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Abstract 
A procedure is described for decreasing the 

eyclopropene ring acids in cottonseed oil tr iglye- 
erides as indicated by the Halphen test. Con- 
tinuous reaction of the oil in the presence of 
a luminum silicate catalyst  at elevated temp ef- 
fectively decreases its eyelopropene acid content. 
The effect of temp and space velocity are de- 
scribed f rom temp of 170-225C. The t reated oil 
produces no observable effect on egg quali ty or 
production. 

Introduction 

I T YIAS BEEN established that  two of the acids in the 
tr iglycerides of cottonseed oil contain a cyclopro- 

pene r ing and give the Halphen  test (7,8). I f  these 
acids (sterculie or malvalic) are fed to laying hens 
in sufficient concentrations, the whites of the eggs 
tu rn  pink (3) and the embryos of ferti l ized eggs 
show essentially 100% morta l i ty  (6).  

I f  it becomes apparent ,  at some time in the future ,  
that  the elimination of these components f rom cotton- 
seed oil is necessary, it would be desirable to have 
some method available. 

A system for eliniination of the cyelopropene ring 
should have no adverse effects on the other f a t t y  acids 
present  in the oil. Previous work has indicated that  
hydrogen chloride, sulphur  dioxide (2), and sulphur  
dioxide adsorbed on a luminum oxide (5) destroys 
the cyclopropene configuration. 

This s tudy presents a process whereby the cyclo- 
propene content was reduced by the passage of cotton- 
seed oil over a fixed bed catalyst. Based upon the 
evaluations made, a commercial ly usable oil might  
be produced under  selected operat ing conditions. 

Experimental 
Two procedures were followed in conducting the 

experiments. In  the first, a number  of catalysts were 
screened in a batch process. Those that  were found 
active were then subjected to addit ional testing in a 
continuous appara tus .  

The batch procedures were carried out as follows: 
A 300-ce round bottom, three-necked flask equipped 
with a st irrer,  thermometer ,  condenser, and gas inlet 
tube, and heated by an oil bath  was charged with 2.5 
g catalyst  and 25 ml refined bleached and deodorized 
cottonseed oil. A nitrogen atmosphere was nmintained 
in the flask. Ini t ia l ly  a number  of petroleum cracking 
catalysts were examined at 180 _+ 3C and finally the 
more active materials  at 130 • 3C. The reaction time 
was 2 hr  af ter  which the oil was cooled and cen- 
tr ifuged.  The concentration of Halphen  acids was 
determined before and af ter  t reatment .  

In  the continuous procedure a Hil ls-McCanna pro- 
por t ionat ing pump,  Model # UN2F with a micrometer  
variable 1/4-in. diam piston was used to pump  cotton- 
seed oil through a Kuntzel  reactor  charged with the 
catalyst.  The reactor,  manufac tu red  by  Autoclave 
Engineers,  had an overall length of 18 in., a 2 in. 
outside diam and a 1 in. inside diam. i t  was warmed 
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with Nichrome resistance wire of an approximate  
heating capaci ty of 500 w. The reactor was immersed 
in a 6 in. diam oil bath. A s t i r rer  provided the 
necessary agitat ion for  temp uniformity.  I t  was found 
tha t  for more rapid  heat-up a 250 w auxi lary  immer- 
sion beater  was desirable. The entire system was 
controlled to • 2C by a silicon controlled rectifier 
system (Dynapae  20, Labline) .  The oil flow pro- 
ceeded f rom a reservoir  to the pump,  through the 
reactor charged with catalyst, a cooling coil, and, 
finally, into a receiver. The temp and pumping  ra te  
were varied to determine the op t imum conditions 
of operation. 

The quantit ies of eyclopropene f a t t y  acids in the 
oils were estimated by the Halphen  test (1), the free 
f a t ty  acids by AOCS Method No. Ca 5a-40 (4), the 
iodine number  by AOCS Method No. Cd 1-25 (4), 
and conjugated dienes by UV spectroscopy. A molar 
extinction coefficient of 27,000 was used with an 
equivalent wt of 294. The amount  of water  in the 
oil was determined by the Kar l  Fischer method. 

Results 
Results f rom the batch-scale screening experiments  

given in Table I indicated that  Nalcat  and DA-1 were 
the most active of the catalysts used. 

The two best catalysts obtained as a result  of the 
batch screening were tested in the continuous system 
described. The results of these tests are given in 
Table I I .  The Naleat  catalyst  seemed to have a 
slightly higher degree of act ivi ty than D A d  and was 
chosen for  subsequent studies. 

T A B L E  I 

Batch Trea tment  of Refined, Bleached, Winter ized  
to Reduce n a l p h e n  Acid Content  

Cottonseed Oil 

Catalys t  

Control  (no catalyst)  ................................................ 
Nalcat  high a lumina-s i l ica  

(More acidic than  fil trol 100. Nalco Chem. Co.)... 
F i l t ro l  100 s i l ica-a lumina 

(P repa red  from the n a t u r a l  m ine ra l ;  more 
acidic than  Eng leha rd .  S inc la i r  Res. Inc . )  .......... 

Englehard alumina 
(High surface area ; more acidic than 
Naleo. Englehard Ind.) ........................................ 

Nalco a lumina  
( n i g h  surface a rea ;  acidic;  Nalco Chem. Co.) .... 

D A d  
(Crack ing  catalyst.  13 % a lumina  and 8 % 
silica. Small  number  of h ighly  acidic 
sites. Es so  R e s  & Eng .  Co.) ................................. 

3E 
(Crack ing  catalyst.  35 % magnes ia  and  65 % 
silica. La rge  number  of low acidi ty 
sites. Esso t~es. & Eng .  Co.) ................................. 

Alcoholate a lumina  
(Essent ia l ly  no acidic sites. 
Esso Res. & Eng.  Co.) ........................................... 

Control  (no catalyst)  ................................................. 
F i l t ro l  100 ................................................................. 
Nalco .......................................................................... 
Nalcat  ........................................................................ 
I)A-1 .......................................................................... 

lemp 
• 3 ~ 

180 

180 

180 

180 

180 

180 

180 

180 
130 
130 
130 
130 
130 

Ha lphen  
Acid (1)  

% wt  

0.31 

0.00 

0.06 

0.19 

0.02 

0.00 

0.27 

0.27 
0.31 
0.19 
0.29 
0.11 
0.04 

T A B L E  II 

Cont inuous  Trea tmen t  of Refined, Bleached, Win te r i zed  Cottonseed Oil 
to Reduce Ha lphen  Acid Content  

Catalyst  

Nalcat  ..................................................... 

DA-1 ....................................................... 

Temp ] M1 o i l / g  ] Ha lphen  
acid (1)  

C + 3 ~ c a t a . / m i n  % wt  

~ I ~ T - - I  o.oo 
130 I 0.156 I 0.13 
180 ] 0.168 0.07 
130 I 0.181 0.24 
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TABLE III 

Effects of Temperature and Space Velocity in the Continuous Treatment 
of Refined Cottonseed Oil with Nalcat Catalyst 

Temp M1 oil /g '  
C • 3 ~ eata . /min 

I" n trea ted oil 
170 0.034 
170 0.050 
170 0.072 
180 0.052 
180 0.097 
180 0.148 
190 0.104 
190 0.149 
190 0.200 
225 0.050 
225 0.149 
225 0.221 
225 0.353 

JKalphen 
acid (1) 

% wt  

0.70 
0.04 
0.10 
0.17 
0.09 
0.18 
0.30 
0.1.5 
0.19 
0.30 
0.01 
0.01 
0.05 
0.16 

T H E  J O U R N A L  OF T H E  A M E R I C A N  0 [ D  ( ~ H E _ ~ I I S T S '  ~ O C [ E T Y  

Pree fatty 
acids % wt 

Conjugated 
diene % wt 

0.28 
1.70 
t -30 
1.20 
1.70 
1.30 
0.90 
1.40 
1.10 
0.80 
6.70 
4.50 
3.60 
1.80 

Iodine 
no. 

112.5 
109.0 
108.0 
102.0 
109.0 
109.0 
108.0 
110.0 
110.0 
110.0 
103.2 
107.9 
110.7 
111.9 

0.07 
3.40 
2.80 
2.30 
3.20 
2.80 
1.90 
3.10 
3.00 
2.40 

24.70 
12.50 

3.30 
1.80 

Sample #62-1944  Nalcat (malmfactured by Naleo 
Chemical Co.) reportedly had on a dry basis 2.2% 
volatile material at 1800F, 24.4% A12Oa, 0.038% Na20, 
0.25% S04, and 0.035% Fe. Also, the sample was de- 
scribed as having: 

Surface area: 370 m2/g 
Pore volume: 1.08 cm3/g 
Pore diam: 117 A 
Apparent bulk density: 0.39 g /ce  
Strength: 9.5 lb to crush 
1~ in. diam by 1~ in. long extrudate 

Sterculia foetida oil, which contains about 50% 
eyelopropene acids as triglyeerides (7) ,  was diluted 
with an equal volume of corn oil and treated by the 
bateh process with the Naleat catalyst at 180C. After 
21 hr the Halphen test was negative. 

Two groups of laying hens were fed  a basal corn- 
soy diet (2) to which was added the equivalent of 50 
mg treated and 50 mg untreated nlethyl stereulate 
daily for 10 days. The hens fed the diet containing 
untreated oil stopped laying toward the end of the 
testing period. Those fed the diet containing treated 
oil continued to lay without any observable change in 
production. 

The eggs were collected, stored for a period of 
5-6 weeks and examined. A total of 79.5%. of the 
production from 5 hens fed untreated Sterculia foetida 
oil had yolks with the consistency of putty  and the 
albumin was slightly pink. Hens that had received the 
treated Sterculia foetida oil yielded normal eggs. 

Three groups of day-old chicks were fed a basal 
corn-soy diet (2) ,  the basal diet supplemented with 
the equivalent of 66 mg/ lb methyl stereulate as Ster- 
cuh;a foetida oil or with the equivalent of 66 mg/ lb 
methyl stereulate as treated Sterculia foetida oil. 
No significant differences in mortality or wt gains 
were attributable to either of the Sterculia foetida oil 
groups when compared to the control group. 

Continuous treatments were carried out ou cotton- 
seed oil that had been dried but not bleached or 
deodorized, commercial cottonseed oil that is available 
in the average retail store, and finally, refined cotton- 
seed oil that had been deliberately saturated with 
water. 

Table III shows the effect of different space veloci- 
ties on the Halphen content, free fatty acids, iodine 
number, and percent conjugation at 170,180,190, and 
225C. Oil that had been completely refined and dried 
except for deodorizing and deeolorizing was used for 
these studies. 

Refined commercial cottonseed oil, obtained from 
a retail grocery market, was treated continuously at 
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T A B L E  I V  

Effect of Water on Continuous Treatment of Bleached, Winterized, 
Refined Cottonseed Oil with Naleat Catalyst 

Commercial oil 
Untreated ............................. 
Commercial oil 
Treated ................................. 
Commercial oil 
Sat. with He0 a 
Untreated ............................. 
('ommercial oil 
Sat. with It.cO " 
Treated ................................. 

}Ialphen 
Water Free fatty acid (1)  
% wt  acids % wt  % wt 

0.04 

0.14 

0.04 

1.70 

0.04 

4.70 

0.31 

0.04 

0.31 

0.00 

a Saturated by shaking with excess t:I~O for 2 hr and allowed to 
clear by settling. 

180C. The results are indicated in Table IV. A 
sample of the same oil was saturated with water and 
passed continuously through the fixed bed system. 
The results are also shown in Table IV. 

Discussion 

Exaulination of Table III shows tile effect of temp 
and the space velocity, which is inversely propor- 
tional to reaction time, upon the changes induced in 
cottonseed oil by the catalyst. Increased temp permit 
much shorter reaction times for decreasing the Hal- 
phen acids. Too great a reaction time at any temp 
brings about the formation of large amounts of free 
fatty acids accompanied by an increase of conjugated 
dienes. At any one temp a space velocity can be found 
that yields a low Halphen acid content with limited 
amounts of free fatty acids and conjugated dienes 
being formed. If the reaction conditions are not too 
drastic, the iodine number of tile oil remains essen- 
tially unchanged. 

Table IV indicates that for practical application of 
the catalyst in the reduction of cyelopropene acids, 
water must be removed from the oil. If high cohen 
of water are present, the formation of free fatty acids 
is markedly increased thus resulting in high refining 
losses. 

The data indicate that under selected reaction con- 
ditions the eyelopropene content of cottonseed oil can 
be decreased and that a refinable oil can be produced 
by an aluminum silicate catalyst. 

The resultant oil obtained when this catalyst was 
used had no observed adverse effects when fed to 
chicks and laying hens. Cohen of cyelopropene-con- 
taining acids in oils sufficiently high to bring about 
a 79.5% discoloration in stored eggs after treatment 
with the eatalyst produced no observable effect on 
the eggs nor the production of the laying hens. 

The increase in conjugate unsaturation probably 
arises from two sources, opening of the eyclopropene 
ring and isomerization of non-conjugated to conju- 
gated fatty acids. These products do not appear to 
have any harmful effects as judged by the limited 
feeding' studies that have been conducted. 
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