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Heat  treatment  o f  sunf lower  oi l  resul ted  in the  for- 
mat ion  o f  l ino le ic  geometr ica l  and pos i t iona l  i so-  
mers.  T h e se  i somers  w e r e  i so lated  us ing  a combi-  
n a t i o n  o f  co lumn chromatography ,  urea  fract ion-  
at ion,  h igh  per formance  liquid c h r o m a t o g r a p h y  
(HPLC) on  a C18 reverse  phase  co lumn and s i lver  
n i trate  th in  layer  c h r o m a t o g r a p h y  (TLC). Each  
c o m p o n e n t  w a s  submitted to h y d r a z i n e  reduct ion  
and the resu l t ing  m o n o e n e s  to AgNO3-TLC. The  
resu l t ing  cis and t rans  fract ions  were  submitted to 
o z o n o l y s i s  in BF3-MeOH in order to de termine  the  
pos i t ion  o f  the  e thy len ic  bonds.  The major i somers  
w e r e  the  cis, t rans  and t rans ,  cis 18:2 A9, 12, the  
t rans ,  t ran s  18:2 Ag, 12 and some  cis, t rans ,  t rans ,  
cis and t rans,  t rans  18:2 conjugated  dienes.  The eis, 
t r a n s  and t rans ,  cis conjugated  d ienes  w e r e  the  
Ag, l l ,  A10,12, A l1 ,13  and A12,14 w h i l e  the  t rans ,  
t r a n s  i somers  w e r e  the  A9,11, A10,12 and Al1 ,13 .  
These  C18:2 i somers  a lso  were  detected in oi ls  col-  
lected from res taurants  and market  vendors .  

Geometrical fat ty acid isomers of unsaturated fa t ty  
acids have been found mainly in food products such 
as margarine and shortening (1-4) as a result of par- 
tial hydrogenation (5). Geometrical isomers of linole- 
nic acid (18:3 49, 12, 15) were also found as a result of 
the deodorization process (6). Three major isomers 
(18:3 A9c, 12c, 15t, 18:3 A9t, I2c, 15c and 18:3 ~9t, 12c, 
15t) recently were identified in oils heated in the labo- 
ratory under severe conditions (7) as well as in sam- 
ples collected from commercial frying operations (8,9). 
However, only few data were available on the isomeri- 
zation of linoleic acid during heat or frying treatment 
(6,10,11). For example, the 18:2 A9t, 12c was identified 
as a result of the deodorization process. Furthermore, 
the gas liquid chromatographic (GLC) analysis of the 
heated rapeseed oil used by Grandgirard et al. (7) to 
identify the 18:3 geometrical isomers revealed two un- 
known components having retention times on Carbo- 
wax-20M close to that  of 18:2 oJ6 and several other 
components having retention times close to 20:0 and 
20:1. The unknown components were also observed in 
oils containing a large amount  of 18:2 oJ6 (-65%, sun- 
flower), heated in the laboratory. Considering the 
GLC retention data, these components could be antic- 
ipated to be cyclic fa t ty  acid monomers which are 
known to be formed during the heat t reatment (12-16) 
or, most probably, positional and /o r  geometrical 
isomers of linoleic acid (17). 

The purpose of this study was to characterize these 
unknown components. These were identified in a 
heated sunflower oil as being a mixture of 18:2 A9t, 
12t, 18:2 A9C, 12t, 18:2 A9t, 12C, and some cis, trans 
and trans, trans conjugated I8:2 isomers. 

MATERIALS AND METHODS 

Purification of solvents. All the solvents were redis- 
tilled before used. 

]Presented in part at the AOCS/JOCS annual meeting in Hono- 
lulu, Hawaii, in May 1986. 

Heating conditions. A refined sunflower oil was pur- 
chased from Lesieur Cotelle (France). This oil was 
heated at 275 C for 12 hr under nitrogen in a 1-1 
round-bottomed flask. It was also heated in a commer- 
cial fryer (Calor 08) at 200 C for 48 hr using a 2-hr 
daily cycle. The volume of the oil in the aluminum- 
coated tank was 3.0 1. 

Gas liquid chromatography (GLC). All the GLC 
analyses were carried out on a Becket-Packard 420 
chromatograph fitted with a flame ionization detec- 
tor (FID). The analyses were effected on capillary col- 
umns coated with Silar-10C (50 m long and 0.50 mm 
i.d.) or CP SIL-88 (50 m long and 0.32 mm i.d.). All 
quantitative analyses were effected using a Vista 
CDS 401 (Varian). 

High performance liquid chromatography [HPLC]. 
The semi-preparative HPLC was carried out on a re- 
verse phase column (Merck, Lichrosorb, 7 #, 7 mm 
i.d., 25 cm). The sample (-40 mg) was dissolved in 
acetone. Pure methanol was used at 4 ml/min.  

Preparation of fatty acid methyl esters. Oil samples 
were saponified with KOH, and unsaponifiables were 
removed by AOCS procedure Ca-6a-40. The recovered 
fat ty acids were converted to methyl esters by reflux- 
ing for 5 hr with 4 volumes of 1% H2SO4 in MeOH (18). 
The esters were recovered with hexane and washed 
free of acids. 

Fractionation of methyl esters by column chroma- 
tography. The method used by Perrin et al. (19) was 
slightly modified as follows: Silicic acid (70-200 mesh) 
was dehydrated at 160 C for 6 hr and furtl~er rehydrat- 
ed at  5%. The column used Was 55 cm long and 4 cm 
i.d. and 40 g of methyl esters were fractionated at 
once (20). The nonpolar fraction was eluted with 1 1 of 
a mixture of petroleum ether: diethyl ether (95:5). 

Urea fractionation of fatty acid methyl esters. A 
saturated solution of urea in methanol was heated 
until complete dissolution of urea, and the methyl es- 
ters were added (-140 g). The solution was cooled un- 
der nitrogen and remained at 4 C overnight. The ad- 
ducts (crystals) were separated from the nonadduct  
fraction by filtration. Two 1 of H20 and 30 ml of HC1 
(6N) were added to the crystals, and the fat ty acid 
methyl esters were extracted with petroleum ether. 

Silver nitrate thin layer chromatography (TLC). 
Fat ty  acid geometrical isomers were fractionated by 
AgNO3-TLC using Merck's plates (5721, 0.25 mm 
thickness) previously dipped in a 10% solution of 
AgNOa in acetonitrile as described elsewhere (18). 

Hydrazine reduction. The hydrazine reduction of 
the C18 diunsaturated fat ty acids followed the proce- 
dure published for the more highly unsaturated fat ty 
acids (21). 

Ozonolysis in BF3-MeOH. The ozonolysis in BF3- 
MeOH followed the method described by Ackman et 
al. (22), slightly modified for the Supelco micro-ozoniz- 
er (7). The analyses of the resulting mono- and dies- 
ters were carried out on a Silar-10C column. 

RESULTS AND DISCUSSION 
Heat t reatment of a refined sunflower oil resulted in a 
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slight decrease in oleic acid, a large decrease in linole- 
ic acid and the formation of unknown components (1, 
4 and 5, Fig. 1 and Table 1). Components 2 and 3 
already had been detected in the refined oil (Fig. 1). 
Considering their retention times, these could be an- 
ticipated to be geometrical isomers of 18:2 A9c, 12c, 
probably formed during the deodorization process (6, 
11). If  we consider that  the saturated fat ty acid could 
be only slightly modified under these heating condi- 
tions (23, 24), it is obvious that  the quantities of com- 
ponents 2 and 3 increased during the heat treatment. 
The ratio 18:0/2+3 decreased from I3.88 in the fresh 
oil to 3.85 in the sample heated at  200 C for 48 hr. 

All these unknown components were isolated using 
the method described in Figure 2. This method was 

TABLE 1 

E vo lu t ion  o f  the  Quant i t i es  o f  S o m e  C 16 and C18 
Fatty  Acids  in  S u n f l o w e r  Oil  After  Heat  Trea tment  

Peak area ratios Sunflower oil 
(Fig. 1) Sunflower oil 200 C/48 hr 

16:0/18:0 1.33 
18:1c/18:0 4.04 
18:2cc/18:0 14.32 
18:0/1 
18:0/2+3 13.88 
18:0/4 
18:0/5 

1.33 
3.66 
8.14 

13.89 
3.85 

45.36 
13.51 

16:0 

18:0 

8:1 w9 rS:Zw6 

[P Sii-88 

170~ 

SUNFLOWER OIL 

20:0 18 3 20:1 
,._.. JX,- . ~ .  

2' 

HEATED SUNFLOWER OIL 

200% 148h 

20:0  4 5 

" - - -  -~------~--~- ~ ~ - t  

9 TIMEImin) ~I/+ 

FIG. 1. Gas l iquid c h r o m a t o g r a p h i c  a n a l y s e s  on  a g la s s  cap i l lary  co lumn 
coated  w i t h  S i lar -10C (50 m l o n g  and 0 .50  m m  i.d.) o f  a re f ined  s u n f l o w e r  
oi l  and a s u n f l o w e r  o i l  hea ted  at 200  C for 48  hr. 
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FIG. 2. F l o w  chart  for the  i s o l a t i o n  o f  the  18:2 p o s i t i o n a l  
and geometr ica l  i so me rs  in a hea ted  s u n f l o w e r  oil .  

slightly different from that  used to isolate the geomet- 
rical isomers of linolenic acid (7). For the heated sun- 
flower oil, it was necessary as a first step to eliminate 
the cyclic fa t ty  acid monomers (CFAM) formed dur- 
ing the heat  t reatment  because they could interfere in 
the HPLC fractionation. This was carried out using 
urea fractionation. However, in order to eliminate all 
the CFAM from the urea adduct fraction, it was neces- 
sary to use a large methyl  ester/urea ratio. All the 
unknown components were found in the diene frac- 
tion isolated by HPLC on a C18 reverse phase column 
(Fig. 2). These were further fractionated by AgNOa- 
TLC. Five bands were obtained (Figs. 2 and 3). The 
band of Rf 0.23 contained one component of equiva- 
lent chain length (ECL) value of 19.40 corresponding 
to the position of 18:2 A9c, 12c (Fig. 3). The following 
band of Rf 0.41 contained two components of ECL 
19.18 and 19.29. The band of Rf 0.53 contained one 
major component of ECL 19.05 and other minor com- 
ponents of larger ECL values. The band of Rf 0.59 
was a complex mixture of components with ECL val- 
ues ranging from 20.55 to 21.10, while the band of Rf 
0.64 contained only one peak of ECL value of 21.10. 

Each component was then identified using the 
method outlined in Figure 4. It is very difficult to de- 
termine the position of the ethylenic bonds in a diene 
using ozonolysis in BFa-MeOH, a technique which 
was developed to study the monoenes (25), because it 
is necessary to transform the methyl esters into alco- 
hols prior to ozonolysis (26). Each determination was 
therefore effected on the corresponding monoenes ob- 
tained after hydrazine reduction of the isolated C18:2 
unknown component. The hydrazine reduction takes 
place without modification of either the geometry or 
the position of the ethylenic bond on the carbon chain 

EEL= 19.18 

I 
EEL= 1929 

'J~IEEL= I9.b,O 

ECL--I905 

EEL=21.10 

SILAR - IO C 
180~ 

?Rf=064 

~ ~  Tot~ [ 18:2 

II TIME (min) ~ 22 

FIG, 3, Gas liquid chromatographic analyses on a glass capillary 
column coated with Silar-10C (50 m long and 0,5 mm i.d.) of the 
total isolated C18:2 and the different AgNOa-TLC bands using 
the procedure described in Fig. 2. 

(27, 28) so that  the ethylenic bonds in the monoenes 
represent those of the parent molecule. The position 
of the ethylenic bonds was therefore elucidated after 
examination of the mixture of dimethylesters pro- 
duced by ozonolysis of each monoene band (cis and 
trans) after separation on silver nitrate TLC plate. 
We have presented in Table 2 all the results for each 
isolated 18:2 band (Rf 0.23, 0.41, 0.53, 0.59 and  0.64) 
for the hydrazine reduction, the silver nitrate TLC 
and the ozonolysis. For example, the hydrazine reduc- 
tion of the band of Rf 0.23 gave a mixture of four 
components: 18:0, two monoenes and some unreacted 
diene. After isolation of the monoenes by HPLC (Fig. 
4), these were further submitted to AgNOa-TLC. Only 
one cis band containing two monoenes was observed. 
The ozonolysis gave two dimethylesters with nine 
and 12 carbons. The component was therefore the 
18:2 A9c, I2c. All the other 18:2 unknown components 
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TABLE 2. 

Components  Formed After Hydrazine Reduction, 
Fractionation by AgNO3-TLC and Ozonolysis  
of  5 TLC Bands Containing Some C18:2 U n k n o w n  
Fatty Acids a 

Band Hydrazine Ozonol- 
(Rf) reduction AgNO3-TLC ysis 

0.23 18:0 . .~2 cis 18:1 : ~DMC9 b 
18:1 (2 i s o m e r s ) /  /DMC12 
18:2 

0.41 18:0 [ 2 cis 18:1 ~ ~ DMC9 
18:1 (4 isomers) : ~ I DMC12 
18:2 (2 isomers) ~ 2 trans 18:1 ~ ~ DMC9 

! DMC12 

0.53 18:0 
DMC9 18:218:1 (2 isomers/~ :- 2 trans 18:1 :- ~ DMC12 

0.59 
18:0 
18:1 mixture 
18:2 mixture 

cis 18:i 
mixture 

trans 18:1 
mixture P 

DMC9 
DMC10 

i DMC11 
I DMC12 
DMC13 
DMC14 

DMC9 
DMC10 
DMCll 
DMC12 
DMC13 
DMC14 

I DMC9 
18:0 trans 18:1 DMC10 

0.64 18:1 mixture * mixture ~ DMCll 
18:2 (1 peak) DMC12 

DMC13 

aFollowing the procedure outlined in Fig. 4. 
bDMC9, Dimethyl ester with 9 carbon atoms (dimethyl non- 
anoate). 

were ident i f ied us ing  the  same me thod  as well as 
the i r  posi t ion on AgNO3-TLC (Fig. 2) an d  their  GLC 
re tent ion t imes (Fig. 1). Cons ider ing  the  resul ts  report- 
ed in Tab le  2, the  b an d  of Rf  0.41 con ta ined  two un- 
knowns  which  were the  18:2 A9c, 12t an d  the  18:2 z~9t, 
12c. These  were the  peaks  2 a n d  3 in F igure  1. In  order  
to es tab l i sh  which  componen t  cor responded  to peak  2 
or 3, a por t ion  of  the b a n d  of  Rf  0.41 was fu r the r  
submi t ted  to an o th e r  AgNO3-TLC an d  the  resul t ing  
b a n d  cut into two par ts  to ob ta in  respect ive  enrich- 
m e n t  in one of  the co m p o n en t s  in t h e  h ig h e r  pa r t  
(Fig. 1, peak  2 of ECL value  of 19.18). I t  was then  
possible b y  looking at  the  propor t ion  of DMC9 a n d  
DMC12 f rom both  the  cis  an d  the  t r a n s  18:1 for  the  
h ighe r  an d  for the lower pa r t  of  the  AgNO3-TLC band  
to a t t r ibu te  peak  2 to the  18:2 A9c, 12t and  peak 3 to 
18:2 A9t, 12c. 

The  b a n d  of  Rf  0.53 con ta ined  peak  1 (Fig. 1) which  
was  ident i f ied as 18:2 A9t, 12t f rom the  ozonolysis  
f ragments .  The  b an d  of  Rf  0.59 con ta ined  the compo- 
nen t s  4. Cons ider ing  the  ozonolys is  resul ts  as well as 
the i r  GLC re ten t ion  t imes  an d  the i r  Rf  values,  these  
componen t s  were ident if ied as a mix tu re  of  cis,  t r a n s  
an d  t rans ,  c is  con juga ted  18:2 A9,11, 18:2 A10,12, 18:2 
Al l ,13  and  18:2 A12, 14. Bo th  the  cis  an d  t r a n s  bands  
gave  the  same  d imethy l  esters; this  could not  be due 
to a cross con tamina t ion ,  cons ider ing  the  resul ts  pub- 
l i shed by  G u n s to n e  et al. (29). S imi lar ly ,  the  band  of  
Rf  0.64 con ta ined  a mix ture  of  componen t s  (peak 5) 
which  were ident if ied as t r a n s ,  t r a n s  conjugated  18:2 
A9, 11, 18:2 ~10, 12 a n d  18:2 A l l ,  13. These  th ree  com- 
ponen t s  h a v e  the  same  re ten t ion  t ime on po la r  col- 
u m n s  (Silar 10C or  CP-SIL 88). Th is  agrees  wi th  the  
resul ts  publ ished by  Scholf ield (30) on Si lar  10C 
where  cis, t r a n s  and  t rans ,  c is  conjuga ted  dienes such 
as  18:2 A9c, l l t  (ECL = 20.72) an d  18:2 A10t, 12c (ECL 
= 20.86) would be sepa ra ted  while the  t rans ,  t r a n s  
con juga ted  ones such as 18:2 A 9t, l l t  (ECL = 21.22), 
18:2 A10t, 12t (ECL = 21.23) an d  18:2 A l l t ,  13t (ECL = 
21.19) would not.  

These  u n k n o w n  componen t s  are  found not  on ly  in 
oils hea t ed  in the  l ab o ra to ry  under  severe condi t ions  
bu t  also in oils collected f rom r e s t au ran t s  and  m a r k e t  
vendors  (oils A and  B in Table  3). F o r  example,  simi- 
lar i t ies  exis t  be tween the  used f ry ing  oil B (a sunflow- 
er oil) and  the  oil hea t ed  in the l abo ra to ry  at  200 C for 

TABLE 3. 

Linoleic Acid I somers  (% of  chromatographed esters) in Heated Oils 

Sunflower oils heated in 
Fatty acids the laboratory Used frying oils 

200 C 275 C 
(24 X 2 hr) 12 hr, N2 A B 

18:2 A9t, 12t 0 . 2 1 . 0  0.3 tr. 
18:2/~9c, 12t 0.4 10.5 0.7 0.6 
18:2 A9t, 12c 0.3 13.1 0.5 0.5 
18:2 A9c, 12c 51.0 30.9 44.1 51.0 
18:2 conj (ct+tc) 0.1 1.3 0.2 0.1 
18:2 conj (tt) 0.6 2.0 0.6 0.3 
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FIG. 4. F l o w  chart  for  the  i d e n t i f i c a t i o n  o f  the  i s o l a t e d  
C18:2 i s o m e r s  f r o m  a h e a t e d  s u n f l o w e r  oil .  

24 h r  us ing  2-hr da i ly  cycles. Fo r  the  used  f ry i n g  oil B 
which  con ta ined  39.5% polymer ic  t r ig lycer ides  a n d  
54.6% po la r  componen t s ,  the  18:2 A9c, 12c still  repre-  
sen ted  51% of  the  c h r o m a t o g r a p h e d  es ters  whi le  all  
the  18:2 i somers  (ct, tc, t t  a n d  conjuga ted)  represen ted  
abou t  2.8% of the  to ta l  C18 dienes. For  s a m p l e  A, these  
18:2 i somers  (ct, tc, t t  a n d  conjugated)  were  abou t  4.9% 
of the  to ta l  C 18 dienes.  These  resul ts  ind ica te  t h a t  the  
i somer iza t ion  of linoleic acid dur ing  f ry ing  opera t ions  
is not  negl ig ible  even  i f  the  a m o u n t  of  i somers  pro- 
duced is m u c h  sma l l e r  c o m p a r e d  to t h a t  fo rmed  f rom 
linolenic acid dur ing  commerc ia l  f ry ing  opera t ions  (8). 
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