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Abstract Antioxidants are components which prevent auto-
oxidation of oils and fats by giving their hydrogen to free
radicals formed in the initiation and propagation stages of
autoxidation. During the past two decades, a lot of researches
using natural plants extract in edible oils have been carried
out due to the trend to minimize or avoid the use of synthetic
food additives. According to the most studies, there are
various natural antioxidants which can be extracted from
low cost resources, such as most parts of olive plant, green
tea, sesame, medicinal plants, etc. One of the most important
requirements for a suitable antioxidant in oils and fats is the
thermal stability during heat processing. It has been shown
that most of natural additives have more antioxidants activity
and thermal stability than synthetic ones in different edible
oils. In this review, recent advances in the application of
natural antioxidants in the food industry will be covered.
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Introduction

The oxidative reaction is responsible for rancid odors and
flavors within fats and oils which reduces nutritional quality
of foods. Oxidation reactions consist of auto-oxidation, photo-
oxidation, enzymatic oxidation and ketonic oxidation, where-
as auto-oxidation is the most common deterioration during
storage of edible oils. Autoxidation is the reaction between
oxygen and unsaturated fatty acids via an auto-catalytic

process consisting of a free radical chain mechanism. This
chain includes initiation, propagation, and termination reac-
tions that could be cyclical once started:

Initiation : RH ����→R•

Propagation : R• þ O2 ����→ROO•

ROO• þ RH ����→ROOH þ R•

Termination : R• þ R• ����→R − R
ROO• þ R•����→ROOR
ROO• þ ROO•����→Non� radical products

The initiation process generates free radicals from the
substrate. Antioxidants are components which prevent
auto-oxidation of oils and fats by giving their hydrogen to
free radicals formed in the initiation and propagation stages
of autoxidation by following reactions (AH is antioxidant
molecule):

ROO• þ AH����→ ROOHþ A•

R• þ AH ����→ RH þ A•

RO• þ AH����→ ROH þ A•

ROO• þ A• ����→ ROOA
RO• þ A• ����→ ROA
A• þ A• ����→ A −A

There are many factors that affect the auto-oxidation
reaction such as unsaturation (the most important factor),
temperature, presence of oxygen, light, moisture, heavy
metals and antioxidants. Antioxidants prevent free radical
induced cell and biological targets damage by preventing the
formation of radicals, scavenging them, or by promoting
their decomposition (Young andWoodside 2001). Generally,
they can be considered as two main groups, natural and
synthetic antioxidants. Among the synthetic types, the most
frequently used are butylated hydroxyl anisole (BHA), bu-
tylated hydroxyl toluene (BHT), propyl gallate (PG) and tert-
butyl hydroquinone (TBHQ). In most countries, the usage
level of synthetic antioxidants is regulated and the safety of
the compounds involved has been tested based on long-term
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toxicity studies. Much of the interest on naturally occurring
antioxidants is developed because of the trend to minimize or
avoid the use of synthetic food additives (Shahidi 2005).
Yanishlieva and Marinova (2001) have reviewed the studies
applying natural antioxidants for stabilization of edible oils
until the year 2000. In the present study, it has been tried to
cover relevant works in the last 12 years with a focus on
researches which have assessed the antioxidant activity in oil
matrix through Schaal oven test instead of model systems.

Safety and regulatory considerations of synthetic
antioxidants

Synthetic antioxidants have been tested for safety and ap-
proval for use in food at low concentrations on the basis of
complex toxicity studies. Although synthetic antioxidants
have been widely used in most countries, there is still doubt
about their safety (Shahidi 2005). An antioxidant should
have two conditions to be considered as safe: its LD50 must
not be less than 1,000 mg/kg body weight, and the antioxi-
dant should not have any significant effect on the growth of
the experimental animal in long-term studies at a level 100
times greater than that proposed for human consumption
(Lehman et al. 1951). Approval of an antioxidant for food
application also requires extensive toxicological studies of
its possible mutagenic, teratogenic and carcinogenic effects
(Pokorny et al. 2000), It has been proved that antioxidants
may share a number of toxic properties at high concentra-
tions (Shahidi 2005). According to the studies of Lanigan
and Yamarik (2002), BHT had bad effects on rat’s liver,
kidney and lung because of their potential action as carcino-
genesis. Some studies have proved BHA and BHT to be
cytotoxic because of the carcinogenicity of BHA in the
forestomach of rodents (Saito et al. 2003; Verhagen et al.
1991; Sarafian et al. 2002; Farag et al. 2003), thus, some
decisions have beenmade by governments to reduce the use of
synthetic antioxidants in foods. It is notable that adverse
effects of synthetic antioxidants are observed only at high
concentrations. On the other hand, some studies reported that
the dosage of synthetic antioxidants which currently are using
in foods, not only have no adverse effect on human but also
have anticarcinogenic and antimutagenic properties and some
other beneficial effects (Whysner et al. 1994; Hirose, et al.
1999; Slamenova et al. 2003; Valenzuela et al. 2003; Williams
et al. 1999). According to Williams et al. (1999), BHA and
BHT pose no cancer hazard and to the contrary, may be
anticarcinogenic at current levels of use. The safety of synthet-
ic antioxidants is always a controversial discussion because of
their possible toxic effects during long-term intake. It seems
logical that if there is a little possibility of being harmful of
synthetic antioxidants, we try to replace them with natural
antioxidants that are more compatible with human nature.

The usage level, approval, type and application of an
antioxidant may be different among countries. Many coun-
tries have adopted regulations similar to the United States
regarding the usage of these antioxidants. Table 1 shows
regulations governing the use of synthetic antioxidants in
Canada and the United States and Acceptable Daily Intake
(ADI) Levels of them.

Use of natural antioxidants in edible oils

In recent years, phenolic compounds of plant origin have
attracted considerable attention due to their beneficial func-
tional and nutritional effects including antioxidant and anti-
microbial activity (Bubonja-Sonje et al. 2011). During the
past two decades, a lot of researches about the use of natural
plant extracts with antioxidant activities in various edible
oils have been carried out. Some of relevant cases have been
shown in Table 2. The main goal of these researches was to
reduce the application of synthetic compounds as antioxi-
dants because of their potential negative health effects and as
a result of consumer demand.

Olive antioxidants

Natural antioxidants could be present in any parts of plants
including leaf, stem, root, seed, fruit, bark, etc. Most parts of
olive plant are a suitable source for natural antioxidants like
olive oil, kernel and leaf which have been tested for antiox-
idant activity in edible oils by many researchers such as
Bouaziz et al. (2008). They used Chemlali olive leaves and
its hydrolysate extract in refined and husk olive oils. In this
case, peroxide values, absorption coefficients K270 and
K232, Rancimat induction time, sterols and fatty acid con-
tents were determined during 6 months storage at 50 °C in
order to evaluate oxidative stability. It was concluded that
hydrolysate extracts at 400 ppm had the highest protective
effect against oil oxidation (even more than BHT). During
storage, there was no significant variation in fatty acid com-
position. However, the total sterol concentration of the oils
treated with hydrolysate extract increased. The application of
the leaf extract of two varieties (Koroneiki and Roghani) of
olive plant in sunflower oil has been studied by Rafiee et al.
(2011a, b, c). The results of peroxide value and thiobarbitoric
acid index revealed that methanol extract of Cronaiky at
1,000 ppm could control the oxidation of sunflower oil
comparable to BHA and BHT at 100 and 200 ppm levels.

Extraction of antioxidants from olive waste materials is
more economical. Leonardis et al. (2007) used phenolic
compounds extracted from olive oil mill wastewater for
oxidative stabilization of lard. Every 100 g of waste water
yielded 50 mg of total phenol. Their results showed that
natural extracted phenolic compounds had a good
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antioxidant activity and could be used for oxidative stabili-
zation of lard. Cytotoxicity assay showed that a phenolic
extract at the dose of 100–200 ppm, did not inhibit cell
growth. In another research by Abd-Elghany et al. (2010),
olive waste cake extract (which is considered as an agricul-
tural waste), was used to improve oxidative stability of
sunflower oil. Antioxidants were extracted by ethanol and
were added at levels of 100, 200, 400 and 600 ppm to
samples of sunflower oil heated at 180±5°C for 4 h/day,
for 5 consecutive days. As it has been shown in Table 3,
changes in peroxide value, TBA value, free fatty acids,
oxidized fatty acids, polar compounds, iodine value and
Rancimat oxidative stability of sunflower oil compared to
crude sunflower oil and sunflower oil treated with 200 ppm
BHT were analyzed. In all cases, the crude sunflower oil
showed the lowest oxidative stability whereas the quality of
sunflower oil increased at higher concentrations of olive
waste extract. They concluded that concentration of
200 ppm and higher of olive cake extract is more effective
in increasing the protection factor and calculated oxidative
stability at ambient temperature and shelf-life than BHT.
Other works on olive natural antioxidants have been men-
tioned in Table 2.

Application of olive plant antioxidants have been shown
to be very effective in stabilization of various edible oils
whereas the usage of antioxidants from olive waste materials
is more economical. On the other hand, applying olive plant
extract changes not only the color of oil to green (similar to
olive oil), but also it gives an unpleasant bitter taste to the oil.
These are the most important problems which should be
considered in the future studies. The encapsulation of olive
leaf extract could be a possible solution for these problems
which was examined by Taghvaei et al. (2013). The
microwave-assisted olive leaf extract (OLE) encapsulated
by Arabic gum and maltodextrin were used in order to
stabilization of soybean oil. As it has been illustrated in
Fig. 1, OLE encapsulated with Arabic gum showed the most

oxidative protection activity (more than BHT at 100 and 200
ppm).

Sesame antioxidants

Sesame oil has a special and strong antioxidant called
sesamol which is made of two parts: sesamin and sesamolin.
In a study by Mohamed and Awatif (1997), sesame oil
unsaponifiable matter was used as a natural antioxidant in
sunflower oil. The sesame seeds were roasted at 180 °C for
30 min before saponification and unsaponifiable matter were
added individually in sunflower oil at levels of 0.02, 0.05
and 0.1% and their effectiveness were compared with a
control (no additives) sample at 63°C. Their result showed
an effective antioxidative activity which increased at higher
concentrations of natural antioxidants. Also, roasting treat-
ment increased the level of effective antioxidant compounds
and these researchers recommended sesame oi l
unsaponifiable matter as an alternative natural antioxidant
for food applications. In another study, Suja et al. (2004)
used methanol extract of sesame cake in soybean, sunflower,
and safflower oils, and antioxidant activity of the extract was
evaluated by Schaal oven method and differential scanning
calorimetry analysis. Their results revealed that sesame cake
extract, at concentrations of 5, 10, 50 and 100 ppm, could
significantly (P<0.05) decrease the diene value, peroxide
value and p-anisidine value of vegetable oils during storage
at 60 °C. They found that sesame cake extract had better
antioxidant effect than BHT at 200 ppm.

Although sesame has a strong oxidation prevention ca-
pacity, but it’s not economical to apply sesame just for
antioxidant extraction. The consumption of synthetic antiox-
idants is very economical for edible oil producers, hence in
order to substitute a natural antioxidant with its synthetic
rival; it needs to be more effective in oxidation prevention,
and at the same time, more economical. Mohamed and
Awatif (1997) and Suja et al. (2004) proved that it is possible

Table 1 Regulations governing the use of synthetic antioxidants and their ADI levels

Antioxidant United States Canada ADI Reference

BHA 50 ppm alone or in combination
with BHT

Not to exceed 0.02%, alone
or in combination with BHT,
PG or TBHQ

0–0.5 mg/kg body
weight (bw)

Shahidi 2005; JECFA 2003a

BHT 50 ppm alone or in combination
with BHA

Not to exceed 0.02%, alone or
in combination with BHA,
PG or TBHQ

0–0.3 Shahidi 2005; JECFA 2003b

Propyl gallate Not to exceed 0.02% of fat content
including essential (volatile)
oil content

Not to exceed 0.02%, alone
or in combination with BHA,
BHT or TBHQ

0–1.4 Shahidi 2005; JECFA 2003c

TBHQ Not to exceed 0.02% of fat content
including essential (volatile) oil,
Alone or in combination with BHA
and/or BHT

Not to exceed 0.02% alone or
in combination with BHA
or BHT or PG

0–0.7 Shahidi 2005; JECFA 2003d
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to extract sesame antioxidants more economically with ses-
ame oil production byproducts.

Green tea antioxidants

Green tea is well known for its phenolic compounds with
various medicinal effects such as antioxidant effects. The activ-
ity of green tea extracts on the oxidation of seal blubber oil and
menhaden oil was examined under Schaal oven test at 65°C by
Wanasundara and Shahidi (1998). The dechlorophyllized green
tea extract was applied to both seal blubber oil and menhaden
oil at 100, 200, 500 and 1,000 ppm levels. The antioxidant
activity of extract was compared with BHA, BHTand TBHQ at
200 ppm and α-tocopherol at 500 ppm. Green tea extracts at
higher concentrations than 200 ppm showed excellent antioxi-
dant activity in both oils and its efficacy was higher than that of
BHA, BHT and α-tocopherol, but less than that of TBHQ.
Green tea extract also used to protect Turkish dry-fermented
sausage (sucuk) against oxidation during the ripening periods
and it showed more effectiveness than BHT (Bozkurt 2006).
The most important antioxidant compound of green tea is
catechin which along with apicatechins, epicatechin gallate,
epigallocatechin, and epigallocatechin gallate and other flavo-
noids makes the green tea extract as a suitable mixture of natural
antioxidants with scavenging oxygen radicals and chelating
metal ions activity.

Natural antioxidants from medicinal and other plant

Bera et al. (2006) used a new natural antioxidant (soluble
ajowan1extract) for preventing oxidation of flaxseed com-
pared with synthetic antioxidants (TBHQ, BHT, EQ). They
observed that TBHQ had a higher thermal stability than other
antioxidants but considering the cost with ajowan and its use
as a spice in food preparations, the mentioned natural antiox-
idant was more preferred. The antioxidant activity of
Alkannin and Shikonin (food colorants) and their derivatives,
bearing both the quinone and the hydroquinone moiety, have
been studied by Assimopoulou et al. (2004). Lard, corn oil,
olive oil and sunflower oil were used as oil substrates for the
antioxidant assay. Dichloromethane extract of A. tinctoria
roots, containing mainly alkannin esters, presented a good
antioxidant activity in lard. The antioxidant activity of
alkannin in corn oil was not satisfactory, while monomeric
shikonin, combined with citric acid, showed a very moderate
antioxidant activity in sunflower oil. The combination of the
dichloromethane extract of A. tinctoria roots with caffeic acid
resulted in a synergistic effect. Mariod et al. (2006) used two
local plant phenolic extracts to enhance the stability of sun-
flower oil. The antioxidative activities of extracts fromGuiera
senegalensis leaves, (GSL), Guiera senegalensis roots (GSR)
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and Combretum hartmannianum leaves (CHL), were evaluat-
ed by beta-carotene linoleic acid and DPPH assays in

sunflower oil at 70°C. Total phenolic compounds were
240.1, 275.6 and 253.4 mg/g respectively. These researchers

Table 3 Changes in qualitative parameters (Data from Abd-Elghany
et al. (2010)) of sunflower oil treated with different levels of olive waste
cake extract (100, 200, 400 and 600 ppm named as, SFO+OWC1,

SFO+OWC2, SFO+OWC3 and SFO+OWC4, respectively) compared
to crude sunflower oil (SFO) and sunflower oil treated with 200 ppm
BHT (SFO+BHT) during heating at 180±5°C

Heating period (h) SFO SFO+BHT SFO+OWC1 SFO+OWC2 SFO+OWC3 SFO+OWC4

Peroxide value (meq O2/kg)

0 0.87 0.87 0.87 0.87 0.87 0.87

4 1.98 1.21 1.35 1.20 1.10 1.01

8 3.25 2.98 3.16 2.97 2.50 2.25

12 5.22 4.82 4.98 4.78 4.35 4.12

16 6.38 5.43 5.68 5.40 5.12 4.93

20 7.12 6.29 6.85 6.30 6.05 5.88

TBA value (mg malonaldehyde/kg)

0 0.11 0.11 0.11 0.11 0.11 0.11

4 2.68 2.25 2.34 2.20 2.01 1.82

8 5.76 4.36 4.52 4.21 4.03 2.24

12 7.89 6.62 6.78 6.35 6.10 5.62

16 8.25 7.73 7.89 7.46 7.22 6.75

20 8.93 7.89 7.98 7.58 7.30 6.89

Free fatty acids(as % oleic acid)

0 0.078 0.078 0.078 0.078 0.078 0.078

4 0.091 0.086 0.088 0.087 0.084 0.080

8 0.108 0.094 0.096 0.095 0.090 0.086

12 0.139 0.109 0.112 0.109 0.105 0.100

16 0.192 0.130 0.134 0.132 0.126 0.118

20 0.235 0.189 0.200 0.191 0.172 0.165

Oxidized fatty acids (%)

0 0.12 0.12 0.12 0.12 0.12 0.12

4 0.13 0.22 0.26 0.20 0.18 0.18

8 0.59 0.45 0.50 0.41 0.38 0.35

12 0.98 0.76 0.81 0.65 0.50 0.50

16 1.29 0.99 1.12 0.92 0.86 0.80

20 2.35 1.96 2.13 1.83 1.70 1.65

Polar compounds (%)

0 2.12 2.12 2.12 2.12 2.12 2.12

4 2.85 2.68 2.72 2.66 2.46 2.32

8 3.75 2.95 2.98 2.92 2.70 2.48

12 4.86 3.85 3.98 3.80 3.58 3.29

16 6.79 4.98 5.21 4.98 4.39 3.98

20 8.38 7.65 7.88 7.56 7.20 6.75

Iodine value

0 130.21 130.21 130.21 130.21 130.21 130.21

4 125.20 127.35 126.45 127.45 128.12 129.11

8 122.62 125.15 123.82 125.50 126.35 128.34

12 118.35 120.65 119.23 120.75 123.25 127.15

16 110.22 115.34 114.46 117.38 120.15 124.28

20 104.50 110.23 109.45 112.25 116.50 121.26

Induction period in Rancimat oxidative stability test (h)

8 10 10.6 12.5 17.8 25.5

*Data from Abd-Elghany et al. (2010)
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showed that plant extracts can effectively inhibit the formation
of peroxides. Also, antioxidant activity of 500 mg of these
natural extracts was higher than 20 mg BHA in sunflower oil.
The GSL extract was the most effective antioxidant followed
by the GSR and CHL extract.

Bandak et al. (2011) used Majorana syriaca extract to
protect bulk corn oil against oxidation. The addition of
Majorana syriaca ethyl acetate extract (200 ppm) led to
28.9–43.2% protection against lipid oxidation. In another
study, the chemical composition of hydro-distilled oil (yield
0.17%, w/v), from the residues of Artemisia scoparia (sage-
brush or wormweed), was analyzed by Singh et al. (2009).
These authors indicated that the residue essential oils (25–
200 lg/ml) exhibited a strong antioxidant and radical scav-
enging activity and it had a good potential for the food and
pharmaceutical industry. In a research performed by Du and
Li (2008), the steam distillated extract of Cinnamomum
cassia haulm and peel was used as an antioxidant in rapeseed
oil, soybean oil, palm oil, peanut oil, and sunflower seed oil.
The antioxidant activity was determined by evaluating TBA
and peroxide values during the frying process of beef. Their
results revealed that the antioxidant effect of cassia oil during
the frying process was optimum under the conditions of 30
μL cassia oil/250 mL palm oil, 1.5 min at 150 °C.

Ahn et al. (2008) demonstrated antioxidant effect of four
natural plants extracts (rosemary, broccoli sprout and citrus)
on the microencapsulated high oleic sunflower oil. According
to their results, these natural plant extracts can effectively
inhibit the lipid oxidation of microencapsulated high oleic
sunflower oil. They used a mixture of mentioned natural
extracts rather than single one and found that lipid oxidation
of microencapsulated high oleic sunflower oil remarkably
reduced under the accelerated storage conditions. In another

research, antioxidant effects of essential oils from rosemary
(Rosmarinus officinalis), clove (Syzygium aromaticum) and
cinnamon (Cinnamomum zeylanicum) compared with butyl-
ated hydroxyanisole (BHA), were studied on hazelnut and
poppy oils by Ozcan and Derya (2011). The essential oils
were added to the oils at concentrations of 0.25% and 0.5%
and BHA at 0.02% level was added for comparison. Peroxide
values were examined at regular intervals under storage at 50
°C in darkness for 14 days. Essential oils showed stronger
antioxidant effect when compared with control groups, but
BHA was more effective than essential oils. Among the in-
vestigated essential oils, the cinnamon oil was the most effec-
tive antioxidant on preventing lipid oxidation, which was
followed by clove and rosemary oils. Devi et al. (2007) used
methanol extracts of defatted rice bran in soybean oil. They
used crude methanol extract (CME) and it’s partially purified
acetone extract (AE). For further purification of the acetone
extract, sequential solvent extraction was employed yielding a
lipophilic phase (AE-LP) with hexane and a polar phase (AE-
PP) with acetone. The antioxidant activity measured by per-
oxide value, diene value and p-anisidine value and it followed
the order of AE-PP>AE-LP=AE>CME with the activity of
AE-PP being equivalent to that of BHT at a 200 ppm level. It
was concluded that enhancing in antioxidant activity of ex-
tracts might be due to increasing concentration of antioxidants
in purified extracts compared with CME.

In another study, Farhoosh et al. (2011) used unsaponifiable
matter of bene hull oil as an antioxidant which was composed
of hydrocarbons, carotenes, tocols, linear and triterpenic alco-
hols, methyl sterols, sterols, and triterpenic dialcohols. The
sunflower oil had oxidative stability index of 3.54 h which
increased by using these fractions. It was concluded that all
fractions had significant antioxidant activity in sunflower oil at
50 °C. Efficacy of garlic extract in stabilizing sunflower oil
during accelerated storage has been studied by Iqbal and
Bhanger (2007). Methanol extract of garlic at three different
concentrations, i.e. 250, 500 and 1,000 ppm were added to
sunflower oil and BHA and BHT at 200 ppm used for com-
parison. Evaluation parameters for antioxidant efficacy were
weight gain, antioxidant activity index, free fatty acid content,
peroxide value, conjugated dienes, conjugated trienes and
thiobarbituric acid-reactive substance. The authors suggested
garlic as a potential antioxidant for stabilization of sunflower
oil. Antioxidant efficacy in decreasing order followed by garlic
extract at concentration of 1,000 ppm, BHT, BHA, garlic
extract at concentration of 500 ppm, garlic extract at concen-
tration of 250 ppm and control. The antioxidant effect of
essential oil from oregano was examined by Kulisica et al.
(2004). The β-carotene bleaching test, the 2, 20-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging method and TBA
value assay were carried out to investigate antioxidant capacity.
It was found that antioxidant activity of the oregano essential
oil is less effective than ascorbic acid, but comparable with α-
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Fig. 1 Rancimat analysis of soybean oil samples containing fish pro-
tein hydrolysis isolate (PHI), cow’s intestine PHI, olive leaf extract
(OLE), OLE encapsulated by Arabic gum (OLEA), OLE encapsulated
by maltodextrin (OLEM), OLE encapsulated by a mixture of Arabic
gum and maltodextrin (OLEAM) and BHT at 110 °C (Taghvaei et al.
2013)
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tocopherol and BHT. Pan et al. (2007a) used Cortex fraxini
ethanol extract in peanut oil to investigate antioxidant activity
by the linoleic acid peroxidation method and the free radical
scavenging assay. Use of Cortex fraxini extract significantly
reduced lipid oxidation and no significant differences were
detected between use of Cortex fraxini extract and BHT. In
another research by the same authors, Polygonum cuspidatum
ethanol extract was used in peanut oil and results almost was
the same (Pan et al. 2007b).

The antioxidant activity of toyserkani variety of walnut
husk has been examined by Rezai et al. (2011). The TBA
and Peroxide value evaluated during 16 days at 60 °C. Result
of this study showed that walnut husk is a potential source of
natural antioxidants since methanol extract with the concen-
tration of 1,000 ppm could control the oxidation of soybean
oil fairly equal to BHTat concentration of 200 ppm. The effect
of nettle (Urtica dioica) leaf extract on the inhibition of
soybean oil oxidation has been carried out by Gharekhani
et al. (2009). The effects of nettle extracts in three concentra-
tion levels (200, 500 and 800 ppm) and synthetic antioxidants
(BHA and BHT) in two levels (100 and 200 ppm) on the
stability of soybean oil were compared through determination
of peroxide value and TBAvalue during 25 days at 60 °C. The
results showed the extracts with the concentration of 800 ppm
had the highest antioxidant activity comparable with BHT,
and more than BHA.

These studies prove that there are so manymedicinal plants
which can be used for extraction of natural antioxidants but,
there are two important factors that should be considered: a) A
natural antioxidant resource is better to be ubiquities, not just
cultivated in a certain part of world. b) The other uses of these
medicinal plants should be considered; maybe it’s not an
economical idea to cultivate a plant only for antioxidants
extraction. It’s more logical to use well known, ubiquities
and proved natural resource for extraction of natural
antioxidants.

Use of individual and pure natural antioxidants

Some studies have been performed using each antioxidant com-
pounds individually. Use of four phenolic compounds as anti-
oxidants namely myricetin and catechin as a flavanol), genistein
(as isoflavone), and caffeic acid (as a hydroxycinnamic acid) at a
concentration of 555 μmol/kg in refined linseed oil, have been
examined by Michotte et al. (2011). Their antioxidative effect
was assessed according to the Schaal oven test procedure com-
pared with BHA. Caffeic acid, catechin and myricetin were
found to be more efficient than BHA. Jennings and Akoh
(2009) examined the effectiveness of natural versus synthetic
antioxidants in rice bran oil. Oxidative stability index of rice
bran oil containing rosemary extract, carnosic acid, TBHQ,
ethylenediamine tetraacetic acid (EDTA), and α-tocopherol,
and 50:50 (w/w) combinations in concentrations of 200, 300,

400 and 500 ppm were determined in this work. Mean peroxide
and p-anisidine values for carnosic acid and carnosic
acid/rosemary extract were comparable to TBHQ.

The effect of gallic acid, catechin and quercetin on physical
and chemical stability of olive oil-in-water emulsions have been
investigated byDiMattia et al. (2009). Gallic acid showed a low
activity towards secondary oxidation. Catechin showed an in-
terfacial localisation which was reflected in the enhancement of
primary oxidation and in the inhibition of secondary oxidation.
Quercetin was proven not to slow down the bimolecular phase
of auto-oxidation. Erkan et al. (2009) investigated antioxidative
effects of carnosic acid and sesamol on sunflower oil under
temperature-controlled microwave heating. In order to investi-
gate oxidative stability of oil, the concentration of conjugated
diene hydroperoxide and p-anisidine value were determined and
the temperature of microwave treatments at a frequency of 2450
MHz, was 40 °C, 60 °C and 80 °C. Carnosic acid and sesamol
were both effective in reducing the oxidation of sunflower oil
upon microwave heating and carnosic acid was found to be a
more effective antioxidant than sesamol. The amounts of added
antioxidants remaining in sunflower oil after different micro-
wave heating periods at different temperatures were determined
by HPLC-DAD in order to specify the effect of microwave on
antioxidant composition. Carnosic acid decomposed more than
sesamol during microwave heating due to not only the more
consumption of carnosic acid as an antioxidant but also themore
rapid decomposition of carnosic acid than sesamol under micro-
wave heating. The more antioxidant activity of carnosic acid in
spite of its decomposition may be attributed to the possibility
that decomposition products of carnosic acid could also show
antioxidant activity. Kiokias et al. (2009) examined antioxidant
activity of natural carotenoid extracts in the emulsions of sun-
flower oil in water. A concentration of 2 grl−1 of carotenoids (β-
Carotene, tomato (lycopene-rich), marigold (lutein-rich), papri-
ka and bixin) were added to the emulsion and lipid hydro-
peroxides and secondary oxidation products were examined.
The tested carotenoids did not inhibit production of hydro-
peroxides but they significantly retarded the formation of vola-
tile aldehydes during the storage at 30 °C.

In these researches, instead of a mixture of antioxidants in a
natural extract, the behavior of an individual antioxidant has
been investigated in various edible oils. It has to be mentioned
that application of individual natural antioxidants is not applica-
ble in edible oil industry since the separation and purification of
an antioxidant compound from a natural extract is not econom-
ical but these studies give researchers a better understanding
about what they deal with. For instance, which compound in a
natural extract is responsible for antioxidant properties?

Use of natural antioxidants from animal resources

Protein hydrolysates isolate (PHI) from animal resources
also have been reported to own suitable oxidative prevention
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activities, such as chicken intestinal mucosa (Damle et al.
2010), smooth hound (Bougatef et al. 2009), sheep visceral
mass (Bhaskar et al. 2007) and sardinelle by-products
(Bougatef et al. 2010). Sarmadi and Ismail (2010) and
Bernardini et al. (2011) also reviewed the antioxidant prop-
erties of bioactive peptides from animal sources. In a com-
parative study, Taghvaei et al. (2013) applied natural antiox-
idants from both plant resource (olive leaf extract) and ani-
mal resources (fish PHI and cow’s intestine PHI) in soybean
oil. The antioxidant activity of PHIs and OLE samples dur-
ing 20 days storage at 55°C was evaluated by peroxide value,
TBA value, p-anisidine value and Rancimat stability test. It
has been concluded that PHI samples had higher antioxidant
activity than OLE and cow’s intestine PHI at 1,000 ppm
showed best oxidative protection activity (Fig. 1).

The exact mechanism of oxidation prevention for these
peptides has not fully been understood yet. Some studies
have revealed that free radicals scavenging, metal ions che-
lating and oxygen quenching can be the main reasons of
oxidation prevention of bio-active peptides (Sarmadi and
Ismail 2010). Antioxidant activity of these peptides is more
related to their composition, structure, and hydrophobicity.

Thermal stability of natural antioxidants

Many factors such as antioxidant concentration, temperature,
pH and processing treatment influence the antioxidant activity
(Gazzani et al. 1998). A natural Antioxidant should satisfy
several requirements before being accepted for application in
food products. The antioxidant should be effective for a least
1 year at a temperature of between 25 and 30 °C; it should be
stable to heat processing and protect the finished product
(Coppen 1989). The presence of food moisture, atmospheric
oxygen and high temperatures could cause various chemical
changes and loss of antioxidants such as steam distillation of
antioxidants, oxidation of phenolic compounds, decrease in
their pro-oxidative activity due to reaction with fried materials
and polymerisation (Pokorny et al. 2000). Synthetic antioxi-
dants such as BHA and BHT are more susceptible to steam
distillation (Warner et al. 1986). Losses of natural antioxidants
are only small since their volatility is much lower than that of
common synthetic antioxidants (Pokorny et al. 2000).

Chamorro et al. (2012) investigated the effect of thermal
treatments on polyphenolic content and antioxidant activity in
grape pomace and grape seed extract. The heat treatments were
100 °C in a furnace or autoclave for 15, 30 and 60 min. The
antioxidant activity was determined byABTS, DPPH and photo-
chemiluminescence methods. Their results showed the antioxi-
dant activity and total polyphenols content of grape seed extract
or grape pomace did not change during autoclave treatment
but it caused an extensive hydrolysis of gallocatechin (70%),
catechin (61%), epicatechin (65%), procyanidin B1 (75%) and

procyanidin B2 (73%) in grape seed extract, and an increase in
gallic acid (71%), gallocatechin (100%) and epicatechin gallate
(129%) in grape pomace was determined by HPLC–MS. These
modifications were not related to the changes in antioxidant
activity. Thermal stability of Aegle marmelos leaf extracts were
evaluated by Reddy and Urooj (2011). Aegle marmelos leaves
were extracted with methanol (ME), ethanol (EE), and water
(WE) at a temperature of 100 °C for 15 min. WE showed
maximum stability to high temperature as measured by RSA.
The thermal stability of antioxidants in four vegetable oils by
heat flux differential scanning calorimetry (DSC) and electron
spin resonance spectroscopy (ESR) were studied by Giffrida
et al. (2007). The sample oils were sunflower oil and high oleic
sunflower oil, low trans fatty acid oil and partially hydrogenated
palm oil and the studied antioxidants were ascorbyl palmitate,α-
tocopherol, γ-tocopherol and propyl gallate at a concentration of
300 mg/kg. Their results confirmed that strongest antioxidant
was γ-tocopherol and propyl gallate for sunflower oil and par-
tially hydrogenated palm oil, respectively.

Santos et al. (2012) evaluated thermal stability of com-
mercial synthetic antioxidants and some natural antioxidants
by TG/DTA technique with both dynamic and isothermal
(110 °C) analysis methods. They found that synthetic anti-
oxidants exhibited thermal resistances in the following order:
PG>TBHQ>BHA>BHTand natural antioxidants displayed
stabilities in the following order: α-tocopherol>caffeic
acid>ferulic acid>gallic acid. Cruz et al. (2007) analyzed
the thermal stability of three biomass-derived fractions with
antioxidant activity (ethyl acetate soluble-fraction from Eu-
calyptus globulus acid hydrolysates, ethyl acetate soluble-
fraction of auto-hydrolysis liquors from red grape pomace
after fermentation and distillation and washing water of the
same feedstock) and two synthetic food antioxidants, BHA
and BHT. The non-volatile fraction, the antioxidant activity
and the percentage of recovered phenolic in solid phase were
measured at 100, 150 or 200 °C in assays lasting up to 120
min. The result showed the ethyl acetate solubles from acid
hydrolysates of Eucalyptus globulus wood, from auto-
hydrolysis and from washing of distilled red grape pomace
showed higher thermal stability than BHA or BHT. In addi-
tion, the natural derived antioxidants showed more antioxi-
dant activity after the heating treatment. It has been proved
that encapsulation could improve the thermal stability of
natural antioxidants (Taghvaei et al. 2013). As it has been
shown in Fig. 1, the OLE encapsulated by Arabic gum
enhanced the thermal stability of soybean oil more than
OLE. The reason could be attributed to protection of natural
antioxidants against destructive factors by encapsulation.

It can be concluded that some natural antioxidants not only
have a stronger oxidation prevention capacity than synthetic
antioxidants, but also they havemore thermal stability and can
remain more active after heat treatments in comparison with
synthetic antioxidants.
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Conclusions and further remarks

Considering adverse effects of synthetic antioxidants at high
concentrations and low thermal stability of them in heat pro-
cessing and frying of food products, it seems logical to sub-
stitute synthetic antioxidants with natural ones. According to
many studies performed in the past two decades, there are lots
of natural antioxidants which can be extracted from low cost
resources with more antioxidant activity and thermal stability
than synthetic ones in various edible oils. For example, green
tea extract which is prepared from tea wastes can be intro-
duced as suitable natural antioxidants in the food industry.
Also, rosemary extract and β-carotene and tocopherols rich
extracts may be used more frequent in the future. Many of
these studies show that it is possible to extract and apply
natural antioxidants instead of the synthetic ones in the edible
oil industry. In the study of Yanishlieva and Marinova (2001)
Also tea extract and rosemary extract has been suggested as a
suitable substitute for synthetic antioxidants. The authors have
concluded that the safety concerns must be addressed in order
to use natural antioxidants in future studies. In the past decade,
the main focus of studies in this area was to introduce more
influential natural antioxidants which most of them were from
plant resources and generally were considered as safe. For
instance, if we use olive extract at very low concentrations,
there is no need to investigate the toxic effects of such extract
in human. But some unrecognized natural antioxidants have
been introduced and it is necessary to examine their possible
toxic effects on human body.

It has been shown that animal PHIs also have suitable
antioxidant activity and could be more effective than some
natural antioxidants from plant resources and synthetic anti-
oxidants. There is need for more studies to apply animal
PHIs in edible oils and assess the long term stability of oil
since in the most studies in this area the antioxidant activity
have been examined through model systems.

It sounds that more works also need to be done to scale up
and commercialize the application of these natural compounds
in the food formulations. The synergistic effects of natural
antioxidants with each other also need to be examined.
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