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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 a good idea of digestibility with
humans.
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BULLETIN NO. 675 NOVEMBER, 1945

DIGESTIBILITY OF HUMAN FOODS AND ANIMAL FEEDS
AS MEASURED BY EXPERIMENTS WITH RATS

G. S. Fraps

Collaborating Chemist, Division of Chemistry

This publication is part of a comprehensive investigation of the energy
values of animal feeds and human foods. Previous work has shown that the
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 differences in the energy values of the digested nutri-
ents (3). It was thought that digestion experiments with white rats would
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
(3, 4. White rats are used extensively for experimental work on mstabolism,
vitamins, and for other types of work relative to nutrition.

The digestibilities of various foods and feeds, secured by means of rats,
were compared with those for chickens and for humans. Rats may have
nearly the same digestive powers as humans; therefore the data secured by
digestion experiments with rats may be applied to human foods.

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, ecrude fiber and nitrogen-free extract is
reported, such as have been made with chickens, sheep and other animals,
have not been found in the literature. The work tabulated gives the apparent
digestibility of protein, in which corrections were not made for metabolized
products. Experiments in which rats were used to ascertain the biological
value of proteins are not included, because in these experiments the digestibility
of the protein was corrected for the metabolized protein in the excrement.

Methods

Digestion experiments were made on simple mixtures containing 189, pro-
tein, or on more complicated rations used in the productive energy work with
chickens (8, 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

ddition' of 19, salt, 19, dicalcium phosphate, 0.29, fortified cod liver oil,
End casein if the food was low in protein, or starch if it was high in protein.

f the rats would not eat sufficient quantities of any mixture, another mixture
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Table 1. Digestibility of protein and fat by rats (compiled)

t]

X

Protein f‘

Food used in ration apparent Fat Reference

dlgestlblhty Number E‘!

/0 % j

Beef protein (109 protein ration)............... S8 S e, 10 j;

Butter, Standard, low protein ration.............[............ 89 1 i

Butter, Standard, high protein ration. . ..........[............ 96 1 y

Butter spread, specnal low protein ration. ... sa.|. o cviaiie 92 1 ’
Butter spread, special, high protein ration........[............ 96 1
Casein (15%, protein ration).......... 3 83 : 10
Corn (109, protein ration)........... 3 81 10
Cottonseecol meal (high protein ration) 5 72 7
Cottonseed meal, autoclaved 64 ¥
Cottonseed meal, extracted ; 81 iz 1
Cottonseed oil, 15% ................... 9
Cottonseed oil, hydrogenated, 5 SRy S 9
Lard, leaf (5% L e D e e A e R e el SRS s BT 9
Lard, FRETed e R IR Py, Ands 3 Bdie ol s d SRS - o + B0 % b)Y 8 9
N By AToRonared Lo Ony . L R . it 2 s a5 a| v g ae whe e 9
dhrdymentialita ot Q. S Sn ittt dlo g das AN 00T AR . i 9
Lard, steam, low protein ration. .. ...........ooofocoiion i 1
Lard, steam, high proteinration................|....... ..., 1
Lard spec1al JowiProt i ERtion il s e s Mt el o fn sl S o il 1

Lard special, high protein ration.................|.cooo. 000 1 ,
Ml (10 % tprotein‘ration) 0L LG i L il B30 5] & SaraEny | M 10
VIN s treshiiawhiole. S o oo o S e i o e 92 99 11

Mk Enewdered swhole = .0 o L a T e v Y e 87 99 11 i

Milk, evaporated .............................. 88 91 11 p
Oleo 011 % .............................................. 97 9
Peanut oil, DL el SIS ST L A R Y| AT 96 9
Potato (10% DIOLEIn YREIOND. o 0 Vo, sioiys e wibs i PR ') D I o 10
Soybean protein (159 protein ration)............ i e B ey ot i R 10
SoTBeHBE TR Nimes | 57 e SRS U L g, Ty 1 s B GERe . AL 8
Soybeans, Weatedll il Il e OEN. 0% 83 8
Wheat protein (10% protein ration)............. 79 10
Yeast (10% protein ration).* =% ..o o . sliny ol s an 79 10

was fed containing a smaller quantity of the test feed. The more complicated
rations usually contained 509, 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 which
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 1/4-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 inclined
platform should be hung with wire and its lower edge should be about two
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 1/4-inch hardware
cloth cut slightly smaller than the diameter of the cup and resting on the feed.
This prevents the rats from scratching out the feed. The feed cup is put in
a flat 8-inch evaporating dish held in place by a piece of 1/4-in mesh hardware
cloth with a hole cut in the center to allow the feed cup to project. The hard-
ware cloth is turned down the sides of the dish so as to hold it firmly in place.
Feed sa as to leave little or no residue.
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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 it 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 at the end of the experiment. Also weigh residual feed
and the jar as a check to eliminate errors in weighing.

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

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

. Ether Nitrogen-free
Name of feed Protein extract Crude fiber extract
%o % o Y%

Alfalfa leaf meal 60.0 46.2 30.0 74.7
Casein’ .-, .. 94.0 89.0 0 98.7
Corn meal.. .. ok 89.2 51.6 96.0
Cottonseed oil A0 i ibtmiation xR s e S i NP
skl dried . . .. .ociiihe e dine . 99.2 0 98.4
SERRRIR 0 R . Y B b e T . 90.0 0 99.0
EOMEINVREOH T .. 5 . - b s et s 96 .75 ool s e S v oo aat s e
Wheat gray shorts. ... ......o0vin 77.2 75.6 23.4 76.2
2 e T R, S e N 81.3 45.9 93.1 89.7

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 are given. The standard
deviations are discussed below.

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-produects, 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 seed are very
small. Some of them probably escape digestion unless ground, as is seen by
comparing the digestibility of the ground and the unground seed.

Ether extract (fat) was digested more than 907, in bone meal, white bread,
cocoanut oil meal, cod liver oil, cottonseed cake or meal, cottonseed flour,
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Table 3. Average composition of food as used in digestion experiments
- =
Number 3 Nitrogen- (=]
o Food or feeds Protein Ether Crude free Water Ash 54
samples extract fiber extract &
% % %o % % % <]
: Z
9 AMalfa Teaf TeaL. . .55 . i e s B e bl Pt 22.3 2.8 14.3 40.1 7.9 12.6 z
1 Alfalfa meal, poor quality. . ............ = 13.3 142 34.0 36.2 7.3 8.0 &4
1 T Y e R e il Tl .6 3.7 6155 30.2 2.9 s
1 Artichoke tubers, dried........... - 10.0 .4 4.3 .3 2.1 4.9 o
2 Asparagus, dried. . ......... o 42.9 2.9 11.6 .6 4.3 10.7 -
2 Barley, whole. . ........... 1.7 1.6 5. .4 10.0 2:6 *
2 Beans, siring, Aried (5. S0 0L Ll i v vl e « sbte e cbie Coas s e 20.0 1.6 13.8 Py 3.8 8.1 =
2 Beans, kidney red, Taw.........o.ovoeeeeociennnanaeees 25.8 1.2 4.0 3 9.7 4.2 =
1 Beans, kidney, cooked and dried ... 25.1 112 5.1 .0 7.7 2.9 e
3 Beans, lima, rfaw. . ........... ( 21.0 1.0 4.3 .9 123 4.5 g
2 Beans, lima, cooked and dried 22.8 1.2 5.4 0 7.9 4.0
5 Beans, navy............... 23.2 1.4 4.8 3 7.3 4.2 >
1 Beans, navy, cooked and dried. 22.9 1L 9.3 .6 6.3 5.5 Q
1 BEEDS; PINTO, PAWG . oy Sk v s poé o33 5 2 £isbnin v 40 s sieslesg wie orgiolaie s 22.4 133 2.8 .6 12.5 3.6 =
4 Beet (fine roots, top of stem removed) .. ....... ... ... 1207 Lo .7 .6 3.4 9.1 a
2 Beetipulp, Aredis. . .. i i R L R T e SR 7.4 . 3 16.9 .3 10.6 4.5 o
2 T e o e e R S A i, Pt SRR VR B E R 26.3 2.3 .5 3.6 6.7 60.6 =
1 S T (0 ) e e R R A R R R IR R AR i 2.1 9.1 .0 5.2 7.9 =}
3 Bread, white 14.6 4.8 4 .6 5.8 2.8 =
1 Brocceoli, dried. . 21:3 2.2 151 9 8.5 12.0 >
1 Broom corn seed 9.1 3.7 5.0 .3 10.4 4.5 =
1 Buckwheat flour 16.1 3.7 2.3 ") 10.5 2L
4 Cabbage, dried 20.8 1:5 11.6 .0 4.9 10.2 =
1 CRATOIRBINEOI SREOCH. 57 -5t ¢ ifone & 4 4gas AR Scbis’s (1§70 5157 020 w5 0 wiais a's S 16.2 60t 14.8 .8 9.0 5.9 ol
4 Carrots, dried 8.6 113 9.2 5 4.5 7.9 't'g
15 Casein 82.5 .8 2 3.3 9.2 4.0 =
2 Celery, dried . 16.1 1.4 13.7 s 4.2 19.4 =
3 Chard, dried, Swiss £l 298 3.4 10.3 .8 4.1 19.8 =
3 Citrus pulp, dried i 5.5 2.7 11.3 .6 9.7 T3 =
2 | Coconut o1l meal 42010 8.4 10.5 0 7.5 6.6 3
2 Collards, dried . 23.2 o 9 .0 6.1 14.6
2 Corn, white - 9.6 4.2 2.4 5 9.9 1.4 w
6 Corn bran & 9.6 7.6 11.3 g | 8.0 2.4 <!
3 Corn gluten feed . 282 1.6 8.1 .0 9.8 6.3 =
) Corn gluten meal 44.7 1.6 5.0 .1 8.7 3.9 2
45 Corn meal.. . .. 10.3 3L5 1.3 .9 10.7 1.8 S
S, Cottonseed cake S e 45.3 8.6 7.8 2 6.3 5.8 Z
i ¢ S EAEO., 7.2 974 .6 5.6 6.5
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Table 3. Average composition of foods as used in digestion experiments—continued

Number { Nitrogen-

Food or feeds Protein Ether Crude free Water Ash
samples extract fiber extract
% % % % % %

3 G 00T T R A s R S G R S R S S RS L 58.8 9.4 1.9 1.4 6.4 22.1
1 Tonatbesnryod o T o n i s st s e R s A 13.3 2.9 8.6 958 11.4 8.3
2 Turmipibulberdried” o . L) W b s T T v e o 10.8 1.0 12.3 62.9 4.0 9.0
2 TUrmp Ereess, arisd s (LG, L e TR A YA 20.0 2.7 12.4 40.5 4.3 20.2
3 N e T I I e 0 S L L A L AN NN A 14.0 f iy 2.7 69.9 9.9 1.8
5 Wheat bran..,........ S S e e S S s 18.5 4.0 9.9 50.9 10.4 6.3
1 ‘Wheat bran with screenings. .. ... . ot vutat i, 15.0 3.8 11.4 93.7 9.7 6.4
12 Wheatigray ShOREs: s10an0 . o 0 oo i damiahl breh i 18.6 3.9 6.0 57.0 10.1 4.4
7 R o L L L o 1 e i & S SR S 49.7 1.0 4.3 30.8 5.5 8.7

Table 4. Diegestion coefficients and standard deviations—rat experiments

Standard deviations
Number % Nitrogen-
o Food or feed Protein Ether Crude free Nitrogen-
Tests extract fiber extract Protein Ether free
extract extract
%o % % %
16 Alfalfa Jeaf meal ;.. iocoice o oiis v siowm s ionosisins e 54.1 23.7 28.8 66.8 19.7 20.5 21.7
1 TS b L T A ) PR 0 36.3 23.1 93.5 ot o
1 AP I CT ORI EEICLN S (oot sos sl o s, o . 0.4 b W W08 w5 B Mo o5 reiw 27.1 0 33.8 89.9
2 i T —— 83.7 65.0 81.1 87.1
2 L L e s 4 SR S 68.8 44.3 25.4 88.9
2 Roahsuamedeastemg s o G e ey 53.3 21.4 74.5 89.0
2 B E R AR ks, b i s, b w2 s, w4 S 46.3 12.0 63.9 90.2
1 Beans, kidney, cooked 72.6 72.0 56.5 91.5
3 L TR s L e SR S R g 36.4 66.5 44 .2 90.1
2 Beans, lima, cooked. ............. Syl : 71.4 56.3 53.2 92.7
5 Beans, navy, raw..... 54.0 47.3 60.3 91.7
4 Beans, navy, cooked. . A 73.4 60.8 57.6 91.8
1 BeatlE PRt BAW S VL L e e e A e 20.0 0 28.4 87.0

0T

NOILVLS INIWINEJXHA TVIALIAOIYOV SVXEL ‘9.9 "ON NILATING



[ ]

(=3
ST T = U1 O D N TR 00 CO DD GO i b 1t TSI N DN bt B2 DN LS TN

N

ok

DWWWRN it et DN U O IW RN NI

Beets, roots 47.5 24.9 68.3 92.3
Beetipulp .5 aledsi b 25.7 0 67.9 81.7
T T T RN B R K R (7 29.2 91.5 0 85.7
Bran, breakfast food (contains added sugar). . . ... 63.6 44 .1 by 73.6
L AT T RS M e S S 85.0 91.0 707 98.5
o e 53.6 36.2 59.4 81.4
L R R I e 20.7 82.2 29.6 82.0
T T L T T B o P R e S o 83.3 86.4 24.2 95.2
L L e e RNy 71.8 80.4 0 96.7
(I s YT R S AR T R SRR SR T 57.9 67.9 68.9 85.2
Careless weed seed, not ground................. 69.8 78.2 28.9 84.6
Careless weed seed, ground..................... 85.2 91.5 47.0 96.0
G gl e R WA e eIl (i 26.3 79.5 64.0 90.2
IS 25t o 14 ¢ Gty & 0M A il m e T 355 & e aTw v s 93.8 23.2 24.7 89.6
Cellry i i . o RS s e R e 63.1 66.8 55.0 85.3
[ R TENEE P T T S SRS S A S S R IR 59.9 68.8 62.4
SERBIDULPEIA D b1 o S8 R At D ot o o 8 e 0.4 64.6 48.1 78.7
Cotmmutionomendy i . vl o i s SR e B 63.8 97.4 58.0 71.6
LT e R e TR O SR L e DAL et i o] s v Sty
IR 3 e B e B b e TR G 72.5 52.4 58.4 80.5
R R S S B ey ) 775 89.5 36.2 93.7
e T e S A S 62.3 88.7 17.6 46.5
e e e e et o e 73 :f. 44 .4 38.2 65.9
Cotuiglntencamenl. 0. v Rl i A R T i 88.8 35.4 44 .9 72.8
ROTPREER] e o e e AL N B 1 i 0 82.0 0 0
Cormamenlin, ditions s die £ 9ioe ST0m 8 TN T TS R 2947 79.0 43.7 98.3
oL T R B D NS e 73.9 96.2 21.1 67.1
Gottommepdheilie) v Tt s P S s R DBt 20 L e i s S 4 -
(€577 3 T T T SR S S SN 83.1 90.5 78.5 86.8
Coltenseedballs. - ... ... v.ovvivitivives svavanas 0 52.8 8.9 2.8
Cobtonseadimeal a0, .o v ni s b e i disaiies 75.8 95.6 23.1 64.3
Cottonseed oil, medium hydrogenated...........|[.......... L1y R Vo [~ 100 Y S i
Cottonseed oil, highly hydrogenated............|.......... AITD - rrdc Jos Ry s i Bms Sy
Eg§l T P ) 43.7 68.5 57.6 87.6
Fishsiby-product meal ... i . Vo iwen . it S 86.6 D B TR Bl (i EEE R o
L o I e A e 19 87.0 83.4 43.5 95.4
Ploomplaegrade 740k i 2 S i s s ek 93.9 92.8 730 98.8
g Y A Y T e e S At 94.3 88.0 13.:b 98.7
Flour, patent 95.2 77=6 141 99.0
Blomianifeedniuas: 2. 7 7ot re s it b e 72.4 88.8 24.0 80.7
T S R R O R R R SR S 82.5 79.9 48.1 96.0
11750 7o T TR SR T OIS BRI 0 100.0 0 100.0
o T R R N L S N O i R 60.5 64.0 64.8 83.7
Einseetlioil meal 3, 0. 5 5 5 e Dtk e 81.0 88.7 36.9 771
VORI . . VL L e o S L bt st et 73.1 92.7 100.0 2.0
IBRERIONT . « Lo 0 Wit S, TEHE s+ o s s s 93.6 85.0 39.2 98.8
Meat by-product and bone meal................. 70.9 92.8: % sl . o i d 44.0
Meat by-productmedl.iv. ... .5 ... 0. 0008, e 63.0 91.7 5.6 18.5
Mills, powdered whole .. ie . Mon i o o reie s 90.1 OF 2 TR 90.0
MElet-Sead il o cor e sl il e 83.0 92.9 34.5 92.8
VIO 5ol o v s R, S D R S 78.0 76.1 21.5 94.3

SLVY HLIM SINIWIYAdXH ALITISILSADIA
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Table 4. Digestion coefficients and standard deviations—rat experiments—(continued)

: Standard deviations
Number Nitrogen-
of Food or feed Protein Ether Crude free ; Nitrogen-
tests extract fiber extract Protein Ether free
extract extract
% o %o

1 TS T T T SR SR W) SO R P e e e R 16.5 %0 16.4 61.1

2 L R e S e e e 69.8 66.0 48.8 69.1

6 SOOI 0 = b s 45 b g o e iR S5 LN A 17.7 27.2 15.3 20.7

7 T e O e S T e s 86.8 90.2 42.1 97.1

4 T T e R B L e S e i 38.9 45.2 66.2 81.9

1 T T L N N S R T O O A A 64.2 62.2 59.5 80.9

2 ORI TN o Aoy v ok s b5 v 5o Vs bm v 8 s 88.8 96.7 74.5 75.8

1 Reanutrotd...io v 0 82.0 0 0

6 Peanut meal........ 81.7 89.3 30.5 84.5

3 Peas, blackeye cooked 707 97.2 59.4 94.1

4 Peas, blackeye raw. 72.9 70.0 45.5 93.0

1 Peas, green........ 85.0 7.8 84.6 97.8

3 Peppers, dried green 45.1 51.4 27.0 83.7

5 Potato (Irish). ... 52.4 12.3 67.6 92.1

15 Potato, sweet.. e 34.2 66.7 66.9 97.3

3 Pumiplitn sdied T Ciln s a snt La o sz s Teisie 47.4 77.5 72.8 94.3

2 BRI Ce TN e e e A L e R A A s S R 73.6 70.3 76.3 99.5

2 RO RROROETI. « o b e 5 e el S e e i e 84.4 70.5 76.8 99.5

6 T e A AR A S N R R R S 58.3 89.1 29.1 83.0

2 R R L B e e 0 39.8 3.8 26.6

3 Bichs paREianes s s ond TR RN g s iR 79.2 94 .4 31.3 97.3

3 L T e e e R (L 80.3 49.7 30.6 91.9

1 A T G R SR R R L R RS A L 74.6 100.0 9.1 97.4

4 Shrimmby=product meal. ... . ... veinioil.. 78.5 8 e NS

] Skim mili .................................... 87.0 51.6 0 99.0

2 T B Ay 45.8 83.0 36.1 88.7

1 SRSHORDIOI n e wy s e e ek LY 0 80.7 0 0

9 Soybean oil meal, solvent process. ............. 80.6 32.0 44.6 85.9

3 LT T s R b T VA R spaato SRR S 71.8 29.9 64.0 72.7

12 T g Y R P I T (R I T Rt s [ 11 5 ihe s 99.0

2 BRI T B05 % Wiy BRI R Tdn Ao el s e o 44.3 49.9 69.3 75.2

3 SNREerLgeed o L 78.1 97.9 32.9 32.8

9 RO TR0 0 il o U R S S sl ey 57 .4 88.1 28.2 24.9

1 T T e e e et o 1) 35.1 52.2 12.9 80.9

1 Turnip roots..... . 34.3 92.2 73.3 88.6

2 Turnip greens 64.2 71.9 54.2 73.9 i

3 Wheat...... 27.7 61.1 20.7 92.1 as
10 Wheat bran. 73.5 46.7 22.1 60.1 5.1 12.2 2.3
15 Wheat gray shorts . . = 73.9 64.2 22.6 80.6 6.5 16.8 4.1
12 Naaute driod BReWern .. i/ s v Sk steta srisbaianiics s 80.4 0 75.6 95.5 208 s et 4.4
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DIGESTIBILITY EXPERIMENTS WITH RATS 13

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 909, 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 ree-
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 ingredient of the ration, as shown below.

Table 5 contains a comparison 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 differences increased with the extent to 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 709, of the
corn meal. Those for the protein, the ether extract, and especially the
crude fiber, were much higher; these nutrients are present in much smaller
percentages than the nitrogen-free extract.

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

Coeflicients of digestibility

Standard deviations

No.
Ration or feed averaged Nitrogen- Nitrogen-
Protein Ether Crude free Protein Ether Crude free
extract fiber extract extract fiber extract
vz, % %o % o Yo %
Corn meal ration, 16.7% protein. . . . 86.7 85%7 4529 9379 1.4 3.7 7.3 0.4
Corn meal ration, 21% protein...... 85.2 86.1 31.9 91.7 1.8 1.8 13.0 0.9
Corn meal ration, 30% protein...... 10 86.2 80.4 29.7 91.6 1.4 2,8 14.2 dp 2
Digestibility of corn meal calculated
from above rations:
Ration 16.7% protein......... 4 79.4 92.1 60.6 98.7 5.5 10.5 28.8 0.7
Ration 21,09 protein. ........ 78.0 90.4 29.2 99.2 10.4 9.0 18.5- 157
Ration 30.0% protein......... 10 60.8 44.7 20.0 99.2 19.6 27.3 32.9 1.8
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DIGESTIBILITY EXPERIMENTS WITH RATS 15

ration, high standard 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 actual. :

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 were so few (five)
that a comparison is not justified.

It would 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 pointed 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 experiments with
rats may in such cases give more accurate data than the expsriments with
human beings.



Table 6. Digestion coefficients of rats compared with those for chickens

Protein Fther extract Crude fiber Nitrogen-free extract
Food or feed =
Rats Chickens Rats Chickens Rats Chickens Rats Cliickens
Alraitadeal meal. 0 5 sl et e o [ oA e feae 54.1 56.3 23.7 58.6 28.8 6.6 66.8 36.6
I R e H 53.2 73.4 25.0 .3 21.4 11.6 88.4 79.6
Beans, ma, raw. | . s i ik s e H 41.0 34.5 68.1 92.3 42.3 137 89.6 68.5
Beans, lima, co0ked ..., . s s vs o H 63.6 74.0 47.1 74.2 44.7 12.6 91.0 75.1
Beall Davy, TRW .5« : vusie duiganite H 64.8 41.9 52.9 63.7 62.1 16.0 92.2 40.8
Beans, navy, cooked. ... .....0000s H 659.5 59.8 54.9 71.9 57.5 X 90.4 66.0
ST T ST e B e, |, S W 6.0 27.2 0 54.1 65.7 376 85.4 23.0
Bran, breakfast food............... ) 63.6 57.0 44.1 75.7 27.1 14.9 73.6 62.6
(contains added sugar)

Buckwheatflotr .. 0t os oy B H 83.7 85.8 87.4 74 .4 26.0 0 95.3 88.9
Bhttenili s o i s H 77.3 69.1 80.4 95.4 2 5
CastI by . Ui e e o s H 93.8 85.1 23.2 48.2 -
s oA S i R P A e A AR A A el S0, T 2 | 16.3 2.7 70.2 5.9 76.1 41.8
Covondt otkaneal ©.. . .0 Y. o o5, v S H 65.7 56.4 100.0 92.1 15.4 69.1 31.5
Cod e B T L R e I P R VSR R Y R R 95.0 63.7
GolArdEian . Dl A L PR seaas H 72.5 69.8 52.4 64.9
B e bt g P w1 H 78.7 86.1 78.7 89.5
B 5 s i 0 AT (R D PN~ ol < P 57.2 53.9 88.7 89.2
Cori glnten feed ) AT T e T Y 71.0 61.7 37.9 09-3
CORFINELOBIBRL . o .50ty p5i0emensisn bt e tam e winc 88.3 80.5 19.0 55.1
OB e e 2 5 R e e L e e B 82.0 87.5
Cottonseed flours. ... 50 800K H 81.6 73.2 84.9 86.5
Cotltbitserd BUBR NV Eoh, b e o bt o e s 0 0 52.8 31.3
Cottanatedamet] . tr v o i v s Dol o Bl 280 75.8 70.0 95.6 96.7
Cottomseed ofl e v oo doeril caad ) PR ATk R T 95.4 89.4
Fish by-product meal............. H 82.0 74.8 85.4 82.7 M)
Flobr, geahamn = o 00 . v e H 87.0 74.9 83.4 98.7 4
Flourilow ghade: . .. 50l ol ees bkt H 93.9 84.2 92.8 95.9 .8
7 s o S s by RS R 7 H 94.3 89.7 88.0 96.9 i
Flour..patent. . i ...z BT T H 95.2 85.8 77.6 96.9 .0
Hydrogenated cottonseed oil (A)....| . H ... fooonn 93.7 91.3
Hyvdrogenated cottonseed oil (B). ... | SSR Na W A B Sl 49-% 45.2 2
D ——— 51 82.5 79.7 79..9 79.9 12.4 96.0 93.
TS 1. DO SR SRR PEHRARARS) PP T BB SR BRI TR S B TR O S 100.0 45.8
Linaeed-atl-yeal o ae e e el sles e s 80.0 62.2 85.1 + 7. 31.2 9:1 69.8 23.6
BARERERRE. . i k- s e Nl b i H 93.6 il 85.0 85.1 39.2 57.4 98.9 97.2
Meat by-product and bone meal.....|.......... 68.7 60.6 92.1 90.4 5.6 63.0 42.3 60.0
Milk"wEim, dried ..o 0% .00 vty qome H 87.0 74.9 51.6 BT00 il 2 i e M e ks 99.0 68.6
IIRBRBGRE = 57 0.5 ks s ot i m sadio 4 0k + o % e oo A 80.8 70.3 93.7 94.5 35.6 11.2 94.5 90.5

e R SN T A PR S AR 78.0 87.9 76.1 84.2 21.5 23.2 94.3 96.5
(00 ot || RO el e YOS, S M WUSTE, S 19.0 20.5 20.1 73.5 14.1 9.6 20.7 20.4
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T R e S N R H 86.

8 85.1 90.2 93.4 42.1 26.9 97.1 92.3
SRR .« - o1 i =55 s o s wved e sl " Ry B L T S I 82.0 s G e SRS e RSPl e R e A,
e T e e N SN H 82.3 73.7 88.5 90.9 31.3 6.5 84.7 50.6
Peas, cooked blackeye.............. H 77.8 72.6 77.6 95.1 55.9 6.9 94.2 83.2
3 EA AT S e R H 36.4 38.3 66.0 73.8 65.9 19.6 97.6 88.2
BRECRL T, o B, | e H 86.5 100.0 91.1 100.0 88.8 50.0 100.0 95.4
Baceshran: a6 tepnk, Sgelediates gl 1 o 55.9 58.9 90.0 91.6 30.6 4.8 82.1 66.8
Eucehultar-cy . Y R " e 0 0 39.8 40.5 3.8 3.0 26.6 171
Rusepalishwa sovpcmpmmrer ... L 0. o T oot 76.3 76.7 95.6 90.7 19.1 13.7 99.8 86.9
i e o ey e RS H 79.1 66.1 54.8 52.0 26.6 16.8 93.0 76.4
Ryeﬂour ......................... H 74.6 64.9 100.0 61.0 9.1 22.6 97.4 795
Shnmpfmeal ................................ 79.9 58.6 64.7 86.6 46.2 § e 100.0 55:6
RUInbaged, BUMAc... .. .. .. ... ol t b 27.1 65.6 80.3 88.1 24.9 11.5 86.2 89.7
Soyﬁzean L D R Rl e DO RN AN 80.7 Lo e (L BRI TR B Sy SRS e 1 T O
Soybean oilfmeal.......... ... . .~ H 83.8 74.2 22.9 78.8 44.8 T3 91.9 34.2
i A R IR S e R o AR N TRl PR e S B it i e Ry 99.0 97.0
Syntlowenrssepdry. 7, L5 LY SR PARNIRRL T L 79.4 65.5 97.2 95.0 31.9 y B 34.3 15.5
e e e 55.8 55.4 87.0 88.1 26.2 29.6 19.3 89.6
b U TR e S L H 7.9 93.3 61.1 95.6 20.7 35.7 92.1 95.3
WhHSRG BN o T T e e S 72.3 58.6 49.3 86.4 21.2 6.4 59.9 37.3
Whent grayrshoptai 2 oon o L 73.9 68.0 67.7 85.5 21.9 7.4 80.1 63.2
R T O TSR S F Yo S IR SR 80.9 68.7 9.2 47.6 70.7 8.2 95.8 53.7
NunsberR (alldwt s @i« ouin ahe v awbsniss 53 53 60 60 51 51 54 54
ANenage stalldi. .. . o e LR 67.6 68.3 66.5 78.8 39.1 20.3 77.7 63.2
Number (human foods H)......[.......... 30 20 36 36 27 27 30 30
Average (human foods H)......|. ... . .. 7657 72.5 7156 81.3 49.1 26.6 90.0 74.8
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Table 7. Comparative digestibility of foods by rats and by humans g
|51
e
Protein Ether extract Crude fiber Nitrogen-free extract E
Food or feed =}
Rats Humans Rats Humans Rats Humans Rats Humans e
B
APDLES, qeietlt s T s e ey e L S e 36.3 e B (O e S i Lt T T (L o e :
ADPPLe BEUCEL I ooy et 7 T ks L AR et s e i 19 |k 99 S
R A R o e e AT .2 69 25.0 97 b
Beans, cooked B 77 54.9 94 .
BRI E T Y s e e e P ey B s i S .5 73 24.9 97
Bread;white:! ... ..o, o0 <0 87 91 .0 98 ':3
R e e T g e W Rl e e .9 48 67.9 82 P4
byt o R e R PG TR = o st e 61 795 89 >
COrn THon L oV BER, bty okl v ol SO 7 76 o 87 97 o
LB L LR, e O R S e A oty (g P T 7 T T 8D WO i - s s tichr. s, Dab - okt s lles st e >
Coftohgesd capalil w0 m g s e 75.8 78 95.6 60 o
Cotahaent oA e B s i o et ) TR | B e o i S E e B L e B N o e [ e bl
BIT I ERR AI 1or sd #0% o o ad 0% 06 S s A e b b 87.0 83 83.4 95 a
Fladronr grade: . T L Sk SRR 93.9 91 92.8 96 c
Hydrogenated cottonseed oil . . ... . i, i ovv v Jusane v saas]o bl an e (o iAo i R e O s ol e - R S M e [ R ol s I e e e
1% 225 AL e s e e R B SR R R e 93.6 84 85.0 97 =)
REllawhBleR s et & L T o b s 90.1 92 97.4 89 =
T TR e el SN SR e EE 87.0 95 51.6 97 2
O e e 340 0l a0, 30 = et Jo e oasiostin e oy Do 78.0 37 76.1 97 =
DTN e e e et B el SUBIIIE, 5 N 86.8 84 90.2 97
T L T R R PP g et s T B 85.0 79 77.8 92 =
L e L e SR R R SR A SR § e 52.4 75 12.3 99 M
T L N e R I ietet IR C SRR, - LR RS . S0 00| GBR: - 7]t h A T n s AR e 8 S L R A el
Peas, cooked, blackeye..............ooovionn.. 77.8 74 77.6 88 <
b e A R S LR O PR s O e R 86.5 71 9.1 97 =
By flour. .. il il cvsorinsanmsinns censos e 74.6 70 100.0 93 =
e N s e e s SRS g g e R 807 S RO e R v M e R il E
SERECIR AL T R S R TR T O L R T S g N e 100 g {
0 T O 747 I A 71 61.1 93
Wiheatbran, finely groand . /7 L 0o Sle 72.3 45 49.3 57 g
Number totaled................co... 23 23 28 24 E‘;
oyt ke L SRR A R i s R s 0.7 71.3 72.6 91.7 2
Z

e e
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SUMMARY

Results of 508 tests of the digestibility of foods and feeds by rats are sum-
arized. The rats digested slightly less protein than did the chickens from
11 the feeds, but digested a little more protein than did the chickens from
uman foods. The rats digested less fat but more crude fiber and more nitro-
en-free extract than the chickens. The digestibility of protein and of nitrogen-
ree extract by rats and humans averaged practically the same. Rats digested
maller percentages of fats than the humans on an average.

ACKNOWLEDGMENT

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

REFERENCES

Barnes, R. H., Primrose, M. T., and Burr, G. O. 1944, The influence 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 Carlyle, E. C. 1942. Productive energy of some feeds as measured by
gains of energy of growing 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.

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

Fr?s, G. S. 1944. Maintenance requirements of chickens and productive energy of
feeds as related to age. Tex. Agr. Exp. Sta. Bul. 665.

Gallup, W. D. 1928. The digestibility of the proteins of some cottonseced products.
J. Biol. Chem. 76: 43.

Hayward, J. W., Steenbock, H., and Bohstedt, G. 1936. The effect of heat as used in
}llle %gaction of soy bean oil upon the nutritive value of the soy bean oil meal. J. Nutr.
Hoagland, Ralph, and Snider, G. G. 1940. Nutritive properties of certain animal and
vegetable fats. Tech, Bul. 725, U. S. Dept. Agr.

Mitchell, H. H. 1923. A method for determining the biological value of protein. J.
Biol. Chem. 58: 873.

Nevers, W. B., and Shaw, D. B. 1933. The apparent digestibility of fresh whole milk
and powdered whole milk. 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

