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T w o  m e t h o d s  w e r e  d e v e l o p e d  to  p r e p a r e  i m p o r -  
t a n t  q u a n t i t i e s  o f  18 :3A9 ,12 ,15  g e o m e t r i c a l  i so -  
m e r s .  T h e  f i r s t  m e t h o d  w a s  b a s e d  o n  t h e  i s o l a t i o n  
o f  18:3A9c,12c,15c f r o m  a l i n s e e d  o i l  by  a c o m b i n a -  
t i o n  o f  u r e a  i n c l u s i o n  a n d  p r e p a r a t i v e  h i g h  p e r -  
f o r m a n c e  l iquid  c h r o m a t o g r a p h y  (HPLC).  T h e  i so -  
l a t e d  18:3 w a s  i s o m e r i z e d  u s i n g  n i t r o u s  acid.  

T h e  s e c o n d  m e t h o d  w a s  b a s e d  o n  t h e  i s o l a t i o n  o f  
18 :3A9 ,12 ,15  g e o m e t r i c a l  i s o m e r s  w h i c h  u s u a l l y  
a r e  f o r m e d  d u r i n g  t h e  h e a t  t r e a t m e n t  o f  v e g e t a b l e  
o i l s .  F o r  t h a t  p u r p o s e  a l i n s e e d  o i l  w a s  h e a t e d  at  
2 7 5  C f o r  12 hr  u n d e r  n i t r o g e n .  T h e  g e o m e t r i c a l  
i s o m e r s  w e r e  i s o l a t e d  u s i n g  a c o m b i n a t i o n  o f  
c o l u m n  c h r o m a t o g r a p h y  o n  s i l i c i c  ac id ,  u r e a  inc lu -  
s i o n  a n d  p r e p a r a t i v e  H P L C .  

Several years ago, minor quantities of geometrical 
isomers of linolenic acid were detected by Ackman et. 
al. (1) in deodorized oils. The same compounds (18.359c, 
12c,15t; 18:3A9t,12C, 15C and 18:3A9t,12c,15t) were 
identified recently as being the major isomers of lino- 
lenic acid formed during heat  t reatment  of vegetable 
oils in the laboratory (2). Minor amounts  of 18:3A9c, 
12t,15c: 18:359c,12t,15t and 18:3A9t,12t, 15C also were 
identified (2). All these components have also been 
isolated in some frying oils obtained from restaurants  
(3). 

Little is known about the metabolism and the phy- 
siological effects of these geometrical isomers of lino- 
lenic acid. However, the 20:5A5C,8C,11c,14C,17t, an 
isomer of 25:0 oJ3, was identified as probably being a 
metabolite of the ingested 18:359c,12c,15t (4) in the 
liver of rats  fed a heated linseed oil. The 22:654c, 
7C,10c,13c,16C,19t was also identified recently when 
the same diet was used (5). Other C20 and C22 polyun- 
saturated fat ty acids are still under investigation. 
These probably are isomers of the usual C20 and C22 
o~3 fat ty  acids. These nutri t ional studies on the iso- 
meric 18:3 acids were carried out using heated oils. It 
is now well established that  heated oils are complex 
mixtures of components such as polymers, oxidized 
compounds and cyclic monomers (6-8). In order to 
gain a better understanding of the metabolism of 18:3 
geometrical isomers, it is necessary to carry out nutri- 
tional studies on pure fractions. 

Knowing that  great  quantities of linolenic acid iso- 
mers are needed for nutri t ional experiments, it did not 
seem feasible to use the synthesis  procedure described 
by Rakoff  and Emken (9). Therefore, we have deve- 
loped two methods. The first one was based on the 
isolation of linolenic acid followed by isomerization 
by nitrous acid. In the second method, the linolenic 
acid isomers were isolated from a heated linseed oil 
(10). The two methods involve combinations of column 
chromatography on silicic acid, preparative high per- 
formance liquid chromatography and urea crystalli- 
zation. 

MATERIALS AND METHODS 

All solvents were redistilled before use. Hexane was 
stirred with sulfuric acid (25 ml acid/1 hexane) for two 
days prior to distillation. 

Gas liquid chromatography (GLC). Each prepara- 
tory step was monitored by GLC of the fat ty acid 
methyl esters (FAME). The GLC analyses were car- 
ried out on a Becker-Packard 417 or 420, or on a Girdel 
3000 chromatograph fitted with a flame ionization 
detector (FID) and a solid injector (11). Glass capillary 
columns coated with Silar 10C (50 m long and 0.25 
mm i.d.) or Carbowax 20M AT (40 m long and 0.35 mm 
i.d.) or a fused silica column (CPSi188, Chrompack, 50 
m tong and 0.32 mm i.d.) were used. Helium was the 
carrier gas. The temperature of both the injector and 
the FID detector was 240 C, while the oven tempera- 
ture was 170 C. The quanti tat ive analyses were per- 
formed using a Vista CDS 401 (Varian) or an Autolab 
System 4 (Spectraphysics) data  acquisition systems. 

Urea fractionation of fatty acids of linseed oil. 
Refined but undeodorized linseed oil (Robbe-Hyfran, 
France) containing about 54.6% or 18:3 ~3 was saponi- 
lied (300 g) and the unsaponifiables removed accord- 
ing to AOCS procedure (Ca-6a-40). A portion (200 g) of 
the resulting fat ty  acids was mixed with a hot solution 
of urea in methanol (300 g urea/1.2 1 methanol). After 
cooling under nitrogen, the flask was placed at 4 C 
overnight. The urea adduct and non-adduct fractions 
were then separated by filtration. The crystals were 
washed with refrigerated hexane. The filtrate was 
transferred into a separatory funnel, and the fatty 
acids were extracted with hexane after addition of two 
1 water and 30 ml HC1 (6N). The resulting fatty acids 
were then esterified by refluxing for six hr  with a solu- 
tion of 1% sulfuric acid in methanol. 

Preparative high performance liquid chromatog- 
raphy (HPLC). Preparat ive HPLC was carried out on 
a Prep LC/Sys tem 500 (Waters) using a Prep-Pak 500 
C 18 cartridge (30 cm x 5.7 cm i.d.), refractometric 
detection and acetonitrile as the solvent at 200 ml/min. 
In each separation, 12 g of fa t ty  acid methyl  esters 
dissolved in acetone were injected. 

Isomerization. The isomerization of linolenic acid 
methyl esters was effected at  40 C for 10 min using 
6.25 ml of 6M nitric acid and 10 ml of an aqueous 2M 
solution of sodium nitrite/100 g of methyl esters. After 
addition of water, the methyl  esters were extracted 
with hexane. 

These methyl esters were further purified on a silicic 
acid column. Silicic acid (70-200 mesh) was heated 
overnight at 160 C. After cooling, 220 g of silicic acid 
were hydrated at 5% and transferred to a glass column 
(55 cm long x 4 cm i.d.). About 40 g of methyl esters 
were fract ionated at once with a 1.2-1 mixture of petro- 
leum ether-diethyl ether (95/5). The quality of purifi- 
cation was evaluated by the nitrogen content deter- 
mination of the fatty acid fraction, using the micro- 
Kjeldahl method. 
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Identification of geometrical isomers of linoleic and 
linolenic acids. The  d e t e r m i n a t i o n  of  the  iden t i ty  of  
each  i somer  of  l inolenic a n d  linoleic acids w a s  effected 
by  GLC (2,9) a f t e r  s i lver  n i t r a t e  TLC.  Si l icagel  60 
precoa ted  p la tes  (Merck 5721) were soaked  in a 10% 
si lver  n i t r a t e  solut ion in acetoni t r i le  for 30 min.  The  
mig ra t i on  so lven t  was  a mix tu re  of benzene-die thyl  
e ther  (90/10). Af ter  drying,  the  b a n d s  were revea led  
under  U V  l ight  a f t e r  s p r a y i n g  wi th  a 0.2% solut ion of 
2'7 '  d ichlorof luorescein in e thanol .  The  b a n d s  were 
sc raped  off  a n d  ex t rac ted  wi th  a mix tu re  of  chloro- 
fo rm-hexane  (1/1). 

Isolation of  linolenic acid isomers from a heated lin- 
seed oil. A hea ted  l inseed oil (275 C, 12 hr, unde r  nitro- 
gen) was  f r ac t iona t ed  as  descr ibed recent ly  (10) by  a 
combina t i on  of saponi f ica t ion ,  ester if icat ion,  co lumn 
c h r o m a t o g r a p h y  a n d  urea  inclusion into a nonu rea  
adduc t  f rac t ion  which  con ta ined  the  cyclic f a t t y  acid 
m o n o m e r s  a n d  a u rea  adduc t  fract ion.  

The  u rea  adduc t  f rac t ion  con ta ined  a mix tu re  of  
s a tu ra t ed  acid m e t h y l  es ters  a n d  cis and trans iso- 
mers  of oleic, linoleic and  l inolenic f a t t y  acid me thy l  
esters.  Th i s  m e t h y l  ester  mix tu re  was  fu r the r  submit -  
ted to a second urea  f r ac t iona t ion  as  descr ibed pre- 
v ious ly  for the  f a t t y  acids,  wi th  a ra t io  of  u r e a / f a t t y  
acid m e t h y l  es ters  of  1.5. T h e  n o n u r e a  adduc t  f r ac t ion  
w a s  t hen  submi t t ed  to a p r e p a r a t i v e  H P L C  under  the  
condi t ions described previously.  

RESULTS AND DISCUSSION 

Preparation of linolenic acid isomers from fresh lin- 
seed oil. The  purpose  of  the  f i rs t  m e t hod  was  to i so la te  
some  l inolenic acid  f rom a l inseed oil a n d  to i somerize  
it  wi th  n i t rous  acid (Fig. 1). I t  was ,  therefore,  neces- 
s a r y  to tes t  the  di f ferent  p a r a m e t e r s  of  each  i so la t ion  
s tep in order  to ob ta in  a good yield and  the  o p t i m u m  
pur i ty  of the  l inolenic acid i somers  fract ion.  

After  s apon i f i ca t i on  of the  l inseed oil in la rge  quan-  
t i t ies a n d  e l imina t ion  of  the  unsapon i f i ab l e  ma te r i a l ,  

the  f a t t y  acids were  submi t t ed  to u rea  inclusion.  All 
the  u rea  inclusion tes ts  were effected wi th  I g of  f a t t y  
acid, before c a r r y i n g  out  the  reac t ion  on l a rge  quant i -  
t ies (200 g). The  tes ts  h a v e  s h o w n  (Table  1) t h a t  the  
f r ac t iona t ion  carr ied  out a t  low t e m p e r a t u r e  (4 C) 
improved  the  eff iciency of  the  inclusion,  as  expected 
f rom the work  of P r ive t t  (12). Fur the rmore ,  w a s h i n g  
out  the  c rys ta l s  wi th  re f r ige ra ted  h e x a n e  (+ 4 C) 
i n s t ead  of  m e t h a n o l  s a t u r a t e d  wi th  urea,  a m e t h o d  
t r ad i t iona l ly  used (13), improved  the  yield in nonad-  
ducted f a t t y  acids  (59.6% ins t ead  of  48.5), w i thou t  
modi f i ca t ion  of  the  concen t ra t ion  of l inolenic acid 
which  in bo th  cases  exceeded 70%. 

The  nex t  step was  to f ind the  bes t  ra t io  be tween the  
respec t ive  quan t i t i e s  of  f a t t y  acids and  u rea  in order  
to ob ta in  a l inolenic acid f rac t ion  as  pure  as  possible.  
Four  d i f ferent  r a t ios  of  u r e a / f a t t y  acids  were  tes ted 
(Table  2). As  expected,  the  inc rease  in the  u r e a / f a t t y  
ac ids  ra t io  f rom 1 to 2 inc reased  the  p e r c e n t a g e  of  
l inolenic acid in the  fi l trate,  whi le  the yield of  the  reac- 
t ion was  reduced f rom 73.5% to 48.7%. However ,  the  
level of linoleic acid is r e m a r k a b l y  cons t an t  (24.4% 
c o m p a r e d  to 24.7%). A second u rea  f r ac t iona t ion  of 
th is  f rac t ion  did no t  resul t  in a n y  decrease  of  l inoleic 

TABLE 1 

Effects  o f  Temperature  and Fatty Acid Types  on the 
Yie ld  of  Urea  Inc lus iona  

Fatty acid 20 C 4 C 

16:0 97.2 99.1 
16:1 (0~9 + ~7) 25. 62.5 
17:0 100 100 
17:1 40 75 
18:0 99.3 99.4 
18:1 (~9 + o~7) 64.4 89.8 
18:2 ct + tc 50 83 
18:2 cc 18.9 34.9 
18:3 ccc 14.8 27.1 

METHOD I METHOD 2 

LINSEED 01L HEATED LINSEED OIL 
~SAPONIFICATION ~SAPONIFICATION 

FATTY ACIDS FATTY ACIDS 
~JREAiN CLUSION (L5/U IMETHYLATION 

ENRICHED I8.3 FRACT,ON FAME 
;METHYLATION ~COLUMN EHROMATOSRAPHY 

FAME 
POLAR NONPOLAR FAME 

PREPARATIVE H PLC / UREA INCLUSION ( 31 I) 
18:3 (9B-99%) 

! 

AcIoitSOM ERIZATION CYCUC # NITROUS 
MONOMERS ISOMERS 

~SOMERS I 
I COLUMN L UREA INC LUSION (I 5111 CHROMATOGRAPHY Y 

ENRICHEDISOMERS 
PURIFIED 18:3 GEOMETRIC ISOMERS IPREPARATIVE HPLC 

18:3 GEOMETRIC ISOMERS 

FIG. 1. F l o w  chart  for the preparat ion  o f  a mixture  o f  
18:3 geometr ica l  i somers .  

a% of fatty acid included. 

TABLE 2 

Inf luence  o f  the  U r e a / F a t t y  Acid Ratio  on  the  Fatty 
Acid Compos i t ion  o f  the  Non u rea  Adduct  Fract ion 

Urea  (g) / fat ty  acids  (g) 

1 1.3 1.5 2 

% of main fatty acids 
in the nonadduct fraction 

16:0 0.2 0.1 tr a tr 
18:0 0.1 0.1 tr tr 
18:1 8.3 5.4 3.3 2.4 
18:2 24.4 24.6 25.5 24.7 
18:3 65.5 66.1 70.3 71.2 

% of nonadduct fraction 73.5 64.7 59.6 48.7 
% of adduct fraction 26.5 35.3 40.4 51.3 

atr = trace (~0.1). 
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acid in the filtrate. It was, therefore, necessary to use 
another  step to obtain a fraction richer in 18:3 ~3. 
Preparat ive  HPLC seemed to be a suitable method to 
isolate a pure fraction of 18:3 ~3, according to the 
results published by Bascetta et al. (14). For this pur- 
pose, it was useful to carry out the HPLC fractiona- 
tion on a fat ty acid mixture which does not contain 
any saturated fat ty acids, because these acids have 
large retention volumes and increase the quanti ty of 
solvent used. For tha t  reason, the choice was limited 
between the u rea / f a t ty  acids ratios 1.5 and 2, which 
gave fractions containing only traces of saturated 
acids and more than  70% of linolenic acid (Table 2). 
However, the yield of the nonurea adduct fraction (fil- 
trate) was much smaller with the ratio 2 when com- 
pared to the results obtained with the ratio 1.5 (48.7% 
compared to 59.6%). Therefore, the u rea / fa t ty  acids 
ratio 1.5 was chosen. 

It was then necessary to find out the optimum con- 
ditions to carry out the HPLC fractionation of the 
mixture enriched in linolenic acid. The separation was 
effected after esterification (Fig. 1). Five fractions 
were collected (Fig. 2). Fraction 1 was almost pure 
methyl l inolenate (99%), while fractions 2 and 3 con- 
tained 86% and 48%, respectively, of 18:3 oJ3. Fraction 
3 was discarded and fraction 2 recycled. The first part  
of the recycled peak (fraction 4) was also rich in 
methyl  l inolenate (99%); it was added to fraction 1. 
Fract ion 5 was discarded. The total analysis  took 12 
min, and 2.51 of acetonitrile were used. An injection of 
12 g gave about 6 g of methyl linolenate with a purity 
of 98.5 to 99.5%. 

lnj. 
I 

S 

6 6 12  min.) 
FIG. 2. Preparat ive  HPLC frac t ionat ion  o f  a mixture  o f  
FAMEs c o n t a i n i n g  about  73% 18:3 ~3. (C18 reverse  phase  
column,  30 cm long  and 5.7 cm i.d., acetoni tr i le  at 200  
ml /min) .  

Nitrous acid has been used to isomerize oleic acid 
(15) and linoleic acid (16). For methyl linolenate, it 
was necessary to find the best experimental condi- 
tions to obtain the highest  yield of mono- trans  trienes 
and the minimum of tri-trans and dhtrans  isomers. 
Considering the time and cost necessary to prepare 
methyl linolenate, the tests were effected on the frac- 
tion isolated by urea fractionation and containing 
about 73% of methyl linolenate, 25% methyl linoleate 
and 1% methyl  oleate. Then these tests were verified 
using a small amount  of pure isolated methyl  lino- 
lenate. 

The first test was carried out under the conditions 
described by Litchfield et al. (15). Two g of methyl 
esters were mixed at 60 C, with 2 ml of a 2 M aqueous 
sodium nitrite solution and 1.3 ml of 6 M nitric acid. 

1 i 

10 

FIG. 3. GLC a n a l y s i s  on  a S i lar  10 C g lass  co lumn o f  a 
mixture  o f  i somer ic  18:1, 18:2 and  18:3 FAME ( isomeriza-  
t ion  a t 6 0  C, dur ing  30 min,  u s i n g  I ml  2M aqueous  sodium 
nitr i te  and 0 .65 ml  6M nitr ic  a c i d / g  o f  FAME). (1) 18:1 t; 
(2) 18:1 c; (3) 18:2 t t ;  (4) 18:2 ct;  (5) 18:2 tc;  (6) 18:2 cc; (7) 
18:3 t t t ;  (8) 18:3 c t t  + 18:3 t c t ;  (9) 18:3 t t c  + 18:3 cc t ;  (10) 
18:3 t c c  + 18:3 c tc ;  (11) 18:3 ccc .  
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Sampling was effected every five min at  the begin- 
ning, then every 15 min, to follow the isomerization 
reaction. Figure 3 shows the fatty acid composition of 
the mixture after 30 min of reaction. Many isomeric 
fat ty acids can be detected. The chemical nature of 
these components was studied after silver-nitrate thin 
layer chromatography (TLC) and gas liquid chroma- 
tographic analysis  (GLC) of each TLC band, using an 
internal s tandard (17:0). Each component was identi- 
fied by comparison with the TLC data of Rakoff and 
Emken (9) and the GLC data published recently (2,9). 
The evolution of the isomerization reaction is shown 
in Figure 4. The three mono-trans-di-cis trienes, pres- 
ent in similar quantities, were pooled, as well as the 
three di-trans-mono-cis isomers, in order to visualize 
the impor tant  changes as the reaction proceeded. A 
rapid decrease in linolenic acid was observed. After 10 
min of reaction, the 18:3 m3 represented less than  10% 
of the total 18:3 isomers. Then, its level diminished 
slowly to reach 4% after 45 min. Consequently, all 
seven geometrical isomers of linolenic acid were de- 
tected after 5 min. of reaction time. The levels of di-, 
trans-mono-cis increased up to 15 min and then 
became stable (46% of total trienes). The trhtrans level 
increased rapidly at the beginning and then slowly, 
whereas the mono-trans-di-cis decreased regularly. 
Moreover, as the mixture became more and more vis- 
cous and yellow-orange, the yield in fat ty acids de- 
creased. These yellow-orange materials,  insoluble in 
hexane but soluble in chloroform, acetone or THF, 
may be polymeric and /o r  nitro compounds. From 
these results, it is evident that  the conditions used in 
this first test are too drastic and that  moderate condi- 
tions should be used. 

Several other conditions of isomerization were then 
tested (Table 3), with changes in temperature, time 
and nitrous acid concentration. Nitrous acid concen- 
tration is very important  because if  the concentration 
is divided by two (tests 2 and 3), the tri-trans content  
decreases from 10.3% to 0.5 and the di-trans-mono-cis 
from 37.4 to 9.0. Further  reduction of the concentra- 
tion in nitrous acid by ha l f  (test 4) resulted in a mod- 
erate decrease in the levels in tri-trans and dhtrans- 
mono-cis. In this case, 60% of tri-cis 18:3 remained 
unchanged. The effect of temperature was studied in 
tests 3, 5 and 6. The results show that  the reduction 

{%} 

.Q ................ o di t 

25 .A t t t  
m0n0 t 

10 I'5 30 /*5 {min} 

FIG. 4. Inf luence  o f  the  l eng th  o f  the  ni trous  acid i somer-  
i za t i on  o f  a m i x t u r e  o f  18:3 oJ3 (73%), 18.2 m6 (25%) and 
18:1 ~9 (1%) on the  f o r m a t i o n  o f  18:3 g e o m e t r i c a l  i s o m e r s  
{results  e x p r e s s e d  as  % o f  tota l  tr ienes .  I s o m e r i z a t i o n  at 
60 C, using 1 ml 2 M aqueous  s o d i u m  nitr i te  and 0 .65  m l  
6M nitr ic  a c i d / g  o f  FAME}. 

from 50 C to 40 C resulted in a decrease in the level of 
tri-trans and of di-trans-mono-cis, but tha t  the reduc- 
tion from 40 C to 30 C did not modify the composition 
of the final mixture appreciably. Since our aim was to 
obtain the maximum amount  of mono-trans-dbcis and 
the minimum amounts of di-trans-mono-cis and of tri- 
trans, it seems tha t  the optimum conditions would be 
a 40 C temperature  and a level of nitrous acid as low 
as possible. However, under these conditions, the yield 
of mono-trans-di-cis is low. Comparison of tests 3 and 
7 showed that  an  increase in reaction time from 10 to 
20 min. resulted in an impor tan t  increase in dhtrans-  
mono-cis and even in trhtrans,  without a noticeable 

TABLE 3 

Inf luence  o f  Var ious  React ion  P a r a m e t e r s  D u r i n g  the  I s o m e r i z a t i o n  o f  Methyl  L i n o l e n a t e  
by  Ni trous  Acid  

Conditions Results 
(% of total 18:3) 

Temperature Nitrite 2M Time 
(°C) (ml/g fatty acid) (min) 

ttt Zdi-trans Zmono-trans ccc 

Test 2 40 0.4 10 10.3 37.4 36.9 15.4 
Test 3 40 0.2 10 0.5 9.0 36.7 53.8 
Test 4 40 0.1 10 0.3 6.7 33.4 59.6 
Test 5 50 0.2 10 1.4 13.4 39.3 45.6 
Test 6 30 0.2 10 0.6 9.6 37.3 52.3 
Test 7 40 0.2 20 2.1 19.2 41.7 37.1 
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i m p r o v e m e n t  in mono-trans-di -c is .  The  condi t ions  of  
tes t  4 were therefore  selected: 10 min.  a t  40 C with  0.1 
ml  of 2M sodium ni t r i te  a n d  62.5 t~l of  6M nitr ic  a c i d / g  
of  FAMEs .  I somer i za t i on  of the  f rac t ion  con t a in ing  a t  
l eas t  98% of  m e t h y l  l ino lena te  ( ins tead  of 73%) car r ied  
out under  the  s a m e  expe r imen ta l  condi t ions  g a v e  
good resul ts .  Minor  a m o u n t s  of tr i - trans (about  1%) 
were  obtained.  

The  i somer ized  m e t h y l  es ters  were t hen  purif ied in 
order  to e l imina te  a n y  seconda ry  reac t ion  products  
which  could h a v e  been formed.  The  m e t h o d  of  Litch- 
field et al. (15) w a s  no t  used  because  it a p p a r e n t l y  

TABLE 4 

Fat ty  Acid  C o m p o s i t i o n  (%) o f  the  T w o  Frac t ions  
Obta ined  U s i n g  Methods  D e s c r i b e d  in  F igure  1 

Fatty acid Method 1 Method 2 

18:1 t --  0.1 
18:1 c - -  0.4 
18:2 ct < 0.2 0.1 
18:2 tc < 0.2 0.1 
18:2 cc 0.6 0.5 
18:3 ttt 1.2 1.1 
18:3 di-trans-mono-cis 12.0 45.6 
18:3 mono-trans-di-cis 35.4 42.2 
18:3 ccc 50.5 4.4 
Unknowns 4.2 a 

aTraces of cyclic fatty acids and other components not yet 
identified. 

r emoves  only  a b o u t  one-ha l f  of  the  c o n t a m i n a t i n g  ni- 
t rogen  (15). The  me thod  which  was  used (silica co lumn 
c h r o m a t o g r a p h y )  is s imi la r  to t h a t  usual ly  used for 
d e t e r m i n i n g  the  a m o u n t  of  po la r  c o m p o n e n t s  in 
hea t ed  fa ts  (17,18), recent ly  developed for me th y l  
es ters  (19). No n i t rogen  c o n t a m i n a t i o n  could be s h o w n  
in the  resu l t ing  F A M E s  af te r  micro-Kjeldahl  ana lys i s .  
The  compos i t ion  of  the  f rac t ion  ob ta ined  f ina l ly  is 
repor ted  in Tab le  4 (first method) .  

I s o l a t i o n  o f  g e o m e t r i c a l  i s o m e r s  o f  l ino ten ic  acid  
f r o m  a h e a t e d  l i n seed  oil. Hea ted  l inseed oil is a good 
s t a r t i n g  m a t e r i a l  to isola te  18:3 geomet r ica l  i somers  
wh ich  are  f o rmed  dur ing  the  h e a t  t r e a t m e n t  of  the  
t r iglycer ides .  However ,  i t  is n e c e s s a r y  to e l imina te  the  
o t h e r  c o m p o u n d s  f o r m e d  d u r i n g  h e a t i n g  s u c h  as  
p o l y m e r s ,  p o l a r  c o m p o u n d s  a n d  cycl ic  f a t t y  ac id  
m o n o m e r s .  The  m e t h o d  used  h a s  been  descr ibed else- 
where  (10) a n d  is s u m m a r i z e d  in F igure  1 (pa r t  of  
me thod  2). The  F A M E s  of  a l inseed oil, hea ted  for 12 
hr  under  n i t rogen,  were purif ied on a silicic acid 
column;  the  non-po la r  f rac t ion  w a s  submi t t ed  to two 
u r e a  inc lus ions  ( ra t io  of  u r e a / F A M E s  = 3); the  non- 
u rea  adduc t  f r ac t ion  con ta ined  the  cyclic m o n o m e r s  
a n d  the  adduc t  f r ac t ion  the  cis a n d  t rans  a l ipha t i c  
f a t t y  acids (isomers).  Th i s  u r ea  adduc t  f rac t ion  was  
t hen  submi t t ed  to a u rea  inc lus ion  wi th  a u r e a / f a t t y  
acids  ra t io  of  1.5 a n d  p r e p a r a t i v e  H P L C  (Fig. 1, 
me thod  2). 

The  a m o u n t  of  t r ienes  in the  f rac t ion  isolated f rom a 
hea t ed  l inseed oil (Table  5) w a s  sma l l e r  t h a n  t h a t  in 
the  f resh l inseed oil (28.8% compared  to 54.6), due to 
the  po lymer i za t ion  and  cycl izat ion which occur dur- 
ing  the  hea t  t r ea tmen t .  The  urea  inclusion of th is  frac- 

TABLE 5 

Fat ty  Acid  C o m p o s i t i o n  o f  the  Frac t ions  Obta ined  After  U r e a  I n c l u s i o n  o f  a Mixture o f  
Methyl  Esters  Obta ined  F r o m  a Heated  L inseed  Oil  

Purified FAME 
from heated Fractions obtained after urea inclusion Inclusion yield 
linseed oil a (ratio urea/fatty acids, 1.5) (%)b 

Nonurea Urea 
adduct fraction adduct fraction 

Weight of each 
fraction (g) 200 114 83.7 
FAME (%) 

Z saturates 16.1 1.0 38.3 96.6 
Z monoenes 30.1 25.6 37.3 51.7 

18.2 ct 4.6 4.5 4.2 40.9 
18:2 tc 4.6 5.8 2.4 23.5 
18:2 cc 11.2 17.9 2.2 8.1 
18:2 tt conj. 0.6 --  1.2 100 

Z dienes 21.0 28.2 10.0 21.0 
18:3 tct 13.8 17.8 7.8 24.3 
18:3 cut 5.8 9.8 1.4 9.5 
18:3 ctc 
18.'3 tcc 7.9 11.6 2.8 15.1 
18:3 ccc 1.3 2.3 0.1 7.6 

£ trienes 28.8 41.5 12.1 17.6 

aFraction obtained after column chromatography of the total methyl esters of a heated linseed oil (275 C, 
12 hr, under nitrogen), and after urea inclusion (ratio urea/fatty acid methyl esters 3). 
bRatio (FAME in urea adduct fraction)/(FAME in starting mixture). 
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tion (200 g) with 300 g of urea gave 114 g of filtrate and 
83.7 g of urea adduct fraction. The analyses of these 
two fractions (Table 5) indicated tha t  the non-urea 
adduct fraction is enriched in trienes (41.5 compared 
to 28.8). Almost all the saturates and ha l f  of the 
monoenes are included (respectively 96.6 and 51.7%). 
However, the dienes are included in about the same 
proportions as the trienes (Table 5, last column). 
Among these trienes, the geometrical isomers of lino- 
lenic acid are much more included than  linolenic acid. 
It would then be very difficult, using one more urea 
inclusion step, to increase the level of 18:3 geometrical 
isomers in the non-urea adduct fraction, without 
further increasing the amount  of linolenic acid. We 
therefore decided to use this nonurea a d d u c t  fraction, 
containing only 1% of saturates and 41.5% of trienes, 
for the  HPLC fractionation. 

11 

9 

8 

7 

FIG. 5. P r e p a r a t i v e  HPLC frac t ionat ion  o f  a mix ture  o f  
FAMEs i s o l a t e d  f r o m  a hea ted  l i n s e e d  o i l  (275 C, 12 hr,  
under  n i trogen ,  s a m e  HPLC condi t ions  as  in  Fig.  2). 

Two recycles were necessary (Fig. 5). The first par t  
of the peak (fraction 1) contained pure trienes and was 
collected. Fract ion 2 was recycled and fraction 3 dis- 
carded. The first par t  of the recycled peak (fraction 4) 
was recycled again and fraction 5 discarded. Fract ion 
6 was pure in trienes and fraction 7 discarded. With 
11.5 g injected at once, 3.5 g of trienes were obtained. 
The composition of this fraction (Table 4, method 2) 
was quite different if compared to the mixture ob- 
tained using method 1. The amount  of all cis  18:3 ~3 
was much smaller in the fraction isolated using 
method 2. It is important  to note that  18:3 t t t  is present 
in minor quantities in the fraction isolated from heated 
linseed oil. This component was not detected in the 
start ing fraction, probably due to the overlap with 
traces of cyclic fa t ty  acid monomers. The t r h t r a n s  18:3 
also was not  determined in a rapeseed oil heated at 
240 C for 10 hr  (2). It  is possible tha t  this component 
was present in too small a quant i ty  to be detected that  
the different heat ing conditions (275 C, 12 hr under 
nitrogen versus 240 C, 10 hr with air) can lead to dif- 
ferent fat ty acid compositions. 

An advantage  of the second method is the possibil- 
ity of stopping the preparation when cyclic monomers 
are removed (Fig. 1). The linolenic acid geometrical 
isomers are then present  in a mixture containing 
straight-chain aliphatic fa t ty  acids suitable for nutri- 
t ional purposes. Another  advantage of this method is 
tha t  different heat ing conditions can be used to obtain 
different fa t ty  acid compositions. For example, 200 C 
is a better temperature to obtain mono- t rans -d i - c i s  
compounds with very little d i - t rans -mono-c i s  content. 
A higher temperature (240 C, for example) yields 
higher proportions of geometrical isomers with regard 
to linolenic acid. However, in this case, the di- trans-  
mono-c i s  isomers are present in important  quantities 
and become the major isomers if the heat ing time is 
sufficient (20). The 18:3 geometrical isomers mixtures 
could be further fractionated in order to obtain pure 
m o n o - t r a n s ,  d i - t r a n s  and t r i - t rans  fractions by silver 
resin chromatography on a macroreticular  column, 
according to the procedure of Lanser  and Emken (21). 
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ERRATA 

An error occurred in a figure legend which appeared in the 
July issue of the Journal of  the American Oil Chemists '  
Society. The legend to Figure 3 in "A Methodology Study 
to Evaluate Quality of Soybeans Stored at Different 
Moisture Levels" should have read, "Phosphorus removed 
by degumming oils from soybeans stored at different 
moisture levels." 

The paper was written by E. N. Frankel, A. M. Nash and 
J. M. Snyder. I t  appeared in J. Am.  Oil Chem. Soc. 
64:987-992 {1987). 

The following material is reprinted, in its correct form, from 
a paper which appeared in the July issue of the Journal of  
the American Oil Chemists '  Society. The paper, "Forma- 
tion of Short Chain Volatile Organic Acids in the 
Automated AOM Method," was by J. M. deMan, Fan Tie 
and L. deMan. It  appeared on pages 993 through 996. 

The formation of formic acid in autoxidizing oils has 
been elucidated by  Loury (6). He postulated tha t  formic 
acid is formed by peroxidation of aldehydes, A resonance 
equilibrium is established between two limiting forms of 
an aldehyde molecule: 

R--CH2--CH--O -~- R--CH2--CHO ~ R--CH--CHOH 

or, more exactly, between two limiting forms of the 
carbonyl-free radical tha t  initiates the autoxidation chain: 

R--CH2--CO -~ R--CH--CH0 

The first hybrid yields a peracid-free radical by autoxida- 
tion, and chain t ransfer  gives the peracid: 

O 
O 

R--CH2--CO + O2 -~ R--CH2--C--O 

The second hybrid is able to tie up oxygen at  the a car- 
bon to yield the a-hydroperoxy aldehyde by a similar 
mechanism: 

0 
0 

R--CH--CH0 + 0~ -~ R--CH--CH0 

The lat ter  results in formic acid and a new aldehyde by 
breakdown of the - -O- -O and - -C--C bonds: 

H 
0 

0 
R--CH--CH0 ~ HC00H + R--CH0 
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