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This is a report of part of a comprehensive investigation of the
value of feeds and foods for productive energy as measured by
the production of fat and flesh in growing chickens. In 11 experi-
ments with 256 chicks previously reported, it was found that the
productive energy of a primary mixed ration for production of fat
and flesh on growing chicks was 278 calories per 100 grams of effec-
tive digestible nutrients. The ration used was composed of 51 per
cent yellow corn meal, 19 per cent wheat gray shorts, 10 cent
dried buttermilk, 6 per cent cottonseed meal, 5 per cent alfalfa
leaf meal, 4 per cent tankage, 2 per cent bone meal, 2 per cent
oyster shell, and 1 per cent salt. The object of the work here
reported was to ascertain the productive energy of the feeds
named above and also of casein. A standard ration containing
corn meal, or (in some cases corn meal and casein), was fed
to one group of baby chicks. At the same time other groups
were fed similar rations except that the feeds to be tested replaced
part of the corn meal or corn meal and casein. At the end of 3
weeks, the chicks were analyzed and the gains in protein and fat
determined. Analyses of the feeds and the rations were also made
as well as digestion experiments on the rations. A preliminary
comparison was made of the energy value of the corn meal with
the other feeds in the primary mixed ration previously tested.
From these data, the previous mixed ration was found to have
91 per cent of the productive energy of corn meal, thus making
the productive energy of the corn meal 305 calories per 100 grams
of effective digestible nutrients. The average productive energy
per 100 grams of the effective digestible nutrients was found to
be for alfalfa leaf meal (5 exp.) 241 Calories, dried buttermilk
(4 exp.) 243 Calories, casein (5 exp.) 298 Calories, cottonseed
meal (5 exp.) 280 Calories, tankage (7 exp.) 240 Calories, and
wheat gray shorts (5 exp.) 270 Calories as compared with corn
meal (standard) 305 Calories. When the productive energy of
the ration and the corn meal were again calculated with these
revised values, the productive energy of the corn meal was found
to be 3.00 Calories per gram of effective digestible nutrients. The
productive energy of the feed and the utilization of protein by
the chicks and other matters pertaining to the productive energy
are discussed.
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PRODUCTIVE ENERGY OF CORN MEAL, ALFALFA LEAF MEAL,
DRIED BUTTERMILK, CASEIN, COTTONSEED MEAL, AND
TANKAGE AS MEASURED BY PRODUCTION OF
FAT AND FLESH BY GROWING CHICKENS

By G. S. Fraps, Chief, and E. C. Carlyle, Associate Chemist,
Division of Chemistry

The work here presented is a part of a comprehensive investigation
of the value of the energy of different kinds of feeds as measured by the
production of fat and flesh on growing chickens. Previous publications
have discussed the digestibility of some chicken feeds (3), the utilization
of energy of feeds by growing chickens (6), the utilization of the energy
of wheat products by chickens (7), the energy values of corn bran, rice
bran, and rye flour (8), the relation of gain in weight to gain in energy
content of growing chickens (9), and the metabolizable energy of chicken
feeds (10).

The object of the work is to measure the energy value of feeds in terms
of the use made of the energy by chickens. Values of feeds have been
compared in terms of digestible nutrients and of metabolizable energy
on the assumption that these are measures of the utilization of the food
by animals. Previous work (1, 2, 4, 7, 12) has shown that measured in
terms of gains of fat and flesh by the animals, neither digestible nutrients
or metabolizable energy are always correct measures for the energy
value of feeds (7).

Extensive work has been done on the utilization of the energy of feed
by ruminants by Kellner, Armsby, Forbes, and others. As the literature
has already been summarized in previous publications (5, 6), it will not
be again summarized here. A deficiency of protein (5) or of calcium (11)
or vitamins of other elements or compounds necessary for growth may
in some cases decrease the utilization of the energy of feed by animals.
When productive energy is measured, the feed should be fed in a balanced
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 the utilization of the energy.

A previous publication (Bulletin 571) reports measurements of the
energy value of a mixed ration for production of flesh and fat on growing
chickens which shall herein be termed the primary ration. In 11 experiments
with 256 chicks, the mixture was fed at two levels, one of full feed and
the other approximately half of full feed. Analyses of representative
chickens at the beginning and of the experimental chickens at the end
of the experiment permitted the determination of the gain in fat and
flesh and the calculation of the Calories gained. Maintenance requirements
of the chicks and productive energy of the primary ration were calculated
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on the assumption that maintenance requirements vary directly with the
weight. Calculations on this basis were found to be more in accordance
with previous results of other workers than those calculated on the
assumption that the maintenance requirements vary directly with the
surface area of the chickens. The average productive energy of the
effective digestible nutrients of the primary ration was found to be 278
Calories per 100 grams. The primary ration was composed of 51 per
cent yellow corn meal, 19 per cent wheat gray shorts, 10 per cent dried
buttermilk, 6 per cent cottonseed meal, 5 per cent alfalfa leaf meal, 4 per cent
tankage, 2 per cent bone meal, 2 per cent oyster shell, and 1 per cent salt.

For preliminary comparisons of corn meal with other feeds, we assumed
that the effective digestible nutrients of the corn meal had the same
productive energy as the primary ration. However, comparisons of corn
meal with wheat gray shorts (7) and some other constitutents of the
primary ration showed that their digestible nutrients have lower productive
energy values than those of corn meal, so that the productive energy of
corn meal must be greater than that of the primary ration (2.78 Calories
per gram). The next step, therefore, is to ascertain the productive energy
of the constituents of the primary ration previously tested, as compared
with corn meal, and from these data to calculate more closely the productive
energy of corn meal. The corrected value of corn meal then can be used
in the determination of the productive energy of other feeds which are
compared with corn meal.

The objects of the work here presented are to determine the productive
energy of the constituent feeds used in the primary ration previously
studied, as compared with corn meal, in order to secure a more nearly
correct productive energy value of the corn meal, and to calculate the
productive energy of the other feeds relative to this new energy value
for corn meal. Since casein was also used in comparing some of the
feeds tested, determination of its productive energy compared with that
of corn meal was also necessary. Some other feeds than those used in
the primary ration were included in these experiments, and the data
regarding them are given in order not to divide the experiments, but the
values of these additional feeds will be discussed in more detail in
connection with other work done in other experiments.

Method of Procedure

The method of procedure is similar to that used in the previous work
already mentioned (7). The feeds to be tested were compared with corn
meal or casein and corn meal as standards. Sixty or more baby chicks
were placed upon the standard corn meal ration for a preliminary period
of approximately one week. They were then weighed, and five groups of
chicks were selected so as to have the same average weight and to be as
nearly uniform as possible. The chickens left over after selecting the
five groups were used for digestion experiments. One group was killed
and analyzed. One of the four experimental groups received a standard

—
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balanced ration containing 50 per cent or more of corn meal or corn meal
and casein, while in the rations for the other three groups the corn meal
or casein, or both, was partly replaced by the feed to be tested. The
chickens were fed individually in battery brooders, each compartment
being divided by a screen wire, so as to furnish two spaces, each to contain
one chicken. The brooders were electrically heated and controlled by
thermostats to a temperature of 92-94° F. The chickens were fed indi-
vidually for 3 weeks and weighed at the end of each week. They were
then killed, the intestinal contents removed, and the entire chick prepared
for analysis. In experiments up to and including No. 8, boric acid and
3% ground filter paper were added before grinding. In the experiments
after No. 8, ground filter paper alone was added. The filter paper absorbs
the water which would otherwise separate, and gives a more uniform
sample.

Beginning with experiment No. 26, the chickens were cooked before
being ground for analysis. They are placed in fruit jars, heated in steam
at 15 pounds pressure for 3 hr. in an autoclave, allowed to cool overnight,
and then ground in a food chopper with 3% ground filter paper. The
cooked chicks are more easily ground to a uniform mixture than the
uncooked chicks. There is always some loss of water in cooking the
chicks, which is ascertained by weighing the jars containing them before
and after cooking. In tests with jars which contained water, only, the
loss from 200 grams of water was about 4 per cent.

Protein (N x 6.25) was determined by the Kjeldahl-Gunning Method
on 3.5 gram samples. Fat was determined on 4 gram portions by ex-
traction with ether after drying under reduced pressure at 100° C. and
grinding in a mortar. Three or more determinations were made on each
chick. After correcting for the added quantities of filter paper and boric
acid (when used) and the loss of water when the chicken was cooked,
the energy content was calculated by the use of the factors 5.66 for protein
and 9.35 for fat. This method was found in previous work (7) to give
results agreeing with the heats of combustion of dried chicks as determined
in a bomb calorimeter.

In Bulletin 589 (10) we showed that for chicken feeds or rations, the
metabolizable energy for maintenance can be calculated with an excellent
degree of accuracy from the digestible nutrients by means of the values
of 4.4 Calories per gram of protein, 4.2 Calories per gram of nitrogen-
free extract and of crude fiber, and 9.47 Calories per gram of ether
extract. The digestible nutrients are reported in this publication in terms
of effective digestible nutrients, which are the sum of the digestible
protein, the digestible ether extract multiplied by 2.25, and the digestible
nitrogen-free extract. For the purposes of this work, the grams of effective
digestible nutrients have been multiplied by 4.2 calories to secure the
metabolizable energy. The value so secured is probably a little low for
feeds high in protein. Any correction for this lower value, if needed,
can be made in subsequent publications.
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Details and Data of the Work

The ingredients of the standard corn meal rations used in the various
experiments are given in Tables 1, 2, and 3. In the other rations, the
feed to be tested was substituted for part of the corn meal, and was
usually 50 per cent of the total ration. In experiments with some of the
high protein feeds, the standard ration was made up to be high in protein
by use of casein and corn meal. The feed tested replaced part of the
corn meal and part of the casein. Some of the feeds, such as alfalfa
leaf meal, could not be fed in quantities as high as 50 per cent of the
ration, as the ration killed some or all of the chicks, while others, such
as dried buttermilk, caused illness, such as diarrhea. It was, therefore,
necessary to use less than 50 per cent of such feeds in the rations fed.
High protein feeds in some tests replaced corn meal to the extent of
50 per cent of the ration, resulting in a high protein content of the ration.
In other experiments, the quantities were adjusted so that all the rations
contained equal quantities of protein.

The quantities of feed which replaced the corn meal in the experimental
rations, together with the identifying numbers of the feeds, are given
in Table 4.

Chemical analyses were made of all the feeds and also of the mixed
rations. The percentage composition of the feeds and their effective

Table 1. Names, registration numbers, and percentages of feeds used in standard rations
Exp. 1-66, 8, 9, 11, 12, 21, 22, and 23

Lab. Exp. | Exp. | Exp. | Exp. | Exp. | Exp. | Exp. | Exp.
No. 1-66 8 9 11 12 21 22 23

58890 /| Ciorn meal. t e viisssisass
48440 | Corn meal. . .c.:vc555ns
48986 .| Corn meal............. L]
49468 | Corn meal.
48361 | Casein
49469 | Casein

43898 | Wheat gray shorts.
48265 | Wheat gray shorts.
48740 | Wheat gray shorts.
49467 | Wheat gray shorts. 1
54168 | Wheat gray shorts. .....
43901 | Dried buttermilk."......
43903 | Cottonseed meal........
43900, | Tankage. ... .. xiensesss
43902 Alfalfa leaf meal........
48263 | Alfalfa leaf meal........
54172 | Alfalfa leaf meal........
ASI82 ¥ east iy ¢ BBl s hiee
BATTL | NRast, S e s vis
70402 | Cod liver 011 ............
70632 LE0d hiverodl... .. wo o500
48426 | Cod liver oil (fortified)...
211535 Codiveroil. . - o & su'ss
54169 | Dried skim milk........
54330 | Dried skim milk........
333031 Bone meal, [ o5 e ihers
Gvater shelll t s . 5%
Satlo s o i e s
Calcium carbonate. .....
Tri-calcium phosphate. ..
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Table 2. Names, registration numbers, and percentages of feeds used in standard rations
for Experiments 24, 26, 27, 28, 30, and 31

Lab. Exp. | Exp. | Exp. | Exp. | Exp. | Exp.
No. 24 26 27 28 30 31
T b TS i L) (e S AR s A o o A0 e G o et P HERE RS
L A T i v T | B e M D=ty ol sk 7 o s 2 L Ll R e S R g [ Bt e G
SSUBTHIRCorn merl . & DL ¥ 00 15T« oo SRR THA AL i 4001 o1t Bashalrip el
oD MG OB TRERE T - oy ob 40e sl bio o dyatiid o 4.5 Bl or s o D s LTS, e 7R T e D T
TS EIRT ] e e T o e e ey T SO 1 Y ] A b R 40.0 [iie s
et B e T e S I g e B e e ] T e 40.0
R L R A S e A PG e . s s el 20.0 | 20.0 | 20.0 | 20.0 | 20.0 | 20.0
54168 | Wheat grayshorts. . ................. 1o o] I R A D TR bl kTN e e s
DERAL | WHheat @eay BROTED. civ rists s o vis s oin o rosTain allats o 4 s 183163 1 163 0 vk g .
55462 | Wheat ﬁray L R MR SR S e A B L 16.3 | 16.3
54330 | Dmed sktimn-moilk. . <. .. v o il 3 bonie i 1000101050 N0 055 2 oLkl e e it
BE226 | DeviedBlindy midlle ™" il s STl s e s R e JO 0100050 20
T T e T R T T G ST T BB 8 Yo e MR e (R L e (R A 10.0
Y T e o e P o s o e B e e TR S
BRI N RASE L AT vl e s e e e ettt 6.0 B0 Pl SRl e kiR dte
e T O e P S ARSI SR s B A e 6.0 6.0 6.0
DAVI2 I AMaMa teal mieak. o ... o ovo50 0, 8RR e R e T B e
Saash I AT Taat fneal. . w . U Tl o s 4.0 4.0 4.0 4.0 4.0
TS SHSC O N RTINS o, (R L Sl L R ] ] A L SRR
v IR 7 PTG AL s e R . TR R el 0.2 0.2 0.2 0.2 0.2
EaleitinicarDONALELN, . b 5es 2 <9 4orsra 1= 1.5 1.5 1.5 &0 1.5
Tri-calcium phosphate................ 10 1.0 1.0 1.0 1.0 1.0
AL R e S e L v e, SRS, (LU 1.0 1.0 1.0 1.0 1.0 1.0

Table 3. Names, registration numbers, and percentages of feeds used in standard rations
Experiments 32, 33, 34, 35, and 36

Lab. Exp. | Exp. | Exp. | Exp. | Exp.
No. 32 33 34 35 36
SGESE = CornimBal el vt o st it hais e 48 e ..| 40.0
55840 | Corn meal. rhe

56046 | Corn meal.
56076 | Corn meal.
56436 | Corn meal.

55732 | Casein...... 5

55462 | Wheat gray shorts

56077 | Wheat ﬁray 1T s R S e e e
55587 | Dried skim milk. .

56047 | Dried skim milk.
56437 | Dried skim milk.
55733 | Cottonseed meal

S22 4N east vl o'« .«
65841 | Yeast........: eTvalainte P ol et tal oot ta Tt meratullobe foecateth ol
54985 | Alfalfa leaf meal. ; ;

Calcium carbonate
Tri-calcium phosphate

© b kb A D
voowoo. -

organic constituents are given in Table 5. As stated in Bulletin 571, the
percentage of effective organic constituents is the percentage of protein
plus the percentage of fat multiplied by 2.25 plus the percentage of
nitrogen-free extract. The water, the ash, and the crude fiber are not
included for the reason that they have practically no energy value for the
growing chickens. The chemical composition of the rations as found by
analysis is given in Table 6.
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Table 4. Percentages of feed which replaced corn meal or corn meal and casein, and identifying
numbers

Experiment 66.
Oat meal 43891, 51; milo 43899, 51; wheat gray shorts 43898, 40.

Experiment 8.
Patent flour 48435, 50; low grade flour 48436, 50; wheat gray shorts 47764, 50.

Experiment 9.
Wheat gray shorts 47764, 50; wheat bran 48741, 50; corn bran 48706, 50.

Experiment 11.
Casein 48261, 38; starch 49094, 50.8; Wesson oil 49095, 15.

Experiment 12.
Casein 49469, 38; starch 49094, 50.8; Wesson oil 49095, 15.

Experiment 21.
Casein 54170, 50; cottonseed meal 54177, 50; tankage, 54178, 50.

Experiment 22.
Casein 54170, 50; dried buttermilk 49628, 50; alfalfa leaf meal 54172, 50.

Experiment 23.
Dried buttermilk 49648, 25% replacing 159% corn meal and 10% casein; cottonseed meal
54177, 43% replacmg 23% corn meal and 209, casein; tan age 54178 289, replacing
209, casein and 8% corn meal.

Experiment 24.
Cottonseed meal 54177, 43 % replacing 209, casein and 23%, corn meal; dried buttermilk
49648, 259, replacmg 10% casein and 159, corn meal; alfalfa leaf meal 259, replacing
23% corn meal and 29, casein 54371.

Experiment 26.
Tankage 54178, 329, replacing 30% corn meal and 2% casein; alfalfa leaf meal 309 replac-
ing 15% corn meal and 159 casein; meat meal 54664, 37%, replacing 209, casein and
17% corn meal.

Experiment 27.
50% protein meat and bone meal 54872, 359% replacing 209, casein and 15% corn meal;
tankage 54873, 299 replacing 209, casein and 99, corn meal; cottonseed flour 54679,
30% replacmg 209% casein and 109% corn meal.

Experiment 28.
Cottonseed meal 54903, 43 % replacing 209 casein and 23% corn meal; meat scraps 54664,
37% replacing 20% casein and 179, corn meal; alfalfa leaf meal 54985 30% replacmg
0% casein and 109, corn meal.

Experiment 30.
Tankage 55081, 299, replacing 209, casein and 9% corn meal; 50% protein meat and bone
meal 55082 35% replacing 20% casein and 159, corn meal; corn gluten meal 55121,
38% replacmg 209% casein and 189, corn meal.

Experiment 31.
Corn gluten feed, 55120, 39% replacing 9% casein and 309, corn meal; tankage 54873,
289, replacmg 209, casein and 8%, corn meal; soy bean oil meal 54665 37% replacmg
209% casein and 179, corn meal.

Experiment 32.
Cottonseed meal 55733, 439, replacing 209, casein and 23 % corn meal; meat meal 54€€4,
37%, replacing 20% casein and 17% corn meal; alfalfa leaf meal, 30% replacing 5‘"
casein and 259% corn meal.

Experiment 33.
Wheat gray shorts 55840, 50; delinted cottonseed hulls 54860, 50; oat hulls 55505, 50.

Experiment 34.
Dried buttermllk 49648, 25%, replacing 109, casein and 15% corn meal; dried skim milk
56047, 2569, replacmg 129, corn meal and 139, casein; cottonseed flour 54679, 309
replacmg 209 casein and 109% corn meal.

Experiment 35.
Tankage 54873, 28 %, replacing 207, casein and 8% corn meal; 509 protein meat and Lbone
meal 54872 35% replacing 209 casein and 15% corn meal peanut meal 54798, 409,
replacing 20% casein and 209, corn meal.

Experiment 36.
Alfalfa leaf meal 56437, 309, replacing 5% casein and 25% corn meal; casein 55572, 309,
replacing 309 corn meal; wheat gray shorts 56077, 50% replacmg 309 corn meal
and 209% casein.




Table 5. Percentage composition of feeds

Nitrogen- Effective

Lab. Used in Protein Ether Crude free Water Ash organic
No. Exp. No. Extract fiber extract constit-
uents

43902 | Alfalfaleafmeal................... 6 18.83 2.52 17.62 38.79 8.64 13.60 63.3
48263 | Alfalfaleafmeal................... T R 20.15 2.88 17.04 38.19 7.83 13.91 64.8
54172 | :Alfalfaleafmeal.........ocveiesss 21,22,23,24 20.41 1.95 16.86 40.13 7.28 13.37 64.9

54980, | Alfaliafeatmeal ... .c.ccivonesnas 26, 27, 28, 29,
t 30, 32, 33, 34,

, 36 21.58 1..81 15.84 41.38 8.05 11.34 67.0

56438 | Alfalfaleafmeal................... 36 23.27 3.7 11.27 41.17 8.00 12.52 72.9
33303 | Bote meal, o . coonomemis vsndes 66 25.56 17 ) S R 4.51 6.37 61.83 34.0
5 N S e T Y T e R L 66 34.64 .54 42 49.92 6.70 7.78 85.8
49648 | Buttermilk, dried................. 22,24, 34 31.73 5.48 12 46.55 6.83 9.29 90.6
BOIOR T PN .. o bim a0 b > el 64 g 8,49, 11 81.90 o .29 4.67 8.23 4.64 87.2
AIA0 G RSBI T S st et ok oomitath ucle i) 12 81.93 ) By .16 5.39 8.51 3.84 87.7
o 7 R ST R W N (i L 21, 22 81.65 1.74 .08 2.59 10.05 3.89 88.2
OABTINEACHBOIING L o Te e s i i oske B e 24, 26, 28 81.10 1579 .20 1.51 11.14 4.26 86.6
BAZSE A GREBIN, D, bt S25 0 <l baee e e 32, 36 85.04 .18 .14 L. 97 8.50 4.17 87.4
40BN COPI DTAIL, s il 15 5 o/e okt s tohe S 9 8.83 7.00 13.01 60.19 8.82 2.15 84.8
55120 | Corn gluten feed.................. 31 26.09 1.24 8.54 47.60 10.11 6.42 76.5
09121 | Corn, gluten meal. . ... . . onesvins 30 47.40 1,22 4.83 34.69 8.30 3.56 84.8
S3890 ) CarBoIenl, cu e . siioh s 5 e 66 10.08 4.31 2.13 71.24 10.82 1.42 91.0
48440 ['Corn meal.........tcuninnrsob oo 8,9 11.88 4.96 1.58 69.63 10.27 1.68 92.7
ABAROG ") (CORIMCHL 11 0/ v Etanbiveiavsoe s xlv des 11 11.98 4.84 1.45 69.74 10.31 1.68 92:.6
49388 | COTHFEIeal, .o o ois vy o ale a7 s m srak b 12 10.05 3.20 1.06 73.23 11.46 1.00 90.5
odivd Ixormenl. v i o i RN s s 21, 22, 23 10.76 2.59 1.08 74 .35 9.91 1.31 90.9
GABRT ] S OBRROALY % 15 s o s ol A e 3, 24 10.34 2.59 1.27 73.93 10.58 1.29 90.1
244 | Cornairmenl.. ok ol i visacils sahd 24 10.79 2.35 12 73.88 10.58 1.29 90.0
DAYBAM O OTIEINEAT, b ha 50 e 38 et e e 26 10.22 2.51 1.24 74.26 10.52 1.25 90.1
Tt (OTE I U R RS A S RS T 27 11.12 2.15 1.26 74 .84 9.13 1.50 90.8
DRSS o meal . IS0 A, el st 28 10.31 3.04 1.32 74 .77 9.56 1.00 91.9
BOAGA | 00D Mea) . ..ol s e et s sl 30 9.85 4.06 1.22 74.22 9.49 1.18 93.2
SOOBE | ‘Cornmenl. . ... .../ s avivs ceie 31 10.31 3.04 1.00 74 .85 9.79 1.01 92.0
B573L |- Gorn: meal: i v aica v e 32 10.00 3.03 1.04 74 .42 10.51 1.00 91.2
S840 N GormE meat. o450 i SE R 33 10.25 2.94 1.01 73.75 10.95 1.10 90.6
6846 | Corn o meal..........coivoncivennss 34 9.70 3.43 1.45 73.07 11.03 1.32 90.5
076 | Comnaesl. ... ... coiivienssisins 35 9.95 2.98 .97 74 .60 10.85 1.05 91.3
BE4SHT| Clorh manl s T e S S 36 9.66 2.48 .82 73.55 12.52 .97 88.8

SNEMOIHD DNIMOYD Ad ADYINT HAILONAOHL
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Table 5. Percentage composition of feeds—Continued

! - Nitrogen- Effective

Lab. Used in Protein Ether Crude free Water Ash organic
No. Exp. No. Extract fiber extract constit-
uents

54679 | Cottongeed BOUT. , . .. ilsiesine ook 27, 34 57.38 7.03 2.37 21.42 5.38 6.42 94.6
54860 | Cottonseed hulls, delinted. ......... 33 3.01 .34 40.68 43.77 9.54 2.66 47.6
43903 | Cottonseed meal.................. 66 42.21 6.34 12.61 26.18 6.50 6.16 82.7
54177 | Cottonseed me2al.................. 21, 23 44 .45 .17 8.82 26.80 6.28 6.48 87.4
54715 | Cottonseed meal. ......cov0vivonns 24 44.59 7.38 9.11 25.33 7.22 6.37 86.5
54993 | Cottonseed meal.................. 28 41.81 6.39 12.86 26.97 6.36 5.61 83.2
55733 | Cottonseed meal.................. 32,33 41.25 6.55 11.74 28.58 6.43 5.45 84.6
48435 | Flour, patent. . ..........c.c00nn.. 8 13.96 1.01 .40 70.88 13.22 .53 87.1
48436 | Flour, Jow-grade. « ... i diss s 8 18.78 2.08 50 64 .89 12.74 1.01 88.4
546684 | NIBat SCTRDE. « «soais v« s v s a5 00 Win s 26, 32 48.45 9.61 1.53 2.92 5.88 31.61 73.0
54872 | 509% meat and bone scraps. ........ 27, 35 50.69 8.51 1.76 1.68 6.59 30.77 71.5
55082 | 509 protein meat and bone scraps . 30 51.30 9.60 2.31 .10 5.09 31.60 73.0
54100 | Mk, drded skim. . ... ... unieesss 21, 22 35.47 .79 .08 50.97 5.00 7.69 88.2
54330 | Milk, dried skim.................. 23, 24, 26, 27 35.11 1.25 .16 50.13 5.72 7.63 88.1
55226 | Milk, dried skim.................. 28, 30 36.25 1.49 .14 50.19 4.03 7.90 89.8
5587 | Milk; dried alim . ......co.0000u. 31, 32, 33 36.68 1.30 .14 49.30 4.70 7.88 88.9
56047 | Milk, dried skim.................. , 35 34.56 1.19 .20 49.88 6.53 7.64 87.1
56437 | Milk, dried skim..,............... 36 34.23 1.19 .13 50.36 6.45 7.64 87.3
43899 | Milo, whole ground. .............. 66 11.75 2.95 2.16 71.02 10.30 1.82 89.4
85500 | OB BRBa o v h v s e s e 33 3.51 .81 29.90 50.66 8.71 6.41 56.0
PR L 0 T e e A R 66 14.84 5.57 1.61 66.20 9.97 1.81 93.6
49095 | Oil, cottonseed (Wesson)........... A e S LI DTN b w S B R e el T B s R e S 225.0
54798 | Peanut medl. . o e shhtdenie 35 44 .23 6.74 .89 25.54 7.12 7.48 84.9
54665 | Soybean oil meal.................. 31 47.34 .33 .37 31.79 9.13 6.04 80.0
L R 11, 12 .62 .03 A3 87.02 12.13 .07 87.7
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609, dlggester PABRARE. "l L e
609, digester tankage. .............

T A

Wheat grayshorts.................
Wheat gray shorts.................
Wheat gray shorts.................
Wheat grav gliorts. ... . ..c.voovmeeis
(WL graviSROrEs 0!, o 8 s o s
Wheat gray shorts. .. .. .c..csveovaos
W DBAt FraNBROLLS . s o v v sv b oir o wins
Wheat gray shorts.................

Yeast,'dried Broewer's. .« ... . 7 «y
Yeast, dried Brewer’s. .............
o e e T L AN

66
21, 23, 26
27, 31, 35

30

9

66
8, 9

8
9, 11

12

21, 22, 23, 24

26, 27, 28
30, 31, 32,

8,9, 11, 12
21,22, 23,24
26, 27
28, 30, 31, 32
33, 34, 35, 36

—

B AWNBRRRR B OSNN

-0

W Y O SUOUROOT © NN

NINISD00 WA R R B R R R R

DRWWD A NDONNORGT W =W

SNAMOIHO ONIMOYD X9 XDYIANHT HALLONAOUd

8I



14 BULLETIN NO. 600, TEXAS AGRICULTURAL EXPERIMENT STATION

Table 6. Percentage chemical composition of rations

Nitro- |

Lab. Name of ration Protein Fat Crude |gen-free| Water Ash |
No. fiber extract |
43964 | Corn meal Exp.1-66....| 18.13 3.61 4.14 55.56 10.06 8.51
43960 1-Oatmeall | ;o count s on 21.12 4.39 3.80 54.08 8.54 8.07
43966 Wheat gray shorts. . ..... 21.51 3.76 5.53 50.79 8.54 9.87
A396T b VIBO55 Lo, kBt i ik 19.21 2.96 3.86 56.33 9.34 8.30
48466 Corn meal Exp.8....... 22.71 5.22 3.26 54.13 8.85 5.83 |
48467 | Patent flour... . . .o (o dvan 24.01 2.92 2.76 56.17 8.76 5.39
48468 | Low grade flour.......... 25.75 3.48 3.04 52.02 10.29 5.42
48469 | Wheat gray shorts. . ..... 26.37 4.59 5.72 46.87 9.49 6.96
48791 | Corn meal Exp.9....... 22.81 5.06 3.18 53.80 9.38 5.7¢
48792 | Clorn/bran... 'y 5is st o 2910 6.22 9.31 48.49 8.09 5.79 |
48793 | Wheat gray shorts. ...... 26.60 4.89 5.48 | 47.08 8.84 7.1 ‘
48794 | Wheatbran... ........... 26.75 4.51 7.00 44 .64 9.09 8.01
49205°| Corn meal Exp.11...... 22.75 8.77 3.00 53.80 10.81 5.87 “
492081 CaseiN .y doss sty ins s 49.23 2:11 2.63 30.35 9.70 5.98 |
AGIOT 1 SEAPCH e .\, v ot 5 caine oo o 17.63 1.35 2.41 62.86 10.73 5.02
49208 ( Wessonoil.............. 20.78 17.66 2.93 43.88 9.29 5.46
49478 | Corn meal Exp.12......| 22.08 2.84 3.03 55.90 10.53 5.62
AOATD 1 CRMEPIE. o« v orvnnainie b it 49.35 1.83 2.66 30.81 9.42 5.93 |
AOAR0 LUSTAreH.. o ciuls s sy v am orarses 16.90 1.05 2.32 63.79 10.95 4.99
49481 | Wessonoil. ............. 20.50 16.87 2.94 46.39 8.07 5.23
54182 | Corn meal Exp.21...... 20.85 2.44 2.25 59.59 8.74 6. 15
HATID N I CREGHN. 2 L7, wriarale 3, wie s f5ve o 56.38 1.35 1.61 24 .52 8.94 7.20
54180 | Cottonseed meal......... 37.33 5.00 6.20 35.81 7.13 8.53
SA18T~| Tankapd: Jo Rl e, 43.14 7.56 2.69 24.24 5.46 16.91
54242 | Corn meal Exp. 22...... 20.30 2.59 2.34 59.59 9.06 6.12° 0
SAZAS | CalBIR. b 70 v v w4 56.02 1.26 1.70 | 24.02 9.34 7.66
54244 | Dried buttermilk......... 31.01 4.16 177 45.31 7.78 9.97
54348 | Corn meal Exp.23...... 30.71 2.15 2.13 48.77 8.90 7.34
54349 | Dried buttermilk......... 29.36 3.36 2.10 | 48.46 7.87 8.85
54350 | Cottonseed meal......... 31.42 4.91 6.13 41.96 6.86 8.72
54361 | Tankage: ot d. L dons 29.44 5,79 2.86 43.21 5.85 12.85
54716 | Corn meal Exp.24......| 30.26 2.14 2.11 48.95 9.28 7.26
54717 | Cottonseed meal......... 31.09 4.77 5.:95 41.85 7.61 8.73
54718 | Dried buttermilk......... 28.98 3.27 2.00 48.66 8.11 8.98
54719 | Alfalfa leaf meal......... 31.55 2.25 6.24 41.55 8.05 10.36
54989 | Corn meal Exp. 26...... 31.61 2.15 2.20 | 48.66 9.15 6.23
54990 Tankage ................ 31.53 5.95 2.89 40.89 6.09 12.65
54991 | Meatmeal . % b s v 30.90 5.38 2.79 36.83 7.04 17.06
54992 Alialfa leaf oAl . 4. . 31..51 2.11 TaLk 42.79 7.29 9.19
55088 | Corn meal Exp.27. .| 31.38 2.16 2.26 49.22 8.62 6.36
55089 | 509 meat and bone scrap 31.21 4.70 2.69 37.53 7.29 16.58
55000 | 60% tankage............ 31.84 3.83 2.47 42.25 7.53 12.08
55091 | Cottonseed flour......... 30.79 4.00 2.84 47.36 7.73 7.28 N
55264 | Corn meal Exp.28......| 31.26 2.61 2.13 48.85 8.54 6.61 i
55265 | Cottonseed meal......... 30.23 4.75 7.65 42.16 7.44 7.78
55266 | MEeRESCLAD. . . .5 L i ool 31.15 5.88 2.83 36.07 6.96 17.11 38
55267 | Alfalfa leaf meal......... 31.19 2.40 6.58 | 42.47 7.98 9.38
55464 | Corn meal Exp.30......| 30.81 2.40 2.32 49.44 8.69 6.34 5
55465 | 609, tankage............ 30.89 4.63 3.08 42.83 7.93 10.64
55466 | 509% meat and bone...... 30.96 5.63 3.06 37.32 6.60 16.43
55467 | Corn gluten meal. ....... 30.75 2.38 3.88 | 48.59 7.70 6.69
55589 | Corn meal Exp.31......| 30.74 2.45 2.19 | 49.55 8.55 6.52
55590 | Corn gluten feed......... 30.22 2.20 4.87 45.88 8.35 8.48
55591 | Tankage: v cvs e ovn 30.60 3.96 2.10 44.23 7.69 11.42 98
55592 | Soybean oilmeal......... 29.59 2.20 4.27 48.17 8.15 7.62 ‘
55734 | Corn meal Exp.32......| 31.80 2.46 1.66 48.98 8.94 6.16
55735 | Cottonseed meal......... 29.50 4.71 7.67 | 42.80 7.78 7.56
55736 |nMeat taeali .. . - v s Tass 31.01 5.48 2.34 34.91 7.67 18.59 .
55737 | Alfalfa leaf meal......... 30.95 2.08 6.03 42.77 8.58 9.59
55842 | Corn meal Exp.33......| 19.36 3.25 3.34 58.37 9.44 6.24
55843 | Wheat gray shorts. . ..... 23.19 3.76 5.59 50.85 9.02 7.99° 58
55844 | Delinted cottonseed hulls.| 16.08 2.09 22.75 43.68 8.46 6.94
55845 1 Qathulls .oy V5. . &5 .. 16.18 2.20 18.10 46.60 8.05 8.87
56048 | Corn meal Exp.34......| 30.15 2.37 1.61 50.05 9.33 6.49 i
56049 | Dried buttermilk......... 28.63 3.09 1.87 49.51 8.81 8.09
56050 | Dried skim milk......... 27.14 2.04 1.78 5315 8.22 7.67
56051 | Cottonseed flour......... 28.99 3.70 3.00 47.24 9.67 7.40
56078 | Corn meal Exp. 35...... 31.24 2.24 1.0 49.13 9.36 6.26
56079 | 609 tankage............ 30.80 3.80 2.07 43.65 7.94 11.74
56080 | 509 meat and bone meal..| 30.35 4.81 2.81 37.93 T 21 16.39
56081 | Peanutmeal. .. c....-q.. 29.80 4.22 5.44 44.07 8.13 8.34
56439 | Corn meal Exp.36......| 30.80 2.07 1.86 49.55 9.57 6.15
56440 | Alfalfa leaf meal......... 31.18 2.65 4.85 43.10 8.73 9.49
56441 | Wheat gray shorts. ...... 21.01 3.56 4.03 55.59 8.92 6.89
b 2420 Casein s Sl el il 54.61 1.38 1.37 25.87 9.36 7.41
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Table 7. Average composition, weights and calories per 100 grams for chickens
Live Live Empty Per cent ‘Weight v Calories
Number of experiment and No. weight at | weight at | weight at | empty wt. after Protein Fat per 100 gm.
name of ration averaged | beginning, end, end, of live prepara- % % empty
gm. gm. gm. weight tion, gm. weight
Experiment 1-66
Preliminary chicks. ............. e et 79.3 72.0 138.2
Caloriegner B0 BII8. . . .. .. oo |insionisos s looh b naisiee 120565 ledinaites: I e B ol N e
Corn meal ration, 28 days........ 3 76.4 217.0 211.7 97.55 206.2 20.69 189.6
Corn meal ration, 35 days........ 2 73.5 200.1 190.7 94.98 183.8 20.57 172.3
Oat meal ration, 28 days......... 3 76.4 216.3 206.6 95.65 201.5 20.79 158.5
Oat meal ration, 35 days. ........ 1 76.5 174.0 168.1 96.61 165.0 21.85 144.5
Wheat gray shorts ration, 28 days. . 3 74.6 178.1 170.4 95.76 164.7 21.41 148.6
Wheat gray shorts ration, 35 days. . 2 71.9 161.9 145.6 90.68 141.9 20.53 136.2
Mioration; 28 days. ... ... ..... 3 76.0 208.4 196.0 94.18 190.7 20.77 169.0
Milo ration, 35 days............. 2 73.6 195.3 189.5 97.04 185.0 20.81 159.4
Experiment 8
Prehminaryichicks: . . ....coaven AR A SR ., 59.9
(e G (T ] (g i A 161.4
Coramealration.. . ............. 6 60.5 209.7
Patent flourzation. ............., 6 59.6 194.7
Low grade flourration. ......,.... 6 59.9 201.0
Wheat gray shorts ration......... 6 60.4 199.9
Experiment 9
Preliminary chicks.............. OO Bead o T 61.6
RO BOOT IR, . . . v+ oo v e o oiv v spshie s o6 w0 bl 154.8
Corn mealration. .. ... ... ..., 5 59.4 216.5
Corm bEADITAYION L. e wii s .. 0 s 6 60.2 215.2
Wheat gray shorts ration......... 6 60.6 209.1
Wheat branration............... 6 60.4 193.0
Experiment 11
Prelimimary ehicks. ', oo o5 an b 7 20k P by e 63.3 61.7 97.61 62.2 18.58 6.81 168.9
CRIOTIBSIDET TOOOINS .. . | i oesc s nas st ook S pE | L L P A e A 1 R e W Nl o
Corn mealration. ...t vih e 6 62.5 212.6 207.3 97.49 203.8 20.97 7.38 187.7
LT R S R O 6 62.9 156.9 152.4 97.16 150.1 21.62 2.62 146.8
SR T s e TR 6 63.3 161.3 157.7 97.77 155.0 19.96 9.58 202.6
Wesson ol tation, ovvsesvvevseson 6 63.0 162.9 159.0 97.63 155.2 20,25 9.87 206.9
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Table 7. Average composition, weights and calories per 100 grams for chickens—Continued

Live Live Empty Per cent Weight Calories
Number of experiment and No. weight at | weight at | weight at | empty wt. after Protein Fat per 100 gm.
name of ration averaged | beginning, end, end, of live prepara- A % empty
gm. gm. gm. weight tion, gm. weight
Experiment 12
Preliminaryichickss oo i oeais . ] 59.6 58.0 97.40 5747 17.48 7.98 173.6
CalOrIERTDEITIOD BINE: w0 vl o v olls Bimre it o d et o o o280 Bin s s 1 0 R [ S TS OO o e G i (1 ST S o R 1 ey O [l 1 i
COrN INBRLYAEION 8 o 245+ oon oo tion 6 60.0 190.5 185.8 97.56 182.0 21.04 7.55 189.6
oD R BION ) o 5l b/l va e vimvss 6 60.6 162.8 157.0 96.39 154.2 21.39 2.84 147.6
SEBTCRIERTIONINR © v o0 €10 o1k o 5154 vt b 6 60.1 137.8 134.4 97.53 133.3 19.59 9.31 197.9
W ESSORDH TALION 1.0v 0y 0. wie o5ia o biass 6 60.0 151.6 146.8 96.90 143.8 19.97 12.00 225.2
Experiment 21
Preliminary chieks. ... ....i4 s G R S 59.8 58.3 97.47 55.7 17.39 5.88 153.4
Galones perdD Bma. . (<L n Da s ST e g s mas e 5 5 T T [T PCRIE et Tl o (eI oLty ) TG T L e SO Tl 7 (O o BT e SRS
Cornmealration. . .. v, 6 60.9 209.7 205.5 98.01 204.4 20.79 8.71 199.1
Caselration Joh whelss, « - soas o b 61.9 166.9 162.4 97.11 162.9 22.44 2.97 154.8
Cottonseed mealration........... 6 61.2 205.8 200.8 97.57 198.3 22.06 2.89 151.9
TonlARP BRUION . . . 0o 'v ooiavs s sa s o B1.7 177.9 170.3 95.69 168.5 21.38 3.47 154.0
Experiment 22
Prehipinary6hieks:. ., i o oo iiad [ O s 49.9 47.9 95.92 47.6 17.70 3.97 137.3
CaloptesBerIOnems s . 5 o T, e | ks e ik A L e el SR S el D S R e e e e e s A (PR8I, SO
Cornmealration o, .5 . is0. . 6 51.6 199.1 194.8 97.84 191.6 20.53 9.29 203.1
CABEHETREIONG | v ot ien s s via s s 5 51.5 155.9 152.0 97.51 150.8 21.27 2.63 144.9
Dried buttermilk ration.......... 5 52.4 141.7 136.9 96.36 135.0 21.50 2.36 143.7
Experiment 23
Preliminary chicks. <. ...,....... B A 57.0 54.4 95.46 54.7 17.97 3.61 135.4
CalarieB Perdf0 gms: = ..o 0 . ol Ll ai o i sei e sa e B e S e s F o B T D d IOt R e ) S AR 4 PR & e
CornimealTation 2. 1. .o .pues vk 6 57.3 215.6 213.0 98.82 209.4 22.04 4.99 17155
Dried buttermilk ration. ......... 6 57.9 214.6 211.2 98.42 207.8 22.29 3.43 158.2
Cottonseed meal ration........... 5 57.0 188.1 182.7 97.08 179.6 22.16 3.03 153+7
Tankage Cation. . ...« fo o otow s 6 57:5 168.5 162.7 96.48 159.6 21.78 4.56 165.9
Experiment 24
Preliminary chicks.............. | RO 45.6 43.8 96.09 42.7 17.49 6.98 164.3
ColOTIeSIDRT NV EING. . .o v o a5 fama s n ol |oin 2 b idme o RO 00" |5t B i TSR s e ] o R i e s 5 A el S % e e e s
Corppeal ration 2.y 0 o oo i mey 6 45.1 188.5 184.8 98.08 182.3 21.67 4.46 164.3
Cottonseed mealration........... 4 45.8 187.1 182.3 97.48 181.7 21.60 3.71 156.9
Dried buttermilk ration.......... 5] 46.1 172.0 168.6 97.98 166.1 21.34 3.69 1556.3
Alfalfa leaf meal ration........... 4 47.1 123.7 119 .4 96.56 1372 21.08 1.47 133.1

91

NOILVILIS LNAWIHHJIXHT TVIALTIADIEOV SVXHEL ‘009 "ON NILATING




Experiment 26
Preliminarvoehicks. .. ..\ ., cose o B4+ Al ks 51.9 49.8 96.04 47.2 18.31 2.86 130.4
EleTaN per N00ms. )L I e P e Tt Rl e B S R F SVt e e R ) 10 B T R W - L B e
Coraanenl ration i . ... ... iuv wices 6 52.5 210.6 206.6 98.06 196.7 20.51 5535 116.1
TARDGE PALION'. . ... . ¢ osiese bsaias 5 53.2 165.3 160.8 97.29 153.1 21.53 3.39 153.5
L ) G 0 e R 6 52.7 202.4 197.5 97.56 188.5 21.53 4.00 159.3
Alfalfa leaf meal ration........... 6 52.8 171.6 167.2 97.45 159.7 21.57 2.04 141.1
Experiment 27
Preliminary chieks. .. .. ... .. ... ORI (e N 48.5 46.9 96.79 43.6 17.28 3.83 133.6
TR R N GG R s Rt SR | RSB gl Rl R T R T RS e o e | Ity < B e e 1T, (e T SR e T
COrmealThtion ., . ... ... vcvvie. 6 47.9 181.6 177.0 97.47 166.8 21.38 4.25 160.7
Meat and bone meal ration....... 6 48.9 157.3 153.4 97.44 147.7 22.00 2.89 151.6
di e P T R S 6 48.3 156.8 153.1 97.47 147.9 22.11 3.74 160.1
Cottonseed flour ration........... 5 49.4 194.3 189.3 97 .42 183.1 21.93 4.70 168.2
Experiment 28
Preliminary chicks. .. ........... IR PR 47.8 46.3 96.81 45.3 18.33 4.35 144.4
CARrioper 100 8. . . .. n e sl s i e T A TR R e T PR, o [ T T R N S TP T o W
Cornmealration . .. .. .. ivaaes 6 48.1 213.9 207.9 97.12 196.4 21.65 4.68 166.3
Cottonseed meal ration........... 6 48.1 179.7 174 .4 96.96 166.1 21.90 2.57 148.0
Meatmeal ration. ), . ... . ..., 4 48.5 ¥Z7.5 169.7 95.53 159.7 21.89 3.02 1521
Alfalfa leaf meal ration........... 4 46.8 1757 166.3 94 .50 155.4 21.95 2.88 151.1
Experiment 30
Preliminaryichicks. ..o ooae B 61.5 49.4 95.99 46.7 17,72 4.07 138.4
(U7 Tl 2 ot L 07 T Vo SRR SRR PRI ] s o L BAR VAL (0 T ] S e B T e S e e
Cormmealration. ... .......cc0.0 6 51.5 171.8 167.0 97.06 156.8 21.39 3.67 155.4
(B ANERUeT B0 Goy o b oty e aes 5 52.2 143.6 138.7 96.57 131.0 20.79 3.23 147.8
Meat and bone mealration....... 4 52.3 154 .4 150.7 97.75 141.5 22.64 3.11 158.3
Corn gluten meal ration.......... 6 52.4 181.8 175.8 96.67 167.3 21.50 2.70 147.0
Experiment 31
Preliminary chicks.............. B A e b3 .1 50.0 94.21 44.8 17.24 4.23 137.1
RO eTe Al D0 BENS 0. o s vi]s e Bl Il SR g e R BT T R BT R T L T S R TS et [ (gl B
COPIMBALTAtioON 5l . vt oy e ve o 6 53.1 207.7 202.0 97.22 196.8 22,17 4.83 170.6
Corn gluten feed ration.......... 6 53.4 186.9 180.1 96.44 175.1 22.00 2.73 150.1
TADRBRCAtIOn,. =0 i 6 53.5 191.5 185.4 96.83 178.1 21.82 3.88 159.8
Soybean oil mealration. ......... 6 53.1 207.6 202.6 97.59 198.9 21.98 3.29 155.2
Experiment 32
Preliminary chicks. ... ..., civ0es (e 1 S (R 58.4 56.3 96.34 54.4 18.62 4.24 145.0
Caipriesper 00 gmin.. . i ifesadide B0 L Bold e e B R e R T R B | it o o B e e SR [ o
Corn mealration ... i .« .. we v 6 58.4 236.5 230 97.50 211.9 21.54 4.91 167.8
Cottonseed mealration........... 6 58.2 238.0 228.2 95.91 219.0 22.15 3.40 157.2
Meat mealration..............,. 6 58.5 240.0 229.3 95.52 217.7 21.68 3.38 154.3
Alfalfa leaf mealration..,..,.,.,, 6 58.8 174 .4 168 96.73 160.1 22.31 2.53 150.0
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Table 7. Average composition, weights and calories per 100 grams for chickens—Continued

Live Live Empty Per cent Weight Calories

Number of experiment and No. weight at | weight at | weight at em?ty wt. after Protein Fat per 100 gm.
name of ration averaged |beginning, end, end, live prepara- % % empty
gm. gm. gm. weight tion, gm. weight

Experiment 33

Prehimmary chieks .. % . .o .ve i 56.8. 0d.7 96.33 53.0 18.81 5.02 153.3
Calories per 100 gms. o -l I SO S LU IO <Ll Rl | PR, < - AR Ul S [ e, I i e WS
Corn meal ration. 6 2 201.7 194.2 96.28 183.5 20.94 7.51 188.7
Wheat gray shorts ration 6 4 204.1 197.0 96.31 189.5 21.93 2.79 149.7
Cottonseed hulls ration. 3 6 56.6 139.1 131.9 94,92 127.0 21.32 1.28 132.7
Oabhuligeation . 0L L0 ous s 4 54.6 115.0 109.5 95.24 104.7 22.51 1.29 139.5
Experiment 34
Preliminary chicks.......... 55.9 53.7 96.10 40.0 19.18 3.66 142.8
Calories per 100 gm 5 P82 el e Fiul il s a5k e & [his s s i raviei s e R et N b ol s e oty o oo b LR e
Corn meal ration. .. ... 5 4 203.8 197.5 96.88 187.1 22.54 4.07 165.7
Dried buttermilk ration 6 55.8 184.2 177.1 96.17 169.2 22.07 3.42 156.9
Dried skim milk ration . ’ 6 56.1 174.1 166.7 96.03 160.6 22.55 2.63 152.2
Cottonseed flour ration........... 6 55.6 207 .4 200.2 96.46 192.4 21.78 4.08 161.4

Experiment 35%

Preliminary chicks.......... 8 58.2 55.0 94 .39 46.0 19.45 3.93 146.9
Calories per 100 gm X 138 6 Lo m ok olss DR N ne s st ot i i e w e Al St s a e, e
Corn meal ration. 224 .2 217.0 96.80 210.3 21.57 4.81 167.0
Tankage ration....... 205.1 195.8 95.48 191.1 22.03 3.36 156.1
Meat and bone meal ration . : 201.0 192.9 95.95 184.7 22.19 2.76 151.4
Peanut meal'ration. . ... .. .. 10 59. 224.0 217.1 96.88 211.4 22.03 4.10 163.1
Experiment 36
Preliminary chicks.............. 53.7 51.2 95.20 47.9 18.06 3.60 135.9
Calories per 100 gm 4 j B R EERArEs” ZY PR (RO s o N o), ) O P o 1 R i [ T, - AT
Corn meal ration. 153 .4 194.0 187.9 96.92 179.5 21.38 4.87 166.5
Alfalfa leaf meal ratio 6 s 181.7 175.7 96. 66 169.9 21.86 2.19 144.3
Wheat gray shorts ration 6 54.2 177 .6 170.7 96.08 164.8 22.20 4.15 164.4
Casein ration 6 54.0 146.5 141.1 96.26 136.2 21.93 8.15 153.5

#Analyses made of composite sample of 10 chicks fed same ration.
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PRODUCTIVE ENERGY BY GROWING CHICKENS 19

Digestion experiments were made with all of the rations, usually two
being made on each ration. The results will be presented in a subsequent
publication. The digestion coefficients of the rations were averaged sepa-
rately for each experiment on productive energy and, together with the
analysis of each ration, were used to calculate the effective digestible
nutrients of each ration. The effective digestible nutrients of each ration
are given in Table 9. They were used to calculate the effective digestible
nutrients of each feed, in comparison with those of the standard corn meal.

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 7.
The averages are made from the data of each individual chicken. Varia-
tions which may occur in the composition of individual chickens, with
standard deviations, have already been discussed from other data in
Bulletin 571, so that additional calculations were not made with the data
in Table 7.

Calculation of Maintenance Requirements and Productive
Energy of Rations

The maintenance requirements are calculated from the data secured
with the standard corn meal ration, and these are used to calculate the
productive energy of the other rations used at the same time in the
experiment. Average data for the calculations of the maintenance require-
ments are given in Table 8. The productive energy of the effective di-
gestible nutrients of the corn meal ration was taken to be 2.78 Calories
per gram as was found to be the average of previous results (Bulletin
571). For each experiment the productive energy of the corn meal used
was ascertained by multiplying the effective digestible nutrients of the
corn meal ration, as found in the digestion experiments, by 2.78. The
maintenance requirements are calculated with use of the average weights
by periods. This has been shown (6) to give more consistent results than
the use of the average of the first and last weights and better in accord
with the previous work of others than the use of the surface area (6).

Since corn meal is used as the standard, the Calories of productive
energy used for maintenance under the conditions of each experiment are
calculated from the data from the corn meal ration, as given in Table 8.
The initial energy content of the chicks is calculated from the initial live
weight and the initial energy per gram, as found by analysis (Table 7).
The final energy content is calculated from the final empty weight and
final energy content of the chicks. The productive energy of the ration
eaten is the grams eaten multiplied by the productive energy per gram
of ration as given in Table 8 (1.98 in case of experiment No. 8). The
productive energy used for maintenance is the productive energy of the
ration eaten less the gain of energy in calories of the chicks, since, by
definition, the productive energy is measured by the gain in energy. The
maintenance requirements are calculated as Calories of productive energy
required to maintain 100 gm. of chicken for the period of each experiment.



Table 8. Average data and calculation of maintenance requirements for chickens fed on the standard corn meal ration
For Maintenance
t Average Initial Final . Prod. Prod. Prod. Prod.
Experiment | Number wt. by energy energy Gain of |. energy Ration energy Total energy energy
number averaged periods content content energy of ration eaten of feed prod. per period | per day
gm. Cal. Cal. Cal. Cal. gm. eaten energ per 100 gm.|per 100 gm.
per gm. Cal. Cal. Cal. Cal.
(28 days)
1-66.....:- @5 days) 132.4 95.9 402.5 306.5 1.672 503.3 841.5 535.0 404.2 14.43
ays

1-66....... 2 119.1 92.3 333.3 241.0 1.672 546.9 914 .4 673.4 565.1 16.15
A 6 131.9 97.6 386.8 289.2 1.980 288.6 571.4 282.2 214.2 10.20
Bl s sl 5] 131.5 91.9 383.2 291.3 1.979 322.8 638.8 347.5 264.5 12.60
L et s cicies 6 140.4 103.9 389.0 286.1 1.876 315.9 592.6 306.5 220.0 10.50
BRininswnimii 6 124.0 101.4 352.8 251.3 1.899 280.0 531.7 280.4 226.4 10.79
y 5 e o e 6 138.7 91.0 409.1 318.1 1.923 363.1 698.3 380.2 275.8 1318
2N Sy e 6 133.2 68.0 396.3 328.3 1.933 354.7 685.6 357.3 268.3 12.78
e T 6 138.1 74.1 365.3 291.2 1.878 354.6 665.9 374.7 271.5 12.93
Sk s 6 118.6 71.3 304.1 232.9 1.798 8015 542.2 309.3 261.5 12.45
B s 6 131.4 65.8 342.6 276.8 1.871 335.2 627.2 350.4 268.0 12.78
R s T e 6 1§ i 62.0 284.8 222.9 1.911 293.4 560.6 337.8 288.3 13.73
o 6 129.4 67.3 347.3 280.0 1.926 313.4 603.5 323.5 249 .8 11.89
S T S 6 116.4 68.4 261.2 192.8 1.896 269.4 510.8 318.0 274.2 13.06
S 6 131.3 68.6 346.1 277.5 1.884 318.5 600.1 322.7 246.8 11.75
[ S e 5 160.1 82.0 403 .1 321.1 1.892 377.9 715.0 393.8 246.2 11.73
. TS 6 136.8 84.5 367.3 282.9 1.800 373.4 671.9 389.0 285.2 13.58
. RSN 6 140.0 76.0 326.4 250.4 1.825 340.4 621.2 370.8 265.1 12.62
B oty enmns 10 144.0 81.2 362.5 281.3 1.816 335.9 610.0 328.7 228.3 10.87
SO . o 124.3 70.4 312.7 242.2 1.885 291.6 549.6 307.4 247.1 11.46
e G [ o e e Pl o e e e e o, e e 12.49
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Table 9. Data and calculation for average productive energy of rations and their effective digestible nutrients
. g Prod. Effective
' Average Initial Final D . Used for For energy | digestible
Experiment number and | Number wt. by energy energy Gain of Ration main- gain and | of ration | nutrients
name of ration averaged periods content content energy eaten tenance main- Cal. of ration
gm. Cal. Cal. Cal. gm. Cal. te?:arl)ce per gm. |per 100 gm.
al.
Experiment 1-66 (28 days)
Oatmealk. ;o0 s 3 131.5 96.0 328.6 232.7 503.3 531.1 763.8 1.51
(35 days) . 64.7
Oatmeals | . jioiiiovs v = (@8 days) 113.9 96.1 242.8 146.7 521.9 643.5 790.2 1.51
ays
Wheat gray shorts.... 35 days) 113.5 94.2 251.9 157 .7 503.3 458.5 616.3 1.22 b
ays i
‘Wheat gray shorts.... @8 d2 ) 98.4 90.3 198.5 108.2 546.9 555.7 663.9 1.21
ays
L S e e v 125.5 95.4 332.0 236.6 503.3 506.9 743.5 1.48
(35 days) 62.0
1 1 T S e 2 114.8 92.4 308.8 216.4 546.9 648 .4 864.7 1.58
Experiment 8
Patent flour..... 6 128 .4 96.1 351.8 255.0 299.8 274 .8 529.8 1.76 69.9
Low grade flour. . 6 127.7 96.7 321.6 224.9 289.2 273.3 498.2 1.72 65.2
Wheat gray shorts. ... 6 124.1 97.5 297.9 200.4 376.1 265.7 466.1 1.25 53.5
Experiment 9
Gorn:bran ...4 6 135.7 93.1 329.7 236.6 442 .2 358.4 594.9 1.35 48 .4
Wheat gray shorts 6 132.1 93.9 320.4 226.5 362.2 348.7 575.1 1.58 54.7
Wheat.bran, .. .....! 6 126.2 93.4 271.4 178.0 423.3 333.3 511.3 1.21 49.0
Experiment 11
asein . . 6 112.8 103.6 224.0 120.3 220.0 248 .1 368.4 1.67 66.2
Starchs ... e 6 113.2 104.3 321.6 217.3 270.1 249.1 466.4 1.72 70.4
Wiesson ol -} o sl 6 116.7 103.9 330.9 227.0 237.0 256.7 483.7 2.05 83.3
Experiment 12
Casein yaar il el 6 111.1 102.4 232.3 129.9 213.1 251.1 381.0 1.80 69.7
Stanehr, .o sog oo, 6 100.9 101.7 268.2 166.5 238.7 228.0 394.5 1.65 69.5
Wessom 01l tiioievand 6 108.5 101.5 333.4 231.9 217 .4 245.2 477.1 2.19 87.9
Experiment 21
BREIR. o Lo ed b 117.1 92.5 251.7 159.3 252.6 323.2 482 .4 1.90 64.1
Cottonseed meal...... 6 139.9 91.5 306.6 215.1 408.7 386.2 601.3 1.47 54.8
TONIBEE . 1 e« bo s biminin 5 125.3 92.3 264 .2 171.9 375.5 345.9 517.9 1.39 48.7
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Table 9. Data and calculation for average productive energy of rations and their effective digestible nutrients—Continued

. Prod. Effective
g Average Initial Final . . Used for For energy digestible
Experiment number and | Number 5 ‘fr energy energy Gain of Ration main- gain and | of ration | nutrients
name of ration averaged periods content content energy eaten tenance main- Cal. of ration
gm. Cal. Cal. Cal. gm. Cal. tegarlxce per gm. |per 100 gm.
al.
5 108.8 67.9 220.4 152.6 243.9 291.5 444 .0 1.82 61.5
5 108.3 69.1 198.3 129.2 300.7 290.3 419.5 1.39 56.0
Experiment 23
Dried buttermilk 6 143.3 74. 334.4 259.5 377.8 388.3 647.9 1.73 63.2
Cottonseed meal B 125.8 73.7 281.8 208.1 372.5 341.0 549.0 1.47 55.9
TONKAEE i s o o v 50 50 ¢ 6 120.8 74. 270.3 195.9 364.8 327.3 523.2 1.43 58.3
Experiment 24
ottonseed meal. 4 122.8 72. 286.3 213.9 377.8 320.4 534. 1.42 54.6
Dried buttermilk. . 5 112.2 72.8 262.1 189.4 321.0 292.9 482.3 1.51 61.9
Alfalfa leaf meal 4 87. 74. 159.1 84.8 252.1 227.6 312. 1725 49.5
Experiment 26
Tankage...... X 5 116. 66.7 247.5 180.8 333.8 312.7 493. 1.48 57.4
Meat meal 2 6 134.4 66.0 315.2 249 .2 365.4 360.1 609.3 1.67 56.9
Alfalfa leaf meal, . ... 6 120.3 66.1 236.2 170.2 355.3 322.5 492.6 1.39 51.1
Experiment 27
Meat and bone scraps. 6 112. 63.2 232.7 169.5 310.1 324.6 494.1 1.60 56.9
Tankageé.......: . 6 109.4 62.4 247 .8 185.3 295.9 314.9 500.3 1.69 61.0
Cottonseed flour 5 127.0 63.9 319.4 255.5 316.2 365.8 621.3 1.98 63.0
Experiment 28
ottonseed meal 6 118.1 67.2 262.0 194.8 351.9 295.2 490.0 1.38 54.3
Meat scraps... 4 114.6 67.8 259.0 191.1 317.8 286.4 - 477.5 1.50 57.5
Alfalfa leaf mea 4 113.8 65.4 254 .0 188.7 348.5 284.5 473. 1.34 50.1
Experiment 30
Tonkage, .-r s, o oiis: 5 07.5 69. 206.3 137.0 283.6 294.5 431.5 1.52 58.
Meat and bone meal . . 4 117.5 69.4 238.9 169.5 306.0 321.8 491.3 1.60 58.0
Corn gluten meal. . ... 6 122.0 68 . 259.1 190.1 315.5 334.2 524.3 1.66 60.1
Experiment 31
orn gluten feed. . ... 6 120.2 69.0 271.0 202.1 377.0 296.9 498.9 132 49.9
TanRage: o5 s 6 128.6 69.1 296 .6 227.6 349.9 317.7 545.3 1.56 60.9
Soybean oil meal 6 136.6 68.6 81151 245.9 395.4 337.4 583.3 1.48 54.8
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Experiment 32
Cottonseed meal......
Meat mea
Alfalfa leaf meal. . ...

Expenment 33
‘Wheat gra shorts 5.
Cottonseed hulls......
Gatehulle. il 5. 20, .

Experiment 34
Dried buttermilk......
Dried skim milk. ... ..
Cottonseed flour......

Experiment 35
Tankage. ...coboouoe.
Meat and bone meal. .
Peanut meal.........

Experiment 36
Alfalfa leaf meal. .....
Wheat gray shorts. . ..
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Table 10.

Variations in average productive energy of rations as calculated from data from individual chickens

Productive energy of rations,

4 Number Calories per gram Average | Standard
Experiment number and name of ration averaged difference | deviaticn
Average | Maximum | Minimum

Experiment 1-66

A ) gt DN S MO SR S SR S SR L 4 1.51 1.65 1.44 .07 .10

Wheat gray Shorts PabION. . ¢ e, o v saieiwaiomm oo s state s ol e 5 1.22 1.33 1.16 .05 .07

G Tl o O S O e R N L P e g et AL ST B 5 1.52 1.72 1.43 .10 13
Experiment 8

Patent HOUT I EatiOn, 5 .. i o R iaiesiate o s e A eis 5 alle/y o Sha s sha e 6 1.76 1.88 1.57 .11 .13

Low: prade oA PaUION, - 1, ¢ v il d bl i i e o o b sl b b o b= sove o 6 1.72 1.84 1.63 .06 .08

Wiheat Bray shorts ation. i L 0 as ol e e e e bt oo s oy s 6 1.25 1.45 1.09 13 .16
Experiment 9

(Blata il ey ron s i ym ey s koo oo ik Sy vt MM SCele. - S B - A ol S5 PR S S n R 6 1435 1.48 1.18 .10 .12

Wheat gray B OX ERIE DN o « SN, b, o, Y26 T 6 1.58 1.81 1.33 13 17

BNDEAT ERRI FREIOW . ;. . o ié s i e o e g s it a4 mnr bt m 6 1.21 1.26 1.16 .03 .04
Experiment 11

DTt L e e e e e S g sl e e b R R 6 1587 1.80 1.56 .07 .09

A T S S S TR R b R T T S e LR 6 1.72 1.80 1.48 .08 A2

VOEon a5F BROR ) T el e B e e b i Ak 6 2.05 2.32 1.75 .19 .23
Experiment 12 .

R T TR A S ) S Bt L e SRS i e, g 6 1.80 1.97 1.64 .08 KL

S AT OR R ATION . . s o v ot a5 oG, 0 B o e s e oAk A Tor o S o TS B g 6 1.65 1.82 1.35 .14 .18

T T T VR G R T e ol D S S 6 2.19 2.47 1.69 20 .31
Experiment 21

T Ty (e U R e R e e e [ s ST R e i e 5 1.90 2.04 1.60 15 .19

Cottonseed! mIeal TAtION . /5 « v o vs iy wiore oie #16)a b ae s nie o sy ste e ete dieia s 6 1.47 1.55 1.39 .06 .07

e e bR e e g s s e Sl TR S 8 R S S R e 5 1.39 1.54 1,29 .09 wiil
Experiment 22

B0 T ot e Lo A L S Iy L AR AP SO e R e S 5 1.82 1.93 1.68 .08 .10

Dricdtbattermillc Tation ., o ..y oo d il wie s s wie oo bisld o dlowia s daksle oy 5 1.39 1.58 1.20 12 \ 15
Experiment 23

DaiediDUtieEmille PALION.. .0 o« u o sin e e basiis nols vt i wig s alls!o o sibs iiw b io g 6 1.73 2.21 1.42 A8 .26

Cottonseed MBAL TRUION i 6. viv ws 5. v srviolor s it 58 lhcbrs iprsin o 6 e aiune syois 0 5 1.47 1.56 1.30 .08 1

SHanRage PAtROI: o oei s i, s s L ierite otk e Sk afetdta T s 4 6 1.43 1.57 1.33 .05 .08

Ve
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Experiment 24

Cottonseed meal ration
Dried buttermilk ration
Alfalfa leaf meal ration

Experiment 26
Tankage ration

Meat meal ration
Alfalfa leaf meal ration

Experiment 27

Meat and bone scraps ration

Tankage ration

Cottonseed flour ration

Experiment 28

Cottonseed meal ration
Meat scraps ration
Alfalfa leaf meal ration

Experiment 30
Tankage ration

Meat and bone meal ration
Corn gluten meal ration

Experiment 31

Corn gluten feed ration

Tankage ration

Soybean oil meal ration

Experiment 32

Cottonseed meal ration
Meat meal ration
Alfalfa leaf meal ration

Experiment 33

‘Wheat gray shorts ration
Cottonseed hulls ration
Oat hulls ration

Experiment 34

Dried buttermilk ration
Dried skim milk ration
Cottonseed flour ration

Experiment 36

Alfalfa leaf meal ration
‘Wheat gray shorts ration..

Casein ration
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The average maintenance requirement per day per 100 grams, as shown
in Table 8, is 12.49 Calories of productive energy. The maximum average
of an experiment is 16.15, and the minimum average of an experiment is
10.20 calories per day per 100 grams. It is pointed out in Bulletin 571
that these variations from one experiment to another appear not to
affect the productive energy, which is compared with the use of the
maintenance value obtained in the same experiment.

The maintenance requirements calculated in Table 8 are used in Table
9 to calculate the productive energy of the rations containing the feeds
compared with corn meal. The method of procedure in each case is in-
dicated in the headings of the table. The energy used for maintenance
is calculated by multiplying the average weight by periods by the Calories
required to maintain 1 gram of chicken as found by the use of the corn
meal ration for the same experiment, and is given in Table 8. The sum
of the Calories used for gain and for maintenance divided by the quantity
of feed eaten gives the Calories of productive energy of one gram of the
ration. These are given in the next to last column of Table 9.

The values given in Tables 8 and 9 are averages of those calculated from
the data for individual chickens. The results would be slightly different
had average data been used in the calculating of the maintenance re-
quirements or of the productive energy. The standard difference from
the mean, the standard deviation, and the standard error of the mean
are given in Table 10.

Tentative Productive Energy of Certain Feeds

The method used for calculating the productive energy of the individual
feeds from that of the ration when corn meal alone is replaced is shown
in Table 11. (Test 7-6-8-7-6-36). The difference between the assumed
productive energy value of 1 gm. of the corn meal ration (1.980 Cal.)
and of the patent flour ration (1.764) gives the effect (— .216) of substi-
tution of 0.5 gm. of patent flour for 0.5 gm. of corn meal. This difference
added to the productive energy of 0.5 gm. of the corn meal (1.130) makes
the productive energy of 0.5 gm. of the patent flour to be 0.914 Cal. or
1.828 for one gram. The preliminary value for the productive energy
values of the other feeds used to replace corn meal alone were calculated
in a similar way.

In some of the experiments, however, the calculation was slightly
different, since both corn meal and casein were used in the standard
ration, and the feed tested (usually high in protein) was substituted
partly for corn meal and partly for casein. The method for calculating
the data for such feeds is illustrated in Table 12. The productive energy
used for casein, 1.97 Calories per gram, is the average of 4 of the 5
experiments shown in Table 13.
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These preliminary calculations are based upon the assumption that
corn meal has the average productive energy of 2.78 Calories per gram
of effective digestible nutrients found for the primary ration used in
previous work (6). The effective digestible nutrients of the feeds com-

Table 11. Calculation of productive energy of feed substituted for corn meal
Experiment 8

Low Wheat
Line Corn Patent grade ray
No. meal our flour shorts
A Productive energy, calories per gram. CURPE S L By et B SRR e S | e e i
B Productive energy of mixture,
Table’d B BRAT9 1.0 o i 1.980 1.764 1.723 1.250
G Effect of substitution, Line B minus
R e e e i e L —.216 —.257 —.730
D Productive energy (.5 gm.) corn meal
RODSEIRRREE 00 587 i s st O R b e s 1.130 1.130 1.130
E Productive energy 0.5 gm. feed sub-
stituted (Line C plus line D) ... |. 5 veeesn .914 .873 .400
F Productive energy of 1 gram feed
substituted (Line E divided by 0.5) . 2.260 1.828 1.746 .800
G Effective digestible nutrientsof 1 gm.
teed” (hable 1Y% . L.l foniny Dol 00 .813 s787 .692 .459
H Productive energy of effect. digest.
nut. (Line F divided by line G). . . 2.780 2.323 2.523 1.743
I Relative productive energy of effect.
digest. nut. with corn meal as 100
(Line H divided by 2.780 and
multiplied by 100)............... 100 84 91 63
Table 12. Calculation of productive energy of feed substituted for corn meal
and casein, Experiment 36
i Alfalfa Wheat
Line Corn leaf ray Casein
No. meal meal shorts
A Productive energy, calories per gram. P i B e e e
B Productive energy of mixture,
Tablesr8iand 9.0 .., . 00 u S 1.885 1.270 1.395 1.721
(] Effect of substitution, line B minus
B L e e T S S (), b —.615 —.490 —.164
D Cusemisubatitnted, cume o0 m i e lan e muetes 05 gm 20 gme o e e
E Prod. energy of quantity of casein
substituted (1.97 cal. pergm.)....|.......... .099 s 12 7 D e e
F Corn meal substituted, gm.........|.......... 25 gm. 30 gm 30 gm
G Prod. energy of quantity of corn meal
e (e ST S RN, R ST .544 .652 .652
H Prod. energy of casein and corn meal
substituted (Line E plusline G)...|.......... .643 1 aE e e
I Quantity of feed substituted (grams).|.......... 30 gm. 50 gm. 30 gm
J Prod. energy of quantity of feed sub-
stituted (Line C plusline H)......|.......... 028 .556 .488
K Prod. energy of 1 gram feed sub-
stituted (Line J divided bylineI)..|.......... .093 1.112 1.626
L Effective digestible nutrients of 1 gm.
fead “(able T3 T mdT il =o .782 .214 .499 .681
M Prod. energy of effect. digest. nut. 5
(Line K divided by line ). . . .... 2.780 .435 2.228 2.390
Relative prod. energy of effect. digest.
nut. with those of corn meal as 100
(Line L divided by 2.780 and
multiphed by 100).%5..000 . 5 i eeis 100 16 80 86
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pared with corn meal were calculated from the digestion experiments
by methods similar to those used for calculating the productive energy,
as described above.

The tentative productive energy of certain feeds, their effective di-
gestible nutrients, the productive energy per gram of effective digestible
nutrients of each feed, and the relative value of the productive energy
of the effective digestible nutrients as compared with that of corn meal
as 100, are given in Table 13.

Table 13. Tentative productive energy of certain feeds

Effective digestible nutrients
Productive
energy Productive
Exp. of feed, Productive energy
No. calories In feed, energy compared
per gram per cent calories with those
per gram of corn
meal as 100
Alfalfa leaf meal
24 G N S L T 0 17.4 0 0
26 B e T e .547 23155 2.328 84
28 BAYRB I . ¢ A s 243 15.0 1.620 58
33 BAGRET, o TS e e .293 14.8 1.980 71
36 BedaBeY - T .093 21.4 .435 16
AVEPRED (D) . a s iy Sinctyiia’s .235 18.4 1.273 46
Average (4) (24 excluded). . e e o e A e ol B s 57
‘Wheat gray shorts
8 ATTBA . .-k RSt 5 .800 45.9 1.744 63
N e e 1.468 48.5 3.037 109
1-66 43898 (Brown)......... 1.093 65.4 1.671 60
33 Ly e e P S 1.326 48.8 2.7 98
36 e R S E 1.112 49.9 2.228 80
Average B, vow s vinn 1.160 77 ke B 2.279 82
Dried buttermilk
22 AGOABN. . 050 os o caie s 1.138 52.9 2.152 77
23 U7 LA RPN B P 1.518 58.5 2.591 93
24 e b Vi e RO .940 64.0 1.469 53
34 O it e e A e 1.148 54.7 - 2.099 76
AVEPAme (4). o vioiion dipid < 1.186 57.5 2.078 75
Cottonseed meal
21 AN i s e e s 1.312 51.1 2.567 92
23 (o3 0 o A SNt T 1.142 48.1 2.374 85
24 {57 B Rl R o Sk 1.200 b1.1 2.348 84
28 549030, - U ik f, .856 40.5 2.114 76
32 BOHAB . N RN 1.014 41.7 2.432 88
Average (D). .. il coeas 1.105 46.5 2.367 85
Tankage
21 T L R SRR 1.156 39.0 2.966 107
23 LT SR A B AR B b e S0 .432 40.1 1.077 39
26 R e S S SR 822 41.8 1.967 1
27 SISV ot ha S s 1.279 45.6 2.805 101
31 R A RN e 889 48.1 1.848 66
30 BROB PN T S STl 779 39.4 1.977 71
35 BABTR N S RS s S 504 48.4 1.041 37
BVETBES (1) vy olsls e islo a1 837 43.2 1.954 70
Casein
11 ARDBT L1 el e SN 1.724 T 2.213 80
12 e S A s S 1.950 83.4 2.338 84
21 BAATO v e s sty 2.178 69.7 3.123 112
22 Lo 1 e e o s 2.004 64.0 3.132 113
36 sy L a e B pe o A 1.626 68.1 2.390 86
Average (8). ol caivsnense 1.896 72.6 2.639 95
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The differences in the values of the same feed compared with corn meal
are greater than are desirable, especially with alfalfa leaf meal. The
errors of the work on the digestion experiments as well as those in
determining the productive energy are all assigned to the productive
energy. It is considered, however, that the average values are approxi-
mately correct. Additional determinations are needed and will be furnished
later.

Calculation of Revised Productive Energy of Corn Meal

The relative productive energy of the feeds compared with corn meal
listed in Table 13 were used to calculate a more nearly correct value of
the productive energy of corn meal. The productive energy of the effective
digestible nutrients of each primary ration for which the productive
energy was ascertained in Bulletin 571 was calculated by the procedure
outlined in Table 14. The percentage each ingredient contributed to the
total of 70.45 per cent of effective digestible nutrients in the primary
ration was calculated. Each of these percentages was multiplied by its
average relative productive energy (Table 13) as compared with corn
meal, and the total gives the productive energy of the effective digestible
nutrients of the primary ration Mixture 14 to be 90.9% of that of corn
meal (Table 14). Similar calculations were made for other primary rations,
Mixtures 18, 22, 23, 24, and 25. The average productive energy of all the pri-
mary rations is 91.0% of that of corn meal. Since the average productive
energy per gram of the effective digestible nutrients of the primary ration
was 2.78 Calories, the effective digestible nutrients of corn meal have a
productive energy of 2.78 divided by 0.91, which is 3.05 calories per gram.

The corrected productive energy of the effective digestible nutrients
of corn meal, therefore, becomes 3.05 calories per gram, instead of the
2.78 calories previously used. (This value was subsequently found to be
a little high as will be seen on a later page.) Since the other feeds are
compared with corn meal as a standard, the use of this revised productive
energy for corn meal makes necessary the revision of the productive
energy values obtained for the other feeds.

Revised Productive Energy Values of Certain Feeds

The productive energy values of all the feeds compared with corn meal
in the work reported in this publication were calculated with use of the
value of 3.05 calories per gram for the effective digestible nutrients for
corn meal and the revised value of 2.14 calories per gram for the casein.
The results for those feeds used in the primary ration are summarized in
Table 15.

A comparison of the revised values in Table 15 with the tentative
values in Table 13 is given in Table 16 and shows that the revised values
are higher for the effective digestible nutrients of the various feeds
compared with those of corn meal. This is particularly noticeable with



Table 14. Calculated productive energy of primary ration No. 14 as compared with corn meal

Relative
Effective Effective Per cent Relative contribution
Lab. . digestible digestible effective value to . of each
No. Name of feed Ingredients nutrients nutrients digestible corn meal ingredient
in feed in mixture nutrients dig. to productive
energy
33918 | Nellow eornt Ieal. o, 5\ vootoricanvboiesyenss 51.0 82.62 42.14 59.8 1.00 59.80
35673 { Wheat gray shorts........coovicnieiivnsveca, 19.0 60.66 11.53 16.4 .82 13.45
33972 [nDiried BUEEErIlle, 1, o .2 vl di e einiats a s e 10.0 79.42 7.94 11.3 .75 8.48
36875 |- CottonBeedFmealt- . .\ it i v ate v e ee s o e 6.0 70.29 4.22 6.0 .85 b:10
38973; |eAHaIta deal Taeall. oot e isle s s o e e ba 5.0 28.90 1.45 2.0 .46 .92
BETI0 IR ADEREE, vy o 5% 0 v moe s i 05 508 5 as KR gl i s ik 4.0 65.48 2.62 3.7 .70 2.59
SIB03 1 B0RE PREHIRL 3 oxe o s I e e R i e e sk 2.0 27.31 3 .8 .70 .56
33304 {20 yater SREH . Gr . 1% o L o A e e R T AL el o et [ g S el S R s S o 0 0
O T8 o T B £ 1 Sy O L R in o B W D T B R e o ) o S S 0 0
R e e T e e e e T L ot e oy 70.45 0000 e s e 90.90
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Table 15.

Productive energy in terms of feed, effective organic constituents,
and metabolizable energy

effective digestible nutrients,

Productive energy

Effective | Effective | Metabo~ Effective | Effective | Rank with| In per-
Name and laboratory Exp. Per cent organic | digestible lizable Total organic digestible | effective centage
number of feed No. of ration con- nutrients energy feed con- nutrients | digestible | of metab-
stituents | per cent Cal. per Cal. per | stituents Cal. per | nutrients | olizable
per cent 100 gm. 100 gm. Cal. per 100 gm. of corn energy
100 gm. meal as 100
Alfalfa leaf meal
IR L e 24 25 64.9 17 .4 73 18 28 106 35 25
BARSH .S S 26 30 67.0 23.5 99 76 112 320 105 76
OSSRy oA ey 28 30 67.0 15.0 63 45 67 302 99 71
Lo R L R e X T 32 30 67.0 14.8 62 50 75 338 111 81
56438.... .. 36 30 72.9 21.4 90 29 40 137 45 32
ANETRTE 118 5 R 67.8 18.4 7 43 64 241 79 57
90.6 52.9 222 135 149 256 84 61
90.6 58.5 246 171 189 293 96 70
90.6 64.0 269 114 126 178 58 42
90.6 54.7 230 135 149 246 81 59
90.6 57.5 242 139 153 243 80 58
87.2 7.9 327 195 224 250 82 60
87.7 83.4 350 216 246 259 85 62
88.2 69.7 293 239 271 344 113 82
88.2 64.0 269 222 252 347 114 83
87.4 68.1 286 196 224 288 94 69
87.7 72.6 305 214 243 298 98 71
91.0 80.1 336 244 268 305 100 73
92.7 81.3 341 248 268 305 100 73
92.7 81.3 341 248 268 305 100 73
92.6 81.3 341 248 268 305 100 73
90.5 79.7 335 243 269 305 100 73
90.9 79.9 336 244 268 305 100 73
90.9 79.9 336 244 268 305 100 73
90.1 79.3 333 242 269 305 100 73
90.0 79.0 332 241 268 305 100 73
90.1 79.3 333 242 268 305 100 73
90.8 79.7 335 243 268 305 100 73
91.9 80.9 340 247 269 305 100 73
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Table 15.

and metabolizable energy—Continued

Productive energy in terms of feed, effective organic constituents, effective digestible nutrients,

Productive energy

Effective | Effective | Metabo- Effective | Effective | Rank with| In per-
Name and laboratory Exp. Per cent organic | digestible lizable Total organic | digestible | effective centage
number of feed No. of ration con- nutrients energy feed con- nutrients | digestible | of metab-
stituents | per cent Cal. per Cal. per | stituents Cal. per | nutrients | olizabie
per cent 100 gm. 100 gm. Cal. per 100 gm. of corn energy
100 gm. meal as 100
Corn meal—Cont.
0 S A ey SRl S & R 93.2 82.2 345 251 269 305 100 73
BBORRE e e SR ]S R b 92.0 81.0 340 247 268 305 100 73
g R e e Byl ca Ty B G, 91.2 80.4 338 245 269 305 100 72
BRBEE STl R ) U R R 90.6 79.8 335 243 268 305 100 73
1 e e e - gty e, 90.5 79.7 3356 243 269 305 100 73
DRI o e i L L 91.3 80.4 338 245 268 305 100 73
BBASE T s BON N R ST 88.8 78.2 328 239 269 305 100 73
Ao (D). b s o ot wasat e e 91.1 80.2 337 245 268 305 100 73
Cottonseed meal
L e R ey 21 50 87.4 51.1 215 153 175 299 98 7
R e A R 23 43 87.4 48.1 202 134 153 278 91 66
BAPEDE. FrNA LS 24 43 86.5 51.1 215 139 161 273 89 65
54003, . ... e 28 43 83.2 40.5 170 105 126 260 85 62
DO T e 32 43 84.6 4177 175 121 143 290 95 69
L G WG MRS Lot I nes i M e 85.8 46.5 195 130 152 280 92 67
Tankage
SARRRL. VI RS 21 50 86.3 39.0 164 137 159 352 115 84
5 T o RS 23 28 86.3 40.1 168 61 71 153 50 36
IR T v 26 32 86.3 41.8 176 101 117 241 79 57
DANTD o AT 27 29 76.5 45.6 192 146 191 321 105 76
SO08H= R T 30 29 81.1 39.4 165 97 120 245 80 59
(77 b5 p e el o 3 31 28 76.5 48.1 202 108 141 224 73 53
DABT BN T 35 28 76.5 48 .4 203 69 90 142 46 34
Ty ] o e e (A T 81.4 43.2 181 103 127 240 78 57
Whe 1t gray shorts
SRR s 1-66 40 83.5 65.4 275 131 157 200 66 48
Y7L S R e R 8 50 83.4 45.9 193 102 122 222 73 53
ATTOR - <ol wriors 9 50 83.4 48.3 203 169 203 350 115 83
DORGZ e T 33 50 84 .4 48.8 205 154 182 316 104 75
BBOTT sl oiten s ofaseials 36 50 85.7 49.9 210 131 153 262 86 62
SRR TR e M LS el | el et 84 .1 51.7 217 137 163 270 89 64
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alfalfa leaf meal, with which, for example, in Experiment 24 the pre-
liminary relative value of 0 was changed to 35, and in Experiment 36,
the preliminary value of 16 is changed to 45. The explanation for the
increase is that when the feed is substituted for corn meal, the higher
revised productive energy of the corn meal gives a higher revised value
to the same quantity of feed substituted. Since the percentage of effective

Table 16. Average tentative and corrected productive energy of digestible nutrients and
their standard deviations, standard errors, and percentile errors

Prod.
energy per | Standard | Standard | Standard
Number 100 gm. | deviation error error
of tests Cal. Cal. Cal. per cent

Alfalfa leaf meal.

EntabIve RG] o S f kg 8 127 101 45 35

Gorreetadn v s LS 5 241 110 49 21
Buttermilk, dried.

Renlgtiverqn il Jrbodgndiens 4 208 46 23 11

Corrected . v ot wiretan v v vs v 4 243 48 24 10
Casein.

T entative’ i et s ains)cas piee 5 264 43 19 7

Carreeted. . .n d 5. 5 298 46 20 7
Cottonseed meal.

Tentative. - - il o, 5 236 17 i 3

Corrected s 2t ! oo idien 5 280 15 6 3
Tankage.

SRRt RTIVE I T 2 195 75 28 14

LT g s g D TR RO, T 7 240 78 29 11
Wheat gray shorts.

eRtREINe L o L onl e s 5 228 60 26 ¥

Corrested]y .0 1 aha 2 iwie 5 270 63 28 10

Table 17. Average constituents and productive energy of certain feeds

Alfalfa | Butter- Corn | Cotton- Wheat
leaf milk, Casein meal seed |Tankage ray
meal dried (stand- meal shorts

ard)

Number of tests. ........ 5 4 BN e 5 b 5
Effective organic constit-

uents, per.cent...; 61.8 90.6 87.7 91.1 85.8 81.4 84.1
Effective digestible nutri-

ents, per cent....... 18.4 5755 72.6 80.2 46.5 43.2 51.7
Metabolizable energy,

cal. per 100 gm....... 77 242 305 337 195 181 217

Productive energy
Total feed, cal. per 100 gm. 43 139 214 245 130 103 137
Effective organic constit-

uents, cal. per 100 gm. 64 153 243 268 152 127 163
Effective digestible nutri-

ents, cal. per 100 gm.. 241 243 298 305 280 240 270
Rank with effective digest-

ible nutrients of corn

meal as 100. . ....... 79 80 98 100 92 78 89
In percentage of metabo-

lizable energy....... 57 58 71 73 67 57 64
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digestible nutrients of the feed substituted remains the same, and is lower
than those for corn meal, the productive energy of the effective digestible
nutrients becomes proportionately larger compared with that of corn meal.
Greater increases in relative value thus occur with feed of low digestibility,
namely, the alfalfa leaf meal, while the increase is not great with feeds
whose effective digestible nutrients are not widely different from those
of corn meal. There is little difference in the standard deviation and
standard error of the tentative and of the revised values for productive
energy of any of the feeds except alfalfa leaf meal. On account of the
higher revised productive energy, the percentage of error is lower.

When the productive energy of the primary ration is recalculated with
the new values compared to corn meal given in Table 16, but otherwise
using the same procedure, the value relative to corn meal is 90 instead
of 91. Use of this new figure would give a revised productive energy of
corn meal of 3.01 instead of 3.05 calories per gram of effective digestible
nutrients. The value rounded off to 3.00 will be used in subsequent work.
The corresponding productive energy per gram of corn meal would be
2.40 and for the effective organic constituents it would be 2.63.

The productive energy values are summarized in Table 17 for the feed,
the effective organic constituents, the effective digestible nutrients, and
the metabolizable energy. The standard deviation and error are also given
in Table 18.

Table 18. Standard deviation and standard error of productive energy of the feed, the
effective organic constituents, and the metabolizable energy

Alfalfa | Butter- Cotton- Wheat
leaf milk, Casein seed |Tankage ray
meal dried meal shorts

Number of tests. . ..., kil hag 5 4 5 5 7 5
Total feed
Prod. energy per 100 gm., Cal...... 43 139 214 130 103 137
Standard deviation, Cal........... 22 24 19 18 32 26
Standard error, Cal............... 10 12 8 8 12 12
Standard error, per cent.......... 21 8 4 6 12 8
Effective organic constituents
Prod. energy per 100 gm., Cal...... 64 153 243 152 127 163
Standard deviation, Cal........... 33 26 20 19 41 31
Standard exiory Cal.. soc. . olaaad. 15 13 9 8 15 14
Standard error, percent........... 24 9 4 5 12 8
In percentage of metabolizable
energy
Prod. energy per 100 gm_, Cal...... 97 58 i) 67 57 64
Standard deviation, Cal........... 26 12 i | 4 19 15
Standa¥dierror, Cal. . e T 12 6 {5 2 7 6
Standard error, percent........... 21 10 7 < 10




PRODUCTIVE ENERGY BY GROWING CHICKENS 35

Effect of High Protein Content

In some of the experiments, a high protein feed replaced corn meal,
with a resulting high protein content of the ration. In most of the ex-
periments in which high protein feeds were used, these feeds replaced
corn meal and casein in such a way that the protein content of the rations
remained around 30 per cent. A high protein content of the rations did
not, however, appear to decrease the utilization of the energy of the
ration. When casein replaced 50% corn meal (Table 16) it had a higher
productive energy than when only 30 to 38% of corn meal was replaced.
Cottonseed meal and tankage replacing 50% corn meal had higher pro-
ductive energy values than when the protein was lower. The evidence
indicates that a high protein content of the ration does not interfere
with the utilization of the energy of the ration. It has other effects,
however, since high protein in the ration produces chickens with a low
fat content, as can be seen from the data in Table 7.

Productive Energy of Other Feeds

The productive energy of some other feeds was determined in the ex-
periments here reported, in addition to those discussed in the preceding
pages, and the results are given in Table 19. The data for corn meal are
based on the value of 3.05 calories per gram of effective digestible con-
stituents and not on the comparisons, since corn meal is itself the standard.

Additional experiments are being made on other samples of the same
kinds of feeds as are listed in Table 19 and their productive energy will
be discussed more fully when the additional data are reported.

Delinted cottonseed hulls and oat hulls had no productive energy. The
productive energy of cottonseed oil was lower than could be expected.
The digestible constituents of corn bran, corn gluten meal, and cotton-
seed flour had a productive energy equal to that of corn meal.

Utilization of Protein in the Rations

Analyses of the chicks, of the rations, and the digestion experiments
furnished data as to the retention of digestible protein by the chicks.
These data are summarized in Table 20.

The highest retention of the digestible protein is usually with the corn
meal ration containing about 20 per cent protein, in which retention was
50 to 56 per cent. With corn meal rations containing above 30 per cent
protein, the retention was about 40 per cent. The lowest retention of
digestible protein was with the high-protein rations containing casein,
in Exp. 11, 12, 21, 22, and 36, in which the retention was 21 to 26 per
cent. In spite of this low retention of protein, however, the casein had a
high productive energy, as shown in Table 15. The next lowest retention,



Table 19. Productive energy as determined for certain feeds

9¢

Productive energy
Effective | Effective | Metabo- Effective | Effective | Rank with| In per-
Labora- : organic digestible lizable Total organic | digestible | effective centage
tory Name of ration Exp. con- nutrients energy feed con- nutrients | digestible | of metab-
number No. stituents | per cent | Cal. per | Cal. per | stituents | Cal. per | nutrients | olizable
of feed per cent 100 gm. 100 gm. | Cal. per | 100 gm. of corn energy
100 gm. meal as 100
48706 I =CornUBran., s it el 9 84.8 35.7 150 121 143 340 111 81
55120 | Corn gluten feed........ 31 76.5 32.4 136 94 123 291 96 69
55121 | Corn gluten meal....... 30 84.8 53.9 226 170 200 315 103 75
54679 | Cottonseed flour........ 27 94.6 63.7 226 247 261 459 151 109
54679 | Cottonseed flour........ 34 94.6 52.1 219 172 182 330 108 -79
54860 Delinted cottonseed hulls 33 47.6 —3.8 —16 1 2 0 0 0
48436 | Flour, low grade........ 8 88.4 69.2 291 197 223 284 93 68
48435 | Flour, patent........... 8 87.1 78.7 331 205 235 260 85 62
54872 | Meat and bone scraps. . .. 27 71.5 39.8 167 136 190 343 112 81
55082 Meat and bone scraps. ... 30 73.0 45.6 192 146 200 320 105 76
54872 | Meat and bone scraps. ... 85 71.5 33.7 142 81 113 239 78 57
54664 | Meat meal............. 26 73.0 45.8 192 171 234 374 123 89
54664 | Meat meal............. 28 73.0 42.6 179 114 156 267 88 64
54664 | Meatmeal.............. 32 73.0 35.8 150 84 115 235 77 56
56047 | Milk, dried skim........ 34 87.1 50.4 212 95 109 188 62 45
43890 [ INIO. LR A 1-66 89.4 83.8 352 219 241 258 84 62
o5505 - Oatvhualiss . oo s s 33 56.0 —1.8 —8 15 27 0 0 0
43895 - Oat-anedl.. .. ... oy ilas 1-66 93.6 89.0 374 213 228 240 79 57
49095 | Cottonseed oil, Wesson. .. 11 225.0 186.5 783 367 163 197 65 47
49095 | Cottonseed oil, Wesson. .. 12 225.0 210.3 883 438 195 208 68 50
54798 | Peanut meal............ 35 84.9 52.9 222 127 150 240 79 57
54665 | Soybean oil meal........ 31 80.0 39.5 166 119 149 302 99 72
49094 | Stareh ...t 0o nn e ey 11 87.7 86.7 364 217 247 251 82 60
AD00L ot SERYeRS . i, o ine e 12 87.7 81.9 344 194 222 237 78 56
48741 | Wheat bran............ 9 79.3 36.8 155 94 119 254 83 61
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Table 20. Protein gained by chicks and eaten in rations

In chicks In rations Digestible
. Number retained
Number of experiment and name of ration averaged At . . . by chicks,
beginning | At end Gain Total Digestible | per cent
gm. gm. gm. gm. gm.
Experiment 1-66
Corairienl rabion. PR ARSI T L il el e Sl e A 3 12:72 43 .82 31.10 91.26 60.72 51
COPIETRENL PRETODE BBBaATE 7 - oo se bl v o 85600 mab tes o 2 12.24 38.90 26.66 99.15 65.97 40
OatHie Rl ratioms OB IAVET 11 i\ i S aipe s wooiems et s 3 12.72 42 .88 30.16 106.31 68.87 44
OatieaE PRUONIEE AVE. . . iy o wraiviaiosonc st ofod v a ¥ 12.74 36.73 23.99 110.23 71.41 34
Wheat gray shorts ration, 28 HOVEE e, 58 v Bl Dl 4 3 12.48 36.43 23.95 108.27 69.35 35
Wheat gray shortsration, 35days. ................... 2 11.96 29.87 17.91 112.63 72.14 25
o D T T T P e e C e T A 3 12.65 40.71 28.06 96.69 63.43 44
1% B L N Top I U e S ek O N e, S St B 2 12.26 39.51 27.26 105.05 68.92 40
Experiment 8
L S W P e e R NS R R e 6 10.67 41.32 30.66 65.58 52.36 59
EatentionE PR ETon S AeIe Tl s oD 27 i B s A 6 10.51 39.67 29.15 71.66 57.08 51
oW Rrade HOMPEAtION (L. [ i, i i v s oss we siel g w5 5 4 i 6 10.56 40.46 29.91 74 .47 58.22 51
WVBORE B AROMER RABION. . . . oo v s ioeivvinie s 5 0m 666 5 5 b 6 10.65 40.79 30.14 99.33 74.45 40
Experiment 9
T e T T S e I A ottt X S S B 5 9.95 44.78 34.83 73.62 61.56 57
ORI RION 1 Dl o L e s e e Ty 6 10.08 47.41 37.33 97.72 72.50 51
Wheat gray ERORER FREIOR VL0 0 L S ol L 6 10.16 46.33 36.17 96.35 73.23 49
T e e s e SN ] S R e 6 10.12 41.76 31.64 113.23 82.15 39
Experiment 11
T T e B SR Wbt O W e 6 11.33 43,33 31.99 71.87 56.96 56
T T A e LR S e ey e e S, 6 11.41 32.97 21.56 108.31 90.28 24
wri o £ 0 SRR R R e B e i S S R 6 11.48 31.45 19.97 47.62 38.26 52
L e G e S S MR Sl ey ey U i e 6 11.43 32.17 20.74 49.08 38.67 54
Experiment 12
I R SRR RN ERTION, . 2o Pl 5 e ol nnt vk e ies o e 6 10.22 39.11 28.89 61.82 49.63 58
e e 6 10.31 33.60 23.28 105.16 90.99 26
LS AT et sl R b CNCRNC MY T O TSE R <. 6 10.24 26.29 16.05 40.35 31.58 51
I SR G BTN SOOI ot o0, o i i B Ll R T b XA 6 10.22 29.23 19.01 44 .57 36.54 52
Experiment 21
LD TRBAL BRRION 2 ki i R e e S AT s e e 6 10.32 42.73 32.41 75.71 59.68 54
LT AT DR e R S et S B S S 5 10.49 36.33 25.83 142.40 115.79 22
Cottonseed eal FAtION. .. . o coie e o oo enomn o soinis e 6 10.38 44 .22 33.84 152.58 115.71 29
PODEARE TALION .o« x < aie o luii wisisios vial i eals,e s etnat o b pleltaty 5 10.47 36.74 26.85 162.01 75.35 36
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Table 20. Protein gained by chicks and eaten in rations—Continued

In chicks In rations Digestible
Number retained
Number of experiment and name of ration averaged At g by chicks,
beginning | At end Gain Total Digestible | per cent
gm. gm. gm. gm. gm.
Experiment 22
Corn meal ration 6 8.77 39.81 31.04 72.00 54.94 56
Casein ration. ....... : 5 8.75 32.33 23.58 136.64 109.00 22
Dried buttermilk ration 5 8.91 29.47 20.56 93.24 62.95 33
Experiment 23 !
COPRINEALEAEION s i o5 o - 3iss 56 s otn b 5, s e a e s S St oy 6 9.83 46 .82 36.99 108.89 86.42 43
Dried buttermilk ration. 6 9.94 46.99 37.05 110.91 80.79 46
Cottonseed meal ration 5 9.79 40.54 30.75 117.04 85.99 36
ORI RS A, L e vl o e SR e 6 9.87 35.35 25.48 107.40 58.82 43
Experiment 24
COrNRNBAIERtION . 0 ol R L i s S 5 f e s SReLe e e 6 7.59 40.03 32.43 91.25 71.06 46
Cottonseed meal ration 4 i) 39.35 31.64 114.95 84.16 38
Dried buttermilk ration. X 5 T i3] 36.08 28.33 93.03 69.06 41
AlaHENeaORNTAMION v, . e s i o U8 e s st ls vt st oTain s oy 4 7.92 25.20 17.27 79.55 57.78 30
Experiment 26
COrIMCABEHRION . 5. n s e v e.s o riols 5 ol e ebetse ey s v aese o e o7 6 9.24 42 .50 33.26 105.97 86.47 38
Tankage ration. 5 9.37 34.68 20,31 105.24 56.66 45
Meat meal ration. . . .. 5 6 9.28 42 .51 33.24 112.90 73.88 45
A Al AT ReR BERTIoON | 1. &0 O T e e s akeive 6 9.28 36.08 26.80 111.96 79.98 34
Experiment 27
Corn meal ration. : 6 8.01 37.86 29 .85 92.06 1572 39
Meat and bone meal ration. 6 8.17 33.74 25.57 96.77 63.77 40
Tankage ration 6 8.08 33.87 25.79 94 .21 64.94 40
Cottonseed flour ration 5 8.27 41.52 33.25 97 .36 72.95 46
Experiment 28
T e R R U 6 8.54 44 .97 36.44 97.95 81.35 45
Cottonseed meal ratio 6 8.53 38.21 29.69 106.37 80.19 37
Meat meal ration. . . .. 4 8.61 37.16 28.56 99.01 66.31 43
Alfalfa leaf meal ration........ 4 8.29 36.47 28.17 108.69 77.78 36
Experiment 30
COPDY TOBRILBREYONNS vk o0 +1s s o a1550y Vx s7a wbska s s sily 37 40 3-orvbabe 6 8.76 35.78 27.02 83.01 67.83 40
Y (o L oGP L ani s e A N e 5 8.88 28 .89 20.01 87.60 54.08 37
Meatand'bone meal TAION . . ., «s ix v ssiels ajsie s s sins sige®s 4 8.90 33.90 25.01 94.75 62.39 40
GOPR BRI ONEIEBATTRLION 75 v v ie (210 o 0s 5 0 Bv ey ars e)e &30 0816 6 8.92 37.80 28.88 97.01 75.69 38
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Experiment 31

(a3 0 s Aachna) s (Al VR S O C R Nt e o il ot i -
Corniglhuten fandiTation i, «o o v % o dF o 50 e e T
FRamtkagetEationie it 5 SOV S widh, b S AT e o et e s
Sovheantorl meal Pation, . 1r o i Nel Sl S i i ot v e sk ki s

Experiment 32

KORRERCRIIT QAN o5 ) 4 oo o rEh e S s s e s e o e s o
Ciottonsdedimealiration s . o\ (o iaie a3 o sierets s o e
Mot eaBRATION 55, 4 4l ST 0 L faie oie oin o0 e alodp » e o'ar s
Alfalta el Al PatIon 328, 1A 50t ko by o e s B o

Experiment 33

ORISR HTabOnY. &2 rm el L e e e e s
Wheat ety  BHOLISTation, s . % il s e At e e ehesed ot
Cottongeads MULIS: PARION : 0% o 575 55 5 e hlnis et < oct s aree
Ot TRUILS T aTROTIR: X 5% s e i s Wohim e o it e in o b s

Experiment 34

COrD T G I P QTN o, 85 5 L i s oy ol e ml R s xR g
Drisdebuttermil i ERtion . (o oL L e
IDrfed ety MU TR EION iy e S5 el 5 e ebRte ytoLit b s
GOLton seed  fIORUBVEALION, f o0 i A i S bibts ek 0o o o ali

Experiment 35

EorHantegl ration: 2 L e Y R e e
ARE T Y T O B e e S I B SIS s e
Meatand bone meal ration., b sl o sl s van o ety
Peanutanealration . 0 oo S e e e

Experiment 36
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28 to 30 per cent, was with the rations containing cottonseed hulls and
oat hulls, rations of low energy value. Low retention of protein also
occurred with the alfalfa leaf meal rations.

The utilization of protein will be discussed more fully in a subsequent
publication.
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Summary

The gains of fat and flesh by young growing chickens during a period
of 3  weeks on a standard ration containing corn meal were compared
with the gains made by similar chickens at the same time and under the
same conditions fed on similar rations in which other feeds were sub-
stituted for corn meal or corn meal and casein.

The gains were ascertained by chemical analyses of representative
chickens at the beginning of the experiment, and of those on experiment
at the end. The values of the feeds tested for producing gains of flesh
and fat were expressed in.Calories and termed the productive energy. A
preliminary calculation of the productive energy of the feeds tested rela-
tive to that of corn meal enabled the productive energy of the corn meal
to be calculated from the results of a preceding set of experiments in
which the productive energy of a mixed ration was determined.

The productive energy of corn meal finally decided upon was 3.00 Calories
per gram of effective digestible constituents, 2.40 Calories per gram of
corn meal and 2.63 Calories per gram of effective organic constituents.

- The average productive energy of the feeds studied was alfalfa leaf
meal 241 Calories per 100 grams of effective digestible nutrients, dried
buttermilk 243 Calories, casein 298 Calories, corn meal 300 Calories, cot-
tonseed meal 280 Calories, tankage 240 Calories and wheat gray shorts
270 Calories.

The productive energy of the effective organic constituents and of the
metabolizable energy are also given.

The productive energy values of a few other feeds are given.

A high protein content of the ration does not seem to affect the
utilization of the energy of the ration by the chick.

The utilization of protein in the ration by chicks is discussed briefly.
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