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The value of 62 feeds and foods for furnishing energy for growing 
chickens was measured by feeding the feeds in  balanced rations to 
growing chickens and ascertaining the effect by weighing and analyzing 
the chickens. Individual chickens differ in their capacity to utilize feed 
and the results gven are usually averages of several tests, each on 6 or 
more chickens. When the different feeds are cornpar*, wide differences 
between their energy values are found. -However, when the energy val- 
ues of the digestible nutrients of the various feeds are compared, those 
of most of the feeds do not differ widely from those of corn meal. The 
differences in the energy of the feeds are therefore due chiefly to differ- 
ences in digestibility, for with most feeds, the ability of chickens to utilize 
the digested feed is1 quite uniform. There are several exceptions, however; 
for example, the digested nutrients of Lima beans have a low value and 
those of dried beef a high value compared with the value of the digested 
nutrients of corn meal. The productive energy values of 62 feeds ex- 
pressed in different ways1 are shown in the tables. Other data secured 
in the work are  also given. 
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""ODUCTIVE ENERGY OF SOME.FEEDS AND FOODS AS 
MEASURED BY GAINS OF ENERGY OF 

GROWING CHICKENS 

G. S. Fraps and E. C. Carlyle* 

The work here presented is a part of a comprehensive investigation 
of the value of the energy of feeds and foods as measured by the  pro- 
duction of fat  and flesh on growing chickens. Previous publications 
have discussed the digestibility of some chicken feeds ( 4 ) ,  the utilization 
of energy of feeds by growing chickens (S) ,  the utilization of the energy 
of wheat products by chickens (9 ) ,  the  energy values of corn bran, rice 
bran, and rye flour (lo), the relation of gain in weight to gain in energy 
content of growing chickens ( l l ) ,  the metabolizable energy of chicken 
feeds ( 1 3  ) , and the productive energy of alfalfa leaf meal and some other 
chicken feeds (12) .  

The object of the work was to measure the energy value of feeds in 
terms of the use made of i t  by chickens. Values of feeds have been com- 
pared in terms of digestible nutrients and of metabolizable energy on the 
assumption that  these measure the  utilization of the feted by the animal. 
Previous work (1,3,5,9,12) has shown that, measured in terms of gains 
of fa t  and flesh, neither digestible nutrients nor metabolizable energy 
are always correct measures for t he  energy value of feeds eaten by rum- 
inants (9) .  

Extensive work on the  utilization of the energy of feed by ruminants 
has been done by Kellner, Armsby, Forbes, and others. As the literature 
has already been summarized in previous publications (7,8), i t  will not 
again be summarized here. A deficiency of protein ( 5 )  or of calcium 
( 1 4 )  or other elements or  compounds necessary for growth may decrease 
the utilization of the energy of feed by animals. When productive energy 
is measured, the feed should be fed in a ration which is not deficient in 
any substance needed for the assimilation or utilization of the digested 
feed or which contains any substance which interferes with t he  utilization 
of the energy. 

The work here presented compares the energy values of a number of 
chicken and human foods with tha t  of corn meal. A complete ration 
was fed one group of chickens, and corresponding groups were fed simi- 
lar rations in which the feed to be tested replaced part of the corn meal 
in the complete ration. Chemical analyses were made of one group of 
the chickens a t  t h e  beginning, and others a t  the end of the experiments, 
so that  the increase in the  protein and fa t  content of t he  chickens was 
measured. The data so secured were used to compare the energy values 
of the feeds tested with tha t  of corn meal. I n  previous work (8)  the  
value of a miqed ration for the production of fat  and flesh in growing 

+Deceased Aug. 16, 1942. 
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chicks was found to be 2.78 Calories per gram of total digestible nutrients. 
By subsequent work (121, the productive energy of the  total digestible 
nutrients of corn meal was found to be 3.00 Calories per gram. These 
values were used in  calculating the  work here reported. 

Definition of Terms 

Productive energy is the energy stored up as fat and protein by the 
chicken from tha t  portion of the ration eaten which exceeds the quantity 
used for all maintenance purposes. The difference between metabolizable 
energy and productive energy is chiefly t he  cost of utilization of the 
energy. 

Effective organic constituents of a feed is the sum of the percentages 
of t he  protein, the f a t  or  ether extract multiplied by 2.25, and the nitro- 
gen-free extract. Crude fiber is disregarded since i t  is digested only to 
a very small extent by chickens, while ash and water have no energy 
values. 

Effective digestible nutrients of a feed is the sum of the percentages 
of digestible protein, the digestible ether extract multiplied by 2.25, and 
the digestible nitrogen-free extract. In  other words, the effective di- 
gestible nutrients i s  that  portion of t he  effective organic constituents 
which can be digested by the animal. 

Metabolizable energy is the energy of the food less t he  energy in the 
excrement, both fecal and urinal and, in case of ruminants, in gases pro- 
duced by fermentation. I t  includes all the energy of the food which can 
be used by the  animal. The metabolizable energy of chicken feeds can 
be calculated by methods previously developed ( 13).  For the purpose of 
this work, metabolizable energy values for maintenance were obtained in 
Calories per 1 0 0  grams by multiplying grams of effective digestible nutri- 
ents by 4.2. When part of the protein is retained, as in growing chick- 
ens, the metabolizable energy is higher than for maintenance. 

Maintenance requirement is that  portion of the  energy of the feed used 
in  t he  life proaesses of the animal, for keeping the body warm, and for 
movements of the body. The bodily activities consume energy, which 
in this work is included in t he  energy of maintenance. 

The productive energy used for maintenance is the difference between 
the  productive energy of the quantity of food eaten and the energy stored 
up in  fat  and fiesh. For t he  work here presented it is calculated f r o q  
the data seenred with the  corn meal ration. 

Experimental Procedure 

The procedure has alr,eady been described in detail ( 8 ,  12),  and will 
here be given only in  outline. The feeds to be tested were usually com- 
pared with corn meal as  a standard. Sixty or more baby chicks, usually 
white Leghorns, were fed a corn meal ration for a preliminary period of 
approximately one week. From these, usually five equal groups of 6 chicks 
each were selected, although in some of the earlier work only two groups 
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were *used. The remaining chickens were used for digestion experiments. 
One group was killed and analyzed. One of the four experimental groups 
received a balanced ration containing 50 % of corn meal or  corn meal 
and casein, while the other three groups received a ration in which 
the corn meal or casein, or both, were partly replaced by the feed to be 
tested. The chickens were fed individually in battery brooders and weighed 
a t  the end of each week. At the  end of 2 weeks they were killed, the 
intestinal contents removed, and the chick ground for analysis. Begin- 
ning with Experiment 26 the chickens were heated in an  autoclave at 
1 5  pounds pressure for 3 hours, cooled and ground in a food chopper 
with 3% ground filter paper to take  up thee liquids. I n  t he  earlier ex- 
periments, the chickens were of both sexes, but in most of the later 
work, they were hatchery s,exed cockerels. Up to the age of 4 weeks, 
little difference between the  two sexes could be expected. 

Protein ( N  x 6.25) was determined on 3.5 gram samples by the Kjel- 
dahl-Gunning method. Fa t  was determined on 4 gram portions by ex- 
traction with ether after drying under reduced pressure a t  100°C and 
grinding in a mortar. The energy content was calculated by the use of 
the figures 5.66 Calories per gram of protein and 9.35 Calories per gram 
of fat. These figures were found in previous work ( 8 )  to give results 
agreeing with the heats of combustion of dried chicks as determined in 
a bomb calorimeter. 

Two digestion tests were usually made on each ration. The digestible 
nutrients were calculated from the  average of these two experiments and 
the analysis of the feeds used, each experiment being treated separately. 

Details and Data of the Work 

The work was done from Dec. 1,  1930 to July, 1942. The ingredients 
of the standard corn meal rations used in the various experiments a re  
given in Table 1. The dried buttermilk used in earlier experiments was 
replaced by dried skim milk in later experiments. I n  nine of t he  ex- 
periments, casein was used in place of the dried skim milk, and in other 
experiments, i t  was added to increase the protein content of the basal 
ration. The cottonseed meal and tankage in the earlier experiments were 
discontinued in later ,experiments in order to make the ration less com- 
plex. Yeast was added to supply the vitamin B complex, and the amount 
was increased from 2 0Jo to 6 %, beginning with Experiment 19.  Manga- 
nese sulphate was included beginning with Experiment 47. 

Analyses were made of all the rations; representative analyses of the 
standard corn meal ration are given in Table 2.  The higher protein 
content in Experiments A.45, 6, 13, 29 and 40 is due to the  larger quan- 
tities of casein in the rations. The quantities of single feeds which re- 
placed the corn meal in the experimental rations are  given in Table 10. 
Table 3 gives the experiments in which two or more feeds replaced the  
corn meal or corn meal and casein. The percentage composition of the  



Table 1. Constituents of the Staniaara Corn Meal Rations, in Per Cent. 
-- - 

*.2% manganeFe sulphate included from Exp. 47 on. 

Experiment Numbers 

1 3 , 1 5 , 1 6 , 1 7 , 1 8  .................... 
191, 25------------ -------------------- 
29 ------------------------------------ 
37, B, 42, 48, 51, 53, 54, 56, 57, 59, 

60, 62, 66, 6 6  ..................... 
40, 41, 43, 44, 469, 47, 52, 55, 61, 63- 

Dried 
skim 
milk 

Dried 
butter- 

milk 

Corn 
meal 

Wheat 
gray 

shorts 

- -  

56.8 
50.0 
30.0 

80.0 
50.0 

Casein 

20.01 
16.3 
16.3 

16.3* 
16.3* 

---- 
- -  
---- 

---- 
---- 

Alfalfa 
leaf 
meal 

Cot- 
ton 
seed 
meal 

1 oyster Cod 
liver oil Tank- 

age Yeast 

___L__---p---- 

---- 
10.0 
10.0 

10.0 
10.0 

carbon- phate trate 

12.0 
---- 
201.0 

- -  
10.0 

ate I 

---- 
10.0 
---- 

- -  
---- 
-,-- 

---- ---, 

---- I ---- 

6.0 
4.0 
4.0 

4.0 
4.0 

2.0 
6 0 
6.0 

---- 
---- 
---- 

1.0 
1.5 
1.5 

6.0 
6.0 

- -  
---- 

1.5 
1.5 

---- 
1.0 
1.0 

1.0 
1.0 

1.0 
1.0 
1.0 

0.2 
0.2 
0.2 

1.0 
1.0 

0 .2  
0.2 
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Table 2. Percentage Chemical Compositfon of Representative Corn Xeal Rations 

Crude 

Exp. A31 ,----------------------------- 
Exp. A38 ------------------------------ 
E X ~ .  A62----------------------------- 
Exp. A65 ------------------------------ 
Exp. I-,------------------------------ 
Exp. 3 ,------------------------------- 
Exp. 5 -------------------------------- 
Exp. B ................................ 
Exp. 13------------------------------- 
Exp. 25-------------------------------  
Exp. 29------------------------------- 
Exp. 37 ------------------------------- 
E X ~ .  40 ............................... 

Nitrogen 

extract 
Ash 

Table 3. Experiments in which two or more feeas replaced corn meal. 

Experiment 1 
Patent flour, 50.0: graham flour, 41.3, stanch, 8.7: wheat bran, 41.3, starch, 

3.9, cottonseed oil 3.9 per cent. 

Experiment 2 
Patent  flour, 50.0: graham flour, 41.3, starch,  8.7; wheat bran, 41.3 starch, 

3.9, cottonseed oil, 4.8 per cent. 

Experiment 3 
Oat meal, 35.2, starch, 15.3: dried sweet potatoes, 40.0, casein, 4.4, cotton- 

seed oil 6.1 ; rice, 49.5, casein, 1.0 per cent. 

Experiment 4 
Rice, 49.5, casein, 1.0; dried sweet potatoes, 40.0, casein, 4.4, cottonseed oil 

6.1 : oat meal, 35.2, starch, 15.3 per cent. 

Experiment 5 
Raw lima beans, 60.0, cottonseed oil, 5.0; r aw  navy beans, 47.7, cottonseed 

oil 5.0 ; raw black eye peas, 46.6 per cent. 

Experiment 18 
Starch, 50.0: starch, 46.0, yeast, 4.0: starch,  44.0, yeast  4.0, corn oil 2.0 per 

cent. 

Experiment 19 
Starch, 44.0, casein, 4.0: wheat bran, 50.0: cottonseed oil 15.0 per cent. 

Experiment 29 
Soy bean oil meal, 37.0% replaced 20.0% casein and 17.0% corn meal: peanut 

meal 40.0% replaced 20.0% casein and 20.0q0 corn meal;  fish meal, 
25 % 'replaced 20.0 % casein and 5.0% corn meal. 

Experiment 56 
Casein, 50.0%, yeast, 35.0q0 ; alfalfa leaf meal, 30.0 %, casein, 20.0%. 

feeds tested an8 of the corn meal used as  a standard are given in Table 
4 and their effective organic ,constituents in Table 10.  

Digestion experiments were made with all of t he  rations, usually two 
being made on each ration. The results will be presented in a subse- 
quent publication. The digestion coefficients of the  rations were aver- 
aged separately for each experiment and, together with the analysis of 
each ration, were used to calculate the effective dig,estible nutrients of 
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Table 4. Percentage Composition of Feeds 

Labora- 
Name of feed 

number 
Protein extract I I E t h e r  

5&348 
63&% 
46140 
65051 
46141 
65048 
65049 
63796 
58591 
62736 
62923 
63807 
628m 
58434 
62765 
640% 
6405% 
65030 
48800 
50740 
50742 
W E 6  
58432 
62767 
W33 
62768 
%'BOO 
33918 
4C966 
41442 
41603 
45005 
43E03 
46079 
47955 
48260 
48988 
50868 
51556 
51F24 
51960 
54823 
55321 
@600 
58715 
58934 
59229 
59496 
59713 
59969 
60219 
m321 
62E91 
62977 
63077 
63683 
63013 
64267 
64291 
64523 
64E78 
65056 
65172 
59163 
63621 
54598 
59524 
5 4 W  
58346 

Barley seed, whole --,--------,--- 
Barley seed, whole --,------------ 
LIma beans ...................... 
Lima beans, Baby --,------------ 
Navy beans -----------------,,-- 
Navy beans ...................... 
Pinto beans -------------,-----,- 
Chipped beef, dried --------------- 
Beet pulp ---- -------, ---- ----,-,- 
Beet pulp, dried ------------------ 
Broom corn seed ----------------- 
Broom corn seed ,--------------- 
Casein ............................ 
Citrus pulp, dried ----------,,--- 
Citrus pulp, dried ---- - ----------- 
Citrus pulp, dried ---------------- 
Cocoanut oil meal ---------------- 
Cocoanut oil meal ------------,--- 
Corn bran ---------,---------,-,, 
Corn bran ---------------,---- ,-,- 

Corn bran -----------,---------- 
Corn bran ........................ 
Corn gluten feed ---------------,- 
Corn gluten feed ,-----,----,--,-, 
Corn gluten meal --------,------,, 
Corn gluten meal ,-----,-,,--,,--- 
Yellow corn meal, Exp. A31 ----- 
Corn feed meal, Exp. A41 ------- 
Yellow corn meal, Exp. A62L ---- 
Yellow corn meal, Exp. A& ---- 
Yellow corn meal, Exp. A65 ----- 
Cream corn meal, Exp. 1 ------,, 
Corn meal, Exp. 4 -------------,- 
Corn meal, Exp. 5 ----,--,------- 
Corn meal, Exp. 6 ---,----------- 
Corn meal, Exp. 7 --------------- 
Corn meal, Exp. 10 -----,---,,-- 
Corn meal, Exp. 13 --,,-------,,- 
Corn meal, E m .  15- ------------- 
Corn meal, Exp. 17 -----------,,- 
Corn meal, Exp. 19 --,--------,,- 
Corn meal, Exp. 25 ----------,,-- 
Corn meal, Exp. 29 -------------- 
Corn meal, Exp. 37 -------------- 
Corn meal, Exp. 38 -,---------,-- 
Corn meal, Exp. 39 --------,-,-, 
Corn meal, Exp. 41 ---------,,-- 
Corn meal, Exp. 42- --------,,-- 
Corn meal, Exp. 43 -------,------ 
Corn meal, Exp. 46 -------------- 
Corn meal, Exp. 47 -------,------ 
Corn meal, Exp. 48 -------,,---- 
Corn meal, Exp. 52 -------------- 
Corn meal, Exp. 53 ------------- 
Corn meal, Exp. 54 -------------- 
Corn meal, Exp. 56 -------,------ 
Corn meal, Exg. 57 ------,,--,--- 
Corn meal, Exp. 59 --,,---,------ 
Corn meal, Exp. 60 ---,---------- 
Corn meal, Exp. 61 ---,--,------- 
Corn meal, Exp. 63 ----------,-,- 
Corn meal, Exp. 65 -----------,- 
Corn meal, Exp. 66 ---,---------- 
Cottonseed flour --------------- 
Cottonseed flour -- -------------- 
Sudan grass ..................... 
Tabo (enzyme concentrate)------ 
Fish meal -------------,---------- 
Fish meal ,--------,-------------- 

9.40 
13.97 
22.88 
20.48 
22.03 
B.70 
21.64 
61.11 
6.G 
8.20 
9.15 
9.19 

81.92 
5.93 
5.50 
5.15 

21.n 
20.31 
10.40 
9.40 

10.49 
6.34 

24.01 
25.57 
42.91 
43.74 
9.97 

10.20 
9-85 
9.45 

10.95 
10.5% 
10.68 
10.n  
11.05 
9.W 

11.98 
10.62 
10.69 
10.68 
10.70 
10.W 
9.79 

11.27 
11.09 
11.11 
9.97 

10.67 
9 . E  
9.S4 
9.76 
9.88 
9.60 

10.20 
10.05 
9.54 

10.01 
10.15 
8.71 
9.10 

10.36 
8.91 
9.02 

58.13 
55.40 
11.15 
13.66 
64.28 
65.34 
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Table 4. Percentage Composition of Feeds-Continued 

Labora- 
tory Name of feed 

number 

Fish meal ------------------------ 
Clear flour ...................... 
Wheat flour, whole -------------- 
Graham flour .................... 
Low grade flour ------------------ 
Low grade flour ------------------ 
Flour --------- .................... 
Flour ............................. 
Flour ............................. 
Patent  flour ..................... 
Patent  flour --------------------- 
Gelatine - ......................... 
Hegari ---------------------------- 
Kafir, Black Hull ---------------- I 
Kafir, Waxy Endosperm --------- 
Lactose -------------------------- 
Linseed oil meal ------------------ 
Linseed oil meal ------------------ 
Liver meal, dried ----------------- 
Skim milk, dried ----------------- 
Millet seed ........................ 
Kafir chops 
Nile, yellow ...................... 
Oat hulls ......................... 
Oat hulls ......................... 
Oat flakes ........................ 
Oat  flakes ------------------------ 

I 
Oat meal ------------------------- 
Peanut meal --------------------- 
Peanut meal ..................... 
Peanut meal --------------------- 
Peanut meal ..................... 
Blackeye peas .................... 
Blackeye peas -------------------- 
Sweet potatoes, dried ------------ 
Sweet po t a to  meal --------------- 
Sweet potatoes, dehydrated ------ 
Sweet pota to  meal ---------------- 
Rice ............................... I 
Rice ............................... 
Rice bran ......................... 
Rice bran ......................... 
Rice bran ......................... 
Rice hulls ......................... 
Rice polishing~ ------------------- 
Rice polishing~ ------------------- 
Rice polishing~ ------------------- 
Rye flour ........................ 
Rye seed ......................... 
Rye seed ......................... 
Rye seed ......................... 
Cane seed, Red Top ---- - --------- 
Cane seed ........................ 
Sunflower seed ------------------- 
Sunflower seed ------------------- 
Shrimp meal ..................... 
Shrimp meal ..................... 
Shrimp meal ..................... 
Soybean oil meal ----------------- 
Soybean oil meal ----------------- 
Soybean oil meal ----------------- 
Soybean oil meal ----------------- 
Soybean oil meal ----------------- 
Starch ---------------------------- 
Starch, corn ..................... 
Starch ............................ 
6% Digester tankage ------------ 
TT%eat ---------------------------- 
Wheat ............................ 
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Table 4. Percentage Composition of FeeBs-Continued 

Name of feed Protein 
mumber - 

Wheat ............................ 
Wheat bran ...................... 
Wheat bran ...................... 
m e a t  bran ------------ ---------- 
Wheat bran ...................... 
Wheat bran, breakfast food---- 
Wheat bran, breakfast food---- 
Wheat gray shorts --------------- 
Wheat gray shoxts --------------- 
Brewers yeast ------ ---- - --------- 
Brewers yeast, dried -------------- 
Brewers yeast, dried -------------- 

Ether Crude 
extract fiber 

Nitro- 
gen free 
extract. 

Water 1 Ash 

each ration. The effective digestible nutrients of each ration are given 
in Table 7. They were used to calculate the effective digestible nutrients 
of the  feed for the experiment in question, and these are given in Table 
10. 

The average live weights, percentages of protein and fat, and Calories 
per 100 grams of chicken, as well as other data, are given in Table 5. 
The data from each individual chicken were calculated separately and 
then averaged. As already pointed out (8,12),  in the same experiment 
on the same rations there are variations in the quantities of foods eaten 
by individual chickens, in gains in weights, and in fat and protein con- 
tent. Since these variations have already been discussed from other 
data in Bulletin 571 (8 )  similar calculations were not made with the 
data here presented. Variations between the different experiments will 
be discussed later. 

Calculation of Maintenance Requirements of the Chicks and Productive 
Energy of the Rations 

The work is a comparison of the productive energy of the feed tested 
with that  of corn meal, but i t  is necessary to make allowance for the dif- 
ferences in the quantities of energy used for maintenance by the groups 
compared. 

The maintenance requirements are calculated from the  data secured 
with the  standard corn meal ration, and these in turn are  used to cal- 
culate the productive energy of the other rations used a t  the same time 
in  the same experiment. The productive energy of the corn meal ration 
was taken to be 2.78 Calories per gram of effective digestible nutrients, 
a s  found to be the average in Bulletin 571, although it may deviate 
slightly from this on account of changes in the constituents. For each 
experiment the productive energy was ascertained by multiplying by 2.78 
the  effective digestible nutrients of the corn meal ration, as  found from 
the  digestion experiments for that  experiment and the  analysis of the 
ration. The maintenance requirements with a few exceptions are cal- 



Table 5. Average Composition, Weights an8 Calories Per io0 Grams for Chickens 

No. 
Live 

weight a t  
beginning, 

gm . 

Live Empty Per cent 
weight a t  weight a t  empty 
end, gm. end, gm. weight of 

live weight 
---- 

Calories +d 
pcr100gm. 

empty tj 
weight r? 

-- d 

Number of Experiment and 
Kame of Itation 

Experiment A51 
Preliminary chicks -------------------------------------- 

Ca:ories per ~MI!  gm .---------------------------------- 
Yellow corn meal, 14 days ---.---------------------_----- 
Milo ration, 14 days -------------------_----------------- 

Exp2rimen t A32 
Prelyminary chicks -------------------------------------- 

Cazories per 1CO gm .---------------------------------- 
Yellow corn meal ------------------__---------------------- 
Milo---------------_--------------------------------------- 
l~heat--------------------------------------------------- 
Oat meal ------------------------------------------------ 

Experiment A33 
Fre1:minary chicks -------------------------------------- 

Calories per lOOi gm .---------------------------------- 
Yellow corn meal -------------------_--------------------- 

Wheat- -------------__------------------------------------- 
Oat meaI ....................... 1 ------------------------ , I 

Experiment A34 
Prel'minary chicks ...................................... 

Ca:ories per 1001 g1n.---------------------------------- 
Yellow corn m,eal---------------------------------------- 

K~PR~--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Oat meal------------------------------------------------ 

Experiment A38 
Prel'minary ehirks ...................................... 

Calories per 100 gm .---------------------------------- 
Ye!low corn meal ---------------------------------------- 
Kafir----------------------------------------------------- 
Wheat - 
Miio ...................................................... 

Esperlment 439 
Pre1imin;zry chicks ----,-----,--_------------------------- 1 2  



Table 5. Average Composition, Weights an8 Calories Per 100 Grams for chickens-continued 

Number of Experiment and 
Name of Ration 

Calories per lOOi gm .---------------------------------- 
Yellow corn meal -----------------------------we- -------- 
Kafir----------------------------------------------------- 

Esperiment A41 
Preliminary chicks- ----------------------------------- -- 

Calories per 1001 gm .---------------------------------- 
Yellow corn meal ----------------------_-------__----------- 

Rlilo-- ......................... ........................... 

Experiment A42 
Preliminary chicks ...................................... 

Calories per 100 gm .-------------------------------- -- 
Yellow corn meal ....................................... - I 

Experiment AGC 
Preliminary chicks ...................................... 

Calories per 100 gm .---------------------------------- 
Corn meal ----------------------------------------------- 
Wheat bran ---------_----------------------------------- 

Experiment A63 
Preliminary chicks ...................................... 

Calories 1W gm.---------------------------------- 
Corn meal _--,------------------------------------------- 
Wheat bran--------------------------------------------- 

Experiment A64 
Prellminnry chicks ----.--------------------_------------- 

Calories per 1M gm .------_---------__------------------ 
Corn meaI----------------_------------------------------- 
Hegari .................................................. 1 

Experiment A6.5 
Preliminary chicks ...................................... 

Cnlorirs per 1(ICr gm. 
Yrllow corn menl---------------------------------------- 

---- 
iii 1 46.2 

Live 
weight a t  
end, gm. 

F a t  
F P ~ Y  

weight, 
% 

Calories 
per 100 gm. 

empty 
weight 

.- 

----- 
236. 2 
214.7 

163.4 
----- 
253.6 
216.3 
191.7 
236.4 

184.8 
----- 
240.2 
m0. 1 

136.8 
----- 
195.5 
l a . 7  

184.6 . 
----- 
m.0 
175.3 

163.2 
----- 
180.4 
18l.G 

164.1 
----- 
181.8 



Yellow corn meal ........................................ 
Rxpcriment 1 

Preliminary cl~icks ...................................... 
Ca!orics per la0 gm .---as----------------------------- 

C o n  meal----------------------------------------------- 
Patent  flour ............................................. 
Graham flour ........................................... 
Bran ----------------------------------------------------- 

Experiment 2 
Preliminary chicks -------------------------,___---- 

Calories per 100 g m  .--------------------------------- 
Corn meal ----------------------------------------------- 
Patent  flour ............................................. 
Graham flour ........................................... 
Bran ----------------------------------------------------- 

Experiment 3 
Preliminary chicks .............................. ,- ------- 

Calories per 100 gm .---------------------------------- 
Corn meal ----------------------------------------------- 
Rice------------------------------------------------------ 
Sweet potato -----------.-------------------------------- 
Oat  meal ................................................ 

Experiment 4 
Preliminary chicks ....................................... 

Calories per 100 gm .---------------------------------- 
Corn meal ............................................... 
Rice------------------------------------------------------ 
Sweet potato -------------------------------------------- 
Oat meal ................................................ 

Preliminary chicks -------------------------------------- 
Calories per 100 gm .---------------------------------- 

Corn meal ------------------ ----------- ------------------ 
Lima bean----------------------------------------------- 
Navy bean ............................................... 
Blacke'yc pea-------------------------------------------- 

Experiment 6 
Preliminary chicks- ..................................... 

Calories per 100 gm .---------------------------------- 
Corn m c d  ----------------------------------------------- 
Patent  flour ............................................. 
Low grade flour .......................... 1 ------------- 
Wheat bran ............................................. 



Table 5. Average Composition, Weights and Calories Per 100 Grams for Chickens-Continued 

1 No. 
averaged 

Number of Experiment and 
Name of R,ation 

Live 
weight a t  

beginning, 
gm . 

Experiment 7 
Preliminary chicks -------------------------------------- 

Calories per 100 gm .---------------------------------- 
Corn meal----------------------------------------------- 
Patent  fiour --------------------------------------------- 
Low grade flour ---------------------------------------- 
Wheat bran --------------------------------------------- 

Live 
weight a t  
end, gm. 

Exwriment 13 
preliminary chicks ...................................... 

Calories per 100 gm.---------------------------------- 
Corn meal ---------------------------------------------- 
Corn bran ----------------------------------------------- 
Corn bran--------------------------:-------------------- 
Corn bran----------------------------------------------- 

Experiment 10 
Preliminary chicks -------------------------------------- 

Calories per 100 gm .---------------------------------- 
Corn meal ----------------------------------------------- 
Patent  fiour ............................................. 
Clear flour---------------------------------------------- 
Corn bran ---------------------------------------------- 

Experiment 15 
Preliminary chicks ...................................... 

Calories per 100 gm.---------------------------------- 
Corn meal----------------------------------------------- 

Empty 
weight a t  
end, gm. 

4 -- 
6 
6 
6 
6 

Experiment 16 
Preliminary chicks ...................................... 

Calories per 100 gm.---------------------------------- 
Corn meal ----------------------------------------------- 
R i c ~  polish --------------.-------------------------------- 
Rice bran------------------------------------------------ 
Rye flour ................................................ 

Per cent 
empty 

weight of 
live weight 

pp---p- 

Protein 
empty 

weight, 
76 

F a t  
empty 

weight, 
% 

Calories 
per 100gm. 

empty 
weight 



Experiment 17 
Preliminary chicks ------------------------------------- 

Calories per 100 gm.---------------------------------- 
Corn meal ............................................... 
Oat  huils ................................................ 
Black kaflr ---------------------------------------------- 
Waxy endosperm kaflr .................................. 

Experiment 18 
Preliminary chicks ..................................... 

Calories per 100 gm .---------------------------------- 
Corn meal ............................................... 
Starch- ------ - ------------------------------------------- 
Starch and yeast ---------------------------------------- 
Starch, yeast and corn meal ---------------------------- 

Experiment 19 
Preliminary chicks ...................................... 

Calories per 100 Em .---------------------------------- 
Corn meal ----------------------------------------------- 
Starch and casein ....................................... 
Wheat bran ............................................. 
Wesson oil ............................................... 

Experiment 25 
Preliminary chicks ...................................... 

Calories per 100 gm .---------------------------------- 
Corn meal ............................................... 
1% wesson oil-- ........................................ 
2W0 wesson oil .......................................... 
30% wesson oil---- ...................................... 

Experiment 29 
Preliminary chicks -------------------------------------- 

Calories per 100 g m  .---------------------------------- 
Corn meal 
Sloybean oil meal ........................................ 
Peanut meal ............................................. 
Fish meal ................................................ 

Experiment -37 
Preliminary chicks ...................................... 

Calories per 10'0 gm.-- ................................ 
Corn meal ............................................... 
Lin~eed oil meal ......................................... 
Soybean oil meal ...................................... -- 
FBh meal ................................................ 



Table 5. Average Composition, Weights and Calories Per 100 Grams for Chickens-Continued 

Number of Experiment and 
Name of Ration 

Expe~iment 38 
Preliminary chicks - - ....................... ------------- 

Calories pm 100 gm .---------------------------------- 
Corn meal ----------------------------------------------- 
Corn gluten feed --------------------------------------,- 
Corn gluten meal ....................................... 
Peanut meal ............................................. 

Experiment 40 
Preliminary chicks -------------------------------------- 

Calories per 100 gm.---------------------------------- 
Corn meal ............................................... 
Citrus pulp 
Beet pulp ................................................ 
Wheat gray shorts ...................................... 

Experiment 41 
Preliminary chicks, -------------------------------------- 

Calories per 100 gm .---------------------------------- 
Corn meal ............................................... 
Barley- .................................................. 
Dried citrus pulp .......................................... 
Wheat gray shorts ..................................... 

Experiment 421 
Preliminary chicks ...................................... 

Calories per 100 gm.---------------------------------- 
Corn meal ----------------------------------------------- 
Soybean oil meal ........................................ 
Soybean oil meal 
Cottonseed flour ---------------------------------------. 

No. 
averaged 

Live 
weight a t  
end, gm. 

Live 
weight a t  

beginning, 
gm . --- 

Experiment 43 
Preliminary chicks -------------------------------------- 

Calories per 100 gm .---------------------------------- 
Corn meal----------------------------------------------- 
Rice bran------------------------------------------------ 
Rice polish .............................................. 

Empty Per cent Protein 
weight a t  empty er?pty 
end, gm. welght of welght, 

live weight % --- I I 

6 
-- 
6 
6 
6 

Enzyme8 concentratx ..................................... 6 

F a t  
empty 

weight, 
% 

Calories 
per 100 gm. 

empty 
weight 



Experiment ak 
Preliminary chicks -------------,---------------- - -------- 

Calories per 100 gm .-,-------------------------------- 
Corn meal ............................................... 
Beet pulp ................................................ 
Dried sweet potato  ..................................... 
Rice hulls ............................................... 

Experiment 46 
Preliminary chicks- ..................................... 

Calories per 100 gm .-------------------------------- -- 
Corn meal ............................................... 
Sweet potato ......................................... L-- 
Peanut meal ............................................. 
Yeast- ................................................... 

Experiment 47 
Preliminary chicks#-------------------------------------- 

Calories per 100 gm .---------,------------------------ 
Corn meal ........................................... i--- 
Millet seed ............................................... 
Sunflower seed - ----------------------------------------- 

Experiment 48 
Preliminary chicks ...................................... 

Calories per 1Ml gm .---------------------------------- 
Corn meal ----------------------------------------------- 
Shrimp meal ............................................. 
Yeast- ................................................... 
D~ied sweet potato, ------------------------------------- 

Experiment 52 
Preliminary chicks ----. -- ............................... 

Calories per 100 gm.---------------------------------- 
Corn meai ------------: ---------------------------------- 
Rice polish .............................................. 
Oat hulls------------------------------------------------ 
Skim milk----------------------------------------------- 

Experiment 53 
Preliminary chicks -------- - ............................. 

Calories per 1OO1 gm.---------------------------------- 
Corn meal -------,--------------------------------------- 
Corn gluten feed -------- -- .............................. 
Corn gluten meal ....................................... 
R,iw bran ................................................ 



Table 5. Average Composition, Weights and Calories Per 100 Grams for Chickens-Continued 

Number of Experiment and 
Name of Ration 

Experiment 5.5 
Preliminary chicks ...................................... 

Calories per 100 gm .---------------------------------- 
Corn meal ............................................... 
Cane seed ................................................ 
Broom corn seed ........................................ 
Rye------------------------------------------------------ 

Experiment 54 
Preliminary chicks ...................................... 

Calories per IOQ g q  .---------------------------------- 
Corn meal ............................................... 
Beet pu;p ................................................ 
Citrus pulp .............................................. 
Fish meal ................................................ 

Experiment 56 
Preliminary chicks ...................................... 

Calories per lC0 gm .---------------------------------- 
Corn meal-------------------------_---------------------- 

6 
- - 
6 
6 
6 
6 

Casein - .................................................. 
Peast---------------------------------------------------- 
Alfalfa leaf meal ........................................ 

Efnpty 
welght a t  
end, gm. 

No. 
averaged 

Experiment 57 
'reliminary chicks -------- - ............................. 

Calories per 100 gm.---------------------------------- 
Corn meai----------------------------------------------- 
Cot ton~eed flour ---------------------------------------- 
Lin~red oil meal ----------------------------------------- 
Soybpan oil meal ........................................ 

Live ' Live 
weight a t  I wbight a t  

beginning, end, gm. 
gm. I ------- 

Experiment 59 
Preliminary chicks ...................................... 

Calor;es per 100 gm.---------------------------------- 
Corn meaI----------------------------------------------- 
Sweet potato-------------------------------------------- 
Dried beef ----------------------------------------------- 
Liver msal----------------------------------------------- 

Calories 
per 100 gm . 

empty 
weight 

6 
- - 
6 
6 
6 
6 

F a t  
empty 

weight, 
% 

Per cent 1 Protein 
empty empty 

weight of 
live weight 

weight, 
% --- 



Expmiment FD 
Preliminary chicks ...................................... 

Calories per 100 gm.---------------------------------- 
Corn meal ----------------------------------------------- 
Peanut meal ............................................. 
Tankage  ------------------------------------------------- 
Sunfiower seed- ......................................... 

Experiment 61 
Preliminary chicks ....................................... 

Calories per 1W gm .---------------------------------- 
Corn meal ............................................... 
Rye- - - -------- ------ -------------- -- ..................... 
Broom corn seed ........................................ 
Red Top sorghum ----,-------------------_--------------- 

Experiment 62 
Preliminary chicks'-------------------------------------- 

Calories per 100 g m  .---------------------------------- 
Corn meal ............................................... 
Coconut oil meal ................................... 7----- 
Shrimp bran ............................................. 
Miilct seed ............................................... 

Experiment 63 
Preliminary chicks ...................................... 

Calories per 100 gm .---------------------------------- 
Corn mema1 ............................................... 
Rariey--------------------------------------------------- 
Shrimp meal ............................................. 
Citrus pulp .............................................. 

Experiment 65 
Preliminary chicks ...................................... 

Calories per 100 gm .---------------------------------- 
Corn meal----------------------------------------------- 
Coconut oil meal ....................................... 
Navy bean ----------------------------------------------- 
Pinto bean- -------------------- .- ------------------------ 

Exneriment 66 
Prel'minary chicks -------------------------------------- 

Calories per 100 gm .---------------------------------- 
Corn mrnl----------------------------------------------- 
Geiatin --------------------------------------------------- 
Blarkeye pea ............................................ 
Lima bean----------------------------------------------- 
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culated with use of the average weights by periods; this has been shown 
(8)  to give more consistent results than the use of the average of the 
first and last weights and to give results more consistent and better in 
accord with t he  previous work of others than the use of the surface area. 
Average data and results of the calculations of the maintenance require- 
ments a r e  given in Table 6. 

The initial energy content of each chicken is calculated from the  initial 
live weight and the initial energy per gram, as found by analysis (Table 
5 ) ,  and the final energy content from the final empty weight and final 
energy content of the chicks (Table 5) .  The productive energy consumed 
is  the grams of the corn meal ration eaten multiplied by the  productive 
energy per gram of the ration used in the experiment. The total pro- 
ductive energy for maintenance i s  t he  productive energy of the feed 
eaten less t he  gain of energy of each chick, since, by definition, the pro- 
ductive energy is  measured by the gain in energy. The total calories 
for maintenance a r e  divided by the  weight by periods and multiplied by 
100 to find the calories of productive energy required to maintain 100 
grams of chicken for t he  period of each experiment. The latter results, 
divided by the number of days, gives the maintenance requirement per 
day per 100 grams, expressed as calories or  productive energy. 

The average maintenance requirement per day per 100 grams for the 
51 experiments shown in Table 5 is 14.12 Calories of productive energy. 
The maximum is 17.05, and the minimum is 9.72 Calories per day per 
100 grams. I t  is pointed out in Bulletin 571 (6)  that  these variations 
from one experiment to another appear not materially to affect the pro- 
ductive energy which is compared by using the  maintenance value. The 
causes of these variations will be studied later. Here the importance 
of placing the group on the standard corn meal ration a t  the  same time 
as  the other groups must be emphasized. The data from this group en- 
ables corrections to be made for variations in the maintenance require- 
,merits, which might otherwise seriously impair the accuracy of the work. 

The average data and results of the  calculation of the productive en- 
ergy of the rations which were compared with corn meal are given in 
Table 7. The energy used for maintenance is  calculated by multiplying 
the average weight by periods of each chicken by the average calories 
required to maintain 1 gram of chicken as  found with use of the corn 
meal ration for the same experiment as  calculated in Table 6. The sum 
of the calories for maintenance and for gain of energy gives the total 
productive energy of the quantity of t he  feed eaten. This sum divided 
by the  quantity of feed eaten gives the calories of productive energy 
per gram of the ration. The productive energy is given in the next to 
last column of Table 7. I t  is to be noted tha t  there is a range from 
.762 to 2.319 calories per gram productive energy values of the rations 
used. 

In  securing the  values given in Table 6 and 7, the maintenance require- 
ments or the productive energy was first calculated from the data for 
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gable 6. Average Data anQ Calculation of XainteffalC6 keqhirements for Chickens Fed on the Standard Corn Xeal 
Ration--C~ntinuud 

Average 14.12 

'Average of first and last  weights of chicks. 

Prod. 
energy of 
feed eaten 

Cal. 

---- 
M2.8 
712.6 
~04.7 
629.4 
491.5 
812.8 
681.0 
611 .O 
6rS.3 
5W.2 
602.9 
559.8 
73.1 
134.1 
602.8 
613.2 

Ration 
eaten 
gm. 

314.7 
335.4 
421.6 
331.2 
253.; 
419.6 
36Q. 9 
326.9 
-343.4 
3012.8 
3018.9 
312.4 
277.2 
S91.5 
3230 , 324.4 

Expsiment  
number 

_ 

46 -------------------- 
47 - - - - - - - - - - - - - - - - - - - - 
48-------------------- 
52-------------------- 
63 - - - - - - - - - - - - - - - - - - - - 
M - - - - - - - - - - - - - - - - - - - - 
55 - - - - - - - - - - - . - - - -- -- - 
56-------------------- 
57 - - - - - - - - - - - - - - - - - - - - 
59-------------------- 
60- - ----- ------------- 
61-------------------- 
G2 - - - - - - - - - - - - - - - - - - - - 
63 - - - - - - - - - - - - - - - - - - - - 
C 6  .................... 
O F - - - - - - - - - - - - - - - - - - - -  

Gain of 
energy 
Cal. 

282.6 
23.5 
315.5 
266.5 
162.4 
362 .5 
301.5 
248.8 
268.1 
211.3 
236.4 
190.3 
1127 .0 
m.0 
210.6 
205.4 

For  Maintenance 

Number 
averaged 

6 
6 
6 
6 
6 

I :  
6 
6 
6 
6 
(i 
6 
a 
6 

1 

Prod.  
en2rgy of 

ration 
Cal. 

per gm. 

1 .st% 
1.970 
1.909 
1.901) 
1. 9 ~ 7  
1.937 
1 . Ffii2 
1.8(9 
1.894 
1.979 
1.9,52 
7 .&Q8 
1.823 
1.875 
1.F6C 
1 . W  

Prod. 
e n s g y  per 

day and 
100gm. 

Cal. 
---- 

13.04 
15. 86 
16.09 
13.49 
15.M 
15.28 
12.93 
1'7.03 
16.FS 
17.09 
16.65 
15.47 
16.09 
15.52 
14.01 
12.42 
- 

Total 
prod. 
energy 
Cal. 

3~3.3 
456.1 
469.3 
383.9 
P117.1 
4.55.3 
579.6 
sG2.1 
3V.2 
361.9 
366.6 
3193.0 
350.1 
412.1 
342.2 
317.8 

Average 
weight by 

p~ r iods  
gm . 

, , _ _ _ _ _ _ _ _ _ _ _ L _ _ -  

132.1 
136.7 
136.6 
125.7 
95.8 
141.1 
139.4 
1012.0 
110.6 
101.3 
105.5 
117.4 
103.5 
139.3 
llG.4 
122.0 

Prod.  
energy per 
p?riod and 

100gm. 
Cal. 

273.9 
333.0 
33'1.9 
223.3 
323.4 
320. 8 
273.0 
358.0 
333.8 
358.9 
379.6 
33.9 
838.1 
316.6 
294.2 
260.7 

1n:tial 
energy 

content 
Cal. 

P4.8 
79.0 
82.1 
87.0 
86.7 
S.2 
88.4 
72.8 
65.5 
67.4 
69.5 
74.0 
76.4 
71.9 
73.6 
EG.9 

Final 
energy 

content 
Cal. 

367.4 
331,. 5 
427.6 
352.5 
248.1 
4.55.7 
3S9.9 
321.6 
328.7 
278.7 
30.7.9 
281 .O 
259.4 
364.4 
334.1 
3S.3 



*&verage of flrst and last  weights of chicks 

Table 7. Data and Calculation for Average Productive Energy of Rations and Effective Digestive Wutrlents 

Experiment Number and 
Name of Ration 

-- 

Number 
averaged 

Average 
migh t  by 

periods 
gm . 

Experiment A31 I 
Milo- - -------- 

Experiment A32 
Milo- --------------------------- 
Ground wheat------------------ 
Oat meal ----------------------- 

Experiment A33 
Milo- --------------------------- 
Ground wheat ------------------ 
Oat meal ....................... 

Experiment A34 
Milo- --------------------------- 
Ground wheat ------------------ 
Oatmea l  .-------------.-------- 

Initial 
energy 

contt3nt 
Cal. 

- -  

Ration 
eaten gm. 

52.6* : I  84.7* 
3 10i.gX 

1 

Final 
energy 

content 
Ca1. 

3 

9 

2 
9 

3 

Used for  
main- 

tenance 
Cal. 

66.1 

88.1 
P G . ~  
84.3 

73.6 
74.4 
73.6 

94.2 

Gain of 
e n q y  
Cal. 

106.7" 

E8.W 
106.3* 
102.6* 

M).6* 

1E8.4 
191.8 
193.0 

180.5 

171.1 
1S.5 
175.3 

2M.l 

Experiment A38 
Milo- .......................... - I ! Wheat ............................ 
Milo- --------------------------- 

105.8 

198.5 
317.9 
278.7 

261.5 
342.0 
327.7 

206 8 

89.7 
88.5 
83.6 

113.8 

7R. 9 
73.5 
74.4 

147.5 

44.7 

F3.6' ; I  95.:3* 

Experiment A39 
Milo- --------------------------- 

ExpOriment A41 
M lo---------------------------- 
\\'heat .......................... 
Milo - ---------------------__------ 

Esperiment A42 
Milo- --------------------------- 

Experiment A62 

439.0 
446.8 
449.7 

543.2 

386.8 
4 3 . 5  
396.1 

632.6 

433.7 

122.5 

205.6 
323.1 
3 1 . 3  

262.7 
281.4 
313.5 

211.3 

3 

3 
3 
3 

2 
1 

Wheat bran -------------------- 

150.8 

265.0 
S37.8 
333.9 

376.5 
410.7 
435.0 

256.5 

Effective 
digest. 
nut .  of 

ration per 
100 gm. 

I 92.7 
07.5 

56.4 

117.5 
278.3 
207.0 

1 9 . 1  
207.0 
230.0 

117.1 

653.0 
635.4 
G92.7 

485.2 

.56O.F 
574.4 
6112.7 

792.7 

30E.6 

For  gain 
and main- 

tenance 
Cal. 

--p-ppp 

1 0 1  9 . 1 ,  

272.2 
305.2 

I Prod. 
energy 

of ration 
Cal. 

per gm. 

69.5 
(36.6 
60.3 

69.5 

69.5 
6G.0 
69.3 

69.5 

56.0 

196.9 
1 223.0 

1 W . 4  
993.7 

1043.8 

914.6 

873.6 
!M2.1 
964.4 

1277.8 

697.5 

561.4 
546.9 
594 1 

371.4 

488.9 
,500.6 
563.3 

M5.2 

26.7.4 

71.0 

71.0 
70.7 
69.4 

71 .O 
70.7 
69.4 

n .O 

1.930 
1.778 
1.790 

1.83 

1.6i2 
1.633 
I .  6% 

1.623 

1.553 

2M.2 

3P2.5 
576.6 
540.9 

565.6 
657.7 
674.9 

3'73.4 

520.0 
658.9 
593.2 

475.2 

522.5 
564.1 
5GB.i 

iW.1 

449.9 

70.7 
69.4 

1.9% 

1.927 
1.814 
1.941 

1.9'0 
1.923 
2.@0 

I .805 
376.4 
428.4 

104.2 253.1 1 .4m 
1.724 123.2 248.5 



Table 7. Data an8 Calculation for Average Prodactive Eliergy of Rations and Effective Digestible Nutrients-Continued 

Final 
energy 

content 
Cal. 

Initial 
energy 

content 
Cal. 

Experiment Number and 
Name of Ration 

Effective 
digest. 
nut .  of 

ration per 
100 gm. 

Ration 
eaten gm. 

--- 

Gain of 
energy 
Cal. 

Number 
averaged 

Expe-riment A68 
Wheat bran .................... 1 1 0  144.01  119.01  

Average 
weight by 

periods 
gm . 

--- 

Experiment A@% 
Hegari ------------------------A- 

Prod. 
energy 

of ration 
Cal. 

per gm. 

Used. fo r  
maln- 

tcnance 
Cal. 

- 

Experiment A& 
Corn meal, yeliow ------------- / 10 1 146.2 1 69.1 I 

For gain 
and main- 

teflance 
Cal. 

- 

Experiment 1 
R7hite flour- ------------------- 70.7 67.8 
Graham flour ------------------ 
Wheat bran .................... 

Experiment 2 I 
White flour 
Graham flour ------------------ 
Wheat bran -------------------- 1lO.G 

Experiment 3 
Rice ............................. 149.8 82.2 
Sweet potatoes ----------------- 
Oat  meal I ! I  :w::, ::::I 

Experiment ? 
Rice ........................ ----- 
Srweet potatoes --,-------------- 
Oat  meal ....................... 1 6 1 140.9 1 80.4 1 

I 
Experiment 5 

Lima beans 
Kavv beans ---------------.---- I ; I  :::;I ;;:;I 
Blackeye peas -------- ----. 1 5 1 90.8 1 78.3 1 

Experiment 6 
Patent flour -------- 
Low grade flour --------------- 
Wheat bran -----..-------------- 174.6 93.0 



Experiment 7 
Patent flour ------------------- 
Low grade flour ------,-------- 
Wheat bran .................... 

Experiment 1G 
Patent flour- ------------------ 
Clear flour --------------------- 
Corn bran ...................... 

Experiment 18 
Corn bran ...................... 
Corn bran ---------------------- 
Corn bran --------------- 1 ------ I 

Experiment 15 
St arch - - ------------------ ------ 
Lactose ----------,-_---_---------. 

Experiment 16 
Rice polish ------------------.-- 
Rice bran ------- ----------..---- 
Rye flour ------ -------------.- 

Experiment 17 
Oa t  hulls --------,-------------- 
Kaflr ---------- . - . - -------------- 
Kaflr (waxy) ------------------- 

Experiment 18 
Starch - ......................... 
Starch and yeast -------------- 
Starch-t(yeast+corn oil)------ 

Experiment 19 
Starch .......................... 
Wheat bran .................... 
Wesson oil -------------------,- 

Experiment 2% 
Wesson oil (lwo) -------------- 
Wesson oil (XI%) --------. .---- 
Wesson oil (m)-------------- 

Experiment 29 
Soybean oil meal -------------- 
Peanut meal ------------- ------ 
Fish meal ---------------------. 



Table 7. Data and Calculation for Average Productive Energy of Rations and Effective Digestible nutrients-Continned 3 

Experiment Number and 
Name of Ration 

Experiment 37 
Linseed oil meal --------------- 
Soybean oil meal - I I g:' I Ffsh meal ....................... 117.6 E G . 0  / 213.0 

Exper:ment 38 
Corn gluten feed -------------- 

I 
Corn gluten meal -------------- 
Peanut meal------------------- 273.8 

Experiment 4 0  
Citrus pulp --------------------- 117.0  203.2 

Wheat gray shorts ------------ 141.9  1 3CO. 0 

Experiment 4 1  
Barley-------------------------- 
Citrus pulp 
Wheat gray shorts ------------ 

Experimcnt 4 2  
Soybean oil meal - -  a 69.3 I . 7  1 1 1 . 8  1 
Soybean oil meal -------------- 108.6 :?.? .3 253.3 
Cottonseed flour --------------- 98.8 53.8 E8.3 

Experiment 4 3  
Rice bran ....................... 
Rice po l i~h  --------------------- 
F.nzyme concentrate ----------- 1 4 2 . 5  394 .5  

Esperiment 44 
Beet pulp ......................... 126.1 9 . 7  2 6 l . 3 1  
Swect potato ------------------- 278.4 1 
Rice hulls ----------------_------- 1 I 1  % : :  2 l % l ,  

Experimcnt 46 
s,wect potato ------------------- I 204.3 1 
I'rnnut meal ------------------- I ", 1 1 310.0 

For gain 
and main- 

tenance 
Cal. 

Gain of 
enprgy 
Gal. 

Ration 
eaten gm. 

Prod. 
energy 

of ration 
Cal. 

per gm. 

Used for  
main- 

tenance 
Gal. 

Effective 
digest. 
nut .  of W 

ra t ionper  
100 gm. t+ 

PP M 
n z 



Yeast- .......................... 

Millet seed ...................... 
Sunflower seed ----------------- 
Rye seed ------------------------ 

Experiment 48 
Shrimp meal ------------------- 
Yeast --------------------------- 
Dried sweet pota to  ------------ 

Esperiment 52 
RIce polish ..................... 
Oat hu:ls ....................... 
Skim milk ---------------------- 

Corn gluten feed -------------. 
Corn gluten meal -------------. 
Rice bran ....................... 

B ~ e t  pulp --------------------. 
Citrus pulp ..................... 
Fish meal ...................... 

Experiment 55 
Cane seed- --------------------.. 
Broom corn seed -------------- 

Experiment W 
Casein .......................... 
Yeast--------------------------- 
Alfalfa leaf meal -------------- 

d Cottonseed flour --------------- 
Linseed oil meal --------------- 
Soybean oil meal -------------- 

Experiment 58 
Snert potato ------------------- 
Dried becf ----------------- ---- 
Liver m?a! --------------------- 

Experiment 60 
Peanut meal- ------------------ 



Table 7. Data and Calculation for Average Productive Energy of Rations anti Effective Digestible Nutrients-Continued 

Experiment Number and 
Name of Ration 

-- 
Tankage ........................ 
Sunflower seed ----------------- 

Experiment 61 
Bye----------------------------- 
Broom corn seed --------------- 
Sorghum seed ---------------_-_ 

Experiment 62 
Coconut oil meal- ----- ---- ---- 
Shrimp bran- ---------------_--- 

Average 
weight by 

periods 
g m  . 

130.9 
120.7 

1fN.O 
130.5 
123.9 

105.9 
119.7 

Number 
averaged 

8 
5 

5 
6 
5 

6 
61 

Millet seed ---------------------- 1011 .0 76.5 236.0 

Experiment 68 
Barley -------------------------- 72.8 335.4 
Shrimp bran- ------------------ 94.5 73.3 151.0' 
citrus pulp ..................... 87.3 '74.0 121.6 

Experiment 65 
Coconut oil meal- -------- ----- 74.7 242.5 
Navy bean --------------------- 
Pinto beans -------..------------ 73.6 167.6 

Experiment 66 
Gelatin- ------------------------ I 5 1 B . 4  196.7 150.1 

Initial 
energy 

content 
Cal. 

---- 
69.6 
69.0 

73.0 
14.3 
74.3 

75.6 
75.8 

Blackeye peas- ----------------- 137.2 1 88.3 
Lima beans .................... 

179.6 

262.6 
77.5 
50.4 

167.8 
159.8 
102.4 

Final 
energy 
content 

Cal. 

291.9 
332.6 

2106.2 
352.0 
313.6) 

220.5 
224.4 

m.7 

521.1 

770.2 
376.8 
326.8 

534.0 
494.8 
371.8 

Gain of 
energy 
Gal. 

222.3 
263.6 

133.2 
277.7 
239.3 

144.9 
148.6 

1 1 P6.0 1 87.5 1W.2 

For  gain 
and main- 

tenance 
Cal. 

--Pp-p 

€779.8 
635.6 

461.2 
7OI.O 
641.7 

502.7 
553.3 

293.9 

428.5 
238.9 
276.5 

424.0 
382.2 
304.2 

63.4 
297.4 
115.9 

341.6 

462.1 
299.3 
276.5 

336.2 
3.35.0 
217.9 

Ration 
eaten gm. 

404.3 
340.6 

m . 0  
331.1 
346.5 

327.2 
387.1 

1.768 

1.6912 
1.198 
1.211 

1.263 
1.375 
1.230 

Used. for  
maln- 

tenance 
Oal. 

458.0 
421.9 

328.0 
423.3 
402.4 

359.9 
404.7 

62.0 

57.4 
43.3 
39.2 

45.1 
49.6 
501.5 

1.55 
1.66 
1.40 

Prod. 
cneTgy 

of ration 
Cal. 

per gm. 

1.6% 
%.a15 

1.549 
1.858 
1.871 

1.543 
1.436 

1"."7.4 1 : 64.1 
6 l . 4  
57.5 

Effective 
digest. 
nut.  of 

ration per 
100 gm. 

54.0 
66.3 

58.3 
60.2 
65.4 

50.6 
46.0 

39j.1 
217.3 

357.6 655.0 
224.1 
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each individual chicken and t h e  averaged. The  results would be slightly 
different had the maintenance requirements or  t h e  productive energy 
been calculated from the  average data. 

The average difference from the  mean and standard deviations a re  
given in Table 8. The  variations were much greater with some of 
the rations than with others. The  difference may in par t  be due to  dif- 
ferences between the quantities of energy used for  maintenance by t he  
group in the corn meal ration, and tha t  used by the  groups which a r e  
compared with it. I t  is evident tha t  in  order to  secure accurate averages, 
the  work must be repeated several times. 

Calculation of t h e  Productive Energy of the Feeds 

The productive energy of the  individual feeds compared with corn 
meal was calculated by the  method illustrated in Table 9. The effective 
digestible nutrients of t he  corn meal ration, multiplied by 2.78, gives its 
calories of productive energy. The effective digestible constituents of 
the  corn meal multiplied by 3.00 gives i t s  calories of productive energy. 
The difference between the productive energy value of 1 gram of the 
corn meal ration, 1.869 Cal., and of t he  cocoanut oil meal rations, 1.263, 
gives the effect, -.603, of substitution of 0.5 gram of cocoanut oil meal 
for  0.5 gram of corn meal. This difference added t o  the  productive 
energy of 0.5 gram of the corn meal for which i t  was substituted, 1.200, 
gives the  productive energy of 0.5 gram of the  cocoanut oil meal to  be 
.597 Cal., which is 119 Cal. for  100 grams. The productive energies of 
the effective organic constituents and of the  effective digestible constitu- 
ents were then calculated from the  values for the  productive energy. 
Values of the other feeds used to replace corn meal were calculated in  a 
similar wag. 

In a few of t he  experiments, however, the  calculation was slightly 
different since both corn meal and some other feeds were used in t he  
standard ration, and the  feed tested was substituted partly for corn meal 
and partly for casein (12) .  

These calculations a r e  based upon corn meal having a n  average pro- 
ductive energy of 3.00 Cal. per gram of effective digestible nutrients, 
as  found in previous work (12) .  The  effective digestible nutrients of 
the feeds compared with corn meal were calculated from the  digestion 
experiments on the  rations by methods similar to  those used for calcu- 
lating the productive energy, as  described above (Table 9 ) .  That  is to  
say, the total digestible nutrients of t he  test ration were subtracted from 
those of the  standard corn meal ration and t h e  calculations completed in 
a way similar to tha t  for  productive energy. 

Productive Energy of t h e  Feeds Used 

The productive energy of certain feeds, their effective digestible nu- 
trients, the productive energy per gram of effective digestible nutr ients  
as compared with tha t  of corn meal as  100, as  found in each test, are  
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Table 8. Variations of average productive energy of rations as calculated 
from data from individual chickens 

Experiment A31 
Milo --------------- ------------------- 

Experiment A39 
Milo ----------------------------------- 

Experiment A42 

Experience Number and 
Name of Ration 

Experiment A63 
Wheat bran --------------------------- 

Experiment A63 
Wheat bran --------------------------- 

Experiment A64 
Hegari ------ ----- ...................... 

Experiment A@ 
Corn meal, yellow ------------------- 

Experiment 1 
Patent flour ------------,------------- 
Graham flour ......................... 
Wheat bran ........................... 

Experiment 2 
Patent flour -------------------------- I 
Graham flour ......................... 
Wheat bran --------------------------- 

Experiment 3 
Oatmeal ------------------------------- 
Sweet potato ------------------------- 
Rice- ................................. 

Experiment 4 
Rice- .................................. 
Sweet potato  ......................... 
Oatmeal ------------------------------- 

Experiment 5 
Lima bean ............................ 
Navy bean ---------------------------- 
Blackeye pea -------,-------------- 

Experiment 6 
7- - 

Patent flour -------------------------- 
Low grade flour ...................... 
Wheat bran --------------------------- 

Experiment 7 
Patent flour --------,----------------- 
Low grade flour --------------------- 
Wheat bran ........................... 

Experiment 10 
P a  tent flour .......................... 
Clear flour ............................ 
Corn bran ---------------------------- 

Experiment 13 
Corn bran ---------------------------- 
Corn bran ---------------------------- 
Corn bran, ........................... 

Experiment 15 
Starch- ................................ 
Lactose- ------------------------------ 

Experiment 16 
Rice polish ............................ 
Rice bran -,--------------------------- 
Rye flour ............................. 

Experiment 17 
Oat hull ------------------------------- 
Kafir- ................................. 
Kafir- ................................. 

Experiment 18 
Starch --------------------------------- 
Starch+yeast ......................... 
Starch+yeast+corn oil --------------- 

Num- 
ber 

aver- 
aged 

I 
Average l~ tandard  
differ- devia- 

ence tions 

I 

Productive energy of ration 
calories per gram 

I--- I---- I I---- 

Average Maxi- I Mini- 
mum I mum -- 
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Table 8. Variations of average prodncfive energy of rations as calculated 
from data from individual chickens-Continned 

Experience Number and 
Name of Ration 

Num- 
ber 

aver- 
aged 

Experiment 19 
Starch ................................. 
m e a t  bran ....................... ---- 
Wesson oil ---------,---------- -------- 

Experiment 25 
wesson oil ----------------------- ----- 
Wesson oil ........................... - 
Kesson oil --------------------------- - 

Esperiment 29 
Soybean oil meal --------------------- 
Peanut meal ......................... - 
Fish meal ............................. 

Experiment 37 
Linseed oil meal ...................... 
Soybean oil meal ..................... 
Fish meal ............................. 

Experiment 38 
Corn gluten feed ..................... 
Corn gluten meal .................... 
Peanut meal -------------------------- 

Experiment 40 
Citrus pulp ........................... 
Beet pulp ............................. 
F h e a t  gray shorts ------------------- 

Experiment 41 
Barley --------------------------------- 
Dried citrus pulp ..................... 
m e a t  gray shorts ------------------- 

Experiment 42 
Soybean oil meal --------------------- 
Soybean o.il meal --------------------- 
Cottonseed flour ..................... 

Esperiment 43 
Rice bran ............................. 
Rice polish ............................ 
Enzyme concentrate ------------------ 

Esperiment 44 
Beet pulp ............................. 
Dried sweet potato ------------------- 
Rice hulls ............................. 

Esperiment 46 
Sweet pota to  ......................... 
Peanut meal -------------------------- 
Teast---------------------------------- 

Experiment 47 
Millet seed ............................ 
Sunflower seed ........................ 
Rye------------------------------------ 

Esperiment 4.9 
Shrimp meal .......................... 
Peast---------------------------------- 
Dried sweet pota to  ------------------- 

Esperiment 52 
Rice polish ............................ 
Oat hulls .............................. 
Skim milk ............................. 

Experiment 5.3 
Corn gluten feed --------------------- 
Corn gluten meal .................... 
Rice bran ............................. 

Esperiment 54 
Beet pulp ----------------------------- 
Citrus pulp ........................... 
Fish meal -----------------.----..------ 

Productive energy of ration 
calories per gram 

Average Maxi- Mini- 
mum mum ----- 

Average 
differ- 

ence 

S*andard 
devia- 
tions 
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Table 8. Variations of average productive energy of rations as calculated 
from data from individual chickens-Continued 

Experience Number and 
Name of Ration 

Experiment 55 
Cane seed ............................. 
Broom corn seed ------------------- -- 
Rye .................................... 

Experiment 56 
Casein ------------------------------ - -  
Yeast---------------------------------- 
Alfalfa leaf meal -----------,- - ------ 

Experiment 57 
Cottonseed flour ..................... 
Linseed oil meal ...................... 
Soybean oil meal ------------------ --- 

Experiment 59 
Sweet potato ---------------------- --- 
D~ied beef ---------------------------- 
Liver meal -----,---------------------- 

Experiment 60 
Corn meal ----------------------------- 
Peanut meal ------------ -- ------------ 
Tankage ............................. 
Sunflower seed --------,-,------------ 

Experiment 61 
Corn meal --------------------------- -- 
Rye ..................... - -------- ------ 
Broom corn seed ..................... 
Red Top cane seed ------------------- 

Experiment 62 
Corn meal -------------- ------------- 
Coconut oil meal ----------- -- ---- -- 
Shrimp meal ........................ -- 
Millet seed ------------------- - ---- ---- 

Experiment 63 
Corn meal ----------------------------, 
Barley ............................... - 
Shrimp meal -------------------------- 
Citrus pulp ------------------------- -- 

Experiment 65 
Corn meal ............................ 
Coconut oil meal -------------------- 
Dried navy beans ---------------- .---- 
D~ied pinto beans ----- - ------ -- ------ 

Experiment 66 
Corn meal ----------------------------- 
Gelatin ----,----,,------------ ----- ---- 
Blackeye peas ---------- --------------- 
Baby lima beans ----------.---------- 

given in Table 10. Other data for some feeds are included from Bulletin 
600 ( 1 2 ) .  The average productive energy is given in Table 1 2 .  The 
standard deviation and standard error for some of the feeds are given 
in Table 11. A similar table has been given for other feeds (12).  

The work here presented reports 61  experiments on 138 samples of 
feed. Table 10, also contains the work previously reported in Bulletin 
600 and includes 62 kinds of feeds and 192 tests. 

The differences in the values of the same feed compared with corn 
meal are greater in some cases than are desirable. The errors of the 
work on the digestion experiments as well as those in determining the 

6 
6 
6 

0 
8 
6 

6 
5 
6 

6 
8 
6 

-- 
8 
6 
5 

-- 
5 
6 
5 

-- 
6 
6 
6 

-- 
6 
5 
3 

-- 
0 
6 
6 

-- 
6 
5 
6 

1.738 
1.644 
1.443 

2.038 
1.346 
1.552 

1.557 
1.304 
1.179 

1.572 
2.260 
2.242 

----- 
1.749 
1.63'2 
2.a5 

----- 
1.549 
1.859 
1 . 1  

----- 
1.543 
1.436 
1.563 

---- - 
1.6l2 
1.125 
1.133 

----- 
1.263 
1.375 
1.230 

----- 
1.5501 
l.W 
1.400 1 

1.W 
1.S39 
1.562 

2..W 
1.537 
1.743 

1 . R 2  
1.494 
1.267 

1 . 7 s  
2.4M 
2.405 

----- 
1.863 
1.820 
2.10T 

----- 
1.671 
1.958 
2.080 

----- 
1.691 
1.6% 

i 

1.648 
1.349 
1.242 

l.W 
1.160 
1.353 

1.421 
1.107 
1.069 

1.357 
2.0m 
2.036 

----- 
1.565 
1.562 
1.910 

----- 
1.340 
1.748 
1.693 

----- 
1.459 
1.2123 

.Ol5 

. 

.XK? 

.OS4 

.203 
3 
. l5l  

.I55 

.I37 

.O59 

.I21 

.I13 

.I20 

----- 
.RE 
.W3 
.06i 

----- 
.I19 
.079 
.I15 

----- 
.OW 
.I27 

1.9fEl 1.519 

----- ----- 

.OX3 

.I60 

.I18 

240  
.I59 
. l i6  

.I93 

.I67 

.%5 

-151 
.I32 
.I45 

,---- 

.I16 

.CBS 

. O S  

----- 
.I43 
. O M  
. l4 i  

----- 
.Om 
.I59 

1 0 6  

----- 
.027 
.W 
.OM 

----- 
.049 
.068 
.OW 

----- 
. a 4  
.009 

1.6'79 
1.217 
1.232 

----- 
1.319 
1.448 
1.433 

----- 
1.6901 
1.750 
1.m 

1 3 9  

' ----- 
.040 
.W3 
.W 

----- 
.W 
-0% 
.I18 

-,--- 
.020 
.o i l  

1.569 
1.018 
1.037 

----- 
1.17B 
1.231 
1.073 

----- 
1.210 
1.500 
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Le 9. Calculation of productive energy of feeas sabstitateB for corn meal 

Comm C'oco- Navy Pinto 1 m e  1 beans beans 

----- 
Percentagesubstituted ..----..--------------------- I ------ I 60 I 3 0  I SO 

B Productive energy, calories per gram -------------- 
0 Productive energy of mixture ---------------------- 
E Effect of substitution, line C less 1.869----------- 

P Productive energy of quantity of corn meal sub- 
stituted--------------------------------------------- 

G Productive energy of quantity of feed substi- 
tuted line P plus line E ---------------------------- 

H Productive energy of 100 grams feed substituted-- 

I Effective digestible nutrients of 10a grams feed--- 

J Productive energy of 100 grams effective digesti- 
ble nutrients (line H divided by line I x 100)----, 

K Relative productive energy of effective digestible 
nutrients with corn meal as 1001 ---------------- -- 

L Metabolizable energy, calories per 1OO1 grams (line 
I X 4.2)--------------------------------------------- 

M Metabolizable energy used for productive energy, 
per cent, line H divided by line L x 1001 ---------- 

N Effective organic constituents --------------------- 
0 Productive energy of effective organic constitu- 

tuents, calories per l(m grams line H divided 
by line N x l(WI------------------------------------ 

productive energy have some effect on the  results for the  productive 
energy. I t  is considered, however, tha t  the  average values a r e  approx- 
imately correct. 

The average productive energies of the different feeds differ widely, 
ranging from one Calorie per 1 0 0  grams for cottonseed hulls and 13  for  
oat hulls to 4 6 7  for cottonseed oil, compared with corn meal which usually 
had a value of about 2 4 0  Calories per 1 0 0  grams. As was to be expected, 
feeds high in  crude fiber, such a s  alfalfa leaf meal, have a low produc- 
tive energy. Some of the  raw legume seeds, such as  raw lima beans, 
raw navy beans and raw pinto beans also have low values. 

Similar variations a re  seen with the  productive energy of the  effec- 
tive organic constituents, which is the sum of the  percentages of protein, 
fa t  x 2.25, and nitrogen-free extract, and excludes the  water, ash, and 
crude fiber, which have no value for energy purposes. 

Variations a r e  to  be seen with different experiments on t he  same kind 
of feed. If the individual tests a r e  studied, differences a r e  found in  the  
ability of individual chickens to utilize the  ration in  th"8 same experi- 
ment, as  has been previously pointed out  ( 8 )  and a s  shown in Table 8. 
Since these differences occur for both the  standard ration and the  test 



Table 10. Productive energy in terms of feed, effective organic constituents, effective digestible nutrients, an& metabo- 
lizable energy 

Name and Laboratory 
Number of Fwd 

Alfalfa leaf meal 
&4172* ----- - --------- --------- - - - - - - - - - -  
54985*- ---------------- - - - - - - - - - - - - - - -  
54Y@i* ----,--------------------- ----------- 
M9%*-------- ------ ------------------- - -  
5M38 ----------------------------------- 
Average (5) --,-,------,---,------------- 

Barley, whole 
58348 -------------,-------------------,--- 
63805-------- --,- --------------- ------- - -  
Average (2) ------------------------------ 

Beans, lima. raw 
46140 -----,-----,----------------------- - 
65061 .--........-.--,------------------- -- 
Average (2) ------------------------------ 

Beans, navy, raw 
46141 --------,------------------------ - -  
65048 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average (2) ------------------------------ 

Beans, Pinto 
65049 -,--,------------------------------ - -  

Beef, dried 
63796 - - - - - - - - - - - - - - - - - - - - - _ _ , - - - - - - - - - - - - -  -- 

Beet pulp, dried 
68591 -------------- ,,- -------------------- 
58591 --------------,-------------------- 
Average (2) -------,---------------------- 

Productive energy 

ment 
number 

24 
26 
28 
32 
36 -- 

41 
63 -- 

Effective 
organic 
constit- 

uents Cal. 
per 

100 gm. 

28 
112 
67 
76 
40 
61 

257 
249 
243 

n 
93 
€5 

101 
94 
98 

cof 
ration 

25 
30 
30 

30 -- 
60 
5Q -- 

Effective 
digestible 
nutrients 
Cal. per 
1OO1 gm. 

106 
320 
3012 
338 
1 37 
241 

321 
338 
330 

183 
172 
1 W 

284 
3.52 
318 

Rank with/ In pr- 

constit- 
uents 

per cent 

64.9 
67.0 
67.0 
67.0 
72.9 
67.8 

Li4.3 
83.1 
8 

effective 
digestible 
nutrients 
of corn 

meal 
as 100 

35 
1W 
99 

111 
45 
79 

107 
113 
110 

61 
57 
59 

95 
117 
106 

65 

S 

40 
44 -- 

5 80 
66 / M 

80.5 

tM.0 

70.5 
70.5 
70.6 

R.6 
78.8 
W.2 

82.0 
81.2 
81.6 

centage of 
metabo- 
lizable 
energy 

25 
78 
71 
811 
32 
57 

76 
81 
79 

44 
41 
43 

67 
84 
76 

n 

11 9 

91 
85  
S53 

30 

30 

M) 
35 -- 

-- 

6 
65 -- 

113 1 38 

nutrients 
per Cent 

17.4 
23.9 
15.0 
14.8 
n.4 
18.5 

62.3 
61.2 
61.8 

- - 

47.7 
30 -- 

498 

Y&l 
710 
M 7  

24.7 

68.1 

18.5 
18.6 
18.6 

31.7 
44.7 
38.2 

29.2 
21.8 
25.4 

1fX 

115 
123 

energy 
Cal. per 
100 gm. 

- - _ _ . - - - _ _ _ _ - -  

73 
99 
63 
62 
90 
77 

2s 
257 
260 

Totai 
feed 

Cal. pcr 
1CQ gm. 

75 l8 
45 
60 
29 
43 

200 
207 
204 

l(11 

2% 

78 
39 
59 

133 
1@ 
161 

123 
91 
107 

58 
77 
(38 

€8 
76 
80 

3,?9 

n 
66 
WJ 

4G3 

I01 
94 
98 



62'736- -- ---- -- ---- -- -- -- ---- -- --------- - -- . 
Broom corn seed 

Buttermilk, dried 
4 W 8 -  ----- -- -- -- -- -- -- -- -- -- -- ---- -- -- --. 
4964P ------------------------------------. 
4WP------,-----------------------------. 
4SG48* ------------------------------------. 
Average (4) -----------------------------. 

Casein 
4@fXl*- ----- -- -- ------ ---- -------------- --. 
4%6P-----------------1----------..--------. 
5 4 1 W  ------------------------------------. 
5417P -----------------------------,-------. 
5573F ------------------------------------. 
62=------------------------------------. 
Average (0) -----------,-----------------. 

Citrus pulp, dried 
58434--- ---- - - -- -- -- -- -- -- - - - - ---- -- -- -- --. 
58434---,---------------------------------. 
62765 ----- -------------------------- -- ---- 
64059 ------- -- ---------------------- 
Average (4) ---,-------------------------- 

Corn bran 
mm*- -- - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - .. - - - 
48800- -------------- ------ -- -- ------ -- -- --- 
,50740 ........................... -------- --- 
50742 ...................................... 
WPG--- -- -- ---- -------- -- -- -- ------- - -- -- - 
Average (5) ------------------------------ 

Corn gIuten feed 
&51W ------------ ------------------ ------- 
58432 ...................................... 
62767- ------ -- ---- -- ---- -- -- -- ---- -- ---- -- - 
Average (3) ............................ -- 

*For details see Bulletin No.  600. 



Takle 10. Procluctive energy in terms of feed, effective organic constituents, effective cligestible nutrients, and metabo- g fizable energy-Continued 
- -  --- 

Name and Laboratory 
Number of Feed 

- 

Experi- 
ment 

number 

Corn gluten meal 
%121* ..................................... 
58438 -,---,-------------------------------- 
62768- ------------.--------------------- 
Average (3) --------------,--------------- 

Corn meal, yellow 
41W3-- ------------------------------ 
416@J (with enzyme) ..................... 

Cottonseed flour 
M6iV ................................. - 
54679F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
59165------------------ ------------------- 
63621 ........................... - . - - - - -  --- 
Average (4)---------------------------- 
Average (3)------------------------------ 

Per cent 
01 

ration 

170 
18Y 
208 
1%' 

Effective 
organic 
constit- 
uents 

per cent 

Effective 
digestible 
nutrients 
per cent 

30 
38 
5;5 
-- 

At% 
AS5 

34 
42 
5 i  
-- 
-- 

200 
211 8 
250 
223 

Cottonseed meal 
54177'------------------- -------- - - - -  
H 1 7 P  ---------------------------------- 
54718 ---------------------_---_----------- 
54993* ................................. 
55733*- ................................ 
Average (5) .............................. 

Cottonseed hulls delinted 
54860. .-..-.-.-.------------------------- 

Cottonseed oil, (Wesson) 
4 ~ 5 * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
49(ucS3* . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
--------------------------------------- 
54898----------,----------------,------ 

Metabo- 
lizable 
energy 

Cal. per 
1UU gm. 

75 
97 

399 133 95 
341 124 $9 

38 
50 
w 
-- 

58.8 
58.5 

30 
30 
50 
50 
-- 
-- 

43 83.2 40.5 1 1iO 103 126 260 85 
43 84.6 41-7 175 121 14.3 290 93 
-- 85.8 46.5 1 195 130 1 152 2&0 92 

50 1 47.6 0 100 

783 19'7 65 
208 68 
284 78 

994 K3 

28 
32 
-- 

33 

11 
12 
191 
25 

50 
43 
43 

241 264 

62 
69 
67 

0 

47 
50 
56 
59 

Productive energy 

84.8 
&.O 
P3.3 
81.0 

91.3 
91.3 

94.6 
94.6 
QC3.7 
96.2 
94.8 
94.8 

241 

247 
172 
16L5 
178 
191 
172 

300 72 

Total  
feed 

Cal. per 
1 0  gm. 

87.4 1 51.1 
87.4 

264 

2m 
182 
176 
1P5 
201 
181 

153 
134 

215 

53.9 
44.9 
52.1 
50.3 

W.2 
79.7 

53.7 
52.1 
55.1 
63.4 
5G.1 
56.9 

109 
79 
71 
67 
82 
72 

459 
330 
2'8 
280 
342 
303 

Effective 
organic 
constit- 

uents Cal. 
per 

100 gm. 

48.1 1 2M 
86.5 51.1 21 5 

2% 
189 
219 
211 

387 
335 

226 
219 
231 
266 
236 
239 

1m 
108 
100 
93 

113 
100 

71 
66 

139 161 273 89 

115 ( 299 
1% 2 i  8 

65 

!B 
91 

In  per- 
centage of 

metabo- 
lizable 
energy 

Effective 
digestible 
nutrients 
Cal. per 
1OO1 gm. 

-------- 

Rank with 
effective 
digestible 
nutrients 
of corn 

meal 
a s  100 



ME+%- - - - - - - - -, , - - - - - - - . - - - - - - - - - - - - - - - - - - - 
54899 --------------- ----------------------- I 
Average (6) .............................. 

Enzyme concentrate 
59524- ---- -- - - -- - - - - - - -- -- -- - - - - - - -- -- -- -- - 

Hegari, grain 
4W68 --------------- ....................... 

Kaflr, grain 
51581 ------------- ------------------------- 
515432 (waxy) .................... _.. i 
Average (2) .............................. 1 

Lactose (milk sugar) 
51568 ...................................... 

Linseed oil meal 
55287- ------ -- -- -- ------ -- -- - - ------ -- -- -. - 
6362L - - -- -- - - - - - - -- - - -- - - -- - - -- -- - - -- -- - - - 
Average (2)------------------------------ 

Liver meal 
63'907- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - 

Meat and bone scraps 
54872* ------------------------------------- 
5508P- -- - -- - - -- - - - - -- - - -- - - - - - - . - -- -- -. - - - 
548i2*--- ------- ---------- -- -- - - -- -- -- -- -- - 
Average (3) ------------------------------ 

Meat meal 
M6M1 --- 
54664, ..................................... 
546CA*----------------------------- --. 
Average (3) ------------------------------ 

*For details see Bulletin No.  6W. 



Table 10. Productive energy in teX?ms of feed, effective organic constituents, effective digestible nutrients, and metabo- g lizable energy-Continued 

Name and Laboratory 
Number of Eeed 

Milk, dried skim 
56047* ----,--------------------------- 
628E7 ................................... 
Average (2) ------ - ....................... 

Millet seed 
60219 ----- ---- ---------- ---- ------------ --- 
6380B ---------------- ..................... 
Average (2) ------------------------------ 

Effective 
organic 
constit- 
uents 

per cent 

------ 

87.1 
e5.3 
S6.2 

Pb.6 

8 l . 5  

Experi- 
ment 

number 

34 
52 
-- 

a.3 

€9.4 

Per cent 
of 

ration 

25 
25 
-- 

5(1 

Effective 
digestible 
nutrients 
per cent 

501.4 
701.5 
60.5 

67.7 
75.5 
71.6 I . -- 

Metabo- 
lizable 
energy 

Cal. per 
1001 gm. 

212 
2% 
254 

2&1 
31 T 
300 

83.8 
79.9 
79.6 
79.6 
F0.3 
78.1 
77.9 
78.1 
78.1 ' 

75.1 
77.9 
79.2 

0 
0 
0 

13.5 

w.0 

Milo 
4 W  ................................... A66 352 

336 
3." 
&.W 
335 
528 
327 
32'8 
5'26 
328 
327 
333 

0 
0 
0 

57 

374 

In per- 
centage of 

metabo- 
lizable 
energy 

45 
45 
45 

83 
68 

Total 
feed 

Cal. per 
1W8 gm. 

95 
132 
11 4 

2% 
214 
226 

51 
33:3011------------------------------------ A31 1 $ 1  85.8 

76 

62 
73 
69 
70 

f 3  12 
6 3  
68 
56 
53 
57 
64 

0 
0 
0 

112 

57 

21 9 
244 
2:;l 
'.27 
21 2 
23 5 
207 
2?2 
I 8'3 
171 
IPS 
21 3 

15 
! 1 
13 

64 

ns 

3.13(Pl---------------------------------- 
33301------------------------------------ 
33301--------------------------------- 

34077 -------------------------------------- 
33301----------------- --------------.----- 
33301 ................................... 
23301 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
34077---------------------- --------------- 
Average (11)----------------------------- 

Oat  hulls 
55%*-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,  

Average (2) -----,------------------,----- 

Oat  mill feed 
516W ................................... 

Oat  meal 

Productive energy 

241 
275 
2r ,0 
2 62 
?.?I) 
?62 
232 
24 7 
2W 
1 M 
21 1 
239 

27 
2Cl 
24 

101 

na 

A32 
Aei3 
A34 
A S  
A:<S 
A59 
A41 
A42 
A41 

-- 

33 
52 -- 

17 

Rank with 
effectwe 
digestible 
nutrients 
of corn 

meal 
a s  1 0  

62 
62 
62 

Effective 
organic 
constit- 

uents Cal. 
per 

1001 gm. 

109 
1515 
1 32 

4 ~ 9 ~ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  A@ 

Effective 
d~gestible 
nutrients 
Cal. p ~ r  
1CQ gm. 

-------- 

1W 
187 
188 

2.58 
,205 
2W 
2% 
263 
301 
266 
7M 
234 
223 
211 
269 

0 
0 
0 

474 

240 

86.8 
57 65.8 

‘ZM 
2.q 
Z.59 

84 
102 
97 
98 
FS 

1 0  
$9 
9.5 
78 
74 
FQ 
90 

1W 
l CO 
100 

1% 

79 

57 
50 
50 
50 
50 
5L 
50 -- 

50 
50 
-- 

50 

~ i l  

' 86.8 
E9.8 
$9.3 
80.8 
E9.8 
F9.8 
69.8 
89.3 

56.0 
54.1 
,%.I 

63.4 

93.6 

350 1 117 
21.2 
316 

94 
1% 



Average (6) ------------------------------ 
Peanut meal I 

57226- --------- - -- ---------- ---- ----------- 
63640 ----------- -- -- -- ------ -- -- ----------- 
Average (5) ------------------------------ 

Peas, blackeye, raw 
46142 ------- -- ---------------------------- 
6 W - -  .................................... 
Average (2) .............................. I .  

Potato, sweet (dried, or dehydrated)------ 
44989- ------ ---- -------- ---------------- -,- 
849&4-------------------------------------- 

Rice, polished 
45594- -- -,,- - - -- -- -- -- - - -- -- -- -- -- - - -- - - -- - 
45833 ............................ - -------- 
Average (2) --,--------------------------- 

Rice bran 
51632- -------------------- -- -- ------------ - 
591M ----------- ---- ---- ---------------- --- 
62751- - ----- -- ---- -- -- -- ------ - - -- -- -- -- - - - 
Average (3) ------------------------------ 

Rice wlish 1 

Average (3) ------------------------------ I 
Rice hulls 

58320- -- -- - - - - -, -- - - -- -- - - -- -- -- -- -- -- -. -- - - 
*For details see Bulletin No. 6001. 



Table 10. Productive energy in terms of feed, effective organic constituents, effective digestible nutrients, an8 metabo- 
lizable energy-Continued 

I Productive energy 
Effe.ctive 
organic 
constit- 
uents 

per cent 

Metabo- 
lizable 
energy 

Cal. per 
1CO gm. 

Effective 
digestible 
nutrients 
per cent 

Rank with 
effective In  per- 
digestible centage of 
nutrients metabo- 
of corn lizable 

meal eneTgy 
a s  1 6 ~  

Name and Laboratory 
Number of Peed 

Experi- 
men t 

number 

Per cent 
of 

ration 

Effective 
Tota l  organic 
feed constit- 

Cal. per uents Gal. 
la0 gn! per 

100 gm. 

Effective 
digestible 
nutrients 
Cal. per 
100 gm. 

------- I l l  
Rye flour 

51683---- ---- ------ ------.... -- - - - - - - - - -  16 

Rye seed 
59619 ...................................... 47 
62925----------------------------------- 55 
63804------------------------------------- 61 
Average (3) .............................. -- 

Shrimp meal 
600114----------------------------------  48 
61190 ----------------------------------- 63 
~40558---------------------------------- 62 
Average (3) -- 

I 
Sorghum (sweet) seed (red top cane). ----.. 

&2922- ..................................... 55 
638%--------------------------------- 61 
Average (2) ------------ --- --------------- -- 

Sunflower seed 
59650 ---------------------------------- 47 

60 
Average (2) ------------------------------ -- 

Soybean oil meal 

58fi39-------------------------------------- 
Average (4) ------------,---,---- ,- -------- ,, 



Soybean oil meal-special 
63623 .................................. ---- 1 
58k38-- --------- 1 ------------------ ------- 
Average (2) ------------------------------ 

Starch 
49094*- -- --------------------------- ---- .-- 
49w*  ----,,---------------------------- --- 

5212:3-------------------------------------- 
Average (7) ---,,,----------------------,- I 

Tankage 
5417&* ------------------------------------- 

63908 ------------ - ------------------------ 
Average (8) .............................. 

Wheat (grain) I 
33824--- ---- ------------------ -- ---- ------- 
33824-------------------------------------- 

34076 --------------- -------------- --+.------ 

Average (4) ------------------------------ 
Wheat bran 

48741, ------------------------------------- 
40967- -- -- - - -, -- - - -- - - -- - --- - - -- -- ---- -- - - - 
4@07-------------------------------------- 
47763 -------------------------------------- 
@?@-------------------------------------- 
52122------------------------------------- 
Average (6) ------------------------------ 

Wheat bran (breakfast food) 
44488 -----------------------------------. -- 
54373 ------- -----------------------. ------- 
Average (2) ------------------------------ - 

*For details see Bulletin No.  6(W. 



Table 10. Prollnctive energy in terms of feell, effective organic constltnents, effective aigestible 
lizable energy-Continned 

nutrient! 

Effective 
organic 
constit- 
uents 

per cent 

Metabo- 
liza ble 
energy 

Cal. per 
1W gm. 

Effective 
digestible 
nutrients 
per cent 

-- 

Name and Laboratory 
Number of E ~ e d  

Productive energy 
------- 

Expt'ri- 
menc 
nu111 bt'r 

Tota i  
feed 

Cal. per 
1GQ gm. 

Per cent 
of 

ration 

Wheat flour, clear 
4€S8 ------------------------- -- ---- ------ 

Wheat flour, low gmde 
4%36*------------------------------------- 
47762 -,------------------------------------ 
48244--------------------------__-_.--- 
Avcrage (3) :- 

In per- 
centage of 

metabo- 
lizable 
energy 

Effective 
organic 
constlt- 

uents Cal. 
per 

lOOl gm. ---------- 

Effect iv~ 
digestible 
nutrients 
Gal. per 
1001 gm. 

Wheat flour, patent 1 

Wheat gray shorts 
43mP ................................... AC6 
47764*---------------------------------- 
4i'iF4* -------------------- -------- ------- 

69231--------------_------------------------ 

Rank Mth 
effective 
digestible 
nutrients 
of corn 

meal 
a s  1m 

48435* -------------------------------- 
45217 ----------------------------------.--- 
45371 ---------------- - ------------------ 
47'761 ................................... 
48243-----------------------------.----- 
48897 ....................... .- . 
Average (6) ----------------------------- 

Wheat flour, graham 
44486 --------,-------------------------- 

8 
I 
2 
6 
7 

10 
-- 

1 



*For  details see Bulletin No. 800. 

Yeast 

Table 11. Standard deviation and standard error of the productive energy of the feed the effective organic constituents, 
the effective digestible nutrients and the metabolizable enkrgy 

B . 4  
W.0  
E7.0 
83.5 
S . 2  

41.1 
48.3 
50.6 
4fi.7 
45.9 

Number of tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total  feed ................................................. 

Productive energy per 1001 gm. ,  0al.------------------------- 
Standard deviation, Gal .---------- ------------------------- - 
Standard error, 
Standard error, per cent ------------------------------------ 

Effective organic constituents ............................ 
Productive energy per 100 gm. ,  Gal .------------------------- 
Standard deviation, Gal.---------.-.---.--------------------- 
Standard error, Cal .------------ - .......................... 
Standard error, per cent ------------------------------------- 

Effective digestible nutrients -----------_------------------- 
Productive energy per 100 gm. ,  Gal .------------------------- 
Standarddeviation,Cal.----  ------------ ----- -- ------------ - 
Standard error, Gal.------------------------------------ 
Standard error, per cent ------------------------------------ 

I n  percentage of metabolizable energy ------------------- 
Productive energy per ICxI gm., G a l .  
Standard deviation, Gal.------------------------------------ 
Standard error, Gal.------------------------------------ 
Standard error, per cent ..................................... 

Dried 
citrus 
pulp 

4 

84 
19 
9.5 

11.3 

111 
24 
12.0 
10.8 

3% 
81 
40.5 
12.1 

0 
19 
9.5 

11.9 

173 
203 
21 3 
1 W 
193 

96 
225 
1% 
142 
100 

80 
180 
'31 

1 7 7 '  
E6 

Peanut 
meal 

- C _ _ - ~ ~ ~  

5 

160 
31 
13.8 
8.3 

19s 
33 
14.7 
7 .  

309 
63 
29.0 

9.4 

7 3  
16 

1 Cot- I 1 

4 6 
89 
43 
59 
45 

1% 
373 
180 
Y49 
1 83 

Soy- 
bean 

oil 
meal 

4 

154 
32 
16.0 
10.4 

187 
32 
16.0 
8.6 

3 3  
533 
25.0 
6.7 

59 
12 
6.0 

65 
124 
60 
83 
63 

3 .8  8.21 5.4 

Wheat 
(grain) 

7 4  

20'6 
22 
11.0 
5.3 

Starch 

217 
16 
6 .0  
2.8 

245 
17 
6,1 
2.6 

262 
20 
7.5 
2.9 

62 

?.9 

Corn 
bran 

5 

120 

6.71 3.1 

Milo 

11 

213 

ton 
serd 
oil 

6 

467 

2 7 

Oat 
meal 

6 

235 

I Wheat 

25 
101.2 
4.3 

248 

Wheat 
bran 

6 

100 
34 
13.9 
13.9 

25 
11 2 
9.3 

154 

6.5 

flour 
(pat- 
ent) 

6 

214 
23 
9.4 
4.4 

213 
25 
10.2 
4.2 

283 
39 
15.9 
5.6 

7s , 23 
31.81 6.9 
6.8 3.2 

239 234 125 
28 1 40 

d.1 6, a 
5 13 
2.5 5.31 !.7 

21 
10.7 
7.9 

9 
20 
8.9 
2.6: 

83 

2 2 

14.0 
6.0 

271 
21 
10.5 

3.3 

16.3 
13.0 

273 
5 
22.4 
8.2 

5.2 

2it ~ 27 
4 .  *:.8 11.4 
6.9 

237 
39 
15.9 
6.7 

7 

3 . 1  

3 . 3  4 6 

269 
28 
8.4 
3.1 

64 
7 
2.1 

297 
4 0  
16.3 
5.5 

7 
9 
3.7 
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Table 12. Average productive energy of certain feeas for chickens 

Name of feed 

Alfalfa leaf meal ,---------------------------- 
Barley, whole --------------------------------- 
Beans, lima, raw ----------------------------- 
Beans, navy, raw ............................ 
Beans, pinto --------------------------------- 
Beef, dried --,--------------------------------- 
Beet pulp, dried ------,----------------------- 
Broom corn seed ----------------------------- 
Buttermilk, dried -----------------------------, 
Casein --------------------------------------- -- 
Citrus pulp, dried ----,----------------------- 
Coconut oil meal ............................. 
Corn bran- ----------------------------------- I 

Corn gluten feed ---------------------------- I Corn gluten meal ---------------------------- 
Corn meal, (standard) ---------------------- 
Cottonseed flour -------,--,,--------------- 
Cottonseed meaL ------,--,,,----------------- 
Cottonseed hulls, delinted -,----------------- 
Cottonseed oil (wesson) -,,--------- - ------- 
Enzyme concentrate ------,,------------------- 
Fish meal ------------,,,,---------------------- 
Gelatim--------------,------------------------- 
Hegari, grain --------------------------------- 
Kafir, grain ---------,---,,-------------------- 
Lactose (milk sugar) ----,------------------- 
Linseed oil meal --------,,-,-------------------- 
Liver meal------------------------------------ 
Meat and bone scraps -------------,----------- 
Meat meal----------------------------------- 
Milk, dried skim ------------------------------ 
Millet seed ,,------------------ -------- - -------- 
Milo ------------------------------------------- 
Oat hulls -------------------------------------- 
Oat mill feed ................................. 
Oat meal ---------,-------,-------------------- I 
Peanut meal ----------------,------------------ 
Peas, blackeye, raw -,-------------,-------- 
Potato ,  sweet, dried o r  dehydrated --------- i 
Rice, polished--------- ------------------------! 
Rice bran -------------,---------------------- 
Rice polish ------------------------------------ 
Rice hulls ------------------------------------- 
Rye flour ------------------------------------- 
Rye seed----,------------------------------- 

! 
Shrimp meal .................................. 
Sorghum (sweet) seed (Red Top  cane)------ 
Sunflower seed ................................ 
Soybean oil meal ---------------,,------------- 
Soybean oil meal-special -------------------- 
Starch ----------------------------------------- 
Tankage -------------------------------------- 1 
Wheat (grain) -,----------,,,-,,-- ,,- ------,---- ~ 
Wheat bran ------------,-----------------------, 
Wheat bran (breakfast food) --------------- 
Wheat flour, clear ........................... 
Wheat flour, low grade ..................... 
Wheat flour, patent ------------------------- 
Wheat flour, Graham ....................... 
Wheat gray shorts ........................... 
Yeast .......................................... 
Yeast -----------,----------------------------- 

Num- 
ber 

aver- 
aged 

- 

I 
In 

per cent- 
age of 

metabo- 
lizable 
energy 

. -- 
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rations, the average results from different tests of the same feed may be 
expected to differ, thus the average productive energy of different feeds 
can be calculated only from the  results of several experiments, each of 
which is the average of several individual tests. 

In Experiment 17 ,  waxy kafir furnished by Mr. R. E. Karper was com- 
pared with ordinary kafir. The difference in t he  productive energy is' 
within the  limits of error. 

One experiment was made with a commercial enzyme preparation 
"TABO" (No. 59524) which was claimed to produce better digestion and 
assimilation of the feed by chickens, resulting in faster growth, and 
said to be used in the western states for several years. This preparation 
did not increase digestibility of the feed or affect the  productive energy 
of the ration to which it was added. 

Soy bean oil meal No. 58838 was cooked a t  a low temperature, and 
especially prepared by the Archer-Daniels-Midland Company, Minneapo- 
lis, Minnesota. As expected, i t  had a low digestibility, and the  digestible 
constituents had a low productive energy. 

Productive Energy of the Effective Digestible Constituents and of the 
Metabolizable Energy 

I t  is naturally to be expected that  the chicken cannot utilize the energy 
of feed which is not digested. The productive energy calculated for 100 
grams' of effective digestible nutrients in the feeds studied and the  pro- 
ductive energy of the effective digestible nutrients compared with tha t  
of corn meal as 100 are given in Tables 10 and 12. The differences 
between different kinds of feed are not as  great as when values in terms 
of the total feed or the affective organic constituents are considered. 
The average productive energy of the digestible constituents of most of 
the feeds comes within 10% of those of corn meal. There are definite 
differences between feeds, but the differences are small with most of the 
feeds. This means that  the  chicken can use effectively what i t  digests 
from most feeds. The differences between the energy value of different 
feeds is due to a much greater extent to differences in digstibility than 
to differences in the utilization of the energy of the materials which have 
been digested. Some feeds have a low digestibility, but the digested 
material is utilized as well as  tha t  from feeds which have a high di- 
gestibility. The digested material consists, for the most part, of sugars, 
starches, and protein; although the  pentosans and residual nitrogen- 
free extracts are digested to some extent, the amounts digested a r e  rela- 
tively low. ( 6 ) .  The average productive energy values of wheat and 
wheat by-products, while not far  from tha t  of corn meal, a re  low. Why 
this is so remains to be decided. 

Of the feeds whose effective digestible nutrients have low energy val- 
ues compared with those of corn meal, one group include buttermilk, 
which has a value of 80 compared with 100 for corn meal, 62 for dried 
skim milk, and 13 for milk sugar (lactose). These feeds tend to produce 
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looseness of the  bowels; this was especially pronounced with the milk 
sugar, with which only 2 of t he  6 chickens survived. Since the  digested 
part of casein, the  chief protein of milk, had practically the same pro- 
ductive energy as  the digested part of corn meal, the low value of dried 
skim milk and buttermilk is probably due to the lactose present. I t  is 
possible tha t  the lactose is lost by fermentation within the chicken and 
not really digested. Lactose no doubt has a high energy value for young 
mammals, if not for chickens. 

A se,cond group whose effective digestible nutrients had a low value 
compared with 100 for those of corn meal contains raw lima beans with a 
value of 79, raw pinto beans, 38, and the sample of soy bean meal cooked 
a.t a low temperature, 57, referred to above. It is well known that  the 
proteins of these beans are defective in amino acids. This defect is 
probably the  cause ,of the low energy values of the  digestible nutrients 
found in these experiments. It should be added tha t  the digestibility 
was also low. Gelatine, which is also known to be a protein deficient in 
some amino acids, also has a low value. 

The comparative value of the effective digestible nutrients of cotton- 
seed oil averaged 79 compared with those of corn meal as  100. I t  is 
evident tha t  this oil, in the quantities in which i t  was fed, furnished 
energy to the extent of only 1.8 times tha t  of corn meal, instead of 2.25 
times as i t  is generally considered to have. Since the metabolizable 
energy not used for fa t  is probably evolved as heat, the oil would be more 
of a heating food than starches, producing heat which might be useful 
in cold weather but might be a burden in warm weather. I t  is possible 
that  oil has the energy value usually given i t  when fed to chickens in 
smaller amounts than in these experiments. 

The feeds whose effective digestible nutrients had high productive 
energy values compared with those of corn meal include the corn products, 
corn bran 116, corn gluten feed 115, and corn gluten meal 124. These 
moderately high values would seem to indicate that  corn contains com- 
pounds which increase the energy value of t he  nutrients in the rations' 
used, and this is in accord with the data tha t  t he  digestible nutrients of 
corn starch and wheat products have a value of only about 90 compared 
with corn as  100. 

The other group of feeds whose productive energy for their effective 
digestible nutrients is greater than tha t  for corn meal includes feeds 
high in protein such as  shrimp meal, soy bean oil meal, linseed oil meal, 
fish meal, liver meal and dried beef. These high values a re  not due to 
their high protein content, since casein, cottonseed meal, peanut meal, 
and meat meal a re  also high in protein but do not have such high values 
for productive energy. Some of these high values may be due to varia- 
tions or errors in t he  work so that  they will average out when the work 
is repeated, but others are consistently high. I t  may be that  these feeds 
contain proteins of exceptionally high value for productive energy which 
improve the ration in which they are fed. 
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The metabolizable energy for maintenance of the feeds studied was 
calculated from the effective digestible nutrients by multiplying by 4.2, 
( 1 3 )  so that the utilization of the metabolizable energy for productive 
energy is similar to the utilization of the effective digestible nutrients. 
With most of the feeds, the  percentage of metabolizable energy utilized 
is not far fram the  7201, utilized from corn meal. The same exceptions 
noted above for digestible nutrients apply to metabolizable energy. Only 
9 % of the metabolizable energy of lactose was utilized, but the  calcu- 
lated metabolizable energy is a little high ( 1 3 ) .  Of the metabolizable 
energy, 4 3 %  was used from raw lima beans, 2 7 %  from pinto beans and 
67 % from cottonseed oil. The group with high utilization of the meta- 
bolizable energy for productive energy was 9 6  % for fish meal, 1 1  9 % 
for dried beef and 90% for linseed oil meal, so that  possibly these addi- 
tions increased the value of the entire ration. 

According to Kellner (15),  56.4 QIo of t he  metabolizable energy of 
starch, 64.4 0/, of that  of fat, 45.2 % of tha t  of cane sugar and 48 % of 
that of protein can be converted into fat  by ruminants. According to 
Forbes and Kriss ( 2 ) ,  the  percentage utilization by cattle of the meta- 
bolizable energy of mixed hay is 49.37.  The utilization of the meta- 
bolizable energy of corn meal by chickens, 7 2 % ,  is much higher than 
by cattle. Since feeds eaten by cattle are subject to the  action of micro- 
organism, the  difference between the utilization of digested nutrients 
of corn meal by chickens and by ruminants may be due in part to losses 
in this fermentation, rather than to differences in the  ability of the ani- 
mal body to utilize the  nutrients which have been digested. The micro- 
organisms in the digestive organs of cattle no doubt convert compounds 
in the nitrogen-free extracts and crude fiber which cannot be digested 
and utilized by chickens into compounds which can be digested and util- 
ized by cattle, but the micro-organisms may also use a portion of the 
more easily digested compounds and reduce their value. 

The standard deviation, standard error, and the per cent the  standard 
error is of the productive energy for 1 1  of the feeds is given in Table 1 1 .  
These calculations were made from the productive energy values secured 
for the particular feed in different experiments. Similar values for 7 
other feeds, alfalfa leaf meal, dried buttermilk, casein, cottonseed meal, 
tankage and wheat gray shorts are given in Tables 1 6  and 1 8  of Bulletin 
600 ( 1 2 ) .  The standard error of the mean productive energy of the 
digestible nutrients is 2 1  per cent for alfalfa leaf meal, 1 0  to 1 3  per cent 
for dried buttermilk, tankage, wheat gray shorts, wheat bran and dried 
citrus pulp, 6  to 9 per cent for corn bran, cottonseed oil, peanut meal, 
soybean oil meal, wheat (grain) ,  wheat flour, and casein, and 2.6 to 5 
per cent for milo, oat meal, starch, and cottonseed meal. 

The determination o f  the productive energy of feed is concerned only 
with measuring the utilization of the energy of the feed eaten by the  
chicken for the  storage of energy in the form of fa t  and protein and 
does not deal with the effect of differences i n  the rations upon the quan- 
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tity of feed eaten, the  amount of growth made and the  degree of fatness 
obtained by the  chickens. As can be seen by examining the results of 
the experiments, there were wide variations in these respects, but they 
did not affect the final results of the determination of the productive en- 
ergy of the  feeds studied. I n  spite of these variations the  average pro- 
ductive energy of t he  effective digestible nutrients for most of the feeds 
did not deviate widely from tha t  of the  standard corn meal. The utiliza- 
tion of the  digested nutrients was remarkably uniform. 
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SUMMARY 

The energy values of various feeds were measured by t he  production 
of flesh and fa t  in  growing chickens in 5 1  experiments on 138 samples 
of feed. Results on 6 2  kinds of feeds and 1 9 2  tests are summarized. 

Chickens differ individually in their efficiency in  the  utilization of feed 
so tha t  for accurate averages several tests must be made with a n  num- 
ber of chickens. 

When the  different feeds a r e  compared, there a re  wide differences in 
productive energy ranging from one Calorie per 100 grams for cotton- 
seed hulls to 4 6 7  Calories for cottonseed oil. 

When the  productive energies of the  effective digestible nutrients of 
t h e  different feeds a re  compared, most of the  feeds do not differ widely 
but  have value within 1 0 %  of tha t  of corn meal. 

Differences in  t h e  energy values of different feeds for chickens are due 
chiefly to differences in digestibility. The ability of the  chickens to uti- 
lize t he  digested material i s  on the average usually quite uniform. 

Low productive energy values found for  the digestible nutrients of milk 
sugar  (lactose) and milk products may be due to the destruction by 
micro-organisms in  the chickens. Low values of the digested nutrients 
of raw l ima beans, raw pinto beans, partly cooked soy beans and gelatin 
may be due to deficiency of needed amino acids in the proteins. 

Oil had a lower energy value than would be expected, about 1.8 instead 
of the 2.25 times the  nitrogen-free extract which is generally believed to 
be correct. Wheat  products had a slightly lower productive energy for 
their digested nutrients than corn products*. 

The  digestible nutrients of corn bran, corn gluten feed and corn gluten 
meal had slightly higher energy values than those of corn meal. 

The digestible nutrients of some feeds high in protein, including fish 
meal, soy bean oil meal and dried beef, had higher productive energy 
values than those of most of the  feeds. 
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Usually about 7 2 %  of the metabolizable energy of t he  feed can be 
used for storage of energy in  fa t  and protein. 

Waxy kafir seed had the  same productive energy as ordinary kafir. 
A commercial enzyme preparation claimed to produce better digestion 

and assimilation of feed did not affect either the digestibility or the  
productive energy of the ration. 
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