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not shown individual ly in F igure  1, but all fall  into 
the bounds of the shaded area. 

This initial increase in the oleie acid was not the 
result  of a selective lipolysis for plant  lipases have 
been found to be non-selective (21 and 22). Hydro-  
genation or dehydrogenat ion of either the bomld or 
free f a t t y  acids is possible by a f a t ty  acid dehydro- 
genase system such as has been reported as present in 
soybeans dur ing germinat ion (4). Although only free 
long chain acids were repor ted as precursors for this 
system, the acceptabil i ty of acids bound in triglyc- 
erides as precursors  should not be neglected. With  
this last assmnption, the acemnulat ion of oleic acid 
in the residual tr iglyeerides (neutra l  fat)  would not 
necessitate an active re-esterifieation process for  the 
incorporat ion of the newly formed oleic acid into the 
neutral  fat. Such re-esterification would be possible 
by the lipases as repor ted by Hildi teh (8) or by 
es%rases. 

The conversion of other f a t ty  acids into oleie acid 
as an initial stage in the breakdown of f a t ty  acids 
appears  to be a reversal  of that  observed in the 
developing bean. Simmons and Quackenbush (24) 
concluded f rom their  studies on soybean cutt ings 
that  oleic acid was the first formed, and acted as 
a precursor  for the others, which would be possible 
in the presence of the dehydrogenase system repor ted 
by Funicha  (4).  

With  oleic acid as the precursor  necessary for fur-  
ther f a t ty  acid breakdown, its later more rapid  dis- 
appearance dur ing the period of most rapid  fat  loss 
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could be due to the demand for it exceeding that  
present in the F F A  as a result of the lipase and de- 
hydrogenase systems, and as a result  more must  be 
hydrolyzed f rom the triglyeerides. This hydrolysis  
being non-selective, the other F F A  formed must  re- 
esterify and so become prominent  in the neut ra l  fat. 
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Analysis of the Geometric Isomers of Methyl Linoleate by 
Gas Chromatography 
CARTER LITCHFIELD, A. F. ISBELL, and RAYMOND REISER, Departments of Biochemistry & 
Nutrition, and Chemistry, A & M College of Texas, College Station, Texas 

Abstract 
The four geometric isomers of methyl  linoleate 

have been quant i ta t ively determined by gas ehro- 
matogrophy  on Apiezon L and D E G S  polyester 
capi l lary colmnns. Three peaks were eluted f rom 
the Apiezon L column: (a) the 9-cis,12-cis iso- 
mer ;  (b) the 9-cis,12-tra~s isomer; and (el the 
9-trans,12-cis and 9-trans,12-trans isomers com- 
bined. The D E G S  polyester column also resolved 
three peaks: (a) the 9-tra~s,12-trans isomer; (b) 
the 9-cis,12-cis and 9-cis,12-trans isomers com- 
bined;  and (el the 9-trans,12-cis isomer. Since 
the separat ion of isomers was different on each 
column, the content of each of the four  isomers 
could be determined f rom the combined results. 
Quanti ta t ive results agreed closely with the per 
cent tra~s bonds as determined by inf rared  
analysis. 

Introcluction 

D V~iNa current  investigations on the cis-trao~s iso- 
merization of na tura l  fats, it became necessary to 

determine the precise f a t ty  acid composition of fats  
produced by such a process. According to Blekkingh. 
Janssen, and Kepple r  (1) and Kass, Nichols, and 

1 Presented at the fall meeting" of the American Oil Chemists' Society 
Chicago, Illinois, October 30-November 1, 196l.  

2 Supporte4 in par t  by a gran t  from Cargill, Incorporated. 

P)urr (2), cis-trans isqmerization with such catalysts 
as Se, NO.~, or S02 produces only geometric isomeri- 
zation without  involving appreciable movement  of 
the double bond along the carbon chain. However,  a 
small anlount of conjugation does occur. In  the ab- 
sence of positional isomers, our problem was to find 
suitable analyses for the geometric isomers of the 
three common unsa tura ted  f a t ty  acids: oleie, linoleie, 
and linolenic. This repor t  describes a procedure for  
the quant i ta t ive  determinat ion of the four  geometric 
isomers of methyl  linoleate by gas chromatography.  

There are four  possible geometric isomers of methyl  
9,12-1inoleate: cis-cis, cis-trans, trans-cis, and trans- 
trans. Very few analytical  methods are available for 
determining the eontent of these four  isomers in a 
mixture  of f a t ty  acids. I n f r a r ed  analysis at 10.36 
microns (3, 4, 5) indicates only the total percent of 
trans bonds present  in a mixture.  Jackson, Pasehke, 
Tolberg, Boyd, and Wheeler (6) suggested an ana- 
lytical method based on the different rates of alkali 
conjugat ion of the various isomers. Their procedure 
yielded only approximate  results, and their  calibra- 
tion curves were based on only three of the four  pos- 
sible isomers. McGee (7) has described an enzymatic 
technique for determining the amount  of methyl  9-c/s, 
12-cis linoleate in a mixture  of its geometric isomers. 
His method is based on the specificity of lipoxidase in 
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converting only this isomer to a conjugated hydro- 
peroxide, which can than be measured by its ul tra-  
violet absorption at 234 millimicrons. Van Beers, 
Sparreboom, and Keppler  (8) reported an isotopic 
dilution method for the determinat ion of methyl  9- 
cis,12-cis linoleate in the presence of its geometric 
isomers. Dutton,  Scholfield, and Jones (9) have re- 
cently repor ted the separat ion of methyl  linoleate 
geometric isomers by lengthy countercurrent  distri- 
bution. 

Unfor tunate ly ,  none of the above methods were 
suitable for our purposes. Only the procedures of 
Jackson et al. (6) and Dut ton el al. (9) could deter- 
mine the content of all four  isomers. Results f rom 
Jackson ' s  method were too approximate  to meet our 
needs, and we did not have the necessary counter- 
current  distr ibution equipment to carry  out Dut ton ' s  
procedure. Since gas chromatography  had been used 
to separate  methyl  oleate f rom methyl  elaidate (10, 
11), we a t tempted  to develop a similar method for the 
four  geometric isomers of methyl  linoleate. 

Analytical Methods 
Gas Chromatography. A Barber-Cohnau Model 20 

gas chromatograph equipped with a capi l lary column 
and an argon-ionization detector was used for all gas 
chromatography  analyses. Samples were injected into 
the flash vaporizer  at 275-300C. By means of sample 
dilution with petrolemn ether and a s tream-spli t t ing 
ar rangement ,  approximate ly  0.001 to 0.010 microli ter  
of methyl  esters was placed on the capi l lary colmnn. 
The detector was equipped with a rad imn ionization 
source and mainta ined at 205-225C. The ionization 
voltage applied to the cell electrodes was 1100 volts. 
A scavenging flow of argon (55 to 65 ml /min)  through 
the detector mainta ined an effective cell volmne of a 
few mieroliters. 

A 200 f t  stainless steel capi l lary eolmnu with an 
internal  diameter  of 0.010 in. (0.254 ram) was coated 
with Apiezon L using the procedure described by 
Lipsky (10). Analyses with this column were run  at 
200C with an argon flow of 0.92 m l / m i n  through the 
column. Under  these conditions, methyl  stearate had 
an elution time of about 73 minutes and exhibited a 
resolution of 37,000 theoretical plates. 

A 150 f t  stainless steel capi l lary column with an 
internal  diameter  of 0.010 in. (0.254 ram) was coated 
with dicthylene glycol succinate polyester (DEGS)  
using the same coating procedure mentioned above. 
Analyses with this column were run  at 175C with an 
argon flow of 0.68 ml /min  through the eolmnn. Under  
these conditions, methyl  stearate had an elution time 
of about 38 minutes and exhibited a resohttion of 
43,000 theoretical plates. 

Gas chromatograms were quant i ta ted by the usual 
t r iangulat ion procedure.  

Infrared. I n f r a r e d  analyses to determine the amount  
of isolated trans bonds were run  on Beckman IR-4 
and IR-5 inf ra red  spectrophotometers.  The AOCS 
tentat ive method Cd-14-61 (3) was used with minor 
modifications. Methyl 9-trans,12-trans linoleate was 
used as a p r i m a r y  calibration s tandard  instead of 
methyl  elaidate. Results were then computed in terms 
of per  cent methyl  9-trans,12-trans linoleate present  
ra ther  than in terms of methyl  elaidate. When gas 
chromatography  showed that  a sample contained ma- 
terial  other than  9,12-linoleate (such as conjugated 
dienes), in f ra red  results were corrected to give the 
per cent trans bonds in the 9,12-1inoleate f ract ion 
alone. 

Materials 
Methyl 9-cis,12-cis linoleate was p repared  by urea  

fract ionat ion of safflower oil methyl  esters according 
to the procedure of Keppler ,  Sparreboom, Stroink, 
and yon Mikusch (12). The final product  contained 
more than  99% methyl  octadecadienoate as determined 
by gas chromatography  and had an iodine value of 
170.0 (theoretical value: 172.4). I t  showed no trans 
double bonds by infrared.  

Methyl 9-tra~ts,12-tra~s linoleate was p repared  by 
isomerizing methyl  9-cis,12-cis linoleate with selenimn, 
and recrystal l izing the f a t t y  acid f rom methanol as 
described by Kass and B u r r  (13). The final product  
showed no impuri t ies  as determined by gas chroma- 
tography.  I n f r a r e d  absorption at 10.36 ~ was near ly  
twice that  of methyl  elaidate. The melt ing point of 
the acid derived by saponification and acidulation of 
tbe ester was 27.8-28.4C. (28-29C according to Kass 
and Bur r ) .  

A mixture  of methyl  9-cis,12-cis linoleatc and methyl  
9-eis,12-traots linoleate in the absence of the other two 
geometric isomers was p repared  by methanolysis of 
dehydrated castor oil (Baker  Castung 103 G-H) .  De- 
hydra t ion  of the rieinoleie acid in castor oil can form 
both 9,11-conjugated and 9,12-unconjugated dienes 
(14). The double bond formed by dehydrat ion can 
assume either a eis or tra~ts configuration. 

O oH 
!] 1 

HO--C -- (CH2) =-CH=CH--CH~-CtI--CH=~- (CH2) ~--CH3 

cis t dehydration 

HO--C-- (CH~) :--CH-CH--CH~-CH =CH-- (CH~) ,--CH:~ 

cis cis 
or 

tra~8 
+ 9,11-conjugated dienes 

Since the original 9-double bond in ricinoleic acid 
had a cis configuration, the 9,12-octadecadienoates 
produced by dehydrat ion were the cis-cis and cis-trans 
isomers (6). No tra~s-cis or trans-trans isomers were 
present in the dehydrat ion product.  As will be shown 
later, this mixture  can be used for the identification 
of the methyl  9-eis, I2-tra~s linoleate peak iu a gas 
chromatogram. 

A mixture  of methyl  9-tra~ts,12-eis linoleate and 
methyl  9-tra~s,12-trans linoleate in the absence of the 
other two geometric isomers was p repared  by dehy- 
dra t ing  methyl  ricinelaidate. Methyl ricinelaidate 
was prepared  f rom castor oil by the method of Mc- 
Cutcheon et al. (15) (nLp. found:  28.0-29.5C; m.p. 
reported:  28.9-29.8C). The methyl  ricinelaidate was 
then dehydra ted  at 240C under  ni trogen with 2% 
NaIISO4 for 17 minutes with magnetic stirring. Wate r  
was added and the product  extracted with Skelly F. 
The Skelly F solution was washed repeatedly  with 
water, dried over Na2SO4, filtered, and the solvent 
evaporated. Since the original 9-double bond in the 
methyl  ricinelaidate had a trans configuration, the 
methyl  9,12-octadecadienoates produced by dehydra-  
tion were the trans-cis and trans-trans isomers. As 
will be shown later, this mixture  can be used for iden- 
tification of the methyl  9-trans,12-eis linoleate peak 
in a gas chromatogram. 

Experimental 
To determine if it was possible to analyze the geo- 

metric isomers of methyl  linoleate by gas chromatog- 
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M I N U T E S  
Fro. 1. Sepa ra t i on  of  the  geometr ic  isomers  of  me thy l  lino- 

lento on a 200 f t .  capi l lary  colunm coated with Apiezon L 
shoWing procedure  for  i d e n t i f y i n g  peaks :  (1) methyl  9-cis, 
]2-cis l inolea te ;  (2)  me thy l  9-cis,12-trans l inoleate ;  (3) methyl  
9 trans,]2-cis l inoleate and  methy l  9-trans,12. trans l inoleate 
combined ;  (4)  me thy l  9-trans,12-trans l inoleate ;  (5) conju-  
ga t ed  me thy l  oc tadecad ienoa tes ;  and  (6) methy l  oleate. 

raphy,  a pre l iminary  experiment  was run  to deter- 
mine if the two most dissimilar isomers (methyl  9-cis, 
12-cis linoleate and methyl  9-trans,124rans linoleate) 
could be separated. A par t ia l  separat ion was obtained 
on a 6 f t  x 3.5 m m  ID column packed with 60/80 mesh 
Chromosorb W coated with 25% Apiezon L. With 
this indication that  some separat ion was possible, it 
was decided to continue the s tudy using high resolu- 
tion capi l lary columns. 

Apiezon L Column. Oil a 200 f t  capi l lary column 
coated with Apiezon L, a mixture  of the four  geo- 
metric isomers (Se isomerized methyl  9-cis,12-cis 
linoleate) was resolved into three peaks. F igure  1 
shows a typical  ehromatogram. The locations of the 
cis-cis and trans-tra~s isomers were determined by 
comparison with the relative retention times of pure 
methyl  9-cis,12-cis linoleate and methyl  9-tra~s,12- 
trans linoleate (F igure  1). The location of the cis- 
trans isomer was determined by the " m i x e d  chromat- 
o g r a m "  technique. A mixture  of the cis-cis and cis- 
trans isomers was p repared  f rom dehydra ted  castor 
oil as described above. A chronlatogram of this ma- 
terial (F igure  1) indicated tha t  the 9,11-conjugated 
octadecadienoie esters present  were eluted consider- 
ably later than any of the 9,12-octadecadienoie esters. 
The separat ion was so great  (the conjugated esters 
were eluted af ter  methyl  stearate) that  there was no 
possibility of over lapping of the two groups. The de- 
hydra ted  castor oil methyl  esters showed three peaks 
occurring where the geometric isomers of methyl  lino- 
leate should elate. Two of these peaks were identified 
as methyl  9-cis,12-cis linoleate and methyl  oleate. The 
remaining peak (const i tut ing 29.7% of the dehy- 
dra ted  castor oil esters) had the same relative rei:~.m- 
tion time as the middle peak, and was presunled to b~ �9 
methyl  9-cis,12-trans linoleate. 

The location of the trans-cis isomer was also deter- 
mined by the " m i x e d  c h r o m a t o g r a m "  technique. A 
mixture  of the trans-cis and trans-trans linoleate iso- 
mers was prepared  f rom dehydra ted  methyl  ricin- 
elaidate as described above. As expected, a ehromato- 
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M I N U T E S  
FIG. 2. Separa t ion  of the  geometr ic  i somers  of  me thy l  Eno- 

lento on a 150 f t .  eap iEary  column coated wi th  DEGS poly- 
ester  showing  procedure  for  i den t i fy ing  peaks :  (1) methyl  
9-trans,12-tran~ l inotea te ;  (2)  me thy l  9-ei.s,12-c~s lino~eate and  
methyl  9-eis,12-t*'ans l inoleate  combined;  (3) methyl  9-trans, 
12-cis l inoleate ;  (4) me thy l  9-cis,12-cis l inolea te ;  and  (5) con 
j u g a t e d  methy l  oetadeeadienoates .  

gram of this mater ial  (F igure  1) again showed con- 
siderable separat ion of the conjugated and non-con- 
jugated esters, so that  there was no possibility of the 
two groups overlapping. The dehydrated methyl  
ricinelaidate showed one peak occurring where the 
geometric isomers of methyl  linoleate should elute. 
This peak had the same retention time as methyl  
9-tra~ts,12-trans linoleate. I t  was concluded tha t  both 
the trans-cis and trans-tra~s isomers were combined 
in one peak. 

Equivalent  chain length values of the various iso- 
mers on au Apiezon L capil lary column are shown 
in Table I. 

DEGS Polyester Column. On a 150 f t  capil lary 
(:olmnn coated with D E G S  Polyester,  a mixture  of 
the four  geometric isomers was also resolved into 
three peaks. A typical  chromatogram is shown in 
F igure  2. The D E G S  column also eluted the conju- 
gated 9,11-1inoleates much later than the 9,12-1ino]e- 
ates (F igure  2) so that  peaks could be identified using 
the same techniques described above for Apiezon L 
column chronlatograms. The dehydra ted  castor oil 
and dehydra ted  methyl  ricinoleate showed several 
processing ar t i facts  eiuting near  the 9,12-1inoleate 
peaks. These ar t i fact  peaks were relat ively small and 

TABLE I 
Equivalent Chain Length Values (16) of the Geometric Isomers of 

3[ethyl Linoleate 

Stationary p h a s e  

Compound A. iezon L I DEGS 
" l)ol ~w~ ~ po]yester 

/ . . . .  I 1 ' '~  
:'~ethyl 9-e~,12-e~ linoleate ...................................... 17.48 19.46 
~'Iethyl 9-e~ 12-trans linoleate .................................. 17.59 19.46 
Methyl 9-trans,12-cis linoleate .................................. I 17.64 [ 19.55 
Methyl 9-trans,12-trans linoleate .............................. / 17.64 [ 19.35 
M oth~'l stearate .......................................................... I 18.00 ~ lq.00 
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T A B L E  II 
Composi t ion  of Mix tu res  of the Geometr ic  I s o m e r s  of Methyl  Linolea te  

I s o m e r s  p r e sen t  % traus bond~ 1 

Sample  b v % Lv a'as B i 
. % .  �9 ~' % . trans- ehroma-  y n f ra -  

e~s-m,s c~s-trans trans-e~e tran~ to~raph~ r ed  

141:= l=0:5 1=3:= I [3,:0 
(? [ 1 8 . 2  [ 2 7 . 9  I 2 4 . 6  [ 2 9 . 3  [ 5 5 . 6  [ 5 7 . 0  
D ~ 3 . 3  [ 8 . 8  I 1 1 . 6  / 7 6 . 3  ! 8 6 . 5  ! 8 9 . 3  
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GEOMETRIC ISOMERS OF METHYL LINOLEATE 

a Calculated as % methyl  9 t rans ,12- trans  l inoleate.  
b Samples  w e r e  p r e p a r e d  as fol lows:  (A)  Methyl  9-eis.12-ei.~" l inoleate 

w a s  hea ted  n n d e r  n i t r o g e n  wi th  0 . 3 %  Se at 195(? for  15 minu tes .  
( B )  Methyl  9-cis,12-eis l inoleate w a s  heated u n d e r  n i t r ogen  wi th  0 . 4 %  
Se a t  195(? for  30 minu tes .  (C)  L inseed  oil was  heated  u n d e r  n i t r ogen  
wi th  1 . 0 %  Se at  200(? for  4 hours .  The i somer ized  oil was  conver ted  
to methyl  es ters  by  the u sua l  I-IeS04 catalyzed nlethanolysis  p rocedure  
and  distilled. The  methyl  oe tadecad ienoa te  f r ac t ion  was  then isolated 
by p r e p a r a t i v e  gas  c h r o m a t o g r a p h y .  ( D )  5{ethyl 9-els,12-eis l inoleate 
was hea ted  u n d e r  n i t r o g e n  wi th  1 . 0 %  Se for  6 hours .  Af te r  distilla- 
t ion, the  c o r r e s p o n d i n g  f a t t y  acids  were  p r e p a r e d  by saponif icat ion and  
aeidula t ion.  These  f a t t y  acids  were  then recrys ta l l ized  once f rom metha-  
nol a.t - 2 0 C  to enr ich  the  trans-tr(t~s i somer  content .  The p roduc t  was  
then esterif ied wi th  d iazomethane .  

therefore did not interfere with the identification of 
the much larger  peaks of the 9,12-1inoleate isomers. 

Equivalent  chain length values of the various iso- 
mers on a D E G S  polyester column are shown in 
Table I. 

Quantitative Results. Neither the D E G S  nor the 
Apiezon L column separated all four  of the geometric 
isomers of methyl  linolate. Only three peaks were 
eluted on either column, which meant  that  two iso- 
mers were always combined in one peak. For tunate ly ,  
the two isomers which could not be separated on the 
Apiezon L column (tra~s-cis and trans-tra~s) were 
eluted as individual  peaks on the D E G S  column. And 
the two isomers which could not be separated on the 
DEGS eohnnn (cis-cis and cis-trans) were eluted as 
individual  peaks on the Apiezon L column. Thus, it 
was possible to run  a mixture  on bor eolmnns and 
with the combined results determine the amounts of 
each of the four  isomers present.  

This quant i ta t ive technique was applied to four  
typical samples of selenium-isomerized methyl  lino- 
leate. Results are shown in Table I I .  To check the 
val idi ty of these quant i ta t ive results, the per  cent iso- 
lated trans bonds in each sample was calculated f rom 
the gas chromatography  data. This value was com- 
pared with the per cent isolated trans bonds deter- 
mined fronl inf rared  absorption at 10.36 mierous. 
Values determined by  both methods show eh/se agree- 
merit (see Table I I ) .  

Discussion 
The separat ion of the geometric isomers of nlethyl 

linoleate on an Apiezon L eapi l lary column is not 
unexpected, since other workers have demonstrated 
the separat ion of methyl  oleate and methyl  elaidate 
on similar columns (10, 11). The increased resolu- 
tion of capi l lary over packed columns eontributes 
great ly  in making an adequate separation, since 
methyl  linoleate has four  possible geometric isomers. 
As with oleate-elaidate separation, trans isomers are 
eluted af ter  their  eorresponding cis isomers. 

The separat ion of the cis-tra~s and tra~s-cis iso- 
mers into two separate  peaks is surorising, since most 
previous workers have considered these two com- 
pounds pract ical ly identical. However,  examination 
of the physical configurations of these two isomers 
(F igure  3) may  give some clue as to why they ean be 
separated. I f  the earbonyl oxygen on a molecular 
model of the cis-trans molecule is oriented upward,  
the carbon ehain bends downwar, g between the 9th 
and 10th carbon atoms. I f  the earbonyl  oxygen on a 
molecular model of the trans-cis molecule is oriented 

i , , .  

, .  

9 - T R A N S ,  12 -  T R A N S  

I ' a - T R A " S I  I 9-TRA.S, &-O'S I 
FIG. 3. Molecular models of t i le four  geometrie isonlers of 

methyl  9,12-]illoleate. 

upward,  the carbon chain bends upward between the 
]2th and 13th carbon atoms. These eonfigurational 
differences probably  contribute to differences ill the 
vapor  pressures and adsorption charaeteristies of 
these two isolnel's, thus aiding their separat ion by gas 
chrolnatography.  

The separat ion of geolnetrie isonlers on a D E G S  
polyester column comes as a surprise, since polyester 
eolmnns are generally believed to be incapable of 
dist inguishing between eis and tra~s double bonds. 
Evidently,  it is ,just a mat te r  of enough theoretical 
plates to make the separation. The order of elution 
of the isomers on a polyester eolmnn is puzzling, 
since there is no discernible pat tern.  The cis-cis and 
traus-trans isomers do not occupy the outside peaks 
as with the Apiezon L eolUlnll. At first it was thought  
that  the peaks had been wrongly identified, but re- 
peated reeheekin~ showed them to be correetly labeled. 
We can offer no explanation for this unusual  order 
of elution. 

Fu tu re  improvements  in the resolution of eapi l lary 
eolulnllS may  eventually lnake possible the separation 
of all four  isomers on one column. At  the present  
time, however, we are unable to obtain such a separa- 
tion with our equipment.  

I t  should be noted than on an Apiezon L column, 
several other eomnmn f a t t y  acid esters have elution 
times identical with the geometric isomers of lnethyl 
linoleate. Methyl 9-cis, 12-cis, 15-cis linolenate has 
the same retention time as methyl  9-cis, 12-cis lino- 
leate. The geometric isomers of methyl  linolenate are 
eluted at the same tinle as the cis-trans, trans-cis, a , d  
tra,~,s-tra~s linoleate isomers. The elntion time of 
methyl  oleate is almost identical with methyl  9-trans, 
12-trans linoleate, and the two substances usually ap- 
pear  as one misshapen peak. When analyzing th,,, 
isomer content of the linoleate port ion of a cis-tra~,., 
isomerized natural  fat, these in terfer ing s ,  batances 
will prevent  proper  analysis. To overcome this diffi- 
culty, a pure linoleate fraction can be preDarod by 
prepara t ive  gas chromatography  on a paeked po!y- 
eater eolunm. 97-98% pure  linoleate material  thu~ 
produced can be analyzed on the Apiezon L capil lary 
column with no difficulty. 

Sinfilar interference problems are not encountered 
with the D E G S  polyester colunm. 

It should be emphasized that  the analytical pro- 
eedure described here is only applicable to the geo- 
metric isomers of lnethyl linoleate, such as produced 
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by the well-known elaidinization catalysts N02, S02, 
Se, Te, etc. Catalysts  producing extensive positional 
isomers (hydrogenat ion catalysts such as Ni, Pd, Pt,  
etc.) will yield a more complex mixture  of geometric 
a~zd positional isomers, and cannot be analyzed by 
this method. 
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Vernonia anthelmimica (L.) Willd. 
and Vernolic (Epoxyoleic) Acid 

Trivcrnolin, 1,3-Divcrnolin 
from the Seed Oil' 

CHARLES F. KREWSON, JESSE S. ARD, and ROY W. RIEMENSCHNEIDER, Eastern Regional 
Research Laboratory, 2 Philadelphia 18, Pennsylvania 

Abstract 
The epoxy f a t ty  acid components isolated f rom 

the seed oil of V. anthelmi)~tica, Indian  ironweed, 
where the seed had been allowed to undergo 
lipolysis a f ter  grinding, were trivernolin,  1,:3- 
divernolin, and vernolie acid. By  inactivation 
of the hydrolyt ic  enzyme system present in the 
seed, oil containing more than 50% tr iveruolin 
may  be obtained. This species has potentialit ies 
as a replacement  crop for those now in surplus ;  
its seed contains 20 to 26% of an oil rieh in 
epoxyoleic (vernolic) acid combined as glyeer- 
ides amount ing to 70 to 75%. 

In t roduct ion  

R ECENT INTEREST in Ver~wnia anthelmi~dica (L.) 
Willd. centers upon the unique character  of its 

seed oil giving the plant  potent ial i ty  as a new oilseed 
crop which might  replace those now in surplus. This 
species of Vernonia, native to india,  has been difficult 
to grow for seed production, flowering in early fall in 
many  locations only to be frost-killed before reaching 
seed matur i ty .  Improved  prospects for successful cul- 
t ivation of the plant  in the U.S. came in 1960: a new 
introduction f rom India  produced seed in Nebraska, 
North Carolina, and Texas. Adapta t ion  studies are in 
progress on a wider scale at a number  of locations. 
This paper  deals with the extraction of the oil f rom 
the seed and the isolation and identification of its 
constituents: tr ivernolin,  1,3-divernolin, and vernolie 
acid. These are required in quant i ty  for develop- 
mental  studies of their  ut i l i ty  in plastic fornlulations 
and in the prepara t ion  of chemical derivatives. 

The l i terature on V. anthelmintica, commonly called 
purple  fleabane or Indian  ironweed, is volmninous. 
The plant  was well-known to the early Greeks and 
Theophrastus  described it about 300 B.C. (1 3). Be- 
fore L innaeus '  time more than a dozen Lat in  syn- 

�9 P r e s e n t e d  at  the  A.O.C.S.  mee t i ng  in St. Louis ,  1961. 
E a s t e r n  Ut i l iza t ion  Research  and l )eve lopment  Divis ion ,  Agr i cu l t u r a l  

Resea rch  Service,  U.S .D.A.  

onyms were used for its designation and in a pre- 
l iminary search more than 70 vernacular  terms have 
been encountered, mostly references to h ld ian  tr ibal  
names. Ill India, V. a~dhelmbdica is often confused 
with Psoralia cordglifolia. L. (4). Ill 18th century 
l i terature it is described by Linnaeus (5), having re- 
ceived its present name in 1804, given to it by Kar l  
Ludwig Willdenow (6). He was the first to place it 
in the genus l-cr~o~da, named for 17th century Eng-  
lish botanist, Wil l iam Vernon. This genus is one of 
the laro'est in the family  Compositae, with an esti- 
mated 400-600 species (7,8). There are many  refer- 
ences to the medicinal (9-16) and early ones to the 
insecticidal (1,3) propert ies  of V. a~thel, mintica. I t  
is claimed to be anthehnintic,  purgat ive,  good for asth- 
matic and kidney disorders, hiccough, and inflamma- 
tory swellings and skill diseases, especially leucoderma 
and psoriasis. A comprehensive report  on the earlier 
l i terature,  rich in folk-lore, is in preparat ion.  The 
following is a review of late 19th and 20th century 
contributions to the chemistry of this I/lant: 

Lindley and Moore (8) mentiou the product ion of 
oil by pressing the seed. Dymoek et al. (9) extracted 
the oil f rom the seed and claimed the presence of an 
alkaloid in all alcoholic extract  which they named 
Ver~to~i~e; they also reported that  the seed contained 
7.7% ash, a figure in close agreement  with 7.2% ob- 
tained here. Kesava-Menon (10) was among the first 
to record informat ion on the propert ies  of the seed 
oil and Bhadur i  (17) stated that  the seed contained 
a o'lyeoside which he named shomerjim Chopra et al. 
(11,12) found no alkaloid present  in the seed but  
reported the presenee of a bit ter  principle, pre- 
sumably aeeountable for the medicinal properties.  
Vidyar th i  (18) first almouneed the presence in the 
seed oil of a new aeid which he named vcrnolic but  
he considered it to be a hydroxy-aeid isomeric with 
rieinoleic. He also reported on the sterols found in 
the unsaponifiable material .  The details of these 
studies on fa t ty  acid composition appeared  in other 
publications (19,20), Ma jumdar  (13) worked on 


