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�9  Effect of Selected Antioxidants 

on the Stability of Virgin Olive Oil 

A.K, K IRITSAKIS l, C.M. STINE and L.R. DUGAN JR., Department of Food Science 
and Human Nutrition, Michigan State University, East Lansing, MI 48824 

ABSTRACT 

Virgin unrefined olive oil was protected from oxidation with the 
antioxidants butylated hydroxyanisole (BIIA), butylated hydroxy- 
toluene (BItT), and tertiary butylhydroquinone (TBHQ) and in one 
case propyl gallate (PG). All the antioxidants improved the stability 
of olive oil under accelerated conditions (oven test) and storage con- 
ditions at 50 C. In the oven test, where the type of oil used was the 
same as that used in long-term storage studies (room temperature 
and 50 C)., the relative inhibition effect of the antioxidants was in 
the following order: TBHQ = BHA > BHT. The combinations of 
BHA and BHT with TBHQ displayed better stabilizing qualities. 
Antioxidants did not prevent peroxide formation in olive oil stored 
at room temperature in daylight; these samples oxidized to a high 
degree, probably due to the catalytic action of chlorophyll. Citric 
acid (CA) used alone did not affect the oxidative stability of the oil 
in the oven test and at room temperature in the dark, but exhibited 
a negative effect at 50 C. The reduction in peroxide content with 
teritary butylhydroquinone (TBHQ) in the dark at 50 C was greater 
than anticipated from the oven studies. Potency of the antioxidants 
under these conditions (50 C) was in the following order: TBHQ > 
BHT > BHA. The combinations of BHA 0.01% or BHT O.01% with 
TBHQ 0.005% used in the dark at 50 C were less effective than 
TBHQ 0.01%. 

INTRODUCTION 

Olive oil ex t rac ted  f rom the fruits of  the tree Olea europaea 
is one of  the very few if no t  the only plant oil in the world 
which can be consumed in its natural state wi thou t  being 
fur ther  t reated or  refined. The oil obtained f rom heal thy 
mature  olive fruits by mechanical  means, wi thou t  any 
chemical t rea tment ,  is called "vi rg in" .  This oil is of  the 
highest qual i ty ,  and is the type  used in this s tudy.  

Like o ther  vegetable oils, olive oil undergoes  oxidat ive 
deter iora t ion  as a result of  many factors.  The au tox ida t ion  
of  olive oil results in deve lopment  of  off-flavors and odors  
and some of  its physical propert ies  may also be altered ( I ) .  
The prevent ion of  au tox ida t ion  in olive oil is of  great im- 
por tance  f rom the s tandpoint  of  palatabil i ty and economy.  

Polyphenols ,  which are natural inhibi tors  of  ox ida t ion  in 
olive leaves, were found  to favor the stability of  olive oil 
(2, 3). Hirahara (4) observed an an t iox idant  ef fec t  when 
alcohol  or  e ther  extract  f rom cloves were added to olive oil. 
The  effect  of  some synthet ic  ant ioxidants  on the stability 
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of  olive oil has been studied (5, 6). 
The  comparat ive  effect  of the ant ioxidants  buty la ted  

.hydroxyanisole  (BHA), bu ty la ted  hydroxy to luenc  (BtlT),  
ter t iary bu ty lhydroqu inone  (TBHQ), and propyl  gallate 
(PG) (Eastman Chemical  Company ,  Kingsport ,  TN) with 
respect to retardat ion of  au tox ida t ion  of  virgin olive oil 
stored at d i f ferent  condit ions,  was studied. The effect  of  
citric acid used alone was also investigated. Pho toox ida t ion  
of  the  oil exposed to daylight at room tempera ture  storage 
was observed.  

EXPERIMENTAL PROCEDURE 

The olive oil used in this s tudy was derived f rom the fruits 
of  the olive tree cultivar Tsounati, grown on the island of  
Crete, and was ext rac ted  by hydraul ic  pressing. Three sam- 
pies of  virgin unref ined olive oil f rom different  harvesting 
periods and having different  initial stability and free fa t ty  
acid (FFA)  conten t  were obtained.  They were numbered  as 
olive oil no. 1, no. 2, and no. 3 and had a peroxide  value 
(PV) of  16, 35 and 12 and F F A  conten t  expressed as oleic 
acid of  0.5%, 2.1% and 1.0%, respectively. 

The  fa t ty  acid composi t ion  of  the oil was de termined  by 
gas liquid chromatography  (GLC) in a Beckman GC-4 gas 
chromatograph.  Boron t r i f luor ide-methanol  (Sigma Chemi-  
cal Company ,  St. Louis,  MO) was used for preparing methy l  
esters (7). The  percentage fa t ty  acid composi t ion  of  the 
examined samples varied f rom 7.6 to 13.6 palmitic,  3.0 to 
3.3 stearic, 75.6 to 83.9 oleic, and 5.3 to 7.6 linoleic. 
Traces of  palmitoleic  and l inolenic acids were detected.  

The  ant ioxidants  were evaluated under  accelerated oxi- 
dative condi t ions  (oven test at 65 C and 100 C) and under  
less stressful condi t ions  ( room tempera ture  and 50 C). The  
oil was heated to 60 C and after the addi t ion of  an t ioxidant  

�9 was held at room tempera ture  for  24 hr with occasional  
stirring to ensure comple te  solution of  the ant ioxidants .  
Citric acid was added to the oil as a solut ion in a mix ture  
of  e thanol  and distilled water  1 : 1 (v/v). 

For  the oven test (usually referred to as the Schaal oven 
test), the  oil was placed in petri  dishes (5 .5"  in diamete~ 
and 3 /4"  in height) and kept  in a constant  t empera ture  
oven. Samples were removed periodically for peroxide  
de terminat ion .  The oven stability of  the oil was taken as 
the number  o f  days needed for the peroxide  con ten t  o f  the 
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oil to reach 120 meq /kg  oil. 
Fo r  the long-term storage studies, 100 g of  oil was 

placed in clear jars (2"  in d iameter  and 4 .5"  in height),  
loosely capped. Jars were stored at r o o m  tempera ture  ( 2 0 -  
28 C) and at 50 C. At  one week intervals during the first 
mon th ,  and at two weeks for  the rest o f  the storage period,  
a jar  was removed f rom storage. The oil was mixed  and a 
sample removed for  analysis of  peroxide  value, diene conju- 
gat ion and TBA absorpt ion values. Five jars of  each oil sam- 
ple were stored in order  to reduce the number  of  samplings 
taken f rom a given jar in a short t ime span. 

Peroxide values were de te rmined  by a modi f ied  Wheeler 
me thod  (8) and were repor ted  as meq /kg  oil. For  diene con- 
jugat ion studies, 10 mg of  oil was weighed accurately  into 
small pe t t icups  and placed into 30 mL test tubes. Ten mL 
of  purif ied isooctane (2 ,2 ,4- t r imethyl  pentane)  was added 
and the  mix ture  was shaken on a Fisher minishaker.  The 
mixture  was then  fi l tered through a Whatman No. 1 fi l ter 
paper and the absorbance measured on a Beckman DU 
spec t rophotomete r .  The  2-thiobarbi tur ic  acid (TBA) test 
employed  in this s tudy,  was a modi f ica t ion  of  the m e t h o d  
of  Dunkley  and Jennings (9). The  TBA reagent  consisted of  
0.025 M 2-thiobarbi tur ic  acid in 1 M phosphor ic  acid. Four  
mL of  oil was p ipet ted  into a 55 mL test tube  and an equal  
volume of  TBA solut ion was added. For  the color  extrac- 
t ion,  ch loroform distilled in glass (Burdick & Jackson 
Laboratories ,  Inc., Muskegon, MI) was added to the  TBA 
react ion solut ion and the  absorbance was measured at 532 
nm and 535 nm on a Beckman DU spec t ropho tome te r  
using T B A  solut ion as a blank. 

of  the  three samples used. The  variation in the unsatura t ion  
in turn depend  on the area where the  trees are grown (10) 
and /or  the  degree o f  matur i ty  of  the fruits (11). 

Data in Table I demons t ra te  that  samples f rom olive oil 
no. 1 containing 0.005% T B H Q  exhibi ted  bet ter  stabili ty 
than those containing 0.01% BHT which in turn exhibi ted  
be t te r  stability than those containing 0.01% BHA. It is 
interesting to note  that  the order  o f  effect iveness of  the 
ant ioxidants  was reversed when olive oil no. 2,  with higher 
initial peroxide  value (35), was used. In this case, samples 
containing 0.005% T B H Q  showed the lowest  stability 
whereas those containing 0.01% BHA showed the highest 
(Table I). BHA per formed be t te r  than BHT in sample no. 2 
bu t  no t  in sample no. 1. Ant iox idants  BHA and BHT used 
in combina t ion  with T B H Q  gave bet ter  results than when 
used alone. The  combina t ion  of  0.01% BHA and 0.01% 
T B H Q  was found  to be the most  effect ive o f  those eval- 
uated in the oven studies. The use of  0.005% citric acid 
alone had no effect  on the  oven stability o f  olive oil no. 2. 

Results obta ined f rom the oven test in which olive oil 
no.  3 was used are shown in Table II. These results indicate 
that  this sample which had the lowest  degree of  oxidat ive 
degradat ion (as de te rmined  by the  initial peroxide  value), 
showed lower stabili ty than nos. 1 and 2. BHA and PG were 
qui te  effect ive in increasing the  stability of  olive oil no. 3, 
but  T B H Q  and BHT were only slightly effective.  

TABLE II 

Stability Studies with Olive Oil Treated with Different Antioxidants 
(Oven Test at 65 C) 

RESULTS A N D  DISCUSSION 

Oven Studies 

Oven stabili ty results for  olive oil nos. 1 and 2 are shown in 
Table I. All ant ioxidants  used had an improving ef fec t  on 
the  oven stability o f  the  olive oil. The  degree of  effective- 
ness, however,  was found  to vary in the three di f ferent  
samples of  olive oil used and was dependen t  on the con- 
cent ra t ion  used. The  difference in stability be tween  the 
samples may  be due to the fact  that  the  amoun t  of  natural  
ant ioxidants  ( tocopherols  and phenols)  present  in olive oil 
differed f rom one  sample o f  oil to another .  It might  also be 
due to the percentage variat ion of  unsaturated fa t ty  acids 

Stability of olive oil no. 3 a 

Antioxidant Protective 
(wt %) Oven days factor b 

None (control) 16 1.00 
0.02 BHA 27 1.68 
0.02 BHT 20 1.25 
0.02 TBHQ 20 1.25 
0.02 PG 26 1.62 

alnitial peroxide value 12. 
bprotective factor is expressed as stability of the sample containing 
antioxidant/stability of the control sample. 

TABLE I 

Stability Studies with Olive Oil Treated with Different Antioxidants (Oven Test at 65 C) 

Stability of olive oil 

No. 1 a 

100 g sample 50 g sample No. 2 b 
Antioxidant Oven Oven Oven 

(wt %) days pFc days PF c days PF c 

None (control) 32 1.00 28 1.00 20 1.00 
0.01 BHA 36 1.12 30 1.07 31 1.55 
0.01 BHT 38 1.18 31 1.10 25 1.25 
0.005 TBHQ 41 1.28 36 1.28 24 1.20 
0.01 TBHQ . . . .  31 1.55 
0.01 BHA + 0.005 TBHQ . . . .  34 1.70 
0.01 BHT + 0.005 TBHQ . . . .  28 1.40 
0.01 BHA + 0.01 TBHQ 51 1.59 41 1.46 40 2.00 
0.01 BHT + 0.01 TBHQ 51 1.59 41 1.46 33 1.65 
0.005 Citric acid . . . .  20 1.00 

alnitial peroxide value 16. 
blnitial peroxide value 35. 
cpF = protective factor and is expressed as: stability of  the sample containing antioxidants/ 
stability of the control sample. 
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In an oven test of 100 C, a decrease in peroxide value 
was observed after one week. The decrease might result 
from hydroperoxide decomposit ion at a rate higher than 
that at which they were formed at 100 C. It has been re- 
ported (12) that hydroperoxides are unstable products, 
especially at temperatures higher than 100 C. 

A significant increase in the rate of oxidation was ob- 
served when a smaller sample size was used (Table I). This 
was probably related to the difference in surface/volume 
ratio between the two samples. All further tests were 
made on 100 g samples to provide consistency of results. 

Room Temperature Storage 

Peroxide values of samples stored at room temperature,  
ranging from 20 to 28 C, in the dark were essentially un- 
changed at the end of 22 weeks. This may be due to the 
fact that the virgin oil used contained chlorophyll which 
has been reported to act as an antioxidant  in the dark 
(13, 14). The ultraviolet absorption of the oil sample at 
233 nm, changed only slightly in 22 weeks. Control sam- 
pies (containing no antioxidant)  gave slightly higher ultra- 
violet absorption values than the samples treated with 
antioxidants. 

Storage at 50 C 

Peroxide values of the control and samples containing 
antioxidants are presented in Figures 1 and 2. After the 
lOth week, the control samples showed a continuous and 
rapid increase in peroxide value, whereas the peroxide value 
of the samples with 0.01% BHA and those with 0.01% Bt4T 
decreased continuously until this study was terminated 
(Fig. 1). Peroxide values of the samples containing TBHQ 
started to decrease after the 2nd week. Under these condi- 
tions, the order of  effectiveness of antioxidants was found 
to be TBHQ > BHT > BttA. When 0.01% TBHQ was used, 
the results were almost the same throughout the storage 
period whether it was combined with BHA or BHT. When 
TBHQ was used at 0.005%, however, the combination of 
TBHQ with BHT was more effective than the combination 
of TBtlQ with BttA (Fig. 2). This superiority of TBHQ over 
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FIG. 1. Peroxide formation in olive oil no.  2 containing antioxidants 
and stored at 50 C. 
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FIG. 2. Peroxide formation in olive oil no.  2 containing antioxidants 
and stored at 50 C. 

BHT or BHA agrees with findings in other oils (15, 16). 
Citric acid did not affect the oxidative stability of  the 

oil stored at room temperature but  it did exhibit  a negative 
effect at 50 C (Fig. 2). This is an unusual phenomenon, 
which may be due to the fact that naturally occurring trace 
metals in olive oil are not readily available for chelation 
prior to deodorizat ion or heat t reatment (17). 

The peroxide value of all samples containing antioxi- 
dants stored at 50 C, was decreased during the storage 
period. This indicated a peroxide decomposer (18) role for 
antioxidants. 

Higher TBA absorption values were obtained on oil 
treated with only citric acid when compared to correspond- 
ing controls, which in turn showed higher values than those 
containing antioxidants. Both the control and the citric 
acid-treated samples reached a maximum in TBA absorp- 
tion values and then declined until the end of  the storage 
period (Fig. 3). Malonaldehyde production apparently de- 
clines after reaching a peak. Tarladgis and Watts (20) con- 
cluded that the malonaldehyde precursor is not stable. 
Possibly the TBA color-forming reactants are oxidized fur- 
ther and produce more unstable products or disappear by 
reacting with themselves or with other components  of the 
system. The use of  BHA gave higher TBA absorption values 
than did BHT, which in turn gave higher values than TBHQ 
when those antioxidants were used in the same concentra- 
tion. The use of TBIIO. at 0.005% resulted in higher TBA 
absorption values than when it was used at 0.01%. Passing 
the TBA reaction solution through a chromatographic 
column (19) gave no significant difference in TBA absorp- 
tion values, indicating no interference from formation of  
yellow pigments in the TBA reaction. 

The formation of  pink color in olive oil, despite the fact 
that GLC analysis showed that it contained only traces of 
linolenic acid, may be derived from linoleic acid, since 
malonaldehyde responsible for the color formation in TBA 
test (21) may arise from the decomposit ion of endo- 
peroxides which have been postulated to be formed in a 
diene system (22). 

Ultraviolet absorption values of the control and the 
citric acid treated samples were in good agreement with the 
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FIG. 3. TBA absorption values of olive oil no. 2 containing antioxi- 
dants and stored at 50 C. 

peroxide values, which is in accordance with the findings of 
other workers who have reported a correlation in ultraviolet 
absorption in olive oil with the change in peroxide value 
(23, 24). Samples containing antioxidants either alone or in 
combination showed a reverse relation in peroxide value 
with ultraviolet absorption from the 10th week on, when a 
continuous decrease in peroxide values started, probably 
due to a decomposition effect of  the antioxidants (18). The 
addition of  0.01% BHA, which exhibited the least effect in 
the decomposition of hydroperoxides, resulted in higher 
ultraviolet absorption values. The combination of 0.01% 
TBHQ with 0.01% BHA or 0.01% BHT which had shown a 
similarity in peroxide values exhibited almost the same 
ultraviolet absorption values at 233 nm. 

Photooxidation of Olive Oil 

Hydroperoxide data are shown in Figures 4 and 5. Figure 4 
illustrates a significant difference in peroxide formation 
between samples containing no antioxidant and being ex- 
posed to the light and those stored in the dark. This is 
probably due to the photocatalytic oxidation of the olive 
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FIG. 4. The effect of light on peroxide formation in olive oil no. 2 
(room temperature storage). 
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FIG. 5. The effect of light on peroxide formation in olive oil no. 1 
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oil which contains natural pigments (chlorophyll, pheo- 
phytin). During photooxidation, liberation of nascent 
hydrogen from the photosensitizer (chlorophyll) may unite 
with molecular oxygen to form unstable hydroperoxides 
(25). This mechanism does not involve a free radical reac- 
tion but the action of singlet oxygen (IAg, 102) which is 
produced by the transfer of  exc i ta t ion  energy from 
chromophoric impurities to oxygen as shown by the reac- 
tions below (26, 27). 

Chl hv> IChll* 
302 

[Chl[* > Chl + 10 2 

The activated singlet oxygen, which is more active than 
triplet oxygen, reacts more rapidly with unsaturated fatty 
acids and produces hydroperoxides at a rate of 1450 times 
faster than triplet 02 (26). These hydroperoxides can de- 
compose at room temperature, initiating the free radical 
mechanism of autoxidation (28, 29). Skinner (30) reported 
that singlet oxygen reacts in an electrophilic rather than in 
a free radical reaction. No numerical relation was found 
(31) between chlorophyll concentration and the rate of 
photooxidation in virgin olive oil. 

The rate of  hydroperoxide formation for the samples 
exposed to the daylight was almost unaffected by the pres- 
ence of antioxidants (Fig. 5). Similar results have been 
reported by other workers (32, 33). As shown in Figure 5, 
only samples containing 0.01% BHT had a: lower rate of 
peroxide formation from the second month to the end of 
the study. Carlsson (33) reported that the photooxidation 
of unsaturated oils is not prevented by known free radical 
scavengers, but is retarded by chelates which quench the 
singlet oxygen (102). During the photooxidation, the ~- 
tocopherol present in oil exposed to the light undergoes 
rapid peroxidation and thus this natural antioxidant has no 
effect (33). 

Antioxidants TBHQ and BHT presented color loss in the 
oil, whereas control samples and those containing BHA lost 
their color, due to the bleaching of chlorophyll as a result 
of photooxidation (34, 35). The mechanism of bleaching of 
chlorophyll was proposed by Sastry et al. (34) as follows: 

JAOCS, vol. 60, no. 7 (July 1983) 



1290 

A.K. KIRITSAKIS, C.M. STINE AND L.R. DUGAN JR. 

Chl  hv  > IChll* > aChl  

SChl + SO 2 > 102 + Chl  

10,2 + RH > R O O H  

hv 
ROOH > ROO" + H" 

ROO" + Chl  > ROOH + Chl" 

C h l ' + 1 0 2  > C h l ' - O 2  

Chl" - 0 2  + H" > C h l -  0 2  (b leached)  

H y d r o p e r o x i d e s  are f o r m e d  due  to the  ac t ion  of  s inglet  
oxygen .  These  give rise to  pe roxy  radicals  o n  exposu re  to  
light.  The  p e r o x y  radicals  abs t r ac t  h y d r o g e n  a t o m s  f r o m  
ch lorophyl l ,  t hus  d i s tu rb ing  its con juga ted  e l ec t ron  sys tem.  

T h e  resul t ing p e r o x y  free radical  of  ch lo rophy l l  c o m b i n e s  
wi th  a p r o t o n  and  is s tabi l ized itself  to  a s table  peroxide .  
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