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ABSTRACT

Background. The literature reports that the health benefits of vegetable oil can be deteriorated by repeated 
heating, which leads to lipid oxidation and the formation of free radicals. Virgin coconut oil (VCO) is emerg-
ing as a functional food oil and its health benefits are attributed to its potent polyphenolic compounds. We 
investigated the beneficial effect of VCO supplementation on lipid profile, liver and kidney markers in rats 
fed repeatedly heated palm kernel oil (HPO). 
Material and methods. Rats were divided into four groups (n = 5). The control group rats were fed with 
a normal diet; group 2 rats were fed a 10% VCO supplemented diet; group 3 administered 10 ml HPO/kg 
b.w. orally; group 4 were fed 10% VCO + 10 ml HPO/kg for 28 days. Subsequently, serum markers of liver 
damage (ALT, AST, ALP and albumin), kidney damage (urea, creatinine and uric acid), lipid profile and lipid 
ratios as cardiovascular risk indices were evaluated. 
Results. HPO induced a significant increase in serum markers of liver and kidney damage as well as con-
comitant lipid abnormalities and a marked reduction in serum HDL-C. The lipid ratios evaluated for athero-
genic and coronary risk indices in rats administered HPO only were remarkably higher than control. It was 
observed that VCO supplementation attenuated the biochemical alterations, including the indices of cardio-
vascular risks. 
Conclusion. VCO supplementation demonstrates beneficial health effects against HPO-induced biochemical 
alterations in rats. VCO may serve to modulate the adverse effects associated with consumption of repeatedly 
heated palm kernel oil.
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INTRODUCTION

The widespread practice of using oil which has been 
repeatedly heated during food preparation is associ-
ated with a decrease in oil quality and the generation 
of free radicals (Ng et al., 2014). It is reported in pub-
lished papers that cooking oils undergo lipid oxida-
tion when repeatedly heated and consuming such oils 
is associated with health impairment in humans and 
animals (Jaarin et al., 2011; Ng et al., 2014). It spoils 
the taste, smell and colour of the oil, but intake of the 
oil may also pose an unmitigated threat to health (Ng 
et al., 2014). The practice of reusing oil during food 
preparation is not only peculiar to household kitch-
ens or roadside food stalls; established food outlets 
in large cities also use this method to reduce costs 
(Jaarin et al., 2011). Deep frying is the most com-
mon and one of the oldest methods of food prepa-
ration worldwide. It involves heating oil at a high 
temperature (≥180°C), at the same time exposing 
the oil to moisture and air, thus triggering a vast ar-
ray of chemical reactions collectively known as lipid 
oxidation (Laguerre et al., 2007; Zhang et al., 2012). 
Oxidative products, including peroxides, hydroper-
oxides, aldehydes and several other potentially haz-
ardous non-volatile polar compounds, are deposited 
in cooking oil, compromising the biochemical and 
nutritional safety of the oil (Hur et al., 2005). Some 
of these products are absorbed into fried foods; the 
literature suggests that consuming fried food causes 
depletion of endogenous antioxidants and stimulates 
membrane lipid peroxidation (Jaarin and Kamisah, 
2012). The repeated heating of cooking oil produces 
oil highly susceptible to lipid peroxidation. Peroxida-
tion of biological systems is associated with a num-
ber of pathological manifestations. The health effects 
consuming repeatedly heated cooking oils on the 
antioxidant system, lipid metabolism, inflammation 
and cardiovascular homeostasis have been reported 
(Ng et al., 2014). Studies report that heated oils may 
increase the risk of cardiovascular diseases (CVD) 
by raising blood pressure, inducing oxidative stress, 
dyslipidemia and endothelial dysfunction (Adam et 
al., 2009; Ichihara, 2013; Ng et al., 2014; Xian et al., 
2012). Adam et al. (2008) reports lipid abnormali-
ties induced by chronic consumption of heated oil in 

ovariectomised rats. Considering the cytotoxic prod-
ucts of heated oil, its effects on major organs such as 
liver and kidney may not be insignificant. Previous 
studies report adverse effects of repeatedly heated oil 
on liver and lipid status (Latha et al., 2010; Srivas-
tava et al., 2010). However, there is a lack of data on 
the effect of heated oil consumption on the liver and 
kidney even in experimental animals and the possible 
natural modalities for mitigation are not explored. 

Nowadays, the consumption of foods laden with 
deep-fried oils is gaining popularity, which may in-
crease the risk of obesity, CVDs and organ damage. 
Reusing heated oil appears to be an indispensable 
cooking habit, and the underlying motivation for this 
practice is to reduce the expense of food preparation. 
The need for dietary and non-pharmacological sup-
plementation to mitigate the effects of toxicants from 
oxidized oils is important. Currently, the use of natu-
ral products and supplements to combat toxic agents 
and avert the course of disease is becoming more at-
tractive both to the public and researchers, and has 
increased tremendously over the past three decades 
(Ekor, 2014). It is estimated that about 80% of people 
worldwide have applied natural medicines as primary 
health care (Ekor, 2014). Virgin coconut oil (VCO) 
is a natural product emerging as a functional food 
oil with health benefits reported in research papers. 
Virgin coconut oil is produced from coconut kernels 
by natural means with or without the application of 
heat and without chemical refining (Srivastava et al., 
2016). Qualitative analysis reveals that VCO con-
tains mainly medium-chain triacylglycerol and bioac-
tive phenolic compounds beneficial to health through 
their scavenging free radicals and toxic oxidants (Ma-
rina et al., 2009). Previous reports have highlighted 
the experimental hepatoprotective (Famurewa et al., 
2017), nephroprotective (Akinnuga et al., 2014) and 
hypolipidemic (Srivastava et al., 2013) effects of 
VCO. In view of this, there is a need for further re-
search to develop understanding of the possible ben-
eficial health effect of VCO. 

The current study investigated the effect of admin-
istering repeatedly heated palm kernel oil on lipid pro-
file, atherogenic indices, liver and kidney status and 
the possible role of dietary supplementation of VCO 
in rats.
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MATERIALS AND METHODS

Animals
Twenty male rats of the Wistar strain (160 to 190 g) 
were used as experimental animals in the present in-
vestigation. The rats were kept in stainless steel cages 
and maintained with a 12:12-hour light/dark schedule 
at room temperature at the Animal House of the De-
partment of Biochemistry, Ebonyi State University, 
Nigeria. All of the rats were provided with rat pellets 
(Vital Feeds Nigeria Limited, Jos, Nigeria) and water 
ad libitum for 28 days. The rats were acclimatized one 
week prior to treatment and were handled in a humane 
manner, in accordance with the approved animal ex-
perimental procedures of the NIH Guidelines for the 
Care and Use of Laboratory Animals (National…, 
1985).

Preparation of heated palm kernel oil (HPO)
Fresh palm kernel oil was purchased from a local 
market in Abakaliki, Ebonyi State, and the HPO was 
prepared by the current investigators according to the 
method described by Owu et al. (1998). 500 g of sweet 
potato slices were fried in a stainless steel wok con-
taining 2 litres of palm kernel oil for 10 minutes at 
180oC. The heating procedure was done once daily for 
5 consecutive days. There was no subsequent addition 
of fresh oil between the daily frying processes to make 
up for the loss due to absorption by the fried potato.

Preparation of the VCO supplemented diet
The VCO was extracted using the wet extraction meth-
od according to Nevin and Rajamohan (2004). In brief, 
the viscous slurry obtained from coconut flesh (solid 
endosperm) was made into a creamy milky solution 
through the addition of about 400 ml of fresh water. 
The solution was sieved through cheesecloth and the 
milky filtrate was left standing for 48 h to separate the 
creamy top and water layers. The top layer was care-
fully removed and subjected to mild heating (50oC) to 
remove moisture. The floating oil was gently scooped 
out and filtered into an air-tight container. This oil thus 
prepared without refining, bleaching and deodorizing 
was used to prepare VCO diet fed to rats in the current 
study. The 10% VCO supplemented diet was prepared 
by mixing 90 g ground standard pellet with 10 g VCO 
and kept in an airtight container.

Experimental design
Following 1 week of acclimatization, the rats were 
randomly divided into 4 groups (n = 5) and the treat-
ment design was as follows:
• group 1 (normal control): received fresh water 

(orally, 5 ml/kg) for 28 days
• group 2 (VCO control): received a 10% VCO sup-

plemented diet for 28 days
• group 3 (HPO control): received 10 ml HPO/kg 

body weight of rat (orally) for 28 days
• group 4 (VCO + HPO): received a 10% VCO diet 

+ 10 ml HPO/kg (orally) for 28 days.
The weight of the rats was determined and re-

corded at the beginning and end of the experimental 
period (28 days). At the end of the treatment period, 
all animals (fasted) were anaesthetized with ether and 
sacrificed to obtain blood collected via retro-orbital 
venous plexus by capillary tubes into plain sample 
bottles and allowed to clot. The clotted blood samples 
were centrifuged (3000 × g for 15 min) to separate 
the serum used for analysis of lipid profile, liver and 
kidney function markers. 

Biochemical analyses
Biochemical measurements were carried out us-
ing standard commercially available kits. The liver 
function markers, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phos-
phatase (ALP) and albumin (ALB) were analyzed in 
serum stored at 4oC using standard methods in com-
mercial diagnostic kits by RANDOX Laboratories 
Ltd., UK, following the manufacturer’s instructions. 
The kidney function markers, urea, uric acid and 
creatinine and lipid profile, total cholesterol (TC), 
triglyceride (TG), low-density lipoprotein choles-
terol (LDL-C) and high-density lipoprotein choles-
terol (HDL-C) were also analyzed in the serum using 
RANDOX kits. 

Cardiovascular risk indices
The coronary risk index (CRI), atherogenic index 
(AI) and cardiovascular risk index (CVRI) were de-
termined using the following formulae (Abbott et al., 
1988; Alladi et al., 1989).

Atherogenic index (AI) = LDL cholesterol / HDL 
cholesterol
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Coronary risk index (CRI) = total cholesterol / HDL 
cholesterol

Cardiovascular risk index (CVRI) = triglyceride / HDL 
cholesterol

Statistical analysis
The results were expressed as mean ±standard error 
of mean. Statistical differences were determined by 
analysis of variance (ANOVA) followed by Tukeys’ 
Post Hoc Test. All analyses were performed using the 
SPSS version 22.0 for Windows (SPSS Inc., Chicago, 
IL, USA), and p < 0.05 was considered statistically 
significant.

RESULTS

The effect of VCO supplementation  
on the body weight of rats
Table 1 presents the effect of VCO supplementation on 
body weight of HPO-administered rats after 28 days. 

It was observed that the supplementation of VCO or 
HPO failed to exert a significant (p > 0.05) change in 
body weight compared to the control. Similarly, the 
effect of VCO supplementation on the body weight 
of rats administered HPO was insignificant (p > 0.05) 
compared to the HPO group. 

Effect of VCO on serum liver function markers  
of HPO-administered rats
The effect of VCO on liver enzyme markers and albu-
min in HPO-administered rats is shown in Table 2. We 
found that the serum activities of ALT, AST, ALP and 
albumin level in rats fed 10% VCO only were compa-
rable to the control (p > 0.05). Conversely, administra-
tion of HPO significantly increased (p < 0.05) serum 
activity of ALT along with a marked decrease in level 
of albumin when compared with the control. However, 
a 10% VCO supplemented diet significantly decreased 
ALT and AST activity, as well as producing a signifi-
cant increase in albumin. 

Table 1. The effect of VCO supplementation on the body weight of HPO-administered rats, g

Group Initial weight Final weight Change in weight

Control 185.6 ±13.2 201.5 ±4.3 23.6 ±12.4

10% VCO 171.9 ±15.6 199.5 ±2.7 27.7 ±9.3

10 ml HPO/kg 179.9 ±6.3 202.3 ±2.7 25.5 ±8.3

VCO + HPO 181.1 ±3.47 206.8 ±3.2 25.9 ±2.3

VCO – virgin coconut oil, HPO – heated palm kernel oil.
The results are expressed as mean ±SEM (n = 5), P < 0.05.

Table 2. The effect of VCO on the serum liver function markers (ALT, AST, ALP and ALB) of HPO-administered rats

Group ALT, U/L AST, U/L ALP, U/L ALB, g/dl

Control 498.9 ±31.7 492.6 ±31.8 141.2 ±22.35 3.32 ±0.11

10% VCO 534.2 ±66.3 513.8 ±60.4 115.1 ±9.2 3.14 ±0.20

10 ml HPO/kg 618.0 ±31.2* 566.9 ±20.9 160.8 ±21.2 2.28 ±0.15*

VCO + HPO 456.7 ±19.5# 411.8 ±28.9# 161.7 ±25.5 3.13 ±0.22#

VCO – virgin coconut oil, HPO – heated palm kernel oil.
The results are expressed as mean ±SEM (n = 5).
*p < 0.05 – significantly different compared to the control.
#p < 0.05 – significantly different compared to the HPO group.
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Effect of VCO on serum kidney function markers 
of HPO-administered rats
Table 3 shows the effect of VCO supplementation on 
kidney function markers in HPO-administered rats. 
Administration of HPO demonstrated induction of 
nephrotoxicity by significant (p < 0.05) increases in 
serum levels of urea, creatinine and uric acid com-
pared to the control. However, VCO supplementation 
prevented the HPO-induced nephrotoxicity evident by 
prominent decreases (p < 0.05) in urea, creatinine and 
uric acid in comparison to the HPO control group.

Effect of VCO on serum lipid profile parameters 
in HPO-administered rats
Table 4 shows the results obtained as the effect of 
VCO supplementation on serum levels of TC, TG, 

LDL-C, and HDL-C in rats administered HPO. Sup-
plementation of 10% VCO to normal rats produced 
a non-significant (p > 0.05) effect on serum levels of 
TC, TG, LDL-C, and HDL-C. However, administra-
tion of HPO to normal rats significantly (p < 0.05) 
increased serum levels of TC, TG, and LDL-C, with 
a concomitant marked decrease in the serum level of 
HDL-C. Interestingly, it was observed that VCO sup-
plementation to rats administered HPO reversed the 
lipid abnormalities induced by HPO.

The effect of VCO on cardiovascular risk indices 
in HPO-administered rats
The effects of VCO on the atherogenic index (AI), cor-
onary risk index (CRI) and cardiovascular risk index 
(CVRI) are shown in Figure 1, 2 and 3 respectively. 

Table 3. The effect of VCO on serum kidney function markers (urea, creatinine and uric acid) 
of HPO-administered rats

Group Urea, mmol/L Creatinine, μmol/L Uric acid, mmol/L

Control 6.78 ±0.45 48.0 ±3.8 0.125 ±0.250

10% VCO 8.34 ±0.78 54.1 ±4.2 0.10 ±0.001

10 ml HPO/kg 11.02 ±1.47* 76.8 ±15.2* 0.20 ±0.029*

VCO + HPO 8.75 ±0.69# 49.0 ±1.75# 0.10 ±0.001#

VCO – virgin coconut oil, HPO – heated palm kernel oil.
The results are expressed as mean ±SEM (n = 5).
*p < 0.05 – significantly different compared to the control.
#p < 0.05 – significantly different compared to the HPO group.

Table 4. The effect of VCO on serum lipid profile parameters (TC, TG, LDL-C, and HDL-C) in HPO-administered rats, 
mmol/L

Group TC TG LDL-C HDL-C

Control 2.18 ±0.01 2.62 ±0.42 0.65 ±0.41 1.55 ±0.03

10% VCO 2.34 ±0.18 2.10 ±0.11 0.66 ±0.29 1.58 ±0.13

10 ml HPO/kg 3.49 ±0.19* 3.20 ±0.19* 1.45 ±0.17* 0.76 ±0.24*

VCO + HPO 2.05 ±0.23# 2.05 ±0.22# 0.68 ±0.27# 1.39 ±0.12#

VCO – virgin coconut oil, HPO – heated palm kernel oil.
The results are expressed as mean ±SEM (n = 5).
*p < 0.05 – significantly different compared to the control.
#p < 0.05 – significantly different compared to the HPO group.
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Repeatedly heated palm kernel oil (HPO group) sig-
nificantly increased AI, CRI and CVRI in comparison 
to the control. Meanwhile, the 10% VCO supplemen-
tation attenuated the increase in AI, CRI and CVRI 
comparable to the control. 

DISCUSSION

The thermal effects on the safety and suitability of ed-
ible oils have drawn tremendous attention from inves-
tigators worldwide. The heating effect diminishes bio-
active compounds and beneficial fatty acids present in 
vegetable oil, although public awareness of this is very 
shallow and not always considered (Abdullah et al., 
2010; Ng et al., 2014). Because recycling frying oil is 
still widely practised in the society, and as its chronic 
consumption may promote cardiovascular disease de-
velopment, it is therefore important to consider strate-
gies amenable to daily diet to mitigate the associated 
adverse health effects (Rashid et al., 2013).

In the present study, it was shown that heated palm 
kernel oil (HPO) induces hepatic and renal damage. 
We found that liver damage markers, ALT, AST and 
ALP activities were higher with a concomitant low-
ered level of albumin compared to the control, al-
though only ALT activity and serum albumin were 
significantly altered in the current study. The damaged 
structural integrity of the liver increases serum levels 
of transaminases ALT and AST and ALP, because they 
are usually found in cytosol and released into circu-
lation during hepatocellular damage (Kalantari et al., 
2014). The liver is a delicate organ susceptible to dam-
age by exogenous toxicants, and liver enzymes are 
good indicators for liver status assessment (Mourya 
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Fig. 1. The effect of virgin coconut oil (VCO) on the athero-
genic index of rats fed with heated palm kernel oil (HVO). 
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et al., 2017). However, peroxides and hydroperox-
ides are well-known free radicals reported in previous 
studies to be deposited in heated cooking oils. Free 
radical generation depresses antioxidant mechanisms 
and contributes to lipid peroxidation and oxidative 
stress development. Rats that were fed heated oil 
showed increased oxidative stress and lipid peroxi-
dation in plasma, heart and liver tissues (Srivastava 
et al., 2010; Subermaniam et al., 2014). Although the 
current study has not estimated oxidative stress indi-
cators, oxidative stress promotes lipid peroxidation 
of the hepatocyte membrane, which may be involved 
in liver damage and causes enzyme release into the 
circulation. Furthermore, report findings from earlier 
investigations have implicated lipid peroxidation and 
oxidative stress in the pathogenesis of endothelial 
dysfunction, hypertension and cardiovascular diseas-
es induced by prolonged consumption of repeatedly 
heated oils (Jaarin et al., 2011; Ng et al., 2014; Yen 
et al., 2010). Evidence suggests elevated plasma lipid 
peroxidation content in rats fed oil heated five times 
(Jaarin and Kamisah, 2012). The results hereby agree 
with a previous study reported by Yen et al. (2010) that 
deep-frying oil fed to rats markedly increased ALT, 
whereas no appreciable effect found on AST. Owu 
et al. (1998) report a significant increase in ALT, al-
though, contrary to our findings, chronic consumption 
of thermally oxidized palm oil induced a significant 
increase in AST and ALP in the rats. However, VCO 
supplementation retarded the liver damage in rats fed 
HPO for 28 days in this study (Table 2). The serum 
liver enzyme activities were remarkably reduced to 
levels comparable to the control. The beneficial effect 
of VCO supplementation found in the current study 
corroborates earlier reports regarding VCO. Virgin co-
conut oil supplementation prevents lipid peroxidation 
in the cardiac tissue of rats fed heated palm oil (Su-
bermaniam et al., 2014). Recent experimental studies 
have indicated the hepatoprotective potential of VCO 
supplementation in animal models (Famurewa et al., 
2017; Otuechere et al., 2013). In fact, a recent study 
by Kamisah et al. (2015) demonstrated the VCO car-
dioprotective effect in heated palm oil diet-induced 
hypertensive rats. There is a strong suggestion that the 
mechanism underlying the beneficial health effects of 
VCO is associated with major bioactive phenolic com-
pounds, such as ferulic and p-coumaric acids in VCO 

(Marina et al., 2009). Ferulic and p-coumaric acids are 
phenolic acids reported to possess potent antioxidant 
and anti-inflammation properties (Marina et al., 2009). 
The free radical scavenging properties of ferulic and 
p-coumaric acids could contribute to hepatocyte stabi-
lization in this study.

To our knowledge, reports on the biochemical ef-
fect of heated oil on the kidneys are very scarce in the 
published literature. The administered HPO had a ne-
phrotoxic effect on the kidney evidenced by the promi-
nent increases in serum levels of urea, uric acid and 
creatinine in the present study. The kidneys play a key 
role in the excretion of metabolites, regulation of ex-
tracellular fluid volume, electrolyte composition and 
acid-base balance (Kalantar et al., 2016). Toxic influ-
ences on the kidneys may compromise these functions, 
resulting in waste accumulation in circulation. Urea, 
uric acid and creatinine are indicators for kidney sta-
tus and renal structural integrity. In our study, signifi-
cantly raised levels of renal markers in HPO-fed rats 
compared to normal control rats showed renal toxicity. 
This elevation in the renal marker levels could be due 
to kidney tubule injury induced by oxidative toxicants 
from the HPO. Shastry et al. (2011) report histopatho-
logical changes in the kidneys of rats fed heated sun-
flower oil and palm oil after 8 weeks, while Yen et al. 
(2010) report an insignificant effect of deep-frying oil 
on creatinine excretion. However, the current report 
represents the possible deleterious effect of repeatedly 
heated palm kernel oil (HPO) on the kidneys. Inter-
estingly, supplementation of 10% VCO attenuated the 
nephrotoxic effect of HPO by preventing a rise in the 
levels of markers of renal damage. VCO is a natural 
functional food oil containing ferulic and p-coumaric 
acids as major bioactive phenolic compounds. It was 
recentlyshown that VCO supplementation prevents 
cyclophosphamide-induced nephrotoxicity in mice via 
antioxidant mechanism attributed to free radical scav-
enging activity of VCO (Nair et al., 2016). 

Several researchers have found that cardiovascular 
protective benefits of vegetable oils deteriorate when 
oils are repeatedly exposed to extreme temperatures, 
moisture and air during food preparation, particularly 
in deep-fat frying (Ng et al., 2014). These findings 
are based on the effects of repeated heating on oils, 
including increased fatty acid instability and satura-
tion, hyperlipidemic activity and depreciated level of 
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tocopherols that protect biological membranes against 
oxidative and carcinogenic stress (Falade et al., 2015; 
Jaarin and Kamisah, 2012). Oxidized lipids in heated 
oil acquire undesirable properties associated with satu-
rated fatty acids to promote correlation with increased 
serum cholesterol levels and higher LDL-cholesterol 
in particular (Jaarin et al., 2011). In the present study, 
the rats that were fed with HPO displayed remarkably 
increased serum TC, TG, LDL-C with a decreased lev-
el of HDL-C. The data presented here (Table 4) sug-
gest that HPO treatment may perturb lipid metabolism 
in favour of dyslipidemia without any significant effect 
on the body weight of rats. Our results are concordant 
with the first study to describe the harmful effect of 
heated vegetable oil on blood pressure and lipid profile 
(Osim et al., 1996). This study reports considerable 
changes in the plasma lipid profile of rats following 
chronic consumption of a 15%-oxidized palm oil diet 
compared to the control. Here, we have reported con-
siderable changes in the serum lipid profile of rats fol-
lowing sub-chronic administration of a 10% repeated-
ly heated palm kernel oil diet compared to the control. 
Elevated levels of serum TC, TG, LDL-C and VLDL-C 
with a concomitant decrease in serum HDL-C levels 
are useful indicators of dyslipidemia, atherosclerosis, 
and coronary artery disease. Lipid abnormalities are 
a well-known risk factor for CVD. Evidence indicates 
that increased LDL-C and decreased HDL-C levels 
are associated with a higher risk of CVD (Ng et al., 
2014). These changes in lipids, as observed in this 
study and previously established in rats, could predis-
pose to the risk of atherosclerosis and cardiovascular 
disease development (Ajiboye et al., 2016). Moreover, 
for decades, lipid profile was of profound importance 
for determining the cardiovascular risk. Currently, the 
use of lipid ratios is being considered to provide infor-
mation on the optimization of the predictive capacity 
of lipid profiles in CVD risk assessment (Gasevic et 
al., 2014). Assessment of lipid ratios or cardiovascu-
lar risk indices, LDL-C/HDL-C (AI), total cholesterol 
(TC)/HDL-C (CRI) and TG/HDL-C (CVRI) are re-
ported in the present study. The evaluated indices, AI, 
CRI and CVRI were significantly elevated compared 
to the control (Figs. 1 to 3). However, VCO supple-
mentation evidently reversed the lipid profile changes, 
as well as atherogenic indices. In consonance with 
our result, the antidyslipidemic activity of VCO has 

been shown in experimental diabetes- and cholesterol-
induced dyslipidemia (Akinnuga et al., 2014; Nevin 
and Rajamohan, 2009). The reversal of HPO-mediated 
hyperlipidemia in serum by a 10% VCO diet could be 
due to the presence of antihyperlipidemic activity of 
VCO, for which polyphenolic compounds stand out 
(Jaarin et al., 2014).

CONCLUSION

Taken together, consumption of repeatedly heated 
palm kernel oil demonstrated adverse effects on bio-
chemical and atherogenic indices in rats. The present 
study shows for the first time that VCO supplemen-
tation could mitigate the deleterious effect of repeat-
edly heated palm kernel oil in rats. However, further 
studies should explore the mechanism underlying the 
beneficial effect of VCO.
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