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DIGESTION EXPERIMENTS.

PART 1. KAFFIR CORN, MILO MAIZE, AND MOLASSES.
PART 1I. SUGAR, STARCHES, AND PENTOSANS.
PART I11. PLANT FOOD. :

BY G. S. FRAPS, CHEMIST.

These experiments were conducted jointly by the Division of Animal
Husbandry and the Division of Chemistry of the Texas Experiment
Station. The Division of Animal Husbandry was responsible for the
care and feeding of the animals, and the collection of excrement. Pro-
fessor F. R. Marshall and Mr. J. C. Burns, of the Division of Animal
Husbandry, and Cadets Evans and McLeod took part in this work. The
digestion coefficients were published in Bulletin No. 97 in connection
with other work of the Division of Animal Husbandry, which they were
intended to supplement.

The Division of Chemisiry is responsible for the preparation of sam-
ples, the analyses, and the discussion which follows. Mr. N. C. Hamner
is responsible for the work on the sugars, starch, and pentosans; all the
other assistant chemists had some share in the other analyses.

The objects of the work published in this Bulletin are as follows:

First—To secure some information regarding the relative feeding
values of kaffir corn, milo maize, and molasses by means of a determi-
nation of the quantity of these feeds which is digested by steers.

Second—To determine the percentages of sugar, starch, and pentosans
digested by the animals from these feeding stuffs. Work of this kind
gives information as to the value of the constituents of the nitrogen-free
extract of plants,

Third—To determine the proportions of the. phosphoric acid, potash
and nitrogen in the food which are excreted in the solid excrement.
This gives information in regard to the value of the manure secured from
different feeding stuffs.
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PART I.

DIGESTIBILITY OF KAFFIR CORN, MILO MAIZE, AND
MOLASSES.

The object of a digestion experiment is to ascertain by actual tests
upon animals, the proportions of the different nutrients which are
digested, and thereby become of value to the animal. The difference
between the quantity of nutrients in the food fed and the quantity in
the corresponding solid excrement is supposed to represent the quantity
of nutrients digested. The coefficient of digestion is secured by dividing
the quantity of each nutrient digested by the quantity which is fed.
Knowing the coefficient of digestion of the nutrients in a given feeding
stuff and the composition of the feeding stuff, it is a simple matter to
calculate the quantity of digestible nutrients contained in any desire
amount of the feed.

When the digestibility of a concentrated feeding stuff is to be esti-
mated, a basal ration is first fed and its digestibility determined. A
known amount of the concentrated feed is then added, and the digesti-
bility of the mixture determined. The quantity of nutrients digested
from the mixed ration less the quantity digested from the basal ration,
gives the quantity taken from the concentrated feeding stuff. It is
obvious that the determination of the digestibility of the concentrated
feeding stuff is affected by any circumstances which affect the digesti-
bility of the basal ration, and this determination is subject to a greater
error than that of the basal ration.

The nutrients which disappear during the passage of food through the
animal are not entirely absorbed, since a portion of them are converted
by fermentation into gases, chiefly carbon dioxide and marsh gas, which
are of no service to the ‘animal. This fermentation appears to be of
advantage since it aids in the digestion of material which would other-
wise be useless to the animal, but at the same time it involves a loss of
material, which is apparently digested.

It also appears that digested nutrients from different classes of feeding
- stuff do not have equal values to the animal body. This is partly due
to the difference in the work required in chewing and digesting different
feeds and also to the difference in the character of the constituents which
make up the feeding stuff. Rations which take account of the different
nutritive values of the same digested nutrient in different feeding stuffs
are obviously a step forward and more promising of results to the feeder
than rations based upon the theory of equal values for the same nutrients
digested from different feeding stuffs. We will return to the discussion
of this later,
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DEFINITION OF TERMS.

The constituents of feeding stuffs are divided into groups, each one
of which, except water, consists of a number of different chemical com-
pounds which vary in proportion and in character with different classes
of feeding stuffs. These groups are as follows:

Protein is the constituent of the food which contains nitrogen, and
which forms flesh, muscles, hair, and other nitrogenous portions of the
animal body. It furnishes material for additional flesh and to replace
the wear and tear of the animal tissue. It may also be burned in the
animal to produce heat or serve as a source of fat. Heat and fat may,
however, be secured from constituents of feeding stuffs cheaper than
protein.

Fat or ether extract in concentrated feeding stuffs is composed mainly
of fats and oils, but the ether extract of grasses and hays is often com-
posed to a considerable extent of waxes, coloring matters. and other
bodies not fat, and the ether extract, therefore, has less value than true
fats. Fat is used in the animal body to build up animal fat and to
furnish heat and energy. Fat is more valuable than carbohydrates or
protein for these purposes, one pound of fat being equal to about 2.25
pounds carbohydrates, or protein, for the production of energy or of fat.

Crude fiber is the most resistant portion of the plant and is composed
of woody materials. 'The more crude fiber a feeding stuff contains the
less valuable it is, other things being equal.

Nitrogen-free extract is much more digestible and valuable than the
crude fiber. In concentrated feeding stuffs, the nitrogen-free extract is
composed chiefly of starch, sugars, and similar substances which are
easily digested and have high nutritive values, but in hays and fodders
it is composed of hemicelluloses and other material less easily digested
and of lower value to the animal than the starches and sugars.

The term, Carbohydrate, strictly speaking, should be applied to sub-
stances containing hydrogen and oxygen in a proportion to form water,
combined with carbon. This would include sugars, starches, pentosans,
and cellulose.

The term, Digestible Carbohydrates, is often applied to the digestible
nitrogen-free extract and crude fiber taken together. Other substances
than carbohydrates are present in these two groups of nutrients, particu-
larly in the case of hays, fodders, and straws.

METHOD OF EXPERIMENT.

Two steers were selected and placed in a stall provided with a gal-
vanized iron box, adjusted to catch the droppings. The steers were fed
on a basal ration of two pounds cotton seed meal and ten pounds cotton
seed hulls per day for the entire period of experiment. A sufticient
quantity of cotton seed meal and hulls had been secured for the work,
nd each had been thoroughly mixed before the experiment was begun.
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At the beginning of each period the meal and hulls were weighed out
separately in daily rations, in sufficient number to last through the entire
period. The kaffir corn and milo maize were weighed out in the same
way, four pounds being added each day to the basal ration. The mo-
lasses used was from a single barrel, and three samples of it were taken
for analysis during the progress of the experiment.

Each period was divided into a preliminary period of ten days and
a digestion period of eight days, the same quantity of feed being given
each day of the entire time. During the last eight days the excrement
was collected. The entire quantity each day was brought to the labora-
tory, weighed, mixed thoroughly and a portion taken for analysis and
estimation of dry matter. At the end of each period the dry excrements
were mixed in proportion to the quantity excreted each day.

Several accidents interfered with the pregress of the work as planned.
Steer No. 1 had to be replaced by another animal. Several of the experi-
ments with Steer No. 3 were interrupted. In such instances the collec-
tion of excrement was continued for eight days from the time of inter-
ruption. '

The digestibility of the ration during the short periods before the
interruptions was estimated, but on account of the natural -irregularity
in the excretion of faeces, these determinations have much less value
than those made with longer periods. It is important to emphasize the
fact that the digestion period should not be too short. In period four
with Steer No. 2 the dry matter excreted varied from 1974 to 2558
grams per day. With Steer No. 3 the variation was less, being from
1928 to 2360 grams per day. These differences were considerable.
The average dry matter excreted for three or four consecutive days was
in some instances nearly the same as the average for eight days, but
sometimes there were wide variations. For example, the dry matter
excreted on days five, six, and seven of period three by Steer No. 2 was
2474 grams, being about 8 per cent greater than the average for the
period (2269 grams). Tt is evident that too short a period for the col-
lection of the excrement is liable to lead to too high or too low a digestion
coefficient.

DIGESTIBILITY OF BASAL RATION OF MEATL AND HULLS.

Table No. 1 shows the composition of the cottonseed meal and hulls
* used in this investigation and the coefficients of digestibility we secured
from the four experiments as well as our average. We also give the
average coefficients of digestibility for cottonseed meal and hulls as com-
piled in Bulletin No. 77, Office of Experiment Stations, United States
Department of Agriculture.
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TaBLE 1.—COMPOSITION AND DIGESTIBILITY OF COTTONSEED MEAL
AND HurLs.

B | =
S5 | | ye | 2
g2 | % ot L I
{ o
£ 8| 2| 5 |S2| 4 |B2E|
Cag S ‘ o e R R
867| Cottonseed hulls—percent-
age composition............... 8.52| 4.70. 0.94] 48.91| 3.33| 33.60| 91.48
868| Cottonseed meal—percent-
age composition............... 6.57| 43 50| 11.85| 8.65| 6 33| 23.10] 93.43
Coeflicient of digestion of
meal and hulls(percentage
digested):
Period 1, steer 1, 3 days...... [......... 55.9 | 93.9 | 54.6 | 41.7 | 69.0 | 60.4
Period 1, steer 2, 6 days......|......... 50.8 | 96.3 | 44.9 | 43.4 | 64.5 | 53,9
Period 4, steer 2, 8 days...... icerns)(49.5 | 98, 52.1 | 41.2 ! 65.2 | 57.1
Period 4, steer 3, 8 days......|...c.uuue 53.9 | 94.4 | 54.1 | 46.4 | 67.2 | 59.5
AVELATE i cntesaiessavssesvin [obsonsine 52.5 | 94.6 | 51.2 | 43.2 | 66.5 | 57.7
Average for cottonseed ’
RAHR® (A) 2 i vk s et P ek voronnes 85.7 | 40,0 | 23.2 | 41.1 | 39.8
| Average for cottonseed | ‘
\ Tk S e MR o | 88.4 | 88.6 J 55.5 | 23.7 | 60.6 | 73.7
Coefficient of digestion of (
meal and hulls calculated ‘
from (A ) and (B).o: v s i ERED 87.6 | 41.7 | 23.1 | 43.5 |......ee
|

*From Bulletin 77, Office of Experiment Station, U. S. Department of Agriculture.

We have also calculated the coefficient of digestibility of the mixture
of meal and hulls used in our experiments from these average figures.
The calculated value is appreciably less than that actually determined
by us, and the difference is particularly great with the nitrogen-free
extract. We found the nitrogen-free extract to be digested about 50
per cent more than it was calculated to be. This difference may be due
to the fact that the average figures in the Bulletin referred to were
secured from results varying considerably on some feeding stuff con-
stituents, and in our work we may have approached nearer the maxi-
mum of digestibility than the above average.

It will be noted that the fat has a high digestibility. The protein is
not as readily digested as that of some other feeding stuffs.

DIGESTIBILITY AND VALUE OF KAFFIR CORN.

Table No. 2 shows the composition of the cracked kaffir corn used in
the digestion experiment, the average composition of kaffir corn, and the
coefficients of digestion secured in these experiments and in experiments
at other stations. -
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TABLE 2.—CoMPOSITION AND DIGESTIBILITY OF KAFFIR CORN.

2 2
S : £ % b=
f = =) . (5 =
2% 5] 2 ei | . |¥s3l| =
e = g g 5= % |SE8 £
=53 2 & O A P S
866| Kaftir corn (grain), percent-
age composition............... 12.41] 8.15] 2.20| 2.73| 1.59] 72.92| 87.59
Average composition*......... 9.86| 10.98] 3.12| .75 1.63| 71.18] 88.51
Coefficient of digestion:
Period 2, steer 2, 9 days(A)|.........| 62.9] 81.0 61.2| 99.0, 82.4] 80.2
Period 2, steer 3, 3days (B)|.........| 71.5 83.4| 100.0] 100.0, 83.0] 85.2
Period 2, steer 3, 8 days (C) 649 75.2|.... 38.1| 88.4| 81.3
Average of A and C...... 63.9| 78.1]......... 68.5| 85.4) 80.7
By Oklahoma Stationt........ o 43.6| 44.8] 45.4| .63.9| .40.8] 41.7
o +¢ For kaffir meal|.. 53.3| 46.14........ e 75.9| 64.2
By Kansas Station} for meal. 72 o] (PR i e 18.3] 80.3| 61.2

*Bulletin 95, Texas Experiment Station.
+Bulletin 35, Faeces contained some unmasticated grain.
#Bulletin 103.

The kaffir corn used in our experiments contains smaller quantities
of protein and fat than the average. In fact, it is considerably below
the average in its content of protein. In our experiments the kaffir corn
was digested much more nearly completely than in the experiments at
the Oklahoma or Kansas Experiment Stations. The difference may be
due to much more thorough mastication by our animals. It was noted
at the Oklahoma Station that a certain proportion of the kaffir corn
passed through the animal unchanged. ;

TABLE 3.—CoOEFricIeNtTs or DigesTiBILITY (TEXAS EXPERIMENTS.)

8 §

g g 84 =

) R L =

~ B o < i =)
e T T L L L S 1 LU B 63.91 g8 68.5| - 85.4| 80.7
Milo maize.... B5:ME290:20 s Sl 84.5, 84.0
Molasses........ A9 00t e 104.4) 104.6] 93.5
Corn meal¥*.... 67.9 94.6| 89.4
Wheat . brap¥.olns {Eos| TS 69.4| 62.3
Cottonseed meal*...........cccoveviiiiiiennnnnns 88.8 GG TR

*Average by other workers.

Table 3 shows the average coefficients of digestibility of kaffir corn,
milo maize, and molasses secured in the experiments here reported and,
for comparison, the average coefficient of digestibility of corn, wheat bran,
and cottonseed meal secured by other workers. (For details of the ex-
periments, see tables at end of this Bulletin.) Tt is noted that the fat
and nitrogen-free extract of kaffir corn and milo maize are more com-
pletely digested than those in wheat bran and cottonseed meal, on an
average, and somewhat less than those in corn meal. The protein of
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kaffir corn and milo maize is less easily digested than that of corn meal,
wheat bran, or cottonseed meal, though the difference from corn meal is
slight, and more than compensated for by the larger content of protein
in kaffir corn and milo maize.

Table 4 contains the digested nutrients in 100 pounds of kaffir corn,
milo maize, molasses, and some other feeding stuffs, inserted for com-
parison. We would judge from these figures that corn meal has about
10 per cent greater value for feeding than kaffir or milo maize.

TABLE 4—DiarsTiBLE NuTRIENTS* IN 100 Pounps Karrir CorN, Erc.

5 : 8
S| S1E8| € |88 | 3
=]

5 g | 25 E | 28| &

52 | 52 | B2 | 48 | 588 | 3

o & S < P Aahelel S
IR ) o e R O e SRR A 7.0 2.4 18.1
Milo maize..... 73 2.5 18.5
Corn meal. .... 6.5 3.6 20.6
Wheat bran......... 5, 11.5 3.0 16.3
Cottonseed meal............. 41.5 8.1 20.1

*These figures are based on the average composition of Texas feeds giv:n ia Bulletin No.
95 of this Station.

DIGESTIBILITY AND VALUE OF MILO MAIZE,

Table 5 shows the composition of the milo maize used in these experi-
ments, the average composition of milo maize as given in Bulletin No.
95 of this Station and the coefficient of digestibility of milo maize secured
in these éxperiments.

The milo maize used in these experiments is somewhat below the
average in protein and fat, hut the difference is not as great as in the
case of the kaffir corn.

TABLE 5.-—COMPOSITION AND DIGESTIBILITY OF MILo MAIZE.

" | o
25 = g ' 55 | B
£2 = = o8 s S
22 S| 2| 2 |22 |4 |25
A% B & o g SRR LR
906{Milo maize (grain), percent-
age composition............... 10.27] 9.45] 2.23] 2.72| 1.74| 73.69| 87.99
Average composition*......... 9.66| 10.73| - 2.78| 3.05 2.30| 72.22| 88.01
Coefficient of digestion: z
Period 3. steer 2, 8days (A) |......... 70.8] 86.7 100 100| 85.9/ 90.7°
Period 3, steer 3. 4 days (B)|.........| 40.2| 84.4|......... 42.2| 83.2| 70.8
Period 3, steer 3, 8days (C)|......... 261,01 ".93.8}u it 83.5| 83.1] 77.2
Average of A and C...... | ...... 265,915 90, 2] Rse s dlivni st 84.5| 84.0

*Bulletin No. 95. Texas Experiment Station.
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We have already given in Table 3 the coefficients of digestibility of
milo maize. It is seen that in this respect milo maize compares favor-
ably with corn.

We have also shown in Table 4 the average digestible nutrients in
milo maize, with some other feeding stuffs for comparison. In this
respect milo maize also compares favorably with corn. One hundred
pounds milo maize or kaffir corn contains approximately one-half pound
more digestible protein, 1.1 pounds less digestible fat, and 6.8 pounds
less digestible nitrogen-free extract than corn. Since one pound fat is
equal to 2.25 pounds nitrogen-free extract, the total difference is 8.8
pounds nitrogen-free extract when we deduct the protein. Corn appears
to be about 7 per cent poorer in digestible protein, and 13 per cent
richer in digestible carbohydrates, than kaffir corn or milo maize. We
would thus say that the grain of kaffir corn and milo maize have about
10 per cent less feeding value than corn, and this conclusion appears to
be in accord with feeding tests made at this and other stations and dis-
cussed in Bulletin No. 97 of this station.

DIGESTIBILITY OF MOLASSES.

Table 6 shows the composition of the molasses used in these experi-
ments. The coefficients of digestibility secured in this work and at
other stations have also been included in the table.

The digestion experiments with the molasses were not altogether satis-
factory. It appears that the nitrogen-free extract of molasses is highly
digestible.

TABLE 6.—CoOMPOSITION AND DIGESTIBILITY OF MOLASSES.

o | | an
£ ; s @
£% § | 5 |ZE| &8 | @ | e
2 = | B (82| 2 | § |228| €
=i E R - e e e
929|Percentage composition...... 24.33|  4.00| 19.11] 39.66| 8.40 4.50
930/Percentage composition...... 23.50 4.06] 19.08, 39.46] 9.29... 4.61
931|Percentage composition...... 25.92| 4.06] 19.13| 39.48| 6.81 4.60
ANVEENge LT, St ol s ot 24,58 4.04| 19.11| 39.53| 8.17|......... ! 4.57
Coefficient of digestion. ‘ |
Period 5, steer 2, 8 days... .........| 27.10......... Iy eyl Sk 1030 91.0
Period 5, steer 3, 8 days...|...... .. 213 1 RN PARRER e b & CR 106.1| 117.8
L) £ N G }\ ........ N s 104.6| 104.4
Average of Kellner et al*|......... 49.0]......... } ......... [5asnsnes T e
|

*Experiment Station Record 13, 776.

PRODUCTIVE VALUE OF FEEDS.

We have already stated that the digested nutrients of different feeding
stuffs do not have the same value to the animal. Thus, one pound of
digested nitrogen-free extract from corn is of more value to the animal
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than one pound digested from cottonseed hulls. The difference may be
due in part to the greater labor of chewing the cottonseed hulls than
corn, in part to difference in the nature of the nitrogen-free extract, or
to other causes.

The productive value of a feeding stufl mav be different for animals
which are just being maintained at a constant weight, and for those
which are being fattened. (See Bulletin No. 84, Pennsylvania Experi-
ment Station.)

The productive values of feeding stuffs and the nutrients which com-
pose them have heen measured in terms of fat by Kellner. The method
of experiment consists in feeding the animal with a basal ration which
is more than sufficient to maintain the fattening animal. The quantity
of fat stored by the animal is then determined exactly, by methods
which it would take too much space to describe. The feed to be tested
is'then fed, in addition to the basal ration, for a sufficient period, and
the increase in fat again estimated. The difference gives the amount of
fat produced from a known amount of feed. By this method, as we
have said, the fat values of different feeding stuffs and nutrients have
been determined. Whether or not the value of feeds for other uses of
- the animal are in the same proportion as the fat value, remains to be
determined by actual experiment, but the use of the actual productive
value of feeding stuff promises a great advance in the science of animal
feeding. :

We may define fat value as the quantity of fat produced by 100 pounds
of the feed when added to a basal ration already sufficient for the needs
of the animal body. We prefer the use of this term. fat value, because
it does not involve any theory as to the value of the food for other pur-
poses, and the fat production is actually determined in the experiments.

The content of digestible protein and the fat value of feeding stuffs
afford a good basis of comparison. These two values vary in impor-
tance in different sections of the country, in some case the protein being
more expensive, in others the fat value. As a rule, however, the protein -
is more expensive than the fat value.

Table 4 shows the fat values of kaffir corn, milo maize, and some other
feeds for comparison.

EFFECT OF CRUDE FIBER ON VALUE.

In coarse feeding stuffs each gram of crude fiber in the food decreases
the fat value of the digested constituents of the feed by about 0.14 gm.
fat. In a concentrated feeding stuff, since each gram increase of crude
fiber represents one gram decrease in nitrogen-free extract having a
digestibility of about 80 per cent and a fat value of 0.20 grams fat,
each gram of crude fiber represents a total decrease in the prgductwe
value of the feeding stuff of about 0.33 grams fat. This figure is prol?-
ably below, rather than above the real decrease, since the crude fiber is
accompanied by nitrogen-free extract having a lower value than the
pitrogen-free extract of the feeding stuff proper.
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WATER-SOLUBLE CONSTITUENTS OF EXCREMENTS.

The material dissolved by cold water was estimated in excrements
from periods Nos. 1, 3, and 4. Something over 3 per cent of the excre-
meni was soluble in water, of which approximately one-third was ash,
something over one-third was protein, and less than one-third non-
protein organic matter. .About 10 per cent of the total protein, 20 per
cent of the total ash, and 3 per cent of the nitrogen-free extract was
soluble in water.

While the above facts are of some interest it was not considered of
impertance to pursue the investigation further.
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PART 1I.

DIGESTIBILITY OF SUGARS, STARCH AND PENTOSANS.

The nitrogen-free extract of feeding stuffs is known to contain sugars,
which are easily soluble in water; starch, which may be brought into
solution by the action of ferments, and pentosans. The term pentosan
properly includes a number of chemical compounds of different char-
acter, but which are all related to pentose sugars. As is well known,
all the pentosans are not contained in the nitrogen-free extract, but a
considerable proportion of them may be present in the crude fiber. This
is especially true of materials rich in crude fiber and pentosans.

The nitrogen-free extract of concentrated feeding stuffs is largely
made up of sugars and starches, which is perhaps one reason for their
high feeding value. The nitrogen-free extract of hays and coarse feeding
stuffs contains, as a rule, only small quantities of starch, although it
may contain a fair quantily of sugars. It usually contains considerable
quantities of pentosans. For example, the author found one hundred
parts of the nitrogen-free extract of timothy hay to contain about ten
parts sugar, and 35-40 parts pentosans. (Bulletin No. 172, N. C. Ex-
periment Station.) The residue may contain some starch and probably
consists to a considerable extent of substances related to pentosans, but
derived from hexose sugars, which may, therefore, be termed hexosans.
It is extremely desirable that investigations should be carried out on the
composition of the nitrogen-free extract of coarse feeding stuffs.

In the work here reported our attention was confined chiefly to the
study of the digestibility of the sugars, starches, and pentosans,

METHODS OF ANALYSIS.

The method used for estimating sugar was as follows: Mix 5 grams
substance with 50 cc. water, stir well and filter into a 100-cc. flask con-
taining 10 ce. concentrated hydrochloric acid; wash to mnearly 100 cc.
and heat to 87 degrees, taking fifteen minutes; cool and make up to
volume. An aliquot portion is used for the determination of sugar.

We, therefore, include in our estimation of sugar both the reducing
sugars and the compound sugars which are inverted by hydrochloric
acid under these conditions.

Starch was determined by the diastase method and pentosans by the
methods of the Association of Official Agricultural Chemists. For the
estimation of pentosans in erude fiber three grams of material was boiled
with acid and alkali and.the crude fiber, which had been collected on
asbestos, was distilled with hydrochloric acid according to the usual
method.
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DIGESTIBILITY OF SUGARS.

According to previous work by the author (Bulletin No. 172, N. C.
Experiment Station), sugars are completely digested in most feedmg
stuffs. Small quantities of reducing substances appear to be present in
the excrement, but apparently do not consist of sugars.

In the work here reported no attempt was made to eliminate the re-
ducing substances from the solution. The chief subjects of studv con-
tain only small quantities of sugars and also quantities of starch. As
the reducing substances could not be eliminated in the estimation of
the starch, it was considered desirable to proceed in this work as if they
were sugars.

Table 7 shows the digestibility of the sugars in the different materials
excreted, assuming the reducing matter in the excrement to consist of
sugars. With the exception of kaffir corn, the sugar in all the materials
was digested to a greater extent than 90 per cent. The kaffir corn con-
tained only 0.84 per cent of sugar, and it is evident that a small error
of analysis would cause a great difference in the coefficient of digesti-
bility calculated on thig amount. This is apparent when we consider the
digestibility of the sugars in milo maize, from which it would appear that
more sugar was digested from the cottonseed meal and hulls than in pre-
vious periods. The sugar in molasses appears to be completely digested.

TABLE 7.—DIGESTIBILITY OF SUGARS.

Percentage
Digested

Cottonseed meal and hulls.
Period 1, steer 1, 3 days.
Period 1, steer 2, 6 days
Period 4, steer 2, 8 days
Period 4, steer 3, 8 days

Kaftir corn.

Period 2, steer 2, 9 days
steer 3, 3 days
steer 3, 8 days

Milo maize.

Period 3, steer 2, 8 days
steer 3, 4 days...
steer 3, 8 days

Molasses.
Period b Steer ... i i R o o e e o R S e 100.4
Steer B el R G, G e e S TR e 1 100.6

Considering all these facts, including the previous work which has
been done upon this subject, we feel ]ustlﬁed in saying that even when
the reducing substances in the excrement are considered to be sugars,
the sugars present are digested to the extent of 90 to 100 per cent, and
their digestibility appmacheq the higher rather than the lower ﬁgure
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STARCH.

Comparatively few determinations have been made of the digestibility
of starch contained in feeding stuffs, in which the diastase method was
used for the estimation of the starch. It is well known that if the starch
is brought into solution by means of dilute acid, other carbohydrates
also are dissolved.

Cottonseed meal does not contain starch. Cottonseed hulls, and the
excrement from a ration of cottonseed hulls and meal, appear to contain
starch according to the diastase method. The writer is inclined to
believe, however, that true starch is not really present, but other sub-
stances go into solution under the action of the diastase and are con-
verted into reducing bodies. This explanation is supported by the fact
that the digestibility of this apparent starch in the cottonseed meal and
hulls ration is only from 12 to 30 per cent, whereas the nitrogen-free
extract was digested from 64.5 to 69 per cent and true starch should be
digested as much as or more than the total nitrogen-free extract.

It would appear that either this apparent starch in cottonseed hulls
is much less readily digested than the nitrogen-free extract, or else that
some of the substance which goes into solution with diastase is produced
by fermentation within the intestines of the animals. If either of these
suppositions is true, it is evident that the apparent starch of cottonseed
hulls is not starch at all, for we could not expect true starch either to
be digested to a less extent than the nitrogen-free extract, or to be pro-
duced by any process within the animal’s body.

The starch of kaffir corn and milo maize is digested from 96.6 to 99.8
per cent. It appears that the starch of concentrated feeding stuffs is
almost completely digested when the food is thoroughly masticated.

TABLE 8.—DIGESTIBILITY OF STARCH.

o .
88
280
g-‘-’l
‘Cottonseed meal and hulls.
Period 1, steer 1, 3 days 29.8
steer 2, 6 days.... 12.3
Period 4, steer 2, 8 days.... 28.0
steer 3, 8 days 23.6
Kaffir corn.
Period 2, steer 2, 9 days 98.0
steer 3, 3 days.... 96.6
steer 3, 8 days 97.4
Milo maize.
Period 3, steer 2, 8days 99.8
steer 3, 4 days.... s et e DOHE
BEEET 8, B ARTS veiihintiniiass bostiasiadune obonilsdosnmun sedastmr sserith s sveses 99.6
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PENTOSANS.

Pentosans are derivatives of pentose sugars, and when distilled with
concentrated hydrochloric acid they yield furfural. However, other
bodies are found in plants which give rise to furfural when distilled
with hydrochloric acid. Oxycelluloses and lignocelluloses yield furfural,
but are not pentosans.

It is well known that a portion of the pentosans are found in the
nitrogen-free extract and a portion in the crude fiber. About 20 per
cent of the pentosans are found in the crude fiber. Tt is possible that
the supposed pentosans in the crude fiber are really oxycelluloses and
lignocelluloses.

The digestibility of the pentosans has been determined by W. E. Stone,
Lindsay, Holland, the writer and others. (See Bulletin No. 172, N. C.
Experiment Station.) They are sometimes more and sometimes less
digestible than the nitrogen-free extract.

The digestibility of the total pentosans, the pentosans in the nitrogen-
free extract, and in the crude fiber are determined in the experiments
here reported. Since the quantity of the pentosans in the basal ration
was very large and in the milo maize and kaffir corn very small, no
digestive coefficients were secured for pentosans in these feeding stuffs.

About 25 per cent of the pentosans in cottonseed hulls and 20 per cent
in cottonseed meal were contained in the crude fiber. The pentosans in
the nitrogen-free extract were digested to greater extent than those in
the crude fiber. In the basal ration of cottonseed hulls and meal the
difference is considerable, being about 20 per cent. This is in accord-
ance with previous experiments of the writer on timothy hay and green
rape, although the difference was not so great. Crab grass hay is ap-
parently an exception, the pentosans in the crude fiber heing digested
to a greater extent than those in the nitrogen-free extract. It is quite
possible, however, that other experiments would not confirm this result
with crab grass hay.

The distribution and digestibility of the pentosans is presented in
Table 9.
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TABLE 9.—DISTRIBUTION AND DIGESTIBILITY OF PENTOSANS.
In 100 Parts Feeding Coefficient of
tuff Digestibility.
>‘ - .
- 2] 7} w @« (7] W
5 a oD g Lo .
i ~S o= ERoES 1 42 gEr‘.'s. S5
2z £5 |5%8%| 522 | 58 |F2A|52f
"jZ Em Eh"‘“'ﬂ n_‘....h Em A b n..-—"“
867/ Cottonseed hulls.............ceccveeenenn | 20.00] 14,64 5.36[..... .. [ceeernrr [oerienene
868!Cottonseed meal .........cocevivenvnnnnn. | 5.26] 4,27 0.99|..ccciifiieiinii]iiininnns
S00tMIl0 SohaiZel Lot v e AR s i 12 OO S A S IR e b e A,
LIS E R e s e S S N P 0 i b By B e e
Timothy hay, No. 1*... 58.1| 46.9
Green rape, No. 1* ... ........... 95.7| 84.6
Crab grass hay, No. 1*............ 61.0/  69.9
Cottonseed meal and hulls. I
Period 1, steer 1, 3 days........ 81.3| 86.5] 66.9
steer 2, 6 days.. . 75.2| 79.9] 062.3
Period 4, steer 2, 8 days.............. 78.3] 82.9| 65.5
Period 4, steer 3, 8 days.............. 79.2| 83.4] 68.6
AVERAEe Al i [ S R A el A AR 78.5| 83.2| 65.8

*Fraps, Bulletin 172, N. C. Experiment Station.

RESIDUAL NITROGEN-FREE EXTRACT.

We apply the term residual nitrogen-free extract to the residue left
after subtracting sugars, starches and pentosans from the total quantity
of nitrogen-free extract. A comparison of the quantities of constituents
of nitrogen-free extract is given in Table 10.

Residual nitrogen-fiee extract makes up about 50 per cent of the total
nitrogen-free extract in cottonseed hulls, about 25 per cent in cottonseed
meal, something less than 10 per cent in milo maize, and 5 per cent in

kaffir corn,
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TABLE 10.—COMPOSITION OF NITROGEN-FREE KEXTRACT IN PARTS PER
100 or MATERIAL.

> 2 i
5 2 A &
Eg = el Z’ 5 b‘:‘ﬁd
: = -]
S7 & & & & gAEms
I R G e 0 T b JRE T S SN N ; 37, 1.321 8.32| -12.92
867 Cottonseed hulls ... coovevevriniin cenennns s : 14.64] 16.10| 33.60
868|Cottonseed meal.............. .35 .08 4,27 6.45) 23.10
906/ Milo maize.. ......... 2.43| 6.77] 73.69
T T i e e s P U o S A s BT e 8.17| 66.81

862| Excrement steer No. l period 1.. 4.36| 16.65| 24.71
863| Excrement steer No 2.... .....icocveeeeiionee. ; ; 5.56 14.57 24.22
898! Excrement steer No. 3, period 2, sample 1..| 0.34] 5.07| 5.57] 21.89| 32 87
899Excrement steer No. 2, sample 2 .............. 0.39; 4.00f 5.85 20.88| 31.12
900/ Excrement steer No. 3, sample 3.............. 0.28| 4.50| 5.87| 18.15] 28.80
903| Excrement steer No. 3, period 3, sample] 0.19| 3.23| 7.31| 19.39 30.12
904/ Excrement steer No. 3 sample 2 o 0.26] 3.40| 7.04| 20.76| 31.46
905/ Excrement steer No. 2, sample 1 e 0.16| 3.48| 17.02| 21.35[ 32.01
916/ Excrement steer No. 3, period 4 w| 0.23] 8.77  5.55 16 90| 26.45
917/ Excrement steer No. 2................ | 0.26]  3.36] 5.30] 17.68| 26.60
952| Excrement steer No. 2, period 5.. o it A RO R et L [ 23.83
953| Excrement steer No. 3., .cooeeiiiiniiiiiannns 012620200 i S v 24.63

Table 11 shows the digestibility of the different constituents of the
nitrogen-free extract, with that of the crude fiber for comparison. Sugars
and stalch(s are both highly digested. Next come the pentosans, and
the residue is digested to a less extent. We have already called attention
to the fact that “the apparent starch in cottonseed hulls is hardly true
starch.

The residual nitrogen-free extract in cottonseed meal and hulls is
digested te approximately the same extent as the crude fiber. In tim-
othy hay this is also true, but with crab grass hay there is considerable
difference.
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TaBLE 11.—DIGESTIBILITY OF NITROGEN-FREE IEXTRACT AND (CRUDE

F1BER.
} >
Percentage digested from: r 5 é 2 .
5 : B Sl e e
e M RS Rl
( 17 n & 4 & oF
Cottonseed hulls and meal. |
Period 1, steer 1, 3 days | 95.1| 29.8 - 86.5| 54.0, 69.0| 54.6
steer 2, 6 days. .. 92.0] 12.3[ 71.9] 53.1] 64.5| 44.9
Period 4, steer 2, 8 days. .| 95.7] 28.0| 82.9] 49.2| 65.2| 52.1
steer 3, 8 days | 96.4] 23.6] 83.4] 54.0] 67.2] 54.1
Kaffir corn.
Period 2, steer 2, 9 days 86.2 * 82.4
steer 3, 3 days... ... | 178.3 u 85.2
steer 3, 8 days | 86.2 * 81.3
Milo maize. ‘
Period 3, steer 2, 8 days....... ..c..ceu.n. 116.3 i 85.9
steer 3, 4 days... .. ..| 103.3 * 83.2...
steer 3, 8 days.....ccceeunien. 93.7 % 83.1
Timothy hay No. 1f........ SRRl A {1 0 )1 e S e 58.1| 50.1} 60.0] 52.3
Timothy hay No. 24eemmermereeeevirenenen, 100 0l......... 57.0| 46.0f| 56.0] 53.8
Rieab orasahay s, onaisRina i n i g “ 100.0]........ 61.0{ 32.7¢ 50.0 67.3

*The quantity of residue digested was less than the guantity digested from the be;;ll
P v, Bulletin 172, N. 0. Experlment Station.

+Any starch present included.

The addition of kaffir corn or milo maize appeared to decrease the
digestibility of the nitrogen-free extract of cottonseed hulls and meal,
especially of the residual nitrogen-free extract. For this reason we find
more residual nitrogen-free extract when kaffir corn and milo maize were
fed than there was present in these feeding stuffs. We also find that,
although the sugars and starch of milo maize and kaffir corn exhibit a
high percentage of digestibility, the total nitrogen-free extract has ap-
parently a much lower digestibility, although only a small proportion of
the nitrogen-free extract of these feeding stuffs is other than sugars and
starch. Tt thus appears possible that the digestibility of the nitrogen-
free extract of starchy concentrated feeds is really greater than it is
supposed to be.

DIGESTIBILITY OF CRUDE FIBER.

In many hays the crude fiber is digested to a greater extent than
nitrogen-free extract. In Table 12 we present the digestion coefficients
of all hays of cereal grasses on which more than one experiment was
made, which are published in Bulletin No. 77, Office of Experiment
Station, U. S. Department of Agriculture. On an average the crude
fiber appears to bhe digested 1 per cent more than the nitrogen-free
extract. Considering the fact that the nitrogen-free extract of these
hays contains some sugars and probably a small proportion of starch,
we find that the residual nitrogen-free extract digested to a less extent
than the crude fiber.
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We are inclined to believe that this fact is due to changes in the crude
fiber in the intestines of the animal, which renders it soluble in acid or
alkali and, therefore, apparently a portion of the nitrogen-free extract,
thus making the digestibility of the crude fiber greater than it should
be and that of the nitrogen-free extract less so. This view has been put
forward by the author in Bulletin No. 172 of the North Carolina Experi-

‘ment Station.

TABLE 12.—DI1GESTION COEFFICIENT OF HAYS OF CEREAL GRASSES.

Nitrogen-
Free Ex
tract.

Blueointaveragerof 8. i i i o St e i s e nes
Crab grass, average of 2........
Johnson grass, average of
Orchard grass, average of
Rediopiaverape ol £: 0, ks B Taralounl] (o (tgehssie Shahsavs gr oamse i B AN
Timothy, averageof 17,......... ....... ... e
Wild oat grass, average of 2
Witch grass, average of 2........
Mixed grasses, average of 5
Pasture grass, average of 2......
Rowen hay, average of 2....c...cocevvvnivnnennn

Average excess for crude fiber...............oo.oo

(=28~ ESi K=z N = RerRerlls, Be) J) RO 1]
SERITTHE =SSR D
WO D DOt
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PART III.

PLANT FOOD.

A feeding stuff possesses both a feeding value and a fertilizing value.
If it is used as a feeding stuff and the animal excrement is lost, advan-
tage is secured only by the feeding value of material. If it is used as
a fertilizer, as is very often the case with cottonseed meal, no advantage
is secured from the feeding value.

The constituents of the food fed to animals undergo a change in the
animal hody, but there is no loss of fertilizing material. The entire
‘quantity of nitrogen, phosphoric acid, and potash in the food fed is
either stored up in the hody or excreted in the urine, in the solid excre-
ment, or in case the animal is giving milk, a portion of it passes in the
milk. The quantity of the fertilizing constituents of feeding stuff re-
tained by a fattening animal is comparatively small. Young and grow-
ing animals retain larger proportions and milk cows use a certain
amount in their milk, but a considerable part of the fertilizing value of
the feed still passes*into the excrement. In Table 14 is presented the
plant food contained in the feeds used in this experiment and in the
excrement secured therefrom. The figures for the excrement refer to
the dried material containing the quantity of water shown in the table.
The fresh excrement contains on an average ahout 70 per cent of water,
so that the figures for the fresh material should be 30 per cent, respec-
tively, of each of the ingredients.

The valuation per ton for the constituents of the feeding stuff is
figured on the same valuation as is used in this State for commercial
fertilizers during this season, namely, phosphoric acid 6 cents per pound,
potash 6 cents per pound, and nitrogen 17 cents per pound. Table 13
shows the amount of plant food fed and excreted. These figures are cal-
culated from the average composition and quantity of the excrements.
We have not considered it advisable to carry out our calculations for each
individual experiment.

We find that on an average 40 per cent of the phosphoric acid, 25 per
cent of the potash and 48 per cent of the nitrogen, being 42 per cent
of the fertilizing value of the feeding stuff. is excreted in the solid excre-
ment. Since the animals used in the experiment were fattening animals,
it is hardly likely that more than 5 per cent of each fertilizing constit-
uent was retained in the body. Accordingly we find that approximately
55 per cent of the phosphoric acid, 70 per cent of the potash, and 47
per cent of the nitrogen is excreted in the urine, or about 53 per cent
of the total valuation of the feeding stuff.
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TasLe 13.—Praxt Foop FED aAxDp EXCRETED, 1N GRAMS.

i .
5 g g
k| ; @ =
a3 3 o G
" Y z >
3 B7¥E: S BUINCTE N[0 00516 et e it SR e SR 25.2| 52.7 32.7
12007 gramsimealsiie. SRt o o e i eseses 25.4| 18.8] 63.1
A 0O P B 25 T8 w10 S0 b e e on S o i R 50.6] 71.5| 95.8
Excreted in solid excrement per day.................. 18.8 22.5| 48.3
Per cent in solid excrement.......... ..co.cooeeiinninenn. 37.1] 31.4] 50.4| 45.2
Ishinllsand-meal.. oot . e e e e o b 50.6| 71.5] 95.8
Tre 1815 grams Kaflir eorn i el e v o i eiaent 10.5| 5.8 23.6
ot e it T i e e s S g 61.1) 77.3| 119.4
Excreted in solid excrement per day...... e 21.9{ 18.1] 57.6
Per cent in solid excrement . ..........ccoeeeeeveeininennns 37.5| 23.4| 48.2| 42.7
R e e R A P S SRR e 50.6| 71.5| 95.8
SnCS1S Zrams MO IALZO. ittt saos sbabr st ssesssy 14.1 7.8] 27.4
Potal feds i um ou: R L L L e e piniainh 64.7| 179.3| 123.2
Excrefed-parsdaye. it L liiar i anil sl s e 24.1] 24.6| 54.1
Per cent in solid excrement.. .......ccocovenriveieninans 39.0{ 31.0{ 43.9| 40.9
Ensh i anaRmesd i s SR o e L R e e 50.6/ 71.5[ 95.8
In 1361 grams molasses : 3.4 44.4 8.8
Sl [ e e RS v MRS b Co e S 54.0| 115.9| 104.6
xeretet Per day: 1 o el o e v il e 25.6| 15.2| 50.2
Per cent in solid excrement......ccco.veeeniiiloenniianans 47.4| 13.1| 48.0/ 39.1
Average per cent in solid excrement................... 40.3' 24.7| 47.6] 42.0

Accordingly, if the solid excrement is saved, there ig a saving of about
42 per cent of the fertilizing value of the feeding stuff. If the urine
is saved in addition, there is a saving of about 95 per cent of the fertiliz-
ing value. These figures have no reference to the loss of nitrogen by
fermentation or of fertilizing material due to leaching of the excrement
by rain.

In other words, if a ton of cottonseed meal is fed. having a fertilizing
valuation of $29.50, the portion of its fertility which goes into the solid
excrement has a valuation of $12.39. That portion of its fertility which
goes into the urine has a valuation of about $15.

The other feeding stuffs which we are considering have a much lower
fertilizing value per ton than cottonseed meal, but it amounts to a con-
siderable sum.

If a farmer feeds cottonseed meal and other feeding stuffs in such a
manner that the fertility in the solid and liquid excrement enters his
soil. and gets enough for his cattle to pay for the food, feeding and
original cost of cattle, he still makes considerable profit. He is getting
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a profit of $20 to $30 in plant food for each ton of cottonseed meal he

has

TABLE 14.—PERCENTAGE OF PrLANT Foop 1N FEEDS
EXCREMENTS.

fed.

AND IN DrY Sovnip

Laboratory
Number,

@
(=
(=23

867
868
906
930,

862
863
917
916

899
898
900

905
203
904

952
953

=
5 £ S5
S| 8| 2| § |88
221 8 18 | & |38
| Z E | p®
HEatiytcorn Ml b e 0.58) 0.32) 1.30[........ $ 5.50
Datton’seed Hullg....... 5w ii i i i el 58] 121 0WSln e 4.70
Cottonseed meal......... ..... 2.80| 2.07 6.96|......... 29.50
Milo maize......c.... oo v | - 0.78] 043} 1.5 a 6.59
VB SRO o, th e tan e s e s 0.25/ 3.26 J65 L 6.12
Excrement from cottonseed mealandhulls
Steer 1, 3 days T081 S BIE SoniE 9.18
Steer 2, 6 days .60 AL 9.25
Steer 2, 8 days .83 .94/, 5.87
Steer 3, 8 days .66 =] e 5.59
2378 grams average, per cent...... ..... 0.79, 0.95 2.03] 7.47 $8.98
Excrement{ from milo maize, hulls and
meal.
BUEET 2 O ARYE oot viotius oo ois s Biavs st evlinass .83 BT 6.44|
Steer 3, 3 days .88 1.03|......... 6.26
Steer 3, 8 days 1515} 1-06) 550 7.43
O O O R R e e R e .95 97 2.13] 6.71| $9.54
Excrement from kaffir corn,hulls and meal
SUeRER S Ay . o N5 i e e e e
Steer 3, 4 days : 205 113250 rane: 5.27
Steer 3, 8 days .88 Aok 5.25
Average.......... RV NI LY B h R Ak .86 Sl 2.26) 5.05) 8 9.56
Excrement from molasses, hulls and meal
Bleel 2UB Ay, i Lilnd ey oie it 1.05 J76]....... .| 6.58
Steer 3, 8 days............ T R e e s 1.20 $O7 e ivse 6.23
o3 1 @ R T o M e o i PO 1.13 67 2.22| 6.40, $9.73
Average for the fresh dung........ ...... 0.28 .25 230 et g 2.84
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SUMMARY AND CONCLUSIONS.

1. The ration of cottonseed meal and hulls fed in this experiment
was digested to a much greater extent than the calculated digestion from
average figures.

2. The nutrients of the grain of kaffir corn and milo maize are some-
what less digestible than the corresponding nutrients in Indian corn.

3. Indian corn has about 10 per cent greater value for feeding than
kaffir corn or milo maize.

4. The nitrogen-free extract of molasses is highly digestible.

5. The productive value of different classes of feeds as measured by
the fat produced, is not in proportion to their digestible constituents.

. 6. Increase in crude fiber in a feed means a decrease in productive
value,

7. Sugars are digested 92 to 100 per cent, even when the reducing
materials in the excrement are considered to be sugars.

8. The apparent starch of cottonseed hulls, which can not be true
starch, though dissolved by diastase, has a low digestibility.

9. The starch of kaffir corn and milo maize is almost completely
digested.

10. The digestibility of the pentosans is discussed.

11. Although the nitrogen-free extract of milo maize and kaffir corn
is composed almost entirely of starch, the nitrogen-free extract was
digested to a much less extent than the starch. This difference is prob-
ably due to a depression of digestibility of the nitrogen-free extract of
the meal and hulls. It appears possible that the nitrogen-free extract
of starchy feeds is digested to a greater extent than is shown by diges-
tion coefficients.

12. It appears possible that crude fiber undergoes changes within the
animal which render it soluble in acid or alkali and therefore a portion
of the nitrogen-free extract.

13. TForty per cent of the phosphoric acid, 25 per cent of the potash,
and 48 per cent of the nitrogen, being 42 per cent of the fertilizing
value of the feeding stuff, was excreted in the solid excrement.

14. About 53 per cent of the total fertilizer value of these feeding
stuffs passes into the urine.

15. In feeding a ton of cottonseed meal having a fertilizer valuation
of $29.50 to fattening animals, that portion of its fertility which passes
into the solid excrement has a valuation of about $12.40, and that which
passes into the urine of about $15.
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TABLE 15.—PERCENTAGE COMPOSITION OF FEEDING STUFFS AND

EXCREMENTS.
g:- Y §
52 g g S
T s | 8| . 28] . |Ees| 2
25 LR TR R B B
3% B o S L R e b e e
866/ Kaffir corn........ccoevvvens cuvis 12.411  8.15| 2.201 2.73| 1.59! 72.92| 87.59
867|Cottonseed hulls.........uv...... 8.52| 4.70 94 48,911 3.33| 33.60| 91.48
868|Cottonseed meal................. 6.57] 43.50| 11.85| 8.65| 6.33] 23.10| 93.43
906|Milo maize.....ccceveureuervun e 10.27) 9.45| 2.23| 2.72| 1.74| 73.69| 87.99
929/ Molasses, sample No. 1 ........ 24.33| 4.00 4.50| 8.40| 75.67
930 Molasses, sample No. 2.. .... 23.50 .06|. 4.61| 9.29| 76.50
931|Molasses, sample No. 3........ 25.92 4.60, 6.81] 75.08
Average for molasses..... 24.58] 4.04|.....c..firnnnn 4.57 8.17| 75.42

862 Excrement, steer No. 1, pe-

i Lofe bl a6 U r G S SRS 9.18] 12.31] 0.42| 47.81| 5.57 24.71| 90.82
863 Excrement, steer No. 2, pe-

Eod-Noail2elim S hais 9.25) 11.78] 0.22| 49.89| 4.64) 24.22| 90.75
898/Excrement, steer No. 3, pe-

FIOQ. N O 2ovioa L nsiastvivinas 6.44| 13.37 0.62| 42.10{ 4.60| 32.87| 93.56
899|Excrement, steer No. 2, pe-

ModNG. 2. 2o s 6.26| 13.22{ 0.55| 44.43| 4.42| 31.12| 93.74
900 Excrement steer No. 3, pe- -

riod No. 2, sample 2......... 7.43| 13.25] 0.73] 44.61| 5.18| 28.80, 92.57
903 Excrement steer No. 3, pe-

PIOAN G B s sai v i 5.25| 14.53| 0.52| 44.66] 4.92| 30.12| 94.75
904|Excrement, steer No. 3, pe-

riod No. 3, sample 2......... 5.27 13.75] 0.43| 44.49| 4.60| 31.46| 94.73
905 Excrement, steer No. 2, pe-

BIGUEN OIS e in v ionionss 4.62| 14.18] 0.51| 44.61| 4.07 32.01| 95.38
916/ Excrement, steer No. 3, pe-

OO, & idsn ecinr e 5.87| 13.06) 0.39| 49.02] 5.21| 26.45 94.13
917 Excrement, steer No. 2, pe-

riod No. 4... veeeee | D.59| 13.53] 0.40| 48.48 5.40| 26.60| 94.41
952|Excrement, steer No. 2 pe-

S e 6.58 14.00/ 0.31] 50.15| 5.13| 23.83 93.42
953 Excrement, steer No. 3, pe-

PIOASNOY: 5.5t it iyt ntiinn 6.23| 13.82| 0.30] 50.17| 4.85 24.63| 93.77
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TABLE 16.—PERCENTAGE OF STARCH, Etrc., IN FEEDING STUFFS.

Laboratory

S l Numb
= Number.

[o2]
(=)
3

868
906
929
930
931
862

863
898
899
900
903
904
905
916
917
952
953

PR d C e S T S e A e e S Y

Cottonseed BDLISE. (e 5r i ias et sorsissessanysnes
Cotlonseed meal.... TR
MUoTIRaIZE . | T

Molasses, sample No. 1.........o.oeeeen oo

Molasses, sample No.2.....................
Molasses, sample No. 3 .....coevviinineninnn.
Excrement, steer No. 1, period 1, hulls

Excrement, steer No.
Excrement, steer No. 3, period 2, sample 1
Excrement, steer No. 2, sample 2............
Excrement, steer No. 3, sample 3............
Excrement, steer No. 3, period 3, sample 1
Excrement, steer No 3, sample 2
Excremen®, steer No. 2, sample 1.... o
Excrement, steer No. 3, period 4. ...........
Excrement, steer No. 2.........coeeeeee

Excrement, steer No. 2, period 5 ....
Excrement, steer No. 3..ccoevveer vivverenscanenn

Pentosans.
Pentosans
in Crude
Fiber.
Pentosans
in Nitro-
gen-Free
Extract.

WWWWWWWh =TT W
WWWIE B WD O
COTJWOWOONT =

1.
4.
99 4.
2.

RO W
2 f1% a3 W N9

8.19) 3.83] 4.3(
9.31| 3.75| 5.5t
9.26| 3.69| 5.5%
9.05 3.22 5.8
9.20, 3.43| 5.8
10.82| 3.51| 7.31
10.41} 3.37 17.04
10.83| 3.81 7.0z
9.24| 3.49 5.5
9.13| 3.78| b5.4¢
......... 3.835 850
4 11 oea

TaBLe 17.—NurrieNTs FEp, EXCRETED AND DIGESTED.
Period 1.
e 1 Tt [T S|
| : gk | £
‘ s oF |
§ 4 ?:”w‘; g
N g4 8he
‘ X = < AT =
|
Steer 1 lFed in 4536 gm. hulls, No. 86%.| 213.21 42.6 15].0'15’4.1 4149.:
3 days (In 907 gm. cottonseed meal,

L] o R o N PPN 394.5) 107.5 57.4 209.5) 847.¢
| Total fed per day ......... ... 607.7) 150.1/22 208.4|1733.6[4996.¢
Excreted 2179 gm., No. 862...... 268.2 9.2 121.4) 538.4/1978.¢
Digested, grams.................... 339.5| 140.9 87.0,1195.2/3018.(
Percentage digested................ 55.9| 93.9 41.7, 69.0| 60.4

Steer 2 |Fed per day in hulls and meal..| 607.7 150.1 208.4(1733.6/4996. ¢
6 days |[Excreted 2540 gm., No. 863.....| 299.2 5.6 117.9| 615.1[2305.(
Digested, grams .......c..c.ccuuu... 308.5| 144.5 90.5(1118.5(2691.¢
Percentage digested 50.8/ 96.3 43.4| 64.5] 53.¢

|
i
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AND DiGESTED—Ccontinued.

w ol o

Period 2.
| SR
i g . 84 | Z
| ]2 |55 | % |2=E| &
Steer 2 |Fed in hulls and meal........... .| 607.7| 150.1{2297.0| 208.4/1733.6/4996
9 days |Fed iu 1815 gm., kaffir corn,
Nouw 806 o bt st covats st 147.9) 39.9| 49.5] 28.9{1323.5[1589
Total fed per day ............. 755.6| 190.0[2346.5| 237.3(3057.1 6586
Excreted 2707 gm., No. 899..... 357.9| 14.9/1202.7| 119.6| 842.4|2537.5
Iastad, . s raattte. s irrnsaoen 397.6] 175.1]11143.8] 116.7|2214.7|4049.0
Digested from hulls and meal |
(Average Steer 2).. .....cccenee 304.6] 142.8{1113.5] 88.2({1124.3(2773.3
Digested from kathir ............... 93.0] 32.3 30-3 28.5/1090.4|1275.7
Percentage digested................ 62.9| 81.0] 61.2] 99.0| 82.4] 80.2
Steer 3 |Fed, total per day...........ec...... 755.6| 190.0(2346.5| 237.3/3057.1(6586.5
3 days |Excreted in 2412 gm., No. 898..| 322.5| 15.0/1015.2| 111.0| 792.8/2256.3
Digested.. i sainianiin. 433.1) 175.011331.3) 126.3|2264.3|4330.2
Digested from hulls and meal...| 327.3| 141.7/1244.5| 96.6/1165.7|2975.8
Digested from kaffir ............... 105.8) 33.3] 86.8] 29.7/1098.6(1354.4
Percentage digested from
(E0 ) 1R ol o e R e S P T1.5) . B34l iy 100.0[ 83.0| 85.2
Steer 3 |Fed, total per day.........cc........ 755.6| 190.0(2346.5 237.3|3057.1/6586.5
8 days |Excreted in 2505 gm., No. 900..| 331.9| 18.3{1117.5| 129.7 721.4(2318.8
Bigesteds, o na rlin e 423.7| 171.7/1229.0| 107.6|2335.7/4267
Digested from hulls and meal..| 327.3| 141.7/1244.5| 96.6(1165.7|2975
Digested from kaffir............... 96.4| 30.0|......... 11.0/1170.0(1291
Percentage digested from
I15 3 L TR E SO A e R 64.9) 75.2|.........] 38.1] 88.4] 81
Average coefficient of digestion
Tardeatties, 1o 00 o s i SR WL | S e 85.4] 80.7
Period 3.
Steer 2 |Fed in hulls and meal............. 607.7] 150.1(2297.0| 208.4]1733.6/4996.8
8 days |Fed in milo maize 1815 gm.,
O Q0B ixssis i ot idiniditones 171.5| 40.5] 49.4| 31.5/1337.4/1628.5
Total fed per day . | 779.2] 190.6/2346.4| 239.9/3071.0/6625.3
Excreted 2490 gm ., No. 905..... 353.1| 12.71110.8| 101.0{ 797.0(2375.0
Brigetted i it i ot s 426.1| 177.9/1235.6| 138.9(2274.0/4250.3
Digested from hulls and meal..| 304.6] 142 8/1113.5] 88.2|1124.3|2773.3
Digested from milo.. ..... e 121.5] 35.1| 122.1| 150.7|1149.7/1477.0
Percentage digested................| 70.8] 86.7| 100 100 85.9/ 90.7
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TABLE 17.—NutriENTS FED, EXCRETED AND DIGESTED—continued.
Period 3.—continued.

&

] g

> g% 2y

= : e[ | =

2 .| 2% . | 2sg| =

2 = 25 | e SRS

o = &) < 2 =)
Steer 3 Botalsfedin i nan i aatasy 779.2| 190.6(2346.4| 239.93071.0(6625.3
4 days |Excreted in 2636 gm., No. 903..] 383.0{ 13.7/1177.2| 130.0{ 794.0/2497.5
Ijrastedi rerasn i S .| 396.2| 176.9/1169.2| 109.9|2277 0 4127 .¢
Digested from hulls and meal..| 827.83| 141.7(i244.5| 96.6/1165 7(2075.¢
Digested from milo....... AR 68.9| 34.2| ........ 13.3/1111.3|1152.(
Percentage digested ...... ........ 40.2| 84.4| 07 42.2| 83.2| 70.¢
Stéer 3 [Total fed.......cccresives o cvuniiinian 779.2| 190 6/2346.4| 239.9{3071.0/6625.F
8 days |Excreted in 2526 gm., No. 904...| 347.3| 10.9/1123.8| 116.0] “94.6/2392.¢
Bigestedal iin M sl o Sl by 431.9] 179.7]1222.6| 123.9|2276.4/4232.¢
Digested from hulls and meal..| 327.3| 141.7/1244.5 96.6{1165.7(2975.¢
Digested from milo..........ouee.n. 104 6] 38.0|......... 26.3{1110.7|1256.%
Percentage digested............... 61.0 93.8] 07 83.5| 83.1| 77.2
Average ... .. AN SIS 65.9! 90.2'.......0........ 84.5 84.(

Period 4.
Steer 2 |Fed in hulls and meal per day..] 607.7] 150.1/2297.0] 208.4:1733.6/4996.¢
8 days |Excreted in 2269 gm., No. 917../ 307.0] ~ 9.1/1100.0] 122.3] 603.62142.(
Digested, grams...........cc... ... 300.7] 141.0/1197.0, 85.9/1130.0,2854.§
Percentage digested ............... 49.5| 93.9/ 52.1| 41.2| 65.2| 57.1
Steer 3 |Fed in hulls and meal. 607.7| 150.12297 0 4996 .¢
8 days |Excreted in 2147 gm., No. 619.. 280.4 8.4/1052.5 111. 8‘ 567.9]2021.(
N e T
Digested, grams i.....cesrvsscassras 327.3 141.7|1244.5| 96. ()\1103 712975.¢
Percentage digested ......... ..... 53.9] 94.4| 54.1] 46.4] 67.2| 59.¢
Period 5.

Steer 2 |Fed in hulls and meal per day..| 607.7| 150.1|2297.0| 208.4|1733.6/4996.¢
8 days |Fed iu molasses 1361 gm., Nos.

920,930, 931 0 55900 St 62.2 909.2;1026.&

Total fed per day ...... coeeueen... 662.7) 150.1|2297.0| 270.6/2642.8(6023.(
Excreted. 2451.1 gm., No. 952..| 343.2 7.6(1225.8| 125.8] 584.2|2289.¢
Digested].  fln S e 319.5| 142.51071.2| 144.8|2058.6/3733.¢
Digested from hulls and meal..| 304.6] 142.8/1113.5] 88.2/1124.3|2773 @
Digested from molasses........... 14.9| —.3|—42.3| 56.6| 934.3| 960.%
Percentage digested ............... Sl ceeeeesee|  91.0[ 103.0[ 938

Steer 3 [Fed per day ......ccoccovveeenennnnnnn, 662.7| 150.1[2297.0| 270.6{2642.8|6023.(
8 days |Excreted 2077.1 gm., No. 953...] 287.0 6.2/1042.0 100.7| 511.5{1947.(
Digestiedt s Baita e L 375.7| 143.9(1255.0| 169.9(2131.3/4076.(
Digested from hulls and meal..| 327.3| 141.7/1244.5 96.6{1165.72975.¢
Digested from molasses........... 474 2.2 10.5 73.3| 965.6/1100.
Percentage digested................ {2 PR Gl P 117.8 106.1| 107.;
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TABLE 18.—SuGAR, Brc., FED, EXCRETED AND DIGESTED.

Perioad 1.
@ 2 ) &
[
| | a | & | & |88 &= 5
e xS
Steer 1/Fed in 4536 gm. hulls,
Bidays| No: 867. ...o0 v sminie. 33.1) 96.6] 664.1| 730.4] 907.3| 243.2|1975.5
907 gm. cottonseed
meal, No. 868....... 103.0 9.3| 38.7 58.5| 47.% 9.00 69.5
Total fed per day..... 136.1 105.9{ 702.8| 788.9( 955.0f 252.2 2045.0
|Excreted 2179 gm. dry
| matter, No. 862.. ........ 6.3' 74.3| 95.0/ 362.8] 178.5] 83.5] 958.4
}Digested ....................... 129.8? 31.6/ 607.8] 426.1 776.5‘ 186.7/1086.6
Percentage digested....... 95.4 29.8) 86.5! 54.0/ 81.3 66.9] 53.1
Steer 2 Fed per day in hulls and :
6 days| meal, Nos. 867, 5868...... 136.1| 105.9| 702.8| 788.9] 955.0, 252.2/2045.0
Excreted 2540 gm. dry
matter, No. 863........... 10.9] 92.9] 141 2| 370.0{ 236.5( 95 2(1172.0
Bigented . 3.l 125.2| 13.0| 561.6] 418.9| 718.5] 157.0] 873.0
Percentage digested...... 92.0( 12.3] 79.9| 53.1f 75.2{ 62.3] 42.70
Period 2
Steer 2(Fed in hulls and meal,
9 days| Nos. 867, 868.............. 136.1] 105.9| 702.8] 788.9| 955.0| 252.2|2045.0
1815 gm. Kkaftir corn,
OB s e 15.2/1224.0[ 23.9] 60.2| 29.0 5.1 44.5
Total fed per day........... 151.311329.9| 726.7| 848.7| 984.0/ 257.3/2089.5
Zxcreted 2707 gm. dry
matter, No. 899.......... 10.5) 108.3| 158.4| 565.3| 245.0/ 87.2(1115.5
Digested............ % Acec 140.8|1221.61 568.3| 283.41 739.0| 170.1] 974.0

Digested from hulls and
meal (average Steer 2)..| 127.7| 21.3] 572.0| 403.3| 733.1| 161.1] 952.4

Digested from Kaffir ...... 13.1]1200.3] —3.7—19.9] 5.9/ 9.0 21.6
Percentage digested from

11235113 MO TSR R 86. 31 - 08.01. i foreernnie 20.3| 176.5 48.5

Steer 3'Fed, total per day......... 151.311329.9| 726.7| 848.7 984.0; 257.3(2089.5
3 days|Excreted in 2412 gm. dry

matter, No. 895 .......... 8.2| 122.3| 134.3| 528.0| 223.3| 89.0| 926.4

Digested: il Ll i, 143.1)1207.6] 592.4| 320.7| 760.7| 168.3(1163.1
Digested from hulls and

Iaedl. ChS . s3iite, SR, 131.2| .25.0] 583.6| 426.0[ 756.6| 173.0{1071.7

Digested from kaffir ...... 11.9 HS?,.(S 8.8|--105.3 4,1) —4.7) —8.6

Percentage digested from
RAESS s R, 78.3' 96.6' 36.8l........ 1 R S P
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TasLe 18.—Svaar, Erc., Fep, ExcrETED AND DIGESTED—COntinued.

Steer 2
8 days

Steer 3
4 days

Steer 3
8 days

Period 2—continued.

Fed, total per day. ........
Excreted in 2505 gm. dry
matter, No. 900...........

Digested........cioevimisuonss.
Digested from hulls and
ReR T e it

Digested from kaffir......
Percentage digested from
afe L. oo it bt sonia

Fed in hulls and meal,
Nos. 867, 868..............
Milo maize 1815 gm., No.

Total fed per day...........
Excreted 2490 gm. dry
matter, No. 905...........

Digested. oo i s,
Digested from hulls and
mreals i s

Digested from milo
IARIZE s s ocgonsocsanansasitior
Percentage digested from
milo maize...........cceuus

Total fed. ... .. G0k 0,
Excreted in 2636 gm.

(dry), No. 903.............
Digested.........cccevvenninnn.

Digested from hulls and
TRERL cr oo w i eidtntas o nniiay

Digested from milo
T VA e D o T e
Percentage digested.......

Total Ted. ., .. jiweshitunnrae
Excreted in 2526 gm.
(dry), No. 904.............

Digested. .. ..... woiveicieneias
Digested from hulls and
sl r S R

Digested from milo
TORIZE. 235ss s susdneaslemors
Percentage digested......

y 4 maii el
0 0E | % |88 |53 EER

7 & =1 = a9 | O
311320.9) 726.7 084.0| 257.3,2089.5
112.9) 147.0 230.5 85.9(1031.6
1217.0] 579.7 753.5] 171.4/1057.9
25.0| 583.6 756.6| 173.0[1071.7
1192.0] —3.9 3.1 —1.6/—13.8
LR e (SR R

od 3.

105.9 702.8 955.0] 252.2(2045.0
1143.6] 44.1 48.1 4.0 45.4
1249.5| 746.9 1003.1| 256.2(2090.4
86.7| 174.8 269.7| 94.9/1016.0
1162.8| 572.1 733.4] 161.31074.4
21.3| 572.1 733.1) 161.1] 952.4
11415 0 0.3 0.2 122.0
99.8/...c..... 0.6 5.0 268.7
1249.5 746.9 1003.1 256.2/2000.4
85.0, 192.3 284.6| 92.31085.3
1164.5 534.6| 401.8 718.5| 163.9(1005.1
95.0| 583.6 756.6| 173.0[1071.7
1139.51—29.0 —38.1) —9.1—66.6
s W T S A R
1249.5 746.9 1008.1] 256.2/2090.4
85.9 177.8 263.0  85.1/1038.6
1163.6 569.1 '.7'*74'0.1[ 171.1/1051.8
25.0| 583.4 756.6/ 173.0{1071.7|
25.31138.6—14.3 ~16.5 —1.9—19.9
087 00,8, it
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TaBLE 18.—SuGar, Erc., Fep, Exckerep aAxD DicesTED—continued.

Period 4.

208 g 39| %
. o - w wd
s | 2| & | = |35 |858|sk:2
= 2 5 3 82 | 8=z | EES
7] n & ] Et= i o
Steer 2(Fed in hulls and meal,
8 days| Nos. 867, 868, per day..| 136.1] 105.9| 702.8| 788.9| 955.0| 252.2|2045.0
Excreted in 2269 gm. dry
matter, No. 917........... 5.9 76.2| 120.3| 401.2] 207.2| 86.9/1013.2
Pigested. i sl 130.2| 29.7| 582.5 387.7| 747.8| 165.3|1031.8
Percentage digested...... 95.7| 28.0] 82.9] 49.2| 78.3] 65.5| 50.4
Steer 3| Fed in hulls and meal,
8 days| Nos. 867, 868.............. 136.1| 105.9| 702.8| 788.9| 955.0| 252.2(2045.0
Excreted in 2147 gm. dry
matter, No. 916........... 4.9] 80.9] 119.2 362.9| 198.4| 79.2| 973 .3
Digested..ict. v be- 131.2] 25.0, 583.6| 426.0| 756.6| 173.0/1071.7
Percentage digested....... 96.4| 23.6| 83.4| 54.0/ 79.2| 68.6] 52.4
Period 5. ;
o
=
- n
Steer 2 [Fed in hulls and meal, per day, Nos. 867, 868.....cc.cc..cvvvvinn vunernns 136.1
IFed in molasses 1361 gm., Nos. 929, 930, 931........ccevvevvee vevnnnnnen. 798.0
ot per iy s o B R e o Ny e S 934.1
Excreted 2451 gm. dry matter, No. 952.........cccceivviierinns coevinnnnnn 5.0
Digested. oo naloml o inmnds e T PR L ST s SR 929.1
Digested from hulls and meal.......cc.ccoeruiiiiinniiininininns vevenes cennns 127.7
Digested from molasses 801
Earcentage digested i ric i i bt cut s S e Tl
er 3/ ediper duay. ..o e R G ST S e s e :
Excreted 2077.1 gm. dry matter, No. 953 ...........ccoovvvevienns eeeenn, 2.5
37T T R S St e R o B e Gt o e R 7;)51;3
Digested from hulls and meal .......c.cco.cevieuiiieninsiiiiinieneeeeenns .o, 131.2
Digested from MOIASSeR  i.uitii v hoiiivceaitrasdiissoss s siaatanes e e vt —S&)‘zi
Percentageidigested t.5:..0 o iitn i i ot er e i SR et SN e 100.6
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