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Abstract: The present study was conducted to investigate effect of coconut biscuit, coconut biscuit fortified
with coconut oil and coconut oil on hypercholesterolemic rats. Thirty mature male albino rats weighing 160-170
g were used, divided into two main groups, one was kept as a negative control group (n =6) fed a control diet,
while the other group was fed hypercholesterolemic diets for eight weeks  to  induce  hypercholesterolemia.
This main group was divided into 4 equal  sub-groups (n = 6) ; one kept as positive control and the other three
groups were fed on supplemented diet with coconut biscuit, coconut biscuit fortified with coconut oil 5% and
coconut oil 5%. Biological evaluation; liver enzymes and total cholesterol, triglycerides& lipoprotein fractions
were estimated. The obtained results concluded that the best results were found in supplemented diets with
coconut oil 5% followed by coconut biscuit fortified with coconut oil 5% and coconut biscuit was the last. So,
the obtained data need further research to use coconut oil and supplemented coconut biscuits in human diet
to reduce cholesterol levels.
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INTRODUCTION cholesterol metabolism, atherogenesis as well as possible

Hypercholesterolemia is a lipoprotein metabolic levels [5, 6]. Inducing hypercholesterolemia in rats is often
disorder characterized by high serum low density through a high fat, high cholesterol diet, Commercial
lipoprotein and blood  cholesterol.  It has been reported rations supplemented with cholesterol have also been
by Rerkasan et al. [1] as one of the most important risk used for these investigations [7].
factors in the development and progression of The continuous ingestion high amounts of fat seem
atherosclerosis that lead to cardiovascular diseases to be directly related to hyperlipidemia in humans.
(CVDs). Hypercholesterolemia poses a major problem to Consequently, it has been tried to provoke hyperlipidemia
many societies as well as health professionals because of in laboratory animals, in order to understand better the
the close correlation between cardiovascular diseases and relationship between disorders in cholesterol metabolism
lipid abnormalities [2, 3]. Clinical trials have demonstrated and atherogenesis and to test possible treatments for the
that intensive reduction the incidence of CVDs. reduction of circulating cholesterol level. For inducing

Dietary factors such as continuous ingestion of high hypercholesterolemia in rats triglycerides-rich diets
amounts of saturated fats and cholesterol are believed to containing cholesterol, with or without cholic acid have
be directly related to hypercholesterolemia and been used [8] the level of cholesterol varies substantially
susceptibility to atherosclerosis [4]. as well. In our laboratory we have produced

Hypercholesterolemic animals are useful models for hypercholesterolemic rats by  treating  them  with diets
studies on cholesterol homeostasis and drug trials to rich  in  triglycerides and supplemented with cholesterol
better understand the relationship between disorders in [9-12].

treatments for the reduction of circulatory cholesterol
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In animal studies, some evidence suggests that chain fatty acids. A medium-chain triglyceride (MCT) is a
saturated fat from coconut oil may improve blood lipids dietary fat in which the majority of fatty acids are medium-
(Such as LDL cholesterol, HDL cholesterol, triglycerides chain aimed to review the likely benefits of CO and its
and others) and that virgin coconut oil is particularly effects related to oxidative stress, hyperlipidemia and
beneficial [13, 14]. However, the cardiovascular effects of chronicle diseases in humans [20].
coconut oil in humans are complicated and still unfolding. The medicinal effects of coconut oil are also due to

Coconut oil, derived from coconut (Cocos nucifera its medium-chain fatty acids. Lauric acid, the major fatty
L.), has been widely used throughout history for its acid from the fat of the coconut, has long been recognized
medicinal value and as food, food ingredient and for its unique properties that it lends to nonfood uses in
functional food [15]. It consists of a mixture of the soaps and cosmetic industries. Lauric acid and capric
triglycerides containing a high proportion of medium- acid are fatty acids found in coconut oil, possess
chain saturated fatty acids, especially myristic acid [16]. antimicrobial properties. Lauric acid, converted into
Virgin coconut oil (VCO) is obtained from fresh, mature monolaurin in body is the antiviral, antibacterial and anti-
coconut kernel without the use of heat and without protozoal monoglyceride used by the human or animal to
undergoing refining process [17]. This retains the destroy lipid-coated viruses [16, 20].
important biologically active components in the oil such Coconut oil consists mainly of saturated fatty acids,
as antioxidant vitamins and phenolic compounds. The this being about 90%. The major fatty acids present in
potential benefits of this oil in preventing or ameliorating coconut fat are lauric acid (12:0) with 46%, myristic acid
different biological conditions due to its active (14:0) with 17% and palmitic acid (16:0) with 9%. Only 10%
polyphenol components has been demonstrated. are unsaturated fatty acids in contrast to olive oil for
Supplementation of the diet with VCO has been shown to example, which consists of 87% unsaturated fatty acids.
reduce the cholesterol and triglyceride levels, maintain Even when comparing coconut fat with other foods high
blood coagulation factors and prevent oxidation of low- in saturated fats, for example butter, coconut fat has a
density lipoprotein lipids [18]. Also, VCO has been higher proportion of saturated fatty acids (90%). than
reported to have anticancer, antimicrobial, anti- butters 66%. However they differ in the percentile
inflammatory and hepatoprotective properties [19]. distribution of their diverse saturated fatty acids [21].

Coconut oil (CO) has generated discussions about its Biscuits are the most popular bakery items consumed
possible effects on health, especially for being oil rich in nearly by all sections of the society in Egypt. Some of the
saturated fat, which is known to contribute to the reasons for such wide popularity are low cost in
development of atherosclerosis and cardiovascular comparison with other processed foods, good nutritional
diseases. On the other hand, CO contains high levels of quality and availability in different forms, varied taste and
lauric acid that is directly absorbed by enterocytes and longer shelf life. Bakery products are used as a vehicle for
may prevent the fat deposition in blood vessels. In incorporation of different nutritionally rich ingredients
addition, flavonoids and polyphenols present in CO may [22].
be beneficial in reducing the oxidative stress involved in
the etiology of various diseases, for instance, Aim of Study: This study was carried out to investigate
cardiovascular diseases and cancer [16, 19]. nutritional and biological roles of supplemented coconut

Basically, fatty acids are the building blocks of fats. biscuit and coconut oil on improved hypercholesterolemic
Most of the fats in foods are triglycerides, which are rats' health.
molecules containing three fatty acids attached to a
glycerol back bone. Fatty acids are categorized and listed MATERIALS AND METHODS
on nutrition labels as saturated, polyunsaturated (PUFA),
monounsaturated (MUFA) and transfats. There are Materials: Soft wheat flour (72% extraction)  was
several individual fatty acids within each of these obtained from South Cairo Mills Company, Giza, Egypt.
categories. For example, the predominant saturated fatty coconut oil have been obtained from Captain Company,
acids in the American diet include lauric, palmitic, myristic Cairo, Egypt and all other materials used in dough
and stearic acids. Caprylic, capric and lauric acids are preparation coconut, sugar, natural butter, baking powder,
shorter in the chain length than other saturated fatty eggs and vanillin were obtained from local market in
acids. Thus, they are commonly referred to as medium- Tanta,   Gharbia    governorate,   Egypt.   Casein,  vitamins,
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minerals and cellulose were purchased from EL-Gomhoryia University KSA. The scoring scheme was established as
Company, Cairo, Egypt. Thirty male albino rats (Sprague mentioned by Zobik and Hoojjat [28] as followed: Color
Dawely Strain) were obtained from Vaccine and Immunity (20), taste (20), odour (20), texture (20), appearance (20)
Organization, Helwan Farm, Cairo, Egypt. and overall score 100 degrees.

Preparation of Biscuits: The sweet biscuits were Biological  Evaluation:   During  the  experiment  period
prepared by using the AACC method [23]. Preparation of (12 weeks), the quantities of diet which were consumed
biscuits was carried out using coconut oil replaced; (Feed intake) and / or wasted were  recorded  every  day.
separately with 1, 2, 3 and 5 % butter. The biscuits were In addition, rats' weight was recorded weekly. At the end
baked at 160°C for 20 min. After cooling for 1hr, the of the experiment, feed intake, body weight gain (BWG
organoleptic evaluation was carried out. After baked, the %), organs weight as a percent of total body weight and
yield of control biscuits was 360 (g) biscuits. feed efficiency ratio (FER) were calculated, body weight

Animals and Experimental Design: Thirty male white Chapman et al. [29].
albino rats of an average body weight 160±10 g of
(Sprague Dawley Strain) were used. They were obtained Biochemical Analysis of Serum: At the end of the
from Vaccine and Immunity Organization, Helwan Farm, experiment rats were fasted overnight before sacrificed
Cairo, Egypt. Animals were acclimatized to laboratory under ether anesthetized and blood samples were
conditions before being used. collected from hepatic portal vein. Each sample was

Methods: Rats were divided into two main groups as for 10 minutes at 3000 revolutions per minute to separate
follow: Group (1) was fed on basal diet only and kept as a the serum. Serum was carefully separated into dry clean
negative control group (n =6). Group (2) 24 rats received Wasserman tubes by using a Pasteur pipette and kept
hypercholesterolemic diets for eight weeks. After that, the frozen at (-20  C) till analysis. Analysis was done at
rats were divided into equal four sub-groups (6 rats each) Medical College Laboratory, Zgazig University. Total
as following: Subgroup (1): was left as positive control cholesterol was determined according to the method
and fed on basal diet only. Subgroup (2): was fed on basal described by Allain et al. [30]. Triglycerides were
diet supplemented with 200 g coconut biscuit/kg diet. determined according to the method described by Trinder
Subgroup (3): was fed on basal diet supplemented with and Ann [31]. HDL-C was determined in the serum
200 g coconut oil biscuit (5%)/kg diet. Subgroup (4): was according to the method described by Lopes-Virella et al.
fed on basal diet supplemented with 50 g coconut oil/ kg [32]. The VLDL- and LDL-cholesterol concentrations were
diet. Coconut biscuit, coconut oil biscuit (5%) and calculated [33]. Determination of the activity of liver
coconut oil (5%) added on the expense of corn starch. enzymes: Serum aspartate amino transferase: AST (SGOT)
Composition of mineral mixture was carried out according was determined in the serum and Serum alanine amino
to Hegsted et al. [24] and the vitamin mixture according to transferase ALT (SGPT) was determined in the serum
Campbell [25]. according to the method described by Reitman and

Nutritional Characteristics
Chemical Analysis: Coconut biscuit, supplemented Statistical Analysis: Data were expressed as
coconut biscuit and coconut oil were chemically analyzed mean±standard deviation. Values were statistically
for moisture, crude protein, fat, crude fiber and ash analyzed by one-way analysis of variance (ANOVA test)
according to methods described in A.O.A.C. [26]. Fatty according to Snedecor and Cochran [35] using SPSS 10.1
acids content of coconut biscuit, supplemented coconut software package. Differences were considered significant
biscuit and coconut oil were analyzed according to at P values (0.05).
methods described in AOAC [27].

Sensory Evaluation of Biscuits: Biscuits produced by
using suggested blends were evaluated for their sensory Chemical Composition: Dietary fats are found in both
characteristics by ten panelists from the staff of Food plant and animal foods. Fats supply the body with
Science Dep., Faculty of Designs & Home Economic, Taif calories   and    essential    fatty   acids   and    help   in  the

gain and feed efficiency ratio were calculated according to

placed in a dry clean centrifuge tube and then centrifuged

o

Frankel [34].

RESULTS AND DISCUSSION
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Table 1: Chemical composition of standard coconut biscuit and supplemented coconut oil biscuit 5%.
Sample Protein % Fat % Moisture % Ash % Fiber % Carbohydrates %
Standard Coconut biscuit 10.75 18.74 5.2 0.8 2.41 62.1
Coconut oil biscuit 5% 10.7 18.82 5.9 1.2 2.54 60.64

absorption of the fat-soluble vitamins A, D, E and K. The
fatty acid percent composition of tested oils and butter fat
were as a relative percentage.

Data presented in Table (1) illustrated the chemical
composition percentage of standard coconut biscuit and
supplemented coconut oil biscuit 5%. From the obtained
data, it could be noticed that standard coconut biscuit
contained (On dry weight basis) 18.74% Fat, 10.75%
protein, 62.1% carbohydrate, 5.2% Moisture, 2.41% Fiber,
0.8 % ash and 460.06 kcal energy. While supplemented
coconut oil biscuit 5% contained 18.82% Fat, 10.7%
protein, 60.64 % carbohydrate, 5.9% Moisture, 2.54%
Fiber, 1.2 % ash and 454.74 kcal energy

Coconut oil (The so-called tropical oil), while still
considered vegetable "Oils", have as much or more
saturated fatty acid content than lard. Indeed, they are not
liquids at room temperature like the other vegetable oils,
but solids. Look at the ingredients on that illustrated the
chemical composition of the oil.

Fatty acids composition of coconut oil is formed by
a mixture of saturated (SFAs) and unsaturated (UNFAs)
fatty acids classified according to the number of
unsaturated bonds as monounsaturated (MUFAs) or
polyunsaturated fatty acids (PUFAs).  So, their impact on
human health could be assessed according to individual
fatty acids because of their different influences on human
health and risks of serious diseases [36].

Saturated Fatty Acids (SFAs) with fewer than 12
carbon atoms being called short and medium chain
saturated fatty acids (MCFAs) have been found only in
coconut oil (COC) in the amount non identified Fatty
acids 0.03% of fatty acids (FAMEs) as can be seen in
Table 1. Expectedly, SFAs were established as
extraordinarily predominant FAs in the highest amount of
92.1% of total FAMEs in coconut oil (COC) and they were
in Table (2) presented especially by lauric (C12:0) and
Palmitic acid (C16:0) acids in the amounts of 49.1 and 19.29
%, respectively; in agreement with reported data [36]. In
the rest of analyzed oils SFAs were determined Caproic
acid (C6:0) was found to be a predominant SFA in the
majority of samples in 0.20 %.

Moreover in Table (3) fatty acids  content of
standard coconut biscuit  presented  by  lauric  (C12:0)
and Palmitic acid (C16:0) acids in the amounts of 5.48 and
27.33 %,  respectively.  In  the  rest  of  analyzed  oils
SFAs were determined Caproic acid  (C6:0)  was  found  to

Table 2: Fatty acids content of coconut oil

Fatty acids Name Relative distribution

C6:0 Caproic acid 0.20 %
C8:0 Caprylic acid 6.14 %
C10:0 Capric  acid 5.26 %
C12:0 Lauric  acid 49.1 %
C14:0 Palmitic acid 19.29 %
C16:0 Stearic acid 9.435 %
C18:0 Oleic acid 2.493 %
C18:1n9 Linoleic acid 6.37 %
C18:2n6 Myristic acid 1.681 %

Non identified Fatty acids 0.03%

Table 3: Fatty acids content of standard coconut biscuit.

Fatty acids Name Relative distribution

C 6:0 Caproic acid 0.36 %
C8:0 Caprylic acid 1.00 %
C10:0 Capric  acid 1.25 %
C12:0 Lauric  acid 5.48 %
C14:0 Myristic acid 7.71 %
C14:1n7 Myristioleic acid 0.38 %
C14:1n5 5-tetradecenoic acid (phytosteric) 0.23 %
C15:0 pentadecenoic acid 1.44 %
C16:0 Palmitic acid 27.33%
C16:1n9 Palmitioleic acid 0.16 %
C16:1n7 1.46 %
C16:1n5 0.22 %
C17:0 heptadecenoic acid 0.85 %
C16:3n4 0.25 %
C18:0 Stearic acid 8.81 %
C18:1n9 Oleic acid 23.98 %
C18:1n7 Vaccinic acid 0.67 %
C18:1n5 6- octadecosaenoic acid 0.20 %
C18:2n6 Linoleic acid 15.86 %
C18:2n4 0.14 %
C18:3n3 Linolenic acid 1.69 %
C18:4n3 Octadecatetraenoic 0.34 %
C 20:0 Arachidic acid 0.19 %

Non identified Fatty acids 0.00 %

be a predominant SFA in the majority of samples in 0.36
%. While, the results in Table (4) Fatty acids content and
supplemented coconut oil biscuit 5% showed lauric
(C12:0) and Palmitic acid (C16:0) acids in the amounts of
7.56 and 26.71 %, respectively and the rest of analyzed
oils SFAs were determined Caproic  acid  (C6:0)  was
found to be a predominant SFA in the majority of samples
in 0.47 %.
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Table 4:  Fatty acids content and supplemented coconut oil biscuit 5%.
Fatty acids Name Relative distribution
C 6:0 Caproic acid 0.47 %
C8:0 Caprylic acid 1.25 %
C10:0 Capric  acid 1.53 %
C12:0 Lauric  acid 7.56 %
C14:0 Myristic acid 8.51 %
C14:1n7 Myristioleic acid 0.41 %
C14:1n5 5-tetradecenoic acid (phytosteric) 0.23 %
C15:0 pentadecenoic acid 1.43 %
C16:0 Palmitic acid 26.71 %
C16:1n9 Palmitioleic acid 0.15 %
C16:1n7 1.48 %
C16:1n5 0.23 %
C17:0 Heptadecenoic acid 0.85 %
C16:3n4 9-Hexa Decatrienoic acid (hexagonic) 0.24 %
C18:0 Stearic acid 8.55 %
C18:1n9 Oleic acid 19.89 %
C18:1n7 Vaccinic acid 0.63 %
C18:1n5 6- octadecosaenoic acid 0.18 %
C18:2n6 Linoleic acid 14.68 %
C18:3n3 Linolenic acid 1.66 %
C18:4n3 Octadecatetraenoic 0.32 %
C 20:0 Arachidic acid 0.17 %
Non identified Fatty acids 2.87 %

Coconut oil has >90% saturated fatty acids, hence is
less attractive to consumers. Also, it is rich in short and
medium chain fatty acids (MCTs). Shorter chain length
allows fatty acids to be metabolized without use of the
carnitine transport system [37].

In fact, some studies have reported various impacts
of SFAs on the human health. It has been concluded that
lauric acid (C12:0) as well as myristic acid (C14:0) raise
plasma total cholesterol concentrations, the first due to an
increase in LDL cholesterol, the latter due to a rise of both
LDL and HDL cholesterol concentrations . However,
according to Mensink et al. [38] and Lawrence [39] the
ratio of total cholesterol to HDL cholesterol is a more
specific marker of coronary artery diseases than the value
of LDL cholesterol. Oils rich in lauric acid (C12:0)
decreased the ratio of total to HDL cholesterol. On the
other hand, myristic (C14:0) and palmitic acids (C16:0)
affected this ratio only little and stearic acid (C18:0)
slightly reduced this ratio. In the presence of sufficient
amounts of C18:2n-6 fatty acids, high palmitic acid diets
do not have any effects on serum lipoprotein profiles as
well as the rates of endogenous synthesis of cholesterol
in both normal and hypercholesterolemic Canadian
subjects [40].

Compositionally, coconut oil is derived from the dried
kernel or meat of coconut, also known as copra.
Chemically, coconut oil primarily comprises of lauric acid
(47.5%), a low molecular weight saturated fatty acid

known to be a better alternative to other saturated fatty
acids, the kind found in butter. It has been documented
through the National Nutrition Survey of 2003 that in
certain Asian cultures, wherein coconut oil happens to be
the primary source of cooking fat, the incidences of
hyperlipidemia, stroke and angina were relatively low. In
fact, a study reported that levels of low density
lipoprotein (LDL) appeared to be relatively higher in
individuals consuming safflower oil and/or butter as
compared to those consuming coconut oil [41].

Sensory Evaluation: Sensory Evaluation of Biscuits:
Biscuits produced by using suggested blends were
evaluated for their sensory characteristics by 20 panelists
from the staff of Nutrition and Food Science Department,
Faculty of Designs & Home Economics, Taif University
KSA.. The scoring scheme was established as mentioned
by Zobik and Hoojjat [28] as follow: Color (20), taste (20),
odour (20), texture (20), appearance (20) and overall score
100 degrees.

Organoleptic Characteristics: Data given in Table (5)
showed that sensory properties of coconut biscuits and
supplemented with different levels of coconut oil. From
the mentioned result, it could be observed that, the
sensory scores for color, odor, taste, texture, appearance
and overall score of biscuits decreased sharply. The best
value was for biscuits supplemented with coconut oil 1%
(95.4±1.4) followed by biscuits supplemented with
coconut oil 2% (93.8±1.6) , Biscuit 3% (92.3±1.5)  and
Biscuit 5% (90.1±1.7). From the obtained data, it could be
showed that, there were insignificant differences in
texture, test and odour score among the samples, (control
or supplemented with different levels of coconut oil). The
organoleptic evaluation revealed that Biscuit could be
supplemented using coconut oil to produce acceptable
and high nutritional value. Thus, with this comprehensive
review, we aimed to shed light on information related to
the health benefits of consuming coconut oil [41].

Biological Evaluation: Table (6) shows the Effect of
Coconut biscuit, Coconut oil biscuit and Coconut oil on
feed intake, body weight gain (BWG %) and feed
efficiency  ratio   (FER)  of  hypercholesterolemic  rats.
The results showed the feed intake (FI) for positive
control group (C+) was significant decrease as compared
to normal rats (Negative control group C-) (18.05±0.52 and
18.88±0.2g/day, respectively). While, all groups fed on
treated diets showed significant increase in FI as
compared  to  positive  control   group.   Coconut  oil (5%)
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Table 5: Sensory evaluation of coconut biscuits and supplemented with different levels of coconut oil
Groups Appearance Texture Color Test Odour Total Acceptance
Standard coconut biscuit 19.6±0.26 19.5±0.34 19.7±0.5 19.9±0.74 19.6±0.63 98.3±0.94 VGa a a a a a

Biscuit 1% 18.9±0.27 19.2±0.34 19.5±0.34 18.8±0.52 19±0.27 95.4±1.4 VGa a ab a a a

Biscuit 2% 18.6±0.28 18.5±0.55 19.4±0.39 18.5±0.67 18.8±0.54 93.8± 1.6 VGab a ab a a a

Biscuit 3% 18.4±0.28 18.2±0.55 19.1±0.39 18.2±0.67 18.4±0.54 92.3±1.5 VGab a ab a a a

Biscuit 5% 17.8±0.5 18±0.47 19±0.55 17.3±0.57 18±0.64 90.1±1.7 VGb a b a a a

90-100 Very Good (VG), 80-89 Good (G), 70-79 satisfactory (S), Less than 70 Questionable (Q) 

Table 6: Effect of coconut biscuit, coconut oil biscuit and coconut oil on
feed intake, body weight gain (BWG%) and feed efficiency ratio
(FER) of hypercholesterolemic rats (Mean±SD).

Groups FI (g)/day BWG (%) FER

Control (– ve) 18.88±0.2 49.39±2.46 0.14±0.004a c c

Control (+ ve) 18.05±0.52 59.68±2.49 0.19±0.009b a a

Coconut biscuit 19.08±0.45 54.20±2.45 0.16±0.01a b b

Coconut oil biscuit (5%) 19.10±0.17 53.05±2.22 0.16±0.004a b b

Coconut oil (5%) 19.23±0.17 48.57±2.38 0.14±0.007a c c

showed the highest value of FI in treated group
(19.23±0.17g/day). On the other hand, there were non-
significant differences between treated groups as shown
in Table (6).

Body weight gain (BWG %), in the same table cleared
a significant increase in positive control group as
compared to negative control group (59.68±2.49 and
49.39±2.46%, respectively). While, all treated groups feed
on treated diets showed significant decrease in (BWG %)
as compared to positive control group, the value
(54.20±2.45, 53.05±2.22 and 48.57±2.38 %, respectively) for
Coconut biscuit, Coconut oil biscuit (5%) and Coconut oil
(5%) respectively. The best result recorded Coconut oil
(5%) group which showed the highest decrease in (BWG)
as compared to all treated groups, which reached to
(48.57±2.38) as shown in Table (6).

Regarding to, feed efficiency ratio (FER) positive
control group showed significant increase as compared to
negative control group (0.19±0.009 and 0.14±0.004).  There
was a significant decrease between all treated groups as
compared to positive control group which were (0.16±0.01,
0.16±0.004 and 0.14±0.007 respectively). Rats fed Coconut
oil (5%) showed the highest decrease in FER as compared
to all treated groups that closet to negative control group
as shown in Table (6).

There are very few human studies available on
coconut oil and body fat loss. A small pilot human trial
showed that men consuming virgin coconut oil had a
significant reduction in waist circumference over six
weeks [42]. Elsayed et al. [43] noticed that gradual
increase in body weight of all the animals with advancing
the experimental period. It was cleared that the growth

performance of rats was not  significantly  (p<0.05)
affected by the dietary (olive, coconut oil and  butter  fat).
Body weight increased  significantly  compared  to  the
rats fed with coconut oil on day 90 (Table 6). The increase
was about 40% compared to day  0  as  against  5% in
VCO fed rats, which could be  due  to  the  high  content
of long chain polyunsaturated fatty acids (PUFAs - 65-
70%). Long chain fatty acids (LCFAs) require the
detergent action of bile to enter the intestinal cells, re-
esterified, packaged and secreted into lymph, which are
transported to peripheral tissues for storage in fat depots
[44].

Data listed in Table (7) show effect of coconut
biscuit, coconut oil biscuit and coconut oil on relative
organs weight of hypercholesterolemic rats. The mean
values of all relative organs weight (Liver, heart and
kidneys for positive control group were significant
decreases (2.19±0.07, 0.38±0.04 and 0.67±0.03) as
compared with those of negative control group (2.81±0.09,
0.39±0.03 and 0.75±0.05 g/100g b.wt. respectively).

For relative liver weight, there was a significant
increase in all treated groups (2.51±0.04, 2.47±0.05and
2.38±0.14 g/100g b.wt., respectively) for Coconut oil
biscuit (5%) , Coconut biscuit and Coconut oil (5%) as
compared to positive control group (2.19±0.07g/100g
b.wt.). The best result found in Coconut oil biscuit (5%)
group as shown in Table (7).

As regard to relative heart weight, only the groups
fed on supplemented with Coconut biscuit showed non-
significant differences  (0.38±0.06 g/100g b.wt.) comparing
with positive control (0.38±0.04 g/100g b.wt.). The other
results found in the groups treated with Coconut oil
biscuit (5%) and Coconut oil (5%) non-significant
decrease which was (0.36±0.04  and 0.32±0.03 g/100g b.wt)
as shown in Table (7).

Values of relative kidneys weight showed non-
significant difference in all treated groups as compared to
positive control group (0.67±0.03g/100g b.wt.) except the
group treated with supplemented Coconut biscuit
(0.75±0.07 g/100g b.wt.) which recorded significant
increase so, the best result record by this group as shown
Table (7).
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Table 7: Effect of coconut biscuit, coconut oil biscuit and coconut oil on
relative organs weight of hypercholesterolemic rats (Mean±SD).

Relative organs weight (g/100 g. B.Wt.)
---------------------------------------------------------

Groups Liver Heart Kidneys
Control (– ve) 2.81±0.09 0.39±0.03 0.75±0.05a a a

Control (+ ve) 2.19±0.07 0.38±0.04a 0.67±0.03d b b

Coconut biscuit 2.47±0.05b 0.38±0.06 0.75±0.07c ab a

Coconut oil biscuit (5%) 2.51±0.04 0.36±0.04 0.71±0.03b ab ab

Coconut oil (5%) 2.38±0.14 0.32±0.03 0.67±0.04c b b

Zakaria et al. [19] reported that increase or decrease
in either absolute or relative weight of an organ after
administration of a chemical or drug is an indication of the
toxic effect of that chemical. This is in contrast with a
report that pretreatment with VCO significantly reversed
the increased weight of the liver in paracetamol-treated
rats relative to their controls. Imafidon and Okunrobo [45]
determined the effects of palm oil,  groundnut oil and
coconut oil on the liver condition of albino rats and
showed that weight gain did not differ significantly
(p<0.05) between the test rats and the control. Liver size
was significantly (p<0.05) increased in all the test rats
compared with control. Elsayed et al. [43] reported that
weight of liver increased significantly may be due to
accumulation of fat in the cells of the liver due to high
level of cholesterol and other fats in the blood, its uptake
by HDL and return to the liver to metabolism. In a study
by Ahmad et al. [46], the weight of liver was significantly
higher in rats given 7% fish oil and soybean oil for 7
weeks. Similarly Astorg and Levillain [47] found that
erucic acid induced an increase in liver weight. Imafidon
and Okunrobo [45] showed that the increase in liver
weights of rats that received a 10% palm and groundnut
oil supplemented diet was accompanied with a mild
inflammation in the liver. Elsayed et al. [43] found that
increase in relative weight of kidney in all groups fed on
diet containing olive and coconut oil and better compare
to baseline group while there were no significant
differences within this groups or between male and
female. This may explain the reason why there is no
difference in terms of the kidney weights in this study.
Olive oil showed nearest results of relative kidney weight
for male and female rats. Butter observed higher relative
kidney weight in female than male rats while coconut oil
showed converse with butter results. Results of relative
heart weight showed a significant difference for male
groups but female no significantly. Olive oil group
explained a significant difference between female and male
groups. These results in agreement with Alaam et al.,  [48]
who observed no significant differences in hearts relative
weights among all the tested rat groups and control rats.

Biochemical Analysis
Lipid Profile: Data listed in Table (8) show the total
cholesterol and triglycerides of hypercholesterolemic rats
as affected of feeding on supplemented diets with
Coconut biscuit, Coconut oil biscuit and Coconut oil.
Results cleared that, there was a significant increase in
serum levels of total cholesterol and triglycerides in
positive control group (147.6±1.45 and 176.4±2.97 mg/dl,
respectively) as compared to negative control group
(101.8±3.03 and 79±3.50 mg/dl, respectively). As regard to
serum levels of total cholesterol; all treated groups
recorded a significant decrease as compared to positive
the best result recorded; Coconut oil (5%) and Coconut
oil biscuit (5%) groups (103.4±1.14 and 104.8±5.35 mg/dl)
as shown in Table (8) 

For triglycerides; all treated groups showed a
significant decrease as compared to positive control
group. The best result recorded by the group treated with
Coconut oil (5%) and Coconut oil biscuit (5%) (86.4±2.40
and 88.2±2.41 mg/dl) as shown in Table (8).

According to  the  Nordic  Nutrition
Recommendations (NNR) [49], the intake of saturated
fatty acids including transfats should be limited to a
maximum of 10 E%. It has been found that a reduction  in
consumption  of saturated fatty acids can lead to lowered
levels of blood cholesterol.

Supplementation of the diet with VCO has been
shown to reduce the cholesterol and triglyceride levels,
maintain blood coagulation factors and prevent oxidation
of low-density lipoprotein lipids showed in a study by
Nevin and Rajamohan [13]. Coconut oil has provided the
primary source of fat in the diets of millions of people for
generations throughout the tropics. Though, there are
studies that indicate a positive correlation between
consumption of coconut oil and development of coronary
heart disease according to Sabitha et al. [50]. High
content of polyphenols and minor constituents such as
vitamin A and E might have contributed to the lipid
lowering effect of VCO according to Nevin and
Rajamohan [13].Transient increase and then a decrease in
the level of TC in VCO fed rats, correlate with the levels of
other cholesterol fractions such as, HDL and LDL, which
is in agreement with earlier findings by Nevin and
Rajamohan [13]. High content of flavonoids and other
polyphenols might have contributed to this effect [51].
Mensink et al. [52] explained that coconut oil contains a
large proportion of lauric acid, a saturated fat that raises
total blood cholesterol levels by increasing both the
amount of high-density lipoprotein (HDL) cholesterol and
low-density  lipoprotein  (LDL)  cholesterol. Although this



Acad. J. Nutr., 6 (1): 01-13, 2017

8

Table 8: Effect of coconut biscuit, coconut oil biscuit and coconut oil on total cholesterol (T.C) and triglycerides (T.G) of hypercholesterolemic rats
(Mean±SD)

Groups Total cholesterol (mg/dl) Triglycerides(mg/dl)
Control (– ve) 101.8±3.03 79±3.50c b

Control (+ ve) 147.6±1.45 176.4±2.97a a

Coconut biscuit 120±3.61 90.8±0.83b b

 Coconut oil biscuit (5%) 104.8±5.35 88.2±2.41c b

Coconut oil (5%) 103.4±1.14 86.4±2.40 c b

Table 9: Effect of coconut biscuit, coconut oil biscuit and coconut oil on lipoprotein fractions (HDL, LDL, VLDL) and atherogenic index (AI) of
hypercholesterolemic rats (Mean±SD). 

Groups HDL (mg/dl) LDL (mg/dl) VLDL (mg/dl) AI
Control (– ve) 46±3.1 40±4.72 15.8±2.7 1.26±0.45 a  c  b  c

Control (+ ve) 35±4.2 77.32±4.23 35.28±4.39 3.27±0.68 c  a  a  a

Coconut biscuit 39.6±3.64 62.24±2.98 18.16±0.16 2.03±0.28 b  b  b  b

Coconut oil biscuit (5%) 41.8±3.56 45.36±5.76 17.64±1.28 1.51±0.21a c  b bc

Coconut oil (5%) 44.8±3.42 41.32±2.87 17.28±0.48 1.31±0.17 a  c  b  c

may create a more favorable total blood cholesterol Lipoprotein fractions (HDL, LDL, VLDL) and
profile, this does not exclude the possibility that
persistent consumption of coconut oil may increase the
risk of cardiovascular disease through other mechanisms
by Mensink et al. [52] because much of the saturated fat
of coconut oil is in the form of lauric acid (Which raises
HDL). This finding is accordance with Ding et al. [53] who
observed that the variations from the fatty acid
composition of diet in adipose tissue can also arise due to
preferential exclusion or incorporation of a particular type
of fatty acid into complex lipids. The liver participates in
uptake, oxidation and metabolic conversion of free fatty
acids, synthesis of cholesterol, phospholipids and
triglycerides these results in agreement with Akhtar and
Ali [54]. Lipid structure, composition and configuration in
addition to excessive fat and cholesterol consumption
affect the lipid profile in plasma according to Kritchevsky
[55] as well as fat tissue deposition other mechanisms by
Yaqoob et al. [56]. Carandang [57] found that
phytosterols has been identified to have cholesterol
lowering activity. Studies have shown that phytostanols
appear to inhibit the absorption of dietary cholesterol and
the reabsorption (Via the enterohepatic circulation) of
endogenous cholesterol from the gastrointestinal tract. It
is believed that phytostatnols displace cholesterol from
bile micelles. The cholesterol-lowering activity of
phytostanols appears to block the absorption of dietary
cholesterol and the reabsorption of endogenous
cholesterol from the gastrointestinal tract via the
enterohepatic route. Consequently, the exertion of
cholesterol in the feces leads to decreased serum levels of
this sterol thus reducing risk of heart disease.
Phytostanols do not appear to affect the absorption on
bile acids.

Atherogenic Index (AI): Data present in Table (9) show
the serum levels of lipoprotein fraction (HDL, LDL, VLDL
and atherogenic index AI) of hypercholesterolemic rats as
affected of feeding on supplemented diets with Coconut
biscuit, Coconut oil biscuit and Coconut oil.

It could be observed from Table (9) that due to
hypercholesterolemic serum lipoprotein fraction showed
significant decrease in HDL but significant increase in
LDL, VLDL and atherogenic index (AI) in positive control
group (35±4.2, 77.32±4.23, 35.28±4.39 mg/dl and 3.27±0.68
respectively) as compared to negative control group
(46±3.1, 40±4.72, 15.8±2.7, mg/dl and 1.26±0.45
respectively).

Data in Table (9) showed that serum levels of HDL
had significant increase in all treated groups as compared
to positive control group. Treated group with Coconut oil
(5%) recorded the best result for HDL level (44.8±3.42
mg/dl) as compared to positive control group (35±4.2
mg/dl).

In the same Table (9), the serum levels of LDL had
significant decrease for all treated groups as compared to
positive control group. Treated groups with Coconut oil
(5%)  (41.32±2.87 mg/dl) recorded the best result for LDL
as compared to positive control group (77.32±4.23 mg/dl).

Regarding to, Table (9) all treated groups had
significant decrease in level of VLDL as compared to
positive control group. The best result recorded by
Coconut oil (5%) and Coconut oil biscuit (5%) groups
(17.28±0.48 and 17.64±1.28 mg/dl respectively). All treated
groups  had  significant  decrease  in  atherogenic  index
as compared to control positive group. The best result
recorded  by   Coconut   oil  (5%)  and  Coconut  oil
biscuit (5%) groups (1.31±0.17 and 1.51±0.21) as shown in
Table (9).
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VCO obtained by wet process has a beneficial effect [13]. Stearic acid in butter fat is higher level than coconut
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 or may be attributed to
the biologically active polyphenol components present in
the oil that showed in a study by Nevin and Rajamohan
[13]. VCO and TMP-SMX administered separately caused
decreases in the triglyceride and total cholesterol levels in
rat serum. Animal studies have shown that coconut oil
lowered total cholesterol, triglycerides and phospholipids
the reason being that coconut oil is composed of medium
chain fatty acids which are rapidly metabolized in the liver
into energy and as such do not participate in the
biosynthesis and transport of cholesterol according to
Chiagoziem et al. [58] Overall, the favorable effects of
diets high in monounsaturated MUFA and
polyunsaturated (PUFA), d PUFA versus saturated fats
on LDL cholesterol are well-documented that showed in
a study by Vannice [59]. While small amounts of coconut
oil may provide some benefit to HDL cholesterol levels,
further research is needed to understand the appropriate
role for coconut oil in a heart healthy diet.

Coconut oil claims are primarily based on the reported
beneficial effects of MCTs. About 58% of the fatty acids
in coconut oil are medium-chain fatty acids caprylic
(7.4%), capric (5.9%) and lauric acid (44%) Because
medium-chain fatty acids are saturated, 87% of the total
fatty acids in coconut oil are saturated. MCTs
(specifically those consisting of capric and caprylic acid
have been touted as being more efficiently metabolized
and less likely to be stored as fat. As coconut oil contains
primarily lauric rather than caprylic or capric acid and a
total of 58% rather than 100% medium-chain fatty acids,
coconut oil cannot be assumed to have the same health
effects as MCTs according to Vannice [59]. Coconut oil
had a beneficial effect in lowering lipid component
compared to copra oil and ground nut oil. It reduced total
cholesterol, triglycerides, phospholipids, LDL and VLDL
cholesterol levels and increased HDL cholesterol in serum
and tissue. The polyphenol component of the virgin
coconut oil prevented in vitro LDL oxidation, implicated
as a risk factor for atherosclerosis and coronary heart
disease and has more beneficial effects than coconut oil
due to its higher unsaponifiable components like
polyphenols and like á-tocopherols. Several studies have
revealed the antioxidant activity of polyphenolic
substances, especially from red wine and olive oils in
oxidation  of  LDL  that  found  by  Nevin  and  Rajamohan

oil that is less absorbed than other fatty acids. Thus, the
bioavailability of butter is low that was agree with
Weisburger [60]. The saturated fatty acids, except
perhaps stearic acid according to Packard et al. [61]
increase circulating VLDLs, LDLs, cholesterol and
triglycerides. It has been suggested that increased
consumption of monounsaturated fatty acids in place of
polyunsaturated fatty acids will render circulating
lipoproteins less sensitive to peroxidation and thereby
diminish the development of atherosclerosis these results
in agreement with La Lastra et al. [62]. Carandang [57]
said coconut oil contains biologically active substances
which have been identified to provide nutraceutical/
health benefits. Although studies may take years to probe
the pharmacological effects of these substances, there is
growing interest worldwide on the role of these
biologically active substances to human health.
Tocopherols, which are already known as antioxidants,
have a role in the prevention of certain chronic diseases
like coronary heart disease and cancer. Tocotrienols, said
to be better antioxidant than tocopherols, are effective in
treating many diseases. Phytosterols have been known to
lower blood cholesterol, specifically the LDL “Bad”
cholesterol. It has antioxidant activity. They may also
have anti-atherogenic, anticarcinogenic and
immunodulatory actions. Recent studies have shown that
tocotrienols are effective and better inhibitors of both
lipid peroxidation and protein oxidation than alpha
tocopherols. For their possible antiatherogenic activity,
they inhibit LDL oxidation, suppression of HMG-CoA
reductase activity and inhibition of platelets aggregation.

Liver Enzymes: Data listed in Table (10) show the liver
function enzymes serum; glutamic pyruvic transaminase
(SGPT) and serum glutamate oxaloacetate transaminase
(SGOT) of hypercholesterolemic rats affected of feeding
on supplemented diets with Coconut biscuit, Coconut oil
biscuit and Coconut oil.

It is clear from table (10) there were significant
increase for SGPT and SGOT enzymes in the serum of
positive control group (109.0±4.42 and 99.2±1.82 U/L.,
respectively) as compared to negative control group
(53.60±5.55 and 46±1.81 U/L., respectively).

It was denoted that all treated groups with Coconut
oil biscuit (5%), Coconut oil (5%) and Coconut biscuit had
significant decrease in serum levels of SGPT activities
(54.8±1.64, 71.0±5.70 and 73.4±6.94 U/L.) and significant
decrease in serum levels of SGOT activities in Coconut oil
(5%),  Coconut   oil   biscuit   (5%)   and Coconut  biscuit
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(61±4.67, 70.8±1.51and 78±2.09U/L.) when compared with
positive control group (99.2±1.82 U/L) as shown in Table
(10).

The results of this study demonstrate that the active
components of coconut oil had protective effects against
the toxic effects induced by Trimethoprim-
sulfamethoxazole administration TMP-SMX, especially in
the liver of rats due to its active polyphenol components.
Significant reduction in ALP levels coupled with fairly
normal ALT and AST levels in the VCO-treated groups
indicates that the oil was able to offer protection to the
liver against TMP-SMX-induced hepatotoxicity according
to Chiagoziem et al. [58].

Coconut oil (CO) has generated discussions about its
possible effects on health, especially for being ban oil rich
in saturated fat, which is known to contribute to the
development of atherosclerosis and cardiovascular
diseases. On the other hand, CO contains high levels of
lauric acid that is directly absorbed by enterocytes and
may prevent the fat deposition in blood vessels. In
addition, flavonoids and polyphenols present in CO may
be beneficial in reducing the oxidative stress involved in
the etiology of various diseases, for instance,
cardiovascular diseases and cancer. This article aimed to
review the likely benefits of CO and its effects related to
oxidative stress, hyperlipidemia and chronicle diseases in
humans these results are in line with Laura et al. [63].

In addition, Edem and Akpanabiatu [64] reported a
dose effect relationship between the amount of oil in the
diet and activities of some enzymes such as lipase,
alkaline phosphatase (ALP) and alanine transaminases
(ALT). This work therefore, investigates the effects of
10% edible oils on some biochemical parameters of liver
function. Imafidon and Okunrobo [45] determined the
effects of palm oil, ground nut oil and coconut oil on the
liver condition of albino rats showed that ALT levels were
significantly increased in rats fed coconut oil based diets,
they were not significantly altered in rats fed coconut oil
based diets. AST levels were significantly (p<0.05)
increased in rats given coconut oil based diet while it
remained unaltered in others.

The enzyme activities shown in Table 5 indicated that
all three enzymes gamma glutamyl transferase (GGT),
aspartate aminotransaminase (AST) and alanine amino
transaminase (ALT) were elevated in the serum of the
HPC fed rats. This could be as a result of leakage of the
enzymes into the serum as a result of damage to the
integrity of the heart and liver. Elevated serum activity of
these enzymes has been reported to be indicators of
calculated risk of cardiovascular disease according to
Gloria et al. [65].

Table 10: Effect of Coconut biscuit, Coconut oil biscuit and Coconut oil on
serum liver function enzymes of hypercholesterolemic rats
(Mean±SD)

Parameters
-------------------------------------------------

Groups SGPT(U/L) SGOT (U/L)
Control (– ve) 53.60±5.55 46±1.81c c

Control (+ ve) 109.0±4.42 99.2±1.82a a

Coconut biscuit 73.4±6.94 78±2.09b b

Coconut oil biscuit (5%) 54.8±1.64 70.8±1.51c b

Coconut oil (5%) 71.0±5.70 61±4.67bc bc

CONCLUSIONS

There is a renewed emphasis on incorporating heart-
healthy fats in our diet today. Virgin coconut oil with its
versatility as a cooking medium and limited
pharmacotherapeutic properties is gaining popularity in
modern society. However, further research is needed to
provide conclusive evidence on its clinical applications.
Until such time it is important to adhere to dietary
guidelines, which recommend moderate amounts of
healthy fats in our daily diet.

It is possible to include coconut oil in a healthful diet.
Rather than focus on the saturated fat content of this
single food ingredient, it is important to acknowledge that
coconut oil contains a blend of fatty acids and other
nutrients. It should not replace a significant amount of
other plant oils in the diet. Those who enjoy the flavor of
coconut oil may consider using it in place of butter or
shortening, or paired with other cooking oils.  So, the
obtained data need further research to use coconut oil
and supplemented coconut biscuits in human diet to
reduce cholesterol levels.

REFERENCES

1. Rerkasan, K., P.J. Gallagher, R.F. Grimble, P.C. Calder
and C.P. Shearman, 2008. Managing
hypercholesterolemia and its correlation with carotid
plaque morphology in patients undergoing carotid
endoterectomy (A Review). Vascular Health Risk
Management, 4(6): 1259-1264. 

2. Matos, S.L., H. Paula, M.L.  Pedrosa,  R.C.  Santos,
E.L. Oliveira, D.A. Chianca Jr and M.E. Silva, 2005.
Dietary models for inducing hypercholesterolemia in
rats. Braz. Arch. Biol. Technol., 48(2): 203-209.

3. Ramachandran,  H.D.,   K.   Narasimhamurthy  and
P.L. Raina, 2003. Modulationof cholesterol induced
hypercholesterolemia through dietary factors in
Indian desert gerbils (Meriones hurricinae). Nutr.
Res., 23: 245-256.



Acad. J. Nutr., 6 (1): 01-13, 2017

11

4. Asashina, M., M. Sato and K. Imaizumi, 2005. Genetic 14. Nevin, K.G. and T. Rajamohan, 2008. Influence of
analysis of diet induced hypercholesterolemia in
exogenously hypercholesterolemic (ExHC) rats. J.
Lipid. Res., 46: 2289-2294.

5. Pellizon, M.A., 2008. Diet-induced atherosclerosis/
hyper cholesterolemia in rodent models. Brief
scientific literature review. Retrieved from www.
Research diets.

6. Jang, M.J. and M.H. Wang, 2009. Effect of fermented
soybean-derived chung koo kjang on diet-induced
hyperlipidemia in Bio FIB hamsters. Food
Biotechnol., 23(1): 74-82.

7. Doucet, C., C. Flament, C. Sautier and D. Lemonnies,
1987. Effect of an hyper cholesterolemic diet on the
level of several serum lipids and apolipo proteins in
nine rat strains. Reprod. Nutr. Dev., 27: 897-906.

8. Lichtman,   A.H.,     S.K.     Clinton,     K.   Iiyama,
P.W. Connelly, P. Libby and M.I. Cybulsky, 1999.
Hyperlipidemia and atherosclerotic lesion
development in LDL receptor- deficient mice fed
defined semipurified diets with and without cholate.
Arterioscler. Thromb. Vasc. Biol., 19: 1938-1944.

9. Silva, M.E., H. Paula, J.A. Ansaloni, C.R.C. Chaves
and M.L. Pedrosa, 2000a. Efeito do Chá de Urucum
(Bixa orellana) sobre parâmetros do metabolismo em
lipídios em ratos. In: Simpósio Sul- Brasileiro de
Alimentação e Nutrição: História, Ciência e Arte.
Anais, pp: 231-235.

10. Silva, M.E., H. Paula, J.A. Ansaloni, C.R.C. Chaves
and M.L. Pedrosa, 2000b. Será o ácido salicílicoo
componente do própolis responsávvel pelo seu
efeito hipocolesterolêmico? In: Simpósio Sul-
Brasileiro de Alimentação e Nutrição: História,
Ciência e Arte. Anais, pp: 219-223.

11. Silva, M.E., H. Paula, J.A. Ansaloni, C.R.C. Chaves,
M.L. Pedrosa and F.K. Haraguchi, 2000c. Efeito do
Chá de Beringela (Solanum melongena) sobre os
parâmetros de lipídios em ratos. In: Simpósio Sul-
Brasileiro de Alimentação e Nutrição: História,
Ciência e Arte. Anais, pp: 132-212.

12. Silva, M.E., H. Paula, J.A. Ansaloni, C.R.C. Chaves,
M.L. Pedrosa and F.K. Haraguchi, 2000d. Efeito do
extrato de própolis sobre parâmetros de lipídios de
ratos. In: Simpósio Sul-Brasileiro de Alimentação e
Nutrição: História, Ciência e Arte. Anais, pp: 283-287.

13. Nevin, K.G. and T. Rajamohan, 2004. Beneficial
effects of virgin coconut oil on lipid parameters and
in vitro LDL oxidation. Clinical BiochemistryVolume,
37, Issue 9, September, 2004: 830-835.

virgin coconut oil on blood coagulation factors, lipid
levels and LDL oxidation in cholesterol fed Sprague-
Dawley rats.e-SPEN, 3: 1-8.

15. Ghazali,  H.M.,  A.  Tan,   S.M.   Abdulkarim  and
M.H. Dzulkifly, 2009. Oxidative stability of virgin
coconut oil compared with RBD palm olein in deep-
fat frying of fish crackers.  J.  Food  Agric  Environ.,
7: 23-7.

16. Che Man, Y.B. and A.M. Marina, 2006. Medium chain
triacylglycerol. In: Shahidi F, editor. Nutraceutical
and specialty lipids and their co-products. Boca
Raton, FL: Taylor & Francis Group, pp: 51-7.

17. Villarino, B.J., L.M. Dy and M.C. Lizada, 2007.
Descriptive sensory evaluation of virgin coconut oil
and refined, bleached and deodorized coconut oil.
LWT Food Sci Technol., 40: 193-9.

18. Hery, W., Hernayanti and P. Agus, 2008. Virgin
coconut oil enriched with Zn as immunostimulator for
vaginal candidiasis patient. J. Biosci, 15: 135-9.

19. Zakaria, Z.A., M.S. Rofiee, M.N. Somchit, A. Zuraini,
M.R. Sulaiman and L.K. Teh, 2011. Hepatoprotective
activity of dried- and fermented-processed virgin
coconut oil. Evid Based Complement Alternat Med.,
2011: 142739.

20. Aline Marcadenti, 2015. Effects of Coconut Oil on
Human Health Article (PDF Available) in Open
Journal  of   Endocrine  and  Metabolic  Diseases,
5(5): 84-87.

21. Abrahamsson, L.,  A.  Andersson,  W.  Becker  and
G. Nilsson, 2008. Näringslära för högskolan. Sweden:
Liber AB, pp: 116.

22. Sudha, M., R. Vetrimani and K. Leelavathi, 2007.
Influence of fiber from different cereals on the
rheological characteristics of wheat flour dough and
on biscuits quality. Food Chem., 100: 1365-1370.

23. AACC., 1984. Approved Methods of Analysis. St.
Paul, Minnesota: The American Association of
Cereal Chemists.

24. Hegsted,  D.M.,   R.C.   Mills,   C.A.  Elvehjen  and
E.B.  Hart,  1941.  Choline in chicks. J. Biol. Chem.,
138: 459.

25. Campbell, J.A., 1963. Methodology of Protein
Evaluation, PAG". Nutr. Document R. 101 Add. 37 ,
June, Meeting , New York 

26. A.O.A.C., 2000. Official Methods of Analysis, 17 Ed,.
Association of Official Analytic Chemists
International. Arlington, Virginia, USA



Acad. J. Nutr., 6 (1): 01-13, 2017

12

27. AOAC, 2012. Official methods of Analysis. 19 ed 40. Clandinin, M.T.,   S.L.  Cook,  S.D.  Konard  andth

No.969.33, chapter 41, pp: 19-20.
28. Zobik, M.E. and P.  Hoojjat,  1984.  Sugar-snap

cookies with wheat-navy bean sesame seed flour
blend. J. American Association of Cereal Chemists,
61: 41-44.

29. Chapman, D.G., R. Castilla and J.A. Campbell, 1959.
"Evaluation of protein in food. I.A. Method for the
determination of protein efficiency ratio".Can. J.
Biochem. Physiol., 37: 679-686.

30. Allain , C.C., L.S. Poon and C.S. Chan, 1974.
"Enzymatic determination of serum total cholesterol.
Clin. Chem, 20: 470-475. 

31. Trinder, P. and S. Ann , 1969. Enzymatic colorimetric
test with lipid clearing factor to determine
triglycerides. Clin. Biochem., 6: 24-27.

32. Lopes-Virella,   M.F.,    S.    Stone,    S.    Ellis   and
J.A. Collwell, 1977. Cholesterol determination in high-
density lipoprotein separated by three different
methods. Clin. Chem., 23(5): 882.

33. Friedwald, W.T., R.I. Leve and D.S. Fredrickson, 1972.
Estimation of the concentration of low-density
lipoprotein separated by three different methods.
Clin. Chem., 18: 499-502.

34. Reitman, S. and S. Frankel, 1957. A colorimetric
method for the determination of serum glutamic
oxaloacetic and glutamic pyruvic transaminases".
Am. J. Clin. Path., 28: 56.

35. Snedecor, G.W. and W.C. Cochran, 1967. Statistical
Methods, 6  ed. The Lowa State Univ. Press, Ames,th

U.S.A.
36. Kostik, V., S. Memeti and B. Bauer, 2013. Fatty acid

composition of edible oils and fats. J. Hyg. Eng. Des.,
4: 112-116.

37. Gopala Krishna, A.G., Gaurav Raj, Ajit Singh
Bhatnagar, P.K. Prasanth Kumar and Preeti
Chandrashekar, 2010. Coconut Oil: Chemistry,
Production and Its Applications - A Review, Indian
Coconut Journal, 22: 15-27.

38. Mensink,  R.P.,   P.L.  Zock,  A.D.M.  Kester  and
M.B. Katan, 2003. Effects of dietary fatty acids and
carbohydrates on the ratio of serum total to HDL
cholesterol and on serum lipids and apolipoproteins:
A meta-analysis of 60 controlled trials1-3. Am. J. Clin.
Nutr., 77: 1146-1155.

39. Lawrence, G.D., 2013. Dietary fats and health Dietary
recommendations in the context of scientific
evidence. Adv. Nutr., 4: 294-302.

M.A. French, 2000. The effect of palmitic acid on
lipoprotein cholesterol levels. Int. J. Food Sci. Nutr.
51 Suppl: S61-71.

41. Padmini Shankar, Suman Ahuja and Alexandra
Tracchio, 2014. Coconut oil a review Article in Agro
Food Industry Hi Tech., 24(5).

42. Liau, K.M., Y.Y. Lee, C.K. Chen and A.H.G. Rasool,
2011. An Open-Label Pilot Study to Assess the
Efficacy and Safety of Virgin Coconut Oil in
Reducing Visceral Adiposity. International Scholarly
Research Notices Pharmacology, pp: 1-7.

43. Elsayed, Hanaa H., M.K. Abd Elrahman, A.H. Emara
and A. Abd El-Hafez, 2015. Compare Effect of Fatty
Acid Composition (Olive, Coconut Oil and Butter) on
Adipose Liver Tissue and Serum Lipid Profile in
Albino rats. IOSR Journal of Biotechnology and
Biochemistry, 28: 38.

44. Tsuji,  H.,  M.  Kasai,  H.  Takeuchi,  M.  Nakamura,
M. Okazaki and and K. Kondo, 2001. Dietary medium-
chain triacyl glycerols suppress accumulation of
body fat in a double-blind,controlled trial in healthy
men and women. J. Nutr., 131: 2853-2859.

45. Imafidon, K.E. and L.O. Okunrobo, 2012. Study on
Biochemical Indices of Liver Function Tests of
Albino Rats Supplemented with Three Sources of
Vegetable Oils Nigerian Journal of Basic and Applied
Science (June, 2012), 19 (2): 105-110 ISSN 0794-5698

46. Ahmad, N., S. Majumder, M.A. Miah and M.J. Uddin,
2007. Effects of edible fats and oils on the body
weight gain and on  weights  of  some  selected
organs in rats removing the impact of unequal feed
intake. Bangladesh JournalVeterinary Medicine,
5(1&2): 107-110.

47. Astorg, P.O. and R. Levillain, 1979. Comparison of the
mean-term physiological effects of cis or trans
docosenoic acids in the rat. I. Digestibility of fatty
acids. Effects on growth, organ weights and heart
histology, Annales de la Nutrition et de
l’Alimentation, 33(5): 643-658.

48. Alaam, M. H., M.N. Nessrien, S. Yasin, A. Hafez and
H.I. Mohammed, 2012. Biological and Histological
Evaluations of Palm Oil and its Fractions World
Journal of Dairy & Food Sciences, 7(2): 120-130.

49. Nordic Nutrition Recommendations 2004. Ministers
NCo. Denmark: Scan print as; 2006.

50. Sabitha, P., K. Vaidyanathan, D. M. Vasudevan and
P. Kamath, 2009. Comparison of lipid profile and
antioxidant enzymes among south Indian men
consuming coconut oil and sunflower oil. Indian J.
Clin. Biochem., 24:76-81.



Acad. J. Nutr., 6 (1): 01-13, 2017

13

51. Zhou, T., D. Luo, X. Li and Y. Luo, 2009. 59. Vannice, G. and H. Rasmussen, 2014. Position of the
Hypoglycemic and hypo lipidemic effects of academy of nutrition and dietetics: dietary fatty acids
flavonoids from lotus (Nelumbo nuficera Gaertn) leaf for healthy adults. J. Acad. Nutr. Diet. 2014 Jan,
in diabetic mice. J. Med. Plants Res., 3: 290-293. 114(1): 136-53.

52. Mensink,  R.P.,   P.L.   Zock,   A.D.    Kester   and 60. Weisburger, S.H., 2001. Chemo preventive effects of
M.B. Katan, 2003. Effects of dietary fatty acids and cocoa poly phenols on chronic diseases,
carbohydrates on the ratio of serum total to HDL Experimental Biologyand Medicine, 226(10): 891-897.
cholesterol and on serum lipids and apolipoproteins: 61. Packard,   C.J.,    D.S.J.    O'reilly,   M.J.    Caslake,
a meta-analysis of 60 controlled trials" (PDF). Am J. A.D. McMahon, I. Ford, J. Cooneey, C.H. Macphee,
ClinNutr, 77(5): 1146-55. K.E. Suckling, M. Krishna, F.E. Wilkinson, A. Rumley

53. Ding,  S.T.,    A.   Lapillonne,    W.C.    Heird   and and G.D.O. Low, 2000. Lipoprotein- associated
H.J. Mersmann, 2003. Dietary fat has minimal effects phospholipase A2 as independent predictor of
on fatty acid metabolism transcript concentrations in coronary heart disease, The New England journal of
pigs. J Anim Sci., 81: 423-431. Medicine, 343: 1148-1155.

54. Akhtar, M.S. and M.R. Ali, 1984. Study of 62. La Lastra, C.,   M.D.   Barranco,   V.  Motilva  and
antidiabetic effect of a compound medicinal plant J.M. Herrerias, 2001. Mediterrranean Diet and Health
prescription in normal and diabetic rabbits. J. Biological Importance of Olive Oil,Current
Pakistan. Med. Assoc., 34: 239-244. Pharmaceutical Design, 7(10): 933-950.

55. Kritchevsky, D., 1995. Fatty acids, triglyceride 63. Laura Boemeke, Aline Marcadenti, Fernanda
structure  and  lipid  metabolism.  J.  Nutr.  Biochem, Michielin Busnello, Catarina Bertaso and Andreatta
6: 172-178. Gottschall, 2015. Effects of Coconut Oil on Human

56. Yaqoob,  P.,     E.J.      Sherrington,      N.M.    Jeffery, Health , Open Journal of Endocrine and Metabolic
P. Sanderson, D.J.  Harvey,  E.A.  Newsholme  and Diseases, 5: 84-87.
P.C. Calder, 1995. Comparison of the effects of 64. Edem, D.O. and M.T. Akpanabiatu, 2006. Effects of
arrange of dietary lipids upon serum and tissue lipid palm oil containing diets on enzyme activities of rats.
composition  in  the  rat.  Int. J. Biochem. cell. Biol., Pakistan Journal of Nutrition, 5(4): 301-305.
27: 297-310. 65. Gloria A. Otunola, Oyelola B. Oloyede, Adenike T.

57. Carandang, E.V., 2008. Health benefits of virgin Oladiji2 and Anthony A. Afolayan, 2010. Effects of
coconut oil, Technical Consultant for Coconut and diet-induced hypercholesterolemia on  the  lipid
former Executive Director, Philippine Coconut profile and some enzyme activities in female Wistar
Research and Development Foundation, Inc. rats  African  Journal  of  Biochemistry  Research,
(PCRDF), 3F PCRDF Bldg., Pearl Drive, Ortigas 4(6): 149-154.
Center, Pasing City, 1605 Philippines January 2008
Indian Coconut Journal.

58. Chiagoziem A. Otuechere, Gbemisola Madarikan,
Tinuala Simisola, Olubukola Bankole and Adeleke
Osho, 2013. Virgin coconut oil protects against liver
damage in albino rats challenged with the anti-folate
combination, trimethoprim-sulfamethoxazole J. Basic
Clin. Physiol. Pharmacol., pp: 2013-0059.


