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Abstract

Objectives: The present study was conducted to investigate the effect of consumption of virgin coconut oil (VCO) on various lipid

parameters in comparison with copra oil (CO). In addition, the preventive effect of polyphenol fraction (PF) from test oils on copper induced

oxidation of LDL and carbonyl formation was also studied.

Design and methods: After 45 days of oil feeding to Sprague–Dawley rats, several lipid parameters and lipoprotein levels were

determined. PF was isolated from the oils and its effect on in vitro LDL oxidation was assessed.

Results: VCO obtained by wet process has a beneficial effect in lowering lipid components compared to CO. It reduced total cholesterol,

triglycerides, phospholipids, LDL, and VLDL cholesterol levels and increased HDL cholesterol in serum and tissues. The PF of virgin

coconut oil was also found to be capable of preventing in vitro LDL oxidation with reduced carbonyl formation.

Conclusion: The results demonstrated the potential beneficiary effect of virgin coconut oil in lowering lipid levels in serum and tissues

and LDL oxidation by physiological oxidants. This property of VCO may be attributed to the biologically active polyphenol components

present in the oil.
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Introduction lowers LDL cholesterol and elevates HDL cholesterol is
A number of components of the diet have been shown to

influence plasma lipid and lipoprotein concentration. For

example, replacing saturated fatty acids with polyunsaturat-

ed fatty acids (PUFA) is considered to lower low-density

lipoprotein (LDL) concentration and may promote a modest

lowering in HDL concentration [1,2]. The mechanism

underlying such a beneficial effect is still under debate

[3,4]. There are reports indicating that in addition to PUFA

content several unsaponifiable components like vitamin E

and polyphenols may also play a beneficial role in reducing

the cholesterol level and lipid peroxidation [5]. As per

epidemiological and clinical studies, elevated levels of

plasma cholesterol associated with circulating oxidized

LDL are correlated with coronary heart disease (CHD)

[6,7]. The inverse correlation between high-density lipopro-

tein (HDL) cholesterol and CHD has also been known for

several decades [8,9]. In this context, any dietary oil that
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considered to have health benefits.

Coconut oil is believed to elevate blood cholesterol

since it contains mostly saturated fatty acids. Usually

coconut oil is obtained by dry process from copra, which

is exposed to very high temperatures or sunlight for several

days until most of the moisture is removed. Exposure to

sunlight or high temperatures may inactivate the minor

components like tocopherols, tocotrienols, and polyphenols

[10]. On the other hand, virgin coconut oil (VCO) extracted

by wet process directly from coconut milk under a con-

trolled temperature may have more beneficial effects than

copra oil (CO) since it retains most of the unsaponifiable

components.

The primary purpose of the present study was to deter-

mine the comparative influence of the consumption of VCO

with CO on lipid parameters (total cholesterol, triglycerides,

phospholipids, and lipoproteins) in serum and tissues. In

addition, we determined whether the polyphenol fraction

(PF) from VCO has any beneficial effect over the PF from

other oils in preventing in vitro Cu2+ induced LDL oxida-

tion and carbonyl formation.
ts. All rights reserved.
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Methods

Preparation of virgin coconut oil

The solid endosperm of mature coconut (West coast tall

variety) was crushed, made into a viscous slurry and

squeezed through cheese cloth to obtain coconut milk which

was refrigerated for 48 h. After 48 h, the milk was subjected

to mild heating (50jC) in a thermostat oven. The obtained

virgin oil was filtered through cheesecloth and was used for

the present study.

Animal experiments

Male Sprague–Dawley rats (100–130 g) bred in the

department animal house were used for the study. The

animals were housed individually in polypropylene cages

in a room maintained at 25 F 1jC with a 12-h light and

12-h dark cycle. The experimental groups were as follows:

Group I (Control)—ground nut oil (GNO), Group II—CO

(8%), Group III—VCO (8%). Oils were fed along with a

semi synthetic diet for 45 days (Table 1). Gain in body

weight was recorded weekly. After 45 days, animals were

fasted overnight and sacrificed by sodium pentathone

injection; blood and tissues were collected for various

estimations.

Lipid analysis

Total lipids were extracted using chloroform/methanol

(2:1) as described by Folch et al. [11]. Five hundred-milli-

gram tissue/n ml serum was homogenized with chloroform/

methanol (2:1), filtered and washed with chloroform/metha-

nol at least three times. Calcium chloride, (0.02%), was added

to the mixture (20% of the total volume of the extract), mixed

vigorously and allowed to stand for a few minutes. The upper

layer was washed three times with 5-ml chloroform/metha-

nol/calcium chloride (3:48:48 v/v). The washed upper layer

was evaporated to dryness and the residue was redissolved in

a known volume of chloroform. From this, aliquots were used

for lipid analysis. Total cholesterol was estimated as de-

scribed by Abell et al. [12]. Triglycerides and phospholipids

were estimated by the method of Zilversmith and Davis and

Van Handel and Zilversmith respectively [13].
Table 1

Formulation of synthetic diet

Dieta Group I Group II Group III

Corn starch 71 71 71

Casein 16 16 16

Virgin coconut oil – – 8

Copra oil – 8 –

Ground nut oil 8 – –

Salt mixture 4 4 4

Vitamin mixture 1 1 1

a g/100 g weight.
HDL-cholesterol assay

Two milliliters of serum was thoroughly mixed with 0.2

ml of heparin–manganese solution (final concentration 1.4

mg/ml and 0.092 M respectively). Samples were incubated

for at least 10 min at room temperature and centrifuged at

1500 � g for 30 min. Clear supernatant was removed

manually for the assays [14]. HDL-C was measured by

the method described by Abell [12]. LDL and VLDL

cholesterol levels were calculated using the standard Frie-

dewald equation [15].

Total polyphenol content

PF from the test oils was extracted according to the

method described by Vazquez Roncero et al. [16]. Ten-gram

oil was dissolved in 50-ml hexane and extracted three times

with 20-ml portions of 60% methanol successively. The

vacuum-dried final residue obtained from the combined

extract was dissolved in a known volume of methanol.

The total polyphenol content of this solution was estimated

using Folin-Ciocalteau reagent [17].

In vitro LDL oxidation studies

A volume of 3 ml plasma was centrifuged at d = 1.006

kg/l in an ultracentrifuge (Sorvall Ultra 80) at 40,000 rpm

using a T-865 rotor at 14jC for 10 h [18]. After ultracen-

trifugation floating VLDL and chylomicrons were removed

and LDL was separated by precipitation from the solution

[19]. Forty microliters of 4% phosphotungstic acid in 1 M

NaOH was added, stirred and 10 Al of 2 M MgCl2�6H20

was added and centrifuged at 1500 � g for 30 min at 4jC.
The supernatant was discarded and the precipitated LDL

was redissolved in 0.4 ml 0.5 M Na2CO3, kept in ice

overnight and dialyzed against three changes of PBS for

12 h.

Isolated LDL (200 Ag protein/ml) was preincubated with

50 Ag PF from the respective oils for 30 min. LDL oxidation

was initiated by adding 1.7 mM copper sulphate to the

reaction mixture [20]. The thiobarbituric acid reactive sub-

stance (TBARS) was determined after 6 h by the procedure

described by Wills [21].

Determination of carbonyl content

Aliquots from the Cu2+ oxidized samples treated with

PF from the three oils were tested for carbonyl formation.

To the samples, 0.5 ml of 2, 4-dinitrophenyl hydrazine (10

mM in 2N HCl) was added and was allowed to react for

60 min at room temperature with vortexing every 15 min.

After the reaction was complete, 20% TCA (0.5 ml) was

added and the samples were centrifuged. The precipitate

was washed with ethanol/ethyl acetate (1:1), dissolved in

0.6 ml of guanidine (6 M in phosphate buffer, adjusted to

pH 2.3 with trifluoroacetic acid) and incubated at 37jC for
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15–20 min. Results were expressed as the percentage of

inhibition in carbonyl formation relative to the control

using the absorbance at 390 nm [22].

Statistical analysis

Results were statistically, analyzed by one-way ANOVA

(SPSS 10) using Duncan’s variance.
Results

Effect on lipid levels

In the present study no significant change in body

weight of animals from the three groups was observed.

The concentration of cholesterol in serum, liver, and heart

of the VCO-treated group was significantly lower com-

pared to CO fed and control animals. Triglycerides in

serum and tissues were significantly lower in VCO-treated

animals compared to CO and control animals and phos-

pholipid levels also showed the same pattern among the

three groups (Table 2). HDL cholesterol in VCO fed

animals was increased while LDL cholesterol levels were

significantly decreased, compared to the other two groups

(Fig. 1).

Preventive effect on in vitro LDL oxidation

In in vitro oxidation studies (Fig. 3), the PF of VCO was

found to be more beneficial than the PF of CO and GNO in

preventing the copper-induced oxidation of LDL as indicat-

ed by the low TBARS formation and reduced carbonyl

formation (Fig. 4).
Table 2

Levels of total cholesterol, triglyceride, and phospholipids in VCO, CO, and GN

Parameters Serum Liver

Cholesterola

Group I 91.59 F 0.01 311.24 F 0.016

Group II 90.43 F 0.016b 257.23 F 0.014

Group III 75.72 F 0.015b,c 217.52 F 0.009

Triglyceridesa

Group I 13.97 F 0.01 180.32 F 0.03

Group II 11.59 F 0.16b 187.37 F 0.02b

Group III 7.98 F 0.02b,c 154.18 F 0.02b

Phospholipidsa

Group I 127.11 F 0.02 2243.20 F 0.02

Group II 126.01 F 0.01b 2122.68 F 0.02

Group III 92.41 F 0.01b,c 1844.55 F 0.01

Values are mean of six rats F SEM, P < 0.05.

VCO—virgin coconut oil, CO—copra oil, GNO—ground nut oil.
a Expressed as mg/100 g tissue or mg/dl.
b Compared to group I.
c Compared to group II.
Discussion

Experiments with VCO could decrease total cholesterol,

triglycerides, and phospholipids in serum and tissues as well

as increase HDL cholesterol with a corresponding decrease in

LDL cholesterol. This may be due to the quality difference of

the two oils, particularly the higher polyphenol content of

VCO (80 mg/100 gm oil) compared to CO (64.4 mg/100 gm

oil) (Fig. 2), as well as minor constituents including vitamin

E. The wet extraction done in the dark and at a controlled

temperature may be responsible for retaining the biological

activities of the minor components in the oil.

In this context, it is important to remember that a-

tocopherol concentration is greatly affected by the storage

conditions of the oil including temperature and light expo-

sure [23]. Studies have also shown that a-tocopherol has a

synergetic effect in association with some phenolic com-

pounds having significant antioxidant activity [24,25] (Fig.

3). Although the fatty acid composition of coconut oil is

well established, relatively little is known about the minor

constituents and their biological effects [26]. Experiments

have also shown that the diet based on GNO is atherogenic

[27,28] (Fig. 4).

In the present study, feeding of VCO resulted in de-

creased concentrations of all the lipids tested (cholesterol,

triglycerides, and phospholipids) when compared with CO.

An explanation for the lower lipid levels in serum and

tissues (liver, heart, and kidney) accompanying VCO feed-

ing may be due to the relative rate of synthesis and

catabolism of these lipids. It is possible that the minor

and/or unsaponifiable components in VCO may be influ-

encing the rate of synthesis and oxidation of fatty acids in

the liver. In the previous study (unpublished data), HMG

CoA reductase, the rate limiting enzyme in cholesterol
O fed rats

Heart Kidney

221.84 F 0.018 658.74 F 0.017
b 219.72 F 0.015b 654.52 F 0.013
b,c 168.25 F 0.008b,c 661.46 F 0.012

59.88 F 0.02 76.16 F 0.30

50.01 F 0.02b 61.16 F 0.01b

,c 38.44 F 0.35b,c 42.06 F 0.01b,c

2148.75 F 0.15 1842.20 F 0.16

2034.25 F 0.20b 1562.75 F 0.02b

1829.13 F 0.01b,c 1141.42 F 0.01b,c



Fig. 1. Levels of serum lipoprotein cholesterol in VCO, CO, and GNO fed

animals (Mean F SEM). aCompared to Group 1, P < 0.001. bCompared to

Group 2, P < 0.001.
Fig. 3. Effect of PF from VCO, CO and GNO on in vitro Cu2+ induced LDL

oxidation. I—LDL, II—LDL + 1.7 mM CUSO4, III—LDL + 1.7 mM

CUSO4 + 50 Ag GNO Polyphenols, IV—LDL +1.7 mM CUSO4 + 50 Ag
CO polyphenols, V—LDL + 1.7 mM CUSO4 + 50 Ag VCO polyphenols.

Values are mean of three estimations. *Significant compared to Group II,

P < 0.05; asignificant compared to Group IV, P < 0.05. TBARS formation is

measured as nmol of MDA formed/mg protein.
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biosynthesis, showed decreased activity. In addition, the

activity of lipogenic enzyme, glucose-6-phosphatase dehy-

drogenase, showed decreased lipogenesis. This enzyme

provides NADPH for fatty acid synthesis. These observa-

tions correlate with the decrease in triglycerides and phos-

pholipids in liver and other tissues.

The HDL cholesterol levels in VCO-treated animals were

found to be higher compared to the other group, an

indication of a beneficiary effect of the oil. The protective

effect of HDL is most widely attributed to its key role in

mediating the reverse cholesterol transport from the periph-

eral tissues to the liver for reutilization [29]. Saturated fatty

acids increase the HDL cholesterol concentration, which has

been associated with increased Lecithin cholesterol acyl

transferase (LCAT) [30]. HDL particles also enhance the

inhibition of LDL oxidation, prevention of monocyte adhe-

sion, inhibition of endothelial dysfunction, and apoptosis

[31].

Oxidation of LDL lipids is a risk factor for atheroscle-

rosis and coronary heart disease [32,33]. It is currently

believed that lipid peroxidation is involved in the oxidative

modification of low-density lipoprotein [34,35]. The anti-
Fig. 2. Total polyphenol content of virgin coconut oil (VCO), copra oil

(CO) and ground nut oil (GNO). Values are mean of three estimations.

*Statistically significant compared to copra oil ( P < 0.001).
oxidative properties of the polyphenol fraction separated

from VCO, CO, and GNO on LDL oxidation as measured

by the production of TBARS showed that the polyphenol

fraction from VCO has a significant advantage over other

oils in preventing the oxidation of LDL. Several studies

have revealed the antioxidant activity of polyphenolic sub-

stances, especially from red wine and olive oils in oxidation

of LDL [36–38]. These polyphenolic compounds might

trap reactive oxygen species in aqueous components such as

plasma and interstitial fluid of the arterial wall thereby

inhibiting LDL oxidation and showing anti-atherogenic

activity [39]. In addition, these compounds are capable of

reversing cholesterol transport and reducing intestinal ab-
Fig. 4. Effect of VCO, CO and GNO in inhibition of carbonyl formation

during in vitro Cu2+ induced LDL oxidation. (A) Polyphenol fraction from

ground nut oil (GNO), (B) polyphenol fraction from copra oil (CO), (C)

polyphenol fraction from virgin coconut oil (VCO). Values are mean of

three estimations. *Significant compared to PF of copra oil, P < 0.05.
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sorption of cholesterol [40]. The cholesterol lowering activ-

ity of VCO may be partly attributed to this process.

Another oxidative modification of LDL is carbonyl

formation. Increase in the formation of carbonyl residues

is due to the modification of the protein part of LDL [41].

The property of preventing carbonyl formation of LDL by

the polyphenol fraction of VCO may be due to the highly

active polyphenols and the presence of tocopherols in its

active form.

To conclude, our preliminary data strongly suggest that

virgin coconut oil with its high polyphenol content was

capable of maintaining the normal levels of cholesterol and

other lipid parameters in tissues and serum and also in-

creased the concentration of HDL cholesterol in rats. The

antioxidant activity of the PF of VCO against copper-

induced LDL oxidation confirms the high potential of this

oil in protecting LDL against oxidative stress induced by

physiological oxidants.
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