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the first natural fatty acid to be suceessfully estimated
by this means.

It may also be added that a cyclopropane ring be-
haves, more or less, like an olefinic double bond toward
heat as well as some reagents (8). In Formula IT for
sterculic acid a cyclopropane ring is shown conjugated
with a C=C bond. This type of grouping is known
to behave like a typical diene conjugated system (3,
10), and this may explain the striking gelation prop-
erties of Sterculia foetida oil.

Summary

Sterculia foetida oil has been found to econtain
71.8% of sterculic acid and minor proportions of oleie,
linoleie, and saturated acids. The saturated compon-
ent consists mostly of myristic and palmitic acids.

The oil consists of traces of tristearin (0.8%) and
a major quantity of tristerculin (31.4%) together
with different amounts of the glycerides of the type
G8,U, GSU,, and GU, of other fatty acids.
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Feed Value and Protein-Quality Determinations on

Cottonseed Meals

EDWARD EAGLE and DONALD L. DAVIES, Research Laboratories,

Swift and Company, Chicago, lllinois

HE USE of cottonseed meal in rations for poultry
T and swine has been limited in the past by toxi-

cological considerations. While most observers
have directed their attention to the gossypol content
of cottonseed meal as the criterion for its toxicity
ever since the work of Withers and Carruth dating
back to more than 40 years ago (1-4), several groups
of investigators have questioned the analyzed gossy-
pol content as a true indicator of cottonseed toxicity
(5-12). Since practically all of these observations
had been made on the rat, it was decided to deter-
mine if the conclusions reached were likewise appli-
cable when some of the very same cottonseed meals
used in our rat studies were appraised in praectical
feeding experiments on the chick. In addition, a
series of nine coded cottonseed meals tested in a Col-

laborative Study ! were evaluated for their protein’

quality in the rat and in the chick. The effect of
incorporation of a constant gossypol level supplied
by different samples of cottonseed pigment glands
or pure gossypol was likewise determined in the rat.

Experimental

In the first six experiments day-old sexed chicks
(breeds to be specified later) were fed a commercial
broiler ration for a period of 24 to 48 hrs., after
which they were weighed, inoculated with modified
live virus Newcastle vaccine, wing-banded, separated
into groups having similar average starting weights,
and placed on test. The chicks were reared for three
to four weeks in a back-warmer type, electrically-
heated battery brooder and were then housed in wire-
floored batteries. The number of chicks on a given
diet in the various experiments varied from 11 to
24 ; the larger groups were divided into two groups
at the time of transfer to the batteries so that no

1 The results obtained in this Collaborative Study were reported by
the participants at the Fourth Conference on Cottonseed Processing as

Related to Nutritive Value of the Meal, Southern Regional Research
Laboratory, U.S.D.A., New Orleans, La., Jan, 14-16, 1957,

more than 12 birds were housed in a single battery
section. All of the chick experiments were carried
out in air-conditioned rooms. Feed and water were
supplied ad Ibitum, and all birds were weighed
weekly.

The composition of the basal mixture, which con-
stituted 65% of each ration in the first four chick
experiments (practical feeding tests), is given in
Table I. The remaining 35% of each ration con-

TABLE I

Composition of Basal Mixture Comprising 65% of Each Chick
Ration?® in Experiments 1, 2, 3, and 4

. Percentage
Ingredient in ration
Ground milo 28.0
Ground yellow corn.. 25.5

Dehydrated alfalfa meal.. 3.0
Fish meal...o.ceervunnnes 2.0
Steamed bone meal 2.0
Dried whey............ 2.0
Ground oyster shel 1.5
Todized salt..... 0.5
Aurofac 0.5

TOLAL cevrrimiitiieeeeriieiie et ittt e erre s sera e ae e, 65.0

a2 Each ration contained the followmg m mg per kg, of ration: Vita-
min A and D feeding oil (2250 I.U. 00 I.C. D3 per gram) 4400,
methionine 500, choline chloride 440 manganese sulfate 176, niacin
26, calcium pantothenate 11, nboﬂavm 4, and menadione 1.

sisted of either 35% test cottonseed meal or 17.5%
test cottonseed meal plus 17.5% control soybean meal ;
the eontrol ration contained 35% soybean meal.

The composition of the semi-synthetic rations used
in the protein-quality evaluations in the chick (rep-
licated experiments 5 and 6) is given in Table IL
To obviate the picking, coprophagy, and cannibalism
which inevitably occur in such an experiment because
of the low level of protein fed, all birds within a
given group were removed from the battery-brooder
at the first sign of any of such complications and
were individually caged even prior to the scheduled
time of transfer.

In the protein-quality evaluations in the rat (rep-



Sert. 1957 EacLe BT AL.:

TABLE II

Composition of Semi-Synthetic Chick Rations * Used in
Experiments 5 and 6

. Percentage

Ingredient ’ in ration
Test meal to yield 15% protein in diet.......coovreereernennans 30.06-37.68
Soybean oil, sufficient to make 49, fat. - 3.63- 3.71

Salts 5 (Brlggs et al., 1943) 5.00
Dextrose, sufficient to make 1009 53.61-61.42

2 All these semi-synthetic diets were supplemented with the following
per kilogram of diet: choline chloride 2,000 mg., inositol 1,000 mg.,
niacin 100 mg., para-aminobenzoic acid 100 mg., d-calcium pantothen-
ate 15 mg., riboflavin 6 mg., a tocopherol 6 mg., thiamine 4 mg., vita-
min Bg 3 mg., folic acid 2 mg.,, menadione 0.5 mg., biotin 0.2 mg.,
vi%amin Bis 50 micrograms, vitamin A 10,000 I.U., vitamin D; 600
I.C.U.

licated experiments 7 and 8) the test cottonseed meals
were incorporated into otherwise protein-free semi-
synthetic rat diets at levels supplying 9% protein, as
shown in Table III.

TABLE TIII

Composition of Semi-Synthetic Rat Diets Used in
Experiments 7 and 8

o Percentage
Ingredient in diet
Vitamin premix..... 202
. Jones and Foster 4
Agar.coovriiiiiinns 2
A and D oil (2 1
Wheat germ oil. 1
Test or control
9% protein . 15.44-23.60
Commercial shortenin
by protein SOUTCe.......icoriciiiienn ....|] 8.63— 9.99
Dextrose, sufficient to make 100%.. .1 38.87-46.57

2 The 20 g. of vitamin premix added in 100 g. of diet congisted of
the following: Wilson 1:20 liver concentrate (NF 1X) 700 mg., cho-
line chloride 100 mg., inositol 25 mg., para- -aminobenzoic acid 10 mg.,
d-calcium pantothenate 5 mg., niacin 4 mg., 2 methyl-1,4-naphtho-
quinone 1 mg., thiamine hydrochlomde 0.8 mg., riboflavin 0.8 mg.,
pyridoxine hydrochlorlde 0.8 mg., folic acid 0.2 mg., biotin 0.03 mg.,
and sufficient dextrose to make a total of 20 g. of premix.

In the ninth experiment 11 groups of eight male
rats each were fed stock diet, into which various
levels of different cottonseed pigment glands or of
pure gossypol were incorporated to supply the same
calculated level of gossypol in the diet (0.1%). The
composition of the stock diet is as follows: whole
ground wheat 21%, meat and bone scraps 19.6%,
non-fat dry milk solids 15%, soybean oil meal 15%,
ground yellow corn 139%, commercial shortening
10%, salt and yeast mixture 2.5%, alfalfa leaf meal
2%, wheat germ oil 1%, vitamin A and D oil 0.5%,
and Wilson 1:20 liver concentrate (NF IX) 0.4%.

‘Weanling male rats of the Holtzman strain were
fed the stock diet for a period of one to three days,
after which they were distributed into various groups
according to body weight so that the average starting
weights of all groups within a given experiment were
the same. All rats were kept in individual wire-bot-
tom cages in an air-conditioned room maintained at
78° 4 1°F. and ca. 45% relative humidity. Food
and water were allowed ad lLibitum. The rats were
weighed daily for the first 14 days and at least twice
weekly thereafter. Analyses for free gossypol were
made by the method of Pons and Guthrie (13), and
those for total gossypol by the method of Pons, Hoff-
pauir, and O’Connor (14). The method described by
Lyman, Chang, and Couch (15) was used for per-
centage of nitrogen solubility in 0.02 N sodinum hy-
droxide. All analytical data on the coded cottonseed
meals used in the Cooperative Study were supplied by
the Southern Regional Research Laboratory, U.S.D.A.

Results and Discussion

The results obtained in the first four chick ex-
periments are given in Table IV ; the rations in the
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individual experiments are listed in the order of
decreasing efficiency of feed utilization. Twenty-
four cottonseed meals were tested at the 17.5% level,
and nine of these were also fed at the 35% level in
the ration. There was wide variation in the free
(0.22-1.29%), bound (0.12-1.03%), and total (0.05-
1.41%) gossypol content of the cottonseed meals be-
ing tested. Arrangement of the various diets in the
order of their decreasing free, bound, or total gossy-
pol content or their protein or fiber content yielded
no apparent quantitative relationship between any
of these individual variables and the Dbiological
performance.

In order to maintain uniformity of procedure for
evaluation of the toxicological potential of the cot-
tonseed meals in the practical feeding tests, no ad-
justment was made of the protein content of the
ration by slight alterations in the amounts of some
of the constituents. The protein, fat, and crude
fiber content of the respective practical rations did
not differ considerably, and there was no apparent
correlation between these analytical figures and the
body-weight results. In faect, some rations that did
have somewhat higher protein content than the rest
showed some of the worst final body-weight perform-
ances. The best results were not obtained with the
diets containing the lowest amounts of free gossypol.
On the contrary, there were 12 diets containing 0.02
to 0.07% free gossypol, supplied by feeding 17.5%
levels of cottonseed meals whose free gossypol con-
tents were as high as 0.10 to 0.419%. These yielded
average body-weight gains of from 1,007 to 1,273 g
in eight weeks.

Feed efficiencies superior to those shown by their
own soybean meal controls were given by seven ra-
tions containing 17146% levels of. cottonseed meals
with high free gossypol content. There was no ap-
parent correlation between the efficiency of feed
utilization and the free, bound, or -total gossypol
content of the diet or the percentage of nitrogen
solubility in 0.02 N sodium hydroxide of the cotton-
seed meals tested.

Diets 2, 4, and 8, all containing approximately the
same amount of free gossypol, protein, and fat,
vielded average body-weight gains after eight weeks
of 1,020, 929, and 867 g., respectively, and feed effi-
ciencies of 39.0, 38.5, and 36.8. Indeed diet 2, despite
its high free gossypol content (0.07%), gave better
body-weight gain results than did 10 diets and better
feed efficiency than did eight diets, all of which con-
tained considerably less free gossypol.

Although diet 10 had the same free gossypol con-
tent as diet 23 (0.04%), the body-weight gains were
1,273 and 908 g., respectively, and the feed efficiencies
were 40.8 and 35.8. Its high free gossypol content
notw1th%tand1ng, diet 10 showed better body-weight
gain than did 16 diets and better feed efficiency than
did nine diets, all of which contained considerably
less free gossypol. This diet 10 even surpassed the
performance of the ration containing 17.5% of the
butanone-extracted cottonseed meal control plus
17.5% soybean meal (diet 15) and bettered the re-
sults obtained with three soybean meal controls (diets
5, 20, and 27). It should be noted that diet 10 con-
tained a cottonseed meal which had a free gossypol
content of 0.22%, a total gossypol content of 0.89%,
and a value of 64.6% for nitrogen solubility in 0.02 N
sodium hydroxide.
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TABLE VII
Effect of Incorporation of a Constant Free Gossypol Level (0.1%) From Various Sources
in the Diet of the Rat (Experiment 9)

Di Gossypol Amount | Calculated Average body weight gain after Feed

iet Variable in diet content of variable gossypol off
No. variable in diet in diet 7 days 14 days 21 days 28 days :

Yo % g 4 g- g

85 Cottonseed pigment glands No. 1 38.4 0.261 0.1 21 38 56 75 27.2
86 Cottonseed pigment glands No. 2 36.8 0.272 0.1 20 46 65 78 27.4
87 Cottonseed pigment glands No. 3 29.7 0.337 0.1 20 47 66 84 29.4
88 Cottonseed pigment glands No. 4 37.8 0.265 0.1 21 46 67 89 30.2
89 Cottonseed pigment glands No. 5 35.1 0.285 0.1 23 48 70 91 29.9
90 7 Cottonseed pigment glands No. 6 27.0 0.370 0.1 25 54 79 91 29.4
91 Pure gossypol A ca. 100.0 0.100 0.1 27 56 89 108 32.3
92 Pure gossypol B ca. 100.0 0.100 0.1 31 62 91 114 32.9
93 Pure gossypol C 97.3 0.100 0.1 32 63 94 125 34.9
94 (Stock diet control) 0 0 0 41 84 122 160 37.0

a Feed efficiency — g. gained/100 g. diet eaten.

No inferences can be made from the first four
chick experiments as to the protein quality of the
individual cottonseed meals incorporated in these
practical rations, which contain significant levels of
protein from many good sources.

A comparison of the order of increasing average-
weight gain of the various groups showed that this
order differed widely as the tests progressed during
the early stages, that the performance of chicks
within certain groups was inconsistent, and that
variations between different groups became increas-
ingly more marked, particularly in the case of diets
containing the more toxic cottonseed meals. This
raises the question as to whether a short-term feeding
test of less than a few weeks can provide better than
a mere indication of the true feeding potential (alge-
braic sum of toxicity plus food value) of practical
rations containing cottonseed meals which have wide
differences, particularly with respect to the former
of these highly important variables.

In another series of experiments nine coded cot-
tonseed meals were evaluated for their protein qual-
ity in replicated experiments at the 15% protein
level in chicks and at the 9% protein level in rats.
This was part of a Cooperative Cottonseed Meal
Study primarily designed to determine the perform-
ance of commercial cottonseed meals in combination
with a standard soybean meal in practical chick ra-
tions and to develop data on the relationship between
processing conditions and protein quality.

Our chick diets containing the cottonseed meals
used in the Cooperative Study are listed in Table V
in the order of decreasing protein efficiency. Of
particular interest was the finding that the pullets
frequently weighed more than the cockerels. Of the
20 rations fed in the replicated, protein-quality
evaluations on the nine coded cottonseed meals and
the soybean meal control, 12 of these resulted in
heavier females than males. In three other instances
both sexes showed the same average body-weight;
and in only five out of the 20 possibilities did the
males outweigh the females, in two cases by only a
small margin. The original sexing of the chicks was
confirmed by autopsy at the termination of the tests.
This lowered body weight in the males may be at-
“tributed to the greater amino acid requirements of
the cockerels for growth and maintenance. The limit-
ing factor in these specially designed chick experi-
ments was the threshold protein level of 15% derived
from a single protein source.

The results from the rat studies on the same nine
coded cottonseed meals are listed in Table VI, again
in the order of decreasing efficiency of protein utili-

zation. Meals E, F, G, H, and I were not part of
the Cooperative Study but are included because of
their good biological performance despite their low
nitrogen solubility values.

An unusual observation in these protein-quality
evaluations (Table VI) was the darkening and
marked enlargement of the spleens of the rats fed
CM 49, subsequently identified as a solvent-extracted,
chemically-treated cottonseed meal in the Coopera-
tive Study. The average splenic weight per 100 g. of
body weight for the 16 rats fed CM 49 represented
a 78% increase over the average spleen:body-weight
ratio of the other 160 rats fed in the Cooperative
Study. This positive toxicological finding merits fur-
ther study.

From the chick and rat data it may be noted at
the outset that not only does the protein quality of
cottonseed meals vary with the type of processing
but that even a given method of processing can yield
cottonseed meals of greatly different protein qual-
ity. The results obtained in the protein-quality
evaluations in the chicks were strikingly parallel to
those obtained in the rat. Kven among the limited
number of coded cottonseed meals tested there were
many of good to fair protein quality which had
unusually poor nitrogen solubility values, and some
meals of poor protein quality which had rather high
nitrogen solubility figures. This nonconformity be-
comes even more marked when one compares the an-
alytical values for nitrogen solubility of meals which
were found to have the same biologieally evaluated,
protein quality. Four such meals (CM 45, CM 19,
CM 6, and CM 21) of identical protein quahty had
such dlvergent nitrogen solubility values as 65.9,
70.0, 68.7, and 46.8%. Again meals CM 10, CM 16
and CM 36 all had practically the same protem
quahty regardless of whether evaluated in the chick
or in the rat, but their nitrogen solubility values
were, respeetively,, 52.4, 65.1, and 39.1%. These data
and those previously reported (12) on a series of 25
other cottonseed meals fail to confirm the relation-
ship between the solubility of cottonseed protein in
0.02 N sodium hydroxide and the protein quality of
cottonseed meal as claimed by Lyman, Chang, and

Couch (15).

The results obtained in the experiment, in which a
constant level of gossypol (0.1%) was incorporated
into stock diet by addition of different levels of cot-
tonseed pigment glands or of pure gossypol, are
given in Table VII. Despite a constant contribution
of 0.1% gossypol to the diet, the different cotton-
seed pigment glands varied in their body-weight
depressing effect on rats. But all six of the differ-
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ent cottonseed pigment gland samples caused greater
body-weight depressions than did three samples of
pure gossypol. Since all of the 10 diets varied only
to the extent that the small amounts of cottonseed
piigment glands or pure gossypol were incorporated
into the standard stock diet, these differences in
body-weight performance were obtained with diets
whose protein and fiber ievels were constant. The
efficiencies of feed utilization were less for the groups
fed cottonseed pigment glands than for the groups
fed samples of pure gossypol.

If the free (or bound, or total) gossypol were the
sole factor(s) involved in ecottonseed toxicity, it
would appear to be a simple matter indeed to deter-
mine by well-controlled experimentation whether a
true statistical correlation exists between growth and
the free (or bound, or total) gossypol level in the
diet. Gallup (5) had stated in 1928 however that
the chemical methods available at that time for de-
termination of gossypol and its related compounds
did not suffice as a measure of the toxicity of heated
cottonseed products. In 1948 Boatner ef al. (6) re-
ported that cottonseed pigment glands, distinet mor-
phological entities containing the toxic components
of cottonseed, added to the diets of chicks produced
marked retardation of growth and a high incidence
of deaths whereas addition of an equivalent amount
of pure gossypol to the diet caused little or no retar-
dation in growth. They likewise found that no cor-
relation was apparent between the nutritive value
for chicks of various cottonseed products and their
relative contents of gossypol and gossypurpurin.
Eagle et al. (7, 8, 10) showed that the different acute
oral toxmlty (LD 50) values for these pigment glands
in various animal species bore no relation to their
gossypol content.

Reports of feeding tests, in which various levels
of pure gossypol were incorporated into the diets of
rats, showed that while the body weight depression
caused by pure gossypol is proportional to the amount
added to the diet, the greater mortality and body-
weight effects caused by adding various levels of
cottonseed pigment glands to the diet cannot be at-
tributed to their analyzed gossypol content alone
(10). Feeding tests on rats likewise have shown
that the residual toxicity of cottonseed meals could
not be explained on the basis of their analyzed free
gossypol content (11, 12). These conclusions are
confirmed by the results from the nine experiments
on more than 300 rats and 1100 chicks reported in
the present paper.
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Summary

Twenty-four cottonseed meals fed to chicks in prac-
tical feeding rations for eight weeks led to good
growth performance and favorable feed efficiency in
many cases, despite the unusually high free gossypol
content of the rations.

The results from replicated, protein-quality evalu-
ations in chicks fed for eight weeks at the 15% pro-
tein level were closely parallel to those from similar
experiments in rats fed at the 9% protein level and
showed that the percent nitrogen solubility in 0.02 N
sodium hydroxide of cottonseed meals is a poor indi-
cator of protein quality.

Constant gossypol levels of 0.1%, supplied by ad-
ditions of different amounts of cottonseed pigment
glands, caused greater body-weight depressions than
did the same gossypol level supplied by pure gossypol.

The toxicity of cottonseed pigment glands and of
cottonseed meals cannot be accounted for solely on
the basis of analyzed gossypol content.
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Studies on Guar Seed Oil (Cymmopsis Psoralioides)

D. R. MEHTA, Industrial Research Laboratory, Baroda, and C. V. RAMAKRISHNAN,
Department of Biochemistry, Baroda University, Baroda, India

ARIKH (1) and Ramakrishnan (2) have studied
P in detail the nutrient composition of guar seed,

a cheap legume available in abundance in. cer-
tain parts of India, and have found that the seed
contains a good percentage of high quality protein
along with about 4% of fat. The oil was extracted
from dried seeds, and its properties were studied as
reported in this paper.

Experimental

The fat was extracted from crushed seeds by petro-
leum ether (b.p. 40°-60°C.). The characteristics as
determined by standard procedures (3) are given in
Table T.

The mixed fatty acids (excluding the unsaponifi-
able fraction) were analyzed spectrophotometrically
by the method of Hilditch, Morton, and Riley (4)



