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tHE COEFFIOIl!;N'l' OF DIG.l!;S'.tION AS INFLUENUED 

BY tHE PLANE OF NU'l'RI'i'ION OF '!'HE ANIMAL. 

A revie. of the literature reporting digestion ex

periments shows that but few investigators have studied the 

problem of digestion from the point of view of the influenoe 

of the oondition of the animal on its ability to assimilate 

food. 

T. Katayama (1) fed two swine a ration oonsisting of 

potato Ohips, molasses cake l wheat bran l and rye meal. 

digestion tr.iaJ. was divided into two periods of ten days eaoh, 
rhe ' 

in one of whioh lJa.oh animals reoeived twioe as muoh food as in r~ 

t·he other. Between these two periods three days intervened 

during which time the animals reoeived the ration of the last 

period. 

The results obtained are summarized in the following 

table: 

·tABLE I 

. --', . . .. , . . .' ...... ,._-.-. __ . .. - I\)-fr-ee.. 
Animal Days of Wt.Food Oonst1tuents Digested in % Exr~Act 

No. .. 'trial Eaten Dry sub. Organio Protein Fat F1bre ·fhr~dtl... > 
I 

5 10 
5 10 

Differenoe · 

(:; 10 
t) 10 

Differenoe 

1254.6 86.4 
627.3 86.4 

0.0 

: ~a54.o 
687.3 

86.0 
86.1 
0.1 

88.0 
88.2 
0.2 

87.6 
87.8 
o.a 

68.0 
73.4 
5.4 

66.9 
72.3 ---
5.4 

55.2 
54.4 
-0.8 

9&.0 
93. ? 
-0.3 

94.0 
93.6 
-0.4 
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From this experiment the author oonoludes that the fore

going determinations show that the food in both of the periods 

was equally well digested and that the amount of the food bas 

no 1nfluenoe on its assim11at1on. 

In the total food of period one there was 15.5 grams of 

fat (ether extr~ct). In the dung of swine number 5 there was 

found 17.3 grams and in the dung of number 0 there was found 18.8 

grams of fat. In period two 7.8 grams of fat was found in the 

total ration while in the dung of number 5 for this period there 

was 8.7 grams and in the dung of number 0 there was found 9.8 grame 

of fat. the author conoludes that the faot that there is more 

fat (ether extract) in the feoes than was found in the total 

food is due to the presence in the feces of ether soluble meta

bolio produots. 

In the digestion of the protein he finds that in the 

small ration only 5.3 per oent (3.4 grams) more was digested 

than in the large ration. This slight difference he is in

olined to attribute to an addition of nitrogen oontaining meta

bolio produots rather than to the effect of the larger ration. 

He thinks that with a ration oontaining a small amount of pro

.te1n and a large amount of oarbohydrate~ a muoh larger amount 

of these metabolio produots w111 appear in the feces. By the 

use of pepsin-hydroohlorio aoid aooord1ng to the reoommendation 

of the Pfeiffer (21) he determ1ned the amount of nitrogen in the 

metabolio produots. 

were obtained: 

Using the dry feoes the following figures 
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Urams dung 'rotal amt. Protein inso1. Protein sol. 
air dry protein in pepsin in pepsin 

% grams % grams grams 

t:Jwine 5 period 1 170.0 24.1~ 41.0 8.00 13.6 27.4 

.. 0 " 1 l?ti.O 24.15 42.5 7.90 13.9 aB.ts 

.. 5 .. 2 85.2 au.l1 1'/.1 8.79 8.4 B.7 

•• b u 2 87.3 20.38 1'1.8 9.03 '7.9 9.9 

We see from these figures that the feces I'rom the 

high ration oontained much more pepsin soluble n1trogen oontain-

1ng subBt~ce than the smaller ration. But sinoe the digestion 

with pepsin very possibly dissolves not only the metabolic product s 

but also some of the protein nitrogen of the feces the author 

determined the amount or nitrogen which was soluble in e~ber 

and aloohol .. 

For this purpose a large amount of feoes was thorough

ly extraoted with ether and the undissolved reSidue then treated 

with aloohol. He found in this way the amount of nitrogen 

Which on the one hand was dissolved in ether and on the other 

was left 1n the feces after extraotion with et~er and aloohol. 

~y this means he obtained the following figures: 

Protein 1n Protein insol. in Crude protein 
ether extraot ether & aloohol soluble 

10 grams " grams . grams 

Swine 5 period 1 0.33 0.50 aU.b8 35.2 5.8 

" 0 " 1 0.43 O. '16 ;dU. '13 30.5 o.u 
.. 5 " a u.27 u.23 lH.o3 15.5 l.t; 

II 0 .. 2 0.33 0.29 18.17 15.9 1.9 

From the above table it is easily seen that in period 
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one the feces oontained a much larger amount of metabolic nitrog-

enous substance than in period ~. Very probably not all of the 

nitrogen in the ether and alcohol can be called metabolic, still 

he caloulated the digestion coefficient of the protein on thiS 

basis. When he subtracted from the total feoes nitroge~that 

WhiCh was dissolved in ether and alcohol l and then calculated 

the digestion ooefficient .he obtained the following figures: 

5-1 6-1 Average 5-2 o-~ Average Differ. 
-

Digestion coefficient 
usual calculation 68.1 00.9 

Digestion ooefficient 
above described 

calculation 72.6 71.0 

6'1 • 7 " 3. 4 ? ~ • 3 -5.;5 

72. 1 75.8 "5.2 75.5 -3.2 

By this means he obtained a much closer agreement of 

the percentages of protein di.gested and concluded that the lower 

digestion coeffioient with a large ration was due to the presence 

Of a larger amount of metabolio nitrogenous substance in the feces. 

Kellner (2-.) in experimenting with steers found tnat 

the amount of food eaten had a very marked effect on the per cent 

of food assimilated. He fed a ration consisting of timothy 

hay, molasses cake, rye meal) and cottonseed meal. 

his results: 

1:3e low are 
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tABLE 2. 
K ,') 
-.05~ 

Animal .. D~ys of 1ft.Food Constituents Digested in ~ 
No. Trial J!;aten Dry sub. Organio Protein Ii-at Fibre .N • }I" .,I!;. 

13 10.84 76.1 11.0 63.5 62.8 8B.u 

13 13.01 14.7 oS.3 04.4 61.2 8u.S 

13 15.18 72.8 65.8 64.2 59.2 71.u 

13 lU.84 75.8 . 71.2 61.6 02.0 81.2 

In this experiment there was found to be a deoided 
-

deorease in the digestibility of the food, with t~e exoeption 

of fat, as the rat10n was inoreased. Kellner thinks this is 

due to the food remaining longer in t~e digestive tract if a 

small amount is taken and therefore more digestion by the 

juioeS and more absorption by the intestines. 

From the above table it appears that the digestion 

depression due to the greater ration is not very large and 
, 

Kellner thinks it appears to approaoh a limit whioh for exaot- i'< 

ness in suoh investigations must in general be taken. The 

author think·s it is oertain that there are different oonditions 

Whioh influence the assimilation of food in larger amounts. 

He says that the length of time whioh the food remains in the 

stomaoh and intestines should be oonsidered, for if the diges

t1ble foodstuff is here too short a time the digestion and ab-

sorption as well as the fermentation may be stopped too soon. 

And also since the elasticity of the digestive traot must have 

a limit J it is possible that when the volume of the food reaChes 

or oversteps this limit) its passage through the intestines will 

be muoh faster than on a smaller ration. He also thinks tnat 



it is possible that with a food of easily digestible substanoes 

the abi+lty of the walls of the intestines to absorb is not 
" 

exeroised to the utmost and does not take out all of the nu-

trients that are in the intestines. 

Henneberg and Stahmann (3) found that inoreasing 

amount s of feed lowered the digest 1b1l1 ty. 'rhe same animals · 

were used through this entire set of experiments. 

ii"he' · animals in table 3 reoeived oat s straw and bean 

meal; in ~able 3a they reoeived bean straw and bean meal; in 

table 3b olover hay alone, and in table 30 timothy hay and 

bean meal. The following results were obtained: 

trABLE 3 

Animal Days of Wt. Food Constituents Digested in ~ 
No. Trial ~aten Dry sub. Organio Protein, Fat Fibre N.F.E. 

1 

2 

1 

a 

1 

1 

2 

;. a 

1 

a 

a 

6 

6 

14 

14 

14 

14 

24.0 

24.5 

27.7 

2u.4 

25.1 

24.1 

a9.0 

18.05 

as.88 

su.u 
49.0 

TABLE 3a 

TABLE 3b 

54.0 

54.0 

54.0 

54.0 

'lABLE 30 

52.U 26.0 

46.0 14.0 

54.0 50.0 

49.0 ? 

51.0 36.U 

SO.O ? 

53.0 ? 

51.0 33.0 

01.0 ? 

55.0 20.0 

5"7.0 43.0 

53.0 41.u 

39 .0 ts4:.0 

33.0 59.U 

38.0 69.0 

40.0 67.u 

38.0 68.0 

39.0 07.0 

65.0 70.U 

59.0 05.0 
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In another experiment (4) they found that with in-

orease in size of the ration there was a decrease in the diges

tibility in one instanoe and an increase in the other) as the 

following table will show. These animals were fed timothy 

hay and eaoh reoeived in addition 50 grams of salt per day. 

Animal Days of Wt.Food Constituents Digested in % 
No. Trial Eaten Dry sub. Organic Protein Fat Fibre N.F.E. 

1 8.635 62.0 50.0 37.0 05.0 03.0 

1 10.570 00.0 '70.0 41.0 60.0 59.0 

,,2 8.305 02.0 01.0 41.0 04.0 02.0 

2 9.070 63.0 71.0 41.0 08 .0 58.0 

Although these men found a deorease in most oases in the food 

assimilated, as the ration increases, speaking of the results in 

respeot to praotioal feeding they say that, within rather wide 

limits, the amount of roughage eaten really makes no difference 

in its assimilation. 

Jordan and Jenter (5) ran digestion trials with four 

sheep on two di ffe,rent kinds of rat ions. Sheep numbers 1 and 

2 were on full feed during both experiments while sheep numbers 

3 and 4 were on half feed. Full ration number 1 oonsisted of 

IOU grams of timothy hay, 8UO grams of oorn silage, lOU grams of 

ground oats, and 120 grams of ground peas. Half ration number 

one consisted of just half of each of these oonstituents. Full 

ration number two oonsisted of 300 gram. of timothy hay, 50u grams 
./ 
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of corn s11ag8 1 40 grams of malt sprout8~ 60 grams of brewers 

grains l and 60 grams of Buffalo gluten feed. Half ration 

number two oonsisted ot just one-half of eaoh of these oonstit-

uents. Bel.ow are the results obtained: 

'tABLE 5. 

Animal Daye of Wt.Food . Constituents Digeated in % 
No. trial Eaten :Dry sub. Organic Protein Fat F1bre H.F.E. 

1 

2 

3 

4 

1 

a 

3 

4 

5 

-S 

Average 

5 

5 

Average 

5 

5 

Average 

5 

5 

Average 

i 

2335.4 ; 09.5 
! 

i 

:' 69.4 

1177.5 j 75.7 
\ 

1177.5 \ 73.1 
i 

Jlation I. 

'71.8 

'11.7 

71.7 

77.2 

75.4 

76.4 

3648.4 6~.2 64.7 

7u.7 

71.0 81.8 58.9 75.2 

70.8 80.5 59.U 75.4 

76.0 82.1 70.3 79.4 

75.2 8~.2 54.2 78.6 

75.6 82.1 07.2 79.u 

69.7 '\73.9 59.0 65.3 

2648.4 ' 61.1 63.8 60.9 7~.8 01.1 64.9 
~------~------------~,~----~--~~ 

61.6 

1304.4 66.9 

·1304.4 05.1 

66.0 

64.2 

68.7 

67.4 

68.U 

05.3 73.8 ou.O 05.0 

69.8 

71.7 

7U. "I 

76 • 5 64 .8 69 .5 

75. 7 59 • 9 69 .0 

70.1 62.3 09.3 

In this experiment the digestion coefficients of num

bers 3 and 4 on half ration are high.er 1n both oases than the 

ooeffioients of numbers 1 and. 3 on full ration. Conoerning 

these results the authors say that the results of the oomparison 

ot the full and half ration show the latter to be uniformly more 



fully di gested. they think that thi s differenoe between the 

large and small ration is too large and too uniform to be ex

plained by errors. 

'rhese same men in running an experiment (o} 011 a oow 

to determine the souroe of the fat in milk, fed her different 

amounts of the same food. In one period she received 10 

pounds of timothy hay, 7 1/2 pounds of oorn meal., and 5 pounds 

of ground oat 8 • In the other period 6 2/3 'pounds of timothy., 

5 pounds ~f oorn meal, and 3 1/3 pounds of ground oats was the 

ration. the f'ed used had all been extraoted to remove the 

fat. The table below gives their results. 

iI"AELE 6 

Animal Days of Wt.Food Constituents Digested in % 
No. 'J.'rial Eaten Dry sub. Organio Protein Fat Fibre N~F .E. 

Oow 

.. 
6 

10 

22.5 

15.0 

60.1 

55.0 

44.9 

39.0 

52.6 

51.4 

H. Weiske (7) in making experiments with rabbits to 

determine the influenoe of different salts on the digestion, 

fed a number of them oats alone in differing amounts. ~hese 

rabbits were the oheok animals in his experiments. Numbers 

63.0 

59.1 

1 and a were rabbits from the same litter about six months old. 

Rabbit K was about three and one-half months old. Habbit number 

1 was about seven months old. ---,. 
He says in disoussing the results of these different ex

periments that he has found that with one and the same oat. 
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when 100 grams of the air dry oats were fed, 18.3 per oent of 

the ~ry substand8, 25.8 per cent of protein) and 18.0 per oent 

of N. F. E. less was digested than when the animals received 

only 55.5 grams of the air dry feed. In another experiment 

the animal had instead of 100 or 55.5 grams of air dry oats 

(93.5 and 52.0 grams of dry) 84.5 grams of dry oats l therefore 

the amount eaten lay midway between the amount eaten by the 

rabbits in the previous experiment. 

If we now compare the digestion ooeffioients which 

were obtained in the different experiments by feeding rabbits 

oats without nhe addition of any salts., we obtain the following 

figures: 

Animal Days 'of Wt.Food 
No • 'l'ri al Eat en 

1 

2 

Average 

1 

I 

93.52 

93.52 

93.52 

84.5 

52.0 

TABLE 7. 

Constituents Digested in % 
Dry 8U~. Organio Protein · Fat Fibre N.F.E. 

00.10 

00.49 

63.3 

70.·2 

81.t:) 

07.18 

61.50 

64.3 

7'1.0 

82.3 

06.34 93.86 30 .06 70~ 37 

07.15 ~3.31 9.10 65.32 

00.8 93.0 19.0 07.9 

81.3 94.3 10.4 84.2 

92 • ~ 9 3. 1 34 • ., 80 • 5 

From these results he conoludes that it is eVident that 

the digestion ooeffioient of oats (exolusive of ether extraot) 

1.s in inverse proportion to the amount of food consumed, for 

with the greatest oonsumption there 1s the least digestion, and 

with the least oonsumption there is the greatest digestion while 
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the oonsumption of an amount between these gave a digestion 

ooeffioient about half waY ,between the maximum and minimum. 

E. Wolff et ale (8) experimented on a horse doing 

ordinary farm work. He was fed different rations and the 

Qigestion coefficient determineQ. At two Qifrerent times he 

rece1ved timothy hay alone. . Below are the results obtained: 

TABLE 8. 

Animal Days of Wt.Food Constituents Digested in ~. 
No. Trial ~aten Dry sub. Organic Protein Fat Fibre N.F.E. 

. Period 1 

5 8812. uU 55.78 

Period 3 

5 10898.75 53.42 53.95 61.74 

In the above ~ experiment a slightly lower digestion or 

timothy hay was obtained when the animal received 1~.5 kg. than 

when it received only 10 kg. However there was a dift·erence 

of only two or three per oent in the total dry substance and the 

Qi!ferent oonstituents or the' hay. For this reason the author 

(9) investigated this question farther to see whether if the 

animal ate difrering amounts of one and the same rougnage any 

influenoe on the digestion coefricient could be noticed. For 

thi s purpose pure luz~rn hay was used, .hi ch was out fr,om the 

fields of tne experiment station in a fairly young condition, 

was oured well and was of a very good quality. "rne hay was fed 

in three periods fOllowing each other, in the following amounts: 



8) then 10, and finally 12 kg. This amount could not be exceeded 

witnout leaving an uneaten residue. It is to be noticed that 

the horse was ted IO kg. o:t" hay of another cutting of the Barne 

field for 14 days before the beginning of this experiment. 

Below are the results obtained: 

'l'ABLl!; 9 

Uonstituents Digested in ~ Animal Days of Wt.Food 
No • .1. ri al J!;a ten Dry sub. Organic Protein Fat Fibre N.F.~. 

Period 1 . 
5 tH:S95 , 2 55.2u 55.~4 73.5J. 3~,9? 09.94 

Period 2 
5 8431.UU 5'/.4'/ 57.97 '13.25 ~? .05 7u .91 

Period 3 
5 9930 .uu oU.04 01. u'l '1'1, U 3 --- 4i;;.88 '11.83 

It is seen from this table that a depression or the 

digestion following an increase in the amount of roughage 

at least nere is not the case; on the other hand, even though 

small there was a regular increase in the digestibility of the 

food. 

In the previous winter the same horse was I·ed only 

hay at two different times far separated from each other, 

While in tne interim the same hay along with oats and chopped 

straw was tOed. The fOllowing table ShOWS the results of tois 

experiment: 
TABLE 9a 

Animal Days of Wt.Food Constituents Digested in % 
No. Trial Eaten Dry sub, Organic Protein Fat Fibre M.F.E. 

Period 1 
5 8584.0 47.27 50.21 58.02 21.47 38.44 57.89 

Period 8 
5 8652.0 48.S2 50.2S 54.08 21.37 39.27 58.81 
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We see that these figures are very close together. Of 

the organio matter about the same was digested in both cases. 

Only in the prot ein is there a di fferenoe • This di fference" 

ho~everl the authors say, often oocurs in this kind of experi

ments and must be referred to the 'averaging of the analyses of 

the feeds. 

In order to test the digestibility of the above kinds of 

roughage by ruminants l two two year old ~ethers were fed differ-

ing amounts of the luzern hay number 1. As in the experiments 

with the horse the sheep were given first 800 1 then 1000, and 

finally 1200 grams of the air dry hay per day per sheep. In 

. the first and second periods of the eXp'eriment animal number 2 

had a slight siokness and therefore oould not be used. In 

·the third period only did the animal oome baok to a normal 

oondition and so for this period alone could the figures be 

used with safety. 

TABLE 9b 

Animal Days of Wt.Food Consitituents Digested in % 
No. Trial Eaten Dry sub. Organio Protein Fat Fibre N.F.E. 

Period 1 
1 6 679.28 58.84 60.80 72.12 26.34 43.58 70.61 

Period 2 
1 8 850.00 60.34 61.87 74.78 30.84 48.46 68.28 

Period 3 
1 6 1005.S8 60.96 S2.43 73.94 31.72 47.46 70.53 

a 6 953 .. 60 Sl.31 63.28 73.83 33.96 49.09 70.64 

In period 4 the digestion of total organic substanoe 

was almost the same as in period 11 however, the differenoe 18 



notioeable in the separate oonstituents for the protein and 

the total nitrogen free extraot was somewhat less and the crude 

fiber somewhat better digested. Wolff believes that since 

both animals in each period were very uniform, the cause of 

the differenoe must have aoted on each animal in the same way 

and must have been in the oondition of the feed or in the 

body oondition of the animal, or both. 

It should be said that during the time between the 

two periods" 'the wethers were fed rather inte'nsively with grain 

(oats) along with luzern hay and therefore at the end of the 

experiment were in a 80mewhat better oondition than at the 

beginning. However" after many other kinds of experiments the 

longing for and ability to oonsume roughage was so regained 
the 

th.at/iUfhor does not think it had any effeot on the percentage 

digestion of the different 'constituents in the later -experiments. 

Phelps and Wooda (10) fed four sheep soy bean meal and 

ti~othy rouen in differing amounts. In the first period eaoh 

sheep reoeived one half pound of soy bean meal and one pound . 

of timothYI in the seoond period eaoh sheep ate 3/4 pound; of 

80y bean meal and 1 "1/2 pounds of timothy. . The tfme of the 

digestion trial was five days. Sheep A in the last trial pulled 

80me wool from its side and may have eaten it. 

The following t 'able gives the results: 
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TABLE 10 

Animal 'Days of Wt.Food Constituents Digested in ' %-
No. Trial Eaten Dry sub. Organio Protein Fat Fibre N.F.E. 

A 5 3405 68.5 75.8 71.1 61.2 66.7 

A 5 5100 67.0 77.0 74.1 59.7 62.2 

13 5 3405 70.5 77.0 76.7 61.2 69.0 

B 5 5100 69.5 77.4 73.3 63.1 66.5 

C 5 3405 71.5 80.0 77.4 63.1 68.4 

C 5 5100 66.9 78.5 72.0 66.8 63.5 

E 5 3405 65.4 76.0 71.4 56.7 60.9 

E 5 5100 73.7 80.0 73.1 69.5 71.8 

,Knight et al. (11) fed two wethers alfalfa hay in 

differing amounts. The hay used In these two trials was not 

exaotly the same. Conoerning this they say in the seoond ex

periment : "This alfalfa was praotioally the srune as that used 

in experiment one." 

TABLE 11 

Animal Days of Wt.Food Constituents Digested in % 
No. Tr.$,a1 Eaten Dry sub. Organic Protein Fat Fibre N.F.E. 

, - Period 1 
K 5 3400 63.64 81.20 36.29 46.30 78.02 

Period 2 
K 5 4535 60.17- 78.04 47.92 40.98 72.20 

Period 1 
XX 5 3400 63.49 80.64 33.87 , 4~~33 72.21 

Period 2 
5 4535 59.80 77.01 45.83 40.56 72.38 

Oonoerning the results of period 1 the authors say: 

'The results J as would have been expected J are not markedly dif-

ferent from those obtained in the previous expe~.nt~ The 
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results are lower than in the first with the exception of the 

digestibility of the ether extract and the I. r. extraot. It 

ahould a180 be notioed that although the alfalfa used in 1 

and a was fro. the same field and was cut and cured at, prac

tically the same time and under similar conditions of weather, 

the analysis shows quite a range of composition.-

'Hryant and Milner (12) in studying the digestibility of 

vegetables by men fed a fairly constant ration. In determining 

the digestibility of the ba8al ration they fed the person firat a 

large ration then a small one. Helow are the results obtained:· 

'tABLE 12 

Animal Days of Wt.Food Constituents Digested in % 
10. Trial Katen Dry sub. Organic Protein rat Fibre , I.'.~. 

6105.U 87.3 96.0 93.4 90.8 

4011.0 89.0 98.3 9a~ti 98.0 

A diet consisting of meat, bread, butter, milk, and 

sugar was ohosen, the same number and kind of material for each 

8ubject, and this was eaten for several aeals, until eaoh one 

had found what quantities would be agreeable to him. The 

diet thus decided upon was ter.med the basal ration, and an 

experiment ot three days was then made with each subject to de

termine the digest1b11i ty o't the ration ha had cilo.cn~. 

the two trials in the above table were carried out on the 

same person. 

Tangl (13) CODduc~.Q quite an , extensiT8 experiment 

with horses to determine it possible what influence the time of 

drinking (before, during or atter a meal) had on the di,eatl-



bility of the ration. In these experiments he fed the an

imals differing amounts ' of the same feed and also changed the 

drinking time. 

We have assembled, in the following tables, the data 
~ 

which was obtained from animals receiving the same feed and 

having the drinking period the same. This plaoes -the results 

on the same basis and a oomparison can , easily be made. 

TABLE 13 

Animal Days of Wt.Food Oonstituents Digested in tfo 

No. Trial Eaten Dry sub. Organio Protein Fat Fibre N.F.E. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

4 19931.0 

10 49828.0 

5 27259.0 

5 27259.0 

4 21784.0 

TABLE 13& 

10 52091.0 ( ? ) 

4 21784.0 

4 21784.0 

6 32675.0 

6 43568.0 

TABLE 13b 

60.32 72.89 39.00 52.08 83.27 

58.86 70.50 39.93 49.98 62.41 

63.06 68.64 41.24 45.39 71.96 

62.63 68.64 46.25 47.79 68.97 

62.25 62.29 . 42.58 47.06 69.19 

59.83 69.68 31.44 34.41 67.22 

61.05 57.54 48.41 41.65 69.45 

64.38 63.19 40.77 36.78 76.21 

64.13 62 .51 42,08 38 .99 75.05 ' 

62.8 61.79 47.73 40.64 72.07 

TABLE 130 

5 27230.0 

10 54459.0 

61.72 63'.09 51.35 36.51 70.42 

64.78 62.51 44.65 43.80 74.43 



TABLE 13d 

Animal Days of Wt.Food Constituents Digested in % 
Ro. trial at en Dry ub. Organic Protein Fat Fibre N. i.E. 

3 4 26067.0 40.34 49.88 15.69 18.49 51.69 

3 5 37'133.0 47.31 57.99 7.10 40.30 52.29 

TABLE 138 

3 5 25156.0 46.85 60.89 5.40 42.51 49.13 

3 5 25156.0 '9.99 61.31 7.27 46.28 52 . 56 

3 5 32581.0 44.42 60.59 21.89 23.60 53.96 

TABLE f 

3 5 31594.0 M.7S 73.80 59103 34.13 59.19 

3 6 37916.0 54.88 72.33 59.00 a .67 61.80 

t LE 13g 

3 5 37086.0 54.S3 73.19 53.82 3O.S6 62.82 . 

3 8 44503.0 54.76 73.63 55.17 28.60 63.59 

TABLE 13h 

4 a5800.00 45.37 88.47 23.08 32.80 '9.0 

4- 5 31500.0 46.11 70.10 24.39 34.30 48.79 

TABLE 131 , 5 32110.0 58.37 74.68 59.69 3.6 60.80 

4 31594.0 59.87 76.60 S2.60 0 .42 64.30 

4 5 3159 .0 61.54 76.34 S2.60 45.9 64.97 

4 6 44503.0 56.85 70.05 59 . 34.73 62. 4 

4 5 37086.0 56.05 9 . 08 5 • 0 36 . 30 60.7 
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TAbU 13j 

Animal Days of Wt .... 004 CJonsti tuenta Digested in ~ 
.0. trial &aten Dry SUD.- Organic Protein .ra1i .lt1.Dre l.r.li. 

4 

4 , 

.. 35688.u 

5 3791ti.8 

5 31594,0 

4 39669.0 

489669.0 

51.71 73.40 55.03 3b.39 : 63.05 

61.9~ 75.71 57.39 45.30 60.51 

57.54 74.76 81.11 43.21 59.84 

56.09 71.35 58.79 32.43 81.75 

56.73 72.07 58.93 33.56 S2.Sa 

Tangl (14) also carried on experiments with different 

animals to determine the digestibility of different aeede. In 

the following table swine I, 3 and 4 were fed broom corn. 

!ABLE 14 

Animal Daya of Wt.rood Oonstituents Digested in ~ .0. Trial Eaten Dry sub. Organic Protein Fat nbre H.F.E. 

1 

1 

:5 

3 

3 

, 
, 
4 

.\11 ta. 

8 

8 

· 8 

8 

8 

8 

8 

8 

571.0 78.1' 

636.0 76.79 

1666.0 76.30 

8523.0 71.S3 

8541.0 68.37 

1509.0 70.74 

2128.0 76.63 

8550.0 71.86 

80.49 60.61 70.88 14.70 87.01 

80.40 . 58.90 70.53 16.87 87.41 

78.0& 82.a3 54.73 30.84 85.80 

73.87 50.S9 46.94 20.'3 83. 3ft 

70.31 32.19 31.77 18.10 83.03 

73.01 52.64 56.27 21.43 81.36 

78.29 1'.10 59.86 35.46 85.13 

73.87 49.79 50.54 25.11 83.2S 

The same feed waa fed a chicken with the following re

'fABLE 14a 

15 

18 

83.0 

59.0 

81.81 

90.30 

95.37 

95.47 



Turkey number 1 reoeived indian corn and turkey numb r 

2 broom oorn. The. following table gives the results obtained: 

TABLE 14b 

Animal Days of Wt.Food Constituents Digested in ~ 
Bo. Trial Eaten Dry sub. Organio Protein rat Fibre 

a 
a 

5 

6 

150.0 

200.0 

80.28 

80.85 

.. It 
93.84 

93.45 

With ducks reoeiving only broom corn the following re

ult were obtained: 

TABLE 140 

Animal Days of Wt.Food Oonstituents Digested in ~ 
10. Trial Eaten Dry sub. Organic Pentoeans Fat FibreH.F.E 

1 

1 

10 

10 

230.0 

368.0 

a -38 73.53 

18.08 65.18 

71.31 

60.29 

In this experiment two geese were used. Number 3 re

ceived indian corn only and number 4 broom oorn. The following 

table gives the results: 

TABLE 14d 

3 13 142.0 26.94 46.30 95.91 

:3 10 100.0 27.99 54.16 94.04 

3 10 300.0 22.89 35.38 91.52 

3 6 300.0 19. S) 32.07 93.70 

4 12 239.0 25.44 56.57 94.64 

4 10 245.0 17.78 54.47 93.20 

4 10 400.0 32.96 39.95 88.34 

4 10 400.0 20.20 33.27 84.52 



EXPERIMENTAL 

The experimental part oontains the digestion trials of 

steers Nos. 549, 551, and 559, which were oarried out under the 

direotion of the author for this thesis and also all of the tria)e 

whioh had a bearing on this subjeot, whioh have been oonducted 

at this Station. The results obtained from the steers Nos. 

549, 551, and 559 are not suffioient by themselves to allow us 

to draw any oonolusions. For this reason therefore we have in-

eluded them in Table 16. 

The experiments at this Station were made on oows '. 

under the supervision of Prof. C. H. Eokles and on steers under 

the supervision of Dr. P. F. Trowbridge. All of the chemical 

analyses were made by the department of Agricultural Ohemistry. 

Eokles (15) made digestion trials with five oows on 

full feed and on maintenanoe to determine the requirements fo r 

milk production. In the full feed and maintenanoe rations the 

feed oonsumed was in the amounts given in the table below: 

Pounds of grain 
per day 

2.92 to 4.48 

5.2a to 9.22 

Pounds of hay 
·per day 

llaintenanoe 

3.93 to 4.48 

Full Feed 

4.65 to 15.55 

Pounds of silage 
per day 

11.76 to 17.94 

13.95 to 21.80 

The grain ration was doubled in the full f ad period , 

the hay was about double in most 08ses, but the silage w .' not 

inorease but about a third. 



The grain ration oonsisted of corn meal 4 parts, wheat 

bran 2 parts, linseed oil meal 1 part. This grain mixture was 

ted in exaotly this proportion to all of the animals throughout 

the entire investigation inoluding the maintenanoe trials. The 

feeds were fed as nearly as possible in the following proportions: 

Grain 1 part l hay 1 part, and silage 4 parts. 

The results obtained are summariaed in the following 

tables: 
TABLE 15 

Animal Days of Condition Oonstituents Digested in ~ 
10. Trial Dry sub. Protein Fat Fibre B. F. E. 

206 

206 

400 

400 

304 

304 

27 

27 

62 

62 

10 llainten. 

10 Full feed 
Differenoe 

10 Mainten. 

10 Full feed 
Differenoe 

10 Kainten. 

10 Full feed 
Differenoe 

10 Jlainten. 

10 Full feed 
Differenoe 

10 1lainten. 

10 Full teed 
Difference 

70.5 

65.3 
5.2 

69.9 

65.5 
-,'4.4 

69.6 

64.3 
5.3 

73.8 

66.3 
7.5 

72.2 

66.9 
5.3 

71.1 75.7 67.8 79.9 

62.5 68.7 SO.4 72.5 
8.8 7.0 17.4 7.4 

69.7 75.1 62.8 77.7 

61.3 71.8 50.9 72.3 
8.4 3.3 11.9 6.4 

73.5 78.1 63.4 70.1 

61.6 72.0 47.5 71.4 
11.9 G.l 15.9 6.4 

67.3 73.2 55.3 82.1 

58.8 66.9 53.8 72.6 
8.5 6.3 1.5 9.5 

65.5 73.9 52.1 81.0 

60.6 59.8 53.9 73.6 
4.9 li.1 -1.2 7.4 

The experiments oarried out by Trowbridge and his aS80-

ciates (16) were with steers in different oonditions, namelYI full 

feed, maximum growth without the laying on of fat, rest rioted growth l 

and maintenanoe. 

The feed of etas •• N08. 599 1 588 1 197, 48, 164 and 595 
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oonsisted of corn 8 parts, linseed 1 part and 0.4 as much alfalfa 

hay as grain. 

Numbers 522, 529, 527, 509, 507, 502, and SOl were fed 

corn 6 parts, oats 3 parts, linseed 1 part, and 0.5 as much 

alfalfa hay as grain. In order to determine the influence of the 

different planes of nutrition on the digestion ooefficients we have 

plaoed thewe animals in the order of the dry BuRstance digested. 

The time of the digestion trial was 9 to 11 days. 

TABLE 16 
Oondition 10 of Constituents Digested in per cent. 
of animal animal Dry sub. Protein Fat Fibre H. F.E. 

Kaintenanoe 197 83.750 78.502 82.032 49.193 91.059 

Maintenanoe 588(1) 82.329 74.758 87.778 51.472 89.676 

Maintenanoe 588(2) 81.806 74.559 83.098 42.093 90.379 

Maintenanoe 18 

Max. growth 599 

Restrioted 509 

Maximum 502 

Maintenanoe 164 

Maximum 507 

Maintenance 595 

Full feed 501 

Maintenanoe 529 

Maintenanoe . 522 

Maximum 559 

Maintenanoe 529 

Full feed 527 

Be st ri ot ad 551 

Restricted 549 

Full Feed 48 

79.000 68.381 87.084 44.778 87.596 

77.521 69.614 83.781 43.296 85.478 

77.488 75.013 79.630 40.465 85.139 

75.449 70.820 73.265 40.045 83.601 

74.239 61.776 64.378 29.54785.224 

73.922 70.024 72.876 37.559 82.012 

73.373 66.644 84.042 39.417 82.488 

72.721 67.587 77.188 37.282 88.229 

72.501 79.657 90.248 43.454 73.277 

71.435 . 68.381 78.214 29.706 79.971 

71.260 69.270 81.140 46.060 S3.33O 

70.025 63.968 67.587 31.520 SO.471 

69.S39 65.720 7S.589 47.138 74.563 

69.800 67.640 SO.760 43.610 83.960 

68.230( 66.250 76.510 39.050 Sl.Sao 

67.163 61.639 75.S68 
.~~--~~~~~~~ 



We see here that the maintenanoe animals have a higher 

coefficient in general than the full fed, although there is no 

regular decrease in the coefficient a8 the plane ot nutrition 

geta better. This ia probably due to the individuality of 

the animals. AlBO theae animala were not of the same age and 

thi8 may alao have an influence on the per cent assimilated. 

Animal Ro. 539 was in the poorest condition of any 

yet we aee that its ooefficient is fifth from the bottom. 

Steer 10. Sa7 was an anim~l of the same age as 529 but on full 

feed. Bis ooeffioient is fourth from the bottom. These two 

animals were almost the exact opposite in condition yet w. eee 

that they digested almost exactly the same per oent of food. 

10. 197 was a fat ahow steer seventeen montha old that had beeD 

on aaintenance three months when the digestion trial was made. 

His condition was still excellent altho he had lost a good deal 

of his surplus tat. His coeffioient is the highest of all. 
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DISOUSSIO 

In spite of the faot that Katayama (page 1) has ap

parently proven that there is a much larger amount of metabolic 

nitrogen in the feoes of period 1 (laege ration) than there is 

in the feces of period a (small ration) it still remains that 

there was 3.2 per oent more protein digested in period 2 than 

in period 1. The results for most of the constituents, however, 

agree very olosely. 

In a pre-period of 8 days the swine were fed the large 

ration, then between the two periods of the experiments only 

three days intervened in whioh the animals reoeived the smaller 

ration. If it takes 8 days of feeding a oertain ration to get 

the animals in a condition so the digestion trial oan be made 

safely, then it seems reasonable to 8uppose that three days is 

not sufficient time to adjust the animals to the n~w ration. 

True, these rations were of the same materials, but if the 

quantity of the large ration was above the needs for normal 

body growth then some would be stored and it would take longer 

than three days for the animal to be in need of a more thorough 

digestion of the feed oonsumed and to adjust itself to this need. 

In this experiment the feed contained in the half ration 64.2 

grams of protein, 498.6 gram of nitrogen f.ee extract, 7.8 grams 

of fat, 29.4 grams of crude fibre. 

Henry (17) places the maintenance ration of the 100 . 

pound pig (about five months old) at 0.87 pound of dry substanoe 

oonsisting of 0.4 pound of corn meal, 0.4 pound of wheat middlings, 
would 

and 1.6 pounds of skim milk. This ration/?onta1D, 262.0 grams 
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of N.F.E., 73.0 grams of protein, 26.0 grams of fat, and 15.0 
~ 

grams of fibre. The emall~ration fed by Katayama was almost 

twice as nutrit ive as was the maintenance ration of Henry. 

In the work of Eckles, page 21, the animals on full 

feed ate only a~out twice as much grain and alfalfa and about 

one third as much more silage as when on maintenance. These 

00 s were in full milk when the digestion trials on fell feed 

were run. The feed in this period did not oontain much more 

than twice as much nutrients as the maintenance ration and it 

supplied all of the oonstituents of the milk. From this 

then we must oonclude that the 627.3 grams fed the swine since 

it contained twice the nutrients needed for maintenance of a 

100 pound hog, must have been ample for normal growth. If 

this were the case then we would not expect an increase in the 

digestion ooefficient. Also this feed contained only a very 

small amount of orude fibre, 29.4 grams. Doubling this feed 

would not have increased the volume of the feces so greatly 

that it would have distended the intestines to their limit, and 

therefore have been forced through faster. For this latter 

reason aocording to Kellner, there would have been no differenoe 

in the per cent of food assimilated in the two rations. 

e do not believe that an animal will digest any 

larger peroentage of a small ration if it is above the needs 

of the body for normal growth. It is only hen the food is in-

sufficient that the , digestive aotion is exerted to the utmost. 
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In our experiments at this Station it was desired to find the 

maintenance rations of some steers. The animals were in a good 

condition when the experiment started and the ration was just 

sufficient to maintain the body weight. For quite a while the 

weight remained stationary when although the feed was exactly 

the same the animals began to show a marked gain in weight and 

we were oompelled to reduce the ration. It appears in this 

case that there was either a greater economy by the animal's 

body or there was a better digestion of the food. 

From these facts it seems reasonable to suppose that 

sinoe the small ration fed the swine was at least twioe as 

nutritive as a maintenanoe ration it was above the needs for 

normal growth and therefore we should not xpect the animals 

to have much if any higher ooeffioient of digestion than they 

did with the larger ration. 

Kellner in his work with steers, page 4, found that 

there was an inorease in the ooeffioient of digestion as the 

amount of food decreased with the exception of the fat. In 

nearly all of the digestion experiments along this line there 

has been found to b an inorease in the fat digestion ith 

increasing ration. ThiS, as Katayama, page 1, po~ted out, 

may be due to the varying amounts of ether soluble metabolio 

products in the feoes. 

Unfortunately the data in these exp riments is rather 

inoomplete for it does not tell us wheth r they .er carried 

out on one or more animals nor how long a time elapsed between the 

different trials. 



~ae-

In the experiments of Henneberg and Stahmann (reported 

on page 6) the steers received a larger ration at one t ime than 

at another. In one instance steer No.1 reoeived 2'1 pounds per 

day and No. 2 reoeived 24 pounds. In another instance No. 1 

consumed 24.5 pounds and No 2, 27.7 pounds per day. In still 

another No. 1 ate 18.85 pounds and No.2, 22.88 pounds per day. 

Different sized rations were not fed to the same animals and 

for this reason we can not say t hat the slight difference in 

the coefficient is · due to the size of the ration. It may be 

only the individual variation of the animals. The time of the 

digestion trial was also too short as wi l l be pointed out later 

in this paper. 

In another experiment, however, the time of the trial" 

14 days" was ample, and the same animal was fed different sized 

rations. The digestion ooefficient of the steers was only 

slightly bet te with the smaller ration. The diff erenoe in 

this case we feel must be asoribed to the meohanioal aotion of 

the volume of the . feed. Kellner thinks that this increase of 

volume is the most important faotor in the ohange of the diges

tion coefficients. In this case the amount of feed, 20 to as 

pounds of olover : hay, has a very large volume" and Kellner's 

explanation may be suffioient here. However, he also says that 

it i8 p08sible that with a food of easily d1gestibie substanoes 

the ability of the intestines to absorb is not exeroised to the 

utmost and does not take out all of the nutrients that are in 

the intestines. We would modify this and say that when the 

animal is on a feed above the needs for normal development the 
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ability of the digestive tract to digest and absorb is not exer

oised. as fully as when the animal is on a feed too small to 

maintain these normal oonditions. It makes no differenoe 

whether the feed be ooncentrates or · ~o~ghage s . 

Kellner seems to think t hat the ooefficients of diges

tion of ooncentrates may be influenoed in digestion by their 

amount and that roughage fed alone in different quantities 

may not have any influenoe on the per cent assimilated. 

The evidenoe from Katayama's experiments with swine 

does not point to this for here there was only a ve ry small 

quantity of crude fiber and the different amounts . had no effeot. 

We believe that the volume of indigestible matter has an influence 

on the digestion coeffioient but not as great an infleunoe as 

whether the animal is getting feed above or below the requirements 

for normal growth. 

Jordan and Jenter (page 7) in their experiments with 

sheep fed Nos. 1 and 2 full feed all of the time and Noa. 3 

and 4 half feed on bothLof the rations. From their results 

we see that the average ooefficient of digestion of sheep 

. los. 1 and a was lower than that of V08. 3 and 4. The table 

below gives the average of their experiment. 

Ration No. 1 

Full Feed 

Ho. of Animal Dry sub. Organio Protein Fat Fibre N.F.E. 

1 and 2 69.4 71: 7 70.8 80.5 59.0 75.4 

Half Feed 

3 and 4 74.4 76.4 75.6 82.1 67.2 79.0 

Differenoe 5.0 4.7 4.8 1.6 8.2 3.6 
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Ration o. 2 

Full feed. 

o. ot Animal Dry Bub. Organic Protein Fat Fibre B.F.E. 

I and 2 1.6 64.a 65.3 73.8 60.0 65.0 

Half teed 

3 and 4 86.0 68.0 70.7 76.1 62.3 69.2 

Differenoe 3.8 5.4 2.3 2.3 4.2 

However, no definite conolusions as to the influenoe 

of the amount of food on the digestion ooefficient can safely 

be draw from experiments conducted with. ,different nimale on 

different ratione for the individual variation may be greater 

than that due to the quantity of feed. 

This is well illustrated in the work , of Weiske (17) 

who fed two sheep the same amount of feed. 

giyes his results: 

The following table 

Table 17 

Animal Days of Wt. Food Oonstituents Digested in fo 
Bo. Trial Eaten Dry sub. Organio Protein Fat Fibre B.F.E. 

1 8 858 .80 61.84 64.04 56.36 12.40 18.06 71.78 

2 8 857.83 67.29 68.31 62.20 82.40 3~.80 76.34 

Difference 5 . 45 4.27 5.74 10.0 15.74 4.58 

These animals were about the same age and weight and re

oeived identical rationa, nevertheless Bo. a ' digested 5.45 per cent 

more dry matte'r, 4.27 per cent more organio substanoe, 5.74· per cent 

more protein, 10.0 per cent more fat, 15.74 per oent more fibre., 

and 4.58 per cent more I. r. E. thap did Ro. 1. If now we compare 

the variation in the digestion coefficient as obtained by Jordan 

and Jenter and asoribed to the size of the ration to the variation 
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obtained by Weiske and asoribed to the individuality of the ani

mal we will find that the individual variation 1s greater in 

almost every oase than that found by Jordan and Jenter. These 

men found that with ration No. 1 there was a differenoe of 5 

per cent dry substanoe, 4.7 per oent organic matter, 4.8 per cent 

protein, 1.6 per cent fat" 8.2 per oent fibre, and 3.6 per cent 

N. F. E. in favor of the smaller ration. These differenoes are 

not as large in most cases as are those obtained by Weiske with 

sheep los. 1 and 2 on identical rations. 

Howeyer, if W. oompare the digestion coefficient of the 

anima&. on the same Biz d ration in Jordan and Jenter's experi

ment we will find that there 1s a very good agreement, the great

est differenoe being in the coefficients of digestion of the 

protein by 108. 1 and 2 on ration Bo. 2, 8.8 per cent. There-

fore it may very probably be that the difference observed by 

these men may not be due entirely .to individual variations of 

the animals. 

Anothir thing we must consider is the duration of the 

digestion trials, 5 days, which s ntirely too short time. 

The effect of a short trial haa been very forcibly brought out 

in the digestion trials of the Dairy department of this Station 

with oow No. 304. This cow was fed a ration for the ten days 

of corn 8.31, bran 4.055, oilmea1 2.077, alfalfa 14.515, and 

ailage 56.243, or a total of 8.5203 kg. per day. In the seoond 

trial of two days she reoeived 1.452 kg. corn, 72S gr. bran, 

364 ·gr. oil meal, and 7.628 kg. of alfalfa, or a total of 5.086 k~ 

per day. In/ both periods the oow was on maintenance; , in the first, 
I 

j 
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however, ahe was in full milk and in the seoond in pregnancy. The 

food at both times was , Dot the same a8 in the seoond period she 

received DO silage. This differenoe, however, seems hardly to 

explain the great differenoes in the ooefficients of digestion 

noticed. The results obtained are given in the following table: 

wt.rood Consti t uents Digested in per oent 
Inimal Days of . Eaten 

10. Trial per day Dry sub. Protein 'at fibre l.r.l. 

10 8.520 69.6 73.45 78.13 63.38 19.09 

Period a 
a 5.086 68.45 84.13 3l.~ 16.47 

Differenoe 15.17 5.00 6.77 32.04 2.SS 

w. Bee that there i8 a differenoe of about 3 kg. per 

day of feed consumed but the animal was OD maintenanoe during 

both periods. The enormous differenoe in the coefficients 

must then be ascribed to the abort duration of the last dige8-

tiOD trial. The dung voided in these two days was above the 

aTe rage of the 10 day period. In the 10 day period 8.52 kg. 

of food wae eaten per day and the dung per day contained 

1.3706 kg. dry substance. In the two day period ~ltho the 

animal oonsumed only 5.086 kg. of food per day there was in the 

dung 3.076 kg. of dry 8ubstance per day. This acoounts for the 

great variation in the coefficient. An animal, espeoially on 

a 10. diet, does not void dung in exact quantitie8 and 80 a long 

period must be taken to overoome thia error. In our experiments 

on digestion we nearly always find that during, the 10 day period 

the weight of dung 'yoided varies from 1 to a kg. in the different 

clays. 
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Conoerni g the length of time Katayama (1) ay8 in 

discussing the experiment ot others along this line, -It is 

to be noticed that th 8e experi ents only lasted 5 days which 

i entir 11 too hort a ti e to get the average amount of feces 

voided. -

Another xperi ent of Jordan and aenter is the one 

report d on page 9 in which they endeavored to show the souroe 

of ailk fat. TM was an abnormal f ed in that it did not 

contain any fat which could be extracted ea ily. The amount 

of food in the second period was bout two-thirds hat it 

was in the first. The trial in period a lasted 10 days and in 

period 1 only a days. This last was again too short. The 

digestion of the food stutfs w 8 better in period 2 than in 

period 1. 

It may very possibly happen th t with a digestion trial 

of le s than 10 days the verage amount of feces will be voida 

and the 00 ffici nt ay be all right. Sine this is not alwaye 

the case we ar compelled to rej ct all r sults except those in 

whieh w r oertain th t the ti of the trial was of suffioient 

length. 

In Weiske's experiments on rabbits (page 9) we • 

another instance of the individu 1 variation. 10. 1 and 2 

were about ix month old nd fro the 8 e lit r • . Ther fore 

we would expeot to find a much loser greement in their diges

tion coeffioients than between animals of different ages and 

li tt r • How ver> there 18 a differenoe between the degree of 

assimilation of Nos. 1 and a as great as any we have sen in the 
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foregoing experiments. For inat'ano8, there is a d1 fferenoe,pf 
\.... ' .. , 

20.90 per oent in the digestion coeffioient of the orude fibre. 

The seoond rabbit, 10. 1, was only 3 1/2 onths old. 

This introduoes another faotor of unoertainty into the problem 

as does rabbit X whioh was? months old. Here we have the dl-

gestion ooeffioient of four rabbits only two of whioh are the same 

age and same feed. These rabbits show a differenoe in oms 

oasea larger than the differeno between the different 8 zed 

rations. It is eas11y seen that he re t he age of the rabbit 

may hav a very marked influenoe on the a aimi~ation of the food 

and that therefore ' no very definite oonolusion oan be drawn from 

' this data • 

• Wolff (page 11) also only ran the trial 5 days ln 

all of his digestion trials with the horse. In addition to thi 

there was not a very great differenoe in the amount of feed con

sumed in the different experiments: 10 to 12 and 8 to 10 to 12 kg. 

of hay. 

.... 

We see from the experiments that when 10 kg. and later 

12 kg. of hay was fed there was a slight deorease in the diges

tibility as the ration inoreased, while in the later experiment 

when 8 then 10 and finally 12 kg. was fed there was a regular in

orease. This in every oase was only about 5 per cent at the most. 
V'll'tk "t h o.s ~ of 

How if we compare these .figur sAan animal r oaiving \ 
/ 

the same ration in two digestion tri 1s we will find that prob-

ably thi differeno i8 only a variation ,in the animal expla1n-

abl by the short duration of the trial and 1s not due to the 

different quantities of the fad. 



Th. following results obtained by Tang1 (13) will il-

lustrate this: 
. ~ .. ~~ .. 

TABLI 18 

Animal Da •• of Wt. rood Constituenta Dig.sted in per oent · 
.0. Trial Eaten ' Organio ProteiD rat ribre l.r.l. 

I , 89889 ·.0 56.36 71.16 53.38 34.80 61.50 

3 , 89889.0 5a~85 78.30 55." 38.38 57.11 

Differenoe 3.51 O.M 8.56 . 6.4.8 3.79 

!.ABLE 18a 

3 3 aaasa.o 55.51 "'.70 56.45 as .08 80.98 

I 3; aaasa.o 51.18 74.81 5'.74 2S.88 M.84 

Differenoe 4.33 0.09 1.71 1.40 6.14 

In the •• experi.ents horae 10. 3 was fed 39.889 g~. 

of teed in duplioate periods. There was a clifterenoe '. 'of 

3.51 p.r ceat of orgaD1c subatanoe and corr •• ponding differ.Boes 

i~ the other oODstitu.nt. betw •• n the ooeffioient of tig •• tion f'~. 

the two period.. At another t1.e duplicate deteraination. were aade 

with the .... horae ·r,o.iyi_& 88252 gr,ama of f.ed. In .this 

oa •• the difterenoe bet •• en the two period. i. even greater than 

in the fom.r. 

In Wolff'. first expetiaent the difterenoe betw.en the 

high and 10 • . ration was a.ss per oent dry substance, 2.89 per 08. 
Orl&Dio aub.tanGe, 1.i5 per QeD' protein, 0.43 per oent tat, 3.0S 

per oe.t ti~re, and 3.IS per ceat I. r. I. Th •• e differeDoe. 

are aot a. larae aa tho.. i. table 18 and '18a where the .... an-

1.a1 was 'te4 the .... teed. In hi. .eoond exp.riment the dif-

fer.noe bet.e.n the di,eatlbl11tJ of the .igbeat and lowe.t ration 

is onl, 5." per oeR' ~rr BUDatanoe, 5.13 per oeat oraanic, 1.58 
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per cent prot,ein, 9.91 per cent fibre, and 1.89 per oent N. F. E. 

This again is only a little more than is seen in tables 18 and l8a. · 

From the above comparison it appears safe to assume that the dif

ferenoe in the digestion of the hay by the horse oan not be ex

plained by assuming that the digestion ooeffioient is inoreased by 

the greater quantity but that on the other hand the figures given 

do not show the real coefficient due to the short duration of the 

trial. 

holds. 

In the d1 gestion t rials with sheep the same ori t i oi am 

These animals were fed amounts not varying muoh ~d the 

trials were too short. The differences observed were no greater 

than those oited in tables ,18 and l8a • 

. In Phelps and Wooda' experiment with sheep (page 14) 

the ratio of the timothy hay to the soy bean meal was the same 

in both the large and small ration. These, then, can be oompared. 

The critioism of this work is that the duration of the 

experiment,S days, was too short. In most ·of the oases the 

ooeffioient inoreased with a deorease of the ration. In one 1n-

stanoe only was there an inorease with the larger ration. 

!he fat and fibre here, as in many of the other experi

ments, do not follow the variation of the remainder of the food 

oonstituents. 

In these experiments each sheep was fed first a low · 

ration and then a high ration. This eliminates the error of the 

individual differenoe which we noticed in the experiments of Jordan 

and J.enter • 

. Knight fed two wethers alfalfa hay whioh in the two 

trials was not exactly the aame. Alao the duration of the ex-
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periment was too ahort, being only 5 days. For these reasons no 

very safe oonolu8ions oan be drawn. With the higher feed there 

waa in nearly all of the food oonstituents a deorease in the 00-

efficient of digestion. 

Digestion trials such as are represented in tables 19 

and ao can not be used in the determination of the influence of 

the quantity of feed on the digestion ooeffioients for here a 

doubttul faotor ia introduoed in the changing proportion of the 

oonstituents. The larger amount of feed may possibly have a 

depressing influeno ~ on the digestion, but the inoreased propor

tion of sugar beeta J in this case may - Jve~ likely increase the 

digestibility of the total ration because the sugar beets are so 

very muoh more easily digestible than the hay. 

TABLE 19. 

Animal Days of Wt.rood Constituents Digested in ~ 
10. Trial Eaten Dry sub. Organio Protein 'at fibre I.F.E. 

1.7 

B.' 
3.1 

1.7 

2.4 

3.1 

Part 2 

79.43 

86.61 

87.91 

86.61 

84.95 

81.05 

7l~48 

68.91 

49. la' 

57.93 

53.58 

33.99 

98.48 

97.12 

98.40 

90.85 

93.14 

90.11 

In part 1 eaoh sheep reoeived 1 kg. of vetoh hay, but the 

amount of sugar beets was ohangedJ the first reoeived 0.7 J the 

aeoond 1.4, and the third 2.1 kg. of sugar beets. 

In part a eaoh animal reoeived 1 kg. of grummet and sugar 
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beets in the same amounts and arrangement aa in part 1. In 

part 1 there was an inorease of the digestion ooeffioient as 

the ration inoreaaed, in part a a decrease. 

8heep were uaed in both parta. 

The same two 

In the experiment from whioh table 20 was obtained 

eaoh ani~al receiyed 10 kg. of timothy hay ana l . kg. of brewers 

graina in one period and a kg. of brewers grains in another. 

TABLE ao 
Animal Days of Wt. Food Oonstituents Digested in ~ 

10. Trial Eaten Dry. sub. Organio Protein Fat Fibre I.F.E. 

A 

A· 

B 

B 

11.0 

12.0 

11.0 

13.0 

74.45 

64.10 

76.6 

69 : 3 

99.5 75.0 92.8 57.8 

78.5 42.5 52.3 81.2 

104.1 90.0 77.8 63.4 

81.9 62.5 32.0 75.1 

In table ao there waa a decrea.e in the digestion coef-

fioient as the food quantity increased. Here we beliei'e that the 

iBcreased digestibility of the ration due to the greater amount of 

the brew~. grains was not 8uffioient to overoome the depressing 

effect of the increased ration. 

Possibly this would happen in a great many oases but 

it ia evident that the re8ulting effect depends on the ratio of the 

different SUbstances. It the ratio of the ea8i1y and difficultly 

digestible constituents i8 not the same it i8 impo8B1ble to eay 

whether the resulting effect is due to the larger ration or not. 

·The ' data obtaine~ from Tang1' s work on horses , (page 17) 

does not give us anYeYidence either for or against the depressing 



action of an increase of ration. In f t ve oaS8S there was an 

inoreaae in the digestion ooeffioient with an inorease of the 

ration, in four O&S8S a deorease and in two oases the coef

fiQient was the same. This variation, we believe, is due to the 

ahort duration of the pe~iod of the trial. We have shown in the 

discus8ion of other results that 3 to 6 days is not suffioient 

time to carry out a reliable digestion trial. Also the differ

enoe in the amount of feed oonsumed was not large enough to mak. 

a very great differenoe in the ooeffioient. Tangl did not get 

agreement of the coeffioient on duplioate determination.. This 

is just another tnatanoe of the unreliability of short period 

digestion trials. 

In his experiments, page 19, with feeding grain to 

different animals the trials are longer. When he fed broom oorn 

alone to swine the coeffioient 'was sometimes lower, sometimes 

higher OD a larger ration. We believe that this is due to all 

of the rations being above the requirement for normal growth and 

development. In. all o&ses the animala left some of the broo. 

corn uneaten, 16 to 53 grams. This ahows that the animals were 

reoeiving all that they needed. 

With the ohiaken (page 19),on the other hand, the dige8-

ti~n ooeffioient deoreased with the inorease of the ration. 

With the turkey, ·.o. 2, table 19b, there is a slight inorease. 

The duok in table 190 gava a decrease in digestibili.y as the 

ration increased. Geese 3 and 4, table 19d, were found to digest 

le.s as the ration inoreased, in general. 

It must be borne in mind that Knight at al., Bryant and 

·Millner, and Tangl were not working on the problem of the in-
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fluenoe of the plane of nutrition on the digestion coeffioient. 

They were trying to solve totally different problems, but in 

our search of the literature of digestion trials we found that 

these men had fed animals differing amounts of the same food, and 

a8 we wished to have at hand all of the data that could possibly 

be cODsidered to have any bearing on the subjeot we have used their 

results. 

In our di8cu8sion we have endeavored to point out some 

of the error. which might explain the differing results of the 

different investigator.. We saw that some men, as Wolff, 
per cent of 

deoided that there was an increase in the/assimilation of food 

as the ratioD .increased, others, a8 Weiake and Jordan and Jenter, 

oonoluded that an inorea8e of the ration lowered the coeffioient , 

while others, as Katayama, :;"and Henneberg, think it has no in-

fluenoe. Kellner aeama to be of tha opinion that different 

kinds of rations (oonoentrates and roughage) have differing effects. 

W. balieve that a great many of the conflioting results 

oan be explained by the faot that the experiments were of too 

ahort duration and in many oases were carried out without taking 

into oonsideration the individuality of the animala. In the ex-

perimenta of Trowbridge and aasociates we saw that there was no 

regularity in the relation of the ooeffioient of digestion to the 

plane of nutrition. 

of the ·animal. 

ThiS, we feel, is due to the individuality 

We believe that in order to 801ve thi8 problem it is 

neoe8sary to feed the Bame animal different rations. The animal, 
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must, however, have been fed the ration for at least two weeks 

in advance of the trial. In faot, we seriously doubt if this 

is enough time for the animal to adjust itself to a lower ration. 

We contend that the differenoe in the amount assimilated is due 

to the adjustment of the animal to its new ration more than to 

the meohanioal effeot of the volume of food. This latter condition, 

that is, volume of, food, we do believe Q.as some effeot but not 

as great an effect as the adjustment of the anima~. It does not 

•••• to us that an animal reoe-iving more than is neoessary for 

normal growth will digest any larger or smaller peroentage lt the 

ration ia increased or deoreased .0 long 'as it stays above this 

limit. .~ think this explains in part the oonflioting results 

of Wolff and the negative ones of Iatayama. In all of these 

oases the food in the small ration was at least as muoh as was 

needed to supply the nutrients for normal development. In ,the 

case of Eckles' experiment the animals when on maintenance were 

not reoeiving the amount necessary fo maintain normal d8Yelopment 

and sinoe they were on maintenanoe 150 days, they had ample time 

to adjust "themaelyes to the new oonditions, The volume of rough

age, as we saw in the di soussion, . di d not inorease as much as the 

grain or total nutrients and therefore we do not believe the lo.e~ 

ooefficient oan be explained by a8suming that it is due merely to 

the meohanioal aotion of the volume. 



CONCLUSIONS 

Although the evidence is not suffioient to allow us to 

draw a definite oonclusion a8 to the effect of the plane of . 

nuttitloD on the digestion coeffioient of the animal, we ten

tatively hold that an animal will digest· more of a small ration 

only if it is needed for normal . development, and that the volume 

of the food will have no effect except when it beoomes so great 

as to distend the intestines to their limit and is therefore 

foroed through faster. In other words, the digestion ooeffioient 

of an animal will be influenced above the amount required for 

normal development only by the volume of food oonsUMed; below 

this amount by the adaptability of the animal to its condition ', 

ot life. If time is not allowed for the animal to acoommodate 

itself to these oonditions there will be no difference in the 

peroentage of food assimilated and a180 if the time of the diges

tion trial is not at least 10 days the results will be unreliable. 
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