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A B S T R A C T  

The prooxidant effect of ~-tocopherol was investigated during 
linoleic acid autoxidation in an aqueous media, at pH 6.9. oeToco- 
pherol (1.25 x 10 -4 M) was added to linoleic acid (2.5 x 10 -3 M) 
and the linoleic acid autoxidation rate was evaluated using 2 meth- 
ods: spectrophotometric measurement at 234 nm exhibited an 
important increase of conjugated dienes after ~-tocopherol addition, 
especially during the first 4 days, and gas chromatographic measure- 
ment of unoxidized linoleic acid showed an important degradation 
of linoleic acid in the presence of a-tocopherol. During the pro- 
oxidant reaction, a-tocopherol was rapidly oxidized; it was detected 
as traces by thin layer chromatography after 4 days of experimen- 
tation. Two oxidation products of a-tocopherol have been identi- 
fied: a-tocopherylquinone and a dimer of c~-tocophero[. 

INTRODUCTION 

&-Tocopherol (AH) is commonly used as an antioxidant. 
It works as a radical scavenger and breaks down the propa- 
gation of lipids (RH) autoxidation according to the mech- 
anism proposed by Mahoney (1), 

R- R kl >2R" [I] 

R' +0  2 - k2 +ROO" [II] 

ROO" + RH k3~ROOH + R" [11I] 

ROO" + AH ROOH+ A" IlV,-IV] 

A. + RH k5 ~ R" + AH [VI 

where R - R is the initiator and R" and ROO" represent the 
carbon radical and the chain carrying peroxyl radical, 
respectively. A" is the free radical derived from a-toco- 
pherol. 

Mahoney notes that reaction -IV and reaction V can 
take place with the nonhindered phenols as antioxidants 
and the phenoxy radical A" efficiently restarts the chains 
by reaction -IV and/or V. 

The antioxidant activity of ~-tocopherol can be reversed 
to a prooxidant activity especially when the concentration 
of the antioxidant increases (2,3). 

This prooxidant effect of a-tocopherol has been des- 
cribed in oils such as grape seed oil (4), soybean oil (5) 
or cottonseed oil (6). We have shown a prooxidant effect 
of a-tocopherol in aqueous media during linoleic acid 
autoxidation (7-8). Available quantitative analysis of fatty 
acid autoxidation rates entailed difficulties because the 
autoxidation process was complex; primary oxidation lead 
to hydroperoxides which are unstable compounds and 
secondary oxidation rapidly took place involving the forma- 
tion of aldehydes, alcohols and acids. Various procedures 
have been described to measure fatty acid autoxidation. 
We only reported the principal methods applied to emulsi- 
fied oils: (a) the measurement of oxygen consumption, 
which was achieved by manometric methods (9-12); (b) the 

measurement of increasing conjugated dienes at 234 nm, 
which permitted the evaluation of fatty acid autoxidation 
in the early stages. This method was useful for emulsified 
oils (13-14). 

The purpose of this work was to study a quantitative 
analysis of the prooxidant effect of a-tocopherol during 
linoleic acid autoxidation in an aqueous media. 

Two methods were compared: spectrophotometric 
measurement of conjugated dienes at 234 nm and gas 
chromatographic measurement of unoxidized linoleic 
acid, according to the Rogstad et al. method (15) described 
for testing antioxidants during enzymatic oxidation of 
linoleic acid. 

E X P E R I M E N T A L  PROCEDURE 

Materials 

Linoleic acid (9,12-octadecadienoic acid) was purchased 
from Koch Light England (> 99% pure). This acid was 
dispersed with 0.5% Tween 20 (Merck) in 0.025 M phos- 
phate buffered aqueous solution (pH -- 9.0), under nitrogen 
atmosphere. Linoleic acid concentration was 10 -2 M and 
this stock dispersion was stored at 4 C. 

~-Tocopherol was synthesized and supplied by Hoff- 
mann LaRoche-France. It was dispersed with Tween 20 in 
phosphate buffer (pH = 7.0) according to the same pro- 
cedure described for linoleic acid, The final concentration 
of &-tocopherol was 5 x 10 -4 M and the dispersion was 
stored at 4 C. 

Procedure 

Aliquots of each stock dispersion were adjusted to pH 6.9 
and mixed at time zero (Table I). Samples (100 ml each) 
were placed in glass tubes and left in the dark under air 
at room temperature. Controls without linoleic acid were 
placed in similar conditions. 

Conjugated Dienes Measurement at 234 nm 

Diene measurement was performed using a Pye Unicam 
SP 800 spectrophotometer. Readings were done at 2 h 
intervals during the first 10 hr and subsequently every 
24 h. 

kinoleic Acid Gas Chromatography 

Gas chromatography was carried out at the same time as 
the spectrophotometric readings. 

Extraction from aqueous media. A 10-ml sample was mixed 
with 6 ml of a chloroform-methanol mixture (1:1, v/v) 
and then stirred for 3 min with a Vortex Vibrator. After 
centrifugation, the lower phase was recovered and the 
upper phase was reextracted twice with 3 ml chloroform. 
The organic fractions were combined and evaporated to 
dryness under reduced pressure at low temperature on a 
rotary evaporator. 
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c~-TOCOPHEROL IN AQUEOUS MEDIA 

TABLE I 

Experimental Conditions for Investigation of c~-Tocopherol 
Prooxidant Effect in Aqueous Media 

Mol a-T/ 
L.A. a c~-T b Tween 20 Solvent c mol of lino- 

Samples (mol) (Mol) (ml) up to leic acid pH 

S 2.5 x 10 -3 0 5 1,000 0 6.9 
Sc~_ T 2.5 x 10 -3 1.25 x 10 -4 5 1,000 5 x 10 ~ 6.9 

aL.A. = linoleic acid. 
bc~-T = c~-tocopherol. 
CSolvent = phosphate buffered aqueous solution, 0.025 M, pH 6.9. 

TABLE 11 

Standard Mixtures for Linoleic Acid Gas Chromatography 

Standards 

1 2 3 4 5 6 

Methyl arachida~e a (ml) 1 1 1 1 1 1 
Methyl linoleate D (ml) 0.25 0.50 0.75 1 1.25 1.50 
Chloroform up to (ml) 50 50 50 50 50 50 
Methyl arachidate 46 46 46 46 46 46 

concentration 
(mg/100 ml) 

Methyl linoleate 11.5 23 34.5 46 57.5 69 
concentration 
(rag/100 ml) 

hL c 0.30 0.60 0,90 1.20 1.47 1.68 
hA d 

aStock solution of methyl arachidate dissolved in chloroform (23 mg/ml). 
bStock solution of methyl linoleate dissolved in chloroform (23 rag/m1). 
cpeak height of methyl linoleate on the gas chromatogram. 
dpeak height of methyl arachidate on the gas chromatogram. 

Preparation of the methyl ester. The  dry residue was 
dissolved in 2 ml b o r o n  t r i f luor ide  m e t h a n o l  (14% BF 3 in 
m e t h a n o l ,  Merck) and  re f luxed  for  3 rain.  One  ml dist i l led 
wate r  was p u t  t h r o u g h  the  c o n d e n s e r  to  s top  the  react ion.  

At  this  stage, 200 /~1 in te rna l  s t andard  so lu t ion  was 
added  to the  previous  mix ture .  The  s t anda rd  so lu t ion  was 
composed  of m e t h y l  a rach ida te  ( m e t h y l  e icosanoate ,  
Merck)  dissolved in m e t h a n o l  at  a c o n c e n t r a t i o n  of  23 
mg/ml .  Methy l  esters  of  f a t t y  acids were ex t r ac t ed  wi th  
3 x 2 ml ch lo ro fo rm.  T he  c h l o r o f o r m  ex t rac t s  were evapo- 
ra ted  to dryness  and  the  residue was dissolved wi th  10 ml 
ch lo ro fo rm.  This  so lu t ion  (0 .5 :1  ~1) was d i rec t ly  in jec ted  
in to  the  gas c h r o m a t o g r a p h .  

Gas chromatography. GC was achieved using a Pye Unicam 
104 Model  f i t t ed  wi th  a f l ame ion iza t ion  d e t e c t o r  and a 
5 f t  x 1/8 in. glass c o l u m n  packed  wi th  10% DEGS o n  
8 0 / 1 0 0  mesh C h r o m o s o r b  W HP. Opera t ing  c o n d i t i o n s  
were:  c o l u m n  t empera tu re ,  180 C; i n j ec to r -de t ec to r  tem- 
pera ture ,  240  C; carr ier  gas, n i t rogen  " U " ;  f low rate, 60  
ml /min .  

Standard curve: Standards  of  varying c o n c e n t r a t i o n s  of  
m e t h y l  l inolea te  and  f ixed c o n c e n t r a t i o n s  of  m e t h y l  
a rach ida te  were p repared  by  vo lumet r i c  d i lu t ion  of  the  
m e t h y l  ester  s tock  so lu t ions  wi th  c h l o r o f o r m  (Table  II). 

The  ra t io  of  the  peak he igh t  of  m e t h y l  l inolea te  and  
m e t h y l  a rach ida te  was ca lcula ted  and  p l o t t ed  against  the  
c o n c e n t r a t i o n  o f  l inoleic acid. A least squares  l inear  regres- 
s ion was p e r f o r m e d ;  the  cor re la t ion  coef f ic ien t  o b t a i n e d  
was 0 .998.  
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FIG. t .  Conjugated diene measurement during linoleic acid autoxi- 
dation in aqueous media, e: linoleic acid without ~-T; == linoleic 
acid with ~-T (5 x 10 -2 M). 
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Thin Layer Chromatography of a-Tocopherol 

Thin layer chromatography (TLC) was carried out on Silica- 
Gel F2sa, 0.25 mm thick. The solvent was chloroform in a 
saturated chamber. Aliquots of the samples were evapo- 
rated to dryness under reduced pressure on a rotary evapo- 
rator. The dry residue was dissolved with 0.5 ml chloroform 
and 20 ~ll of this solution was chromatographed. 

&-Tocopherol and its oxidation products were visualized 
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FIG. 2. Gas liquid chromatogram of methyl linoleate. 1: Methyl 
linoleate ; 2 : methyl arachidate (reference). 

by spraying with a sulfomolybdic reagent and after heating 
at 120 C for 5 rain, the compounds appeared as blue spots. 

RESULTS AND DISCUSSION 

Conjugated Diene Measurement (od 234 nm) 

The addition of a-tocopherol to linoleic acid involved an 
important increase of conjugated dienes, especially during 
the first 4 days of experimentation (Fig. 1). The conjugated 
diene level reached a maximum as early as the 6th day in 
the sample with added a-tocopherol and only after 11 days 
in the sample without &-tocopherol. In the sample without 
&-tocopherol, the maximal conjugated diene concentration 
was twice as weak as the one observed after &-tocopherol 
addition. 

Unoxidized Linoleic Acid Measurement 

Linoleic acid extraction and methylation yielded 100% 
recovery of linoleic acid. Methyl linoleate was eluted after 
6.5 min (Fig. 2). 

The linoleic acid concentration decreased rapidly in the 
presence of a-tocopherol, especially during the first 4 days 
(Fig. 3). On the 4th day of experimentation, 70% of the 
linoleic acid was oxidized in the presence of a-tocopherol 
whereas in the absence of a-tocopherol, only 25% of the 
linoleic acid was oxidized. After the 4th day, we noted a 
decreased linoleic acid autoxidation rate in the sample with 
c~-tocopherol since 30% of linoleic acid still present was 
completely oxidized only after 13 days of experimentation. 

Thin Layer Chromatography of &-Tocopherol 

a-Tocopherol was rapidly oxidized during the prooxidant 
reaction (Fig. 4). On the 4th day of experimentation only 
traces of a-tocopherol could be detected on the chro- 
matogram. Two oxidation products have been identified: 
&-tocopherylquinone, which was the major oxidation 
product, and a dimer of a-tocopherol, detected at the 
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FIG. 3. Linoleic acid measurement by GLC after extraction from 
aqueous media and methylation, o: linoleic acid without a-T; 
u: linoleic acid with a-T (5 x 10 -2 M). 
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FIG. 4. Thin layer chromatogram of a-tocopherol and its oxidation 
products after 4 days of experimentation. 1: control a-tocopherol 
in aqueous solution; 2: sample a-tocopherol with linoleic acid in 
aqueous solution; 3= reference a-tocopherol; 4: reference c~-toco- 
pherylquinone ; 5 : reference dimer of a-tocopherol. 
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a-TOCOPHEROL PROOXIDANT EFFECT 

beginning of  exper imenta t ion .  
Both me thods  used for quant i ta t ive  analysis o f  l inoleic 

acid au tox ida t ion  rate exhibi ted a p rooxidan t  effect  of  
ff- toeopherol  that  t o o k  place during the first 4 days of  
exper imenta t ion .  At  the end of  this period, ~- tocopherol  
was oxidized for  the most  part and we noted  a decreased 
au toxida t ion  rate of  l inoleic acid. 

GC measurement  of  unoxid ized  linoleic acid was the 
best m e t h o d  for  quant i ta t ive  analysis o f  fa t ty  acid autoxi-  
dat ion rate in the presence and in the absence o f  a- toco-  
pherol. In addit ion,  during the p roox idan t  effect  o f  5- 
tocophero l  (first 4 days), conjugated diene measurement  
permi t ted  an available evaluat ion of  fa t ty  acid au toxida t ion  
rate because the rate of  conjugated dienes degradat ion was 
negligible compared  to the  rate of  conjugated dienes 
format ion.  This m e t h o d  has the  advantage of  being easy 
and rapid. Af te r  the first 4 days, the conjugated diene levels 
rapidly reached a m a x i m u m  while gas chromatographic  
measuremen t  of  l inoleic acid indicated a fur ther  oxida t ion  
of  the fa t ty  acid. 
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&Effect of Experimental Factors 

on the Prooxidant Behavior of e-Tocopherol 
J. CILLARD,  P. C ILLARD and M. CORMIER. Laboratoire de 
Botanique Pharmaceutique, U.E.R. "M~dicament," Avenue du 
Pr. L~on-Bernard, Rennes C~dex, 35043 France 

ABSTRACT 

We have investigated the effect of experimental factors on the 
prooxidant effect of a-tocopherol during the autoxidation of 
tinoLeic acid. The prooxidant effect depended on two factors: the 
concentration of c~-tocopherol (i> 5 x 10 -s tool c~-tocopherol/1 tool 
linoleic acid) and the solvent, an aqueous system in which the 
prooxidant effect occurred more easily. On the other hand, the 
prooxidant behavior of ~-tocopherol was unaffected by the type of 
surfactant used in water as well as by the presence of different salts. 
The initial content of hydroperoxides affected the intensity of the 
prooxidant effect which varied in an inverse ratio to the initial 
hydroperoxide level. 

INTRODUCTION 

Most of  the  observations on the p rooxidan t  effect  of  
o~tocopherol  have been established in oils (1-3). It is a 
general fact  tha t  some phenols  used as ant ioxidants  can 
p romo te  a p roox idan t  reaction,  especially beyond  a certain 
l imit  of  concent ra t ion  (1-4). Loury et al. (2) repor ted  a 
l imit  of  0.1% ~- tocophero l  in soybean oil. Witting (5) 
showed that  during the  au toxida t ion  o f  methyl  or e thyl  
l inoleate, the addi t ion o f  ot-tocopherol as an t iox idant  was 
ineffect ive when the ratio l inoleate:  ~- tocopherol  was 
infer ior  to  10 a. He founded  that ,  in this case, the concen- 
t ra t ion of  hydroperox ides  increased. At  high concen-  
trations, these phenols  did no t  act as free radical scavengers 
bu t  as free radical chain breakers (4): 

Antioxidant ROO" + AOH ~ ROOH + AO" [1] 
Prooxidant ROOH + A" -~ ROO" + AH [111 

o r  

RH + A" ~ R" + AH [llI} 

Thus, the solvent system has significant effects  on lipid 
autoxidat ion  rate;  it affected the metal  catalysis in lipid 
autoxidat ion.  The solvent could inhibit  meta l  catalysis 
ei ther by fo rmat ion  o f  a solvent-metal  complex  (6) or  by 
fo rmat ion  of  hydrogen bond  between solvent and hydro-  
peroxide  preventing hydroperox ide  decompos i t ion  (4,7). 
This inhibi t ion was observed with polar  solvents such as 
e thanol  (7,8), e thyl  acetate  (8), acetic acid (7) and water  at 
low moisture  con ten t  (4). On the o ther  hand, a solvent such 
as water  at high moisture  con ten t  (4) could enhance the 
metal  catalysis by increasing the mobi l i ty  of  the metal  
catalyst. Moreover,  some solvents such as ethanol,  fo rmate  
and benzoate  can act as hydroxy l  scavengers (9). During the 
au tox ida t ion  o f  fa t ty  acids, hydroxyl  radicals were fo rmed  
by the decompos i t ion  of  hydroperoxides .  This work  
studied the influence of  the solvent and of  the concen- 
t ra t ion of  w t o c o p h e r o l  on the advent  of  the p rooxidan t  
effect  o f  a- tocopherol .  The  effect  of  water  was largely 
investigated because of  its impor tan t  role in food  oxidat ion.  
Inherent  factors in the use o f  water  were thereby  s tudied;  
with emphasis  on the effect  of  the surfactant  which is 
required to disperse l inoleic acid and 0t-tocopherol, as well 
as the effect  o f  the presence o f  di f ferent  salts. 

EXPERIMENTAL 

Material 

Solvents and surfactants. Linoleic acid au tox ida t ion  with 
and wi thou t  a - tocophero l  has been carried ou t  in di f ferent  
solvents such as polar  protic solvents (deionized water  or 
e thanol :  Normapur ,  Prolabo-France),  polar  aprot ic  solvents 
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