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A knowledge of the digestibility of feeds and foods is necessary in
order to ascertain their feeding values. As part of a comprehensive
investigation of the feeding values of various feeds and foods, a
number of digestion experiments were made. This Bulletin presents a
summary of 718 digestion experiments made with chickens. The feeds
tested include chicken feeds, some human foods and some representa-
tives of the nutrients contained in foods, such as albumen and casein
to represent proteins, starch to represent carbohydrates and cotton-
seed oil to represent fats. Average coefficients of digestibility are
given, and also the standard deviations when 4 or more experiments
were available for the same feed. The standard deviation gives infor-
mation as to the variability of the digestion coefficients. The digest-
ibility of the nutrients of an entire ration is less variable than the
digestibility of the nutrients of corn meal when fed as 50 per cent of
the ration. Some work on the determination of uric acid is reported.
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DIGESTIBILITY OF FEEDS AND HUMAN FOODS
BY CHICKENS

By

G. S. Fraps
Chief, Division of Chemistry

The work here presented is a part of a comprehensive investigation of
the values of the energy of different kinds of feeds. The nutritive values of
feeds and foods depend to a great extent upon their digestibility. Only
the nutrients which are digested can be utilized. The utilization of the
digested nutrients for the production of fat and flesh by growing chickens
and by rats has been discussed in other publications (6, 7, 8). A number of
digestion experiments were made for the purpose of the work referred to
above, and additional experiments were also made. The work on the utiliza-
tion of energy showed that differences in the productive energy of various
feeds are due to a greater extent to differences in their content of digestible
nutrients than to differences in the energy values per unit of the digested
nutrients. This makes a knowledge of the digestibility of feeds of high
importance.

A summary of 39 foreign experiments and 112 American experiments
on the digestibility of poultry feeds was given in Texas Bulletin 372, in
1928 (4). The Bulletin here presented contains a summary of the results
of an additional 718 digestion experiments made at this Experiment Sta-
tion. A summary of 178 experiments made elsewhere with poultry not
included in Bulletin 372, is given in addition. As previously shown (5)
chickens have high digestive powers for sugars and starch, and low diges-
tive powers for proteins and for nitrogen-free extract remaining when
sugar and starch have been deducted.

The feeds tested include chicken feeds, some human foods, and some
representatives of the nutrients contained in foods, such as albumen and
casein to represent proteins, starch, sugar to represent carbohydrates or
nitrogen-free extract, and cottonseed oil to represent fats.

Procedure

A few of the experiments were made on single feeds fed alone, but most
of them were made on feeds in balanced mixtures and in rations used for
productive energy experiments, from which the digestibility of the chief
feed was later calculated. The constituents of the rations used in the
productive energy experiments have already been published (6, 7, 8). Bal-
anced mixtures were prepared, to contain 2.5% calcium carbonate, 1.5%
tricalcium phosphate, 1.0% salt and 0.2% cod liver oil concentrate. The
balanced mixtures were made to about 18% protein with casein in the case
of low protein feeds, and diluted to the same protein content with corn
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meal when high protein feeds were tested. A series of digestion experi-
ments were made on mixtures of casein and corn meal so as to obtain their
digestion coefficients which were used in calculating the digestion coeffi-
cients of the other feeds with which they were used in balanced mixtures.

The baby chicks used in many of the experiments were kept in elec-
trically heated brooders at 92-94° F until they were about 4 weeks old.
Older chickens were also used and were kept at room temperature. The
chickens over 8 weeks of age were fed in wire metabolism cages, 24 by 24
by 18 inches made of  inch mesh chicken wire on a galvanized iron frame,
supported on legs over a galvanized iron pan. The floor of the cage was
of £ inch mesh chicken wire which was reinforced by heavy 3/16 inch wire
running diagonally from corner to corner of the frame. The younger
chicks were fed in groups of four to eight in each cage and the older
chicks in groups of two or three.

During a preliminary period of 8 days, the chickens were fed only
such amounts of food as they would either eat completely or leave only
a small amount. At the end of the preliminary period, the wire cage and
excrement pans were well cleaned by scraping and washing.. The chickens
were then fed slightly smaller amounts of feed for a period of 4 days, dur-
ing which the excrement was collected for analysis. The feed was made
up in sufficient quantity to last through the entire experiment and at the
start of the collection period, was weighed into a glass fruit jar. The
quantity of feed to be fed was weighed out daily. At the end of the col-
lection period, the jar and its contents was again weighed and the weight
of the feed removed from the jar checked against the total of the daily
weighings. Any waste feed was carefully separated from the excrement
each day and weighed. It was then put into a weighed jar which was
again weighed at the end of the collection period to check against the total
of -the daily weights. The excrement was collected twice daily to avoid
decomposition. It was dried at 90° C in an oven equipped with a ventilat-
ing fan. The morning and afterncon collections of excrement when dried
were weighed separately and put into a weighed jar. At the end of the
experiment the wire screen and excrement pans were thoroughly cleaned
by seraping and brushing and the excrement collected. The dried excrement
in the jar was weighed as a check against the total of the daily weights.
All the feed mixtures and excrements were analyzed.

Protein (N x 6.25), crude fiber, fat and ash were determined by the
A. O. A. C. methods. Fat was determined by extraction with ether. Am-
monia was determined in the excrement by distillation with magnesium
oxide, and uric acid by the method given below.

Chickens excrete the undigested residues, the solid metabolic products
and the urinary products all together. A few investigators have used birds
whose urinary and fecal outlets were separated, by surgical operation,
but in most of the work which has been reported, the uric acid has been
determined in the excrement, and correction made for its presence. The
method used for determining the uric acid may affect the results for the

_
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digestibility of the protein. In the work here presented the analyses of
the excrement were corrected for the uric acid and ammonia present.
This does not correct for metabolic products other than uric acid and am-
monia. The figures obtained, as is usually the case, are for apparent
digestibility.

Methods for Determining Uric Acid

The work here reported extended over a number of years and the method
at first used for determination of uric acid was that of Bartlett (4), which
is similar to that described below, but the uric acid in Bartlett’s method
was dissolved in piperidine instead of scdium hydroxide. Studies of the
- method were made from time to time and some modifications made in the
course of years. The methods for urik@'cid and ammonia as finally used
are described as follows:

Texas Method for Uric Acid

Weigh 1.4 grams excrement into a beaker, add 25 ce of ice-cold alecohol
and allow the beaker to stand in cold water for 30 minutes. Filter off
the excrement, wash twice with cold alcohol and then three times with
ether. Allow to dry and return to the beaker. Add 25 cc of 0.2 N hydro-
chloric acid and allow to stand over night in the refrigerator so that the
uric acid can crystallize out. Transfer to a 50 cc centrifuge tube with ice-
- cold water and centrifuge until the supernatant liquid is clear. Pour off
‘the clear liquid. Wash the residue twice with ice water. Wash the residue
into a beaker with about 29 cc of water, add 15 cc of 0.2 N sodium hy-
droxide and heat cn the water bath with frequent stirring until the white
‘particles of uric acid have all dissolved. This will require about an hour.
‘Transfer to a centrifuge tube, centrifuge until clear, and pour off the
‘clear solution to a 250 cc beaker. Wash the residue three times with hot
‘water, pouring each washing into the baker. Evaporate the solution to about
30 ce, wash down the sides of the beaker with concentrated hydrochloric
acid and evaporate to about 2 ce. Cool and put in the refrigerator on
j¢: for 24 hours to crystallize out the uric acid. Centrifuge off the precipi-
t te and wash it twice with ice water. Wash the precipitate into a Kjeldahl
flask and determine nitrogen, distilling into 29 cec of 0.2 N hydrochloric
acid. One cc of 0.2 N acid equals 0.2% nitrogen.

Ammonia Nitrogen in Chicken Feces

Weigh 1.4 gram into a Kjeldahl flask, add 200 cc water, two or three
pieces of sharp glass, one drop of lubricating cil and about 2 grams mag-
nesium oxide. Distill immediately into 10 ce 0.2 N acid, titrate and
report the ammonia as nitrogen.

Studies of Other Methods for Correction for Uric Acid

Two other methods recommended for the correction for uric acid were
mpared with the Texas method as described above, which for purposes
discussion is called the Texas method.
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The method of Daikow (3), instead of determining the uric acid di -"‘
supposedly gives the undigested nitrcgen from which the undigested T
tein was calculated by multiplying by 6.25.

Weigh 1.4 grams of excrement into a 600 cc beaker. Add 500 cc boi
water and neutralize with 0.10 N sodium hydroxide using phenolph
as an indicator. Boil for one minute with constant stirring and
Wash the residue back into the flask with as much hot water as previoi
added and filter. Transfer the residue and filter paper to a Kjeldahl fi
and determine the nitrogen.

The methcd of Shirley and Van Landingham, (15) determines the v

acid by difference and was slightly modified by adding dilute acid to
dry excrement to decompose any salts of uric acid which might be pre:

Weigh two samples of 1.4 gram each into two beakers. Add 14 cc dil
hydrochloric acid, (5 cc concentrated acid to 95 cc water) and allow
stand in the refrigerator over night. Transfer quantitatively to a 50
centrifuge tube and centrifuge until clear. Pour off the supernatant :
and wash once with 25 cc cold water. To one of the portions add 15
water, a few wrops of phenolphthalein and about twice as much 1l
diethanolamine as is necessary to make the solution alkaline, usually 6
8 cc, and dilute to 25 cc. To the other portion of the sample add 25 e
normal hydrochloric acid. Digest in a water bath at 60° C, with frequ
stirring, for 10 minutes. Remove and allow to ccol to room temperatu
Mix well with a glass rod, rinse down the sides of the tubes with a Ii
water and centrifuge for 5 minutes at 1500 revolutions. Pour off #
supernatant liquid and allow the tubes to drain for a few minutes. T
sample extracted with diethanolamine is washed three times with 50
ccld water or until the wash water is not longer alkaline to phenolphth
lein. The acid extracted sample is washed only once with cold water.
rasidues ere tronsferred to Kjeldahl flasks and total nitrogen dete [
The differences in nitrogen between the portion extracted with hyd: ochl,
acid and the portion extracted with diethylanclamine sre considered |
represent the nitrogen present as uric acid.

Results of Comparisons

The undigested nitrogen as secured by the Daikow method is given |
Table 1. The results are very much lower than those secured by tl
Texas method, which were obtained by subtracting the sum of the 1
acid nitrogen and ammonia nitrogen from the total nitrogen. It is evide n
that the boiling water used in the Daikow method dissolves other nitroge
nous compounds in addition to the uric acid and the ammonia nitroger
this accounts for the incorrect values for the undigested nitrogen. The lo
results for undigested nitrogen in the excrement give high values for d
gestibility of protein. This is shown by Table 2, calculated from the resuls
in Table 1. The two digestion experiments on the same feed check equally
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or the Texas method
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Undigested nitrogen in experiments as determined by the Daikow

Sample number

Undigested nitrogen
Daikow metho
per cent

Undigested nitrogen
Texas method
per cent
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- Table 2.

.

Digestible protein calculated from analyses by two methods for uric acid

o

'

Digestible protein = Digestible protein
Feed number D. E. Daikow method ‘l exas method
numoer per cent per cent
U
....................... 470 93.49 80.60
476 04 .38 79.07
....................... 471 £1.77 60 .87
477 84.59 65.22
...................... 472 88.21 58.€5
478 84.43 61.13
PARBLIDE | c g A 473 88.11 72.42
479 90.56 69.98

Table 3.

Nitrogen in uric acid determined by two metnods

Excrement Number

Shirley and
Van Landingham
method
per cent

Texas method
per cent
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as well with both methods but by the method of Daikow the digestibility o
protein is from 15 to 20% higher than when the uric acid and ammoni:
were determined directly.

The results secured by the method of Shirley and Van Landingham are
given in Table 3. As a rule the Shirley and Van Landingham method gaw
results that are slightly higher than those by the Texas method. The metho:
required a larger number of determinations to secure two results whid
were sufficiently close together than did the Texas method. As there ar
two nitrogen determinations to be made instead of one, both nitrogen
terminations had to agree in order to obtain a satisfactory result on
uric acid nitrogen. The analyses are always repeated and if the two are
sufficiently close together, continued until satisfactory agreement is s
cured. For the 13 analyses reported above, the Texas method require
only 37 determinations to obtain satisfactory agreement, while the othe
method required 54 runs or 108 nitrogen determinations. Ammonia was ne
determined in the Shirley and Van Landingham method.

In another experiment, pure uric acid was dissolved in a solution ¢
sodium hydroxide and precipitated with acid as in the Texas method. Th
results were slightly low, showing that the uric acid is slightly solub
in water and thus was not completely recovered. There is still need f
improvement in the methods for determining uric acid.

Digestibility of the Feeds

The digestibilities of the feeds tested were calculated from the res
obtained with the mixtures or the rations by use of the coefficients of di
gestibility of the other feeds in the mixture, given in Table 4. The figures
in Table 4 were calculated from a number of the earlier experiments an
are slightly different from the average digestion coefficients finally se
cured for the feeds.

The average composition of the feeds used in the experiments is giv
in Table 5. On account of the large number of tests made, the results o

4

Table 4. Digestion coefficients to be used in calculation of digestibility of feeds from da
secured with balanced mixtures (chickens)

Nitrogen

Protein Ether Crude free i

extract fiber extract
Alfalfa leaf meal 47.2 59.1 4.3 17.6
IBoterndesINha: Al k. R . et v A 41.4 86.3 0 0

Buttermilk, dried. s 65.4 95.2 0 72.1°8

T G bt g GOy (T Sy SR Sl 86.1 0 0 48.2
€odiliver oil -concentrate; . \i. . k. il AL 0 72.9 0 0

B R e L AR S e L i 85.1 82.8 13.0 88.5
Cottonseed meal.. 74.8 98.6 11.0 26.0
Skim milk dried. . 65.4 95.2 0 72.1

Starch- & Wi 60.0 100 0 99.0

Eatikage” Lo Lh el don 41.4 86.3 0 03
‘Wheat gray shorts 71 83.6 2.1 50.1
BT e VAN S S ey A S 74.8 28.4 0 52.4
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Table 5. Average composition of feeds used for digestion experiments with chickens
E Nitro-
" Number Protein | Ether | Crude |gen-free| Water Ash
~averaged extract fiber extract
% %o 0 o % %
7 Alfalfa leaf meal........ 21.9 2.8 15.6 39.4 8.1 12:2
4 Barley, whole.......... 10.9 1.6 5.1 69.7 10.1 2.6
1 Barley, without hulls. . .| 13.7 ET0 1.0 73.0 9.9 1.4
4 Beans, lima, raw. ...... 21.1 152 D50 60.0 8.1 4.4
5 Beans, navy, raw....... 22 .7 1.4 570 58.4 8.5 4.0
1 Beans, pinto, raw.......| 21.6 1.0 3.7 56.6 12.3 4.8
1 Beef, dried chlpped ..... 61.1 9.7 0.0 1-2 3°1 24.9
3 Beet pulpzdried . a5 . 7.9 0.2 18.4 59.6 9.9 4.0
o Broom corn seed. ...... 9.2 3.7 532 69.0 10.3 2.6
1 Buckwheat flour........[ 16.1 3.7 2.1 64.9 10.5 257
3 Buttermilk, dried.......| 35.3 o | 0.2 39.5 Z+d 10.5
1 Cane seed, red top...... 7.8 4.3 2:5 729 11.6 1.6
11 Sasein  SiL T s 82.5 0.4 0.2 4.0 9.0 3.9
3 Citrus pulp, dried. . . ... 5.5 2.7 11.3 63.6 7 7.2
3 Cocoanut oil meal. ..... 20.8 7.8 10.6 46.4 7.9 6.5
1 Collards, dried. ........ 2.9 0.4 L5 D:5 o 2.0
5 €orn brafsor .ot 9.1 7.2 12.3 61.4 Dot 2.3
6 Corn gluten feed. . ..... 24.7 1.5 8.5 50.2 D7 5.4
3 Corn gluten meal . 5 44.7 1.6 5.0 36.1 8.7 3.9
62 Corn meal....... 10.8 3.8 1.4 73T 10.7 46
1 Corn meal. 11.1 3.4 1.2 72.5 10.5 153
3 Cottonseed flour 57.0 Y2 2.1 21.6 5.6 825
1 Cottonseed hulls. 3.0 0:3 40.7 43.8 9.5 2.7
10 Cottonseed meal . 42.8 6.5 9.9 Loy 5 i 6.8 6.3
3 Fish meal. . . .. 66.3 3.6 0.3 6.7 7.3 '|a-15.8
1 Flour, clear. . . 16.3 1.3 0.3 64.9 16.6 0.6
7] Flour, graham . 12.4 1.8 1.8 70.3 12.3 1.4
2 Flour, low grade 16.9 2.0 0.5 67.6 12:1 0.9
6 Flour patent 13.4 0.9 0.3 72.5 12.4 0.5
1 Gelatine. . 94.0% 0.1 0.0 0.0 14.3 1.9
1 Hegari se: 10.3 2.7 1.9 73.6 10.2 1.4
3 Katfir. . 12.0 3.5 2.3 70.8 9.6 1.6
1 Dactose Jou 1LY 0.2 0.0 0.0 98.8 1.0 0.4
2 Linseed oil meal........| 37.3 6.5 7.8 33.5 9.0 5.9
] Eiver megltyy wa g e 64.0 17.8 1.2 2.3 9.2 5.5
1 IMacaronith b g o 14.3 0.9 0.4 74.9 8.9 0.7
2 dVieat| mpak ot Shl | 47.6 8.3 1.6 3.4 6.5 32.6
2 Meat and bone meal....| 51.0 9.1 2.0 0.9 5.8 31.2
6 Milk, dried, skim....... 35.0 i | 0.2 49.8 6.3 .8
2 Millet seed’........... 10.9 3.8 9.8 62.0 9.9 3.6
4 Milo . . FEE SR e 11.2 2.8 23 716 10.4 1.7
5 Oat hulls 4.6 1.3 29.3 50.3 7 6.8
3 Oat meal 15.8 5.9 15 65.5 9.5 1.8
1 Oats, red 10.5 a<9 11.9 57.4 10.4 3.9
6 Peas, coW, Eaw. . o, L. % 23.0 1 3.8 59.0 9.4 3.7
5 Peanut meal. .......... 43.9 Zaa 99 25.6 6.6 6.6
2 ilice . » . (CRIRT AN G AR 7.8 0.3 0.4 78.3 12.2 1.0
4 ftice bran eyl 2 iauiath . 12.5 12.4 11.4 41.5 9.1 13.1
1 Rice hulls, ground. . ... 2.3 0.8 40.4 26.9 9.3 20.3
4 Bice polishadoti L 120 : 13.3 14.5 2.5 49.8 10.0 9.9
1 Biye Hlour ot il 12.6 1.9 2.2 69.7 11.8 1.8
3 Riye seed il 13.5 1.6 2.7 69.9 10.5 1.8
3 Shrimp meal........... 46.8 2.8 11.0 13 9.7 28.4
1 Seed, cane. 9.3 3.2 2.0 730 10.6 1.2
3 Solvent process soybean
oil ‘megiinaiime G = o | 47.0 0.5 5.7 32.2 DL 5.9
1 Soybean oil meal. . .. ... 46.0 4.7 5.4 29.3 9.2 b. 5
8 -l R R R 0.6 0.1 0.2 87.9 1.3 0.1
1 Sgar. . Stc iR Lk, 0.1 0.0 01 99.7 0.1 0.0
2 Sunflower seed......... 19.1 28.0 31.5 12.4 5.9 3.4
5 Sweet potato. ........: 3.4 0.8 $9 68.2 20.8 3.9
6 ihankage + fijed Sugiy R 7 0 59.6 8.8 j ¢ 1.0 6.8 22.1
2 W heat . piziris .80k, 5.3 1.8 2.6 68.7 97 1.9
-2 ‘Wheat bran (humanfood) 12.9 2.0 9.1 61.9 6.4 7.9
6 ‘Wheat bran. 18.6 3.9 9.5 51.6 10.0 6.4
9 ‘Wheat gray shorts. . 19 1 4.2 5.9 55.4 10.8 4.4
5 o SN N 51.8 0.8 3.2 29.3 6.4 8.5
*NX 6.25. The factor 6.25 is too high for gelatine.




Table 6. Digestion coefficients and standard deviations, chickens
Digestion coefficients Standard deviations
Number Name < Nitrogen-
averaged Protein Ether free Ether
extract extract extract
% ( (
2 Albumen, blood ... .. 1o, L T e i A IR R e R e e e R R o P P
2 Albumen, egg, not cooked............ sl S N e N e Tl Al e Bt A i
20 Alaliailenlr meal: .. .5 . s s . 56.3 58.6 6.6 36.6 14.8
1 PO VAR T T TR SN SN T T 73.7 77.5 24.8 AR e e R e
8 BarleS i WHOIR 7 10 1o o500 vie iy s 005 0 s lo¥ inid 73.4 75.3 11.6 79.6 16.4
4 BeARSTARNa RAW o LTSN e R 34.5 92.3 13.7 68.5 15.5
2 Beans; Hma, c00Red i & .itif nies e v o wee 74.0 74.2 12.6 v e (T P R R e SR T Bt
6 Beann WavS Omaw i, Al S 41.9 63.7 16.0 40.8 49.3
3 Beans, 'navy, cooked. ... .5.... 40500 59.8 71.9 ] L T L I T A . A
3 BEans PIRED AERW . Sis. o555 i syag-aus s olss 43.4 96.8 28.3 e SRR i [ e S
3 Beel, MO, 5wl cshen e i cph et Selarats B 85.9 96.6 0 BO0Dr St w2 anet el Tadss Y
11 o LT T e e e RN e R ol 4 27.2 54.1 3.6 23.0 42.9
5 BrOOH (0PI BOBH .G o, « .70y ooy w1k o, dMesw s 46.3 90.7 13.2 82.2 3
1 BrelewheataflOND ot ... oo « sl b 0 85.8 74 .4 0 B ] i lminitobor o damz at by
12 Buttermilkotdtiot . o0 i T 69.1 95.4 0 70.5 D
2 LS e i e S o 69.2 76.2 22.0 e T R R e el
37 LT U B St v S e ¢ R S 85.1 48.2 3818 v bans vl ue B b o so s o
12 SR et A e s e e ey 16.3 70.2 5.5 41.8 24.7
8 Cocoanat il meal. " ..ol Fivaaass 56.4 92.1 15.4 31.5 12.6
1 Eollandssadriedsiar s o TR B AT 69.8 64.9 13.4 B =l ey e
16 CIOED DA i B i 53.9 89.2 6.8 33.1 a 7.2
11 orn ghatehieed - o N s 61.7 65.3 3.3 43.7 . 22.1
10 Corh ghiten well . . 02l oo i T i s 80.5 55.1 10.8 a6.5 5 34.9
117 BT T R SR PR SR D (8 86.1 89.5 21.6 94.1 11. 12.2
11 Cottonseed HOMIS ", (v i L L. 73.2 86.5 13.5 38.1 s 1157
1 Gottonseed Bulls'™ . Wi 2 L - 0 31.3 9.2 0 s Tl e A
2 Cottonseed hulls, delinted............. 14.3 32.5 6.0 4.7 2 A AP
17 Lotlonseed: Jeal = . i i s s esd pels 70.0 96.7 10.4 36.2 4 10.1
10 Fish meal........................... 74.8 82.7 49.8 35.1 5 93
4 Flowy~elear - vow on 7o i iy e 89.7 96.9 64.6 99.0 . )
3 KT TR T 1 e R i e g e R e 74.9 98.7 44 .1 90.4 Sl
9 FI0urs IOW gt tde. i 1 55 o0 ey mai 84.2 95.9 82.8 89.4 2 5.6
15 Flones patent, o ¢ L0 oDl v R s e 85.8 96.9 81.4 95.0 X 7.4
4 Ly T e A SR e A e Sy AR T2 ol st S MR e | O, T coa Ay Rt el rera - My
1 T T T SR A SN g i R 86.0 76.9 41.9 94.9 S IR
8 DRI . o e s B e e 9.9 79.9 12.4 93.1 H 7.0
2 ERCAEE AR 20, i foive s e (s s S e F o 0 0 0 45.8 a2 i S L
6 Lingeed oil Ienl: . o s o vkl Eva ek 62.2 76.1 9.1 23.6 8.7 11.6
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each individual digestion experiment are not given. Table 6 contains avera
coefficients of digestibility and also the standard deviations if there wel
4 or more tests on the same feeds. The standard deviations are not g
for the crude fiber.

For comparative purposes, the average coefficients of digestibility fi
Bulletin 372 (4) are given in Table 7. Average coefficients compiled f
a number of results, published since Bulletin 372 was prepared, are give
in Table 8. These include foreign experiments, in which some of the
used are not often found in this country.

The standard deviation shows the variability of the data. The ave
of all of the standard deviations for the experiments in Table 6 were |
for protein, 14.8 for ether extract, and 11.3 for nitrogen-free extract.
standard deviation is considered low if less than 5, medium if betw
5 and 10, and high if over 10. A high standard deviation was sometime
due to the results of only one or two tests being widely out of line v

Table 7. Coefficients of digestibility, chickens, average from Bulletin 372

Nitrogen-
Number Protein Ether Crude free '
averaged extract fiber extract
% % % r
2 Alfalfa leaf meal.. .. . vwoio..ilin. 100 0 4
2 Alialapeal. . .0 i 63 22 1 34
21 120 e L e e T e 72 58 10 82
6 Bilood ‘myenl. >, . 55y, ok A 91 46 18 48
12 Barkwheat. o0 rodee a2l Y g 61 86 10 84
5 Buttermilk, dried. .............. 82 i e i o e T 81
43 Corn and corn meal, bolted and
o T e A 74 87 13 90
8 Cottonseed meal, Texas.......... 76 86 12 86
8 Cowpea-heale Tl f el . 48 88 11 86
6 IO HPS6 e i e R S 36 86 38 89
10 ROETErIta e iy e Y 88 81 33 91
11 Salomieal . s e 91 T A ot - H 15
3 dndis owheat . oV R S 75 84 21 83
17 g anrs (AwarD) . G R o S T o 67 78 18 92
6 Kafir, average for Texas only. .. .. 84 80 19 93
7 Boueaneall Lo o, 87 93 24 34
2 s e 76 78 17 87
12 83 78 31 92
11 7 89 14 91
21 74 82 7 69
5 80 78 4 84
3 88 81 9 87
7 Potatoes, white....... B 47 0 6 85
3 Potatoes, sweet............ S ErA 0 25 4 77
9 BICELHPIE L 3. s i s - 58 87 3 52
2 IS Shrown: (i elnt SRR e | 84 88 & 98
4 Rice - polisSh=. (8. 558 (o0 im v 5 81 95 4 89
10 Ricel ronght. = 5y bou il Dia s 74 72 5 84
8 Bl ML R B s 65 31 12 86
3 Shalle. . S0 SO Lt S Sa e s 78 85 39 94
7 SorRlee s R R 16 84 15 88
2 Sovbenmr o SIAL Y Sl e 70 93 53 76
5 Soybeanoilmeal. .. .......c... 83 81 2 83
8 Soybean. ol cake. ... . n a5 83 82 0 80
4 Cankage, "digester: i ;. - . \u.s.qaish 85 96 4 44
9 Wheat middlings, 6.259% fiber. ... 50 o3 9 50
4 Wheat gray s e T S e S 69 85 13 71
11 AV RO IO AN = v oL i i oy e 60 50 8 54
34 Wheat s oomin fonis L ek Dl 74 47 9 89
9 ‘Wheat middlings, 8.5% fiber. . . .. 76 53 8 60
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Table 8. Coefficients of digestibility—chickens—compiled

Nitrogen-| Refer-
Number Protein Ether Crude free ence
averaged extract fiber extract number
o % % )
7 Alfalfa Tl i 65 55 61 s
1 Alfalfa silage. ..... 60 55 53 ;.
1 Artichoke, Jerusalem Lo il 10 s o 94 3
3 Barley..... 77 80 86 1,3
1 Barley malt 75 70 74 i
1 Barley bran 85 86 86 3
2 Beans. .. 86 75 86 1.3
2 Beets . 69 74 87 1
1 Blood meal. 88 90 75 1
1 Bone meal. . .. 90 90 85 1
1 Brewers’ grains. . 80 60 78 1
1 Buckwheat bran. 60 67 61 3
3 Buttermilk . 93 92 94 1
S )} Cabbage. . . 72 57 80 3
2 larro t gl RSN TN 68 64 93 18
9 £ lover i sy e A 63 61 65 1,3
2 Cocoanutimesl Li 0. . . ... 73 82 85 1
11 Clorn . A RS L5 D 80 86 13 9 1,3,10, 11
1 Corn feed meall (0. ...0.. 85 82 5 82 3
2 Corn, Halked TR 380 0. L, 88 S e T 95 11
3 Cottonseed icake.i | . .... 7. 76 73 73 : |
3 Cod fish meal..".. ... ...... 90 40 65 1
1 filax seedt SR 0 GE. 0o 23, 90 93 60 1
4 Grags el SR Tt ol e 63 85 65 1,3
1 Kyrass SlageL sl SN o S 60 60 58 1
| 1 emp SReeetbba. . L R 75 90 65 1
1 g1 | GRS SR . i 86 63 93 3
2 Jingeedticakeaisiva U A § ) 82 83 80 1
2 Tupinéingeal Gl 2x | 4, 4 | 82 69 80 1
1 Meat Seadt CCTeE (0L 90 90 85 1
1 BV illet SEEINEDE o Lo i b - 90 73 88 12
2 Milk, sl 8 SRl ettt Bl 93 92 94 1
1] Milk, whole! .. Jvinil. o us. 95 92 94 1
6 Oats. SRR SN TR R Y 71 81 73 1,11, 12
2 Oatl meainaec Bal Sel | B 5 . 85 75 91 1
2 Palin Xorael mEazs S8 o | . 70 77 77 1
1 Peanut cake, 0.1 to 5.0%
crud@hiberthac s il . o s . 83 81 82 1
1 Peanut cake, 5.1 to 10%
crudes bt 0 Bl | LS, o . 76 74 4 75 1
1 Peanut cake, 10.5 to 15.09%
crudetiberi e L RE; ) D45 . 70 B8 M en 67 1
1 Peanut meal, extracted. . ... 82 80 7 81 1
14 Poak . BEE.E JOEBEL o 5 75 75 14 79 1, 3, 10
3 Potatoes dlpishiay i |90, 63 41 33 88 i bovo )
3 Blape BOOHGE SN, | it ity s « 80 BRper . des ot o1 79 1,3
1 Rice feed msdl. . ... . :..0. . 67 - i e SR 58 3
1 Rice, ghoulbions . v, . 72 85 4 68 1
1 Rice, PONSHGARRINEE | (E o . 87 50 47 97 3
2 Ruta BAgRSDISGET s N0 100 N . 75 Vi 69 90 1,3
2 Hye hEgwi . on U0 L s 73 66 33 67 1,3
3 Rye, Sramihy el Ok e ol . 70 59 5 85 1,3
1 SoybeBNSE - Hes i | o, e | 92 90 37 69 3
7 Soybean meal............. 78 72 9 81 1,8
1 Spaltz DERR o stius - sy b - 78 88 25 40 3
3 Sugar Beet, F o0 r L Lk 70 78 33 91 1,3
1 Sugar beet leaves.......... 74 25 75 89 3
3 Sunflower seed cake........ 77 82 3 86 1
3 Sunflower seed meal extracted 72 75 0 80 1
1 Tapioes méal....v, <o.8monn- 86 85 8 87 1
3 O L e e otes &l T, . 68 74 35 91 I
1 iWetchaii Sresiiseie o s 168 | 0, . 84 75 6 80 ¢
18 W heafiel Bhaa e 1.0, 07, . 88 49 10 88 1,11
6 Wheat Hraa 'l e 0. 62 53 9 46 1,13
8 ‘Wheat, coarse middlings. . ... 76 86 5 88 13
1 Wheat malt sprouts. . ...... 76 A TN S AR 75 1
1 Whal@aabilig. e, sk - 85 G0 T dda st n 60 1
1 ¥ eastirdriedRe e hor it 2. | 90 7 {1 Pl i 88 1
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the others for the same feed. It might have been more accurate to exclude
such tests from the calculations on the assumption that these differences
were due to errors and not to actual differences in digestibility.

High standard deviations occurred when the feed had a low content of
the nutrient being studied, such as ether extract in dried beet pulp, in
citrus pulp, in dried skim milk, or in oat hulls, or protein in beet pulp or
oat hulls. Low standard deviations are found in feeds with a high content of
the nutrient studied, such as protein in casein, in coconut oil meal, in
corn gluten meal, or peanut meal, and nitrogen-free extract in barley, broom
corn seed, corn meal, and flour. The data show that variations in digest-
ibility are much greater with some kinds of feeds than with others. The
actual variations may not be as great as they appear from the table, be-
cause the digestibility of the different feeds were determined with mix-
tures and rations and part of the variations are no doubt due to differences
in the digestibility of the other feeds in the mixture, while all the variation
is assigned to the feed being studied. This is shown below.

Effect of Percentage of Protein on Digestibility

The digestibility of corn meal was calculated from experiments on 3
series of rations containing 17, 24 and 31 per cent protein and differing
only in the percentages of casein and corn meal present. The ration fed
in series 17 consisted of 60% corn meal, 16.3% wheat gray shorts, 10%
dried skim milk, 4% alfalfa leaf meal, 6% yeast, 1.5% oyster shell, 1%
tricalcium phosphate, 1% salt, and 0.2% cod liver oil concentrate, and
contained approximately 17% protein. The ration fed in series 24 contained
10% casein in place of 10% corn meal, and contained 24% protein while
series 30 contained 20% casein in place of 20% corn meal, with 31 per
cent protein.

The average digestion coefficients of the rations and those of the corn
meal fed in the rations were calculated from the data from the rations
and are given in Table 9. The differences in protein content of the rations
had practically no effect upon the digestibility of the protein or the nitrogen-
free extract of the corn meal. The digestibility of the ether extract decreased
as the protein content of the rations increased. When the digestibility of the
constituents of the corn meal was calculated from the results with these
rations (Table 9), the digestibility of the ether extract was lower in the
ration containing 31 per cent protein than in the other two, and the
difference was found by statistical analysis to be significant. Barnes, Prim-
rose, and Burr, 1944, (2) comparing the results obtained from rats on
diets containing 12 or 28% casein, and 14 or 30% protein, concluded that
the lower protein intake is associated with a lower digestibility of fat.
The results here reported are exactly the opposite, since the lower protein
intake is associated with a higher digestibility of fat, though they relate
to the natural fat in the feeds and not to butter fat or lard, and to
chickens and not rats, as was the case with the work of Barnes, et al.




Table 9. Digestion coefficients of rations and of corn meal in rations.

Digestion coefficients Standard deviations
Number Name Nitrogen- =7 TVTtrogen—
averaged Protein Ether Crude free Protein Ether free
extract fiber extract extract extract
26 Corn meal ration about 179, protein............ b | 88.2 P 81.0 S 21 1.9
20 Corn meal ration about 219, protein............ 79.2 BT 4.9 78.3 .2 2.0 24
24 Corn meal ration about 31% protein............ 80.8 83.3 3.5 79.1 1.8 3.4 2.3
26 Corn meal in ration 17% protein............... 83.9 93-3 20.6 94.5 78 7 5.3
20 Corn meal in ration 24% protein............... 85.3 88.1 17.9 94.3 103 Ll 4.5
24 Corn meal in ration 319 protein. . ............ 86.5 79.4% 22.7 95.3 18.5 15.8 5.5

*Difference from 93 .3 statistically ciz. ife it

SNEMDIHD Ad SAOO04d NVWNH ANV SAddd 40 ALITILLSEDIA
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Variations of Digestibility of Rations Compared with Digestibility
Of the Chief Feed in the Rations

The standard deviations of the coefficient of digestibility of the pro
in the series of rations discussed above (Table 9) in which casein replac
corn meal were 2.3, 2.2, and 1.8 compared with standard deviations of
10.1 and 18.5 for the coefficients of digestibility of the protein of the
meal, as calculated from the data of the same rations. The stan
deviations of the digestion coefficients for the ether extract in the rat
were 2.1, 2.0 and 3.1 compared with 7.7, 9.5 and 15.8 for that of the
meal calculated from the same rations. For nitrogen-free extract tl
standard deviations were 1.9, 2.1 and 2.3 for the rations compared
5.3, 4.5 and 5.5 for the corn meal. This shows that the variability of
digestion coefficients calculated for a feed fed in a ration may be muc
greater than that of the entire ration. Comparatively small deviat
in the digestion coefficients of a mixture may result in much larger devia
tions in the digestion coefficients of a feed which is a part of the mixture
Part, at least, of the variations of the digestibility of a feed fed in ¢
mixture is due, not to variations in the digestibility of the feed, but t
variations in the ration, or to small errors which are magnified whes
the digestibility of the feed is calculated from the digestibility of the ra-
tion in which it was fed. For example, in experiment 433, the ration ea
(363.5 grams) contained 111.74 grams of protein, of which 11.25 gr
was from the corn meal. An error of 0.5 gm. in the protein digests
would affect the digestibility of the protein in the entire ration less th
0.5 per cent, but it would effect the digestibility of the protein in the
meal 4.5 per cent. For this reason, errors which would have only a sm
effect on the constituents of the entire ration will have a much la
effect on a constituent of the ration.

Comparisons of Mixtures and Rations

Digestion experiments were made (a) on the unmixed feeds, (b) in mi
tures containing a large percentage of the food to be tested, balane
with starch if the food was a protein food or casein, if it was a carb
hydrate food and (¢) complete rations in which the food to be tes
was 50 per cent or less of the ration. The complete rations were used
determining the productive energy of the feeds, and are described els
where (6, 7, 8). 3

There were sufficient numbers of experiments for some comparisons to
be made of the digestion coefficients secured from the feed fed in ra-
tions with those secured when it was fed in the balanced mixtures.
comparisons are given in Table 10. The coefficient of digestibility of
protein in dried buttermilk was significantly lower in the ration than i
the balanced mixture, that of cottonseed meal was significantly lower when
fed alone than when fed in a ration. The digestibility of the ether extrac
was significantly lower when fed in a ration containing 31 per cent p
tein, due to casein, than in a ration containing 17 per cent. The coefficient




Table 10. Digestion coefficients of chicken feed in rations (R) as compared with balanced mixtures (M) or alone (A)

Standard deviation

Nitrogen-
Number Protein Ether Crude free ! Nitrogen-
averaged extract fiber extract Protein Ether free Class
% % % % extract extract
6 AlgaiTal Jeaf meall. 555 . os v sl 61.4 51.0 13.4 26.4 6.8 156 1572 M
14 Adfaliasleafamenl s uaom s bd=l 61.8 3t 40.9 10.7 20.0 10.8 R
4 BUtteritic, rdriedr .« e mrrmr 767 5% b A o 69.7 | 27 17.4 M
8 Bauttermilkerdried. oo m. oot 65.4 e e e e 72.2 46, 10.4 11.0 R
9 (el B e S < e I e e R SO S 7051 %% 89.9 9.9 90.5 7.4 1.6 3.0 A
117 ECITE RN 0 vyt 2ca b T 86.1 89.5 21.6 94.1 11.6 12.2 3z All
13 EanRIT s 1 e ety $7 S S TR | e Y | KSR T Vol e 3.0 e et LD R M
24 AR DS SRt B i L S R o e [ i e Sigln i ety nipea - o b o R
6 Cottonseed meal . ............... 62.9% 93.0 12.2 5.1 % 14.4 16.0 35.0 M
¥l Cottonseed -meal ... ... .o e omi o 7329 98.7 9.4 D49 5ad 2.8 19 R
6 BT DB TeRE, 7 h = i 89.6 97 .4 62.2 .4 4.8 6.3 156 M
9 LRy ek L) e p T S 83.3 96.6 94.2 3.4 6.9 8.5 5.8 R
B Pednit- meal. o . v i oy 74.6 92.4 4.5 552 T 22 5.6 M
10 Pegant meall ., Tiw e e 73.2 90.2 7.28 .4 3.8 5.8 1153 R
5 Rice polishings.................. 67.8% 91.2 10.3 5 4.4 2.9 Geb M
6 Rice polisShings. . .. 7000 ey 76.5 90.4 16.5 .3 6.3 2.5 2.5 R
6 Ml el rred saleim 8 5 8w 200 it TlenT 85.3 100.0 .6 9.9 31.9 217 M
6 Mtk tsdriedmskim -4 2o i s = s 722 28.7 19.1 /5 a7 34.0 10.9 R

*Difference statistically significant
**Difference highly significant

SNEMOIHD X9 SAO0d NVWAH ANV SAddd J0 ALITISILSEIDIA
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of digestibility of the nitrogen-free extract of cottonseed meal was :n;b‘
nificantly higher when fed in a balanced mixture than when fed in a ratior

not significant. The differences were not in the same direction ej;
significant. As a general rule, the mixtures and the rations may be
sidered to give the same results.

Discussion of Some Individual Feeds

The digestibility of the protein and of the nitrogen-free extract o
raw beans (Table 6) was appreciably less than that of the cooked bea
Raw beans are evidently not good chicken feed. The digestibility of th
black-eye peas was nearly the same raw as when cooked. A
. The soybean oil meal cooked at a low temperature was less digestibl

then that cooked at a higher temperature. »

The protein of dried beef was digested 85.9 per cent, compared with 60,
per cent for meat scraps, meat meal and meat and bone tankage ant
55.4 for tankages. Dried beef consists of the muscle, while tankage a
meat by-products are made from animal by-products not suitable foi
human food, and may contain little muscular tissue.

The constituents of wheat bran, wheat gray shorts and graham flou
are almost all less digestible than those of the various grades of flour.
Wheat bran and wheat gray shorts contain smaller percentage of starch
than flour, and larger percentages of pentosans. The graham flour co
tains wheat bran and wheat gray shorts, which accounts to some exte
for the constituents of the graham flour having lower digestibility than
those of patent flour or low grade flour. Lactose (milk sugar) had a low
digestibility. It had a laxative effect, when fed as 15 per cent of the ration,
and not only had a low digestibility but the digested lactose had a low
productive energy (8). 3

Cottonseed oil hydrogenated to a medium degree (iodine number 65)
had a digestibility practically the same as unhydrogenated oil. When hydro-

the medium hydrogenated oil. ‘

The factor for converting nitrogen to protein in gelatin should be 5.60
and not 6.25. However, to use one factor for gelatin and a different factor
for the other feeds in calculating the protein in the same mixture is not cor-
rect. Nitrogen could be used for calculating the digestibility of the protemT
and then the nitrogen-free extract could be calculated by difference. With
use of the correct factor for protein, the nitrogen-free extract for gelatin
is 0 but it is not 0 in the ration used due to the presence of other feeds.
It seems simpler to use the factor 6.25 throughout and to calculate the
nitrogen-free extract separately for the mixture, even though both the
analysis of the mixture and the gelatin add to more than 100%. With
the factor 6.25 the constituents of the gelatin add to 110 per cent. 4
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SUMMARY

Average digestion coefficients are given for 718 digestion experiments with

' chickens. Methods for determining uric acid were studied. The digestion

coefficients for the individual feeds were calculated from experiments with
balanced mixtures or rations. The standard deviations of the digestion
coefficients were calculated when 4 or more experiments were made on
the same kind of feeds and show the variability of the digestion coefficients.

. The standard deviations were often high for nutrients which were present

in low percentages in the feed. The standard deviations are high in
some cases, and this indicates wide variability in the results. These

- variations are evidently due to errors in the work rather than to differences

. in the digestibility of the nutrient. Low standard deviations were found

with many feeds, especially for nutrients present in high percentages.

With 3 groups of mixed rations which differed only in their per-
centages of casein and corn meal, the digestion coefficients of the protein
and nitrogen-free extract were in the limits of error. The fat was di-
gested to a smaller extent from the rations high in protein than from

- those low in protein. When the standard deviations were. compared for

the coefficients of digestibility of rations containing corn meal and for those
of the corn meal contained in these rations calculated from the data se-
cured from these experiments, the standard deviations were much higher
for the corn meal than for the entire ration. This shows that small varia-
tions in the digestibility of rations may appear as much larger variations in
the digestibility of individual feeds fed as part of these rations. Tables
are given showing the digestion coefficients secured with the various feeds

~ and foods used, and also tables showing the coefficients of digestibility
- secured in previous work at this station and also by other workers,
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