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Abstract

To follow the relative rates of oxidative deterioration in edible oils, refined olive, corn and soybean oils were analyzed peri-
odically for their peroxide value (PV), p-anisidine value (p-AV) and iodine value (IV), following exposure to air or air-light for 30
days. Changes in the above values of the oils were also examined and after their use for deep-frying of French fries at 180 °C for
varying periods of time, namely 30, 60 and 90 min. PV and p -AV values increased in the order: deep-frying > air-light exposure > air
exposure while the values with respect to the oils increased in the order: soybean > corn > olive. Decrease in IV followed the same
pattern, i.e. deep-frying > air-light > air and soybean > corn > olive. Deep-frying of French fries in corn oil was also carried out in
the presence of caffeic, ferulic, vanillic acid and crude tea extract as antioxidants. All antioxidants effectively reduced the oxidation
rate in the oil, as detected by decrease in PVs and p -AVs and relatively low reduction rate in I'Vs for all the frying times. The order of

antioxidative activity was caffeic acid > vanillic acid > ferulic acid > tea extract.
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1. Introduction

Though vegetable oils, the ideal cooking media of the
day, are beneficial and popular due to their cholesterol-
lowering effect, some important issues regarding their
judicious use are largely ignored by consumers and the
medical community. In contrast to animal fats, which
are predominantly saturated and hence do not react
readily with other chemicals, especially oxygen, unsat-
urated vegetable oils are more reactive (Matalgyto & Al-
Khalifa, 1998). Exposure to air (Isabei & Mariano,
2001; Kristina & Hans, 1998; Zhao-jie, Chang-hu,
Hong, En-Chen, & Hong-Jun, 2000), heat (Isabel, Sa-
tue-Gracia, German, & Frankel, 2000; Matalgyto & Al-
Khalifa, 1998; O’Neill, Galvin, Morrissey, & Buckley,
1998; Witting, Detlef, & Roland, 1999; Yuki & Sadaaki,
2001), light (Xiaoying & Ahn, 1998), trace metals
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(Haneda & Yoshino, 1998; Kristina & Hans, 1998;
Xiaoying & Ahn, 1998) and moisture enhances their
chemical reactivity. The oxidation is also influenced by
antioxidants and the fatty acid composition of the oils
(Christian, Sabine, & Kochhar, 2000).

Off-flavourings, nutritional losses and other deterio-
rative changes in oil arise by reaction with atmospheric
oxygen, i.e., oxidative rancidity, or by hydrolytic reac-
tions catalyzed by lipases from food or from microor-
ganisms. The effects of hydrolytic reactions can be
minimized by cold storage, good transportation, careful
packaging and sterilization. However, oxidative ran-
cidity or autoxidation cannot be stopped by lowering
the temperature of storage since it is a chemical reaction
with low activation energy.

Research into the problems of oxidative deterioration
has been pursued for many years but it has been boosted
by the recognition that such oxidations can cause
damage to cell membranes and DNA (Peter & Hakan,
1998), and may be involved in the aging process (Yulan
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et al., 1998), hypertension (Carla et al., 1998) and cancer
growth (Navarro et al., 1999).

Autoxidation can be inhibited or retarded by vacuum
packaging, packing under an inert gas to exclude oxygen
(modified atmosphere) and refrigeration/freezing. The
use of antioxidants is the most preferable way of sup-
pressing the oxidation (Bozidar, Djilas, & Canadanoric-
Brunet, 1998; Dolores, Anna-Maija, Anu, & Afaf, 1998;
Rudnik, Szczucinska, Gwardiak, Szule, & Winiarska,
2001; Witting, Upston, & Stocker, 1998; Xiaoying &
Ahn, 1998) because the above methods are not always
applicable and it is seldom realized how little oxygen is
needed to initiate and maintain the oxidative process, or
how difficult and expensive it can be to remove the last
traces of air from a food product.

The study was designed to determine the exact onset of
oil starts deterioration under the conditions in which it is
normally stored. Though it is well known that air, light,
heat and moisture are the main contributing factors to-
wards this autoxidation this study attempts to find the
contributions of each factor, as well as combined effects,
so that a clear conclusion can be drawn about how long
an oil sample could be prevented from noticeable oxi-
dation. Another aim is to observe decline in the rate of
oxidation following addition of plant extracts, such as tea
(Camellia sinensis) and different purified phenolic acids
(ferulic, caffeic, vanillic and gallic) as antioxidants.

2. Materials and methods
2.1. Samples

Refined olive, corn and soybean oils were purchased
from the local market in 2.5 1 packs. The oil samples
were stored in accordance with the experimental
conditions.

2.2. Analysis of the oil exposed to air

250 ml, each, of olive, corn and soybean oils were
taken in clean, dry, amber coloured glass bottles (500
ml) in triplicate. The oil samples in these bottles, with a
surface area of 44 cm? exposed to air, were kept opened
ina 12 x 14 x 12 ft* dark chamber (RH 60-70%, 30 °C)
in which circulation of air was maintained by means of
electric and exhaust fans. The sample bottles were sha-
ken well and the oil samples, drawn from each bottle
with the help of disposable syringes, were analyzed for
PV (IUPAC Standard Methods 2.501, 1987), p-AV
(IUPAC Standard Methods 2.504, 1987) and IV (IU-
PAC Standard Methods 2.505, 1987), after 1, 5, 10, 15,
20, 25 and 30 days. Each of the analyses was done three
times for each bottle in triplicates. The results were
compared with the values obtained for the oil samples
analyzed immediately after opening the cans (controls).
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Fig. 1. Effect of air, light and deep-frying on PV of olive, corn and soybean oil.



2.3. Analysis of the oil exposed to air-light
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250 ml, each, of the three oil samples taken in clean
and dry bottles (500 ml) in triplicates were kept opened

p-AV

in a chamber (12 x14x 12 ft3, RH 60-70%, 30 °C)
which was aerated and exposed to daylight. Each of the
three oil samples (taken from each of the triplicates) was
then analyzed for PV, p-AV and IV after 1, 5, 10, 15, 20,
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Fig. 2. Effect of air, light and deep-frying on p-AV of olive, corn and soybean oil.
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Fig. 4. Effect of adding antioxidant on PV of the corn oil used for deep-frying of French fries at 180 °C for 90 min.
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Fig. 5. Effect of adding antioxidant on p-AV of the corn oil used for deep-frying of French fries at 180 °C for 90 min.
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25 and 30 days. Each of the observations was taken
three times for all triplicates.

2.4. Analysis of the oil used for deep-frying

2.5 1, each, of the three oil samples were placed in a
deep-fryer. 250 g of peeled potatoes were cut into cu-
bical bars (10 x 10 x 90 mm) and then fried at 180 °C
for 30, 60 and 90 min. After frying, oil samples were
cooled to room temperature and then analyzed in trip-
licate for change in PV, p-AV and IV.

2.5. Analysis of corn oil used for deep-frying in presence
of added antioxidants

0.5 g of each antioxidant, namely caffeic acid (3,4-
dihydrocinnamic acid, RDH, [331-39-5]), ferulic acid
(4-hydroxy-3-methoxycinnamic acid, RDH, [1135-24-6])
or vanillic acid (4-hydroxy-3-methoxybenzoic acid,
RDH, [121-34-6]) was dissolved in 25 ml of absolute
ethanol. The ethanolic solution was then mixed with 2.5 1
of the corn oil to be used for deep-frying. 0.5 g of ground,
black tea leaves (mesh size 60) was extracted in 100 ml of
ethanol. The extract was concentrated to 25 ml and then
mixed with another 2.5 1 of the three oil samples to be

used for frying. Deep-frying for 90 min and further
analysis was carried out as described in Section 2.4.

3. Results and discussion

The refined vegetable oils selected for the study were
olive, corn and soybean. The selection of corn and
soybean oils was made owing to their common use as
cooking media and also high relative reaction rates of
their unsaturated fatty acids with oxygen (List & Er-
ickson, 1985).

The reason for including olive oil in the study was its
relatively low reactivity with O, so that a comparison
could be made between the reaction rates of oils of
varying inherent stability (Christian et al., 2000).

To follow the oxidation rate in each oil sample, the
samples were analyzed periodically for PV, p-AV and
IV, since a single reaction criterion is not enough to
account for the oxidative changes at various stages un-
der different conditions.

PV and p-AV values increased in the order: deep-
frying > air-light exposure > air exposure (Isabei &
Mariano, 2001; Matalgyto & Al-Khalifa, 1998) (Figs. 1
and 2). Since autoxidation, which starts with the
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Fig. 6. Effect of adding antioxidant on IV of the corn oil used for deep-frying of French fries at 180 °C for 90 min.



258 S. Naz et al. | Food Chemistry 88 (2004) 253-259

abstraction of hydrogen adjacent to a double bond in a
fatty acid (RH), is catalyzed by light and heat to form a
free radical (R*) PV and p-AV values in the oils exposed
to air only were significantly lower than those in oils
exposed to air-light and the oil used for deep-frying
(Isabei & Mariano, 2001; Matalgyto & Al-Khalifa,
1998). Olive oil gave the lowest values while soybean
gave the highest. The values of corn oil were interme-
diate between the two. The lower values given by olive
oil compared to soybean and corn oil are as expected
from the fatty acid composition of the oils and, hence,
their inherent stability.

IVs of all the oil samples exposed to air and air-light
did not change significantly whereas deep-frying sub-
stantially reduced the IVs (Fig. 3). Oxidation, which
consists of a complex series of chemical reactions, is
characterized by a decrease in the total unsaturated
content of the oil due to abstraction of hydrogen adja-
cent to a double bond and the formation of free radicals.
Hence the deep-frying, which could accelerate the oxi-
dation in the oil at a faster rate, would also cause
maximum reduction of the I'Vs.

The effects of adding antioxidants (caffeic, vanillic
and ferulic acids) and the crude tea extract on PV, IV
and p-AV of the corn oil were analyzed after deep-frying
for 30, 60 and 90 min at 180 °C. All antioxidants ef-
fectively reduced the oxidation rate in the oil, as detected
by decrease in PVs and p-AVs and relatively low re-
duction in IVs (Figs. 4-6). The order of antioxidative
activity was: caffeic acid > vanillic acid > ferulic acid
>tea extract (Xiaoying & Ahn, 1998; Bozidar et al.,
1998). This difference in activity may be accounted on
the basis of their chemical structures (see Fig. 7).

Vanillic and ferulic acids are hindered phenols, since
the -OCH3 group ortho or meta to the hydroxyl group
suppresses antioxidant activity. This steric hindrance is
likely responsible for the relative ineffectiveness of va-
nillic and ferulic acids. In addition, the caffeic acid,
having two -OH groups at adjacent positions, acts as a
chelator for most of the metal ions that act as pro-oxi-
dants and that may catalyze the reaction even if present
in trace amounts.

The least affect of the tea extract as an antioxidant
may be attributed to impurity or crudeness of the an-
tioxidants in the extracts.

OH OH H
OCH; CH H

CH=CHCOOH COOH CH=CHCOOH

Ferulic acid Vanillic acid Caeffic acid

Fig. 7. Phenolic structures.

4. Conclusion of the study

Continuous exposure of oil to air and light enhances
oxidative changes in the oil and these changes become
very fast in frying oil. The level of primary oxidation
products (indicated by PV) may be enhanced on expo-
sure of oil just to air and/or light and the levels of sec-
ondary oxidation products (indicated by p-AV) become
significant upon heating/frying. It is obvious from the
values obtained in the case of the control, samples ex-
posed to air or air-light that, though the oxidative
changes in these samples are not too fast, initiation of
the reaction is possible even at very low concentration of
O, and diffused light in a very short period of time.

The addition of an antioxidant to oils is most useful
at the initiation stage as the PV and p-AV, after 90 min
frying of the corn oil in the presence of caffeic acid, are
very close to the values obtained for the control.

References

Bozidar, Lj. M., Djilas, S. M., & Canadanoric-Brunet, J. M. (1998).
Antioxidant activity of phenolic compounds on the metal ion
breakdown of lipid peroxidation system. Food Chemistry, 61(4),
443-447.

Carla, R., Oliviero, O., Domenico, G., Giovanni, F., Zenari, M. L.,
Sara, L., & Roberto, C. (1998). Antioxidant status and lipid
peroxidation in patients with essential hypertension. Journal of
Hypertension, 16(9), 1267-1271.

Christian, G., Sabine, K., & Kochhar, S. P. (2000). Testing and
comparing oxidative stability of vegetable oil and fats at frying
temperature. European Journal of Lipid Science and Technology,
102(8-9), 543-551.

Determination of the p-Anisidine Value, Method 2.504. (1987).
TUPAC standard methods for the analysis of oils, fats and derivatives
(7th ed.). Oxford: Alden Press, p. 210.

Determination of the Iodine Value, Method 2.505. (1987). IUPAC
standard methods for the analysis of oils, fats and derivatives (7th
ed.). Oxford: Alden Press, p. 88.

Determination of the Peroxide Value, Method 2.501. (1987) I[UPAC
standard methods for the analysis of oils, fats and derivatives (7th
ed.). Oxford: Alden Press, p. 199.

Dolores, F. M., Anna-Maija, L., Anu, H., & Afaf, K. E. (1998). Effect
of a- and y- tocopherols on the autoxidation of purified sunflower
triacylglycerols. Lipids, 33(7), 715-722.

Haneda, M., & Yoshino, M. (1998). Antioxidant effect of dipicolinic
acid on the metal catalysed lipid peroxidation and enzyme
inactivation. Biomedical Research, 19(3), 205-208.

Isabei, P., & Mariano, M. (2001). Study of the thermal stability of
edible vegetable oils in different environments. Afinidad, 58(493),
190-196.

Isabel, M., Satue-Gracia, M. T., German, J. B., & Frankel, E. N.
(2000). Comparison of natural polyphenol antioxidants from extra
virgin olive oil with synthetic antioxidants in tuna lipids during
thermal oxidation. Journal of Agricultural and Food Chemistry,
47(12), 4873-4879.

Kristina, A., & Hans, L. (1998). Influence of oxygen and copper
concentration on lipid oxidation in rapeseed oil. Journal of the
American Oil Chemists Society, 75(8), 1041-1046.

List, G. A., & Erickson, D. R. (1985). In T. H. Applewhite (Ed.),
Baily’s industrial oil and fat products (Vol. 111, (4th ed., pp. 275-
277). New York: Wiley.



S. Naz et al. | Food Chemistry 88 (2004) 253-259 259

Matalgyto, F. S, & Al-Khalifa, A. S. (1998). Effect of microwave oven

heating on stability of some oil and fats. Arab Gulf Journal of

Scientific Research, 16(2), 21-40.

Navarro, J., Obrodor, E., Carreter, J., Petschen, 1., Avino, J., Perez, P.,
& Estrela, J. M. (1999). Changes in glutathione status and the
antioxidant system in blood and cancer cells associate with tumor
growth in vivo. Free Radical Biology and Medicine, 26(3/4), 410—
418.

O’Neill, L. M., Galvin, K., Morrissey, P. A., & Buckley, D. J. (1998).
Compearision of effect of dietry olive oil, tallow and vitamin E on
the quality of broiler meat and meat products. British Poultry
Science, 39(3), 365-371.

Peter, M., & Hakan, W. (1998). Adduct formation, mutagenesis and
nucleotide excision repair of DNA damage produced by reactive
oxygen species and lipid peroxidation product. Mutation Research,
410(3), 271-290.

Rudnik, E., Szczucinska, A., Gwardiak, H., Szule, A., & Winiarska, A.
(2001). Comparative studies of oxidative of linseed oil. Thermo-
chimica Acta, 370(1-2), 135-140.

Witting, P. K., Detlef, M., & Roland, S. (1999). Assesment of
prooxidant activity of vitamin E in human low-density lipoprotein
and plasma. Methods in Enzymology, 299, 362-375.

Witting, P. K., Upston, J. M., & Stocker, R. (1998). The molecular
action of o-tocopherol in lipoprotein lipid peroxidation. Pro and
antioxidant activity of vitamin E in complex heterogeneous lipid
emulsions. Subcellular Biochemistry, 30, 345-390.

Xiaoying, C., & Ahn, D. U. (1998). Antioxidant activities of six naturals
phenolics against lipid oxidation induced by Fe+2 or ultraviolet light.
Journal of the American Oil Chemists Society, 75(12), 1717-1721.

Yuki, F., & Sadaaki, L. (2001). Temperature dependency of autoxi-
dation rate constants of edible oils. Wayo Joshi Daigaku Kiyo,
Kaseikei-Hen, 40, 25-35.

Yulan, L., Xiaoshuo, M., Ming, Y., Shuyu, C., Hongxia, X., & Xiao,
L. (1998). Antiaging effects of polysaccharide from spirulina
platensis. Zhongguo Yaolixue Tongbao, 14(4), 362-364.

Zhao-jie, L., Chang-hu, X., Hong, L., En-Chen, G., & Hong-Jun, W.
(2000). The oxidative stability of fish oil in different systems.
Shuichan Xuebao, 24(3), 271-274.



	Oxidative stability of olive, corn and soybean oil under different conditions
	Introduction
	Materials and methods
	Samples
	Analysis of the oil exposed to air
	Analysis of the oil exposed to air-light
	Analysis of the oil used for deep-frying
	Analysis of corn oil used for deep-frying in presence of added antioxidants

	Results and discussion
	Conclusion of the study
	References


