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Abstract The lipid peroxidation inhibitory effects of cac-
tus pear fruit (Opuntia ficus-indica) extracts (CPFE) on
fish oil, fish oil-in-water emulsion and linoleic acid were
studied using conjugated diene hydroperoxides (CDH),
weight gaining, peroxide value (PV), and thiobabituric
acid reactive substances (TBARS) assays. A modified
DPPH assay was used in the characterization of CPFE
antioxidants for their thermal stability. CPFE successfully
controlled lipid peroxidation at different stages of the
pathway in a dose-dependent manner. Inhibition of the
lipid peroxidation in oils and emulsion was successfully
improved by increasing the level of CPFE from 0.01 to
0.1%. CPFE controlled conjugated diene formation from
lipid radicals, demonstrating lower conjugated diene hy-
droperoxide values than its control counterpart. More-
over, it controlled the addition of oxygen to conjugated
dienes to form lipid peroxyl radicals, resulting in lower
weight gain. It also recorded a lower PV than its control
counterpart, indicating its inhibitory effect on peroxyl rad-
ical formation. Such multiple and integrated effects con-
trolled the overall lipid peroxidation, resulting in lower
TBARS values than the control. Characterization of the
CPFE antioxidants proved that those antioxidants are
heat-resistant, although the color of the CPFE pigments
disappeared rapidly.
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Introduction

Exposing lipids and lipid-containing foods to unfavorable
environmental conditions such as oxygen, temperature,

and light leads to the production of lipid oxidation prod-
ucts (LOP). Lipid peroxidation during the storage of oils,
fats and fat-containing foods not only affects the nutri-
tional and organoleptic properties of foods, but may also
make them toxic to human health. The highly unsaturated
nature of fatty acids makes them prone to oxidation to a
variety of LOPs, including toxic compounds capable of
damaging DNA, as well as proteins and lipids which cause
metabolic disorders such as ageing mutagenesis, carcino-
genesis, neurological and circulatory disorders [1, 2, 3, 4,
5, 6]. Moreover, the LOPs that form in foods and oils
impart rancid flavors, strong off-odors and discoloration in
foods, which is detrimental to their marketability.

Fatty acids are known to play an essential role in
human health and nutrition. Polyunsaturated fatty acids
(PUFA) of the n-6 and n-3 configurations cannot be
synthesized by humans and must be obtained from the
diet. Essential PUFAs like eicosapentaenoic acid (EPA,
20:5) and docosahexaenoic acid (DHA, 22:6) are impor-
tant dietary fatty acids in fish oil; they are the precursors
of effective anti-aggregatory substances that can poten-
tially reduce the risks of cardiovascular diseases, carci-
nogenesis and allergies, and they also improve brain and
eye functions in infants [7, 8]. Linoleic acid (C18H32O2) is
a member of the essential unsaturated fatty acid family of
the omega-6 series and it is a common constituent of
commercially-available food oils including fish oil and
most vegetable oils.

Various mechanisms have been suggested for the lipid
peroxidation that produces biologically-active LOP. In
them, hydrogen atoms are abstracted from the methylene
groups of polyunsaturated fatty acids (PUFA), resulting in
lipid radicals. The lipid radicals are partially stabilized by
molecular rearrangement and form conjugated dienes,
which can combine with oxygen to form peroxy radicals
(ROO.). Peroxyl radicals can abstract another hydrogen
from a neighboring lipid molecule leading to autocatalytic
chain reactions. The lipid hydroperoxides formed are
unstable, and further abstraction of hydrogen leads to
the formation of a variety of secondary LOPs, including
aldehydes, ketones and lactones [9].
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Antioxidants provide either kinetic hindrances to ex-
cited LOP or free radicals that can initiate further chain
reactions and retard lipid peroxidation. Synthetic antiox-
idants are being widely used in the food industry, but
are becoming controversial due to concerns about their
safety. Synthetic antioxidants like TBHQ (tert-butyl-
hydroquinone), BHA (butylated hydroxyanisole), BHT
(butylated hydroxytoluene), propyl gallate (PG) and
ethoxyquin are suspected as being carcinogenic and re-
sponsible for a variety of unidentified health disorders
[10, 11, 12]. Therefore, research on effective natural an-
tioxidants has been performed and is currently increasing
[13, 14, 15, 16, 17, 18, 19, 20, 21]. Natural antioxidants
are mixtures of antioxidants (especially polyphenolic
compounds and pigments), and multiple effects can be
expected. Also, unlike synthetic antioxidants, natural an-
tioxidants can be added in high enough quantities to ob-
tain optimum efficacy.

The cactus pear (Opunthia ficus indica) originated in
tropical and sub-tropical America, and has been reported
to contain a variety of bioactive compounds [22, 23, 24].
However, Jeju Island in South Korea has recently initiated
the large-scale cultivation of the cactus pear for tradi-
tional folk medicine, due to its ability to cure a number
of afflictions, including burns, wounds, edema, bronchial
asthma, diabetes and indigestion. Its fruit is a red fleshy
berry which is reported to have nutritional importance due
to the presence of potential antioxidative compounds like
betalains, amino acids, fiber, and ascorbic acid [25, 26].
Betalains are water-soluble nitrogenous pigments, mainly
a mixture of red betacyanins and the yellow beta-xan-
thines. Betalain pigments can also be used as natural food
colorants as well as potential free radical scavengers [27,
28].

The objective of this study was to investigate the an-
tioxidative potential of cactus pear fruit extract (CPFE)
for oils and emulsion systems. The investigation was
designed to determine the multiple antioxidative effects
of CPFE on various LOPs resulting from lipid oxidation
in oils and emulsion systems. The thermal stability of
CPFE was also investigated in order to provide charac-
teristic information.

Materials and methods

Chemicals

Fish oil, linoleic acid, potassium iodide (KI), potassium dichromate
(K2Cr2O7), sodium thiosulphate (Na2S2O3), 1,1-diphenyl-2-picryl-
hydrazyl (DPPH), butylated hydroxytoluene (BHT), butylated hy-
droxyanisole (BHA) and a-tocopherol were purchased from Sigma
Co. (St Louis, USA). All of the other chemicals used were of
analytical grade, and were supplied by Fluka or Sigma Co.

Extraction

Cactus pear (Opuntia ficus indica) fruits were obtained from the
cactus village of Hallim in Jeju Island, South Korea. Cleaned
samples were dried and ground into a fine powder. Ten grams of
ground powder was mixed with 500 ml of methanol and placed in a

shaking incubator for 24 h at 25 �C. The macerated mixture was
filtered and concentrated in the evaporator. Half of the partially
concentrated cactus pear fruit extract (CPFE) was used in the ex-
periments with oil (fish oil and linoleic acid). The other half was
vacuum dried to remove all of the methanol and then dissolved in
distilled water, which was used to prepare an oil-in-water emulsion.
All of the commercial antioxidants (BHA, BHT and a-tocopherol)
were dissolved in methanol and added to oil at the 0.01% level.

Oxidation of oils (fish oil and linoleic acid) and emulsion

The lipid peroxidation processes of the fish and linoleic oils were
accelerated according to the method explained by Abdalla and
Roozen [17]. Oil samples (100 g) containing 0.01, 0.05 and 0.1% of
CPFE were mixed in screw-capped glass bottles covered externally
with aluminum foil and incubated at 60 �C in dark for 12 days.
Initial incubation (for 6 h) was performed without closing the cap of
the bottles to remove the methanol added with the CPFE and the
commercial antioxidants.

Twenty percent fish oil-in-water emulsion samples were pre-
pared with 0.01, 0.05 and 0.1% levels of CPFE. The emulsion was
prepared according to the method of Abdalla and Roozen [17] by
mixing 70 g of fish oil, 3.5 g of Tween 80 and 350 g of water with
CPFE. The emulsions were incubated at 60 �C for 12 days in screw
capped glass bottles covered with aluminum foil. During LOP
measurements of the oil in the emulsion samples, a 40 ml fraction
of oil was separated and thoroughly mixed (2 min) with 40 ml of
dichloromethane and 10 g of salt. The dichloromethane fraction
was evaporated to dryness under vacuum, and the oil fractions
derived from emulsions were investigated via PV, TBARS and
CDH assays. All of the commercial antioxidants (BHA, BHT and
a-tocopherol) were added at the level of 0.01%.

Conjugated diene hydroperoxides (CDH)

Conjugated diene hydroperoxide content was measured every two
days, as in the procedure described by Roozen [29]. Fifty mil-
ligrams of oil (oil directly from oil samples and oil separated from
emulsion) was thoroughly mixed with 5 ml of cyclohexane, and the
absorbance of conjugated diene hydroperoxide was recorded at
234 nm using a UV/Vis spectrophotometer (Opron 3000 Hanson
Tech. Co. Ltd., Korea). The absorbance was corrected for back-
ground absorbance at 260 nm.

Weight gaining

This experiment was conducted with a slight modification of the
method described by Wanasundara and Shahidi [30]. Two grams
from each oil sample prepared for lipid peroxidation were separated
into aluminum petri dishes and traces of water in the samples were
removed by placing them in the vacuum oven at 35 �C for 12 h.
Oxidation conditions of the samples were accelerated in the forced
air oven at 65€1 �C, and percentage weight gaining was recorded
for 12 days as in the procedure of Yan et al [31]. This investigation
was not conducted for the emulsion samples.

Peroxide value (PV)

The PVs of oils stored under accelerated oxidation conditions was
determined periodically by the iodometric determination method
according to the AOAC guidelines [32].

Thiobarbituric acid-reactive substances assay (TBARS)

The assay was conducted according to the method of Madsen et al
[16]. One gram of oil was dissolved in 3.5 ml of cyclohexane and
4.5 ml of TCA-TBA mixture (7.5% TCA and 0.34% TBA). The
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resulting mixture was shaken for 5 min and centrifuged at 2780�g
for 15 min. The TCA-TBA phase was removed and heated in a
boiling water bath for 10 min. The absorbance was recorded at
532 nm, and the antioxidative ability was expressed as equivalent
mmol of malonaldehyde per kg oil using a tetraethoxypropane
standard curve (concentration ranges from 1 mM to 20 mM).

Heat stability of CPE

This assay was based on the scavenging of 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) radicals by the CPFE antioxidants heated at dif-
ferent temperatures (25, 50, 75 and 100 �C) for 2 h. A slightly
modified method of that suggested by Brand-Williams [33] was
used to investigate the free radical scavenging ability. DPPH so-
lution was prepared at a concentration of 3�10�5 M using DMSO as
the solvent. A 2 ml fraction of CPFE and 2 ml of freshly prepared
DPPH solution were thoroughly mixed. Absorbance was measured
at 517 nm using a UV-VIS spectrophotometer, and the following
equation was used to calculate the percentage activity:

1� Ai � Aj
� ��

Ac
� �

� 100 ð1Þ
Here Ai is the absorbance of the CPFE mixed with DPPH so-

lution, Aj is the absorbance of the same extract mixed with DMSO,
and Ac is the absorbance of DPPH solution with added DMSO.

Statistical analysis

All experiments were conducted in triplicate and the Student’s t-
test (p<0.05) was used to determine significant differences between
means of LOPs formed in oils and emulsions treated with CPFE
and commercial antioxidants.

Results

Preliminary studies on methanol extracts of the cactus
pear fruit indicated notable antioxidant activity (88%) in
DPPH radical scavenging assay. The dried methanolic
extract of cactus pear fruit was readily water-soluble but
not fully soluble in non-polar organic solvents like carbon
tetrachloride and diethyl ether. For CPFE polyphenolics
(3.4 mg/g of dried cactus pear fruit powder), the hy-
drophilic and hydrophobic polyphenolic contents were
reported as being 80.6% and 19.4% respectively. Appli-
cation of heat (100 �C for 10 min) to CPFE caused no
significant antioxidative (DPPH radical scavenging) ac-
tivity or smell changes, but it did induce a dramatic color
change from a pink to a hay color.

Conjugated diene hydroperoxide (CDH)

The rate of CDH formation decreased significantly
(p<0.05) in the fish oil, emulsions and linoleic acid treat-ed
with CPFE and synthetic antioxidants (Figs. 1, 2 and 3).
The inhibitory effect of 0.1% CPFE on CDH formation in
fish oil and linoleic acid was slightly higher than the effect
of BHT at the twelfth day of storage, and its effect in
emulsion was comparable with that of the BHA. In con-
trast, the inhibitory effect of 0.05% CPFE in fish oil and
linoleic acid was slightly higher than the effect of BHA,
while its effect on emulsion was slightly less than BHA.

Fig. 1 Effect of CPFE on the formation of conjugated diene hy-
droperoxides (absorbance at 234 nm) in fish oil during 12 days
storage at 60€1 �C. Effects of BHA, BHT, and a-tocopherol were
investigated at the 0.01% level. CPFE=Cactus pear fruit extract

Fig. 2 Effect of CPFE on the formation of conjugated diene hy-
droperoxides (absorbance at 234 nm) in fish oil-in-water emulsion
during 12 days storage at 60€1 �C. Effects of BHA, BHT, and a-
tocopherol were investigated at the 0.01% level
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Moreover, there was a significant (p<0.05) difference be-
tween the effects of the 0.05 and 0.01% CPFE levels in fish
oil and emulsion with CDH. The inhibitory effect of 0.01%
CPFE in fish oil and linoleic acid lies in-between the
effects of a-tocopherol and BHA, but its effect in the
emulsion was slightly less than the a-tocopherol.

Weight gaining

Due to the practical inability to incubate the emulsion
samples under forced air conditions at 65€1 �C, no weight
gain evaluation was possible for the emulsions treated
with the antioxidants. The presence of CPFE and syn-
thetic antioxidants in fish oil and linoleic acid signifi-
cantly (p<0.05) inhibited the weight gain in comparison to
their control counterparts (Figs. 4 and 5). The inhibition
of weight gain in the fish oil and linoleic acid with 0.1%
CPFE was slightly less that for BHT but was considerably
better than that for the BHA. The effect of 0.05% CPFE
was slightly lower than for BHA but higher than for a-
tocopherol, and the effect of 0.01% CPFE was compara-
ble with that of a-tocopherol. From the results, it was
observed that the inhibitory effects of 0.1, 0.05 and 0.01%
CPFE on the lipid peroxidation of fish oil and linoleic
acid was similar to those of BHT, BHA and a-tocopherol
respectively. The rate of weight gain of both oils sharply
increased within the first two days, and then followed a
smooth gradual increase until the eighth day when the
next rapid increase in weight gain started.

Peroxide value (PV)

Addition of CPFE and synthetic antioxidants caused a
significant (p<0.05) reduction in PV compared to their
control counterparts (Figs. 6, 7 and 8). The effect of 0.1%
CPFE on the PV increase in fish oil and linoleic acid was

Fig. 3 Effect of CPFE on the formation of conjugated diene hy-
droperoxides (absorbance at 234 nm) in linoleic acid during 12 days
storage at 60€1 �C. Effects of BHA, BHT, and a-tocopherol were
investigated at the 0.01% level

Fig. 4 Effect of CPFE on the weight gain of fish oil during 12 days
storage at 60€1 �C. Effects of BHA, BHT, and a-tocopherol were
investigated at the 0.01% level

Fig. 5 Effect of CPFE on the increment of linoleic acid weight
gaining during 12 days storage at 60€1 �C. Effects of BHA, BHT,
and a-tocopherol were investigated at the 0.01% level
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comparable with the effect of BHT, while its effect in
emulsion was comparable with the BHA. Unlike in fish oil
and linoleic acid, the PV increase of emulsion at 0.05%
CPFE was not comparable to the effect of BHA; its potency
was in-between those of BHA and a-tocopherol. The PV

increase of emulsion with 0.01% CPFE was even higher
than that with the a-tocopherol. In oil and emulsion sam-
ples, there was a significant (p<0.05) difference between the
PV reduction effects of 0.01% and 0.1% CPFE, but no such
significance was observed between 0.1 and 0.05% CPFE.

Thiobarbituric acid reactive substances (TBARS)

The inhibitory effect of the CPFE on TBARS formation
was significantly (p<0.05) higher than its control coun-
terpart in all of the model systems (Figs. 9, 10 and 11).
Indeed, the rate of TBARS value increase was higher than
those of the CDH, weight gain and PV value increases.
Addition of 0.1% CPFE, BHA and BHT produced rela-
tively efficient, steady inhibitory performances up to the
final stage compared to those of a-tocopherol, 0.05 and
0.01% CPFE which all showed sharp increases from the
tenth day onwards. In the fish oil and linoleic acid, the
TBARS formation inhibition effect of 0.1% CPFE was
similar to that of the BHT while its effect in the emulsion
was comparable with that of the BHA. The inhibitory
effect of 0.05% CPFE in fish oil and linoleic acid was
slightly lower than that of the BHA but considerably
higher than that of the a-tocopherol. Moreover, the in-
hibitory effect of 0.05% CPFE in emulsion was slightly
lower than the effect of a-tocopherol.

Heat stability of CPFE

The CPFE heated at 50, 75 and 100 �C up to 15 min
did not show any significant reduction in its antioxi-

Fig. 6 Effect of CPFE on the peroxide value (meq/kg) of fish oil
during 12 days storage at 60€1 �C. Effects of BHA, BHT, and a-
tocopherol were investigated at the 0.01% level

Fig. 7 Effect of CPFE on the peroxide value (meq/kg) of fish oil-
in-water emulsion during 12 days storage at 60€1 �C. Effects of
BHA, BHT, and a-tocopherol were investigated at the 0.01% level

Fig. 8 Effect of CPFE on the peroxide value (meq/kg) of linoleic
acid during 12 days storage at 60€1 �C. Effects of BHA, BHT, and
a-tocopherol were investigated at the 0.01% level
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dant (DPPH radical scavenging) activity (Fig. 12). Even
though the pink color of the heated (75 and 100 �C) CPFE
disappeared within 10 min, its antioxidative ability was
measured at 70% up to 1 h afterwards, and at over 50% up
to 2 h afterwards.

Discussion

In general, the CPFE- and synthetic antioxidant-treated
oils and emulsion model systems showed less LOP de-
velopment than that of their control counterparts. The
effectiveness of synthetic antioxidants increased in the
order: a-tocopherol<BHA<BHT. Also, it is known that

Fig. 9 Effect of CPFE on the TBARS value (mmol/kg) of fish oil
during 12 days storage at 60€1 �C. Effects of BHA, BHT, and a-
tocopherol were investigated at the 0.01% level

Fig. 10 Effect of CPFE on the TBARS value (mmol/kg) of fish oil-
in-water emulsion during 12 days storage at 60€1 �C. Effects of
BHA, BHT, and a-tocopherol were investigated at the 0.01% level

Fig. 11 Effect of CPFE on the TBARS value (mmol/kg) of linoleic
acid during 12 days storage at 60€1 �C. Effects of BHA, BHT, and
a-tocopherol were investigated at the 0.01% level

Fig. 12 Heat-stability of CPFE (0.1% CPFE) exposed to different
heat treatments. The stability was evaluated by DPPH radical
scavenging assay
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for oils like fish oil, BHA is not very effective [37].
The comparatively low antioxidative effect recorded for
a-tocopherol treated oils may be due to the consump-
tion of a-tocopherol under accelerated storage conditions
(60€1 �C) [38, 39, 40].

The antioxidative effect of CPFE was dependent upon
the nature of the model system (whether it was oil or
emulsion and whether it was highly saturated or not)
and the LOP generation increased according to: linoleic
acid<emulsion<fish oil with the same levels of added
antioxidant. Moreover, the rate of oxidation of fish oil
was higher than that of linoleic acid at the same levels of
CPFE and synthetic antioxidants. This is mainly due to
the fact that fish oil contains more highly unsaturated
fatty acids than linoleic acid, which has only two double
bonds per molecule. Further, Hamilton et al [9] reported
that fish oil is even more unstable than sunflower and
maze oil. The lipid peroxidation inhibitory effect of CPFE
was found to be dose-dependent, and increasing the CPFE
level from 0.01 to 0.1% significantly (p<0.05) enhanced
the antioxidative effect, which was more or less compa-
rable with the effect of adding BHT to both oils and BHA
to emulsion.

Additionally, our primary studies confirmed that CPFE
mainly contains hydrophilic radical scavenging antioxi-
dants, and they are heat resistant. Previous studies on
cactus pear fruit have proved this fact and reported that
the major antioxidative compound in the fruit is betalain,
which is a water-soluble alkaloid-type pigment [27, 36,
41, 42]. The hydrophilic antioxidants in the oils tend to
orient to the air-oil interface, protecting the oil phase,
whereas the hydrophobic antioxidants remain dissolved in
the oil phase [34, 43]. The betalains and the majority of
the polyphenolic compounds of CPFE are hydrophilic and
obviously attributed to the strong antioxidative effect we
found. The hydrophilic antioxidative compounds in the
emulsion tend to become diluted in water and the con-
centration of available antioxidative compounds around
the oil drops, so the emulsion becomes less stable against
lipid peroxidation than for the oils. Hydrophilic poly-
phenolics were prominent among the small amount of
polyphenolics present in the fruit (3.4 mg/g of dried
cactus pear fruit powder). The antioxidative effects of
betalain and polyphenolic compounds have been de-
scribed in a number of studies, and positive correlations
between those compounds and antioxidative effects have
been resported [16, 19, 42, 44, 45].

Unlike synthetic antioxidants, CPFE antioxidative
compounds are from natural edible cactus pear fruit, and
its antioxidants can be added in larger quantities to get
optimal effects (addition of synthetic antioxidants is lim-
ited under food laws and regulations). Therefore, lipid
peroxidation can be controlled by the required amount of
CPFE antioxidative compounds.

CDH are formed by rearrangements of the lipid radi-
cals which undergo further radical formation, to mole-
cules such as lipid peroxyl radical, lipid hydroperoxide,
lipid alkoxyl radical and lipid aldehydes. The CDH for-
mation inhibitory effect of CPFE in oils and emulsion is

important during the early stages of lipid peroxidation
inhibition, as it blocks any subsequent generation of re-
active lipid radicals, which can undergo further chain
reactions. A similar result was found in a study of dif-
ferent plant extracts used to evaluate the oxidative sta-
bilities of sunflower oil and emulsion [17].

The addition of oxygen to the lipid radicals can pro-
duce lipid peroxyl radicals and weight gain. The weight
gain inhibition effects we recorded suggest that CPFE
antioxidative compounds retard lipid peroxidation through
competitive binding of oxygen and retard further reactions
[46]. The time required to achieve 0.5% weight increase
for all CPFE-treated model systems was more than six
days, and it was more than ten days for the 0.1% CPFE
level. Evens et al [47] found that each storage day under
Schaal oven conditions at 65 �C is equivalent to one
month of storage at ambient temperature.

PV is a chemical indication of how much of the oil is
in the early stages of oxidation, and it reflects the degree
of oxidation. The obvious effect of CPFE addition on PV
reduction in oils and emulsions indicates the potential of
CPFE antioxidants to inhibit the lipid peroxidation in its
early stages by reducing the formation of primary LOP. A
study of oregano (a characteristic ingredient in Mediter-
ranean cooking) antioxidant activity in mackeral oil
showed that the effect of 0.5% oregano was comparable
to that of 200 ppm BHA or 0.5% dry rosemary [13]. Also,
Wanasundara and Shahidi [15] compared the antioxidant
activity of dechlorophylized green tea extract (DGTE) in
marine oil with commercial antioxidants and reported that
the PV reduction of DGTE at �200 ppm was higher than
that of BHT, BHA and a-tocopherol at the 200 ppm level.

Aldehydes (especially malonaldehyde) – the break-
down products (secondary LOP) of oxidized fatty acids
(lipid peroxyl radicals) – produce off-flavors in oxidized
oils that can be quantified through their reaction with
TBA. The TBARS formation inhibitory effect indicates
the total antioxidative potential of CPFE in oils and emul-
sion. Madesen et al [16] also reported a similar type of
TBARS inhibition effect from summer savory and rose-
mary in dressings.

The heat stability of a natural antioxidant is important
if we are to be able to use it practically at a commercial
level. The heat stability of the CPFE antioxidant suggests
that it could be an alternative natural antioxidant to less
heat-stable natural antioxidants like a-tocopherol. Fur-
thermore, no smell changes were encountered when the
CPFE-treated oils were heated.

The multiple lipid peroxidation inhibitory effect (in-
hibitory effect on different stages of LPO generation such
as CDH, weight gain, PV and TBARS in oils and emul-
sion model systems) recorded in this study is an innova-
tive direction in the development of natural heat-stable
antioxidative compounds from cactus pear fruit for the
stabilization of food oils.
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