89.36 | 70.58
88.10 79.11

Organic Matter

|

e ? g
g g " o
g B a g
=T =" ¢ B
] - o
e 3 g a
s B I =

86.82 79.26
86.89 75.14
85.901l 69.01
86.45 . 68.90
87.09 ..

|

84.27 ! 62.17
84. .54 68.97
84.04 |, T76.85

paipung
asdspunodg !

3.88

4.39

2.70

3.80

4.90

'

1.60

2.95

Iqu3sadiq
spunog

3.01

1.86

paipung
1ad spunog

Ether Extract || Crude Protein

ajqnsadia
spunog

9.42

i

10.00

10.11

10.37

15.38

10.82

[ — ; o
Crude Fiber l N. Free Extract

paipunpy

5.86

7.46

lad spunog 4

a1q13sadia

2,56

2.92

2.44 °

3.09

2,08

4.66

|
|
|

paapuny
‘1adspunod |
|

[=2]
©
'S
[=]

64.73

65.63

63 86

G0.09

59.62

54.50

o6

.04

slqnsasig |

spanog

54
52.
46.62

56.32

46.78

|
|
|
|
|
|
|
!
I
!
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COMPARISON OF THE MANURIAL VALUES.

In the following table the fertilizer value of the food con-
sumed by each animal per day, and thecorresponding values
of the dung and urine are given, together with other impor-
tant data, for a comparison of the manurial values:

| T.g .| o
581289918 Wlageal wgel 2 2
Kind of 288 ZaDd 5228 [08FE | B2 B3 gfE
bAz |TR2 (282228 | pal PEY | gRe
Foad “g 2 RETE FpdLigedt | g2 Y B |dab
8% <392 a8 [S<Eg | €29 5 -
RO IRV -+ ag = T~ "= " -o',
- |7~ | R R B
Barley and Shorts............ 9 5-7 35 .043 .016 012 028 254
Barley...... cooviiciineiiininnas 6 6 .02 .010 .006 016 275
Corn and shorts............... 51-7 o 021 012 .006 .018 235
COrNiniiiniiiiiireiinir e, 6% 22 .016 .010 .003 .013 258
Peas and Bran................. 4. 3-7 28 . .01 007 017 135
Corn and Bran................. 4 1.7 25 ............ .008 006 014 141
| i

The value of the manure returned in one day, it will be
seen, depends upon the quantity and kind of food and the
per cent of nitrogen retained in the body. The dung re-
turned from a hundred pounds ofthe bharley is more valuable
than that returntd from « hundred pounds of the corn. The
addition of shorts to either harley or corn verv noticeably
increased the value of the dung.

Themoney values assigned to the mixed dung and urine
aremuch greater than the actual returns would be to thefar-
mer; and the results in order to conform to his conditions
should be divided at least by three and possibly four, since
ordinarily all the urine is lost, which in these experiments
amounts to over half the value of the dung.. A farther and
additional loss occurs from drainage before the dung is
spread in the fields.



THE NITROGEN IN THE FOOD SUPPLY.

COMPARISON OF RESULTS.

In the following table the important data in connection
with the nitrogen of the food supply, and the amounts re-
turned in the dung and urine, will be found, together with
the amounts retained in the body.

T T - _

'0‘1;‘5 | % [Totallbs of nitrogen per weekin| <8 -

. " - = 0.3

Kind of ag s | ,055-5. - R 1
Bl E: T Rema| $Eef zi:

Food. -} % ' u;,q; s | ; I ) || eFal d - w5 R

Sc | o~ | Food ! Dung | Yrine in | g 5 = -

N T ! ! I body 12975, =
Barley and Shorts| 9 5-7 254 1.37 ! .32 87 48 a5 19
Barley.....cocouennne. 6 271 76 | .14 .58 .04 56, 3

|

Corn and Shorts..| 5 1-7 236 .66 | .14 .53 .00 52 loss1lsa

Cortlcmnnnnnn, . 247 .80 i .10 .52 18 .75 s
f !

It will be seen that when no nitrogen wasretained in the
body there was a slight loss of weight, and when only a
small quantity of nitrogen was retained a slight gain resul-
ted. An increase in weight will be found to be accompanied
by an increase of the nitrogen stored up in the body. With
about half a pound of digestible protein per day in the food,
the pigs fed on barley, and corn and shorts made no appreci-
able gains, but when the digestible protein was increased to
three quarters of a pound per day, and the othercompounds
increased in the same ratio, the pig made a fair gain, and
when the amount was still farther increased to nearly a
pound per day the pig gained nineteen pounds in a week.
From the tabhle it will be seen that a little over half a pound
of nitrogen per week was passed in the urine of each animal,
and this occurred whether the animal was gaining or losing
in weight. The amount of nitrogen carried off in the dung
varied according to the amount of undigestible nitrogen to
be disposed of inthe food. The nitrogen in the urine repre-
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sents nearly all of the digestible nitrogen of the food that
was used in the body for mechanical purposes, while the ni-
trogen in the dung represents mainly the indigestible nitro-
gen of the food.

When the digestible nitrogen in the food was increased
above the amount required to maintain the animal, nearly
all of this increase was stored up in the body.

To the farmer these results mean that for every six and
one-half pounds of barley or corn fed to a pig weighing 250
pounds, about six pounds are used up mechanically, in the
body, and only about half a pound goes to make flesh. The
chief henefits that are derived trom the food, comes from the
small amount that is in excess of that required for mainten-
ance. These figures show how unprofitable it is to deal out
small or unbalanced rations for fattening mature animals
since a certain amount must go for supplying fuel and doing
work,-and nearly all above this amount is made into flesh.
It is economical to feed a liberal ration.
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