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Abstract 

A method is described for the analysis of 
eyelopropenoid fat ty acids in oils. The method 
consists of reacting the methyl esters of the 
cyclopropenoid fat ty acids with silver nitrate in 
methanol to form ether and ketone derivatives. 
The derivatives formed from the cyclopropenoid 
fat ty acids are separated from the methyl esters 
of the normal fat ty acids by gas-liquid chroma- 
tography on a 15% diethylene glycol succinate 
column. The method is applicable to oils con- 
taining from 0.01% to 100% of eyelopropenoid 
fatty acids. The derivatives of oils containing 
low levels of cyelopropenoids are separated from 
the normal methyl esters b y  alumina chroma- 
tography prior to gas-liquid chromatography. 
Studies on the quantitative aspects of the deriva- 
tive formation, alumina chromatography, and 
gas-liquid chromatography are reported. Anal- 
yses for total cyclopropenoid fat ty acid con- 
tent of cottonseed oil and Sterculia foetida oil 
by the gas-liquid chromatographic and hydro- 
bromie acid titration procedures showed good 
agreement. Replicate analyses of a sample of 
Sterculia foetida oil for malvalic and sterculic 
acid gave coefficients of variation of 6.04% and 
1.17%, respectively. 

Introduct ion 

~ PRESENT tWO methods for the analysis of cyclo- 
propenoid fat ty acids are in general use: hy- 

drogen bromide titration (1) and the speetrophoto- 
metric Halphen test (2). While both of these methods 
give reproducible results on the total cyelopropene 
content, neither yields data on the chain length 
of the individual fat ty acids. 

The application of gas-liquid chromatography to 
the analysis of eyclopropenoid fat ty acids, while 
offering great potential, has enjoyed only limited 
success owing to the thermal instability of the eyclo- 
propene ring. To overcome this, several investigators 
proposed hydrogenation followed by gas-liquid chro- 
matography (3-5). This technique may give several 
peaks for each of the cyelopropenoid fat ty acids un- 
less conducted under very closely controlled condi- 
tions. In addition, it does not allow the analysis of 
the other unsaturated fat ty acids. 

In a recent paper gas-liquid chromatography of 
methyl mereaptyl derivatives of cyclopropenoid fat ty  
acids was proposed as a method of analysis (6). 
However, the authors stated that the procedure can 
not be applied to the analysis of cottonseed oils con- 
taining low levels of cyclopropenoid fat ty acids. We 
experienced difficulty in achieving quantitative con- 
version of the cyelopropenoid fat ty acids to the 
mercaptyl derivatives without also obtaining side 
reactions with other unsaturated fat ty acids, linoleie 
acid in particular. An analysis utilizing the reaction 
of the cyclopropenoid fatty acids with silver ni t rate-  
silica gel, followed by hydrogenation and gas-liquid 
chromatography also has been proposed (7). 

Kircher (8) investigated the reaction of stereulene 
with silver nitrate. When the reaction was carried 
out in methanol, the principal product was an ether, 
identified as 9-methoxymethyl-9-octadecene. A small 
amount of a ketone, identified as 9-methylene-10- 
octadecanone also was produced. Identification of 
these reaction products was confirmed by various 
techniques. Kircher showed the utility of this reaction 
for the qualitative analysis of the cyclopropenoid 
fat ty acids in Sterculia foetida oil and proposed that 
this reaction be utilized for the quantitative analysis 
of cyclopropenoid fat ty  acids. It  was the purpose 
of this investigation to explore this proposal. 

Procedures 
Preparation of the Methyl Esters 

Methyl esters were prepared from oils by refluxing 
approximately 100 mg of the oils with 5 ml of a 
solution of 1% sodium methoxide in methanol (9). 
After 20 rain, the solution was cooled, fooded with 
15 ml of distilled water, and the methyl esters ex- 
tracted twice with 10 ml of petroleum ether (BP 
30-60). The esters were dried over anhydrous sodium 
sulfate, and evaporated just to dryness in a gentle 
stream of nitrogen. 

Derivative Formation 
The methyl esters were reacted with 15 ml of an- 

hydrous methanol saturated with silver nitrate. The 
reaction was carried out for 2 hr at 30C, or 20 hr at 
room temperature. The normal methyl esters and 
the reaction products from eyclopropenes were re- 
covered from the reaction mixture by adding 30 ml 
of distilled water and by extracting twice with 10 
nd of petroleum ether. The combined ether fractions 
were dried over anhydrous sodium sulfate and eva- 
porated to a small volume in a stream of nitrogen. 
For those oils that contained a large amount of 
cyelopropenoid fat ty  acids, the petroleum ether solu- 
tion of methyl esters and reaction products were 
suitable for direct injection into the gas-liquid 
chromatograph. 
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Alumina Chromatography 

When analyzing oils that contain low levels of 
cyelopropenes (<5 .0%) ,  the normal methyl esters 
and the reaction products of cyclopropenes must be 
separated to prevent overloading of the gas-liquid 
chromatographic column. This was accomplished by 
transferring the petroleum ether  solution to a 12 mm 
by 450 mm glass chromatographic column packed 
with 8 g of freshly prepared Woelm Neutral alumina, 1 
activity grade II. The normal methyl esters were 
eluted with 200 ml of 1% ethyl ether in petroleum 
ether. The reaction products were then eluted with 
150 ml of chloroform. After evaporation to a small 
volume and the incorporation of suitable internal 
standards, each of these fractions was ready for 
injection into the gas-liquid chromatograph. 
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T A B L E  I 

Effect  of T i m e  a n d  T e m p e r a t u r e  on Complet ion of Reac t ion  B e t w e e n  Methyl  E s t e r  of Sterculia ]oetida 
Oil a n d  S a t u r a t e d  Methano l i e  S i lve r  N i t r a t e  

A r e a  p e r  cent 
l~eact ion t e m p e r a t u r e  

Equ iv -  
a len t  Ambien t  ( 2 4 C )  3 0 0  
cha in  F a t t y  ac id  
l eng th  Reac t ion  t ime  

0 1 h r  2 h r  4 h r  20 h r  1 h r  2 h r  4 h r  20 h r  

16.0  P a l m i t i c  22 .9  22 .8  2 2 . 4  21 .9  22.0 21 .6  21 .7  21 .7  20 .9  
18 .0  S t e a r i c  2 .0  2 ,3  1 .8 1.6 1.8 1.6 1.7 1.9 1.8 
18 .5  Oleic 11 .0  9.8 9.3 9.1 9.8 8.9 8.9 9.3 9.3 
19 ,5  L ino le ic  12.7  8.9 8.9 8.7 8.9 8.9 8.7 8,8 8.7 
20 .1  9.2 T r a c e  . . . . . . . . . . . .  T r a c e  . . . . . . . . . . . .  
20.5 37.1 3.8 3.4 ~i2,/ 1.5 ~26 2.4 2.4 1.8 
21 .7  a ...... 5 .8  6.0 5 .9  6,3 5.9 5.9 5,7 6,1 
21 .9  5.1 0.8 0.5 0 .4  ...... 0 .4  0 .4  0,2 T r a c e  
22 .7  b ...... 41 .2  43 .1  45 .2  45 .5  44 .9  45 .4  45 .1  46 .4  
23 .6  ...... 0 .1  0.1 T r a c e  T r a c e  0.1 0.1 T r a c e  0.1 
2 4 . 5  c ...... 0 .4  0 .4  0 .4  0 .4  0.4 0.6 0.5 0.4 
25 .5  d ...... 4.1 4 .1  4 .1  3.8 4.3 4.2 4,3 4.5 

To ta l  Cyclopropenoid  
d e r i v a t i v e s  e ...... 51 .5  53 .6  55 .6  56 .0  55.5  56.1  55 .6  57 .4  

a E t h e r  de r iva t i ve  of methyl  ma lva la te .  
b E t h e r  d e r i v a t i v e  of methyl  s te reu ta te .  
c Ke tone  d e r i v a t i v e  of methyl  ma lva l a t e .  

d Ketone  d e r i v a t i v e  of methyl  s t e rcu la te .  
e Tota l  a m o u n t  of compounds  w i t h  equ iva len t  cha in  l eng ths  of 21 .7 ,  

22 .7 ,  24 .5 ,  2 5 . 5 .  

G a s - L i q u i d  Chromatography 
A Var ian  Aerograph  Model 1200 flame ionization 

unit  2 was employed in this work. The column, 10 f t  
by  0.125 in. od stainless steel tubing packed with 
15% stabilized D E G S  on Anakrom A, 3 was operated 
isothermally at 190C. Nitrogen at a flow rate of 
40 ml /min  was the carr ier  gas. A 1 mv recorder 
was used for graphic  presentat ion of the data and an 
Infotronies  CRS 11 A B / H  digital in tegrator  4 was 
used to obtain peak areas. 

Calculations 
For  samples not subjected to alumina chroma- 

tography,  the weight per  cent of any given component 
was determined by dividing the area of the com- 
ponent  by the sum of the areas of all detected com- 
ponents and mul t ip ly ing by 100. 

When it was found necessary to isolate the reaction 
products  of the cyelopropenes f rom the normal  methyl  
esters, an internal  s tandard  consisting of a known 
amount  of methyl  heneicosanoate or methyl  trico- 
sanoate was added to each of the eluates f rom the 
alumina column pr ior  to gas-liquid chromatography.  
The peak area of each component in the chronla- 
togram was compared to the internal  s tandard  and, 
f rom this data, the composition of the original mix- 
ture was calculated. 

Methyl heneicosanoate and methyl  tricosanoate 
were chosen for internal  s tandards  because of their  
dose s t ructura l  relationship to the other components 
encountered in the analysis, ready availability, and 
lack of oceurence in na tura l  products. Other in te>  
nal s tandards  can be used provided there is little 
or no overlap of the s tandard  and the components 
in the sample mixture.  

Through the use of the digital integrator,  it was 
possible to accurately  integrate  the areas of the wide 
range of peaks encountered in the analysis. No at- 
tenuator  adjus tments  were required dur ing an an- 
alysis, since the in tegra tor  was capable of handling 
signals over the range of 0.005 to 125 my. The 
recorder a t tenuator  was adjusted to give adequate 
presentat ion on the recorder. 

Results and Discussion 
To utilize the reaction of silver ni t ra te  with the 

cyclopropenoid f a t t y  acids as a method of estimation 

1 A l u p h a r m  Chemicals ,  P . O .  Box  3 0 6 2 8 ,  New Or leans ,  L o u i s i a n a .  
e V a r i a n  A e r o g r a p h ,  2 7 0 0  Mi tche l l  Dr ive ,  W a l n u t  Creek,  Ca l i fo rn i a .  
3 A n a l a b s ,  P .O .  D r a w e r  5397 ,  H a m d e n ,  Connect icu t .  

I n f o t r o n i c s  Corpora t ion ,  7 8 0 0  Wes tg len ,  Hous ton ,  Texas .  

of these acids, fu r ther  work was needed on the 
quanti tat ive aspects of the reaction. The time re- 
quired to achieve reaction completion was studied 
with a sample of Sterculia foetida oil, which was 
chosen because of its high cyclopropenoid fa t ty  acid 
content and ready availability. Methyl esters of the 
fa t ty  acids were allowed to react with silver ni trate  
for vary ing  lengths of time at  each of two tem- 
peratures.  Reaction products  were extracted from 
the methanol-s i lver  ni t ra te  solution and injected into 
the gas-liquid chromatograph.  Equivalent  chain 
lengths of the resolved methyl  esters were calculated 
with a method similar to Miwa's (10). Peak area 
per cents were calculated from data obtained from 
the digital integrator.  The data are summarized in 
Table I. 

A reduction of peak area per cent with time was 
observed for those peaks having equivalent chain 
lengths of 19.5, 20.1, 20.5, 21.9, and 23.6. Four  new 
peaks appeared and increased with reaction time. 
These peaks had equivalent chain lengths of 21.7, 
22.7, 24.5, and 25.5. The peaks at equivalent chain 
lengths of 21.7 and 22.7 represent the ethers that  
are reaction •roducts of malvalate and stereulate, 
respectively. The peaks with equivalent chain lengths 
24.5 and 25.5 represent  ketones that  are reaction 
products  of malvalate and stereulate. These peaks 
correspond to those obtained by Kireher.  l~eaction 
times of 1 hr or greater  at 30C, or 4 hr or greater  
at room tempera ture  were sufficient to convert the 
methyl  esters of the cyelopropenoid f a t ty  acids to 
their corresponding derivatives. Twenty  hours at 
room tempera ture  was chosen as a convenient reac- 
tion time for subsequent work. 

A sample of methyl  sterculate of very  high pur i ty  
was reacted with silver n i t ra te -methanol  as pre- 
viously described. I~eaetion products  were extracted 
and injected into the gas-liquid chromatograph.  The 
ehromatogram of these reaction products  is shown 
in Fig. 1. The peaks obtained f rom the ether and 
ketone reaction products  differed in equivalent chain 
length front those previously obtained. This dif- 
ference was traced to a change in the material  used 
to pack the column. (All equivalent chain lengths 
are reproducible within one batch of packing ma- 
terial, but  differ sl ightly when different batches of 
column packing mater ia l  are used.) The ether had 
an equivalent chain length of 22.3 and comprised 
81.99% of the total area. The ketone had an equiv- 



S E P T E M B E R ,  1 9 6 8  S C H N E I D E R  E T  A L . :  C Y C L O P R O P E N O I D  F A T T Y  A C I D  A N A L Y S I S  587 

F I G .  1. G a s - l l q u i d  c h r o m a t o g r a m  o f  t h e  r e a c t i o n  p r o d u c t s  o f  m e t h y l  s t e r c u l a t e .  P e a k s  a r e  l i s t e d  b y  e q u i v a l e n t  c h a i n  l e n g t h  
a s  f o l l o w s :  20 .3 ,  d e g r a d a t i o n  p e a k  o f  u n r e a c t e d  m e t h y l  s t e r c u l a t e ;  22 .3 ,  e t h e r  r e a c t i o n  p r o d u c t ;  24 .6 ,  k e t o n e  r e a c t i o n  p r o d u c t .  

alent chain length of 24.6 and comprised 13.92% of 
the total area. The total area per cent for the two 
peaks was 95.91%. The only other major  peak 
observed had an equivalent chain length of 20.3 and 
comprised 3.46% of the total area. This peak cor- 
responded to a peak observed when the unreacted 
methyl sterculate was injected directly into the 
chronlatograph. The reaction conditions selected gave 
essentially quanti tat ive conversion to the derivatives 
and are suitable for an analytical procedure. 

To establish the relationship of the peak area 
response for the ether or ketone to that  of the methyl 
esters of a normal fa t ty  acid, quantities of the ether 
and the ketone were prepared and purified by alumina 
chromatography. A mixture consisting of equal 
weight quantities of methyl palmitate and the ether 
derivative was subjected to gas-liquid chromatogra- 
phy. The peak area response of the ether derivative 
relative to that  of methyl palmitate was 1.03 and 
1.05 on successive trials. Identical  results were ob- 
tained when an equal weight mixture  of the ketone 
derivative and methyl palmitate was subjected to 
gas-liquid chromatography. 

The silver ni t ra te-methanol  procedure was used 

to analyze a sample of Sterculia foetida oil in repli- 
cate on different days to s tudy the precision of the 
method. Cye]opropenes were also measured by hy- 
drogen bromide ti tration. The results are listed in 
Table II.  The values obtained for total cyclopropene 
level were consistent with values obtained by hy- 
drogen bromide t i t ra t ion;  the precision of the anal- 
ysis for  malvalate and stereulate by the silver 
n i t ra te-methanol  method was good. A typical  ehro- 
matogram of the analysis of Sterculia foetida oil 
is shown in Fig. 2. 

To apply  the silver n i t ra te-methanol  procedure to 
the analysis of oils containing low levels of cyclopro- 
penoid f a t ty  acids, some provision must  be made to 
handle the wide range of concentrations encountered 
in the analysis. Cyelopropenoid f a t ty  acids may com- 
prise 0.05% to 25% or more of the total fa t ty  acid. I f  
the methyl  esters of the normal f a t ty  acids are re- 
moved f rom the eyclopropene reaction products, the 
gas-liquid chromatography analysis can be achieved 
under  optimal conditions, and smaller amounts of 
the reaction products  can be detected without over- 
loading the chromatographic column with normal 
f a t ty  acid esters. 

T A B L E  II 
F a t t y  Ac id  Ana lys i s  of Sterculia foetida Oil 

Equiv-  
alent  F a t t y  ac id  1Per cent  lV[ean SD CV 
cha in  

length  

16.0 P a l m i t i e  22.0 22.0 21.6  21.7 21.7  20.6 22.3 
18.0 S tea r i c  1.57 1.78 1.57 1.87 1,71 1.81 2 .01 
18.5 Oleic 9 .04 9 ,85 8.86 9.27 8 .94 9 .26 8 .95 
19.3 Linole ic  8.69 8.86 8.88 8.87 8,66 8.73 9.23 
20.3 2 .70 1.49 3,02 2.40 2 .41 1.84 2 .06 
21.3 a 5.86 6.33 5.85 5.71 5.89 6.11 4,00 
21.6 0.35 ........ 0.42 0.20 0.39 0.30 ........ 
22.3 b 45.2  45.5 44.9  45.1 45.4  46.4  42.1 
23.2 0.03 T r a c e  0.05 T r a c e  0.08 0.13 
23.6 a 0.45 0.41 0.45 0.51 0.51 0.36 1.52 
24.6 b 4 .06 3.78 4 .30 4 .30 4.21 4 .45 7.76 

Total  ma lva l a t e  c 6.31 6.74 6,30 6.22 6.46 6.47 5.52 
Tota l  s ter  cul~te a 49 ,26  49.28 49.20 49.40 49.61 50.85 49 .86  
Tota l  cyc]opropenoid 

fa t ty  ac ids  55.57 56.02 55.50 55.62 56.07 57.32 55.38 
H B r  " 52.0 

6.29 0.38 6 . 0 4 %  
49 .64  0.58 1 . 1 7 %  

55.93 0.67 1 . 2 0 ~  

a D e r i v a t i v e  of ma lva l i c  acid. a Tota l  of E C L  22.3 a n d  24.6.  
b D e r i v a t i v e  of s tercul ic  acid. e Calcula ted  as  s te rcuIa te .  
c Total  of E C L  21.3 a n d  23.6.  



Separat ion of the reaction products  from the nor- 
mal f a t ty  acid methyl esters was a t tempted by column 
chromatography with Alcoa F-20 Alumina, Merck 
No. 71707 Almnina, and Woelm Neutra l  Alumina. 
The methyl  esters of the normal saturated and un- 
saturated fa t ty  acids were eluted with 1% to 5% 
ethyl ether in petroleum ether, depending on the almni- 
na used. The reaction products of the cyelopropenoid 
fa t ty  acids were eluted with chloroform. The Woelm 
Neutral  Alumina gave the best separation and most 
consistent results. Data  showing the methyl ester 
composition of a sample of a reacted Stercu~da foetida 
oil before and af ter  alumina chromatography are 
in Table III .  No significant changes in the 
ester composition occurred during chromatography. 
Alumina colmnn fractionation provided a convenient 
and efficient means of separating the reaction prod- 
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TABLE iII 

Composition of Reaction Products  of Methyl Esters  of Sterculia /oetida 
Oil and Methanolic Silver Nitrate  Before and After 

Alumina Chromatography 

Before 
alumina 

Equiv- chroma- 
aleut ~a t ty  tography 
chain acid 
length Area 

per 
cent 

After  After  
alumina alumina 
chroma- chroma- 
tography tog'raphy 

Area Area 
per per 
cent cent 
1% Chloro- 

Ethyl form 
ether fraction 

fract ion 

4.9 
45.2 

14.0 Myristic 0.1 0.1 
Tr~ce Trace 15,0 ...... 

15.4 ...... Trace Trace 
16.0 Palmitic 21.2 20.6 
16.6 P almitoleie 0.3 0.8 
17.0 ...... Trace 0.1 
17.6 0.1 0.1 
18.0 Stearie 2.0 2.0 
18.5 01eic 8.4 8.8 
19.3 Linoleic 8.9 9.0 
20.3 1,7 2,0 
21.3 a 5.1 
22.3 b 45.4 
23.2 .1 0.1 
23.6 a .4 
24,6 b 6.3 

0.6 
6,2 

a Der ivat ive  of malvalic acid. 
b Der iva t ive  of sterculic acid. 

r 

=: i ]i! 

L ........ 
::: 2 J  
.............. 2 ..... 

: i 

TABLE I V  
Analysis for Cyelopropenoid Fat ty  Acids in Sterculia foetida Oil 

Diluted with Various Amounts of Corn Oil 

]Per cent Stereulia ]oetida oil 
Equiv- 100 10 1 
aleut 
chain Fat ty  acid 

Pe r  cent co~n oil 
len~ih 0 90 99 

16.0 Palmitic 22.1 i2 .8  12,5 
16,6 Palmitoleic 02  0.1 
18.0 Stearic 2.0 2.4 2.5 
18.5 Oleic 8.9 29.0 31.0 
19.3 Linoleic 9.2 48.3 51.2 
20.0 0.1 0.6 0.7 
20.4 2.1 1.6 0.9 
21.4 a 4.0 0.3 0.04 
22.0 0.7 0.8 
22.4 h 42.1 ~.2 0.32 
23.6 a 1.5 0.1 0,003 
24,6 e 7,8 0.9 0.07 

Total ]Y[alvalate 5,5 0.4 0.043 
Total Sterculate 49.9 4.1 0.38 
Total Cyclopropenoid 

fat ty acids 55.4 4.5 0.423 

a Derivat ive of malvMic acid. 
b Derivat ive of sterculic acid. 

ucts of the cyclopropenoid fa t ty  acid esters from the 
methyl esters of the normal fa t ty  acids. 

To study the recovery of the cyelopropenoid fa t ty  
acids when this silver ni t ra te-methanol  method was 
applied to oils with varying levels of cyelopropenes, 
a series of synthetic samples was prepared using corn 
oil with different amounts of Sterculia feet,ida oil 
added. A sample of each of the synthetic oils was 
analyzed. A known amount of an internal  s tandard 
was added to the two fractions from the Woelm 
Almnina chromatography prior  to gas chromatogra- 
phy so that  the composition of the original mixture 
could be calculated from data on the two fractions. 
Results of this study are shown in Table IV. 

The recoveries of the eyclopropene reaction prod- 
ucts from the synthetic samples were reasonable and 
the procedure can be used to measure the cyclopro- 
penoid fa t ty  acids of cottonseed oiIs containing ap- 
proximately 0.5% total cyelopropenoid fa t ty  acids. 
A sample of cottonseed oil was analyzed by silver 
ni t rate-methanol  as well as by the hydrogen bromide 
t i tration method. The data are reported in Table V. 

4 
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FIG,  2. G a s - l i q u i d  c h r o m a t o g r a m  o f  t h e  r e a c t e d  m e t h y l  e s t e r s  o f  Stereulia foetida. P e a k s  a r e  l i s t e d  b y  e q u i v a l e n t  c h a i n  
I e n g t h  a s  f o l l o w s :  16.0, m e t h y l  p a l m i t a t e ;  18.0, m e t h y l  s t e a r a t e ;  18.5, m e t h y l  o ] e a t e ;  19.3, m e t h y l  ] i n o l e a t e ;  20.3, m e t h y l  
l i n o l e n a t e ;  21.3, e t h e r  d e r i v a t i v e  o f  m e t h y l  m a ] v a l a t e ;  22.3, e t h e r  d e r i v a t i v e  o f  m e t h y l  s t e r c u l a t e ;  23.6, k e t o n e  d e r i v a t i v e  o f  
m e t h y l  m a l v a l a t e ;  24.6, k e t o n e  d e r i v a t i v e  o f  m e t h y l  s t e r c u l a t e .  
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FIG. 3. Gas-liquid chromatogram of the chloroform fraction of the methyl esters of reacted cottonseed oil. Peaks are listed 
by equivalent chain length as follows: 16.0, methyl palmitate; 18.0, methyl stearate; 18.5, methyl oleate; 19.3, methyl 
linoleate; 21.0, methyl heneicosanoate, internal standard; 21.3, ether derivative of methyl malvalate; 22.3, ether derivative of 
methyl sterculate; 23.1, unidentified; 23.6, ketone derivative of methyl malvalate; 24.6, ketone derivative of methyl sterculate. 

S i m i l a r  va lues  for  the  c y c l o p r o p e n o i d  f a t t y  ac ids  
were ob ta ined  b y  bo th  p rocedures .  A c h r o m a t o g r a m  
of the  ch lo ro fo rm f r a c t i o n  of th is  s ample  is shown 
in F ig .  3. 

I n  an  effort  to es tab l i sh  a lower  l imi t  of de t ec t ion  
of the  method ,  a s ample  of corn  oil con t a in ing  0.10% 
Sterculia foetida oil was ana lyzed .  No changes  in  
the  p rocedu re s  were e m p l o y e d  o the r  t h a n  to inc rease  
the  sample  size t a k e n  for  a n a l y s i s  to 0.5 g. The  
c h r o m a t o g r a m  of the  ch lo ro fo rm f r a c t i o n  of th is  
s ample  is shown in F ig .  4. W h i l e  prec i se  q u a n t i t a -  
t ion  was no t  done on th is  sample ,  i n t e g r a t o r  va lues  

i n d i c a t e d  t h a t  the  s t e r c u l a t e  was p r e s e n t  a t  abou t  
0 .04%,  or a p p r o x i m a t e l y  the  expec ted  level. The 
peak  c o r r e s p o n d i n g  to the  e the r  r eac t i on  p r o d u c t  
f r o m  m a l v a l i c  ac id  ( E C L  21.3) was c l e a r l y  dis-  
ce rn ib le  a n d  r e p r e s e n t s  a t heo re t i ca l  a m o u n t  of  
0 .006% m a l v a l i c  acid.  A s  a r e su l t  of th is  l im i t ed  
s t u d y ,  we m u s t  conc lude  t h a t  the  lower  l imi t  of 
de tec t ion  of c y c l o p r o p e n o i d  f a t t y  ac ids  b y  the s i lver  
n i t r a t e - m e t h a n o l  m e t h o d  is below 0.01%. F u r t h e r  
w o r k  r e ma ins  to be done  to d e t e r m i n e  the q u a n t i t a -  
t ive  aspects  of the  a n a l y s i s  a t  th i s  low level  a n d  to 
es tab l i sh  the  lowest  l i m i t  of de tec t ion .  
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FIG. 4. Gas-liquid chromatogram of the chloroform fraction of methyl esters of 0.10% Sterculia fovtida oil in corn oil. 
Peaks are listed by equivalent chain length as follows: 19.3, methyl ]inoleate; 20.3, methyl Iiuolenate; 21.3, ether derivative 
of methyl malvalate; 22.3, ether derivative of methyl sterculate; 23.1, unidentified; 23.6, ketone derivative of methyl 
malvalate; 24.6, ketone derivative of methyl sterculate. 
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TABLE V 
Fat ty  Acid Composition of Cottonseed Oil 

Equiv- 
alent Fat ty  acid Pe r  cent 
chain 
length 

14.0 Myristic 0.77 
16.0 Palmitie 21.0 
16.6 Palmitoleie 0.69 
17.0 0.10 
17.6 0.07 
18.0 Stearic 2.46 
18.5 Oleic 19.3 
19.3 Linoleic 54.1 
20.0 0.21 
20.2 0.19 
21.3 ~ 0.27 
22.0 0.09 
22.3 b 0.13 
23,1 0,44 
23.6 a 0.08 
24.6 b 0.07 

Total Malvalie 0.35 
Total Sterculic 0.20 
Per  cent cyclopropenoid as measured by t i B r  0.53 

a Derivat ive of malvalic acid. 
b Der ivat ive  of sterculic acid. 
e Calculated as malvalie acid. 

The conversion of the eyelopropenoid fatty acids 
to stable derivatives suitable for gas-liquid chroma- 
tography can be accomplished selectively and quanti- 
tatively. The individual cyclopropenoid fat ty acids 
may be determined by chromatography of their eor- 

responding derivatives using techniques similar to 
those employed for the analysis of methyl esters of 
normal fat ty acids. The analysis described has been 
in use in our laboratory for several months for the 
analysis of seed oils containing cyclopropenoid fatty 
adds at levels ranging from 50% down to fractions 
of 1%. The procedure is simple, and yields re- 
producible results on all of the samples we have 
analyzed. 
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