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 Analysis of Conjugated Octadecatrienoic Acids in Momordica 
baisamina Seed Oil by GLC and '3C NMR Spectroscopy 

E.M. Gaydoua,  J. Miral lesb and V. Rasoazanakolonaa,' 
aLaboratoire de Phytochimie, Ecole Superieure de Chimie de Marseille, Avenue Escadrille Normandie-Niemen, 13397 Marseitle 
Cedex 13, France, and bDepartement de Biotogie Vegetale-Faculte des Sciences, Dakar, Senegal. 

Separation of conjugated octadecatrienoic acids by 
open tubular gas liquid chromatography (GLC} was 
performed using glass capillary columns coated with 
Carbowax 20 M and with OV-1. The equivalent chain 
l ength  of geomet r ica l  i somers  of the con juga t ed  
octadecatr ienoic acids belonging to the two series 
Cls:3A s'1°'12 and C18:3A 9'~''13 were determined. The applica- 
tion of these results to the s tudy of the M o m o r d i c a  
b a l s a m i n a  seed oil shows tha t  this oil contains two 
conjugated octadecatrienoic fatty acids in appreciable 
amounts ,  punicic acid (50%) and a-eleostearic acid 
(13%). The isomerization of conjugated acids in M. 
b a l s a m i n a  seed oil was followed for one year. Quanti- 
tation of octadecatrienoic acids using GLC gave results 
similar to those obtained with 13C NMR. 

Among the various conjugated fa t ty  acids identified in 
seed oils, six conjugated octadecatrienoic acids have 
been reported {1). These acids occur in only a few 
families (Cucurbitaceae, Bignoniaceae, Compositeae, 
Rosaceae and Valerianaceae) and have been identified 

particularly by older methods. More recently, using 
WCOT gas liquid c h r o m a t o g r a p h y  (GLC) with a 
nonpolar liquid phase OV-1 and HPLC with a Zorbax 
ODS column (2) and '3C nuclear magnetic resonance 
spectroscopy (3,4), the compositions of fa t ty  acids in 
oils containing more than one conjugated octadecatri- 
enoic acid were established. 

I t  was observed by Earle et al. {5) and Hopkins and 
Chisholm (6) tha t  the seed oil of M o m o r d i c a  balsamina  
(Cucurbitaceae) contained a conjugated triene acid, 
punicic acid (cis, trans,  c is-octadeca-9,11,13- tr ienoic  
acid). In  ano ther  species of the same genus  {M. 
Charantia) several authors (2,6,7) observed the presence 
of a-eleostearic {cis, t rans ,  c i s -oc tadeca-9 ,11 ,13- t r i  - 
enoic acid). In our investigation of AI. balsamina  seed 
oil grown in Senegal using a Carbowax 20 M glass 
capillary column, we have observed the presence of 
more than two conjugated octadecatrienoic fa t ty  acids. 
Because the natural  co-occurrence of various octadeca- 
trienoic fa t ty  acid isomers has been observed only in 
A l e u r i t e s  fordii  (2) and Ce n t ra thus  ruber (4) we checked 
to see if the two major trienoic acids are naturally 

TABLE 1 

Equivalent Chain Length of Geometrical Isomers of Conjugated Octadecatrienoic Methyl Esters. 
Fatty Acid Composition of Momordica balsamina Seed Oil and Isomerization During Storage 

Conjugated ECL Peak area (%}a/Months of storage b 
trienoic acid 

number Fatty acid C W X 2 0 M  OV1 0 c 3 6 12 

palmitic 13.6 14.2 13.6 13.2 
stearic 7.5 7.1 8.1 8.0 
oleic 5.1 4.9 5.5 6.0 
linoleic 6.5 6.2 6.9 7.4 

1 jacaric d 21.50 18 .94  . . . .  
2 punicic e 21.56 50.6 42.6 37.3 27.3 
3 a-eleostearicf 2t.72 18.98 13.1 14.3 15.0 16.7 
4 calendicg 21.88 19.05 . . . .  
5 catalpic h 21.91 19.12 2.0 6.0 6.3 9.3 
6 /3-eleostearic i 22.19 19.35 1.1 3.5 5.4 9.6 

others 0.5 1.2 1.8 2.5 

aDetermined using a 25-m glass capillary column coated with Carbowax 20 M at 
bSeed oil stored at ambient temperature. 
CFreshly extracted with hexane. 
dcis, trans, cis-octadeca-8,10,12-trienoic acid. 
ecis, trans, cis-octadeca-9,11,13-trienoic acid. 
fcis, trans, trans, -octadeca-9,1 t, 13-trienoic acid. 
g trans, trans, cis-octadeca-8,10,12-trienoi c acid. 
h trans, trans, cis-octadeca-9,11,13-trienoic acid. 
i trans, trans, trans-octadeca-9,11,13-trienoic acid. 

'Present address: Departement de Recherches Technologiques 
FOFIFA, Ambatobe, B.P. 254, 101 Antananarivo, R6publique 
D6mocratique de Madagascar. 
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FIG.  1. Capillary GLC chromatogram of fa t ty  acid methyl  esters  obtained from Momordica balsamina 
seed oil s tored a t  ambient  temperature  12 mo. For octadecatrienoic methyl  esters identification, see 
Table 1. Column, 50 m glass capillary coated with Carbowax 20 M; temperature,  190 C; pressure, 0.9 bar; 
carrier gas, H2; split  5/100; sample volume 0.4 ~1. 
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FIG, 2. Partial ~3C NMR spectrum (in CDCi~) of the doub|e bonded carbon area 
obtained from Momordica balsamina seed oil stored a t  ambient  temperature  12 mo. 
For signal number  ass ignment  see Table 3. 
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occurring, or if one of them is formed by  isomerization 
in 34. balsamina oil. 

Another  purpose of this work was to determine the 
equivalent  chain length (ECL) of the var ious geometri-  
cal isomers  of the conjugated octadecatr ienoic acids 
belonging to the two series 8,10,12 and 9,11,13 using a 
C a r b o w a x  20 M g la s s  cap i l l a ry  column.  For  the  
identification of these acids, we used oils of Aleurites 
fordii, Jacaranda acutifolia and Punica granatum, which 
are known to contain a-eleostearic, jacaric  {cis,trans,cis- 
octadeca-8,10,12-trienoic} and punicic acids, respec- 
tively. The resul ts  were compared  with those obtained 
using other  GLC conditions {2). The stabi l i ty  of the M. 
balsamina seed oil s tored at  ambient  t empera tu re  was 
inves t iga ted  for one year  to follow the isomerizat ion 
process of the var ious trienoic isomers. The s tabi l i ty  of 
the  va r ious  geomet r ica l  i somers  dur ing  the  t rans-  
methyla t ion  process and during GLC analyses was 
checked using 13C nuclear magnet ic  resonance (NMR) 
spectroscopy.  

EXPERIMENTAL PROCEDURES 

Oils extractions. Seeds  of M. balsamina and  P. 
granatum were collected in the Daka r  area {Senegal}. 
Seeds were ground to a powder with an electric mill and 
ex t rac ted  with hexane using a Soxhlet  appara tus .  After  
drying with anhydrous  sodium sulfate, hexane was 
removed by  vacuum distil lation at  low t empera tu re  {8). 
The seeds were found to contain about  20% and 16% of 
oil, respectively.  

Preparation of the methyl esters, isomerizations, 
oxidations and maleic adducts. Methyl  esters  were 
prepared  f rom oils by  base-catalyzed t r ansmethy la t ion  
{9). Isomerizat ion was obtained by  addition of a trace 
amount  of iodine in a hexane solution of the methyl  
e s t e r s  (10). O x i d a t i v e  s p l i t t i n g  of the  ac ids  by  
permanganate-per ioda te  was accomplished by  the Von 
Rudloff method (11}. For the prepara t ion  of maleic 
adducts,  the  conjugated triene acids were refluxed for 5 
hr under  nitrogen,  with benzene containing maleic 
anhydride (10). 

Gas liquid chromatography (GLC). A Girdel 30 gas  
c h r o m a t o g r a p h  equ ipped  wi th  a f lame ion iza t ion  
detector  {FID) and a glass injector was used for the 
analyses.  Three glass capil lary columns were used, a 
25-m and a 50-m × 0.35-mm coated with Carbowax 20 M 
(0.15~ phase  thickness and a 25-m × 0.30-mm coated 
with OV-1 (0.15 ~-phase thickness}. Tempera tu res  used 
were 180 or 190 C for the Carbowax 20 M columns and 
170 C for the OV-1 column, 200 C for the detector  and 
220 C for the inlet. The flow rate  of hydrogen used as 
carrier  gas  was 5 ml/mn with  a spli t  ra t io  of 5/100. The 
injections averaged about  0.5-1 ~1 of a 5% solution of 
methy l  es ters  in hexane. For  the t en ta t ive  identification 
of oxidat ive products ,  azelaic and suberic acid methyl  
e s t e r s  (Fluka) were  u sed  as s t a n d a r d s .  For  the  
d e t e r m i n a t i o n  of equ iva l en t  chain  l eng ths  {ECL), 
myrist ic ,  palmitic, stearic, arachidic and behenic acid 
me thy l  es ters  {Sigma Chemical Co., St. Louis, Missouri} 
were used as s tandards .  

Nuclear magnetic resonance (NMR). The lsC NMR 
spec t rum of M. balsamina seed oil {stored one year  at  
a m b i e n t  t empera tu re}  was  r eco rded  on a B r u k e r  

TABLE 2 

~C Chemical Shifts of Double Bond Carbons of Seed Oil from 
Momordica balsamina a 

Signal Chemical Relative 
number b shift c Assignment intensity 

1 134.98 a-eleostearic 10.08 
2 134.72 catalpic 5.02 
3 134.27 fl-eleostearic 6.72 
4 134.02 ~-eleostearic 6.93 
5 132.88 a-eleostearic 12.55 
6 132.74 catalpic 7.01 
7 132.51 punicic 22.40 
8 132~28 punicic 19.57 
9 131.80 catalpic 7.03 

10 131.57 a-eleostearic 10.17 
11 130.93 3-eleostearic 7.48 
12 130.78 /~-eleostearic + catalpic 15.35 
13 130.66 3-eleostearic + a-eleostearic 18.87 
14 130.56 /3-eleostearic 8.49 
15 130.12 linoleic 7.10 
16 129.95 oleic 6.50 
17 129.90 linoleic 5.95 
18 129.70 oleic 4.05 
19 128.95 punicic 24.49 
20 128.85 a-eleostearic + catalpic + punicic 37.37 
21 128.10 linoleic 7.05 
22 t27.96 punicic + linoleic 29.46 
23 127.82 punicic 24.07 
24 126.09 catalpic 6.49 
25 125.95 a-eleostearic 12.57 

aDetermined using a seed oil sample stored 12 mo at ambient 
temperature. 
bSignal numbers are taken from Fig. 2. 
CChemical shifts {CDCls) are given in 6 values from TMS and were 
determined at 25.2 MHz. 

AC-100 Spec t rometer  {Ecole Sup6rieure de Chimie de 
Marseille}. The sample was prepared in a 5-mm o.d. 
tube  by  mixing 0.3 ml of oil wi th  0.5 ml of CHCL; 
te t ramethyls i lane  was used as internal s tandard.  The 
FTlsC N M R  w a s  m e a s u r e d  u n d e r  t h e  fo l lowing  
conditions: frequency, 25.2 MHz; spectral  width, 200 
p p m ;  pu l s e  de lay ,  10 sec; pu l s e  w id th ,  3 t~sec; 
acquisit ion time, 1.4 sec; number  of da ta  points,  6 300. 
Composit ions were calculated by  averaging  intensit ies 
of the same carbon a tom as described by  Tulloch and 
Bergter  {3). 

RESULTS AND DISCUSSION 

Equivalent chain length of octadecatrienoic acids. The 
ECL on Carbowax 20 M glass capil lary column of 
punicic (21.59} and a-eleostearic {21.72} acids were 
determined using f a t ty  acid methy l  es ters  obta ined 
from P. granatum and A. fordii seed oils, respectively.  
The conversion into trans-isomers of these two f a t t y  
acids us ing iodine gave  an increase of two peak  areas 
which were a t t r ibu ted  to catalpic acid {21.91} and the 
~-eleostearic acid {22.19}, as shown in Table 1. The 
format ion of maleic adducts  gave  a decrease in peak  
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areas having an ECL of 21.72, 21.91 and 22.19, results 
in agreement with the geometrical attribution cis, trans, 
trans; trans, trans, cis, and trans, trans, trans, respec- 
tively. The oxidation of all these fa t ty  acids using 
NaO4I/KMnO4 shows the presence of azelaic acid by  
GLC at  95%. Similar resul ts  were observed with 
conjugated octadecatrienoic methyl  esters belonging to 
the series 8,10,12 and obtained from J. acutifolia seed oil. 
The ECL values are summarized in Table 1. The order of 
elution was in agreement with those given by Takagi 
and  I t a b a s h i  {2t u s ing  an OV-1 column.  B e t t e r  
resolut ions  of cer ta in  con juga ted  octadecat r ienoic  
methyl  esters were obtained using Carbowax 20 M 
columns. 

Fat ty  acid composit ion of M. balsamina seed oil. The 
fa t ty  acid composition of freshly extracted M. balsa- 
mina oil obtained from seeds grown in Senegal is given 
in Table 1. Results obtained on the various columns are 
in the same range. Octadecatrienoic fa t ty  acid methyl  
esters represent 66-67%. Punicic acid is the major one, 
wi th  50-51%, and a -e leos tea r i c  is found  in an 
appreciable amount  (13%). The contents of catalpic and 
]3-eleostearic acids are low in freshly ext rac ted  oil 
(1-2%L 

Stabil i ty  of  octadecatrienoic acids during oil storage. 
Since the all t rans- fa t ty  acids usual ly  have been 
considered as artifacts formed by isomerization of the 
other trienoic acid (12,13}, we have studied the relative 
composition of the four octadecatrienoic acids con- 
tained in Iv/. balsamina seed oil stored at ambient 
temperature {20-25 C) for one year. A typical chromat- 
ogram is given in Fi .gure 1. Results given in Table 1 
show that  the relative composition of the cis, trans, cis- 
isomer decreased from 51% to 27% in one year, and the 
amount  of the trans, trans, cis- and trans, trans, trans- 
isomers increased from 1-2% to 9-10%. a-Eleostearic 
acid (cis, trans, trans-isomer) increased only sl ight ly 
from 13% to 17%. 

Comparison of  two different methods of octadecatri- 
enoic acid determination. Quanti tat ion of octadecatri- 
enoic acids may  be a problem using GLC because of the 
high reactivi ty of some conjugated trienes. Isomeriza- 
tion during the transesterification of the triacylglyc- 
erols or in the glass capillary columns and decomposi- 
tion at the high temperature of the column may occur. 
Tulloch (4) presented the use of ~3C NMR spectrometry 
as a rapid, nondestructive and quant i ta t ive method of 
analysis of seed oils containing conjugated unsa tura ted  
acids. By  this method, acids could be detected at a level 
of 1% and estimated at a level of 2%. Satisfactory 
spectra were obtained for M. balsamina seed oil, and 
the double bonded carbon area spectrum is given in 
Figure 2. Chemical shifts and relative intensities are 
listed in Table 2. Values observed for chemical shifts 
were fairly close to those reported (4). The comparison 
between GLC and '3C NMR analysis is presented in 
Table 3. The fa t ty  acid compositions obtained using 
these two different methods are in remarkably good 
agreement, showing therefore tha t  GLC can be used for 
quan t i t a t i on  of con juga ted  oc tadeca t r ienoic  acids 
contained in oils. 

TABLE 3 

Comparison of Two Different Methods for the Fatty Acid 
Quantitation in Momordica balsamina Seed Oil a 

Method 

Fatty acid GLC b '3C NMRC 

palmitic + stearic 21.1 21 d 
oteic 6.2 7 
tinoleic 7.6 9 
punicic 27.2 29 
a-eleostearic 16.8 15 
catalpic 9.2 9 
6-eleostearic 9.5 10 
others 2.4 -- 
sum of octadecatrienoic acids 64.6 63 e 

aDetermined using a seed oil sample stored 12 mo at ambient 
temperature. 
bDetermined using a 50-m WCOT glass capillary column coated 
with Carbowax 20 M at 190 C. 
CDetermined using relative intensities given in Table 3. 
dValues obtained by difference. 
eValue obtained using the relative intensity of octadecatrienoic 
acids at 13.96 ppm and the other fatty acids ~palmitic, stearic, oleic, 
linoleic) at 14.13 ppm for the terminal CH~ of the various fatty 
acids. 
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