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As part of the comprehensive investigation of the energy values 
of animal feeds and human foods, digestion experiments were made 
with white rats. Results of 508 tests of the digestibility of foods 
and feeds by rats are summarized. The rats digested slightly less 
protein than chickens from the animal feeds but slightly more than 
the chickens from the  human foods. The rats digested less fat but 
more crude fiber and more nitrogen-free extract than chickens. 
Digestibility of protein and of nitrogen-free extract averaged prac- 
tically the same for both rats and humans, but the digestibility of 
fats averaged a little lower by rats than by humans. Digestion ex- 
periments of foods with rats can give 3 good idea of digestibility with 
humans. 
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DIGESTIBILITY OF HUMAN FOODS AND ANIMAL FEEDS 1 AS RICASURED BY EXPERIMENTS WITH RATQ 

G .  S. Fraps 

Collaborating Chemist, Division of Lnemisrry 

This publication is part of a comprehensive investigation of the energy 
values of animal feeds and human foods. Previous work has shown that  the 

1 differences in energy values of food and feeds as measured by experiments 
with chickens are due to a large extent to differences in digestibility and to 
a much less extent to diflerences in the energy values of the digested nutri- 
ents (3). I t  was thought that  digestion experiments with white rats would 

1 add to the information as to  the energy values of animal feeds and human 
foods. For this reason, digestion experiments with rats were conducted in 
conjunction with the other work on the productive energy of feeds and foods 

I (3, 4). White rats are used extensively for experimental work on mdabolism, 
vitamins, and for other types of work relative to nutrition. 

1 The digestibilities of various foods and feeds, secured by 
1 were compared with those for chickens and for humans. 

nearly the Fame digestive powers as humans; therefore the aata  securea ~y 
digestion experiments with rats may be applied to human foods. 

means ( 

Rats ma 
1 .  

3f rats, 
y have 

v 1 

Previous Work 

Data from some of the previous work on the digestibility of proteins, fats 
and oils by rats are tabulated in Table 1. Experiments with rats in which 
the digestibility of the protein, fat, crude fiber and nitrogen-free extract is 
reported, such as have been made with ch heep and other animals, 
have not been found in the literature. The ulated gives the apparent 
digestibility of protein, in which correction! 3 t  made for metabolized 
products. Experiments in which rats were usea co ascertain the biological 
value of proteins are not included, because in these experiments tibility 
of the protein was corrected for the metabolized protein in the nt .  

.ickens, s 
work tab1 
9 were nc 

-- - 3  1 -  

the diges 
excremei 

Digestion experiments were made on simple mixtures containing 18% pro- 
tein, or on more complicated rations used in the productive energy work with 
chickens (3, 6) and with rats (4). When simple mixtures were used, they 
were made to contain as much as possible of the feed to  be tested, with the 
addition- of 1 C;, salt, 1% dicalcium phosphate, 0.2% fortified cod liver oil, 
and casein if the food was low in protein, or starch if i t  was high in protein. 
If the rats would not eat sufficient quantities of any mixture, another mixture 
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Table 1. Digestibility of protein and fat b y  rats (compiled) 

Food used in ration 
Protein 

apparent Reference 
digestibility Fat Snrnbrr 

5 5 1 1  

was fed containing a smaller quantity of the test feed. The more complicated 
rations usually contained 507, of the feed to be tested, except in case of oils, 
and feeds very high in protein (3, 4, 6). 

Details for the digestion experiments were as follows: Select rats n-hich 
do not shed much hair. Mix up enough of the ration to be tested for the 
experiment and for analysis. Place six rats in the rectangular cage made for 
the purpose with 3/8-inch mesh bottom. Place a wire-screen platform at an 
angle of about 45", directly beneath the metabolism cage. The size mesh of 
this inclined platform should be small enough-about 114-inch mesh,-to 
prevent feces from passing through. It should permit passage of wasted 
feed and urine. A tray covered with clean smooth absorbing paper should 
be placed beneath the platform to collect urine and waste feed. The inc!ine3 
platform should be hung with wire and its lower edge should be about tn-o 
inches from the bottom tray. A wire screen should be placed in front of the 
cage,-resting on the tray,-in order to prevent loss of feces. 

Put the feed in a McCullum feed cup with a piece of 1 j4-inch hardware 
cloth cut slightly smaller than the diameter of the cup and resting on tl 
This prevents the rats from scratching out the feed. The feed cup is 
a flat 8-inch evaporating dish held in place by a piece of 1/4-in mesh hz 
cloth with a hole cut in the center to allow the feed cup to project. T ~ C  1141U' 

ware cloth is turned down the sides of the dish so as to hold it firmly in place. 
Feed so as to leave little or no residue. 

Reef protein (10% protein ration). . . . . . . . . . . . . . .  
Butter, Standard, low protein ration. . . . . . . . . . . . . . . . . . . . . . . . .  
Butter, Standard hiqh protein ration. 
Butter snread, spkcial, low protein ration..  
Butter spread, special. high protein ration. . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Casein (15% protein ration) 
Corn (10% protein ration). . . . . . . . . . . . . . . . . . . . . .  
Cottonseed meal (high protein ration). . . . . . . . . . . .  
Cottonseed meal, au toclaved . . . . . . . . . . . . . . . . . . . .  
Cottonseed meal, extracted. . . . . . . . . . . . . . . . . . . . .  
Cottonseed oil, 15 % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed oil, hydrogenated, 5%. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lard, leaf (EiY0 in ration). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lard, refined (5Yo in ration). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lard, hydrogenated (557;). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lard ,neu t ra l ,5% 
I,ard, steam, low protein ration. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Lard, steam, high protein ration..  
Lard special, low protein ration. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lard spec~al,  high protein ra t ion. .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Milk (107, protcln ratlon). . . . . . . . . . . . . . . . . . . . . .  
fitilk, fresh whole..  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  hIilk, powdered wliole.. 
Milk, evaporated..  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oleo oi l ,5  7, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P e a n u t 0 i l . 5 ~ ~  

. . . . . . . . . . . . . . . . . . .  Potato (10y0 protein ration). 
Soybean protein (1 5 % protein ration) . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Soybeans, raw.  
Soybeans, he.ated.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
\?'heat proteln ( 1  0 % protein ration) . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  Yezst-(10% proteln ration). 

88 

. . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  

8.. . . . .  

81 
72 
64 
81 

83 
92 
87 
88 

79 
77 
79 
83 
70 
79 
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If the rats eat only 75 grams of a particular feed, only 75 grams should be 
fed the next time. Feed three days for a preliminary period. Then weigh 
the feed to 0.1 gm., put i t  in a weighed jar and feed the rats 7 days if sufficient 
feces is obtained, if not, feed longer. Enough feed should be fed and the feeding 
period should be long enough to  give feces weighing 30 gms. or more. 

Collect the feces daily (except Sunday) for 7 days, putting in clean paper 
frequently. The feces should be freed of all feed residues and hair by  careful 
brushing. Dry the feces daily in an electric drying oven for about two hours, 
but do not over-dry. Save all feed residues, dry if necessary, and weigh. 
Weigh the dried feces a t  the end of the experiment. Also weigh residual feed 
and the jar as a check to eliminate errors in weighing. 

I n  calculating the digestibility o' the feeds tested from the digestibility 
of the mixture and rations, the coefficients of digestibility given in Table 2 
m7ere used. These,were derived from some preliminary experiments. 

Table 2. Digestion coefficients of feeds for rats used in calcnlations 

Coefficients of Digestibility 

On account of the large number of experiments, the results are not reported 
individually. The average compositions of the feeds tested are given in Table 
3. The average digestion coefficients for 508 tests are given in Table 4. Where 
there were 4 or more tests, the standard deviations ar2 g i v a .  The standard 
deviations are discussed below. 

Nitrogen-free 
extract 

% 

74.7 
98.7 
9 6 . 0  ............ 
98.4 
9 8 . 0  . . . . . . . . . . . . . . . . . . . . . . . .  
76.2 
89.7 

Name of feed 

Alfalfa leaf meal. .  ................. 
Casein. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn meal. .  . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed oil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Skim mllk, drled. . . . . . . . . . . . . . . . . .  
Starch . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cod liveroil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
\!.heat gray shorts.. . . . . . . . . . . . . . . .  
\*east. . . . . . . . . . . . . . . . . . . . . . . . . .  

Digestibility of the protein was over 90 percent only in wheat flour, casein, 
macaroni and powdered whole milk. Meat (muscle tissues) was not included 
in the tests. Digestibility of the protein was 80 to  90 percent in asparagus, 
corn gluten meal, cottonseed flour, fish by-products, graham flour, grain sor- 
ghum seeds, white bread, buckwheat flour, ground careless weed seeds, kafir, 
linseed oil meal, millet seeds, oatmeal, peanuts, green peas, rice, rye, dried 
skim milk, soy bean oil meal, and yeast. The protein in beans was much more 
highly digestible when cooked than when raw, but there was little difference 
between the cooked and raw black-eye peas. Careless weed wed are very 
small. Some of them probably escape digestion unless ground, as is seen b y  
comparing the digestibility of the ground and the unground seod. 

Ether extract (fat) was digested more than 90 % in  bone meal, white bread. 
cocoanut oil meal, cod liver oil, cottonseed cake or meal, cottonseed flour, 

Protein 
% 

60.0 
9 4 . 0  
84.5 

8 8 . 6  
80.0 

7 7 . 2  
81.3 

Ether 
extract 

% 

46.2 
89.0 
89.2 
9 6 . 7  
99.2 
90.0 
9 6 . 7  
7 5 . 6  
45.9  

Crude fiber 
% 

30.0 
0 

51 .6  
. . . . . . .o. . . .  

0 

23.4 
9 3 . 1  
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cottonseed oil, medium hydrogenated cottonseed oil, low-grade flour, liver 
meal, meat and bone meal, powdered whole milk, millet seed, oatmeal, pea- 
nuts, rice polishings, rye flour, sunflower seed and turnip roots. 

Nitrogen-free extract was digested over 90 % in beans, both raw and cooked, 
beets, white bread, buckwheat flour, clear flour, patent flour, kafir, lactose, 
macaroni, powdered whole milk, milo, oatmeal, green peas, potatoes Irish or 
sweet, pumpkin, rice, rice polishings, rye, rye flour, skim milk, starch, wheat 
and yeast. 

Variations as  Shown by Standard Deviations 

Standard deviations are given in Table 4. The standard deviation is rec- 
ognized as a measure of variation. The standard deviation was calculated 
in the usual way by adding the squares of the differences from the average, 
dividing the sum by the number of tests less one, and extracting the square root. 
A deviation greater than the standard deviation occurs about once in 3 trials, 
while twice the standard deviation is exceeded about once in 22 trials (2). 

Variations in Digestibility 

Variations in the digestibility of feeds as shown by the standard deviations 
are due partly to  differences in the digestive process, partly to differences 
between different samples of the same feed, and partly to errors of manipula- 
tion and analysis in the experimental work. Experimental errors, while small 
when the entire ration is considered, may be large when all the errors are 
assigned to any one ingrejient of the ration, as shown below. 

Table 5 contains a c3mparison of the variations in coefficients of digestibility 
of corn meal rations and of the corn meal in the rations calculated from the 
results of the tests with the same rations. The standard deviations of the 
coefficients of digestibility for the entire ration were quite low for protein, 
ether extract and nitrogen-free extract, although higher for the crude fiber. 
Crude fiber is present only to a small extent and comparatively slight errors 
in the analysis of the excrement or the feed could cause large differences in 
the coefficients of its digestibility. 

The standard deviations were much larger for the corn meal contained in 
the ration than for the entire ration, ranging from 1.5 to  14 times as much. 
The diflerences increased with the extent t o  which casein was present as shown 
by the percentage of protein in the rations. The standard deviations for the 
nitrogen-free extract were quite low: This nutrient comprised about 70y0 of the 
corn meal. Those fo r  the  protein, the  ether extract, and especially the 
crude fiber, were much higher; these nutrients a re  present in  much smaller 
percentages than the  nitrogen-free extract. 

I t  would be reasonable to think that  the actual digestibility of the corn meal 
does not vary any more than that  of the ration in which it  is fed. When all 
the experimental and analytical errors are assigned to  a portion of the ration 
such as the corn meal, the variations appear larger than they really are. 
When high standard deviations occur a small number of experiments are not 
sufficient for an accurate average. When the feed tested is fed as part of a 



Table 5. Comparison of variations in digestib~ 

Ration or feed 

- 

Corn meal ration. 16.7% protein. . . . 4 

Corn meal ration, 21 % protein.. . . . . 8 

Corn meal ration, 30% protein.. . . . . 10 

ility of corr 

Digestibility of corn meal calculated 

I meal rations and of corn meal calculated from the digestibility of the rations 

from above rations: 
Ration 16.7% protein. . . . . . . . . 
Ration 21.0% protein. . . . . . . . . 
Ration 30.0% protein. . . . . . . . . 

)efficients of digestibility 1 Standard deviations 

4 

8 

10 

Protein 

% 
80.7 

85.2 

86.2 

79.4 

78.0 

60.8 

Nitrogen- Nitrogen- 
Ether Crude free Protcin 

extract fiber extract 

% 
85.7 

% % % % 
45.9 

% 
92.9 1.4 

% 
3.7 1 7 . 3  0.4 
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ration, high scandard deviations do not necessarily mean that  the digestibility 
of constituents of the feeds are as highly variable as the standard deviations 
would lead one to suppose. These differences are partly mathematical, rather 
than actuaI. 

Comparative Digestibility by Rats and Chickens 

Comparisons of the average digestion coefficients secured with rats with 
those for corresponding feeds with chickens (5) are given in Table 6. On an  
average of all the comparisons of the feeds, the rats digested slightly less pro- 
tein, a little less fat, and appreciably more crude fiber and nitrogen-free extract 
than the chickens. The rats digested a little more protein from the human 
foods than the chickens, and more nitrogen-free extract, but less fat. Differ- 
ences between the digestive powers of chickens and that  of rats occur chiefly 
with feeds low in the constituents being studied. When the feed is high in 
protein, in fat or in nitrogen-free extract, the differences are usually small. 
On the average rats have slightly higher digestive powers than chickens. 

Comparative Digestibility by Rats and Humans 

Average digestion coefficients of feeds by humans, a compiled by us from the 
literature, compared with these for rats fed corresponding foods, are given in 
Table 7. The average of the coefficients compared is 70.0 for protein by rats 
and 71.3 by humans; 72.6 for fat by rats, and 82.4 for humans, and 91.5 for 
nitrogen-free extract by rats and 91.7 for humans. Except for fat, the average 
digestibility was practically the same by rats and humans. The human diges- 
tion experiments listed in which crude fiber was determined w x e  so few (five) 
that a comparison is not justified. 

I t  mould seem that  for foods on which reliable digestion experiments with 
humans are not available, results of digestion experiments with rats could be 
used with no great error. This is the case especially with vegetables. Many 
human digestion experiments have been carried out with complicated diets, 
in which the food to be studied was only a small portion of the entire ration. 
When fed in this way, as painted out in this publication and in a previous 
publication (5),  the coefficients of digestibility of the ingredients are subject 
to greater error than that of the entire ration. Digestion expwiments with 
rats may in such cases give m ~ r e  accurate data than the experiments with 
human beings. 
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Table 7. Comparative digestibility of foods b y  rats and by humans 

Protein Ether  extract Crude fiber Nitrogen-free extract 
Food or feed 1 Rat s  H m a n s  Ra t s  l lumans  1 Rats  I111ma.s 1 Rat s  IIumans - -- --- -- 

... . . . . . . . . . . . . . . . . .  Apples, dried. 
Apple sauce. . . . . . . . . . . . . . . . . . . . . .  
Barley..  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  Hcans, rooked. 
. . . . . . . . . . . . . . . . . . . . .  Beet, roots. .  
. . . . . . . . . . . . . . . . . . . .  Rread, w h ~ t e .  

. . . . . . . . . . . . . . . . . . . . . . . . .  Cabbage 

. . . . . . . . . . . . . . . . . . . . . . . . .  Carrots.  
. . . . . . . . . . . . . . . . . . . . . .  Corn meal.  

<lorn o i l . .  . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed meal . .  . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  Cottonseed oil. 
Flour, graham. .  . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  Flour, low grade. 
Hydrogenated cottonseed oil . . . . . . . .  
Macaron1 . . . . . . . . . . . . . . . . . . . . . . . .  
Milk whole.. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  hqilk: skim, dried..  
Rgilo . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  Oat  meal.  
. . . . . . . . . . . . . . . . . . . . .  I'eas, green..  

. . . . . . . . . . . . . . . . . .  IJotatoes, Irish. 
Peanut  oil. . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  Peas, cooked, blackeye.. 
Rice . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rye flour . . . . . . . . . . . . . . . . . . . . . . . .  
Sovbean o i l . .  . . . . . . . . . . . . . . . . . . . .  
s tarch  \\'heat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77.7 71 61.1 

Wheat  bran, finely ground. . . . . . . . . . . . . . . . . . . .  7 2 . 3  4 5 4 9 . 3  ________-,- - - 

Number totaled. . . . . . . . . . . . . . . . . . . .  23 28 25 2 1 24 24 
. . . . . . . . . . . . . . . . . . . . . . . . .  Average..  1 ;;.7 1 71 3  1 72 .6  1 8 2 . 4  1 47.9 1 7656 1 91.5 1 91.7 
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SUMMARY 

Results of 508 tests of the digestibility of foods and feeds by rats are sum- 
marized. The rats digested slightly less protein than did the chickens from 
all the feeds, but digested a little more protein than did the chickens from 
human foods. The rats digested less fa t  but more crude fiber and more nitro- 
qen-free extract than the chickens. The digestibility of protein and of nitrogen- 
free'extract by rats and humans averaged practically the same. Rats digested 
smaller percentages of fats than the humans on an average. 

ACKNOWLEDGMENT 

Acknowledgment is due to E. C. Carlyle, T. L. Ogier, Raymond Reiser, 
and other members of the staff for assistance. 

REFERENCES 

Barnes, R. H., Primrose, M. T,, and Burr, G. 0. 1944. The influencc of the protein 
content of the diet upon fat digestibility. Jour. Nut. 27: 179. 

Fisher, R. A. Statistical methods for research workers. 

Fraps, G. S. and Carly!e, E. .C. 1942. Productive energy of some feeds as mcasured by 
gains of energy of growlng chickens. Tex. Agr. Exp. Sta. Bul. 625. 

Fraps, G. S. 1943. Productive energy of certain feeds as measured by the production 
of fat and flesh by growing rats. Tex. Agr. Exp. Sta. Bul. 632. 

5. Fraps, G. S. 1944. Digestibility of feeds and human foods by chickens. Tex. Agr. Exp. 
Sta. Bul. 663. 

6. Fraps. G. S. 1944. Maintenance requirements of chickens and productive energy of 
eds as related to age. Tex. Agr. Exp. Sta. Bul. 665. 

allup W D 1928 The digestibility of the proteins of some cottonseed products. 
Biol.'  hem. '76: 43. 

ayward J. W.. Steenbock H and Bohstedt G 1936 The effect of heat as used in 
e extraEtion of soy bean oii upbn the nutritivi vaiue of 'the soy bean oil meal. J. Nutr. 
: 219. 

oagland, Ralph, and Snider, G. G. 1940. Nutritive properties of certain animal and 
:getable fats. Tech. Bul. 725, U. S. Dept. Agr. 

itchell, H. H. 1923. A method for determining the biological valuc of protein. J. 
~siol. Chem. 58: 873. 

Nevers, W. R., and Shaw, D. B. 1933. The apparent digestibility of fresh whole milk 
and powdered whole m~lk.  J. Nutr. 6: 139. 


	b0675 0001.tif
	b0675 0002.tif
	b0675 0003.tif
	b0675 0004.tif
	b0675 0005.tif
	b0675 0006.tif
	b0675 0007.tif
	b0675 0008.tif
	b0675 0009.tif
	b0675 0010.tif
	b0675 0011.tif
	b0675 0012.tif
	b0675 0013.tif
	b0675 0014.tif
	b0675 0015.tif
	b0675 0016.tif
	b0675 0017.tif
	b0675 0018.tif
	b0675 0019.tif

