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PROTEIN CHICE RATIONS
TIRODUCTION

he prineiple ilugredients of poultry wations aro the coumon cereal
graing, Yhese cercal gralns arc defficient in onc or nore of the cssone
tial anino acids as woll as cortain mineral and witanin esmponents.

Therefore, 1% has been shoum necessary to supplement all ceveal votions

it adegquate growth and dewelognent is to be insuwed,

Various proteln concentraies aro used Yo supplemond the cereal gralns.
The anlwal »nrotein supplements comonly used ays by-products of the fishe
ing industry, of the paching house, and of the doiry imdustry, Plant

proteing used inelude soybean nmaal wh meal, and cottonseed woal,

Since the baslc proteln requiremend is an adsgqueie intale of the
various cssential anino acids plus an aacanbt of aitrogesn to mainbtain nitro-

%
L

zan equilibriun, a conbinatiosn of plant and animal protein has long bsen
congldered an acceptable sourec of protein, The anomat and kind of plant
and animal protein svpplements used are depondent upon the principle ine

grediento of the ratlon aad the age of the chicks as well as such econoale

fastors as eont and aweilability.

4 good poultry ration is considered one which of iis tolal protein,
sbout one fourth is from animal sources, Early in 1942, wartime shortages
of animal protein became critical, Since there was an abundance of soy-
beans, soybean oil meal eame into widespread use as 2 high protein supple-
ment for chick starting and growing rations., These inadequate supplies

of animal protein for use as feedstulfs have only been partially



responsible for the trend toward using larger quentities of vegetable protein
in poultry rations. The availability of such materials as synthetic ribo-
flavin and fermentation by-products has made the need for milk by-products
and other animal proteins, as carriers of the knowm vitamins,'less demanding.
It is advoeated by many workers that it is now possible to prepare adequate
poulbry rations using only vegetable protein supplements and mineral and ‘
vitamin supplements In place of énimal protein supplements., Beeause
vegetable protein supplements are generélly cheaper than animal proteins,

use of all vegetable rations has an effect on economical production.

However, many Iinvestigators hawve éhown that rations for chickens

' containing only materials of vegetable origin are inferior for growth,

egg laying, and hatehability of the eggs produced than those containing
supplements of animal probsins, It has not been possible to fully explain
these inadequacies on the basis of the amino acld composition, The pro-
tein of soybean oil meal, for example, is of high biologie value., Hixed
poultry rations containing only materials of vegetable origin can be nmade
walch closely approximate the essential amino aeid requirement of the
chick, Supplementation of such rations with concentrates of various
natural materials at levels providing only a very small amount of additional
protein has been shown to result in greatly enhanced rates of growth in
young chicks and in improved hatchability of eggs produced by mature

£ owls .



REVIEY OF LITERATURE

Hammond and ‘Z‘i’tusl found that 357 soybean oil uneal was required in a
diet sdequately supplemented with minerals and vitamins to support rapid
growth in chicks, Sardine meal at s level of 27 improved this soybesn oil
meal diet to the extent that it was superior %o a high guality positive
eontrol diet containing meal serap and dried skim milk, Berry et &1432
found that rations combaining 327 soybean oil meal vesulted in & decreased
rate of growth when compared with rations contalning 207 soybean oil meal,
124 corn gluten mesl, and 3% meat and bone scrap. Brant and Carverd found
that when soybean oll meal was ineluded in the ration 23 the sole source
of protein, the growth of the chicks was slower, and the efficlency of ration

utilization less than when fish meal or meat scrap was added to the ratiom,

It was also reported by Wilsus and Zander® that soybear; o1l meal used
as sole source of prolein supplensni did not produce satisfactory growth.
With as 1ittle as 1,257 of meat and bone serap added to the ration, however,
groubth wag improved., Addition of 2.5" of menl and bone serap produced

optimum rotes of gain,

1mmmw,%mm”amuwww.mmmﬂmememswmmeuwml
in the Diet of Growing Chicks." Poultry Selence, 23 {Jamary, 1944),
49=57,

2 Berry, B. P., C. Y, Carrick, Roy E. Roberts and 8, L !Buge,
"Supplementary Effect of Corn Gluten Heal with Soybean 01l Meal™, Ponlbry
Seience, 25 (Septezber, 1946), £493-500.

3 Brant, A, Y., and J. 8, Carver, "From One Day of Aze Through the
Pirst Laying Year on Rations Qontaining Soybean 01l Meal as a Protein
Supplement”., Poultry Seiemce, 26 (Havembar, 1947}, 593-603,

4 Wilgus, H, S. Ir., and D. V. Zander, “The Cuantity of iniml Proteln
required to supplement Soybean Uil Meel for Growth," Poultry Seience, 24
(Janvary, 1945), Al=iS.
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Houser et %05 found that soybean oil meal as the only source of sup-
plementary protein produced heavier chlcks at eight weeks than rations
supplemented with pearut or wheal gera meal, which in turr was belier than
cottonseed mecl or corn gluben meal, Inelusion of 3% fish msal in emch
ration resulted in improvement in every case. These workers corncluded that
the effoct of the animal protein was additive rather than suprlemenbary and

that the growlth response was not due chlefly to amino aeids,

Many workers have found that supplementation of all vegetable rations
with known factors of the B-complex will improve but not completely correct
the deficlencies of the diet. In contrast to most workers, ifishler et g_l_,.é
reported that a corn and soybean oil meal ration appeared to supply adequate
biotin, inositol, para-amino bensole acid; and vitanmins ¥ and X, Good growth
of chicks was obtained when 2 55% corn and 402 é.oyb'ean 01l meal ration was
| supplenmented with riboflavin, pantothenic aecid, nicotinic acid, pyridoxine,
vitaming 4 and D, and minerals, rom these studles, the workers conzluded

that animal protein supplements were not essential for zood chick growth.

Patton et al.” found, however, that on a dist composed largely of
growwd corn, soybean oil meal, minerals, and adequately supplied with

known vitanins, chicks did need a supplement for meximum growth,

5 Heuser, G, P., L. C. Horris, end J, MeGinnis, "Vegetable Protein
Coneentrates Fed Alone and in Combination With Soybean 01l Meal and Fish
Meal as the Chief Supplementary Protein in Chick Starting Eations,®
Poultry Science, 25 (March, 1946), 130~136,

© wishler, D, H., C. W. Carrick, Roy F. Roberts, and S. M. Hauge,
"Synthetic and Natural Vitanin Supplements for Corn and Soybean 011 Meal
Chick Rstlons.® Poultry Selence, 25 (September, 1946) 479-485.

7 Patton, A. R., J. P. Marvel, i, G. Petering, ard J, Waddell, ¥The
Butritional Significance of Animal Protein Supplements in the Diet of the
Shiek,® Jour. Fubtrition, 31 (April, 1046) 485-495.
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molasses butyl fermentation solubles, vitamins A and D, and mineral supple=-
ments., The growth stimulus of this ration slightly exceeded that obtained
by a diet supplemented with 4% fish meal,

lmk,ﬂngu,mdmrriakumm.dﬁmauﬂuatfudm.mr-
iments that distillers dried solubles and condensed fish solubles contain an
unidentified growth factor or factors which is necessary for chick growth,

Craven et al.)> report that a diet of yellow corn, wheat by-products,
meat serap, soybean oll meal, minerals, riboflavin, and fish oils was an
unsatisfactory diet for growing chicks, Addition of 5% alfalfa leaf meal
falled to significantly improve growth., There was only a slight improve-
ment when 5% dried skim milk was added. Addition of condensed fish press
water or ground fish viscera proved to be highly effective in supplementing
the basal rations. A combination of dried skim milk and condensed fish
press water resulted in the greatest growth stimulus,

Several workers have reported the effectiveness of cow manure added
to an all vegetable ration for chicks, Hammondl4 in 1942 reported that cow
manure had a marked beneficial effect on chick growth, Whitson et a1,13

12 Novak, A, F., S. M, Hauge, and C, W, Carrick, "An Unidentified
Growth Factor in Distillers' Dried Solubles Essential for the Chick,"
Poultry Science, 26 (November, 1947), 604-609.

13 cravens, W. W., W. H, McGibbon, and J, G. Halpin, "The Value of
Certain Supplements in Practical Chick Rations Containing Adequate Ribow
flavin." Poultry Sclence, 24 (July, 1945), 305-309.

1% gammond, J. C., "Cow Manure as a Source of Certain Vitamins for
Growing Chicks.® Poultry Science, 21 (November, 1942), 554~559.

13 ynitson, D., J. C. Hammond, H, W. Titus, and H, R, Bird, "The
Use of Soybean Meal in the Diet of Growing Chieks," II "The Effect of
Different Grains." Poultry Science, 24 (September, 1945), 408-416,
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found that cow mamure exerted a growth stimulus when added to a ration of
corn and soybean oil meal with vitamin and mineral supplements, Feeding
experiments conducted by these investigators indicate that the growth pro=-
moting factor is not one of the known vitamins, Rubin and Birdl® have
reported that the chick growth factor in ecow manure is not identical with
the previously described factors, These workers have prepared an ethanol
mm&nmmmthoﬂuunhmthgehhkmm’ﬂ

Rubin, Bird, and Rothehildl® peport that feces of hens added to a corn
and soybean 0il meal diet promoted growth in chicks, This may be due to
intestinal synthesis of an unidentified factor,

Recently, feeding experiments have been carried on using fish solubles
as a source of the growth promoting factor, Graul? found that 5% fish
solubles added to a diet composed of soybean oil meal, alfelfa, minersl
and vitamin supplements greatly stimmlated the growth of chicks. The
effect of the fish solubles did not appear to be due to the protein content,
lassen and Bacon?0 found that as high as 12 or 13% fish selubles could be
added to the ration with good results,

16 Rubin, Mex, and H, R, Bird, "A Chick Growth Factor in Cow Mamure.
I. Its Non-identity With Chiek Growth Factors Previously Described."
Jour. Biologicel Ghen., 163 (1946), 387-392.

17 Rubin, Max, and H. R. Bird, "Chick Growth Factor in Cow Manure,
II. The Preparation of Concentrates and the Propertles of the Factor."

Jour. Biological Chem., 163 (1946), 393-400.

18 pubin, Max, H, R, Bird and Irving Rothehild, "A Growth Promoting
Wmmumm«mw Poultry Seience, 25 (September,
1946), 526-528.

19 grau, C. R., "Fish Solubles for Peeding Poultry." Flour and Feed,
‘7 (m. 1946)’ ‘60

20 1assen, Sven, and E, Kyle Bacon, "The Use of Condensed Fish Solu~-
bles in Poultry Nutrition." Poultry Seience, 25 (1946) 486~491.
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far corn ond soybeon ol t & lewel of 35% sovhean

il menl, 597 coran, 1.5 Qish o and vitenins
showed best growbh, When a basal ration wen supplesented with fish golubles
ant riboflevin, and compared with one supnlemernted uibh 4 synthelie vitaning
and methionine withoub fizh solubless the resuniis zave a hizhly significant

diffaronce in favor of fish soluhles and riboflinvin,

Hiichiolsy; Robblee, Cravens, sad z%’&.vehje;_@g report tint an otlanol ine
soluble fraction of f£ish solubles added to & basal ration at a level equive
alont o 3% Dish solubles resulted in & disbinel zrowth response. These
workers also found List tie addition of 0% ce, of retlceulogen, an antie
pernicions anenie faotor, resulted in & growbh responss equal Lo that of

a ration containing fish solubles.

5

Thess workers aldo m;;:;z'i?*B Phat the wnddentified factor sxeris o
geogta shisalus not only with diets composed of plant protein bub with
purilicd dicts sz well. This grouth response is used as a method of bloe
ascay in the fractionation of the unidentificd factor or Dactors im fisa
solubles, They further report that tho active fretor in fish solubles is
inzoluble in 959 ethanol, acetons, or ethor; solubls in weter and 70 nethanol,

vhe higher the concembration of alechol, the less soluble the facbor is.

21 wishler, D, H., G. ¥, Carrick, and S. 4. Hauge, "Condensed Fish
Solubles as a Supplement for Corp and Soybean 0il Meal Chick Rations.”
Poultry Sclence, 26 {Ssptesher, W7 550051 (sbhatract).

22 Hishol, G, fes 5o B. Robbloe, V. W, Orevoss, O. A Tlvelijom, and
TActivity of Ambiw-persiicises Anemia Preparations in Ohieks., Jour. Blol.
Shen. , 170 {Soptesber, 1057} 419-470.

23 ngiblen, 2. Ty Cu L. Pichols, U, ¥, Grovens, G, A. Plvehjen, and
J. G. Aalpin, "Studies on an Unidentified Growth Factor in Fish Solubles.®

e . F T P, N 5 1% i o T U0 R RPN
Poultoy Science 26, {(Seplembor, TOLT Y, 553 {shetraab).
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Medinnie, Stevens, and (roves?d state thot the wnidentified factor in
liver is destroyed by oxidation, that it is soluble in woter snd insoluble
in acebono, Dareo failed to abporbe ik ab pil of §, 4, 3, 2, and the aclive
fraetior is dialyzable through 2 cellophane aewbrans, They found thot
methionine added to a chick basal rotion didn't replace the factor, bubt

gave addltional growth response,

HeGimmis apd Carver~d showed that the chicks reguirenent for the vn-
fdentified factor 434 nob anwear Lo he dependent upon the nrescnse of cora
or soybean oil meal in the chiek dlat, ‘Eheyzﬁ also state thet the nead for
the factor iz influenced merkedly by the type of diet fed the brosders,

A,

Huen a ration containing o hish leovel of the faecbtor wag fod to vhe hous,

=

need for the factor eould nob he chown in the shisks,

2% MoGinnis, James, Joan M., Stevens, and Kermit Groves, "Stulles on
an Uuidentificd Factor Required for Calck Growbh and Liwability.' poultry
Seience, 25 (Septerber, 1947). 550 {sbstract).

25 HeGinnis, James, and J. 5. Carver, "Do Cereal Gralns and Soyhean
Uil Meal Influsnce Lhe Chick's Heed for an Unidentified Factor or Factors
Present in Fish Meal and a Liver Fraction, Poultry Science, 26 (September,
1547)5 AB9=493. :

25 . . . . N e

% Yoginuis, James, and J. 5, Garver, "ihe btorage of an Unidentifled

Growth Factor or Factors in the Bzz and Tis Relatlon to Bhick Growth and
Hortality, Poultry Science, 26 (September, 1947), 457-462.



EXPERIMENTAL
General

In all these studies, 12 or more day-old chicks were used per lot,
They were wing-banded and distributed at random, Male chicks were used
in all trials except trial 1, in which half were males and half were females,
In trial 1, New Hampshire chicks were employed, in trials 2 and 5, Silver
Oklabars, and in trials 3 and 4, Dominant Whites, Trials 1 and 2 were
carried four weeks and trials 4 and 5 were carried six weeks each,

The chicks were housed in a thermostatically controlled electriecally
heated batiery brooder, maintained at a temperature suitable for the age
of the chicks, Food and water were provided ad lib, The chicks were
weighed at weekly interwvals, Instead of reporting the gain of each chick,
the average gain in weight for the entire lot is recordede

EXPERIMENT I:

Trial 1. It was felt desirabls at the initiation of this study to
attempt to duplicate under our conditions the observalions of other workers.
To this end a comparison of an all-wvegetable protein ration, composed of
grains from various sowrces and supplemented with minerals and riboflavin,
was eompared with a ration containing adequate amounts of the prineiple
B-complex vitamins, This ration plus the B-complex vitanins was also
supplemented with fish solubles,

In addition to the lots fed the mixed vegetable protein ration,
groups supplemented in the same way were placed on a simpie ration consisting
of corn and soybean oil meal, All rations provided between 21.0% and 21,5%
protein,
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This sxperinent was also desizned vo study the effect of additlon of
various materials on the growbh rotes of chicks fed an all-vwezetsble protein
ration end supplemented with winerals, riboflavin, and other prineipic

aewhers of the B-gomlsx,

Folin acid, onselin, alfalfa lsal ue

wope bested for the effect sach ad on the growih rate of

sition of tho rations is shown in Table T.

: 2l proteln

Lot 13 wns fed a prostiezl pouliry radion containing =20

28 o suoploment, Composition of this ration 1o shom im Tobls Ti. The

aversge galns fo welight of the ehisks in teial I ars chovn in Table I1T.

The effect of the addition of dl-methionine and whey feraentation
solubles on the growth of chicks wes also tested, These seterisls were
edded to the vetions used im trial 5. The composillion of these rations

%

iz showm In Table IX. Since mach gran of winy formentation solublen

contained 2500 ailcrosrans of »ibeflavin, no 224iiional ribollavin was

weed du this Iobs The resulds of the odditisn of thape o

showe in Tobls IV,

Trial 2. The save rations and suwpvlementzations whleh were deseribed
in triel 1 wore used in this irial, The resulis were esgentislly the
same, Habes of gain were sonowbat reduced bubl the relsbiwe position

of the lots on the varlowsly supplemented rations were the sews. Avervage

gaing In weight of tho chielks are showm in Table ¥,

Irisl 3, Sinco the additlon of the primeiple wembers of the B-zomplex
gave enlmreed rates of growbh, it vas thoughi desirable o attempt to find

vhich of these vitanins were resronsible for the stimddabtion. The besal
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TABIE II.
COMPOSITION OF PRACTICAL POULTRY RATION

USED IN LOT 13

T T R T A R T S

Ingredient Percent
Ground yellow corn 61,00
Wheat shorts 5.00
Alfalfa Leaf meal 3.00
Soybean oil meal 5.00
Cottonseed oil meal 5.00
Dried buttermilk 15.00
Meat and bone scrap 5.00
Vitamin A and D feeding oil 0.25

Salt 0.75

TOTAL 100,00




TABLE III.

AVERAGE WEEKLY GAIN IN WEIGHT OF

CHICKS IN TRIAL 1

i?. Gain in 'ﬁilsht _(-.,'.H.) per Week

Number

Lot




TABIE IV,
AVERAGE WEEKLY GAIN IN WEIGHT OF CHICKS ON VARIOUS SUPPLEMENTS

R e e S L D e T e e L BT L e T S U S I il S TS, SIS TR T S I T T

Lot Rations and Supplementation
43 Basal 17 29 47 57 90 56 296
A Basal + Vitamins — Folic Acid 27 36 7 7% | 109 96 419
45 Basal + Vitamins 26 29 6 78 75 79 356
53 Basal 23 26 55 53 55 83 295
54 Basal + Vitamins 38 61 84 93 9 | 101 473
57 Basal + Vitamins + Methionine® 37 71 85 96 80 | 1 483
58 Basal + Vitamins + Whey Fermentation

34 65 95 119 | 113 133 559
55 Basal + Vitamins + Fish Solubles### 39 75 127 118 152 158 659

# 1,54 gn, dl-methionine per 100 gm, feed,
#% 3.0 gn, vhey fermentation solubles per 100 gm, feed furnished 1% additionmal protein,
wee 3.0 gm, fish solubles per 100 gm, feed furnished 17 additionsl protein,



TABLE V,
AVERAGE WEEKLY GAIN IN WEIGHT OF

CHICKS IN TRIAL 2

91

197

174

91

g5

49
61

33

19
19

17

17

19
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ration that was used is shown in Table VI, This ration was then supplemen-
ted with the following B-complex vitaminss (mg. per 100 gm., of feed) ribo-
flavin 0,2, nicotinic aeid 1,80, pantotheniec aeid 1,10, pyridoxine 0,35,
folie acid 0,10, choline 154,00, thiamine 0,20, inositol 22,00, para-amino
benzoic acid 1,10, Besides feeding ome lot on the basal ration and one on
the basal ration plus all the B-complex vitamins mentioned above, six other
lots were tested, The diets for these lots consisted of the basal ration
plus the B-complex vitamins mimus (1) riboflavin (2) choline (3) folic aeid
(4) pantothenic aeid (5) pyridoxine (6) nieotinic aeid, The rates of growth
of the chicks in cach lot were determined and those data are presented in
Figure 1, The average weight of the chicks is indicated by the slope of
the line, each unit representing a gain of 10 gn, in weight, The average
weekly weights of the chicks are shown in Table VII,

!hwhhshdmuhumnwmnntmwmw
B-complex vitamins was compared with the growth rate of chicks on a normal
starting ration containing animal protein as a supplement in trial 4. The
composition of the normal starting mash is shown in Table VIII. Lot 43
was fed the basal ration shown in Table IX supplemented with minerais and
riboflavin, Lot 45 was fed the basal ration supplemented with the B-complex
vitanins, Lot 47 was fed the normal starting mash containing animal protein
as a supplement, The results are shown in Table X,

A further study on the effect of folic acid on the growth rate of
chicks was carried out in trial 4, Lot 44 was fed a basal ration (Table IX)
supplemented with all the B-complex vitamins except folic acid, Lot 45 was
fed the same basal ration supplemented with all the B-complex vitamins,
Iot 43 was fed the basal ration supplemented only with ribeflavin, Resulis
of these studies are shown in Table IV,



TABLE VI,
COMPOSITION OF THE BASAL RATION
USED IN TRIAL 3

Ground yellow corn 57.0
Soybean oil meal 39.0
Calecium carbonate 1.0
Steamed bonemeal 2,0
Salt P |
TOTAL 100.0

Vitamin A & D feeding oil added at the level
of 0,25%.




Rate of growth
10 gram units

19

Figure 1. Growth rates of chicks on basal

ration no., 2, minus various vitamins.
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TABLE VII.

AVERAGE WEEKLY GAIN IR WEIGHT OF CHICKS IN TRIAL 3

27 Basal 3% 129 39 45 149
28 B-gcomplex vitamins 43 52 €9 37 221
29 B-camplex — Nicotinie aeid 42 | & j102 89 297
30 B-complex — Pyridoxine 43 | 54 90 70 257
31 B~complex — Pantothenic acid 37 {41 |70 87 241
32 Becomplex — Folic aeid 2 163 |8 3 224,
33 B=complex — Choline AN 55 92 1l 199
34 Becomplex — Riboflavin 36 | 36 45 51 168
35 B=complex + Fish solubles 46 | 69 115 100 330




TABLE VIII,
NORMAL STARTING MASH FED TO LOT 47

Ingredient Percent
e T e T T B S T S S
Ground yellow corn 24
Wheat shorts 20
Wheat bran 10
Pulverized barley 10
Alfalfa leaf meal 10
Dried buttermilk 5
Soybean meal 10
Meat and bone serap 10
Salt PSR 3
TOTAL 100

Vitemin A and D feeding oil added at the lewel of ,2%.
e




The fish solubles used in these experiments is what is commonly known
as fish press water, which is the body moisture, gastric juices, tissue
particles etc.removed from the freshly pressed sardine {ish oil, This is
in turn reduced to a 50% solids consisteney through a series of vacuum
evaporations, The protein content of the fish solubles used is approxi-
mately 33%.

Chemical fractiomation of the active material present in fish solubles
was started, using various concentrations of aleohol, These aleohol frace
tions were added to a corn and soybean oil meal basal ration supplemented
with minerals and B-camplex vitamins, Composition of the besal ration and
amounts of B-complex vitamins used in all of the testing of activity of
fractions is shown in Table IX,

Irial 4. consisted of the separation of two different concentrations
of aleohol and fish solubles. One mixture contained 50% alecohol and 50%
fish solubles, The other contained 75% alechol and 25% fish solubles,

1000 gms, of fish solubles and 1000 ee. of 95% alechol were mixed
together, making & 50% aleohol concentration, This was mixed with a
stirring rod and centrifuged., The supernatant liguid, which was clear
dark brown, was poured off and the residus extracted twize wore with alco-
hol, 500 ec. being used each time, At the last extraction the supernatant
liguid wvas light brown, The residue was discarded. The ligquids were
collected and reduced in volume under diminished pressure to approximately
500 eec, This substance was very dark brown and viscous, Absolute aleohol
was poured into this, and as the mixture was stirred, a hard gummy mass



TABLE IX,
COMPOSITION OF THE BASAL RATTION
USED IN TRIALS 4 AND 5,

Ingredient Percent
oo e R R e S R e s e B e s =
Ground yellow corn 57.0
Soybean oil meal 39.0
Caleium ecarbonate 1.0
Steamed bonemeal 2.0
Salt —t
TOTAL 100,0

Vitamin 4 and D feeding oil added at the level of 0,25%.
Riboflavin mix added per 100 lbse, of feed: 3 gms.

Mg, of B-complex vitamins per 100 gms, of feeds thiamine
0,20, pantothenic aeid 1,10, pyridoxine 0,35, nicotinic
aeld 1,80, choline 154,00, folie acid 0,10, inositol
22,00, para-amine benzeoic aeid 1,10,



was precipitated. The mass became harder, as it was extracted with
absolute alechol, and could be separated from the rest of the mixture,
The solid portion was further extracted, using a mortar and pestle, until
the precipitate was ground into a powder, This material was very hydro-
scopic, and was kept covered with absolute alcohol to keep it dry. This
alechol precipitate (7raction I) was added to the basal ration in lot 36,

The portions of absolute alechol that were used to extract the precip-
itate described above, were collected and 30 gm, of Norite A was added.
This mixture was stirred, heated, and filtered on a suction pump., The
filtrate was treated again with 20 ga, of Norite A, This norite filtrate
(Fraction II) was added to the basal ration in lot 37.

To the norite residue left from the above process, alkaline alechol
(Wmnlaohnlmﬁiﬂec.lﬂ‘m)mm This mixture was stirred,
heated, and filtered on a suction pump, The norite residue was treated
again with alkaline alechol, The liguids were collected, and this norite
elnate (Fraction III) was added to the basal ration in lot 38,

The norite absorbate (Fraction IV) left from this process was added
to the ration in lot 39, Figure 2 shows a sumary of the fractionation,

1000 gms, of fish solubles and 3000 ec, of 95% alechol were mixed
together, making a 75% alcohol concentration, This mixture was stirred
and centrifuged, The supermatant liguid was poured of £, and the residue
was extracted with 500 ec. of alcohol, and centrifuged twice more, The
residue was spread in a pan and allowed to dry., It was broken into small
pieces in a mortar and pestle, then ground to a fine powder in a mill,
This aloochol inmsoluble residue (Fraction V) was added to the feed in lot
40,



1000 gns, Fish Solubles and 1000 cc, 95% alechol

Supernatant liquids reduced to 500 ce, and

Extracts combined and mixed with 50 gm, Norite A Alechol Preecipitate (fraction I)
and fllterod

Norite filtrate (frastion II)

Norite eluate (fraction III) Norite absorbate
(fraction 1IV)

Figure 2. A Summery of A Chemical Fractiomation of Fish
Solubles.

14
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The supernatant liquids from the above process were collected, and
reduced in volume under diminished pressure to approximately 500 ce, This
viscous mixture was then treated with absolute aleohol as previously des-
eribed, This aloohol precipitate (Fraction VI) was added to the basal
ration in lot 46.

The portiens of absolute aloohol used to preeipitate fraction VI were
eollected and added (Fraction VII) to the basal ration in lot 42, Fraction
VII contained the part of the fish solubles that was soluble in a concenw
tration of 75% z2lcohol and also soluble in sbsolute aleohol,

One~half of each fraction was added per 20 pounds of feed, This was
equivalent to approximately 5% fish solubles, The effect Go the growth
of chicks of adding these fractions is shown in Taeble X,

Irial 5. 2000 gms, of fish solubles and 4000 ce, of 95% alcohol,
making approximately a 66% alechol eoncentration, were mixed and stirred
mechanically for an hour, then centrifuged, The supernatent liguid which
wes a clear, dark brown, was poured off and the residue again mixed with
aleohol to a level of 66§, mechanieally stirred and eentrifuged again,
This process was repeated two more times, The supermatant liguid at the
last extraction was a clear, amber color, The residue which was a light
brown color was spread in a pan and allowed to dry, It was ground in a
mill, and added to the feed in lot 48, This fraction (Fraction VITI) was
the portion of fish solubles that was imsoluble in a 66% alecohol comcen=
tration,

The supernatent ligquids were collected and reduced in volume under
dininished pressure to approximately 500 e¢., This dark, brown, viscous
substance was poured into 3000 ecc, of absolute alecohol and stirred,



TABLE X,
AVERAGE WEEKLY GAIN IN WEIGHT OF CHICKS IN TRIAL 4

Lot Yo,

Av, Gein in Weight (gms,) Per Week

+ SEELSHEBEVEYR

Alcohol itate fraction I*
Norite trate fraction II*
Norite eluate fraction ITI¥
Norite sbsorbate fraction IV#
Aleohol insoluble fraction Ve
Alechol preeipitate fraction
Alcohol soluble fraction VII*®
Nonse
Begamplex vitamins

vitamins, fish s

Bgomplex
Normal starting mash

SRIRLIRIBER

BEBBEHYSERE
| s2snaa238es
gRivanfssak
EEusEBepaatk

IPEIBIRRREI

¥ Fractions made from mixture of 505 alcohol

5

Tish solubles,

#% Fractions mede from mixture of 75% alechol and 25% fish solubles,




This was allowed to stand for a day, then the dark brown, clear liguid pour-

ed off, and the remaining thick, sticky residue was repeatedly extracted
with small portions of absolute alcohol using a mortar and pestle until
all the residue was ground tc a light browm powder, This hydroscopie
powder (Fraction IX) was added to the ration in lot 49.

The absolute aleohal used for extracting the alcohol precipitate was
collected and reduced in volume under diminished preasure to about 400 cec,
Orystals formed and the mixture was filtered, The filtrate was poured into
1500 ce. of absolute aloohol and stirred, The absolute alcohol precipitated
enly & very little material, This was allowed to stand overnight for the
insoluble material to settle out, The mixture was decanted and the small
amount of insoluble material elinging to the sides of the flask was dise
carded, One-half of this filtrete (Fraction X) was put aside to be used
in the feed in lot 50. This filtrate contained the portion of fish solubles
that was soluble both in 957 alechol and absolute aleohol,

The other half of this filtrate was adjusted to the pH of 3 and
treated with Norite A. 15 gns, of Horite A was added and the mixture was
stirred, heated, and filtered, This process was repeaited five times, using
15 gus. of Norite A each time, The filtrate was a clear, dark brown, but
not quite as dark as the untreated filtrate, This norite filtrate (Praction
XI) was added to the feed in lot 51, The norite residue was eluted with
alkaline aleohol three times, The norite eluate (Fraction XIT) was light
broun with a green tinge., This eluate was added to the basal ration in lot
52.

The norite residue (Fraction XIII) was added to the feed in lot 53.
The results of adding the various alecchol fractions to the basal ration
are shown in Table XI,



TABLE XI,
AVERAGE WEEKLY GAIN IN WEIGHT OF CHICKS IN TRIAL 5

B e e o

Lot Wo, Supplementation Av, Gein in Welght (gms.) Per Wesk

47 Alechol imsoluble fraction VIII® 39 73 |13 121 |19 |14 626
48 Aleohol precipitate fraction IX® 38 69 9 114 |11 | 147 585
49 Aleohol seluble fraction I* 32 58 75 78 71 | 130 Lk
50 Norite filtrate froction XI* 28 60 93 90 | 106 |12 501
51 Norite eluate fraction XIT# 33 57 82 80 97 | 111 460
52 Norite absorbate fraction XTII* 36 55 7% 59 49 42 317
53 None 23 26 55 53 55 83 295
54 Becomplex vitamins 38 61 8, 93 9% | 101 473
55 Begomplex vitamins, fish solubles 39 75 | 127 (118 152 | 158 659
*Fractions made from mixture of 66 2/3% alcohol and 33 1/3% fish solubles,

Lots 47 through 52 also supplemented with B-complex vitamins,
b —— — — : =




RESULTS AND DISCUSSION

One purpose of the experiment was to compare the rates of growth of
chicks fed varicus mixed all-vegetable rations,

Ilot 1 was fed a ration containing protein only from vegetable sources
supplemented with minerals and riboflavin, ILot 2 was fed the same ration
supplemented with the prineiple B-complex vitemins, In lot 3, the basal
ration was supplemented with the B-complex vitamins, and in additionm, 3%
of the total ration was fish solubles, which replaced a like amount of
soybean oil meal, The quantity of fish solubles represented 1% of the
protein total,

At four weeks of age, lot 2 averaged approximately 25% more weight
than lot 1, and lot 3, almost 507 more than lot 1, Figure 3 shows average

gains in weight of chicks on these rations,

A second series of rations were used which contained only yellow corn
and soybean meal, supplememted with minerals and riboflavin, Lot 10 was
fed only this basal ration, Iot 1l was given the same ration with the
addition of the principle Becomplex vitamins, Lot 13 was supplemented with
B-gomplex vitamins, and in addition, 3% of the total ration was fish sole
ubles, which replaced a 1ike quantity of soybean oil meal, thereby furnishe
ing 1% of the protein total,

After the first four weeks of growth, lot 11 had an average weight
spproximately 2 1/2 times greater than lot 10, Lot 12 had en average weight

approximately 3 2/3 times greater than lot 10, Figure 4 shows the average
gains in weight of chicks on these ratioms,
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Figure 3. Growth rates of chicks in trial 1
on mixed all-vegetable rations, supplemented
with vitamins and fish solublea.

Basal, B-complex vitamins
and fish solubles
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Figure 4. Growth rates of chicks in trial 1
on ecorn and soybean oil meal rations, supple-
mented with vitamins and fish solubles,

Basal, B-complex vitamins
and fish solubles

Basal and B-complex
vitamins
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A comparison of lots 1, 2, and 3 with lots 10, 11, and 12 in trial 1,
shows that the average welghts of chicks on the mixed vegetable protein ration
were greater than the average weights of those on the corn and soybean oil
meal ration when supplements were not added, The provisions of an adequate
level of the prineiple B-complex vitamins to both rations resulted in improved
growth, Based on this experiment, the growth rates of the chicks on the
mixed vegetable protein ration were only slightly superior to the growth
rates of those on the corn and soybean oll meal ration, However, when sup-
plemented with fish solubles, the soybean oil ration was distinctly superior
to the mixed vegetable protein ration,

The differences between the growth rates of chicks on these two rations
may be due to one or both of the following factorsy (1) the presence in the
mixed vegetable protein ration of greater amounts of the growth factor dis-
tributed in the various cereal grains would account for better growih rates
of chicks on this ration in the absence of fish solubles; (2) the fact
that soybean oil meal contains a high quality protein may account for the
enhanced rate of growth when supplemented with Becomplex vitamins and the
growth factor present in fish solubles,

It would appear from these results that a corn and soybesan oil meal
ration, when properly supplemented with erystalline vitemins and an unknown
factor present in fish solubles, is capable of supporting near maximum
growth,

A further comparison of an all-vegetable ration with a ration containing
animal protein was carried out in trial 4. The growth rate of the chicks

in the lot fed a normal starting mash contalning animal protein as a sup=
plement was not significantly higher than the growth rate of chicks on an



3%

all-vegetable ration supplemented with Becomplex vitamins, The gain in
weight of the ehiecks in these two lots were practically the same, However,
the growth rate of the lot fed an all-vegetable ration supplemented only
with riboflavin was approximately 25% less than the growth rate of the
chicks on the normal starting mesh, Composition of the normal starting
mash is shown in Table VIII,

A second purpose of this experiment was to test various materials for
the presence of an unidentified growth factor which might be the same as
the growth substance found in fish solubles,

In order to do this, a mixed vegetable diet, supplemented with minerals
and the prineiple Becomplex vitamins, was used as the basal ration., It
umummmatmamdm.mmmhum
for those chicks in lot 5, fed all the B-complex vitamins, was 193 gm.}
those in lot 4, fed the ration supplemented with 5% alfalfa leaf meal, was
276 gn.3; those in lot 6, fed the ration supplemented with 1,10 ag, of folie
acid per 100 gm, of feed, was 223 gn.3; lot 7, fed the rations supplemented
with 5% casein was 243 gm.; lot 9, fed the ration supplemented with ocat
sprouts and gras gd lib, wes 227 gm.,3 lot 8, fed the ration supplemonted
with 3% fish solubles was 290 gn,

The ration supplemented with alfalfa leaf meal gave better results
than did any of the other supplements with the exception of fish solubles.
The ration supplemented with 3% fish solubles gave significantly better
results then did any of the other supplementations tried, The growth curves
are shown in Figure 5.

A basal ration consisting of corn and soybean 0il meal supplemented
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with minerals and Becomplex vitamins was used in testing the effect of
methionine and whey fermemtation solubles on the growth of chicks, Di-mothe
jonine was added to the basal ration et the level of 1.54 gm. per 100 gau.
of feed equivalent to and addition of 0,23, Campared to the gain of chicks
on the basal ration supplemented with B-complex vitamins, there was no
signifieant difference in the gain of weight of chicks on the methionine
supplemented ration, Whey fermentation solubles added at the level of 3%,
resulted in a significant gain in weight over the basal ration, This gain
was not nearly so great as the gain of the chicks on the ration supplemented
with fish solubles,

A further comparison of supplements for the corn and soybean oil meal
ration was studied in trial 4, For an unexplainable reason, the ratien
supplemented with all the B-complex vitamins except folie acid, produced
a greater gain than did the basal ration supplemented with the B-complex
vitamins,

A second trial using the same diets and under similar conditions, except
for the use of a different breed of chicks, was run to check the results of
trial 1. The resulis were essentially the same, except the average gains
in weight of the chicks was slightly less. The relative positions of the

lots on the variously supplemented rations were the same, Figures 6, 7 and
8 show the average gains in weights of the chicks for this trial,

4 third trial wes designed to study the effect of each of the prinsiple
B-complex vitamins on the growth of chicks, A basal ration of corn and
soybesn oil meal, supplemented with minerals was used, Each of the B-complex
vitaning except thiamine, inositol, and para-amino bensoic acid was omitied
singly to determine the effect on growth of chicks,
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Figure 6, Growth rates of chicks in trial 2
on a mixed all-vegetable ration supplemented
with vitamins and fish solubles,
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Figure 7. Growth rates of chicks in trial 2
on corn and soybean 0il meal rations supple-
mented with vitamins and fish solubles.
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Figure 8, Growth rates of chicks in trial 2
with various supplements,
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From table VII it will be noted that the average growth rate of the
ehicks in 19% 3, fed the ration supplemented with all of the B-complex
vitamins minus riboflavin, was greatly depressed and a typiesl riboflavin
deficioncy was evidenced as early as one week of agej lot 28, fed a ratiom
supplemented with all of the B-complex vitamins and lots 23 and 33, fed a
ration minmus falie seid and choline respectively, showed a reduction in
the growth rate which was evidenced particularly in the fourth week,

lots 29, 30 and 31, fed s ration mimus nicotinic acid, pyridoxine,
and pantothenic acid respectively, did not show a depressed growth rate,
their total average weight exceeded that of the lot receiving the ration
supplomented with all of the Becomplex vitaminsy lot 27, fed the basal ration
only grew slouly, but did not show signs of a riboflavin deficieney,

The significance of the reduced growth rates noted in lots 32 and
33 is questionable in view of a similar veduction in lot 28, The data
seoms to point to the fact that more significant results would have been
obtained if this experiment could have been contimued for at least two more
weeks, This was not feasible because of the extreme heat,

One explanation of the fact that the chicks in lots 29, 30 and 33 showed
an average gain betier than the average for lot 28 may be that adequate amounts
of these vitanins were present in the basal rations,

The fact that the chicks on the basal ration with no B-complex vitamins
added grew slowly, but did not show any riboflavin deficiency is in confor-
mity with the obserwation in man and other animals that a pronounced defic-

iency is more easily produced on a diet adequate in all respects except for
a single vitanmin,
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Lot 35, fed a ration supplemented with 3% fish solubles and all the
B-complex vitamins again showed greatly enhanced rates of growth, over all
the other lots, The explanation for this seems to point to the fact that
there must be some factor or factors over and above the lmown vitamins that

is necessary for good chick growth,

A second set of experiments was condueted for the purpose of deter=
mining which fractions of fish solubles might contain the active growth
factor,

Trial 4 wes designed to test two concentrations of alcohol and fish
soluble fractionations, The first a 507 concentration of alecohol and fish
solubles was separated to include the following fractionss alcohol pree
cipitate, norite filtrate, norite eluate, and norite absorbate,

Each of these factions was added to a corn and soybean oil meal basal
ration, supplemented with minerals and the Becomplex vitamins, in the equive
alent amount of 5¢ fich solubles, The control lot was fed the basal ratiom
supplemented with 3% fish solubles, The equivalent amount of 5% fish solu-
bles used for addition of fractions to rations was thought to be necessary
to compensate for loss in processing,

The norite filtrate, norite eluate, and norite absorbate fractions
produced approximately the same growth rates for the first six weeks, The

ehicks fed the ration supplemented with fish solubles, gnined approximately
25% more weight than did those fed either of the three norite fractions,

The aleohol precipitate fraction produced more gain than did the basal
ration supplemented with fish solubles, This may have been due to a difference
in the two lots of chicks or to the presence of a greater quantity of the



growth factor in the fraction than in the supplemented basal ration,

A second concentration was separated which contained 75% aleohol and
25% £ish solubles, The fractions from this concentration which were tested
weret alcohol insoluble, alechol soluble, and alecohol precipitate, These
three fractions were used in the same manner as the fractions just preve
iously discussed,

The gain in weights for the lots fed the aleochol preeipitate and the
alechol soluble fractions were almost identieal with the lot fed the basal
ration supplemented with fish solubles, The gain for the lot fed the aleco-
hol insoluble fraction was only 80% of that for the basael ration supplemented
with fish solubles,

In trial 5, a concentration of 66 2/3¢% alecohol and 33 1/3% fish solubles
was separated to yleld the following fractionss alochol insoluble, aleohol
precipitate, alecohol soluble, norite filtrate, morite eluate, and norite
absorbate,

Each of these fractions was added to the basal ration described in trial
4 in the amount equivalent to 3% fish solubles, The control lot was fed the
basal ration supplemented with 3% fish solubles, No extra amount of the
fractions was allowed to make up for the loss in processing,

The lot fed the alechol insoluble fraction showed the greatest gain
in growth, being approximately the same as the lot fed fish solubles, The
lot fed the aleohol preecipitate fraction showed a gain of almost as much
as the lot fed the alcchol insolubls fraction, The alcohol soluble, the
norite filtrate, and the norite eluate supplemented lots showed approximately
the same amount of gain as the lot supplemented omly with the B-complex
vitomins, but significently less than the alcohol precipitate fractiom.
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The lot supplemented with the norite absorbate fraction showed very poer
growth, which might have been due to the absorption by the norite of other
vitamins in the chick intestine,

Thus, in each of the three different concentrations of aleohol and
fish solubles, the active portion of the fish solubles was found in a
different fraction in each ease, In trial 4, using a 503 alechol concentra-
m,mdmwm.'mwmmmm
The alechol soluble fractions treated with norite showed no significant gains,
However, by using the 75% alcohol comcentration of fish solubles, equal stine-
ulation was shown by both the alcohol preeipitate and the alechol soluble
fractions, The lot fed the alecohol insoluble frection did not show a
significant gain, In trial 5, using a concentration of 66 2/3% alechol and
33 1/3% fish solubles, the aloohol insoluble fraction showed the greatest
stimulation of growth in the chicks,

Incomplete separation of the fractions, or the difference in the cone
matimﬁalmIMwmfwmumltsM



STUMMARY

Chicks fed an all-vegetable ration supplemented with minerals and
synthetie B-complex vitamins showed as great a gain in weight during 4 and
6 weeks perilods as did chicks fed a practical poultry ration containing
aninal protein,

When the all vegetable ration was supplemented with B-complex vitamins
and 3% fish solubles, growth rates of the chicks were greatly imcreased,
Addition of folic aeid, casein, green feed, alfalfa leaf meal, methionine
or whey fermentation solubles to an all vegetable ration supplemented with
B-complex vitanins did not stimmlate growth of chicks as did the addition
of fish solubles,

Chamical fractionation of fish solubles is described, The fractions
were tested for the presence of the active growth factor in fish solubles,
In a 507 and a 66% alcohol concentration of fish solubles, the active portion
was found to be alcohol imsoluble, In a 75% alecohol concentration of fish
solubles, both the alochol soluble and the alechol insoluble fractioms
showed the same growth stimlating activity., The difference in the results
may be due to incomplete separation of the aleohol fractions of fish
solubles,
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