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INTRODUCTION

Cottonseed mesl and soybean meal are the two principal vege=-
table protein concentrates nroduced in the United States. Even
before the development of the goybean industry, cottonseed meal
was being used on & large scale as a livestock feed. Results of
recent experimental work indicate that cottonseed meal, when pro-
perly orocessed, is as valuable as soybean meal as a protein con-
centrate for poultry.

Processing conditions have been found to affect the nutritive
value of cotionseed meal. Early in 1917, Carruth observed that the
amount of gossypol which could be extracted with diethyl ether de-
creased markedly when the cottonseed was cooked. Later, the theory
of bound gossypol wis proposed. (Winters and Carruth, 1915; Car-
ruth, 1917; and Clerk, 1923). According to this theory, gossypol is
rendered inactive during cooking by combining with the amino scids
of the surrounding seed tissue. On the other hand, the protein qual=-
ity of cottonseed meal is seriously injured by excessive heating.

Much research has been done during the last few years for the
purpogse of learning more about the effect of nrocessing upon the
biological value of cottonseed meal. Although considerable pro-
gress has been made, further investigations are still required.

The objectives of this work are:

(a) To study the growth response of chicks fed samples of

cottonseed mesl which have been subjected to different
conditions of processing.

(b) To determine the tolerance of young chicks for cotton-

seed meal which has been processed under conditions
conducive to the maintenance of high protein quality and

to the maximum inactivation of gossypol.



(¢) To determine the amount of soybean meal which can be re-
placed successfully by commercial cottonseed meal in a
broiler ration.



REVIEW OF LITERATURE

Hutritive Value of the Cottonseed Meal Proteln — The feeding
value of cottonseed meal and cake as a source of protein of good

quality for livestock and poultry has been recognized for many years.
On the basis of amino acid content the cottonseed meal protein com-
pares favorably with that of soybean meal. Cottonseed meal is
deficient in lysine, but contains high levels of the other essential
amino acids. This deficiency in lysine has been suggested to be
involved in the owmnce of white feathering in chicks fed diets
bigh in cottonseed meal (Milligan and Bird, 1951). Apparently a
.defic.temy in lysine constitutes one serious limitation to the use
of cottonseed meal as the only source of protein for poultry, since
most of the vegetable feedstuffs, with exception of soybean meal,
are low in that amino acid.

Feeding trials for the purpose of determining the nutritive
value of cottonseed meal have been made by many investigators.
Early in 1914, Hartwell and lichtenthaeler demonstrated the value
of cottonseed meal as a source of protein in the ration of chicks,
Morgan (1931) found that good results were obtained when half of
the animal protein was replaced by cottonseed meal in laying hen
rations. Berry (1934) reported that in chick grower rations con-
taining ten percent of dried buttermilk, cottonseed meal can supply
the added protein as efficiently as meal and bone ascraps.

More recently, Heywang (1947) reported a feeding trial in which
ept‘tonsqed and soybean meals were compared as sources of vegetable



protein for laying hens. It was concluded that these two proteins
have about the same mutritive value as measwred by relative egg
production, feed consumption, body weight, and mortality.

According to Sherwood and Couch (1939) cottonseed meal and
soybean meal may be used interchangeably in chick rations.

Many other studies have been conducted, notably at the
southern stations (New Mexico, 1918, 1930, Texas, 1924, South
Carolina, 1931, and Oklahoma, 1943). In general, the results
indicate that cottonseed meal can successfully replace part of
the animal protein in the diet of layers and growing chicka,
Contradictory results obtained by some stations, apparently, are
due to differences in the quality of the meals or the failure to
use a standard basal ration in all feeding experiments,

Toxic Materials of the Cottonseed Meal —- The presence of a
toxie substance in cottonseed has been demonstrated. (Winters and
Carruth, 1915, and others). At present, it seems positively established
that all the toxic cw or compounds are segregated in the
pigment gland of the seed. These glands which are very peculiar
and characteristic of all the species of the genus Gossypium are
profusely distributed in the seed tissue. The outer structure of
the pigment gland has been found tole a thick and rigid wall which
presumably protects the extremely active and unstable polyphenolic
pigments in the gland. The glands are very résistant tc mechanical
agents but sensitive to the action of water and other organic liquids
of low molecular weight such as miseible alecohols, ketones and ethers.
The effect of water is moderately increased by heating. Contact with
moisture produces an immediate rupture of the gland walls.



Gossypol is the principal intraglandular pigment of the cotton-
seed. It is a yellow solid, soluble in several organic solvents and
insoluble in low boiling petroleum naptha and water. About forty
percent of the weight of the pigment glands and three percent of the
seed consists of gossypol. Prolonged heating at a temperature
slightly above the melting point results in the decomposition of
gossypol with the elimination of one molecule of water and the for-
mation of an orange colored compound designated as anhydro-
gossypol.

The results of different studies fail to agree as to the
temperature necessary for decomposition, However, Clark (1928) bas
found that gossypol preparations having widely different decom-
position temperatures were identical ﬁth respect to other properties.

The destruction of gossypol by heating was reported early in
1915 by Winters and Carruth, who found that cottonseed meals from
cooked seeds had a lower content of ether ex_t.ractable gossypol.
Iater it was found that the gossypol of cooked seeds could be
extracted by treatment with warm aniline. This gossypol has been
referred to as bound gossypol. By contrast, the ether extractable
gossypol is called free gossypol.

Winters and Carruth (1917) reported that the amount of ether
extractable gossypol decreases as the amount of gossypol extractable
with aniline increases, and as the cooking is prolonged.

At present free gossypol is defined as the amount of gossypol
that is readily extractable by agueous acetone according to the
method developed by Pons and Guthrie. (1949).

The explanation of the decrease of free gossypol by cooking is
based upon the theory of bound gossypol. According to this theory,



gossypol reacts with the free amino acids and free carboxyl groups
of cottonseed protein under the influence of heat.

| Gossypurpurin, another cottonseed pigment was isoclated by
Boatner (1944)s It is purple colored and is found at a very low
concentration. It constitutes less than one percent of the weight
of the glands, Solutions of gossypurpurin are unstable to light
and heat. Gossypol can be converted to gossypurpurin.

Recently, interest has been shown in gossycaerulin, a blue
pigment found in cooked seeds., Apparently it is derived from
gossypol during the heating of the cottonseed meats, Mo gossy-
caerulin has been found in raw cottonseed,

Boatner and co-workers (1944) have isolated from ethereal
extract of cotionseed an orange colored pigment designated as
gossyfulvin, It has been reported that gossyfulvih can be con-
verted directly to gossypol by treatment with acid. Probably the
high sensitivity of gossyfulvin to the action of heat explains why
it has not been found in cooked seeds.

Toxicity of Gossypol -- The deleterious effect of uncoocked
cottonseed meals on the growth of chicks, hatehability and egg
quality has long been attributed to gossypol. However, according
to recent investigations, other components of the pigment gland may
be involved.

Boatner and associates (1948) reported that pure gossypol
added to the diet produces relatively little retardation of the
growth of chicks, and poor correlation was found between the

nutritional values of various cottonseed products and their contents

of gossypol and goasypm'pm'ip.



Oleott (1948) concluded from his feeding test with rats that
the toxic factors of the cottonseed meal can be nulified by three
apparently unrelated mechanisms: air oxidation, combination with
soluble iron salts and destruction by steam autoclaving,

Iillie and Bird (1950) presented the results of oral adminis—
tration of pure gossypol and pigment glands of cottonseed on mor-
tality and growth of chicks, Toxicity of gossypol administered by
mmﬂmmwumthatmworpimntmmw
by capsules, It was found that pure gossypol and pigment glands ade
ministered af. levels which supplied equivalent quantities of gossy-
pol have about the same effect on mortality and growth of chicks.

The reason for the apparent contradictory results obtained by
Lillie and Bird (1950) and Boatner and associates (1943) cen be ex-
plained on the basis of the destruection or imactivation of gossypol
when incorporated in the feed mixture, This explenation, which has
been suggested by Lillie and Bird, is in accordance with the conclu-
sions of Oleott (1948) relating to the destruction of gossypol by
air oxidation.

Confirming the conclusions of Lillie and Bird (1950), Heywang
andhiseo]lesgmshwareomﬂymmtadthatlargepurﬁomof
the gossypol are destroyed or rendered imactive after & short time
when mixed into a ration, They fed three groups of pullets with
diets to which had been added 0,012, 0,024, or 0,036 percent of
gossypols The mixed diets were fed only the sixth and seventh days
after mixing, No decrease on hatchability was noted when gossypol
was mixed in the diet at the 012 and 0,024 percent levels, and
only a slight decrease was observed -



at the 0,036 percent level.

Accurate figures on the minimum levels of free gossypol
which have an adverse effect on growth of chicks, hatchability
and egg quality are still uminown, Some studies bhave been con-
ducted on this subject but the data obtained, in general, does not
agree. Recent investigations indicate that the maximm level of
free gossypol for growing chicks is about .04 percent. (Heywang,
1951). For laying hens the figures seem to be somewhere between
+002 and 0,009 percent of the diet. (Heywang, 1951, Stephenson, 1951,
and Morgan, 1951).

Retermination of Gossypol in Cotlonseed Eroducls: — Many methods
of analyzing for gossypol have been proposed (Carruth, 1917;
Schwartze, and Alsberg, 1923, and others). However, most of them
are based on the reaction of extracted gossypol with aniline.
Dianiline is formed and the amount determined by gravimetric or
spectrophotometric methods. Quantitative estimations by spectro-
photometric methods are, in general, based on the measurement of
the absorption spectrum of dianiline gossypol.

Boatner and associates (1944) have suggested the antimony
trichloride method for the determination of gossypol on extracts
of cottonseed or cottonseed meals. It 1s based upon the absorption
spectrum of the stable reaction product which antimony trichloride
forms with gossypol in chloroform.

The extraction of free gossypol is accomplished by diethyl
ether or agueous acetone which are able to rupture the pigment
glands without, apparently, reacting with the pigments.



Recently a new spectrophotometric method for gossypol deter-
mination has been described by Pons and Guthrie (1949). It is
based on the color produced by the resction product of the agueous
acetone exiracted gossypol with P-anisidine., Determination of to-
tal gossypol can be carried out by the same method after hydrolysis
of bound gossypol with oxalic scid in aqueous methyl ethyl ketone.

The current methods for gossypol estimation, measure gossypol
and the closely related compounds which form with P-anigidine or
aniline products spectrophotometrically identical with that of pure
gosaypol.

Effect on the Egg ity:=- One of the most serious problems
associated with the use of cottonseed meal in the laying hen rations
is its undesirsble effect upon egg quality., If more than thirty per-
cent of cottonseed meal is added to the diets, the yolks may show
cottonseed spots. I1If percentages between eight and thirty are used,
yolks of fresh eggs are normal in color, but if the eggs are kept in
storage, the yolks tend to acquire olive color. Abnormal enlarged
yolks and pink whites are also reported to be found in eggs from hens
fed cottonseed meal.

Results of several studies show that cottonseed meal up to six
to eight percent of the ration has no bad effect on the guality of
egs8. Many experiments have been conducted in order to determine
the cause of this condition. However, further-investigations are
still required.

Most of the workers agree that gossypol, the principal pigment

of cottonseed, is the main factor involved in the yolk discoloratiom.



Schaible, Moore, and Moore (1934) concluded from their work
that either free gossypol or bound gossypol may bring about abnormal
yolk color. It was also found that ferrous sulphate added to the
diet containing forty percent of cottonseed meal prevents the
occurrence of olive yolks,

kamwwmmﬁ.g., (1948) indicated
that bound gossypol apperently has no effect in yolk coloring,
Lorensz and Almguist (1935) and Lorenz (1935) have demonstrated that
the pink color of albumin is caused by an unidentified substance
in cottonseed meal which is not gossypol.

An experiment conducted at the California station (1939)
indicated that the deterieration of eggs which results from feeding
cottonseed meal is caused by two distinet substances which have
separate effects on the eggs. Gossypol gives the yolk an olive
green color and gelatineous consistency. The other substance
which is either identical with or closely associated with the
Halphen substance, causes an abmnormal enlargement of the yolk
and the development of reddish color in the albumin while the eggs
are in storage.

Suonsen and eo-workers (1942) presented evidence that the olive
color of the yolks is due to the chemical combination of gossypol
from cottonseed meal with ferric ions released from the yolk pro-
teins, The authors indicated also that the addition of soluble
ruﬂcmuua.nummumgwimmprmm
absorption of the gossypol by the hen and the formation of olive
colored yolks in stored eggs.

10



The effect of the iron salts upon gossypol has also been
determined in swine and guinea pigs which have their tolerance for
gossypol increased when these salts are added to the ration.

Stephenson and Smith (1952) of the Arkansas station, were able
to keep eggs from hens fed twenty percent of the experimental
screw pressed cottonseed meal, for a perlod of six months without
any detrimental effects in egg quality.

Effect on Hatchability and Egg Weight:s — The adverse effect
of cottonseed meal on hatchabilily and egg size has been reported
by many stations (Oklahoma, 1917; Alabama, 1927; New Mexico, 1930;
and others). Occurrence of these undesirable effects has been
attributed to the action of gossypol.

Heywang and associates (1949) found that ten percent of either
hydraulic or solvent cottonseed meal may be included in the diet of
breeders with no adverse effect on the hatchability, if the meals
do not contain more than ,12 percent of gossypol. The authors
believed that components of the pigment gland other than free
gossypol may have adversely affected hatchability in their ex-
periment, but these components apparently increased as the gossypol
increased. .

Progessing of Cottonseed: — Commercial cottonseed oil is ex-
tracted by hydraulic, expeller and solvent processes. More than
ninety percent of the cottonseed of the United States is processed
by hydraulic pressing.

The solvent process which is already largely used for extraction
of oil from soybeans has been found to increase the oil yleld of
cottonseed (Alderbs, 1948). The undesirable dark colored oil and



and the high free gossypol content of the meal obtained by
commercially available solvents are the most serious limitations
to this process.

Alderbs (1948) in discussing the studies of Leahy (1939) and
others states that saving in labor, better press room efficiency,
detoxification of the meals and elimination of the cost of the
press cloth are the advantages of the expeller or screw processing
as compared with the usual hydraulic presses.

Both in hydraulic and in screw methods, cottonseeds are
decarticated, rolled and cooked before the pressing operation.
The purposes of cooking are to rupture or finish rupturing the
oll cells, to increase fluidity of the oil, to coagulate the
proteins to facilitate oil purification, to dry the meats to a
proper moisture content, to inactivate gossypol, and to destroy
molds and baeteria. No advantage has been found in cooking seeds
when solvent processes are used, in so far as the yield and
quality of the oil are concerned.

As the quality of oil and meal is closely related with the
heating of the seeds, the determination of adequate cocking con-
ditions is a very important factor in industrial operation. Some
years ago, cocking of the meal was considered an art since the
- physical faetors involved in it were determined by treined
operators. At present, most of the oil mills have definite
methods for controlling cooking conditioms.

Temperature, length of time of cooking, and the amount of water
added to the seeds before and during cooking may vary greatly in
different mills. Usually temperature in both hydraulic and serew
pressing range up to 230°F or 240° F, and the duration of



cocking is from thirty to sixty ninubes.

In exneller procosses, 2 by felction

when tho meats are forced econtinuully through the sorew press.

The tempavature at this bimo may go 2s high as 30097,

For solvent extracbion, cocking of the secds i not necessarily
rvaquired. However, sometimes o corbimaitlion of solvent exbraction
and pre-proscing in used. In this cese, the {laked neats are cosked
an? thon rressed to reduse the amount of oll to sbout ien poveen
The revzinins il is removed by solvent exbraction vwhich secuves

&

Varietions in the conditions of cooking have boen

most dmporbant Dvotor responsible for diffevent
chorantoristics in Alfferent samples of tho commerecisl nealc.

In addition to the industrial methods of procossing cotlton-
saeds, ssvoral laboretory wethods have beon developad. TFoobney
end ¥all {1946) have rveceutly developed the gland floatetion
process which maker poseibls the mochanical removal of glands
intael fron defatied meals. It is based on the differeace izz the

*

density of the pigment glande ond other seed tissues, and on the

> rosistoney of the plands to the tremondous pressure whieh
the neats are subjected duriug the rolling operaticn. The glands

are first digsenmpged fron the surroundins seed tissuss

t agitation of ¢ suspension of flaksd keruels in a solveny

o wizbores of solvents vhich do oot atlschk the nigment gland wallse

Afber disintegration of the fcked seeds, the density of the solution

adjusted dn sweh o way that the glandn can fleat to the

surfoce and be mechanleally separcted from the dlessolvesd oil
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eity of the nmeal was tested on guinee pige which arc very ponsie
tive 1o gossypol imtomication. The results indicoted that practi-
cally all toxie mutorial of wet cooked soeds was insctivated. By
contrast, meals from dry cooked seeds were vory toxic.

& feTird

e {1947) Dave reported that the amounts

Boatnor =«nd collicag

of etizor extractablo gossypol decrsese faster during coolting in

moistoned than in w

moistoned seeds. However, aftor prolenged
heatiag the gossypol content of dry cocked seeds filiis to aboub
the same level ag that in web cooked kernels.

he influence of moisture can be explained on the Lasis of the
extrone sensitivity Lf e pigent glond wall to the action of water.

Toatner and others {1948} have stud the effects of difforent

;4;
&

prds of the cottonsesd on the growth of chicks ag compared with tha
produced by o basal retlien containing thirtsen perceat of sorew
mressed soybean meal. A very good rate of growth was obtained on
the exnevimental rations v*an'L* ning gland-free cottonszed floury
uneocked, diethylether-axtracted ecotionsecd and hydrsulic pressed
cottonseed meal, Significantly lover growth was obwerved on the
rations containing weooked, hemne-axtracted cottonseed or pigment
glmdo. These resulis, confirming provious dnvestigations, show
that the toxle subsiance of eottonsceds f@u’m& in the pigmont glands
can bz isactivated by eookdng or extracted by di-ethyl cther. It
was alsy demonstrated thal hezune removes very litile »m””;rgml from
the cottonsesd neats,

in adition to the coolkiny ovr to the action of some solvents
uzian pii:’iﬁ’:}fl glands, other physiex) or mschanlical factors ol prow

gy have o parked influence upon gossypol detoxification.
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Prelininory research (Altschul, 1951) demcnstratoed that high

guality protein cotbtonseed hal as low as 0,03 poreent inm gossypol

can be obtained by improved conditions of scersw pressing.
& new wethold of chemdenl frcatuent of cotionsesd meal hag

been recently applied by tho Fuckeys Cottom 911 Comvany at

Augusta, Georgla, Aftor oil sxtrootion wilh coumercial hexane

the meals are frealed with orpgenic amine which reacts with jpossypol

and rendercs 1t physiologleally inaetive. The product obiaimed in

such & way is available on the market under the name of "dezossypolized®

cottonseed meal containing an amount of frece goosypol no more than

sainz on the Hutritive Valuo of the Healss —
The feeding value of cottonsecd menl, as & protein concentrate for
chickens depends essentially upon the amount of intact protein and
the pememage of firee possypel or gossypol-like mterials it
eontaing.

The blologionl value of cotionseed srodein has been mcasured
by several experimental methods incluﬁing protein salub:‘iiity,
enzymatic hydrolysis, thianine content and direct feeding trials
on rate and ferm aninals.

The solubility

W

test was first used by Olcott and Fontain (1942).
They found = correlation betwesen the solubllity of cottonseed meal
protein in a three nsrcent sodius chloride solution, and its
nutritive vaiua. The nutritive valus increzsed as the solubility
inereasod.

Pecontly Ingran and co-worksr (1950) have shown that the

protein gualily of coblonseed msal for chicks may be evaluated



by engymatic hydrolysis. 4 good correlation waz found betwesn the
amount of ceriain smino wclids relessed by engymatie hydrolyeis and
the growth of chicks supported Ly samples of cotionseed meal. An
sppareni relationship betwesn the gossypol content of the meals amd
the nareontepe of llberated amino acids was also cbserved. The
authors suggest that the prescace of toxle materdial in the cotton-
soed causes a returdation of the action of the proteclytic ensgymes.
T thiamire conbtent of cottonseed meal has been uped recently
ag anobher way of deternining the biological valus 0f>coﬂke& cotiton=

sead meals, Ghis methed is based on the reduction of thisnine cole

it

ent by heating. & lovw thiamine content would indicate that the
meal was gooked wader uwafavoerablo conditions, sinée thiamine is
destroyed by excessive heating,.

It is definitely established that the processing of the meats
ray markedly affect these two factors. For this resson the main
problem of the improvement of cotionsecd meal gquallty consists in
the removel or destruction of gossypol withoui detrimental effect

upon the blological value of the protein.

lany studies have been condueted on the effect of cooking
eonditions on the quality of the proteins., adeqguate heating ine
proves the protein quality of‘legume seeds by destroying an anti-
enzyme, trypsin inhibitor which ic present in the beans. The éame
iz not true with regard to cobtonsecd protein, which, according to
exporinental woerk can be injured by excessive ooking.

“loott and Fontain (1942) demonstrated that cottonsecd pro-

teinc are very sensitive to temversture changes above 105-110%.

ih

The sane authors have veporied that heating cobtonseed with steam

£
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tnder pressure reduces the utilization of the proleins. This
condition affectad 2lso the solubility of the proteins ina
three percent sodium chloride selution. The wenls zontaining
low soluble proteins showed reducad nubritive value. The
solubility of ‘gsreteim of gormereial nosls from different
sources raaged from 5.0 to 9.2 percent in woator and 9.6 to £6.7
pereent in @ three percent sodium chloride solution. This
variation is related to condltions of cookiang, since the high
temperatures associated with high molsture cause denaturaiion of
the proteins, The solubility of native proteins in salt solubion
iz as high as ninety psreent.

7

the exact effect of heating on the feoding value of the pro-

3

e

teins is not known. Apparembly, some amim aclids, nanely, lyéine,
argiaine, tryptophan and histidine, .are deatroyed or rondered less
biologically available. rwing (1947) diccuscing the works of
Almguist and others, states that the amount of Lvsiné whiech can
be found by analysic is not decreased as a result of heabing.

- Furthernore, whon heat damage? proteins avo hydrolyzed by acids
previous to feeding, they ave found to have about the sams bice
logleal value as the unheated hydrolyzed vproteins, indicating
that lysine has been mede available again. According to movre
racent investigations, the cottonseed roteing on heating combine
with reducing sugarz or othor chemlcal compounds iu the weats and
the amine acido are tied up. Alsc the rate of rolease of anino
acids can be affected. If some amino aclds are liberated more
slowly than others, they will aot be uﬁilizez& efTiciently for

orotein synthesis.



¥illigen and Rird (1951) procented evidenee the
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ply of avallable lysine and soluble nitrozen tend to decresse



EAPYRIMENT NO. I.

Material snd Hethod:~— The nutritive value of commercial cotton-

seed meal has been found to vary markedly. Hecently, a number of cot-

<)

tongead menls produced by newer methods of processing heve become a-
vailable on the market. A study of the comparstive nutritive value
of gix of these meals when fed to growing chicks during a four weeks
growing period is reported in this experiment.

Day-old New Hamnghire chicks of both sexes, supplied by the
poultry Tarm at the Oklahoma Agriculturcl Experiment Station, were
used in thisz study. The chicks were banded, welghed and %aesinated
against Newesstle with intranssal vaccine. The experinent was run
in trinlicete, using fifteen chicks in each pen. All the birds were
kent in elactrically-heated batleries equinped with raised wire floors
Suring the four week experimeﬁtml pariod.

The word pen 1s used to identify the group of chicks brooded in
one sepatats section of the battery and the word lot to designate all
the chicks subjected to the same treatmont. Eazeh lot was composed of
three peng. The lotg wers numbered from 1 throush 7, snd the pens
from 1 through 2l. The chicks were distributed into pemns at random.
Distribution of esch nen into the different compartments of the bat-
tery was olso made at rendom. Individual weights and records of feed
consumption were tsken at two week intervals. Feed and water were
availsble at all time except for periods of about eight hours previous
to each weighing. Dally observations were made and a record of mor-
tality was kept. .Feed efficiency was calculated by‘dividing'the 10~
tal pounds of feed consumed by the totsl pounds of gain. No deduc-

tion wes nede Tor ths welght losses ine



Forkian

£

curred due to mortelity. At the end of the experiment the chicls

were sexed. The aversge weleght for ecch lot was determined by
dividing the cum of the averoge velght of moles and femples hy o,

Six different comp’as of cobtonpesd meals were added o o seni-
-mrified bagal diet conteining all the vitardos end minerals reguired
for grouwth, The composition of the basal and cxperimenial mets 3
given in able I. end that of the vitoamin and mincrel nirtures in
Table I, S.c;ybear; oil wes wwed in the basal to improve feed texture
sl o incresse fecd commnmption. The addilion of Tecole was mads
to inerensse the disbary 1@\?& of leucine. o amino aeid in pure
form other than methionine was added. The caleulated lxzvel,, of
':zunt} aeids of the diets used 15 given in Table V.

The experimentol ratlons were composed of 85 poreent of the

25 morcent of cottonseed zﬁoal. The eontrol diet had

N

begal and
1245 mereont of soybean meal end 85 percont of basal., One and one-
~half pounds of corelose were added to this ration te complete 100
wnits. Ton milligroms of procaine ?:@*13.(34.13_,1.51 per couwmnd of foed and
DeU125 porcent of mﬁ_faquin@:mlz ne were wided to all the diets. The

i)

rations vore rdxed fresh every two weeks. The troce ainerals and

3
by

the
penicillin were di oolved separately in wober before they vere mized
into the feed. Sulfaguinozaline vas nized with cerelose before it
wags incorporated inte the vation. Samples for chemical analysis of
the control and s(.i{mx'.mentd robions were teken when the vations vere
nixed. The resulits of these enalyses are shown in Table IV.
The anaslyses of the cottonsecd meals uvsed, including gossyooly protein
golubility and thismin content ave glven in Table IIT,

The cgttonseasd resls used were supplied thrvough the courtesy of

iy of Abilene, Temmg, According to the

the Western Cottonoil Com



processor, the folloving momulocturing procediyes vere used in tho
production of these meals,

Cotbongeed Meal 4 and B — M"ihis is & pDreoress solvend extraction

PrOC8ate ﬁ‘t’(}hﬁ}. BOYOW DPERSes Dre used,
The rolled moobs pass throw) a French 5 high 72Y cooker for
2 cooking tine of amprowinetely £ifty minubes. The total molsture

attained in the topn ring is ratures

Toange il"'fl 195° 7 in the top ming ahout ¥ oin the botton, Pre-

press cake will L pereont oll oand & 1o ©

percont nolasture.,

-

coming from the &

Yhe =

ciers in tho solvent olent 211 be

¥ 3 T

- e PR | DY, SR BT Y
for sacking by geinding

about 215% P, Shic meal is

with o hemmer 2311 and bolting,®

asolvent exlroct

Gon

Cottongoed Meal G: — "This is o propres

Process. A %“‘ 0n preprass ond solvent extroction equinent are used,

The rolled meats sre gont to o D=X 8ix hish cocker., HModsture is
edded wntil 2 totel of about 12 poreent is ottained in the “on ring,
The btotal ooI;Ln” time io 90 to 120 minutos. The i‘ellm-riﬁ’sg

> 5

nate Len;*@m.tm:on are sitained

in the cocler vings: 1650 Ty
‘1‘: ¥ "ﬁ" Ty £ S o
205° ¥, 210° ¥, 215° ¥, and 220° 7.
L ohemnereture of 230° T to 240° F is meintained in the ecnditionsr

just velore 3 *ep ecsing. The oil and nolsture in the we-press cake

.J

epature of 2250 to 2309 T

are apnroximately ¥ pevcent czche A
attained in the drlers in the solvent plant,
The solvent meal is wrepured for socking by srinding in a

Lanmer mill.®

Cotbonseod ieal D ¢ apre processed through

a glanderd French 5 high 85" cooker wsing tho continuous method of



24,

cooking, The total mwisture of neats atisined in the top riag is
12 porecont to 14 vercemt. Total cocldnz tlme i sbout 90 minvies.
The temporallure rangss a) imately oo follows: 195° ¥, 218° 7,

€3

222° 7, 2267 ¥, and 230° T

-

Pressing is accomplished on o stepndeard hydrvauliic system of

ve wresses aro loaded avery fifteen minutes. The

ten preuses. [

finished cake wolstures are from 7 verceat to & percent, The euke
is pground to meal on on attrition nill. M

Cottonseed Moal Hiw- "Unrolled meats are roubted through o double

t3 are held for ar

x
!

Anderson cooker arrengement where the wea oximately

30 minmbes. and a btempeorature of 176° ¥ is attained. These weats then

zo to five findorson expellers. PFour of these machines have the old

Anderson threo tube drisr arrangoment beflore pressing. The meals pass

i

throvgh this arrengenent in approdmately seven minvhes and attain

u bemperature of approsimatsly 260° ¥ 111 the driers. The other c,x-
neller io squinped with & standeard Andorson cooker and conditioner
vhere the meats cre held aprreximately Tweaty ninutes and a temperature
of appro:f:mmt@l;f 260° T is attained. | |

The findshed oale moisture is about 3 pevcent.

The cake is ground ipto meal on sn attrition mill.®

A
the

Cottonmeed Meal Tor —w This menl vwas oldo swlicd by

i Aty - w

Western Cottonoll Compeny of Abilenc, Texzs. Inforpation about the

oy

mpufacturing grocedurs used I

b

1 it mroduction was not avallable ad

Cthe time thisz paper was uritten.
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RESULIS ANC DISCUSSION
The origzinel purpose of this experiment was to determine the
effectyg ol processing conditions on the nutritionsl value of cote

:

tonsesd meals. As thls is just & preliminary investigstion the

45)

experinentsl period was limited to Tour wecks.
Soybean mesal was chosen as s control becsuge it is one of the

most adequate vegetsble piuteins from an amino scid standnoint.
The results shown in Table VI indicate that the biological valua of

the cottonseed mesl protein as seasured by growth in chicks is akuvt
the same as that for soybean protein. The gains made by the chicks
fed rations 2, 3, and 5 are egual to thoge mude by chicks fed ration

1 (sdybean meal). The growtﬁ response of ration 4 (cottonseed muml G)
was somewhat better than ithe control and the experimental diets 2, 3,
5, and 6, However, the differences are not statistically significant.

The chemical gnalysié of ﬁhe rations used indicateé that'fhe COli~

trol ration was lower in.protein thoen the experimentzal rgtions. Thers-
fore, better result; might be cxnecte’ far‘lot 1 i the same levels of
protein were fed. In additiom, individusl weizhts obtained fop the
soybean diet were quite variaﬁle. ﬁortality in all loﬁs uasinégligible
but a numb er of Cthkg from the threeo pens sup-lemented with soybean
meal weighed comsidersbly less than the average. I1f these chicks are
taken out, the average weight for ration 1 is‘very elose to that of
ration 4Le The rate of growth of the'otﬁer>lots was rather uniform.
No-apparent reagon for the ifregular responge of ration 1 was found.
This effect was observed in 2ll three pens {pen numbers 2, 12, and 19).

f this lot. 7Two chicks of the group fed the control ration were gick,
with typical symptoms of Hewcastle disesse, at the end of the experi-

ment .



oo

(B2 &

The weight goin for Lot & (cottons
OO
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owth, it becomes evident that gossypol
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Ead

Bvidence is available that the proted

Injured by processing. The data in Table

wag of poor quality in so fur ss the tot
thiamin content o coneerned, Also the
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the thiamin test is an cccurats method of ue
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Az was pointed out before, the reoul

that gossypol did not have any measurable
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ossypol thon swaple D which j;,‘I’OVidéd the
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meal at the level of 0,04 to D.00 percent
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on growth when 15 percent of cottons
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o sition of the bassl and experimental rations
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TABLE IT

Hinersl ond vitordn ndsbure
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e

ineral Pereconbors
Galosy f?, ; 20
()ﬁjyﬁ}! 'ﬁig@ mi 5S
%guPU/ 15,?3
Hael 11,24
tigs0, « a0 '}.3{‘3

I e DD 1.03
“m&O, ? (454,
KI 0,062
C’{LSO 4 U. g&»()
ZnCly U, 018
GQClr-;'@ﬁ"‘«G G037

Yitemdn Apount

Peeding A oil (6000 I.UW/m)
Delatercl (2000 A,0.4,C./ o)
Tocorherol concentrate (ldl 1 Alpho
tocopherel /g, )

Himcin
Henadlone
Cal. rontothennde
Ribe Clavin

oEdn
Pyridexine
Folic Acid
Riotin
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Vorek AFFP (12 mz/lb)
Cerglose

De2 1
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16
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TABLE IIX

Anelysis of the experimental sumples of coblonseed meal (1)

Senmpls  Sanple

A B

Somnle  Sample
D

Hodeture % 685 707 Te25 G772 Sodids
Tt % 2404 1.50 Le36 758 4eS0
Thismin My/lb. 3.62 32 3654 2461 1,01
Protein 5’; :’fg;i?. 5(} tf:'l . 53 w{(e-l . 88 /;.?.. 56 v;{;,. . SS

Sol. Protein % 26-iR 304l 30-41  26-42 1i-41
Fiber 9 | 11,76 15,50 13,05 1186 14.37
Ash & 7,30 5,30 6.2 5.56 5,39

Total Gossypol & 1.03 0,63 1.21 1.04 3,73

Fyee Gosoypol & 0,06 0,05 004 0.03 3,03

Az

¥ Data not available

(1) HWoodson-Tenent laboratories, Memphis Tonn.
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Chepdecl analysis of the expovimentsl rations (2)
Ration Ho.l 2 3 4 5 G 7
Woter % 972 975 Su79 G472 956 Q3L 8456

Ash % 6,05 762 666 6,72 G669 703 7.00
Crude Protein § 18,16 20,95 20,83 20.44 20,02 20.25 20.25
Tat & Golh  5a54 651 5.82 0 0,70 W03 710

Fibexr % 134 1,54 1.86 2,04 2.62 2,60 2,59
- i -t 2 ol ’ -y oo por £ P - oy e s y

Ho'uLe 5 57468 54400 54435 355.20  Shefd 5375 54,10
e 1.20  L.27 131 1L.29  LJA2 1.23 1,42

Po ;g - 716 - 7 OO * 612\ . !? 25:) [ 66&?; O{?{}i}

e
e

() Depertuent of Agricultral Chewlstry Resesrch, (klshowa
Ao &e He College, Stillunter, Cklahoma



TADLE ¥

Catculated sminc acids analysis of the control and experimental dietas.

P

Control  Experimental Chick reguivenents

Arginine 1.119 1.222 120
Methionine 0530 Dadl3 0.50
Cyatine Q1% 0257 040
Tryptonhen 04288 0¢205 0425
Glycine 2,895 24205 1.50

Isoleucine : 0,910 0900 e 60
Leucine 1.540 1,465 1.50
FPhenylalanine 1,113 1.106 0.90
Threonine 0,775 3. 705 0.60

Valine 3,829 06839 0,80

Tyrosine 0.927 064829 075
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BAPERIMENT RO. II.

Procedure:—- It is recognized that large amounts of cottonsgeed
meal oroduced by old processing methods will inhibit growth. The
meximum level of new process cottonseed mesl whbich con be fed to
chicks without retarding growth has not becn established. The obe
jective of this study 1s to determine the meximum level of new pro -
cess cottonseed weal which can be fed without deleterious efflect on
growth. Cottonseed meal sauple € which oroduced the best grawth re-
sponge in experiment I wags used in this test. Four raotions containe
ing 12, 24, 36, and 48 percent of cottonseed meal respectively, were
uged. Soybzan meal was used in the control retion. In those rations
which contained less than 42 percent of cottonseed meal, soybean neal
vas used to furnigh the additional protein required to standardize
all the rations at the same protein lewvel.

Crossbred (New Hampshire x Barred Plymouth Hock) straight run
chicks were secured from ths college poulbtry farm. The sane general
procedure uged in experiment I wap used in experiment II, also.
Triplicate grouss o?vtwelve chicks eaéh were fed different levels
of cottongeed meal zané soybean méﬁl. The expsrimentsl period wes
four weeks, but dus to an outbresk of g diseé&e similar to Newcastle
disease abt the t@rmin&tion of the experiment, only the dats obtalned
at two weseks will be discussed.

The percentage compogition of the basal and experimental ration
is given in Table VII. The same mineral and vitgmin.mixtures were
used in experiment I1 were used in expsrimcat I. The chemiecal

composition of the experimental rations is shown in Table VIII.
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vlgeussion and Resultsi~- The data obtained apparently con-
tradicts the results found in the {irst exveriment, since the
soybzan diet provided the best rate of growth, however, as was
nointed out, the difference was not sipnificant. The results of
this ewperiment sre glven in Table IX. Lot 1 fed soybean meal
as the only protein source produced a rate of growth alightly
better than that of lots 2, 3, and 4. It seems likely that this
difference is due %0 a better quality of protein in the soybesn
meal in this experisent. Squal growth was obtained using retions
2, 3, and 4 in which soybean meal was partizlly replaced by 12,
24, and 36 psrcent of cottongesd meal. Since ration 4 is three
times higher in cottonseed mesl than ration 2, it is evident that
cottonseed meal éantaining 0404 percent of gossypol when fed at a
level of 36 percent of the ration does not retard growth to any
messurable extent. Poorer resulis were sade by lobt 5 which was

fed 48 percent of cottonseed meal. This indicates that the growth

o
3

regponge was seriously inhibited by gossypol when mors than 36 per-
cent of cottonseed meal was fed. OSince mortality was lower in the
lots containing high amounts of cottonseed meal, it can be concluded

s cn

that gossynol did not effect mortality rate in this experiment.
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TADLE VII




Yoaroeont

D e

Hation Ho. 1 2 3 4 5

1903 (‘:;n.!-‘sﬂ{) Ve 20 11.5,)4:; :. . g 3%
@.*?l 7231 Tel7 '7 24 T e 25

3 1859 2036 J,;’:". '
3655 Pjsa ZeQ1 250

ﬂ?utein
Fat

Fiber L. +5_ 257 3edb 3.13 B2 £
Ao Fab 55,31 58.18 5621 56,03 56415
Bv:b ’ li‘ 4-2 1533 1033 1- ? ,,,.3,,._

*y LR ';v‘é Foh o~y
He » 6‘.:&} - ':K,,«);, .é«j‘é;{j - {)5,;*.} - [ ,LI’,
e R *“"“"’"“'m “W*“W'memw

:} ui; G‘)ll@&je,

(3 ) De P i A1 woof A (”3‘.' ﬂﬂl—dﬂ.b Reman
Stillvete: » Hiluhoms

vﬂi

TaBLE

rlhaental o

e
el
P
g

fand
end
L&V
£~
Rt

l lm } 165.5 16342 160.2 J 2, oD
PR 4_3.: 1226 0 A32.1  121.3 8_”;;.1.;
s caddct 100 3.0 95.5 Yl.B 632
W:}. eh,wé» “i.‘« tmi 36 36 2%, 35 36

Yo chicks Jdiocd 7 H 3 1 2




EAPERLMENT NO. III.

Meterisl snd Method: -- The purpose of this study is to study

the ability of & prime quality comnerciaslly produced cottonseed

2l to revlace goybesn meal in a practical type broiler ration.

Twelve grouns with 35 random-selected unsexed New Hampshire
chicks in ea&h'gfoa@ were used in this experiment. Al one day
old, they were wing banded, weighed and vaccinated for Newcastle
with intranasal vaccimef The experiuent was sterted when the chicks
were one-day~old and terminsted at the end of the sixth weck. -

The chicks were brooded in a well ventilated continuous type
brooder house which wag divided into 12 pens. The house was egquin=-
ped with 2 hot water brooding systeﬁ. Aprroximatsly 2 square feet
‘was sllowed for each chick. The house oad equipnent were thoroughly
cleaned and new litter was placed on the floor prior to the begin-
ning of the experiment., Comuercially treated sugar cane oulp. vas
used for litter. HNo replacement or addition of 1itter was made dure
ing the experimental period.

The different rations wers feé in triplicate. &ach of the
thres pens fed the szme ration composed one lot. The pens were
numbered from 1 through 12. Besides the initial weighing,recérds
of body weight were taken st the end of the fourth znd sixth weeks.
TFeed was removed for = short time before each weighing was made,

Records of mortality was kept throughout the test period., Fresh

water and were supplied ad libitum except for short periods
belore each weighing., Feed wastapge was avolded sz much as pos-

sible. Feed howpars of adeqguate sizes were used during the experi-



mental period. Feed for each pen was kept in separate cans. The

values for the feed cgns&mption of each lot shown in Table XIV are
averages for the three respective pense.

At the termination of ths experiment the chicks were sexed.
The averapge body weight of each lot was deterained by dividing
the sverag: weight of males plus average weight of females by two.
Feed utilization was calculated by dividing the total feed consumed
by the totsl weight gain. The feed consumption of all the lots was
deternined at ths time of each weighing; In order to facilitate a
cosparison of the results, the average weight gein and feed effi-
ciency of the rations containing cottonseed meal were expressed as
the percentage of that obtained from the lot fed only soybean meal
a8 the source of yegetable vrotein. The gains obtazined were ana-
lyzed statistically by analysis of vériance.

Thig study compares the effect on grouth and feed efficiency
of cottonseed meal sand goybean mesl as sources of vageﬁable DYO-
tein in & commercial broller ration. Four exesrimental ratibns
were used. Uifferent percentages of soybean mesl and cottongeed
mesl were added to the bassl diet deseribed in Table X. This dist
was sunnlemented with s sufficlent amount of all required vitaming
and ainsrals needed.by broilers., The levels of vitamins used were higher
than that recomrended by the National Council of Research. A&lihough the
calculsted amount of lysine in the rations high in cottonseed meal was
apparently low, no addition of that amino acid in pure form was made.
The esleulfited znalysis of the gaino -cidg of the experimental rations

is given in Table il. Experiaental ration 1 contained 22.5 percent of
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tions given in Tables XIII ghous that o1l the rations contained

- 22 »nercent of nrotsin,

The soyboan mesl used was o solvent erirocted

usually available in section. The cote

furnished through tho ecourteny of the hegtern Cote
tonoll Lompany, Abilene, Texas. It uas & golvent extrseted mesl of
average guality, oroduced for commercisl nurcoses. 1to analysis wos

s

not aveilable at the tims this saper wgs vritten. Befors the retious

were prepared, the cottonsesd nesl was thoroughly mixed ia s mech:

cal mixer. f4g the cotlonseed mesl nreviously weunlioned was not avalle-

abile &t the beginning of the experl.ent, = sasnle nenufactured by L.

8. Lovitt and Comoany, Memchis, Tennessee wig the firgst

19 dsys of the tesgt perlod. The exnerimentel rutions vere preocared

mixed in o Doteh mixer. Vitamins

anproximately every tuo wecks, o
yere incornorasted into the bascol at the time the exwerimentsl zatiocns
were prenaved. Vitamin 4 was gunclied by feoding oll containing 5000

I. U, of vitomian A per gram. Vitumin D, ribollavin, pantothenic acid,

went and vitamin 312 were sdded in cvystelline fora.
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and feed efficiency were obtalned. Livebility was excelleal in all
experimentsl lots, Unly one chick died during the test weriod. Al=
tnough lot 4 muce somewhet luferior gelng in weight, bthe gensral

a5 thoge in the three lovs which

£

anpeareance of lhe chicks was as good
showed the best growlh response. At the end of the experiment, the

gifference in feather color,
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tynical of a lysine deficiency, was obearved. The individual verie
ation in body weight was apparently normel and very unifora in every
1ot

The average gsins in weight at four weeks of age were essential-
1y the seme for lots 2 and 3. Lot 1 made slightly bLetter gains but
the differency was not significant. Lot 4, fed only cottonsesd mesal
2y & source of vegeltoble protein, geined less than the other 3 lotg
at the fourth week of the experimental test, uwlon analyszed stabise
tically this difTerence in welght gain wug found to be signilicant.
At six weeks the geins in weight for rstions 2 snd 3 were the same,
fztion 1, which gave the best results up to four weeks, shoved a
rate of growth slightly below those of rations 2 and 3 at six wesks.
Gains for lot 4 were sbill inferior, but the gaing obtained for this

N

forent

e

test poriod were ss good ss those obtsined by lot 1, The dif
trends in the data obiained at 4 and 6 weeks can be explained on the

basis of the difference in suaslity of the two cottonsecd moal zamples

The rage Teed conswplion per btird at gix weckes varied from

2,72 vounds in 1ot 4 ©o 2.92 nounds in lot 2. Ho significant dif-

ference in feed efficiency amony the lols was encounterad.
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GENSBAL BISCUSSI0N

A general conclusion can be drawn {ron the three experimente
carried out on this study. Experiment I showsz that cottonseed meal
with & gosaypol comtent verying from 0.03-0.05 percent was as de-
girable os 2 soybean meal for the growth of chicks when fed at s
lavel of 15 mercent of the ration. However, a alight difference in
growth response was cbserved among these lots fed the same smounts
of cottonseed meal. This differonce was atlributed to differences
in protein quality which may have resulted from methods of proces-
sing. Experiment II ghows that when cottonseed mezl contsins no
more than 0,04 percent of free gossypvl it can be used at a2 level
wp to 36 percent of the ration without spparent deleterious effect
on growth. Howsver, evidence indicates that the procegsing conditions
unider which the cottonseed meals are menufactured lower the nrotein
guality. Ex@eriment I1IT shous that cottonseed meal, when combined
with soybean measl 1g¢ & velusble protein for broilers. Lxcellent
growth responges were obtained when cottonsesd meal replaced up to
70 percent o the soybean meal. UWhen used a3 the only source of
plant protein, cottonsgesd meal showed z siightly depressing effect
on growth regponse and fecd utilization. The results of experiment
II provided evidence that gossypol did not inhibit growth when 2/
percent, of cottonseed meal containing 0.04 percent of gossypol was
used, Uafortunately, the analyses of »rotein gquality and gossypol
content of the meal used in experiment 111 is not availzble at the
nresent time. However, éince gxcellent growbth regponses was obtained
when two-thirds of soybean meal was replaced by cottonseed swsl, it
becomes appsrent thot cottonseed meal sasples used provided a high

guality of protein for growth. UWhen cottonseed meal was used
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Lone a lower rete of prowlh was obtained, This effect can be due

»

ithor to the sction of coosgynol or bo & deficiency in amino geids

@
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SUILAARY

The nubritional wvolue of the vprotein of cotionsesd mesl
when it is properly‘pracessed is excellent for the growth
of chicks, |

svidence uas obtained that & combination ol cottongeed
meel and soybesn meal provides better growth then when the
two proteins are fed alone.

Cottonseed meal can successfully replace up to two-thirds
of the soybean meal in a high efficiency broiler ration.
Unfavorsble effects on growth were observed vhen high per-
dentageﬁ o cothongeed maal of 0.04 percent of free gossypol
wag fed, This effect is most 1ikgly'due to the detrimental

effect of processing on the guality of the cottonseed neal,
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TABLE X

Gomposition of the bagal diet

Coms e
s =5

Ingredients Pounds
Ground yellow corn 37
Ground katir ' 20,0
Pulverized oats 540
Fish meal (604 rrotein) 3.0
Pried brewers yeast ' 2.0
Dried buttermilk 2.0
Alfalfa leaf meal (173 protein) 2.0
Heat bone scrap 3.0
Calciu» cerbonate 1.0
Steamed bone fneal 1.0
S&lt 05
Vitamin 4 oil (2,000 I. t.,/ga) .1
Delsterol (l’ 5@9 1.0.U ./gm.) ' 07
Eetgine supnlement 02
tierck Byp and znt. suppl., 3 #g. 312/1b'

(L.L. elution assay} end 2 gm. procain

nenicillin per pound : 10
Ribtoflavin supplement (lgi/oz.) 10 gm.
Celcium pentathanate «22 gie

Mangenese sulfate. : : . 60 gm.




TABLE X1

Calculated analyses of Amwino acids of the experimental rations.

\ % % % o Require=
Diet Ho. 1 2 3 L megts
firgiliine l .23 1031 l 037 l 441 1.0
Lysine 1.4 1.03 7 36 1.0
Wethionine 43 43 43 43 5
Cystine 31 o34 3 WA R
Tryt O‘Qhan . 23 . 22 " 22 . 21 . 25
Glycme 2.12 1063 1'35 -96 08
Iso Leucine 1.08 1.03 «G9 o 6
Leucine 1.97 1.93 1.8 1.81 1.4
Phenylalanine o959 99 99 99 +55
Threonine 85 B4 LA2 +«30 o7
Valine l.15 l.12 1.09 1.06 B0
Histidine 50 50 «50 +50 «35
Tryosine - « 30 e o 76 75 75

#
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TABLE XIT

Gompogition of the experimentsl dlels

i oo iz

e e o ‘

Diet lio. 1 2 3 4
Components percent percent percent wercent
Basal 76 76 6 76
Soybean meel

{44% protein) 22.5 1547 6.3 .
Cottonseed megl

(41% protein) - 7.3 16.7 24
Ground yellow corn 1.5 1.0 5 -

TEBLE XIII

Percent composition of the exnerimental diete as caleulasted from
chenical znalyses of inmzredients. {4)

Ration HNo. 1 2 3 4

Hoisture % 10,35 10,73 10.82  10.99
Protein % : 23.12 23,44 22.00 22,44
Fat % 3.26 3434 3.35 3.26
Can 5[:? lol}g 1043:) 19()3 1037
Pe % J.71 0.73 0.8 Da74
Fiber % 3.32 5el2 3.91 4e35

{4) Department of Agricultural Chemistry Reseerch, Oklehoma
Ae & H. College, Stillwater, Uklahoma
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TABLE XIV
Effect of feeding cottonsesd mecl and soybean meal on the weight
and feed efficiency of chicks at two snd six weeks of age.®
Ration Ko, 1 2 3 FA
Ave initial weight, ga. L5 45 bi, 43
Av. weight 4 wks., gn. 335 328 32 257
AV, gein, 4 W 8., gile 293 283 282 254
Av,. gain [ s. m diet, 4 wks. gne 100 o7 97 33
Av, weight, & wks., 2. 525 530 C 539 FA
Av. gain, & wkse, gn. A 435 495 246
Av. gain from 4-6 wks. go. 150 202 213 i92
Av. gain, & S. nesl, 6 wks. 100 101 103 93
Livability % 98 130 100 100
hv. feed con. & wkg., 1b. 2.585 2.92 2.91 272
Av. feed con. % 5. neal, 6 wks. lbs. 100 102 102 95
Av. feed per 1lb. gr., & wk., 1lb. 247 2449 2.5 2.52
.ig.Vs fe@d pcl“ lbn gﬂn, ?ﬁ; Sl me&il, é
weeks, 1lb. 100 100,38 9.2 102

¥ Average values for the 3 pens of each lot,
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Statement of Problem: The biological value of cottonseed meal is dependent
upon the quality of the protein and upon the amount of free gossypol,
a toxic substance found in the pigment gland of cottonseed. Recent
research has shown that processing conditions which reduce the free
gossypol content of the meals can also damage protein quality. Commer-
cial cottonseed meals produced by improved methods of processing have
become available on the market during recent years. The purpose of
this study was to determine the dietary value of these meals as com-
pared with that of soybeen meal for the growth of chicks.

Methods of Procedure: Three experiments were performed on groups of growing
chicks, In the first test, six groups of chicks were fed semi-purified
diets containing 15 percent of several samples of cottonseed meal which
were processed under different conditions. Soybean meal replaced cot-
tonseed meal in the control diet. In the second experiment five lots
of chicks in triplicate pens were fed semi-purified rations containing
0, 12, 24, 36, and 48 percent of cottonseed meal and 40, 30, 20, 10,
and O percent of soybean meal, respectively. The final experiment
investigated the ability of cottonseed meal to replace soybean meal in
a complete practical type broiler mash.

Findings and Conclusions: The results obtained permit the following con-
clugsions:

1. The nutritional value of the protein of cottonseed meal when it
is properly processed is excellent for the growth of chicks.

2. Evidence was obtained that a combination of cottonseed meal and
soybean meal provides a better growth than when the two proteins
are fed alone.

3. Cottonseed meal can successfully replace up to two-thirds of the
soybean meal in a high efficiency broiler ration.

4e Unfavorable effects on growth were observed when high percentages

of cottongeed meal of 0,04 percent of free gossypol was fed. This
effect is most likely due to the detrimental effect of processing
on the quality of the cottonseed meal.
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