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INTRODUCTION

Feedstuffs used as protein supplements are usually processed in
some manner prior to use in order to render the protein more availab;e
to the animal or in order to isolate other products. These various
nethods of processing may have an effect on the nutritive value of the
protein supplements.

Although considersble work has been conducted with simple-stomached
animals to study ths value of protein supplements processed by different
methods, little work has been conducted with ruminants to study this
problem, BSince different methods of processing involve various types
of o0il extraction and temperature during processing, questions have
arisen as to the best method of oil extraction and the optimum operating
témperature for processing protein supplements.

In several studies cothonseed meal has been shown to be of less
value for ruminants then certain other prectein supplements. ‘The exact
csuse or nature of this is not known although it is thought to be due
té the presence of gossypol or having proftein of lower quality. The
problem of cottonseed meal being of less value has been of considerable
goncern to the cotton oil industry.

Since little experimental work has been conducted to study the
effect of processing upon the nutritive value of protein supplements
foré;uminants and little experimental evidence is present as to why

cottonseed meal is of less value for ruminents, three studies were



undeftéken to study these problems. ThHe studies conducted were a
digestibility and nitrogen balance trial, a growth trial, and an
artificial rumen study. The digestibility and nitrogen balance trial
and the growith trial were used to study the effect of different methods
of processing and quality of protein in the various supplements. The
aftificial rumen study was conducted to compare different protein sup~
plements as sources of nitrogen for cellulose digesting microorganisms

and the effect of gossypol on these microorganisms.



REVIEW OF LITERATURE

It is a well established fact that protein quality is of much
greater consequence in the feeding of simple-stomached animals than in
ruminants. Maynard (1951) describes a high quelity protein feed as one
tyhich supplies all of the amino acids needed in proportions most nearly
like those in whigh they exist in the protein to be formed." Cottonseed
meal has been shown to be of little value for the simple-stomached
animals when fed as the major supplement in combinations or alone, and
of less value for ruminants than certain other protein supplements,

Altschul (1958) states that gossypel has two definitions, bound and
free, Free gossypol has the praetical significance of being physio-
logiceally active; that is, toxic when:fed in sufficient quantities to
simple-stomached animsls and responsible for discoloration of eggs when
hens are fed cottonseed meal. Bound gossypol does not exhibit these
physiological effects. Processing affects the use of cottonseed meal
more for simple-stomached animals than for ruminants. Various types of
extraction of oil in processing cottonseed meal are: hydraulic press;
screw press; prepress solvent-extracted; end solvent extraction, direct
and direct chemically treated. The amount of free gossypol found in
cottonseed meal after the various extraction processes is: 0.04-0.22%;
0.03-0,08%; 0,02-0,06%; 0.05-0.60%; and 0,02-0,04%, respectively.
However, as will be shown latef the effect of bound gossypol upoﬁ the

proportion of essential emino acids must be considered also.



Cottonseed Meal For Beef Cattle

Numerous workers have compared various protein supplements for beef
cattle when fed separately or in combinations with other supplements or
with different grains under varying conditions or situatioﬁs, Pope et al.
(1951) compared the relative value of cottonseed meal, soybean meal, and
& sesame meal-goybean meal mixture as protein supplements for two-year-
old steers being wintered on native grass. The supplements were fed with
and without ground limestone or bone meal so that each supplement
supplied the same amount of caleium and phosphorus. ©Steers fed cotton-
seed meal lost an average of 13 lbs. per steer while those on soybean
meal lost an average of 1 1b. per steer, When ground limestone was added
to cottonseed meal, steers gained an average of 27 lbs. Those fed soy-
bean meal plus bone meal lost 4 lbs. on the average. A combination of
two parts soybean meél and one part sesame meal plus ground limestone
resulted in an average loss of 12 ibs. Two steers which were unthrifty
accounted for almost the entire weight loss in this group.

Linseed meal, cottonseed meal, and corn gluten meal were compared
by Anderson et al. (1929) as supplements in cattle fattening rations.

The supplements were fed separately, in combinations of two, and as a
combinatidn of all three., When fed separately, average daily gains

were 2,08, 2.22, and 2,11 1bs., respectively for cottonseed mesl, lin-
seed meal, and corn gluten meal. Feed (concentrate plus roughage)
required per 100 1lbs. gain was 993, 936, and 947 lbs. in the seme order

as above, A combination of linseed meal and corn gluten meal in equal
parts resulted in better gains and feed efficiency than any other combina-

tions.



Stanley and Walker (1940) studied the value of cottonseed meal, fish
meal, -and meat meal for fattening steers when each meal furnished the
same asmount of protein. Steers fed cottonseed meal made 8lightly more
rapid gains, 2,20 lbs., than those fed fish meal, 2,08, or meat meal,
2.10., Slightly legs feed was required per 100 lbs. of gain by steers fed
cottonseed meal., It was stated that when these supplements are fed on an
equivaient protein basis, cottonseed meal is worth more pound for pound.

An expériment was conducted by Jacob and Duncan (1938) for three
consecutive yéars to compare cottonseed meal, cottonseed meal-tankage com-~
bination, peanut meal, and soybean meal when fed with silage for fatten-
ing steers. Cottonseed meal and tankage were combined in a 3:1 ratio.
All supplements were fed at the seme level daily. Steers fed either
cottonseed meal, cottonseed meal tankage, or-soybearn meal made higher daily
Kgains'on less feed than those fed peanut meal.

Briggs e al. (1946a) conducted a digestibility trial. with yearling
steers to determine the nutritive value of cottpnseed meal, soybean meal,
peanut meal, end a combination of all three meals. Prairie hay was the
basal diet, One 1lb., of the supplement was fed daily, There were only
small differences in the digestibility of the nutrients of rations con-
taining the different supplements with the nutrients of the ration
containing the combination of supplementé being slightly more digéstible°
The biological values of the protein in the various rations were 65 for
the basal, 73 for both cottonseed meal and the combination, 71 for soy-
bean meal, and 68 for peanut meal. |

1. (1946) compared cottonseed meal and peanut meal in

Jones et

six tfials with yearling steers at three different Texas experiment



stations., The average resulits showed there to be no differences between
the supplements as measured by daily rate of gain., Massey (1941) found
gimilar results when he averaged data from four consecutive years.

Two -year-old steers on fattening rations were used by Skinner and
King (1924)‘to'compare soybean meal, cottonseed meal, and whole soybeans,
Steers fed whole soybeans made the most rapid gains, 2.25 lbs, daily;
but this was not significantly higher than those fed soybean meal or
cottonseed meal, 2,17 lbg. and 2.16 lbs. Feed efficiency was sinmilar
in all lots.,

Rusk and Snapp (1924) compared soybean meal to cottonseed meal for
fattening steers and found that these two protein supplements had
practically the same feeding value. Steers fed soybean meal made fast-
er and more economical gains than those fed cottonseed meal buﬁ the
différences were not signifiecant.

Pope et al. (1952) using yearling steers being wintered on dry
native grass compared cottonseed meal to soybean meal with and without

ﬁthe calcium and phosphorus levels of the supplements beingwgqualized,
Cottonseed meal was compared to corn gluten meal without equalizingﬂthe
caleium and phosphorus lsvel. Solveﬁhfextfacted cottonseed meal was
also compared to hydraulic processed meal., Winter gains were larger
when the calcium and phosphorus levels we;e not equalized with soybeen
meal fed steers gaining the most. Corn giuten meal was-found to produce
: smgller gains than fh@ other supplements. No difference wés found
bstween soybean meal and cottongeed meal with respect to winter gain
when calcium and phosphorus levels were equal in the two supplements,
Solvent extracted cottonseed meal produced slightly greater gains than

hydraﬁlic processed meal,



A similar study was made by Pope el al. (l953b) exceptlthat o=
year-old steers were used and a &ombinaﬁion supplement of linseed,

" cottonseed, and ssoybean meals was used in the place of corn gluten’meal,
The feeding of soybean meal produced winter gains of 17 lbs, while
éottonseed meal feeding resulted in an average lbssvof 21 1bs, Upon
the_addition of ground limestone to cottonseed meal galns were increased
to, 12 1bs. Bonemeal supplementation to soybean.meal increased average
gains to 26 lbs. Bqualization of the calcium and phosphorus content
of the combination supplement resulted in an average loss of 3 lbs. per
steer, . When solvent extracted cottonseed meal was compared to hidraulic
processed cottonseed meal, average weight losses were 25 and 21 lbs. ,

srespectively.

A metabolism study was conducted by Briggs et zl. (1948) to
determine the nutritive value of solvent-extracted soyﬁean meal and
cottoﬁseed meal, hydraulic-processed cottonseed meal, and expelléra
pfocessed soybsan.meal. -Each meel supplied the same amount of protein
daily., Higher apparent digestibility of‘protein was obtained with both
‘soybean meal samples:with expeller-processed meal having»the highest.
Nitrogen retention was vefy similar wﬁen either pressurémtreated cr
gsolvent-extracted meals were fed, A similar study was‘conducted-by the
same investigators in 1949. Apparent digestibility of protein was again
higher for soybean meal. Solvent extrected meals resulted in slightiy
higher nitrogen retention than did pressure~treated meals,

Three protein suppleméntsg cottonseed meal, cottonseed feeds and
linseed meal, were compared in a winter feeding test conducted by
Tomhave and Bentley (1923). Cottonseed feed was found to be an un-

economical ﬁrotein supplement by these investigators. Linseed meal



and cottonseed meal were found to be of approximately equal value when fed
with silage. The feeding of cobionseed meal and linseed meal with and
without shelled corn was also studied. Corn was fed for the last 56 days
in one trial and the last 8l days in another trial. When fed for 56 days,
average daily gains were 2.0 lbs., for steers on cottonseed meal and 2,27
1bs. for linssed meal fed steers. The control animals or those fed no
corn gained 1,93 and 1.97 1lbs. dally on cottonseed meal and linseed meal,
respectively. Steers fed corn for 8l days gained 2.38 and 2.62 1lbs.,
respectively, and the controls gained 2.53 lbs. on cottonseed meal and
2:33 1bs. on linseed meal.

The nutritive value of the protein of linseed meél and cottonseed meal
for beef calves fed fattening rations was compared by Bethke et al. (1928).
The meals were fed so as to supply the same amount of protein daily. Daily
gains were very similar oﬂ both rations with feed efficiency being in
favor of cottonseed meal.

The use of cottonseed meal as a replacement for corn was the basis of
a study conducted by McCampbell et al. (1926). One lot of yearling steers
received cottonseed meal as the only concentrate and another lot received
one pound of cottonseed meal and enough corn to equal the amount of
poncentrate fed to animals in the other lot. BSteers receiving 11 1lbs. of
cottonseed meal made average daily gains of of 2.39 1bs. as compared to
2,13 1bs., for those on corn. Feed efficiency was in favor of corn-fed
steers but this advantage was small.

Gayle (1917) made a study of cottonseed meal alone, of a combination
of cottonseed meal and shelled corn, and of shelled corn alone for fatten=
ing calves. There was little difference in daily rate of gain between the

three rations. Peounds of concentrate to produce 100 lbs. gain was very



much in favor of cottonseed meal alone, 213 lbs. cottonseed meal against
1489 1bs. of corn. Corn silage was just the reverseg 1318 1bs. required
for 100 lbs. gain by steers on cottonseed meal to 739 lbs, for steesrs on
corne .Ii was stated that steers fed cottonseed meal tended to grow more
and fatten less.

Another experiment to study the valvwe of cottonseed meal as a
replacement for corn in a fattening ration was conducted by Edwards
and Massey (193L). Different proportions of cottonseed meal to corn wers
used. The proportions were: 1 part cottonseed meal to 6 parts corn,

1 to 3, and 2 to 3. There was no difference in daily rate of galn with
all lots averaging 2.0 lbs,~ Differences in pounds of éoncentrates per
100 lbs. gain were small withthe greatest difference being between the
1:6 and the 1:3 in favor of the 1l:6 proportion.

Knox and Neale (1939) used yearling steers in a three year test to
determine the wvalue of cottonseed‘meal in combination with ground kafir
in fattening rations. Rations fed were Lot 1, ground kafir as the chief
concentrate and enough cottonseed meal to supply ample protein; Lot 2,
equal amounts of kafir and mealy Lot 3, cottonseed meal alone; and Lot i,
cottonseed meal alone but deferred until the second half of the experiment.
Steers in Lots 2 and 3 had higher daily gains and better feed efficiency
but the differences between these two lots were small in all years.
Finish was also higher for animals in these lots. The behavior of the
steers in Lot 3 followed a definite pattern in all three years. Early
in the test they had the keenest appetite, but when the amount of meal
reached 10 1bs. daily, there was an increased laxative nature of the .
ration. A distaste for the meal was shoun toward the end of the test when

levels of meal reached as high as 1) lbs. daily.
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The influence of solvenﬁ-éxtracted_and hydraulic—précessed cottonseed
méals upon the performance and the level of plasma carotene, vitamin A,
and fat in the blood of winbering beef cows was studied by Parham et gl.
(1950). Cows on hydraulic-processed meal gained 11 pounds more than cows
on solvent-extracted meal But this difference was not significant.

Blood samples taken at the beginning of the experiment showed that blood
fat levels were similar. At the endiof‘the trial, cows fed hydraulic-
processed meal héd blood fat values of 187.5 mg. per 100 ml. (an in-
crease of 11.2 mg.) while those cows on solvent-extracted meal had
values of 176.6 mg. pér ml, of blood (a decrease of 2.0 mg.). Blood
carotene decreased 20 mcg. per 100 ml. for cows on solvent extracted
meal and 4 mcgu per 100 ml. when hydraulic-processed meal was fed.
Solvent extracted meal produced blood vitamin A levels 20 mcg. higher
per 100 ml, than did hydraulic processed meal,

Using a fistulated steer, Stallcup and Looper (1958) studied the
fate of the nitrogen of soybean meal, cotténseédwmeal, Morea19 and
cottonseed hulls, Relatively‘high levels of nitrogen were present in
the rumen when soybean meal was fed. Total nifrogeh present when cot-
tonseed meal was fed paralleled that of soybean meal but.at a lower
level, Concentrations of ammonia released in the rumen reached a peak
three hours following the feeding of soybean meal and remained raﬁher
constant 4 to 11 hours after feeding. A peak concentration of ammonia
when cottonseed meal was fed was reachéd two hours after feeding and de-
clined rapidly. Six;to 12 hours after feeding cottonseed meal the re-

lease was only slightly(higher than that relessed by a cottonseed‘hull

P

lMorea is a commercial supplement consisting of wrea, molasses, alcoholy
and minerals which was furnished by Feed Service Corporation, Crete,
Nebraska. '

10



ration. Protein nitrogen levéls were higher at all times when soybean
meal was fed, The guthors suggested ﬁhat this may be dué to the fact
that most protein is in solution apd suspension.

Pope et al. (1953a) studied the use of solvent-extracted and
hydraulic-processed cottonseed meal, the use of ammoniated furfural
residue to replace one~half cottonseed meal, and the usevof alfalfa hay
or dehydrated alfalfa meal pellets to replace cottonseed meal in rations
for fattening steer calves. The feeding of solvent-extracted meal did
not affect daily gain but did decrease feed efficiency. Ammoniated
furfural residus decreased,réte of gain 0.22 1b, Dehydrated-alfalfa
meal pellets increased gains the same amount as did alfalfa hay., Feed
efficiehcy was increased by the use of either alfslfa hay or the peilets.

Cottonseed cake, soybean cake, and urea pellets_were compared by
Darlow et al. (1946) for wintering two-year-old steeré on grass, Soybean
cake proved to be the best supplement in this trial with gains of 0.45
1b, daiiy as compared to 0.26 1lb, for steers receiving cottohseed cake
and 0.05 1lb. for steefg,being fed ursa pellets.

Haelverson and Sherwood (1930) reported that under the conditions

be due to cottonseed meal poisoning were due to nutritive deficiencies
of cottonseed meal, It was found by the authors that cottonseed meal
did not contain sﬁfficient calcium or vitemins A, D, or B complex to

fully meet the needs .of cattle.

_Cottonseed Meal Fof.Sheep J
Woods et al. (1957) éompared the nutritive value of a high and

low nitrogén‘soluble cottonseed meal with the wvalue of a 1:2 mixture



of sesame meal-soybean meal and sesame meal alone., ’The supplements were
compared ~in. growth trials and digestibility=-nitrogen balance trials.
Daily gains, digestibility, and nitrogen retention were lower for lambs
fed cottonseed meal., Sesame meal provided for better prétein digestion
and higher nitrogen balance, The sesame-soybean meal mixture prémoted
better growth although this difference was small, The same investigators
compared soybean meal, sesame meal,. and cottonseed meél at three protein
levels (4, 6; and 8%) in digestion and nitrogen balance frials,
Digestibility of protein was significéntly lower for lambs fed cottonseed
meal, Nitrogen retention was lowest for lambs fed cottonseedAﬁeal and
highest for those fed sesame meal at the three protein levels.

Briggs et al. (1946b) used lambs in nitrogen balance studies to
determine the mutritive value of cottonseed meal, soybean meal, and
peanut meal when fed separately and together as a supplement to
prairie hay. The supplements were fed at an equal amount daily.
Apparent digestibility of protein was lowest for lambs fed cottonseed
meal and highest for those fed soybean meal. Peanut meal was the least
efficient for nitrogen storagé‘and soybean meal was significantly better
than cottonseed meal or the mixfure.

The use of cottonseed meal, linseed meal, and corn gluten meal fed
~ separately, in combinations of two, and all together was studied by ‘
Jordan and Peters (1934). During the firét trial, the trio mixture

produced the highest rate.of gain, 0.34 lb. A-combination of linseed
meal and corn gluten meal produced the best rate of gain 0,32 lb., when
two meals were combined. When the meals were fed separately, linseed

meal fed lambs gained the most, 0.33 1b. Control lambs fed corn and

12
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alfalfe hay gained 0.24 1lb. daily. In a second ‘trial daily gains were
0,50 1b. for lambs fed the trioc mixture of supplements. The meals were
not studied in combinations of two in this trial. Linseed meal produced
the best gains, 0+48 1b., for supplements fed alone. Paterson (1919)
compared the same meals and found similar results. Differences in gain
by lambs on different supplements were small in all cases.

Skinner and Starr (1918) found no difference in daily rate of gain
between lambs  fed either cottonseed meal, "linseed meal, or ground‘soy—
beans., Skinner and Vestal (1921) reported that lambs fed cottonseed meal
made more rapid gains, required less feed per pound of gain, and were
‘more profitable than lambs fed linseed meal, Theéé differences were
small, however.

Tﬁrée digestion trials were conducted by Briggs and Heller (1942)
to determine the effects of adding large amounts of cottonseed meal to
a lemb fattening ration. OHe ration contained 46 grems of meal and the
other contained 227 grams of meal. Apparent digestibility of protein
and fat was higher fdr the ration doﬁtaining the high level of meal.

- Nitrogen retention was extremely higher for lambs fed the high-meal
ration as compared to that of lambs on the low-meal, 73.3 grams to 38,8
grams.

Briggs (1943) studied the effects of levels of cottonseed meal in
excess of that amount needed to palance the ration of pregnant ewes. No

abortions resulted from feeding as excessive amount.

Cottonseed Meal For Simple-Stomached Animals

Altschul et al. (1957) reported the results of a collaborative

étudy on the use of cottonseed mezl processed by different methods. The
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processing methods and a number assighed to sach meal were as follows:
prepress, solvent-extracted CM-6, CM-10, and CM-45; high speed screw
press CM-13; hydraulic press CM—ié; solvent-extracted, degossypolized
CM-49. Each meal was tested while contributing three ievels of sup-
plemental protein, The rations used weres (1) éottonseed meal supplying
100% of supplemental protein; (2) 75% cottonseed meal and 25% soybean
meal on a nitrogen basis; and (3) 50% cottonseed meal and 50% soybean
meal also on a nitrogen basis. The soybean meal used was a 52%_prqtéin
neal which wag also used-as the supplemental protein for theﬂcontrol
ration., Approximately 12,000 chicks were used in this study. rGrowth
response was found to be negatively correlated with total gossypol. A &
| poor correlation was found betwéen free gossypol and growth response.
Protein solubility in 0.02N NaOH was found to be correlated with growth
response.

Aines (1957) compared seven cottonseed meals processed by different
methods, CM~10, 13, 19, 21, 36, 45, and 49, to soybean meal when cotton-
seed meal repiaced 50%, 75%; and 100% of ﬁhe soybean mesl in chick
rations., CM-49 was superidr to all other cottonseed meals compared,
CM~49, 21, énd 45 were found to be similar in feeding value when used to
replace 75% of the soybean meal., Other meals processged by lowspeed
screw-press and p¥epressAsolVenirexﬁracted were appreciably lower in
value than CM~-21 or 45, High speed screw-processed meel was inferior
to all other meals at both the 75% and 100% levels. Chicks fed rations
contéining'the lowest level of. cottonseed meal, 50%, had similar perférm—
ance on each meal éxcept for solvent-extracted meal which was poor even

at this level. It was also found by this investigator that the addition
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of lysine restored optimum nu?ritive valve of cottonseed meal for chich growth.

The addition of dl-lysine to rations of chicks containing varying
amounts of cottonseed meal was studied by Bucek (1957). Soybean meal‘
was used in the control ration, Levels of cottonseed meal used were 100%, -
75%, and 50%; Varying amounts of dl-lysine were also used. The emounts
of lysine useé were: none, 2,0, 3.0, 4.0, and 5.0 grams; none, 1,0, 2,0,
3.0, and 4.0 grams; and none, 0,70, 0.85, and 1,0 gram per 1lb, of ration
for the 100%, 75% and 50% cottonseed meal ratioﬁs, respectively. No
lysine was added to the basal ration. Gottonseed meals used were CM=10,
36, and 49. 1In rations which cottonseed meal supplied 100% of the supple-
mental protein, 4 grams of lysine resulted in the best feed efficiency, |
2 grems in the 75% rations, and 0,85 gram in the 50% rations, Before
supplementation, CM-10, either as 75% or 100%, resulted in feed efficiency
of approximately four 1lbs. of feed per pound of galn while CM-36 and 49
rations only required 2f5 and 2.7 lbs. respectively. After supplement-
ation, CM-10 was improved to 2:5 lbs. of feed per lb., of gain, CM-36 to
242 lbs., end QM=49 to 2.5 1bs. A11 of these values equaled or were
superior to those of the control ration.

Hunter gt al. (1957) compared QM-6, 10, 13, 19, 21, 36, and 49 to
soybean meal in chick rations. All chicks were raised to two weeks of
age on the same ration and’ then allotted on an equal weight basis. Three
levels of cottonseed meal were fed. Rations coptaining CM-21 or 49 at
the lowest level gave the bést resulfs as measured by per cent gain per

day, 6.7 and élé%y«respectivelj; Péybent,gain per lay was caleulated by

the formula -average gain X 100 N ) . Soybean meal
average weight X number of days :

resulted: in 6.5% gaih per day. Of rations supplying the greatest
proportion of protein as cottonseed meal, CM-49 produced the best growth,

6.1% gain.
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The value of cottonseed meal for chickens after various methods of
processing and subjection to various temperatures was studied by Graw
and Zweigart (1954). The types of processing and the temperatures weres
screw press from 1850F to 240°F; four commercisl screw press meals at
200, 240, and 250°F; four prepress solvent-extracted meals at 190, 200,
220°F; a hydraulic-pressed meal at 2250F; a hydreulic-pressed, solvent-
extracted meal at 230°F; and solvent-extracted meals at 190-2009F for
€0 minutes, 200-226°F for 60 minutes, 203-224°F for €0 minutes, and 190-
210°F for 36 minutes.. High quality fish meal supplied the protein for
the control diet. The gossypol level in the diet was below 0.02% at all
times so that growth limiting effects of gosgypol did not have to be
considered. The value of the meals was determined by per cent gaiﬁ per
day. When cottonseed meal was used in the diets, best growth was obtained
from mesls processed at temperatures léss than 200°F, Commercial meals
used resulted in‘gobd growth.

Morgan and ﬁillimon (1953) used cottonseed meal alone and in
combination witﬁ soybean meal in broiler rations., Cottonseed meal used
was processed either by solvent extraction, screw press, or hydraulic
press., All of the rations in which cottonseed meal and soybean meal
werse combined pfoduced gains equal to orgreatefthan those produced by
soybean meal alone in the control diet. Chicks fed a ration supplemented
with so%vent—extracted cottonseed meal gained less than those on soybean
meal but this differénce was not significant. Rations supplemented with
cottonseed meal produced by the other two processing methods produced
significantly less gains than soybean meal. ‘Feed efficiency~was higher
when chicks were fed a combination of soybean meal and cottonseed meal

than whenlcottohseed meal wae fed alone,
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Dowell and Menéul’(1923) studied the effect of autoclaving
cottonseed meal to reduce gossypol toxicity in swine. .Commercial
cottonseed meal was used. One~half of the pigs received meal which had
been sutoclaved for 20 minutes at 15 lbs. pressure and the éthers
received regular meal. No 'difference was noticed up to thfee weeks of
age; but after that fime, pigs.fed.regular meal were noticeably inferior,
At the end of 73 days, total gains were 33 1bs. for pigs fed autqclaved
méal and 23,5 for the other group. Cottonseed meal was removed but five
days 1éter oﬁe plg receiviﬁg the regular meal died and after another
five days another died. These deaths were found to be due to effects of
cottonseed meal. No pigs fed autoclaved meal showed ill.effects.

Autoclaving and steaming cottonseed mesl for pigs wére studied by
Gallup (1926). The autocléving was for one hour at 20 1bs. of pressure.
Pigs on either autoclaved_méal or steazmed meal were in the best éénu
dition during the eﬁtirg exPerimént and had the keenest appéti%e. Gains
éorrthg entire eXperimeﬁt were 13 lbs. for untreated meal, 22 1lbs. for
autoclafed meel, and 26 lbé for steamed cottonseed meal. Cottonseed
neal was found to be.safe for swine after steaming or sutoelaving.

Robinson (1934)‘studied the use of cottogseed meal aione and in
. cémbiﬁatioh with tankage, cottonseed meél augééiaved for 30 minutes and
one hbur; cottonseed meal as 20% of ration and 8% of ratioﬁ, and tank;
age plus linseed meal for pigs. Cottonseed meal alone and not auto-
claved produéed gains of 0.64 1lb. on approximately 526 lbé, of feed per
100 1bs. gain° No deaths Qccurred in this group. Meal autoclaved for
30 minutes produced 0,73 lb. gain daily. Feed efficiency wag similar

to that of regular cottonseed meal. Two deaths occurred on this ration



and these were due to gossypol toxicity. Autoclaving for one hour
increased gain and feed efficiency and produced no deaths. ‘Linseed meal
plus tankage produced gains of 1.11 1bs. and feed efficiency of 415 1bs,
No deaths occurred from this ration., When cottonseed meal was fed as
20% and 8% of the ration, results were similar to those produced by
linseed meal and tankege.

Hall and Lyman (1957) fed pigs 80 to 100 days old various levels
of gossypol with the protein at two levels. Protein levels were 1 % and
30%, #&ll rations except the control ration contained cottonseed meal and
soybean meal. The gossypol was present in two different cottonseed meals
having different levels of free gossypol. When pigs were fed a 15%
protein ration, control pigs fed soybean meal gained an average of 1.92
1lbs. deily. This gain was equaled by pigs receiving 0.0013% free gbssypol,
No deaths occurred st this protein level from gossypol poisoning until
the level of free gossypol reached 09019% although two pigs had gosgsypol
poisoning symptoms when the free gossypol was 0.015%, When pigs were
fed rations to compare 15% protein to 30% protein, free gossypol levels
went as high as 0,0B%f No deaths occurred in pigs at the 30% protein
level, but six pigs aied of gossypol poisoning when fed the 15% protein
feed, |

Cottonseed meal was oompafed to soybean mesal as a source of
supplemental protein for pigs by Hillier et al. (1955). The value of
adding lysine wés also studied. Daily gains decreased from 1.92 1bs,
for pigs fed soybean meal as the only supplemental protein source to
1.58 1lbs. for pigs fed cottonseed meal. Feed efficiency decreased in

the same way. Adding lysine increased gains slightly but did not
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incregse feed efficiency. The cottonseed meal used was a low gossypel,
prepressed, solvent-extracted meal.

Hillier et al. (1956) used cottonseed meal in combination with
soybean meal for pigs in one trial and in a second trial used 1t alone,
with tankagég yith soybean meal, and with blood meal. When cottonseed
meal and soybean meal were combined (1:3), gain and feed efficiency were
equal to that of soybean meal alone., One-half céttonseed meal and one-
half soybean decregsed gains by 0.18 1b. and feed efficiency by 35 lbs.
In the second trialg,all gources of protein produced gains less than
those of soybean meal alone. Feed efficien&ies were also reduced below
that of soybean meal., Cottonseed meal alone produced gains of only 0.66
1b, and resulted in the death of nine pigs from gossypol pbisoningo

Hillier et al. (1957) compared soybean meal alone with cottonseed
meallalone and combinations of the two meals. The combinations studied
were: 2 perts soybean meals 1 part coﬁtonseed meal; l:l; and 1:2,

Daily gain and feed efficiency were the same for soybean meal alone and
the 2:1 combinaticnc Equal parts of the twé meals produced gains equal
to soybean meal ‘but decreased feed efficiency. Soybeaﬁ meal and cotton-
seed meal in a 1:2 combination decreased daily gain and feed efficiency
as did cottonseed meal alone, Low gossypol, prepressed, solvent-
extracted cottonseed meal was used.

Gallup (1926) fed cottonseed which was either untreated, autoclaved
for one hour; or autocclaved for two hours to albino rats. The untreated
cottonseeds produced animals in poor condition and which died shortly
after the experiment terminated. Autoclaving was found to be beneficial
and allowed large quantities to be used, ﬁutociaving for two hours did

not increase the advanbtage.
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The apparent digestibility of cottonseed meal:and cottonseeds was .
determined by Gaellup (1927) using albino rats. Th; effect upon digesti-
biiity of adding gossypol apd autoclaving for one hour at 20 1bs, of
pressure were studied. Cottonseed meal which had not been treated in
any menner had protein digestibility of 6805%; When the meal was auto-
claved, protein digestibility was reduce to 51.7%. Cottonseeds had
values of 76.9 and 66.7%, rgspectivelyo Extracting cottonseed with .ether
to remove gossypol did not affect protein.digestibility. Addition of
small amounts of free gossypol to extracted cottonseéﬁs had little effect
upon digestibility. Fatal results were obtained ﬁhen gossypol levels
reached amounts equivaleht to 1% of the protein. When meal was used and
the gossypol was in a less soluble form? amoun%é of‘gossypol equivalent
to 2% of the protein were fed for several months before toxic symptoms
oceurred. _

Olcott and Fontaine (1941) studied the effect of autoclaving on ﬁhe
mutritive value of cottonseed meal. Rats were fed rations containing 12
and 24% protein. The meal was au%ocléved at 17 lbs. pressure for 30
minutes, 1 hour, and 2 hours. Rats fed a 12% protein ration gained 1.99
grams per gram of protein when the meal had not been autoclaved, Gains
were 1.58, 1,08, and 0,28 grams when the meal had been autoclaved for
30 minutes, 1 hour, and 2 hours, respectively. When the 24% protein
rationvwas fed, the gains per gram of protein were 1.84, 1.84, 1.31,
and Q.52 grams, respectively. Cottonseed meal used had been ether-

extracted to make it low in gossypel.



OBJECTIVES

The objectives of the work presented in this thesis were:

(1) To determine the effect of method of processing of protein
supplements upon their nutritive value for lambs as meas;red by
digestibility, nitrogen Ealanc@9 growth, and feed utilizations

(2) To compare ﬁhe quality of protein of soyﬁean 0ll meal and
four samples of cottonseed meal as measured by digestiﬁility, nitrogen
balance, growth, and feed utilizationj

(3) To compare aiffereht nitrogen sources for rumen microorganisms
digesting céllulose in vitro; and

Cﬁs To study the affectﬂof gossypoi on rumen microorganisms e

digesting cellulose in vitro.
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PART I DIGESTIBILITY AND NITROGEN BALANCE TRIALS

EXPERIMENTAL

Three digestion and nitrogen balance trials were conducted with crosg-
bred western wether lambs to compare cottonseed meal 13, cottonseed meal U5,
and soybean oil meal. Cottonseed meal 13 was a high speed screw-press
processed meal and cottonseed meal L5 was a prepress solvent-extracted meal.
The number of lambs was 10, 8, and 12 in trials 1, 2, and 3, respectively.
The mumbers varied because of not being able to keep all lambs eating a
constant quantiby of the ration. BRach trial was conducted as a new exper-
iment and lambs were randomly zllotted to stalls and treatments. Some
animals were uséd for two trials and if they received the same supplement
both times this was due entirely to chance. All lambs were fed the same
ration for 10 days preceding each trial and then placed in metabolism
stalls as described by Briggs and Gallup (1949). They were then fed the
various rations for a 10=day preliminary period and a 10-day collection
period.

The lambs were fed 300 gms. twice daily of the rations in Table 1.
Water was available at all times. Feces were collected once daily and
the total daily collection was dried in an oven at approximately 70°C for
2l hours. After drying, the feces were stored in open cans until the
gollection period was completed at which time the total collection was

mized and sampled for analysis. The urine was collected in glass jars

containing hydrochloric acide Daily aliquots (5%) were taken and sbored
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TABLE I COMPOSITION OF RATIONS FED TO LAMBS ON DIGESTIBILITY AND NITROGEN
BATANCE TRIALS

Rations

Ingredient (gms. per day) CSM=13 CSM=-)5 SBOM
Concentrate mixture
Cottonseed meal 13 122.0 o m -
Cottonseed meal L5 o - 117.0 S
Soybean oil meal — i 96,0
Cerelose 88.5 91,0 101.5
Starch 88,5 91.0 101.5
Vitamin A & D supplementl 1.0 1.0 1.0
Mineral mixture? 30.0 30.0 30.0
Cellulose 183.0 180,0 180.0
fottonseed hulls 60,0 60.0 60.0
Corn oil 30.0 30.0 30.0

1 yitamin A and D supplement was Quadrex which contains 10,000 vitamin
A units and 1250 vitamin D units per gram.

2 Composition of mineral mixture (gms.); NaCl, 378.0; KHoPO),, 668.0;
CaHPO) ° 2Hp0, 7L6.03 MgSO, 207.03 CaSO) » 2HpO, B875.0; CaCOgg 63433

FeSO), 16.25 KI, 1.7;5 ZnSO), 0,65 CuSO) 5H20; 0.75 CoS0) « H20; O.lj
CaFy, Oobs MnSO) o HoOp 3.0.

under refrigeration until the collection period was completed and then were
mixed and sampled for analysis.

Chemical analyses were made according to the Methods of Analysis of
the Association of Official Agricultural Chemists (1955). Statisbical

analysis of the data was made according to the methods of Snedecor (1956).

RESULTS AND DISCUSSION
Digestibility of the various nubrients and nitrogen balance data are
given in Table 2. In general the nubrients of cobttonseed meal 13 were
slightly less digestible than those of cottonseed meal LS5 or saybeaxléil meal
Only protein digestibilities, 11.82%, 47.18%, and 53968% for cottonseed

meal 13, cottonseed meal L5, and soybean oil meal, respectively, were
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TABLE TT DIGESITBILITY AWD NITROGEN BATANCE DATA OBTAINED BY FEEDING
DIFFERENT PROTEIN SUPPLEMENTS

Rations

CSM~13 CSM=L5 SBOM

Digestibility (%
Organic matter 71.98 T3e5) 76,19
Protein W1.82 h7.18 53,68
Ether extract 90,15 90.9) 87.15
Crude fiber 67.70 69.57 73.8l
Nitrogen free extract 78.67 79,28 80497

Nitrogen Balance
Nitrogen intake, gms. 7.97 8,07 797
Nitrogen in feces, gms. L.63 h.27 3.69
Nitrogen in urine, gms. 1.9h 2,29 3.39
Witrogen retained, gms. 1.40 1.51 0.88
As percent of intake 17.56 18,71 11.71

As percent of digested

nitrogen 33618 32,01 16639

significantly different and these diffepences were highly significant
(P< 0,01). The difference'in protein digestibility of cottonseed meal 13
and cottonseed meal lj5 was significant at the 5% level.

The differences in crude fiber content, h.55% in cobtonseed meal 13,
li.8L4% in cobttonseed meal L5, and 1.67% in soybean oil meal, may have
conbributed to the significant difference in protein digestibility,

Other dietary factors may alsc have contributed to this difference. There~
fore, it should not be stated that there 1s a difference in quality of
protein in these protein supplements,

Grams of nitrogen retained by lanbs when fed the various rations were
1.10, 1.50, and 0.88 for cottonseed meal 13, cottonseed meal L5, and soybean
0il meal rations, respectively. These differences were significant (P< 0.05).
Nitrogen retention was significantly (PL0.0l) less when soybean oil meal was

fed. Little difference was found in nitrogen retention of lambs fed cotton=



seed meal 13 or cottonseed meal L5.

The differences in nitrogen retention was due largely to high urinary
excretion of nitrogen by lambs on soybean oil meal. HExpressed as percent
of nitrogen intake, nitrogen retention was 17.56, 18f71, and 11.17 for
cottonseed meal 13, cottonseed meal L5, and soybean oil meal, respectively.
When expressed as percent of digested nitrogen, nitrogen retention was
33,148, 32.01, and 16.39 for cottonseed meal 13, cottonseed meal L5, and
soybean 0il meal, respectively. Low nitrogen retention by lambs fed
soybean oil meal is not in agreement with Woods et al. (1958) or Briggs
et al. (19L6Db).

Differences in digestibility of nutrients and nitrogen retention
between the different trials were not significant. This was also true

for treatment-trial interaction.



PART II GROWIH TRIALS

EXPERIMENTAL

Two growth trials were conducted with crossbred western lambs to
compare soybean oil meal with a low and a high nitrogen cottonseed meal
which were processed similar to cottonseed meal 13 and cottonseed meal LS
used in the digestibility and nitrogen balance trials. Nitrogen analyses
of the protein supplements used were 7.32%; 6.40% and 7.L0% for soybean oil
meal, low nitrogen cottonseed meal, and high nitrogen cottonseed meal,
respectively. In one trial the lambs were fed rations which contained
insufficient energy. The rations (Table 3) which provided sufficient
energy contained 8% protein. The ration which provided insufficient
energy was cobtonseed hulls ad libitum, a mineral mixture, and the
different protein supplements fed in amounts which furnished equal
protein, Daily amounts of the supplements fed were 0.58 1lb. of low
. nitrogen cottonseed meal and 0.50 1b. of high nitrogen cottonseed meal or
soybean oil meal.

Thirty lambs were used in the trial in which sufficient energy was
fed and 15 were used in the trial in which insufficient energy was fed.
Before being placed on experiment, the lambs were drenched with pheno-
thiazine and fed a standardization ration., Lambs were allotted to the
various rations within each trial according to weight and sex and placed
in individual pens. Lambs fed sufficient energy were fed all they would

consume. The trial was conducted for a period of 68 days. The second
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TABLE III COMPOSITION OF RATIONS FED TO LAMBS ON GROWTH TRIAL
(SUFFICIENT ENERGY)

Rations
Ingredient (%) - CSM-High N CSM-Low N SBOM
Cottonseed mezl high nitrogen 11.80 - e
Cottonseed meal low nitrogen — 13.60 ——
Soybean o0il meal oo —— 11.90
Cerelose 7,10 8.00 8.00
Starch 7,10 8.00 8.00
Cane molasses 20,00 20,00 20,00
Corn oil 1.00 1.00 1.00
Cottonseed hulls 50,00 50.00 50.00
NaCl .50 .50 .50
CaHPO), S eimm .50
- CaC0s3 60 .60 —
Vitémin A & D 10 .10 »10

trial lasted |9 days. Initial and final weights were teken after 1l6-hour

shrink periods. Intermediate weights were taken every two weeks.

RESULTS AND DISCUSSION

Results of the sufficient ehergy growth study are presented in
Table lj and are an average of 10 lambs per treatment. Soybean oil meal
rations produced slightly greater gains, 0.43 1b. for soybean oil meal,
0,39 1lbs, for low nitrogen cottonseed meal, and O.hl 1b., for high nitrogen
cottonseed meal, Daily gains were not significantly different. Feed
efficiency and protein efficiency for soybean oil meal, 8.63 lbs, and
0.69 1b., were better than for low nitrogen cottonseed meal, 9.75 lbs,
and 0.78 1lbs., or high nitrogen cottonseed meal, 9.L47 lbs. and 0.75 lb.
These differences approached significance at the 10% level of probability.
Feed consumpbion was appracimately the same for all three rations. |

The differences in gain bj lambs on rations which contained sufficient

gnergy were small and not significant but the trend was in agreement with
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TABLE IV AVERAGE GATIN, FEED CONSUMPTION, FEED EFFICIFNCY, AND PROTEIN
EFFICIENCY DATA OBTAINED FRCM LAMBS ON GROWIH TRIAL
(SUFFICIENT ENERGY)

Rations
C3M=~-Low N CSM=High N SBAM
Average daily gain 0,39 0.1 0.13
Average feed consumption (total) 264.,0 272.0 © 25940
Feed efficiency 9.75 947 8.63
Protein efficiency 0,78 0.75 0.69

work conducted at Tndiana (1942, 1943). There was little difference in
daily gain by lambs on the two cobttonseed meals and no definite statement
can be made as to which one of these cottonseed meals is superior for
daily gain. There was a definite trend in favor of soybean oil meal with
respect to feed and protein efficiency. The high nitrogen cottonseed meal
appeared to be superiocr to the low nitrogen cottonseed meal for both feed
and protein efficiency.

Gain, feed consumption, feed efficiency, and protein efficiency data
for the lambs fed insufficient energy are given in Table 5 and are an
average of 5 lambs per treatment. Because of the nature of this study in
that the lambs were limited in the amcunt that they could gain, the data
are not applicable to the normal population of lambs fed fattening type
rations. Feed consumption, which includes cottonseed hulls and protein
supplement, was similar for all three rations. Because of the variation
in response, which was probably due to the limitations placed on the lambs,
no attempt was made Lo analyze these data for significance.

Results obtained from the trial with rations containing insufficient
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TABIE V GAIN, FEED CONSUMPTION, FEED EFFICTENCY AND PRCTETN EFFICTENCY
( INSUFFICIENT EWERGY)L

Rations
CSM=Low N CSM-High N SBM
Gain 207 106 ‘ 302
Feed consumption 820 825 - 810
Feed efficiency _ 63.1 103.1 50,6
Protein efficiency 5.05 8,25 .05

1 Due o the nature of this trial, some lambs did not gain and one
lamb lost weight. For this reason data are averages of all animals on
a treatment.

energy tended to contradict the results obtained with the cottonseed meals
- in the first trial. Average gains and feed and protein efficiency were

less for high nitrogen cottonseed meal than for low nitrogen cotionseed

meal although most of these differences were due to one lamb losing weight.



PART IIT ARTIFICIAL RUMEN STUDIES
EXPERIMENTAL

Aftificial rumen studies were conducted to compare various nitrogen
sources for rumen microorganisms digesting cellulosé° Nitrogen sources
used were cottons@ed meal, soybean oil meal, torula yeast, and urea.
Nitrogen analyses of the samples used are shown in Table 6, Also
studied was the effect of adding gossypol to all of the nitrogen sources
except cottonseed meal,

The apparatus and procedure used for these studies were similar to.
that described by Cheng et al. (1955)3 The emount of nitrogen source
used in all cases supplied the same amoﬁnt of nitrogen as 20 mg. of urea,
The amount of cellulose (Solka=Floc) used in each tube was 120 mg., - All:
welghings were made to the nearest 0.1 mg. on a Mettler electroni?
balance. | :

_Rumen fluid was taken from a 900 1lb, Hereford steer approximately
five hours after feeding. The ration for £his steer consisted of 6 lbs;
cottonseed hulls, 3 1lbs. ground milo, 1 lb. cottonssed meal, prairieThay
ad libitum, vitamins A& and D, and & 2:1 mixture of salt and bonemeal.
The rumen samples were teken through a permanént rumen fistula, strained
through 2 layers and then 4 layers of cheesecloth info & thermos bottle
which had previously begn warmed to AQOC.

The sample was immediately teken to the laboratory where a pH

reading was made‘and then centrifuged for one minute at 3000 r.p.m.
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STUDIES
Nitrogen Source m Percent Nitrogen
Cottonseed meal \ 6,51
Soybean oil meal 7641
Torule yeast \' 6,89
Urea 46662

After being centrifugedg the supernatent material was strained through
4 layer of cheesecloth and 5 ml, of this material added to each tube,
Also added to sach tube was 15 ml., of a salt solution containing the same
compounds but in different concentrations as described by Cheng gi al. (1955).
The salt solution used is shown in Table 7, Before adding this salt soluti;ng
saturated Na2003 was added and C0, was bubbled through it to adjust the pH
to 6 8 to 7.0.

After the ruméh fluid and the saltvsolution had been added, the tubes
were placed in a water bath set at 39°C and COp bubbled through the tubes
for 2A hours. The purpose ofythe C0» was to maintain'anaeroﬁic conditions
and also for égiﬁation of* the cellulose and nitrogen source. After the
2/ hours the tubes were centrifuged at 3000 T.pP.m. for 5 minutes and the
supernatant materisl was then poured off, Twelve ml, of glacial acetic
acid and 1,5 ml, of concentra£ed nitric acid were added to each tube.
The tubes were then piacéd in a boiling water bath for 20 minutes after
which time they were removed, allowed to cool and then emptied into
Gooch crueibles having asbesﬁps in the bottom, Each tube was washed with

05% ethyl aleohol to remove all cellulose, The crucibles were dried at

i



TABLE VII  COMPOSITION OF SALT SOLUTION USED IN ARTIFICIAL RUMEN STUDIES

Saltg : Cm, per 20 liters of water
KH,PO, | 6,00

| NegfRO, 7H0 | 12.00
NaHCO, 35,00
KCL 40,00
Nacl | 40.00
Mg804 1.50
CuSo, 5Ho0 0.02
MnSO, HoO 1 | 09,0028
ZnS0, THO 0,0008
FeSC, 7TH,0 0.75
CoCl, 6H50 0,02
CaClp . 5s50

100°C for at least 4 hours, then cooled.in a dessicator and weighed.
“After being weighed they were ashed at 6QO°C for 2% hours, cooled and

. “rewelghed.

| Tubes uded as hblanks“ to detérmine cellulose digestion had only
eellulose added to them and 5 ml. of the supernatant material and 15 ml.
of the salt solution@. They were then centrifuged for 5 minuteé, the
supernatant material poured off and 12 ml. of apéfic acid added. They
were covered and left in the open for 24 hours and then handled the.same
manner as the other tubes. -

The average amount of cellulose which disappearsd from the “blanks"
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was added to the amount of fiber in the nitrogen socurces. The amount of
cellulose which désappeared from the experimental tubes was subtract@d
from the value determines for the “blaﬁks" and the remainder was divided
by the velue for the "blanks" tp give pefcent cellulose digested,

The tubes were arréng@d in a 4X4 Latin Square design whenever possible
so that all treatments would be supplied by the seme COp line. When a
Latin Square design could not be used because of too‘m;ny tubes, a
completely randomizéd design was used. Each days trial was repeated on
at least one other day, A total of at least 8 tubes were used per nitrogen
source per day.

Gossypol levels studied were -0,04%, 0.08%; 0.12%, and 1.0% of the
totel fluid vo;ume of the tubes. The first three levels wefe studied
only in solution but the 1,0% level was studied both in solution and not
in solution. - Nitrogen sources used were soybean oil meal, urea, and
torula yeast. The goséypol was put iﬁto solution by mixing'one.gram‘of
gossypol in one ml. of 95% ethyl alcohol. Later a solvent of corn oil
(2.5 ml.), water (7.46 ml.), and tri-con X#lOO (0.04 ml,) was used, Ethyl
alcohol wes again used as the solvent but was evaporated before the
microorganisms were introduced into the tubes., In all instances where
aﬁsolvent was used, the same amount of solvent ﬁé which gossypol had not
been added was added:to tubes to determine if the solvent was affecting
cellulose digestion. _

Statistical analysis for all data was made according to the methods
of Snedecor (1956) or Fedsrer (1955),

. RESULTS AND DISCUSSION
TRIAL A

The results of the artificial rumen studies are presented in Table &.
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TABLE VIIT AVERAGE CELLULOSE DIGESTION OBTAINED FROM ARTIFICIAL RUMEN

STUDIES
Cellulose No. of
Digestion tubes per Nos
Treatment 4 treatment days
Trial A
Soybean 0il meal 6646 32 2
Cottonseed meal 5349 32 2
Soybean o0il meal 62,8 16 2
Cottonseed meal 1S .8 16 2
Torula yeast 737 16 2
Controls 19.8 16 2
Trial B
Soybean oil meal 17.6 16 2
8BCOM + 0,12% alcohol 8ol 16 2
SBOM + 0.0h% gossypol 7.5 16 2
SBOM + 0,08% gossypol 5.6 - 16 2
SBOM + 0.12% gossypol 648 16 2
Trial € ‘
Torula yeast 36.1 16 2
TY + 0.12% detergent 19.2 16 2
TY + 0.0b% gossypol 28.2 16 2
TY + 0.08% gossypol 25,5 16 2
TY + 0.12% gossypol 16.9 16 2
Soybean oil meal 33.h 16 2
SBOM + 0.12% detergent 1.0 16 2
SBOM + 0.0L% gossypol 7.0 16 2
SBOM + 0.08% gossypol 763 16 2
SBOM + 0.12% gossypol by 16 2
Urea 3.0y 16 2
Urea + 0.12% detergent 16,6 16 2
Urea + 0.0L4% gossypol 2606l 16 2
Urea + 0.,08% gossypol 19,2 16 2
Urea + 0.15% gossypol 9.9 16 2
Trial D :
Urea 28l 2l 3
Urea + 0.,12% alcohol 27.5 2l 3
Urea + 0412% gossypol 19.) 2l 3
Trial E
Urea : 28.6 32 L
Urea + 1.0% alcohol 275 32 N
Urea + 1.0% gossypol solution La0 32 I
Urea + 1.0 mg. gossypol 2369 i
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A highly significant (P< 0,01) difference in cellulose digestion was
found between cottonseed meal and soybean oil meal, 53.3% and 66,6%,
when compared oﬁ‘tw01different days as nitrogen sources for rumen micro-
organiéms. Sixteen tubes were used for each source on each day.

A significant (P< 0,0l) increase 1n cellulose digestion was found
Whén torula yeast; soybean 0il meal, and cottonseed meal were used as
nitrogen sources and compared to digestion of cellulose in tubes to

which no nitrogen had been sdded. Average digestion for two days was

62.8%, 49.8%, 73.7%, and 19.8% for soybean oil meal, cottonseed meal,

torula yeast, and the controls or nitrogen tubes., Orthogonal compariSOns

indicated that there was a highly significant (P<0.01) difference in
cellulose digestion between torula yeast and soybeaﬁ 0il ineal, between
soybean oll meal and cottonseed meal, and between the controls and the -
nitrogen source tubes. |

’Belasco (1954) alsg found that gellulose digestion was considerably
reduced when ﬁo nitrogen was added to tubes in in vitro studies. The
differences in cellulose digestion when different ﬁitrogen sources were
used might be explained as being due to the amount of available nitrogen
present in the tube. Thus, the increase in cellulose digestion in tubes
to which soybean oil meal had been added above that obtained in cotton-
seed meal tubes could be supported by the work of Stallcup and Looper
(1958) who found higher levels of nitrogen present by feeding soybean

0il meal than when cottonseed meal was fed.

TRIAL B
The addition of gossypdl in an alcohol solution to tubes containing

soybean oil meal was found to decrease (P{ 0.01) cellulose digestion.
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& decrease in cellulose digestion was also noted when alcohol glone was
added to tubes. There were no significant differences between adding
0.04% or 0.08% gossypol nor between adding 0. lZW gossypol or 0.12%
ethyl alochol. OCellulose digestion was 17.8%, u.lm, 7.5%, 5.6%, and
6.8%, for controls, 0.12% alcohol, 0.04% gossypol, 0.08% gossypol, and

0.12% gossypol, respectively.

TRIAL C

Gossypol in a solvent consisting of corn oil, a fat detergent
(tri-con X~100), and water significantly (P< 0.0l) decreased cellulose
digestion by rumen microorganisms in tubes to which torula yeast had
been added. No significant differences were found between tubes con-
’taining 0.04% and 0.08% gossypol (28.2% and 25.5%) or between the 0.12%
level of deter@cnt and the 0.12% level of gossypol (19 2% and 16.9%).
Cellulose digestion for the controls was 36.1%.

When soybean oil meal was used as a nltrogen source, cellulose
digestion was reduced (P< 0.01) from 33.4% for the controls by the
addition of gossypol or the solvent. A significant (P< 0.01) differ-
ence in cellulose digestion was obtainéd between tubes to which 0.12%
gossypol and 0.12% of the solvent had been added (6.4% and 1. O%) The
gossypol was small (7.0% and 7.3%)

Cellﬁlosé digestion in tubes having urea as the nitrogen source
was highly significantly (P4 0.01l) reduced by the addition of gossypol
or the solvent., Cellulose digestion for the controls was 34.4%. The
difference in cellulose digestion between tubes to which 0.12% gossypol

or 0.12% or the solvent had been added was statistically significant
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(P« O.Ol)° There was a difference of 6.7% digestion in favor of the
solvent. There wss also a difference (P< 0.0L) between tubes to which
0.04% or 0008% gossypol had been added (26.4% and 19.2%).

The addition of gossypol to tubes containing various nitrogen sources
decreased cellulose digestion by rumen microorganisms. The solvents
algo caused a éecrease in cellulose digestion. The cause of the de-
crease by the solvent was thought to be due to the solvent in some manner

destroying or reducing the number of microorganisms in the tubes,

TRIAL D

In a study conducted for three days using urea as the nitrogen
source and alcohol as the solvent and evaporating the alcohol before
introducing the rumen microorganisms, cellulose digestiongwas greater
(P< 0,01) in the control tubes, 28.4%, than in tubes to which 0.12%
aleohol, 27.5%, and 0,12% gossypol, 19,4%, had been added. The greater
cellulose digestion in the alcohol tubes was highly significantly (PZ.0.0l)
diffefent from the gossypol tubes.

When alcohol was used as the soivent and evaporatedbbefore'the
microorganisms were inﬁrod@ced9 differences in cellulose digestion were
small between control tubeg and tubes to which alcchol but not gossypol
had been added. This indicated that the alcohol was affecting the micro-
organisms in some way but evaporating the alcohol would ﬁot appreciably

decrease cellulose digestion.

 TRIAL E
The average of studies made on four days to determine the effect of

adding gossypol, free or in an alcohol solution, upon cellulose digeétion



‘ ﬁsing urea as & nitrogen source showed‘that the addition of gossypol
significamtly;(P<.0,0l) decreased cellulose digestion. Alcohoi9 used as
the solvent, was evaporated, Cellulose digestion was greater (P< 0.01)
in tubes containing the free gossypol, 23.9%, than in tubes containing
the gossypol solution, 4.0% Cellulose digestion in the control tubes
was 28.6% and this was greater than in tubes to which alcchol had been
added, 27.5%, This difference approached sigﬁificance at the 2.5% level,
The results of these studies suggest that gossypol must be in
solution or broken down before it will appreclably decrease cellulose
digestion, There was approximately a 20% difference in cellulose
digestioh between tubes to which gossypol not in solution and in

solution had been added.
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SUMMARY

In a digestibility and nitrogen balance study using crossbred wether
lambs, the protein of the soybean oil meal ration was more digestible than
that of cottonseed meal 13 or cottonseed meal L5 rations. The digéstibility
of protein for the three rations was 53.68%, 11.82%, and 47.18%, respect-
ively. The difference between soybean oll meal and cotionseed meal rations
was highly significant (Pé‘C°Ol). Crude fiber content of the different
supplements may have been one of the dietary factors that contributed to
this significant difference.

Tambs fed the soybean oil meal ration retained less nitrogen than
lambs fed cotlonseed meal 13 or cottonseed meal L5 rations. The low
retention by lambs fed the soybean oil meal ratibn was due largely to
high urinary excretion of nitrogen. When expressed as percent of nitrogen
intake, nibtrogen retention was 17.56, 18.71 and 11.71 for cottonseed meal
13, cottonseed meal 45, and soybean oil meal, respectively.

When lambs were fed rations containing sufficient energy, there were
no significant differences in rate of gain, feed consumptioﬁ, feed
efficiencys or protein efficlency when fed soybean oil meal, low nitrogen
cottonseed meal, or high nitrogen cottonseed meal. Iambs fed soybean oil
meal gained more and had better feed and protein efficiency than lambs fed
either of the cottpnseed meals.

When iﬂsufficient energy rations were fed, lambs fed the soybean

0il meal ration gained more than lambs fed the cottonseed meal rations,
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The feed and protein efficiency was also better for lambs fed soybean oil
meale

Torula yeast, when used as a nitrogen source for rumen microorganisms
digesting cellulose, promoted greater cellulose digestion than soybean oil
meal or cottonseed meal,

The addition of gossypol decreased cellulose digestion when soybean
oil meal was used as a nitrogen source for rumen microorganisms. Alcochol,
when used as a solvent, also decreased cellulose digestion.

Gossypol also decreased cellulose digestioﬁ when added to tubes
containing torula yeast, soybean oil meal, or urea as nitrogen sources.

A solvent of corn oil, water, and a fat detergent (trimcon‘anOO) also~
decreased cellulose digestion. Cellulcse digestion, in general, decreased
as the level of gossypol increased. When gossypol was added in an alcohol
solution and the alcohol later evaporated, cellulose digestion was not
appreciably decreased by the alcohol. It was reduced 9.0% by the addition
in solution. Cellulose digestion was not reduced appreciably when

gossypol not in solution was added.
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TABLE IX NITROGEN BATANCE DATA FCR LAMBS FED VARIOUS PROTEIN

SUPPLEMENTS TRIAL T

’ Nitrogen

Lamb Intake Excretion retained

Rationl NOa Dry Matter Nitrogen:. Fecal Urinary gms .
CSM=13 12 561,88 7.97 5.05 1.96 0,96
GSM=13 52 561,88 T.97 5.06 2.1h 0.77
CSM=13 70 561,88 7497 175 1.58 1.6)
CSM=-15 68 560,86 8,07 11,02 2.52 1.53
CSM=15 38 560,86 8,07 ha21 2.02 1.84
CSM=L5 6l 560,86 8.07 5.12 3.0l =0,09
SBOM 56 560,03 797 3.15 11,20 0,32
SBOM 53 560,03 797 3469 3.06 1,22
SBOM 73 560,03 797 3.5k 3.1 1.29
SBOM 2 560,03 797 .83 2.8) 0630

10&%Biﬁcmmmm%dm%ll3
C8M=li5 is cottonseed meal L5
SBOM is soybean ¢il meal
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TABIE X  APPARENT DIGESTION GOEFFIGIENTS FOR TRIAL I

Dry Apparent Percent Digestibility

Matter ' Nitrogen-
Lamb Intake Dry Organic Crude Ether Crude free

Rationl No. gnms, Matter Matter Protein Extract Fiber _ xtract
CSM=13 12 561,88 63,33 65.3L 36456 76,76 55,85 76,03
CcsM=-13 52 561,88 68.98 70619 36,442 93,11 66.77 759
CSM=13 h 561,88 70,37 72.50 40,36 86,96 70.02 78. LY
CSM=45 68 560,86 71.90 7317 50,29 92,21 71.31 76,55
CSM=h5 38 560,86 7045 72.20 U7.97 92,03 63.21 80,76
CS:Mahs 6L|. 560086 6h050 ) 66020 ! 36063 Bho 89 63036 71a66
SBOM 56 560,03 75087 79.62 56.72 81l.23 78.13 8L.59
SBOM 53 560,03 75.55 7779 53.71 83.07 78,36 81.21
SBOM 73 560,03 76,62 78,57 55.60 91.66 73.13 8L.69
5BOM 2 560,03 66,98 67426 39,49 71.13 68.54L 75,63

1 g8M-13 is cottonseed meal 13
08M=l5 is cottonseed meal L5
SBOM is soybean oil meal
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TABLE XTI NITROGEN BALANCE DATA FOR ILAMBS FED VARIQUS PROTEIN SUPPLEMENTS

TRIAL IT
Lanb Intake : Excretion ﬁ;ﬁggﬁig
Rationt No. Dry Matter Witrogen Fecal Urinary gns.
CeM-13 105 561,88 7.97 11,95 24,30 0.72
CSM-13 8 561,88 7.97 Le75 1.91 1.31
CSM-13 63 561,38 7297 L02 2,0l 1.51
C8M=-13 30 561,88 797 1.60 2.09 1.28
C8M-L5 55 560,86 8,07 3.76 2,78 1.53
CSM=-L5 98 560,86 8,07 L6l 1.90 1.53
SBOM 23 560.03 797 L.08 3.34 0.55
SBOM l 560,03 7697 3.62 3.10 1.25

1 0SM-13 is cottonseed meal 13
CSM=)5 is cottonseed meal L5
SBCM is soybean oil meal



TABLE XTI APPARENT DIGESTION COEFFICIENTS TRIAL IT

Apparent Percent Digestibility

Dry NTCFogen=
Lamb Matter Dry Qrganic Crude Ether Crude free
Rationl No. Tntake Matter Matter Protein Extract Fiber Extract
gms.
CSM-13 105 561,88 68.10 70,00 3779 88.78 65.90 76,51
GSM”:]_B 8 561a88 70060 73009 )_I,Oa 3).], 85503 72«21]. 7803)4,
CSM=13 63 561,88 73.71 75.7h Lh.50 91.73 72.69 81.70
CsM-13 30 561.88 72.66 73.93 L2.25 93.30 72.25 78,52
CSM=L5 55 560,86 73.03 7499 53.L5 92,25 68,7 81.32
CSM=L5 98 560, 86 72.1L 74033 12,61 92,12 71.12 80.53
SROM 23 560,03 61.1h 62.79 118.86 81.89 57.87 66.18
SBOM L 560,03 Thel17 76636 5).65 89.99 69.70 82.95

1 CSM=13 is cottonseed meal 13
CSM=-L5 is cottonseed meal L5

SBOM is soybean oill meal
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TABLE XIIT NITROGEN BALANCE DATA FOR TAMBS FED VARIOUS PROTEIN SUPPLE-
MENTS TRTAL IIT

e .
— - e ————OH O e ——

Tamb Intake Fxcretion ﬂitzzizg
Rationl No, Dry Matter WNitrogen Fecal Urinary 2ms .
CSM-13 3 561,88 7.97 .10 2,08 1.79
CSM=-13 39 561,83 T.97 .56 1. 46 1.95
C8M-13 52 561,88 7.97 lio 110 2.00 1.57
CSM=13 63 561,88 7.97 L.32 1,78 1.87
CSM=L5 L9 560,86 8,07 3.80 2.06 2.21
C8Me=li5 Il 560.86 8,07 3.82 2,01 2,2
CSM-1i5 8 560,86 8.07 .08 2.30 1.69
CSM-15 116 560,86 8,07 L.97 1.98 1,12
SBOM 58 560,03 7.97 3.51 3.52 0.9
SBOM 30 560.03 7.97 3035 3.6] 0.98
SBOM 5 560,03 797 3.10 helly 0.73
SBOM 2 560,03 797 3.78 2.92 1.27

1 C8M=13 is cottonseed meal 13

CSM=L5 is cottonseed meal L5
SBOM 1s soybean oil meal



TABLE XIV APPARENT DIGESTION COEFFICIENTS FOR TRIAL ITT

Apparent Percent Digestibility

Dry Nitrogen-
Lamb Matber Dry Organic Crude Ether Crude free
Rationl No. Tnhake Matter Matter Protein Extract Fiber Exbract
gms. .
CAM=-13 3 561,88 6)1,95 65,85 18,51 91190 48,06 1771
CSM-13 39 561,88 72,30 73.63 2. 75 93,72 71l 78.33
CSM=13 52 561,88 75.01 76,39 L)1, 80 93,52 7hs35 81,53
CSM=13 63 561,88 73,86 75.10 L5.704 93.82 69,28 82,27
CSM-L5 19 560,86 77.03 78,142 52,9 911635 75.26 83.60
CSM-1i5 Lk 560,86 77.20 79.23 52.80 9169 75.8) 8l 81
CSM=)5 8 560,86 71. 149 73.31 119,50 90,0l 68,00 79,60
CSM=45 116 560, 86 68,02 69.97 38.47 85,22 69,28 7h.67
SBOM 58 560,03 75.15 76.99 55.96 90.21 71.60 85,012
SBOM 30 560,03 79.2) 80477 57.95 91.23 76425 86.59
SBOM 5 560,03 78,62 80.55 61,18 91.1hL 75.29 86,18
SBOM 2 560,03 79.31 81.20 52,65 89.99 82l 8l1.59

1 gsM-13 1is cottonseed meal 13
CSM=h5 is cottonseed meal 15

SBOM is soybean oil meal
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TABLE v INDIVIDUAL FEED CONSUMPTION AND GAIN OF IAMBS FED INSUFFICIENT
ENERGY RATIONS

Feed

Lamb Consumption Gain

Rationt e 1bs. 1bs.
1 &l 160 I
1 100 156 N
1 91 168 0
1 60 167 3
1 38 170 2
Average 6L 2.6
2 93 166 0
2 5l 163 2
2 63 166 -2
2 89 18L 2
2 97 164 6
Average 169 L6
3 92 167 1
3 Th 166 9
3 1 167 1
3 99 157 3
3 90 13 2
Average 162 3.2

T

1 Low nitrogen cottonseed meal was fed in ration 1, high nitrogen
cottonseed meal was fed in ration 2, and soybean oil meal was fed in
ration 3.



TABLE XVI INDIVIDUAL FEED CONSUMPIION, GAIN, FEED EFFICIENCY AND PROTEIN
EFFICIENCY OF IAMBS FED SUFFICIENT ENERGY RATTIONS

Feed Feed Protein
Lamb Consumption Gain Efficiency2 Efficiency3
Rationl No. 1bs. 1bs.,

1 1 250 32 7.80 0662
1 L8 279 31 8.99 0.72
1 25 218 22 9.93 0,79
1 11 249 3L T.31 0.58
1 37 286 31 9.23 0.Th
1 2 273 33 8,26 0.66
1 6 239 30 T.97 0.64
1 5 236 30 7.88 0.63
1 8 289 31 9.32 0,75
1 10 272 26 10.47 0.84
Average 209 30 8.72 0,70

2 3 209 23 9,10 0673
2 28 253 25 10,11 0.81
2 9 2838 36 8,00 0.6l
2 36 27 27 10.16 0.81
2 16 261 30 8.79 0,70
2 18 271 19 1).26 1.1
2 15 286 26 11,00 0.88
2 26 2Ll 2l 10.16 - 0,81
2 3L 281 31 9,05 0.72
2 L9 275 30 9.16 . 0.73
Average 265 27 9,98 0,80

3 1} 28l 31 9,17 0.73
3 13 236 31 7.60 0,61
3 39 298 35 8.50 0.68
3 Ly 282 30 9.01 0.75
3 12 258 23 11.20 090
3 L 239 21 11,39 0.91
3 31 273 31 8.80 0.70
3 3 278 29 9.59 0.77
3 L1 288 30 9.59 0.77
3 35 281 26 10,92 0,87
Average 272 29 9,62 0.77

1 Soybean oll meal was fed in ration 1, low nitrogen cottonseed meal
was fed in ration 2, and high nitrogen cottonseed meal was fed in ration
3.

2 Pounds of feed to produce 1 lb. of gain.

3 Pounds of protein to produce 1 1b. of gain.
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