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ABSTRACT

Two of the effects on animals of cyclopropenoid fatty acids, 
as they are found in Sterculia foetida and cottonseed oil, are the 
alteration of sexual development and function in female rats and 
chickens and a hardening of the body fat and egg yolk fat.

It is generally accepted that there is a high correlation 
between the amount and kind of fatty acids in the diet and the 
plasma cholesterol concentration of animals. In this thesis the 
effect of the cyclopropenoid fatty acids upon the plasma cholesterol 
concentration of White Leghorn cockerels is reported.

When cottonseed oil, or approximately the same quantity of 
cyclopropenoid fatty acids supplied by Sterculia foetida oil, was 
fed to cockerels as 5$ of the diet no significant differences in 
plasma cholesterol were noted. However, when 200 mg. of Sterculia 
foetida oil was fed per day there was a significant increase in 
plasma cholesterol concentrations along with significantly enlarged 
gall bladders and livers.
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INTRODUCTION

For a number of years there has been considerable interest 
in the biochemical and physiological effects of the cyclopropenoid 
fatty acids. In an early report Sherwood (l93l) observed that pink 
egg whites formed in cold storage eggs from hens fed cottonseed oil.
This effect was confirmed by Lorenz and Almquist (193*0 and further 
elucidated by Schaible and Bandemer (1946) and Shenstone and Vickery 
(1956, 1959)- Masson, et al. (1957) proved the effect was due to the 
cyclopropene ring. Some of the other effects of this ring structure 
upon eggs are: elevated yolk pH, increased yolk water, increased egg 
white iron, elevated egg white nonprotein nitrogen, migration of 
several soluble proteins across the vitelline membrane, increased 
saturation of the egg yolk fat, and decreased hatchability. It was 
postulated by Kircher (1964) that the reaction of the sulfhydryl groups 
of proteins with the cyclopropene ring is the cause of the physiological 
effects observed above.

The cyclopropene ring is found in nature as sterculic and 
malv&lic acids (Figure l) which have been reported by Phelps (1962) 
to be present in at least 36 plant species from two orders and five 
families of the plant kingdom.
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/ \ / \
CH3-(CH2 )j-C = C-(CH2 )7-COOH CH3-(CIi2)6-C = C-(CBs) J-COOH

Sterculic Acid Malvalic Acid
Figure 1. Cyclopropenoid Fatty Acids

Almquist, et̂  al. (193^) noted reduced ovary size among hens 
fed cottonseed oil. Schneider, et al. (1961, 1962) found delayed 
sexual development in pullets and stoppage of egg production of hens 
fed Sterculia foetida oil. Sheehan and Vavich (1964) found delayed 
sexual maturity in female rats and lengthening and increased 
variability of their estrus cycle.

Another effect attributed to the cyclopropenoid fatty acids 
is an increase in the saturation of body fats. As early as 1916, 
Eckles and Palmer noted a decrease in iodine number of butterfat 
from cows fed cottonseed oil. Others who have noted this hardening 
of fats with other animal species are: Ellis, at ajL. (1926, 1931) 
with swine; Spandola and Ellis (1926) with rats; Schneider, et al. 
(1961, 1962) with chickens; and Evans, et al. (1961, 1962) with 
chicken eggs.

It is generally believed there is a strong correlation between 
the fatty acid composition of the diet and the levels of blood plasma 
cholesterol. Ahrens, et al. (1954, 1957); Bronte-Stewart, et al.
(1956); Keys, et al. (1957); Swell, et a]L. (1955); and others have



shown that the degree of unsaturation of fatty acids is a primary 
dietary characteristic which influences the cholesterol level of 
the blood.

Tennent, et al. (1959) using the equation of Keys, et al.
(1957) Q?lasma cholesterol concentration = ki k2 (saturated fatty 
acid concentration) + kg (polyunsaturated fatty acid concentration)] 
predicted the plasma cholesterol concentrations of cockerels fed 
vegetable oils containing a wide range of polyunsaturated to saturated 
fatty acid ratios. All the oils tested by Tennent resulted in 
plasma cholesterol concentrations which fell near his predicted 
curve except cottonseed oil. He was unable to explain this and 
postulated there must be a substance of unknown identity in the 
cottonseed oil which caused the other than predicted plasma cholesterol 
concentration.

The experiments in this thesis were designed to determine if 
the "substance of unknown identity" mentioned by Tennent might be the 
sterculic and malvalic acids known to be present in cottonseed oil 
(MacFarlane, 1957)• The first experiment was a test based on the 
results Tennent reported for corn oil and cottonseed oil. Cyclopropane 
ring fatty acids as Sterculia foetida oil and as cottonseed oil were 
fed in equivalent amounts as well as a higher level of Sterculia 
foetida oil. In the second experiment the same higher level of 1

Sterculia foetida oil was compared against the com oil control group. 
In addition, the amount of fat and cholesterol in the diet was varied.



EXPERIMENTAL PROCEDURES

Oils. The three kinds of oil used in these experiments were: 
refined corn oil'*', cottonseed oil, and Sterculia foetlda oil. All 
the oils were kept at 5°C. under nitrogen until they were mixed into 
the diet or measured into capsules. The capsules were made periodically 
throughout the experiments and kept in amber glass bottles at 5°C. 
until just prior to feeding.

The Sterculia foetida seeds used for the extraction of the 
oil were obtained from Java in the Republic of Indonesia or the 
Philippine Islands. Six kilograms of the seeds were ground in a hand 
meat grinder, placed in a twenty liter Pyrex glass carboy, seven 
liters of Skellysolve added, and the carboy tightly stoppered and 
covered with brown paper. Tie carboy was agitated to assure thorough 
mixing of the solvent with the ground seeds. This mixture was allowed 
to stand overnight, and filtered. The filtrates were combined and 
solvent removed in a continuous-flow rotary evaporator under reduced 
pressure at 35°C. For this a water pump aspirator was used. Last 
traces of solvent were removed by additional reduction of pressure 
with a high vacuum pump. Tie solvent was trapped in a dry-ice acetone 
bath.

1 Mazola, Corn Products Refining Company, New York.
2 Phillips Petroleum Company, Bartlesville, Oklahoma,
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Crude cottonseed oil received from a cottonseed processing 
plant"*" was refined to remove the gossypol and free fatty acids.
One hundred ml; of ten percent NaOH were added to each kg. of oil 
preheated to 60°C. with constant stirring. ■ This mixture was then 
transferred to glass centrifuge bottles and centrifuged. The refined 
oil layer was drawn off the top and filtered through several layers 
of cheesecloth. Subsequent gossypol assay (Pons and Hoffpauir, 1958) 
showed negligible amounts.

Both the Sterculia foetida oil and the cottonseed oil were 
analyzed for cyclopropenoid fatty acids by the Modified Halphen Test 
(Schneider and Sheehan, 1965, unpublished). The cottonseed oil 
contained 0.7% and the Sterculia foetida oil 30-36% cyclopropenoid 
fatty acids.

Experiment I

One-day-old White Leghorn cockerel chicks from a local 
hatchery^ #ere fed a practical low-fat starter diet, raised in a floor 
brooder for two weeks and then transferred to a floor pen until they 
were seven weeks old. At this age all chicks were weighed and those 
not within + 100 gm. of the mean weight were discarded. From the 
remaining chickens, fifty were randomly selected for study.

Serape Cooperative, Chandler, Arizona.
2 Arizona State Hatchery, Tucson, Arizona.



Tie practical low-fat starter diet, containing less than 
two percent fat, and water were provided ad libitum for these first 
eight weeks. This diet differed from the basal diet (ihble l) used 
during the experimental period in that it contained 30% soybean meal 
and 60% grain sorghum.

The fifty selected cockerels were divided into five groups 
of ten birds each. To determine pre-experiment baselines one group 
was fasted overnight and blood from the alar vein was drawn into, 
oxalated culture tubes. The plasma was withdrawn after centrifugation, 
frozen at -10 to -15°C. and later analyzed for total cholesterol by 
the Modified Abell-Kendall Method (1952). Immediately after the 
blood samples had been taken the birds were sacrificed by jugular 
vein exsanguination and weights taken of the livers and gall bladders 
(organ plus fluid content).^ The remaining four groups were placed 
in a row of individual, modified, wire laying pens in an open cage 
house. The lots were separated in the row in such a manner as to 
minimize environmental effects due to location. These four groups 
received the diets that are given in Table II.

All the groups received the basal diet (Table l) into which 
five percent oil and two percent cholesterol were incorporated. To 
compensate for the added oil in the diet, the grain sorghum was 
decreased by five percent. Cholesterol replaced the non-nutritive 
fiber. The differences between the diets of each group (Tfeble II)

1 Plasma cholesterol (mg/lOO ml) 157 + 2k, liver (gm/kg body 
wt.) 24.1 + 2.37, and gall bladder (gm/kg body wt.) O .83 + O.2 3.
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Table I. Composition of Basal Diet

Ingredients Percent

Grain sorghum 64.55
Soybean meal (44$ protein) 2 3 .0 0

Dehydrated alfalfa meal (17$ protein) 3 .0 0

Vitamin and antibiotic premixa 2 .5 0

Dried whey 2 .0 0

Non-nutritive fiber*3 2 .0 0

Dicalcium phosphate0 2 .0 0

Calcium carbonate 0 .8 0

Sodium chloride 0.30
Methionine hydroxy analog** 0.13
Manganese sulfate pentahydrate (70$) 0 .0 2

Total 100.30

a Supplied the following per pound of diet:
4,500 I.U. vitamin A, TOO I.C.U. vitamin D3, 2.0 mg. 
riboflavin, 12.5 mg. niacin, 5-0 mg. D-calcium pantothenate, 
200 mg. choline chloride, 6 meg. vitamin BiP. 2.5 I.U. alpha- 
tocopherol acetate, 1 .0 mg. procaine penicillin, and 1 0 .0 mg. 
chlorotetracycline.

Solka-Floc, Brown Company, Boston, Massachusetts.
c Dynafos, International Minerals and Chemical 

Company, Skokie, Illinois.
 ̂MBA, Monsanto Chemical Company, St. Louis, Missouri.



was in the kind of oil contained in the diet and the kind of oil in 
the capsule"*- which was force fed daily. Die Sterculia foetida oil 
in the capsules fed Group T-2 varied in quantity from week to week, 
from an Initial level of 49 mg. to a plateau of 100 mg., in order 
to approximate the amount of cyclopropenoid fatty acids ingested the
preceding week from cottonseed oil by Group T-l.

Throughout the experimental period, individual weekly feed 
consumption and weight records were taken. Die feed was placed in 
individual containers and water was supplied'from a constantly 
flowing trough.

Blood was drawn from all birds and analyzed for total 
cholesterol, as outlined above, after two, four, six and eight weeks 
on treatment. Die data is presented in Table II. After eight weeks. 
the experiment was terminated. Livers and gall bladders were removed 
and weighed. These values and the body weights of the birds at this
time are also presented in Table II.

Experiment II

The White Leghorn cockerels were handled as in Experiment I 
except a larger number were used to lessen the error from variation 
within groups.

At seven weeks the birds were weighed and those which did not 
weigh within + 25 gm, of the mean weight were discarded. Eighty were

■*" Mo. 1, two-piece gelatin capsules, Parke-Davis & Company, 
Detroit, Michigan.
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Tbble II.
Experiment I. Basal Diet Containing 2$ Cholesterol and 5% Oil

Control Group Group T-l Group T-2 Group T-3

Oil Supplement:
Added to "basal 
diet, 5$

Corn Cottonseed Corn Com

Fed by capsule 
200 mg/day

Corn Cottonseed . Corn + 
S.f. oila

8. foetida

Plasma Cholesterol Concentration after:
2 weeks, mg/lOO ml. 82k + 3k 5b 813 ±298 804 + 226 957 + 271
4 weeks, mg/lOO ml. 992 + 429 880 ± 356 833 + 312 1299 + 364

6 weeks, mg/lOO ml. 972 + 406 819 + 510 830 + 280 1099 + 276

8 weeks, mg/lOO ml. 858 + 315 981 + 635 756 + 254 1201 + 487
Body and Organ Weights as Termination;

Body wt., gm. 1579 + 233 1552 + 192 1568 + 176 1454 + 166

Liver wt., gm/kg 
body wt.

2 1 .5 2 + 2 .0 9 23.33 + 2 .3 6 2 2 .6 0 + 2 .3 1 26 .7 2 + 4 .1 7

Gall bladder wt., 
gm/kg body wt.

2.40 + 1 .0 6 2*98 + 1 .1 8 2 .6 3 + O.85 4.26 + 1 .1 8

a Sterculia foetida oil varied from an initial level of 49 mg. to a 
plateau of 100 mg. to approximate the cyclopropenoid fatty acids consumed "by 
Group T-l from cottonseed oil.

^ Standard Deviation.
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then randomly selected and separated into two groups of forty birds 
each. The first group was given 200 mg. corn oil and the second 
group was given 200 mg. Sterculia foetida oil. Both oils were 
administered daily by capsule throughout the entire experimental

)
period. The two groups were subdivided into lots of twenty birds 
each. The two lots of each group were then alternated in the row of 
modified pens as in Experiment I.

During the time that the cockerels were oh the low-fat 
starter diet, blood samples were from forty-five birds were 
collected into heparinized culture tubes as in'Experiment I.

The two groups were then placed on the four dietary regimens 
given in Thble III in the order listed, i.e., after a month on 
Diet I they were placed on Diet II and so forth. The same source of 
refined corn oil was used during the whole experiment.

Diet I was the basal diet (Table l) in which five percent 
corn oil was substituted for five percent of the grain sorghum;
Diet II was the basal diet alone; Diet III was the basal diet in 
which the two percent non-nutritive fiber was replaced by two percent 
U.S.P. cholesterol; and Diet IV had five percent added corn oil and 
two percent added cholesterol substituted as above. Diet IV was the 
same as the diet fed the control group and third treatment group 
(T-3) in Experiment I. Essentially, the four diets differed in 
their cholesterol and corn oil content.

Body weights and feed consumption were measured weekly.
The birds ate out of a common feed trough divided into sections 
for each lot.
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Table III.
Experiment II. Plasma Cholesterol Concentrations of Cockerels Fed 
Varying Quantities of Corn Oil and Cholesterol Plus Oil in Capsules

Kind of oil Plasma cholesterol,in capsules, mg/100 ml
200 mg/day

Diet fed: 2 weeks k weeks
Diet I Com . Ilk * 21a 108 + 17

5$ corn oil &
no cholesterol S. foetida 121 + 16 122 + 15

Diet IX Com 99 •f 22 107 ± 28no com oil &
no cholesterol S. foetida Ilk + 26 135 ±33

Diet III Com 288 4- 118 377 + 161
no corn oil &
2% cholesterol S. foetida 567 4- 260 686 ± 32k

Diet IV Com 529 + 236 539 + 220
5$ corn oil &
2̂ 0 cholesterol S. foetida 75k 4* 391 686 ± 368

a Standard Deviation.
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Blood samples were taken at two and four weeks after the 

beginning of each diet and analyzed for total plasma cholesterol.
Organ weights were not taken nor were the birds terminated as they 
were used in a continued study of other aspects of the effects of 
Sterculia foetida oil on cholesterol metabolism.

RESULTS AND DISCUSSION 

Experiment I

As has been stated before, the purpose of Experiment I was 
to ascertain if the "substance of unknown identity" in cottonseed 
oil mentioned by Tennent (i9 6 0) was the dyelopropenoid fatty acids.
He postulated that this unknown substance was responsible for the 
unexpected high level of plasma cholesterol he found when feeding 
cottonseed oil to White Leghorn cockerels. Assuming this to be the 
case, one would expect that if the same quantity of cyclopropenoid 
fatty acids found in a cottonseed oil containing diet (as in Group T-l) 
were supplied by Sterculia foetida oil in a similar com oil containing 
diet (as in Group T-2) the plasma cholesterol concentrations should 
be in the same range. Also, with this being true, one would expect 
a higher level of Sterculia foetida oil (as in Group T-3) to increase 
the plasma cholesterol concentrations even more. In this experiment 
Group C and T-l were patterned closely after the com oil and 
cottonseed oil fed groups of Tennent8s regarding diet, age of birds, 
length of feeding, breed of birds and so forth.
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The results found in this experiment did not bear out these 

expectations entirely. As may be seen in Table II, Groups C, T-l and 
T-2 did not show any clear trend and in no period did they show 
plasma cholesterol concentrations greater than Group T-3. However, 
statistical analysis (Duncan’s Multiple Range Test, Freund, et al., 
i9 6 0) of the data indicated that at the four week period was the 
plasma cholesterol level of Group T-3 significantly higher (P O.0 5) 
than that of the other three groups. Since plasma cholesterol 
concentrations are known to vary with time, these results should 
only be interpreted in a given time period.

The weekly feed intake, growth and weight of the birds at 
the termination of Experiment I showed no significant differences 
among the groups at any time. However, the weights of both the 
livers and gall bladders (Table II) of Group T-3 were significantly 
higher (P <^0.0l) than in any of the other three groups. Here again, 
there were no significant differences among the other three groups. 
These results agree with the relative liver and gall bladder 
enlargements found by Schneider, et al. (1962) with hens fed Sterculia 
foetida oil.

Two reasons the results were not as predicted may be because 
of the small number of birds (ten) per group and the large variation 
within groups (Table II). This being the case, another experiment 
was designed.
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Experiment II

With the results of Experiment I indicating that Sterculia 
foetida oil fed to cockerels at a level of 200 mg. per day may cause 
an increase in plasma cholesterol, this second experiment was 
designed to show this more reliably. A second purpose of Experiment II 
was to test the effect of varying the quantity of cholesterol and 
corn oil in the diet.

As stated above, sterculic acid fed to several species of 
animals is known to alter their endogenous fatty acid balance. This 
alteration is primarily the decrease of oleic acid and an increase 
of stearic acid. Therefore, the corn oil was omitted from the 
normally low-fat basal diet to reduce the exogenous supply of fatty 
acids. This caused the cockerel to rely more on its endogenous 
supply of fatty acids for cholesterol mobilization.

The cholesterol was added or withheld from the diets to 
determine the effect of loading the system with this sterol. If 
differences were observed with no added cholesterol, it was expected 
that these differences would be enhanced by the added cholesterol.

In Experiment II the plasma cholesterol concentrations of 
the cockerels fed 200 mg. Sterculia foetida oil per day were 
significantly higher (P <^0.01) at all times than the controls fed 
200 mg. com oil per day (Table III). The variations of com oil or 
cholesterol in the diet did not affect this relative increase 
although the added cholesterol did accent the differences« The
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addition of five percent corn oil to the diet did seem, however, to 
reduce these differences slightly both when the cholesterol was 
added or withheld.

As in Experiment I there were no significant differences 
(Student8s t Test, Freund, et al,, i96 0) in feed intake and growth 
between the cockerels fed capsules containing 200 mg- Sterculla 
foetida oil and those fed 200 mg. corn oil each day.

It may be speculated that if 60-70 mg. of eyelopropenoid 
fatty acids were fed via cottonseed oil each day, similar results 
would be obtained as those found when supplying this quantity of 
cyclopropenoid fatty acids from Sterculla foetida oil. It may also 
be speculated that lower dietary levels of this ring compound may 
give elevated plasma cholesterol levels, but more birds would be 
needed to compensate for the large variation encountered between 
birds in these experiments.

A mechanism of this elevation of plasma cholesterol may be 
proposed from the limited information available. The addition of 
five percent oil to the diet did not prevent the elevation, thus an 
essential fatty acid deficiency is not involved. Also, when no 
cholesterol was fed the elevation of plasma cholesterol was still 
noted. This would eliminate absorption differences of cholesterol 
as an important factor. Therefore, with the enlarged gall bladders 
observed in Experiment I and the absence of any other evidence to 
the contrary, the mechanism involved may well be a decreased 
excretion of the sterols in the form of the bile acids. It is well
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known that these "bile acids are the chief mode of excretion of 
endogenous sterols. If the cholesterol in the "body is not being 
excreted at least as fast as it is being synthesized or absorbed, a 
build up of plasma cholesterol would result.

SUMMARY

In both Experiments I and II plasma cholesterol concentrations 
of the cockerels were significantly higher (P <^0.0 5) when they were 
fed 200 mg. Sterculia foetida oil daily by capsule than were the 
controls which were fed the same quantity of corn oil by capsule. 
Variation in quantity of corn oil or cholesterol fed in the diets did 
not change this relationship, although the addition of the five 
percent com oil did seem to cause some reduction in the magnitude 
of the difference between the group fed Sterculia foetida oil and 
the group fed corn oil.

The enlarged livers and gall bladders of the group fed 
200 mg. Sterculia foetida oil agrees with the results found by 
Schneider, et al. (1962) with hens.
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