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Abstract 
Many studies have been published on the effect 

of antioxidants on unsaturated fa t ty  acid esters 
but  the differences of the effects of antioxidants 
on geometric isomers have never been inves- 
tigated. In this study, methyl cis-9, cis-12- 
octadecadienoate and its trans isomer methyl 
trans-9, trans-12-octadecadienoate were used as 
methyl noneonjugated dienoatcs, and BHA,  
BHT,  PG, NDGA, 4,4'-dihydroxy-3,5,3',5'-tetra- 
ter t-butyl  diphenyl methane, L-thyroxine sodium 
salt, a-tocopherol and sesamol were used, as anti- 
oxidants. The differences of the effects of anti- 
oxidants on both geometric isomers were inves- 
tigated by determining the induction period 
using the weighing method. Also determined 
were the infrared and ultraviolet spectra, 
peroxide values, conjugated diene contents, 
isolated trans double bond contents and molecular 
weights for the controls and the samples con- 
taining antioxidants. The cis,cis isomer was more 
easily autoxidized and had a shorter induction 
period than the trans,trans form. By the end 
of the induction period, no isolated trans double 
bond forms in the eis,cis isomer, but  a consider- 
able amount of isolated trans double bond de- 
creased in the trans,trans isomer. In general, the 
effects of antioxidants, except NDGA, on the 
cis,cis isomer were larger than the trans,trans 
form. 

Introduction 
Many studies have been made on the effect of 

antioxidant in autoxidation, but details are still 
obscure (1-14). There have been no papers on the 
differences of the effects of antioxidants on geometric 
isomers. In this study, methyl cis-9, cis-12-octade- 
eadienoate and its geometric isomer methyl trans-9, 
trans-12-octadeeadicnoate were used as methyl non- 
conjugated dienoates, and butylated hydroxyanisole 
(BI tA) ,  butylated hydroxytoluene ( B H T ) ,  propyl  
gallate (PG) ,  nordihydroguaiaret ic acid (NDGA),  
4,4'-dihydroxy-3,5,3' ,5 '-tetra-tert-butyl diphenyl meth- 
ane, L-thyroxine sodium salt, a-tocopherol, and 
sesamol were used as antioxidants. The relative effec- 
tiveness of antioxidants for both geometric isomers 
was estimated by determining the induction period 
by the weighing procedure. In f ra red  and ultraviolet 
spectra, peroxide values, conjugated diene contents, 
isolated trans double bond contents and molecular 
weights for the controls and samples containing anti- 
oxidants were determined, and the component change 
for each sample at the end point of the induction 
period in the autoxidation was estimated. 

Experimental Procedure 
sample 

Preparation of Methyl Cis-9, Cis-12-Octadienoate 
(methyl linoleate). Methyl linoleate was obtained by 
treating safflower oil fa t ty  acids with methanol (in 
quanti ty equivalent to twice the fa t ty  acids) con- 
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raining 2% of sulfuric acid and by fract ionat ing 
them by twice the urea-adduet formation at room 
temperature.  The second filtrate was fur ther  frae-. 
tionated by urea-adduct formation at - 2 0  C to obtain 
methyl linoleate as the urea-adduet and to remove 
natural  antioxidants. Thus obtained, methyl linoleate 
was of 99% pur i ty  as determined by GLC. The., 
removal of natural  antioxidants from methyl linoleate 
was confirmed by colorimetry using ferric chloride. 
and a,a '-dipyridyl alcohol solutions as reagents (15).. 

Preparation of Methyl Trans-9, Trans-12-Octadeca-. 
dienoate. Ninety-nine per cent of linoleic acid was', 
converted to the trans, trans isomer by t reatment  with, 
nitric acid and sodium nitr i te  (16). The trans,tra/ns, 
isomer was refined by the elution chromatography 
with silica gel adsorbent and by low temperature  
reerystallization with acetone. Then trans-9, trans-12- 
octadeeadienoie acid Imp found:  28.3-28.7 C; ex- 
pected: 28-29 C (17,18) ] was obtained, and converted 
to the methyl ester by using methanol containing 
sulfuric acid. 

Antioxidant. BHA, BHT,  PG, NDGA, ~-toeopherol, 
L-thyroxine sodium salt, and sesamol were commercial 
products. 4,4'-Dihydroxy-3,5,3' ,5 '-tetra-tert-butyl di- 
ph,enyl methane Imp 154.2-154.6 C ; 154 C (19) ] was 
a synthetic product. These products were used as 
antioxidants. 

Autoxidation of Methyl Nonconjugated Octadecadienoate 
and the Sample Containing the Antioxidant (20, 21) 

Each 1.5000 ± 0.0020 g of methyI noneonjugated 
octadecadienoate and 0.15 ml of alcohol 1.0 × 10 1% 
(g/100 ml) antioxidant solution were added to a 
beaker of 4.1 em in diameter. The solvent was care- 
ful ly  removed in a vacuum desiccator at constant 
temperature (30 ± 1C)  for 1 hr, at 1 mm Hg 
pressure. Each beaker was accurately weighed, then 
placed in an oven at a constant temperature  of 
36.5 + 0.5 C. At given intervals each beaker was 
weighed to estimate weight increase. The depth of 
the oil layer for each sample was maintained constant. 

Determination 
The above mentioned weight increase was deter- 

mined by the weighing procedure, which is the most 
convenient method for estimating autoxidation 
(20,21). The point of gaining weight chosen as the 
end point of the induction period was 10 rag, since 
at this point most samples began to gain weight 
rapidly. Based on the weight of each sample, the 
weight increase at this point was found to be 0.67%. 
Determination of infrared spectra (cell: 0.1 mm 
NaC1, solvent: carbon tetrachloride, carbon disulfide), 
ultraviolet spectra, peroxide values [m.eq./kg, iodo- 
met ry  (22)] ,  conjugated diene contents (estimated 
from the result of the ultraviolet spectra),  isolated 
trans double bond contents (estimated from the re- 
sult of infrared spectra) ,  and molecular weights 
(with the Hitachi Perkin-Elmer 115 type apparatus 
for molecular weight determination) was made for 
the samples. 
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Effec t  of An t iox idan t s  on the  I n d u c t i o n  P e r i o d  in  the  Au tox ida t ion  
of :M:ethyl Cis-9, Cis-12- a n d  Trans-9, Trans-12-Octadecadienoates 

A n t i o x i d a n t  

F U K U Z U M I  A N D  I K E D A :  A N T I O X I D A N T S '  E F F E C T S  O N  G E O M E T R I C  I S O M E R S  

~ e t h y l  cis-9, cis-12- Methyl  trans-9, trans-12- 
oc tadeead ienoa te  (C)  oe tadecad ienoa te  ( T )  

I n d u c t i o n  I n d u c t i o n  
per iod  Effect  pe r iod  Effect  

( h r )  ( r a t i o ) a  ( h r )  ( r a t i ° ) a  

B l a n k  control  3.5 X 10 1 5.2 X 10 1 
BI~IA 2.0 X 102 5.7 2.6 X 102 5.0 
B H T  2.9 X 10 e 8.3 1.7 X 10 ~ 3.3 
P G  5.6 X 10 ~ 15.9 2.2 X 10 ~ 4.2 
N D G A  7.0 X 10 2.0 8.2 X 10 ~ 6.1 
D b 2.0 X l 0  s 5.7 1.3 X 102 2.5 
L - T h y r o x i n e  1.2 X 10 ~ 3.4 1.4 X 102 2.7 

sod ium sal t  
a-Tocopherol  4.5 X 10 1.3 7.5 X 10 1.4 
Sesamol  3.2 X 10 ~ 9.1 5.5 X 10 1.1 

a Ra t io  of t he  i nduc t ion  pe r iod  of the  sample  c o n t a i n i n g  a n t i o x i d a n t  
to t h a t  of C or  T.  

b4 ,4 ' -D ihydroxy-3 ,5 ,3 ' , 5 ' - t e t r a4e r t -bu ty l  d iphenyl  methane .  

Results and Discussion 

The autoxidation induction period was estimated 
for  methyl cis-9, cis-12-octadecadienoate (C) and 
methyl trans-9, trans-]2-octadecadienoatc (T) and for 
each sample containing the antioxidant. In one case, 
determination was performed for 10 samples and the 
significant figure had two units (Table I ) .  

In f ra red  spectra for  the samples gaining weight 
in the early stage were almost the same regardless 
the kind of antioxidant. In f ra red  spectra for the 
samples and for those gaining 10 mg and 50 mg 
(containing B H T )  are shown in Figure  1 for cis,cis 
isomers and in Figure  2 for  trans,trans isomers. 

Peroxide values (m.eq./kg) for  the blank controls 
and the samples (containing antioxidants) gaining 
10 mg are given in Table II.  

I t  has been confirmed that  the main product  in 
the early stage of the autoxidation for unsaturated 
compounds is a hydroperoxide having -0OI-I group 
at the methylenic group adjacent  to double bonds 
(1,6). However, it is not absolutely certain whether 
the reaction of producing the hydroperoxide begins 
by abstracting hydrogen at the a-methylenic group 
(6) (molecule-induced homolysis may promote the 
reaction),  or by direct oxygen attacking extremely 
small numbers of double bonds (1). In  the autoxida- 
tion reaction at the steady state, the attack by the 
hydroperoxyl  radical at the methylenic group ad- 
jacent to double bonds occurs, af ter  all (1). 

Comparing C with T in Table I, the induction 
period in the autoxidation for T is longer than for 
C. That  is, T is more stable against autoxidation 
than C. This would be owing to whether the abstract 
of hydrogen in C occurs more easily than in T, or 
whether the direct attack of oxygen at an extremely 
small number  of double bonds takes place more easily 
in C than in T. The effects of the antioxidants, 
except NDGA, on C are in general larger than on T. 
Figure  1 shows the absorption band for the hy- 
droperoxyl  group at 3450 cm -1 (23) in samples C 

T A B L E  I I  

P e r o x i d e  ~ralues for  the  B l a n k  Controls  a n d  the  Samples  
( C o n t a i n i n g  A n t i o x i d a n t s )  G a i n i n g  10 r a g / 1 . 5  g W e i g h t  

P e r o x i d e  va lue  ( m . e q . / k g )  

C T 
A n t i o x i d a n t  

Sample  1.2 2.3 
B l a n k  control  5.0 X 10 2 4.8 X 10 2 
B H A  5.0 X 10 ~ 4.5 X 10 s 
B H T  4.8 X 10 ~ 4.0 X 10 ~ 
P G  3.8 X 10 ~ 4.0 X 10 ~ 
N D G A  5.3 X 10 ~ 4.3 X 10 2 
D 5.3 X 10 ~ 3.5 X 10 ~ 
L - T h y r o x i n e  s o d i u m  salt  7.0 X 10 ~ 3.8 X 102 
a-Tocopherol  4.5 X 10 ~ 4.8 X 10 e 
Sesamol  5.0 X 10 ~ 3.8 X 102 
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F I ~ .  1. I n f r a r e d  s p e c t r a  f o r  m e t h y l  0@-9, cis-12-octadeca- 
d i e n o a t e  a n d  t h e  m e t h y l  e s t e r s  ( c o n t a i n i n g  B H T )  g a i n i n g  
w e i g h t ,  10  m g  a n d  50  r a g / 1 . 5  g .  ~ T h e  s a m p l e ,  - - - - - -  
10 m g  ( w e i g h t  i n c r e a s e ) ,  - . . . .  50  m g  ( w e i g h t  i n c r e a s e ) .  

gaining 10 mg. In  samples T gaining 10 mg, the 
above mentioned absorption band although smaller 
than C, can be also recognized in Figure  2. This 
result agrees in general with the peroxide values 
in Table II .  

In  samples C gaining ]0 rag, the absorption bands 
at 982 cm -1 and 948 cm 1 ascribed to cis,tr~ns 
conjugated diene (17) and that  at 988 cm -1 due to 
trans,trans conjugated dienc (17) (absorption bands 
at 988 cm 1 and 982 cm -1 overlap) appear  (Fig. 1). 
[In samples C gaining over 50 rag, the isolated tr¢ns 
double bond absorption (17) is observed as a shoulder 
at 968 cm-1.] In  samples T gaining 10 rag, the cis, 
trans conjugated diene bands at 982 cm -1 and 948 
cm -1 scarcely appear, and only trans,trans conjugated 
diene exhibits a band at 988 cm -1 as a shoulder, as 
shown in Figure  2. ( In  the spectra for  the samples 
T gaining over 50 rag, the trans,trans conjugated 
dienc band at 988 cm -1 appears clearly.) The con- 
jugated diene contents of the blank controls and of 
the samples gaining 10 rag/1.5 g, for  samples C 
arc generally larger than for samples T (4-7 and 
3-5, respectively). 
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Fro.  2. I n f r a r e d  spectra f o r  methy l  trans-9, tra~s-12-octa- 
d e c a d i e n o a t e  a n d  t h e  m e t h y l  e s t e r s  ( c o n t a i n i n g  B H T )  g a i n i n g  
w e i g h t ,  10  m g  a n d  50  r a g / 1 . 5  g .  ~ T h e  s a m p l e ,  - - - - -  
10  m g  ( w e i g h t  i n c r e a s e ) ,  . . . . .  50  m g  ( w e i g h t  i n c r e a s e ) .  
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C o m p a r i n g  samples  C wi th  T, the  pe rox ide  va lues  
fo r  C a re  in  gene ra l  somewhat  l a r g e r  t h a n  T, as 
i n d i c a t e d  in  Table  I I .  Therefore ,  s amples  T m a y  
absorb  oxygen  f r o m  and  excep t  f rom h y d r o p e r o x i d e  
since the  i n i t i a l  stage. I n  i n f r a r e d  spec t r a  for  sam- 
ples  C, t he re  is a difference be tween  the  abso rp t i on  
bands  fo r  the  - O O H  g r o u p  a n d  the  c o n j u g a t e d  d iene  
in  the  o r ig ina l  s amp le  a n d  b a n d s  a p p e a r i n g  in  sam- 
ples  g a i n i n g  10 rag ;  in  gene ra l  t he re  is no di f ference 
fo r  the  o the r  groups .  However ,  for  s amples  T, be- 
sides the  dif ferences  of the  - 0 O H  g r o u p  a n d  con- 
j u g a t e d  diene,  the  i so la ted  t r a n s  double  bond  decreases  
cons ide r ab ly  in  the  sample  g a i n i n g  we igh t  in  com- 
p a r i s o n  wi th  the  o r ig ina l  sample.  The f o r m a t i o n  of  
c o n j u g a t e d  d iene  is l i t t l e  and ,  as m e n t i o n e d  above, 
u s u a l l y  less in  samples  T t h a n  in  C. This  ind ica tes  
t h a t  the  m i g r a t i o n  of the  pos i t ion  of double  bonds  
is small ,  e spec ia l ly  in  samples  T. Never the less ,  the  
contents  of i so la ted  t r a n s  double  bonds  decrease  con- 
s i d e r a b l y  f r o m  78% to 4 4 - 6 3 %  in samples  T. 
Namely ,  some t r a n s  double  bonds  conver t  to c is  
i somers  a t  the  pos i t ion  t hey  are.  The geomet r i c  
i somer iza t ion  w i thou t  the  m i g r a t i o n  of double  bond  
occurs  b y  the revers ib le  a d d i t i o n  of a f ree  r a d i c a l  
(24) .  So, the  a d d i t i o n  of oxygen,  a d i r ad i ca l ,  to 
double  bond  m a y  occur  revers ib ly .  I n  c o n t r a s t  to 
samples  T, in  samples  C g a i n i n g  10 m g  no i so la ted  
t r a n s  i somers  form.  Therefore ,  in  th is  case, the  
geomet r i c  i somer iza t ion  w i thou t  the  m i g r a t i o n  of 
double  bond  does no t  occur.  Namely ,  in  samples  C 
the  revers ib le  a d d i t i o n  of o x y g e n  to double  bond  is 
no t  p robab le .  The above men t ioned  oxygen  absorp -  
t ion,  except  b y  h y d r o p e r o x i d e  in  samples  T, m i g h t  
be owing  to th is  revers ib le  a d d i t i o n  of oxygen.  Con- 
sequent ly ,  when the i n d u c t i o n  p e r i o d  ends,  in  samples  
C the  absorbed  oxygen  is used on ly  to the  f o r m a t i o n  
of  h y d r o p e r o x i d e s  accompan ied  b y  the  geomet r i c  
i somer iza t ion  due  to the  m i g r a t i o n  of double  bonds.  
B u t  in  samples  T besides  th is  change  the  revers ib le  
a d d i t i o n  of oxygen  to double  b o n d  m a y  occur,  a n d  

the  geomet r ic  i somer iza t ion  no t  a c c o m p a n i e d  b y  the  
m i g r a t i o n  of double  bond,  is considerable .  I n  e i the r  
case, s amples  C or  T, the  m o l e c u l a r  we igh t  is ca. 
290, a n d  has  a lmos t  the  same va lue  as  in  each o r ig ina l  
sample.  N a me ly ,  no samples  g a i n i n g  10 m g  po ly -  
merize.  P e r o x i d e  values ,  c o n j u g a t e d  d iene  contents ,  
i so la ted  t r a n s  double  bond  contents ,  a n d  molecu la r  
we igh t  fo r  s amples  c on t a in ing  a n t i o x i d a n t  a re  gen- 
e r a l l y  l i t t l e  d i f fe ren t  f r o m  the  b l a n k  control ,  in  
samples  C a n d  T, respec t ive ly .  Consequent ly ,  i t  is 
conf i rmed t h a t  the  ac t ion  of these a n t i o x i d a n t s  on ly  
de lays  the  i n d u c t i o n  p e r i o d  of the  subs t r a t e ,  a n d  does 
no t  change  f u n d a m e n t a l l y  the  m e c h a n i s m  of the  
a u t o x i d a t i o n  of  the  subs t ra te .  
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