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INTRODUCTION

One of the major problems of storing crude and refined
vegetable oils is oxidation that leads to the development of
rancidity and deterioration of the oil quality. Products with higher
lipid concentration are naturally considered to be more prone to
oxidative rancidity. This happens due to the multiple unsaturated
bonds present in the predominant unsaturated fatty acids such as
oleic acid, linoleic acid and linolenic acid. Besides affecting the
nutritional quality of the products, during this process, it may
generate potential toxic compounds through the action of free
radicals and reactive oxygen species (ROS) that are harmful for
human health and is implicated in degenerative diseases such as
cancer and early ageing [1]. The addition of antioxidants to oil is
one of the most efficient ways to prevent oxidation reaction between
molecular oxygen and unsaturated fatty acids present in oils.
Synthetic antioxidants such as butylated hydroxy toluene (BHT),
butylated hydroxy anisole (BHA), tert-butylated hydroxy-quinone
(TBHQ) and propyl gallate (PG) have been proved effective
antioxidants against oil rancidity [2]. tert-Butylated hydroxy-
quinone is known to be a very effective antioxidant for vege-
table oils and it is stable at high temperature [3]. But the use of
most of these synthetic antioxidants as additives have been
discouraged in international market due to their potential health
risks corresponding to carcinogenicity [1,4]. Therefore, more
attention has been directed towards bioactive plant extracts (natural
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antioxidants) which offer a unique range of applications for holistic
health and wellness. The antioxidant activity of these extract depend
on the isolation procedures and type of active components of extracts
[5]. The effectiveness of antioxidants varies depending on the temp-
erature and conditions of processing and storage [3].

Sesame (Sesamum indicum L.) is an important source of edible
oil because of its high content of lipid [6]. It is not only good source
of edible oil but also widely used in baked goods and confecti-
onery products [7]. The oil shows remarkable stability despite of
high unsaturation. Sesame cake is a by-product of sesame oil industry.
In some countries, sesame cake is used as poultry feed. Studies
show that a significant amount of antioxidant compounds still
existed in the sesame meal [8]. Sesame seed meal was studied as
potential antioxidant agents due to their high antioxidant activities
[9,10]. Furthermore, there is a high potential for the commercial
isolation of these products due to the low value of sesame seed
meals that are being discarded as by-products.

Sunflower (Helianthus annus L.) is the second largest oilseed
crop and one of the major protein meals used for livestock feeding
and particularly for ruminant diets. Because of its high content of
protein, sunflower meal is used primarily in ruminant feed, but
its nutritional, sensory and functional properties also make a great
interest for human food as a protein source. Sunflower meal is
also rich in minerals, valuable vitamins A, E, phenolic acids, poly-
phenols, flavonoids and condensed tannins and studied as a
potential source of cheap natural antioxidants [11]. Sunflower



meal was studied for phenolic and antioxidant potential due to its
high antioxidant activity [12]. Hence, the objectives of present
investigation is to prepare extract of sesame and sunflower seed
meal, to extract and refine the crude oil of soybean seed obtained
from solvent extraction and to study the oxidative stability of crude
and refined soybean oil supplemented with sesame and sunflower
meal extract against oxidation during accelerated storage in
comparison with synthetic antioxidant such as propyl gallate
and tert-butylated hydroxyquinone.

EXPERIMENTAL

 The seeds of soybean, sesame meal and sunflower meal
were procured from the local market at Hisar, India.

Sample preparation: A commercial sample of sesame
and sunflower meals were dried and then ground into a fine
powder. Samples (100 g) were defatted with hexane (3 times
× 500 mL) at room temperature. The defatted residue was washed
with distilled water (3 times × 500 mL) and dried at 50 ºC. The
above residue (10 g) was extracted with 150 mL acetone by
Soxhlet method for 8 h. Extracts were filtered and the excess
solvent was removed in a rotary evaporator below 40 ºC) and
finally weighed. The residue was redissolved in 100 mL of
acetone to give an antioxidant solution of known concentration
and stored in refrigerator for further use.

Extraction of soybean oil: The seeds of soybean were
ground to powder. Oil was extracted by Soxhlet method using
petroleum ether (60-80 ºC) for 8 h.

Refining of soybean oil: Degumming is the first step of
refining and involves the removal of easily hydralable phospho-
lipids and metals from the oil. For this, the crude oil was treated
with water at room temperature. The hydrated phospholipids
are removed at the end of this step.

Step 2: Small amount of phosphoric acid was added to
convert the remaining non-hydralable phospholipids (Ca, Mg
salts) into hydralable phospholipids. Free fatty acids are respon-
sible for oil acidity. During neutralization, the oil was treated
with excess NaOH which reacts with free fatty acid to form soap
stock. The soap stock was separated from the oil by centrifugation.

Step 3: The purpose of bleaching (or decolourizing) is to
reduce the levels of pigments such as carotenoids and chlorophyll,
but this treatment also further removes residues of phosphatides,
soaps, traces of metals, oxidation products and proteins. Bleaching
was done with acid-activated clay minerals to adsorb colouring
components and to decompose hydroperoxides.

Step 4: Deodourization is a vacuum steam distillation process
that removes the relatively volatile components, aldehydes and
ketones that give rise to undesirable flavours, colours and odours
in oil. This is feasible because of the great differences in volatility
between these undesirable substances and the oil. The purpose
of deodourization is to remove odours, off-flavours and other
volatile components such as pesticides and light polycyclic
aromatic hydrocarbons. Depending on the residence time in
the deodouriser, the process was carried out at low pressure (2-6
mbar) and elevated temperatures (180-270 ºC), since the substances
responsible for odours and flavours are usually volatile.

Addition of additives to crude and refined soybean oils:
Acetone extracts of sesame and sunflower meals at concen-
trations (200, 500, 1000 and 2000 ppm) were separately added

to crude and refined soybean oils. Experiments were also carried
out with synthetic antioxidants propyl gallate and tert-butylated
hydroxyquinone at 200 ppm, and control set without added
antioxidants. Each container was appropriately labelled and
samples were stored in uniform glass beaker at 50 ºC for a definite
period in an incubator.

Physio-chemical analysis: Samples were analyzed after
20, 40, 60, 80, 100, 120 days to follow the oxidative changes.
Required quantity of the sample was taken out periodically
and studied for free fatty acids (FFA), p-anisidine value (p-
AV) and peroxide value (PV). Free fatty acids and peroxide
value were determined according to AOAC method [13]. p-
Anisidine value was measured according to AOCS method
[14]. All the experiments were conducted with duplicate sets
and analyses of sample run in triplicate and averaged. The above
experiments were repeated with refined soybean oil.

RESULTS AND DISCUSSION

Effect on peroxide value: Peroxide value is a measure
of the concentration of peroxides and hydroperoxides formed
in the initial stages of lipid oxidation. The hydroperoxides formed
from lipid oxidation are decomposed to volatile carbonyl comp-
ounds or non-volatile oxidized dimers, trimers or polymers
by further oxidation. For the present investigation, crude and
refined soybean oil having an initial peroxide value of 3.4 and
1.1 meq/Kg, respectively was taken. Degree of oxidation of crude
and refined soybean oil samples were determined by measuring
peroxide value in the absence and presence of antioxidants at
50 ºC for 120 days. The influence of antioxidants during storage
on peroxide value in the crude soybean oil samples is shown
in Fig. 1. Crude soybean oil (CSO) results showed that peroxide
value increased linearly with storage time and increased in
acceleration after 60 days. It was observed that maximum
increase in peroxide value was observed in control while tert-
butylated hydroxyquinone had minimum increase. Crude soy-
bean oil sample without the antioxidant (control) reached a
maximum peroxide value of 200.54 meq/Kg after storage
of 120 days. Crude soybean oil containing sesame and sun-
flower extracts had lower peroxide value values than oil sample
containing 200 ppm propyl gallate during storage. As the concen-
tration of the extracts increases, propyl gallate of crude soybean
oil gradually decreases. The result observed was in agreement
with the observations reported by Nyam et al. [15] for peroxide
value of sunflower oil mixed with kenaf seeds extract, roselle
seeds extract and roselle extract. Fig. 2 revealed the peroxide
value of refined soybean oil (RSO) stored for 120 days. Results
of refined soybean oil also showed that peroxide value increased
linearly with storage time and increased in acceleration after
40 days. Refined soybean oil sample without the antioxidant
(control) reached a maximum peroxide value of 240.24 meq/
Kg after 120 days of storage. The peroxide value of oil conta-
ining antioxidants was lower than peroxide value of oil which
contained no additive (control). From the results, it showed
that peroxide value of refined oil reached a higher value than
crude oil because natural antioxidants such as total tocopherol,
sterol and carotenoid had been lost during refining [16].
Peroxide value of the samples having sesame and sunflower
extracts were less than propyl gallate but more than tert-butylated
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Fig. 1. Comparison of peroxide value (meq/kg) of crude soybean oil stored
at 50 °C
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Fig. 2. Comparison of peroxide value (meq/kg) of refined soybean oil stored
at 50 °C

hydroxyquinone (TBHQ). Thus sesame and sunflower meal
extracts controlled peroxide value appreciably by delaying the
hydroperoxides formation and had better stabilization effect
than propyl gallate. Although both sesame and sunflower meal
extract controlled peroxide value but sesame meal extract is
more effective than sunflower meal extract.

Effect on free fatty acid: Free fatty acid is an important
oil quality indicator during each stage of processing. Free fatty
acid of any lipid is measure of hydrolytic rancidity [17]. Higher
value of free fatty acid of any lipid, higher the degree of hydro-
lytic rancidity that set-in [18]. In crude oil, free fatty acid esti-
mates the amount of oil that will be lost during refining steps
designed to remove fatty acids. Fig. 3 depicted the free fatty
acid of crude soybean oil stored with natural as well as synthetic
antioxidants for 120 days, respectively. Crude soybean oil
results showed that free fatty acid increased with storage time
and sample without antioxidant (control) reached a maximum
of 6.55 (% oleic acid) after 120 days of storage. Crude soybean
oil sample with tert-butylated hydroxyquinone showed mini-
mum increase in free fatty acid during storage. Natural extracts
had less stability than tert-butylated hydroxyquinone while
more than propyl gallate. The effect of antioxidants during
storage on free fatty acid in the refined soybean oil samples
is shown in Fig. 4. The free fatty acid of refined soybean oil
samples which contained sesame and sunflower extracts, 200
ppm propyl gallate and 200 ppm tert-butylated hydroxy-
quinone was lower than free fatty acid of oil sample that
contained no additive. Free fatty acid of refined soybean oil
containing sesame and sunflower extracts was lower than free
fatty acid of oil containing 200 ppm propyl gallate. The result
is in agreement with Arawande et al. [19]. Free fatty acid of
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Fig. 3. Comparison of free fatty acid (% oleic acid) of crude soybean oil
stored at 50 °C
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Fig. 4. Comparison of free fatty acid (% oleic acid) of refined soybean oil
stored at 50 °C

the oil sample containing extracts slightly decreased as the
concentration of extracts increased in the oil. Hence, increase
in the extract concentration in the oil reduces the rate at which
oil undergoes oxidative rancidity. The results demonstrated
that sesame meal extract had higher antioxidant activity than
sunflower meal extract and propyl gallate but lower activity
than that of tert-butylated hydroxyquinone for all concentrations.

Effect on p-anisidine value: The p-anisidine value is based
on the reactiveness of aldehyde carbonyl bond on p-anisidine
amine group, leading to the formation of Schiff base that absorbs
at 350 nm [20]. Fig. 5 depicted p-anisidine value for crude soy-
bean oil samples stabilized with the extract, propyl gallate,  tert-
butylated hydroxyquinone and control. It was clearly observed
that all the varying concentrations of sesame and sunflower
extracts were effective in lowering the p-anisidine value of
crude soybean oil than 200 ppm propyl gallate. The capability
of these extracts to reduce p-anisidine value of crude soybean
oil slightly increased as the concentration of extract increased.
It was also revealed sesame meal extract is more stable than
sunflower meal extract. This is in accordance with Chatha et al.
[21]. They found that supplementation of canola oil with wheat
bran extract strongly inhibited the rise of anisidine value during
the storage period. Fig. 6 presents the p-anisidine value of
refined soybean oil stored with natural as well as synthetic anti-
oxidants for 120 days. Throughout the 120 days of storage the
p-anisidine value of refined soybean oil that contained no
additive was higher than oil samples that contained additives
(extracts, propyl gallate,  tert-butylated hydroxyquinone). As the
concentration of sesame and sunflower extracts increased in
the oil sample, p-anisidine value of the oil decreased remarkably.
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Fig. 5. Comparison of p-anisidine value of crude soybean oil stored at 50 °C

250

200

150

100

50

0
0  20 40 60 80 100 120

Storage time (days)

Control

TBHQ 200 ppm

PG 200 ppm

Sesame meal ext. 500 ppm

Sesame meal ext. 1000 ppm

Sesame meal ext. 2000 ppm

Sunflower meal ext. 500 ppm

Sunflower meal ext. 1000 ppm

Sunflower meal ext. 2000 ppm

p-
A

ni
si

di
ne

 v
a

lu
e

Fig. 6. Comparison of p-anisidine value of refined soybean oil stored at
50 °C

During storage, sesame and sunflower extracts were more
effective than 200 ppm propyl gallate while less than tert-
butylated hydroxyquinone in reducing p-anisidine value
of refined soybean oil. The result is in agreement with data
reported by Aruoma et al. [22]. They reported that in soybean
oil, carnosic acid was more active than butylated hydroxy-
quinone and butylated hydroxy anisole, but less active than
tert-butylated hydroxyquinone. Difference in antioxidant activity
of different antioxidants may be due to chemical structures.
The stability of phenoxy radicals reduces the rate of propa-
gation and further reactions and increases the oxidative stability
of lipids [20].

Conclusion

It is concluded that both sesame and sunflower meal extracts
can stabilize crude and refined soybean oils effectively stored
in transparent glass container. The antioxidant activity of both
extracts was higher than that of 200 ppm propyl gallate but
lower than 200 ppm tert-butylated hydroxyquinone at 50 ºC.
While sesame meal extract is more effective than sunflower
meal extract in stabilization of crude and refined soybean oil.
This shows that sesame and sunflower meal extracts extended
the stability even more than the standard one. The result demons-

trated that refined oil is more susceptible to oxidation as compare
to crude oil because natural antioxidants such as total tocopherol
and carotenoid had been lost during refining.
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