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Effect of Micronutrient-Enriched Sunflower Qils on Plasma
Lipid Profile and Antioxidant Status in High-Fat-Fed Rats
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The main objective of this study was to evaluate in vivo whether micronutrient-enriched high-oleic
sunflower oils (optimized oils) obtained using different crushing and refining procedures could have any
beneficial effect on plasma lipid profile and antioxidant status. Sprague—Dawley rats were fed a high-fat
diet for 4 weeks. The lipid source consisted of 20% optimized sunflower oils with different quantities and
qualities of micronutrients. The control group received traditional refined high-oleic sunflower oil. The
experimental optimized oils in the diets had a hypolipidemic effect. The reduction in plasma triglyceride
and total cholesterol levels was 43% and 20%, respectively, in the group fed the diet with the highest
levels of micronutrients. The serum ferric antioxidant capacity, superoxide dismutase, glutathione
peroxidase and reduced glutathione significantly increased and lipid peroxidation decreased in parallel
with the enhancement of micronutrients. These results suggest that a regular intake of optimized
sunflower oils can help to improve lipid status and reduce lipid peroxidation in plasma.
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INTRODUCTION

The sunflower is one of the four most important oilseed crops
in the world, and the nutritional quality of its edible oil makes it
one of the most valuable vegetable oils in cultivation (/). Typi-
cally, up to 90% of the fatty acids in conventional sunflower oil
are unsaturated, namely, oleic (C 18:1 n-9, 16%—19%) and
linoleic (C 18:2 n-6, 68%—72%) fatty acids. The development
by conventional genetic selection of new sunflower seeds produc-
ing oils enriched in oleic acid (high-oleic acid sunflower oils) at the
expense of linoleic acid has made sunflower oils more stable and
favorably impacts health.

High MUFA diets, such as the Mediterranean diet, are associ-
ated with reduced cardiovascular disease (CVD) mortality (2, 3).
The predominant dietary MUFA, oleic acid, is effective in low-
ering plasma LDL cholesterol (LDL-C) and triglyceride (TG)
levels without affecting HDL cholesterol (HDL-C) concentra-
tion (4). Elevated plasma total cholesterol (TC), TG and LDL-C
levels are well-known CVD risk factors (§5). In addition to
common risk factors, oxidative stress has emerged as another
key risk factor for CVD (6, 7).

High-oleic sunflower seeds are an excellent food both for their
fatty acid composition and for their content of numerous bio-
active compounds that may help to reduce the risks associated
with CVD. In fact, the high level of naturally occurring antioxi-
dants (8—10) (tocopherols and CoQ10) and hypolipidemic com-
pounds such as phytosterols and phospholipids (PL) may offer
better protection than other MUFA-rich seeds. Natural antioxi-
dants occurring in food are able, through different mechanisms
and effects, to scavenge the free radicals that lead to auto-oxida-
tion of cellular lipids. Overall, the available evidence suggests that
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increased intakes of antioxidants could be used as a nutritional
strategy for the management of CVD (/1, 12). Furthermore,
epidemiological and interventional studies emphasize the need for
new antioxidants and new antioxidant combinations to reduce
CVD risks (13, 14). However, the industrial processes currently
used in the production of edible oils (extraction and refining) are
not optimally suited to the satisfactory preservation of these
minor nutritional compounds.

The present investigation is part of the European Union
Project OPTIM’OILS (“Valorisation of healthy lipidic micro-
nutrients by optimizing food processing of edible oils and fats”),
which aims to improve the processes currently used for seed oil
production in order to increase the levels of micronutrients and to
develop new healthy oils to be marketed in the European Union.
The aim within the EU project of the present study was to
evaluate in vivo whether high-oleic acid sunflower oils enriched
in micronutrients on account of the different crushing and soft-
refining procedures adopted in their preparation would favorably
affect CVD risk factors. Diets containing 20% sunflower oils as
lipid source were fed to rats for 4 weeks. In rats HFD induces
obesity, dyslipidemia and hypertension and decreases antioxidant
capacity (/5). The interaction among these factors plays an
important role in the pathophysiology of CVD.

Enzymatic (superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPX)) and nonenzymatic defense mec-
hanisms (reduced glutathione (GSH)) as well as lipid peroxidation,
lipid profiles and antioxidant capacity were all measured in rat
plasma. The study aimed to investigate whether these micronutrient-
enriched oils might have potential in the management of CVD.

MATERIALS AND METHODS

Optimized Oils. High-oleic (~80%) sunflower oils obtained by
different technical procedures (optimized oils) were supplied by CREOL
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Table 1. Micronutrients in Different Sunflower Oils
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mg/kg oil SUN REF OPTIM SUN 1 DH-COOK-P OPTIM SUN 3 EXT-HEX OPTIM SUN 4 TSE-BETH
sterols 2895 2677 4702 8679
tocopherols 624 694 695 791
phospholipids 0 96 10103 0
phenols (in eq, caffeic acid) 52 41 149 475
CoQ9 + CoQ10 17.6 20.6 167.7 181.2

and ITERG (Pessac-France). Three main crushing procedures are used to
obtain higher levels of micronutrients. (1) “OPTIMSUN 1/DH-COOK-P”
is obtained as follows: The sunflower seeds are dehulled, cooked at 96 °C
for 60 min and then expelled (the temperature of the press was 80 °C).
The crude oil is directly deodorized for 2 h at 145 °C. (2) “OPTIMSUN 3/
EXT-HEX” is obtained as follows: The sunflower seeds are cold pressed,
then extruded in a single-screw extruder (115 °C) and finally batch
extracted with hexane (55 °C). The crude oil is directly deodorized for
2hat170°C. (3) “OPTIMSUN 4/TSE-BETH” is obtained as follows: The
sunflower seeds are extruded in a twin-screw extruder with deoiling barrel
(130 °C), dried to a water content under 2% and then extracted with
azeotropic ethanol (55 °C). After evaporation of the solvent, two phases
are obtained, the lower one comprising mostly gums, while the higher
phase has been directly deodorized for 2 h at 190 °C. The micronutrient
composition of the different oils is shown in Table 1. Tocopherols and
sterols were determined by ANIA (Valencia, Spain); the former were
quantified by high-performance liquid chromatography coupled to photo-
diode array detection (HPLC/DAD), using the official method NF ISO
9936, while the latter were quantified by gas chromatography using the
methodology based on the EN ISO 12228:1999 standard. Phospholipids
determined by HPLC according to Rombaut et al. (17) were performed by
FUSAGx (Gembloux, Belgium), Phenols, analyzed by AgroParisTech
(Massay, France), were quantified by NF ISO 9936. CoEQ was deter-
mined by reverse-phase high-performance liquid chromatography with a
mass detector as described by Rodriguez-Acuia et al. (18).

Animals and Diets. Sprague—Dawley rats weighing 150—170 g were
obtained from Harlan-Nossan (Italy). The animals were housed in stain-
less steel cages (2 rats per cage) at a controlled room temperature of 24 °C,
under a 12 h:12 h light:dark cycle. After 1 week of acclimatization, they
were divided into 5 groups (n = 10 rats per group). They were allowed
ad libitum access to food and tap water. All groups received the same basal
synthetic diet containing 18% proteins, 56% carbohydrates, 3% fiber,
20% fat. The mineral and vitamin contents in the diets (3%) were identical
(AIN-76). The lipid fraction was provided by different sunflower oils.
Experimental diets were administered for 4 weeks. Group 1 received the
reference refined sunflower oil (SUN REF) and was the control group.
Group 2 consisted of oil obtained by cooking and pressing (DH-COOK-P).
Group 3 was oil obtained by hexane extraction after extrusion (EXT-HEX).
Group 4 was oil obtained by ethanol extraction after extrusion (TSE-BETH).
The diet was prepared under vacuum and stored in the dark at 4 °C. Animals
were weighed twice each week and food intake was recorded weekly to
monitor growth rates and the potential effect of diet on food consumption.

At the end of the experiment, fasting blood samples were collected in
EDTA (0.2 mg/100 mL) from the left atrium of the heart of rats
anesthetized by a mixture of medetomidine and ketamine (1:1 v/v). Blood
was centrifuged at 1500g for 10 min at 4 °C, and plasma was separated,
aliquoted and stored at —80 °C until analysis.

All animal experiments were performed according to European Com-
munity Council Directive 86/609/ECC and Italian legislation (DL 116/92)
on animal experimentation.

Plasma Lipids. Concentrations of total cholesterol (TC), triglycerides
(TG), low-density lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C) in plasma were determined by enzymatic
colorimetric methods using commercial kits (BPC- Biosed, Italy).

Fatty Acid Analysis. Lipids were extracted from plasma according to
Folch et al. (16) and transmethylated with methanolic HCI (Supelco,
Bellefonte, PA) overnight at 70 °C. Fatty acid methyl esters were extracted
with hexane and analyzed by gas chromatography (Agilent, Palo Alto,
CA). The gas chromatograph was equipped with a fused silica capillary
column (Supelcowax, 30 m x 0.53 mm i.d. and 1.0 ym film thickness,
Supelco) and a flame ionization detector. The injector (split 50:1) temp-
erature was 260 °C, and the detector temperature was set at 280 °C.

The heating program began at 220 °C, increased by 2 °C per minute and
was held at 240 °C for 10 min. The carrier gas was helium at a flow rate
of 13 mL/min.The fatty acid methyl esters were identified by comparison
with authentic standards (Supelco) and calculated as percentages of total
fatty acids.

Lipid Peroxidation. Plasma peroxidation products were measured by
the formation of thiobarbituric acid reacting substances (TBARS) accord-
ing to Fremont et al. (/9). Briefly, 100 4L of 3 mol/L trichloracetic acid and
150 uL of 90 mmol/L thiobarbituric acid in 75 mmol/L NaOH were added
to 50 uL of rat plasma. The tubes were incubated at 80 °C for 40 min. After
cooling, the tubes were centrifuged for 10 min (1500g) at 4 °C. The
supernatant absorbance was read at 535 nm. The concentration was
calculated using an extinction coefficient of 1.56 x 10° M~' ecm ™' and
expressed as nmol of TBARS/mL of plasma. In addition, a calibration
curve was established with malondialdehyde produced by hydrolysis of
1,1,3,3-tetramethoxypropane in 0.1 M HCl as standard.

Enzymatic Antioxidant Activity. Plasma CAT (EC. 1.11.1.6), SOD
(EC 1.15.1.1) and GPX (EC. 1.11.1.9) activities were evaluated by com-
mercial kits following the manufacturer’s instructions (Cayman, MI).

Glutathione Assay. Reduced glutathione (GSH) content was mea-
sured in plasma using a commercial kit (Cayman, MI). This method is
based on a chemical reaction that involves the formation of a chromo-
phoric thione, which has maximum absorbance at 405 nm.

Total Plasma Antioxidant Activity. Plasma antioxidant activity was
analyzed by the ferric-reducing antioxidant potential (FRAP) method
according to Benzie and Strain (20) using a DU 800 spectrophotometer
(Beckman, Brea, CA) equipped with a thermostatically controlled cell-
holder. The method is based on the reduction of the Fe* " —2.4.6-tripyridyl-
s-triazine (TPTZ) complex to ferrous Fe*" at low pH. Briefly, 800 uL of
FRAP reagent prepared daily was mixed with 50 4L of diluted sample and
the absorbance was recorded at 595 nm after 0 and 30 min of incubation at
37 °C. The change in absorbance was calculated for each sample and
compared with a FeSOy- 7H,0 standard solution tested in parallel. Values
were expressed as ymol/L of Fe*".

Statistical Analysis. All data are presented as the mean & SD. The
data were evaluated by one-way ANOVA. Post-hoc Duncan’s test was per-
formed to evaluate differences between groups. The correlation coefficient
was computed to assess the association between different CVD risk factors.

Multiple linear regression analysis (stepwise backward procedure) was
performed to assess the effect of the micronutrient intake (independent
variables, selected among sterols, tocopherols, phospholipids, phenols
and CoQ) on oxidative stress indices (dependent variables analyzed
separately). The effect of each micronutrient included in the model was
computed taking into account the effect of the others. Standardized
regression coefficients (SRCs) were used to measure the size of effects,
with the SRC representing the quantitative difference in the oxidative
stress indices, expressed in SD units, for a one SD-unit increase in the
intake of the specific micronutrient. Statistical significance was set at p <
0.05. SPSS and Stata software was used for the statistical analyses.

RESULTS

No significant differences were observed in food intake and
weight gain in rats fed diets rich in optimized oils compared with
controls as shown in Table 2. No side effects were induced by
optimized oils during the dietary treatment.

The high percentage of oleic acid (~80%) in sunflower oils
affects the composition of plasma fatty acids. As shown in Table 3
oleic acid is one of the most representative plasma fatty acids. The
values of plasma fatty acid composition are averaged since no
significant differences within the different groups were observed.
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Values of lipid parameters obtained after feeding rats HFDs for
4 weeks are summarized in Table 4. The experimental optimized
oils significantly decreased the levels of TG and TC, with the lar-
gest reduction being observed in group 4, which had the highest level
of micronutrients. As the LDL-C levels are not affected by opti-
mized sunflower oils, the TC reduction mainly affects the HDL-C
levels.

The FRAP values, an indicator of total antioxidant defense,
and plasma TBARS Ilevels, a biomarker of lipid peroxidation,

Table 2. Body Weight Gain, Food Intake and Food Efficiency Ratio of
Different Optimized Sunflower Oil Groups

treatments body wt gain (g) food intake (g) food efficiency ratio
SUN REF 110.00 £5.72 490.0 £52.4 0.22+0.05
OPTIM SUN 1 107.11 £17.68 4452 +57.3 0.24 £0.05
OPTIM SUN 3 110.44 +13.05 512.4 £59.6 0.22+0.04
OPTIM SUN 4 112.22+7.20 470.4 +58.3 0.24 £0.03

Table 3. Plasma Fatty Acid Composition (%) in Rats after Feeding with
Optimized Sunflower Oils

fatty acids sunflower
16:0 147+ 22
16:1 1.0+£0.2
18:0 148+ 0.8
18:1 26.9 + 3.6
18:2 n-6 86+ 14
18:3n-6 02+0.1
18:3 n-3 1.0+£02
20:1 02400
20:3 n-6 07+£00
20:4 n-6 27.8+30
20:5n-3 054+ 0.1
22:5n-3 07+0.2
22:6 n-3 29+05
SFA 295+22
MUFA 281+29
PUFA 424 + 46
n-3/n-6 0.01

Di Benedetto et al.

were significantly influenced by a diet containing micronutrient-
enriched oils. The experimental diets caused an increase in
serum ferric antioxidant capacity with a concomitant decrease
in TBARS values as shown in Table 5. The TBARS and FRAP
values recorded the highest reduction (~32%) and increase
(~21%), respectively, in group 4, and the regression coefficient test

indicates a significant correlation between them (r = —0.99).
Positive correlation was observed between TBARS and TG
(r = 0.94).

Plasma CAT, SOD and GPX enzymatic activities are shown in
Table 6. As for the plasma lipid profile, the enzymatic acti-
vities are affected by the composition and micronutrient levels
of experimental oils. The enhancement of SOD activity in
optimized sunflower groups is accompanied by a concomitant
decrease in CAT activity. The regression coefficient test indi-
cates a significant correlation between these enzymatic activities
(r = —0.96).

On the contrary, plasma GPX activity is not affected by dietary
oils except in the group fed a diet containing the highest
concentration of micronutrients, namely, group 4. The plasma
GSH concentration was higher in all groups fed optimized oils
than in controls, and the highest increase is observed in group 4
(~58%) as shown in Figure 1.

Multiple regression analysis results are reported in Table 7. As
can be seen, tocopherols have the most relevant effects on TBARS
(SRC = —0.905, p < 0.001), FRAP (SRC = 22.647, p < 0.001),
CAT activity (SRC = —8.235, p < 0.001) and GSH levels
(SRC = 2.997, p < 0.001), while CoQ has the strongest effect
on GPX (SRC = 4.529, p < 0.001) and SOD activities (SRC =
1.680, p = 0.006).

DISCUSSION

The administration of HFD to induce hyperlipidemia inratis a
frequently used protocol to study several pathologies such as
CVDs since hypercholesterolemia and hypertriglyceridemia are
major risk factors for their development (27,22). Yanget al. (23)
reported that rats fed an HFD for 4 weeks show an increase in
plasma TC, TG and LDL-C levels. In our study the intake of 20%
high-oleic optimized sunflower oils as lipid source reduced

Table 4. Effect of Different Optimized Sunflower Qils on Various Plasma Lipid Parameters®

param (mg/dL) group 1: refined oil group 2: DH-COOK-P group 3: EXT-HEX group 4: TSE-BETH p
TG 47.3+£0.7 38.1+£0.2a 29.0+0.1ab 27.0£0.1abc 0.000
TC 426+0.2 384+04a 359+0.2ab 34.4+0.1abc 0.000
HDL 36.1+£0.1 309+0.1a 27.9+01ab 25.9+0.2abc 0.000
LDL 7.3+0.1 72402 754+0.2 75+0.3 0.044

#Values represent the mean + SD of 7 samples. a = p < 0.001 vs group 1; b = p < 0.001 vs group 2; ¢ = p < 0.001 vs group 3.

Table 5. Effect of Different Optimized Sunflower Qils on Antioxidant Status®

parameter group 1: refined oil group 2: DH-COOK-P group 3: EXT-HEX group 4: TSE-BETH p
FRAP (umol of Fe**/L) 58.30 £0.43 61.82+0.42a 66.72+0.41ab 70.70 £ 0.41 abc 0.000
TBARS(«mol/mL) 2.00+0.01 1.86+0.01a 1.60+0.16ab 1.37 £0.01abc 0.000
@Values represent the mean + SD of samples. a = p < 0.001 vs group 1; b = p < 0.001 vs group 2; ¢ = p < 0.001 vs group 3.
Table 6. Effect of Different Optimized Sunflower Qils on Plasma Enzymatic Activities®
group 1: refined oil group 2: DH-COOK-P group 3: EXT-HEX group 4: TSE-BETH p
CAT (nmol/min/mL) 3.71+£0.10 232+0.14a 1.34 £ 0.07 ab 0.78 £ 0.09 abc 0.000
SOD (U/mL) 3.46 + 0.05 379+ 0.02a 4.26 +0.04 ab 4.73 + 0.04 abc 0.000
GPX nmol/min/mL) 66.0 + 1.6 65.3+1.6 67.2+ 3.4 72.9 + 1.9 abc 0.000

@Values represent the mean + SD of 7 samples. a = p < 0.001 vs group 1; b = p < 0.001 vs group 2; ¢ = p < 0.001 vs group 3.
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plasma lipids, and the effects are most pronounced in group 4 in
which the micronutrient content was highest.

The quantity of micronutrients in the optimized oils differs on
account of the different crushing and refining procedures used.
The different extraction procedures may also selectively extract
different bioactive compounds within the same class of micronu-
trients. The hypolipidemic effect observed in group 2 rats whose
diet contained total micronutrient levels similar to those of controls
could be due to a different mixture of bioactive compounds.
By acting together, these compounds may have different effects
than they do singly, thereby modifying biological activity. It is
also possible that the varied modulation of CVD risk factors by
the different optimized oils may be due not only to the presence
of a single compound but also to the different levels at which
it is present within the same micronutrient class. It has been
reported that the antioxidant activity of polyphenols is influ-
enced not only by the subclasses of each single antioxidant
compound but also by their ratio (24). Moreover, Franconi
etal. (25) reported an in vitro study in which the antioxidant effects
of olive oils, such as the prevention of human LDL oxidation,
are affected by quantitative and qualitative differences in their
phenolic compounds.

Recently, the importance of oil quality and of the synergic and/
or additional action of sunflower micronutrients on cholesterol
metabolism was highlighted by Chan et al.26). The authors
showed that MUFA oil rich in oleic acid, supplemented with plant
sterols, provides superior protection against CVD risks and is more
effective at reducing LDL-C levels than a MUFA-oil based
diet (26). The effect of high-oleic acid sunflower oil in lowering

b,c,d

b,c

GSHEM)

group 1 group 2 group 3 group 4

Figure 1. GSH concentration expressed in M in plasma of rats fed with
different optimized sunflower oils for 4 weeks. Values represent the mean
=+ SDof 7 samples.a=p<0.05 vs group 1;b=p<0.001 vs group 1;c=p<
0.001 vs group 2; d = p < 0.001 vs group 3.
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LDL-C levels has also been reported by Allman-Farinelli et al (27)
in human studies. The authors observed that when foods rich in
saturated fat were replaced with foods rich in high-oleic acid
sunflower oil, the concentration of LDL-C and TG was reduced.
In our study no differences were observed in LDL-C levels between
optimized groups and controls, suggesting that the interaction
between sterols and fatty acid composition may be already
optimized in refined oil.

The increase in FRAP values in the plasma of animals fed
optimized oils suggests a satisfactory level of micronutrient
bioavailability. Our results are supported by preliminary experi-
ments that indicate a good absorption of oil micronutrients
(personal communication). It has been reported that an enhance-
ment of plasma total antioxidant capacity due to an enrichment
of antioxidants in HFD is correlated with an increase in the
lipoprotein lipase (LPL) activity that plays an important role in
lipid metabolism by hydrolyzing core TG from circulating
chylomicrometers and very-low-density lipoproteins (23). In
our study the TG reduction could be due to the increase in
LPL by plasma antioxidant capacity when the latter is enhanced
along with the increase in micronutrients.

Oxidative stress is one of the causative factors that link
hyperlipidemia with the pathogenesis of atherosclerosis (28) as
it is thought that oxLDLs play a key role in the development of
atherosclerotic lesions (29—3/). Many authors (32, 33) have
reported that an HFD can lead to an imbalance between oxida-
tion and antioxidation and a consequent increase in TBARS
levels. The increase in lipid peroxidation can be explained by the
excessive availability of substrates in the form of fatty acids
contained in plasma triglycerides (34). Moreover, hypertriglyce-
ridemia has been shown to increase oxidative metabolism and the
release of superoxide anions by polymorphonuclear leukocytes
and monocytes (34).

In rats fed an HFD containing optimized oils, we observed a
reduction in TBARS that is positively correlated with TG values
and consequently the lowest concentration was in group 4. This
group also showed the highest activity values for SOD, GPX and
GSH, which represent the endogenous antioxidant resources.
SOD promptly converts the superoxide anions generated during
oxidative stress to HO, and subsequently CAT and GPX convert
H>0, to H,O. The decrease in CAT activity does not disagree
with the antioxidative effect of the oils, since the increase in
catalase activity indicates an excess of hydrogen peroxide when
the detoxification capacity of the glutathione system is not
sufficient (35). Taken together, our results show that optimized
sunflower oils exert their effects on CVD risk factors and that
SUN 4, obtained by TSE-BETH, is the most effective. Since
PL are not present in group 4, the effects observed in groups
given optimized oils could be due to the enrichment of oils with
other bioactive compounds. However, multiple linear regression
analysis indicates that tocopherols and CoQ are the micro-
nutrients with the most relevant effect on oxidative stress

Table 7. Multiple Regression Analysis for the Relation between Micronutrients and CVD Risk Factors?

TBARS FRAP CAT SOD GPX GSH

SRC p SRC p SRC p SRC P SRC p SRC p
sterols 275470 0.000 1.06148  0.000
tocopherols —090460 0000 2264720 0000  —8.23515  0.000 154835  0.000 299655  0.000
phospholipids ~ —0.04944 0000  0.94410  0.000 —038761 0023  —1.37184 0000  0.19758  0.000
phenols —0.11933  0.000 074068 0000  —082847  0.022
CoEQ —098637  0.000 167986  0.006 452856 0.000

In multiple regression analysis sterols, tocopherols, phospholipids, phenols and CoQ were independent variables and oxidative stress indices were the dependent variables.
We report only micronutrients significantly associated with CVD risk factors, which were selected by the stepwise backward procedure and included in the final models. SRC =

standardized regression coefficient.
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parameters. On the other hand, an increase in PL and phenols is
not always accompanied by an improvement in oxidative
stress parameters, so that, even though the effects when present
are small, a supplementation of these micronutrients may be
ineffective.

The present study demonstrates that improved oil refining
processes produce optimized oils that are able to exert beneficial
effects on CVD risk factors, enhancing the hypolipidemic effects
of high-oleic acid sunflower oil and the antioxidant defense
mechanisms. Even though the plasma lipid profile of rats is
different from that of humans, we believe that this model
contributes in evaluating the effects of bioactive compounds on
CVD risk factors, as the results obtained largely reproduce others
obtained in humans.

ABBREVATIONS USED

MUFA, monounsaturated fatty acids; CVD, cardiovascular
disease; LDL-C, low-density-lipoprotein-cholesterol; HDL-C,
high-density-lipoprotein-cholesterol; TG, triglycerides; SOD,
superoxide dismutase; CAT, catalase; GPX, glutathione
peroxidase; GSH, reduced glutathione; TBARS, thiobarbituric
acid reacting substances; HFD, high fat diet; FRAP, ferric-
reducing antioxidant potential; PL, phospholipids.
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