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ABSTRACT

Introduction: Obesity has been linked to coronary artery disease, type II diabetes, metabolic syndrome, stroke, and 
cancer. Pomegranate (Punica granatum; PG) has been used extensively in folk medicine for several therapeutic pur-
poses. The goal of this study is to investigate the anti-obesity effect of PG peel and pulp methanolic extracts in high-
fat diet (HFD)-induced Sprague-Dawley rats. Methods: The animals were separated into 7 groups namely Normal 
control group (normal diet); HFD-induced only as negative control group, and positive control group (HFD-induced 
+ orlistat); treatment group included HFD-induced + peel 125 mg/kg, HFD-induced +peel 250 mg/kg, HFD-induced 
+ pulp 125 mg/kg and HFD-induced + pulp 250 mg/kg. Results: It was observed that methanolic extract of peel and 
pulp PG 250 mg/kg showed low increment of body weight with a reduction in weight of liver, visceral fat, and sub-
cutaneous fat. Compared to the negative control group, total cholesterol, triglyceride, and low-density lipoprotein 
levels were shown to be lowered for PG peel and pulp groups also showed higher values in high-density lipoprotein. 
Conclusion: PG reduced obesity-related markers in blood, liver, and adipose tissue and inhibited obesity caused by 
a high-fat diet probably because of its antioxidant properties.
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INTRODUCTION

Obesity is one of the 21st century’s most serious public 
health issues. In several nations, the frequency has tripled, 
and the number of people inflicted is increasing at an 
alarming rate. Excess weight raises a person’s chance of 
getting a variety of noncommunicable illnesses, such as 
heart disease, cancer, and diabetes (1). One of the factors 
that can lead to obesity is the oxidative stress in the body 
due to an imbalance in reactive oxygen species as tissue 
oxidises free radicals. Due to lower levels of antioxidant 
enzymes, such as catalase, glutathione peroxidase, and 
glutathione reductase, there is a reduction in antioxidant 

capacity in obese people (2). Since it is a major health 
problem, prevention and treatment of obesity are 
important and should be emphasised to reduce obesity 
and overweight prevalence (3).

A gastric and pancreatic lipase inhibitor, orlistat, through 
reducing dietary fat absorption by approximately 30%, 
has been used for about 10 years (4). However, it is less 
effective as its use is often associated with side effects 
on the gastrointestinal, cardiovascular, and central 
nervous system such as elevated blood pressure, dry 
mouth, headache, insomnia and constipation. Due to 
the various side effects of existing drugs, there is a need 
for new natural products in treating obesity to produce 
better results in terms of weight loss (5).

Pomegranate (Punica granatum (PG)) is a fruit that 
has been cultivated since ancient Egypt and in early 
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Greece and Italy. Affectionately known as the “jewel of 
winter”, pomegranate belongs to the Punicaceae family 
(6). Human beings have cultivated pomegranate for its 
medicinal and nutritional properties for over 4000 years. 
It has a significant importance in the ancient cultures of 
Mediterranean countries (7).

Traditional medicines have attracted many researchers 
with the aim of treating obesity due to the failure of 
many conventional medicines. Different parts of herbal 
plants have been reported to have anti-obesity effects 
due to the content of minerals or chemicals from plant 
extracts. Reduced lipid absorption and calorie intake, 
increased energy expenditure, decreased adipocyte 
proliferation and lipogenesis, and enhanced lipolysis 
are all anti-obesity actions associated with herbal plants 
(8). The focus of this research is to observe how PG peel 
and pulp extracts influenced on food intake, weight 
gain, organ weight, lipid profile (triglyceride, total 
cholesterol, high-density lipoprotein and low-density 
lipoprotein), adipose tissue weight, and blood glucose 
levels in animal model.
  
MATERIALS AND METHODS

Sources and Preparation of Peel and Pulp Extracts of 
PG
Local PG was collected from Nilai, Negeri Sembilan. 
Authentication was carried out by a plant taxonomist 
from Institute of Bioscience, UPM. The voucher (SK 
2396/14) has been deposited in the herbarium for future 
reference. 24 local PG fruits, weighing between 200 - 
300 g, were separated into peel and pulp in different 
containers. PG was peeled manually and immersed 
liquid nitrogen before being grounded to fine powder. 
1000 g of each peel and pulp were extracted with 
1000 ml of methanol at the ratio of 1:1. The mixture 
was placed in an incubator shaker with continuous 
stirring and swirling for 1 hour at 30°C. The mixture was 
filtered using cotton wool and was concentrated in a 
rotary evaporator for 6 hours. Finally, the pure methanol 
extracts were freeze-dried for three days (9) and kept at 
-20 oC until further use.

Chemicals and Reagents
Methanol, liquid nitrogen, 0.1% of Tween 20, 1% 
of dimethylsulphoxide (DMSO) and 0.1N sodium 
hydroxide were used in this study. Methanol and liquid 
nitrogen were used for extraction purposes whereas 0.1% 
of Tween 20 and 1% of DMSO were used as a vehicle 
to dilute Orlistat (ChemoLab, USA). All chemicals were 
purchased from Sigma Aldrich, USA. Normal rat chow 
pellet, egg yolk, full cream milk powder (Fernleaf, 
Fonterra), corn oil (Mazola), monosodium glutamate 
(Aji-No-Moto) and sugar were used for the induction of 
obesity.

Animal
35 adult male Sprague Dawley rats (150 - 200g) were 

kept in the animal laboratory of University of Cyberjaya. 
The rats were acclimatised at room temperature to 
the animal room conditions for one week and were 
maintained on standard pellet and water ad libitum. All 
studies were conducted in accordance with the Animal 
Care Committee, Faculty of Medicine and Health 
Sciences, Universiti Putra Malaysia, Serdang (UPM/
FPSK/PADS/BR-UUH/00254).

Anti-obesity Study
All rats were divided into 7 groups (n=5) (Table I). 6 
groups were given a high-fat diet (HFD) and the normal 
control group was given normal rat chow pellet and 
water ad libitum for 35 days. PG peel and pulp extracts 
were given at 2 different doses each: 125mg/kg and 250 
mg/kg. PG peel and pulp extracts were dissolved in 5ml/
kg normal saline. PG and orlistat 10mg/kg treatment 
were given once daily to the rats via oral gavage for 
28 days from day 8 to day 35. Peel and pulps extracts, 
orlistat and vehicle were administered at a fixed time 
(10.00 am - 11.00 am) of the day to avoid circadian 
variation, if any. After 35 days, all rats were sacrificed. 

Table I: Depiction of each group and its respective treatment

Group Treatment

NC Normal pellet and water ad libitum

NeC High-fat diet (HFD) + normal saline (5ml/kg)

PC HFD + Orlistat (10mg/kg)

HFD + peel 125 HFD + peel (125mg/kg)

HFD + peel 250 HFD + peel (250mg/kg)

HFD + pulp 125 HFD + pulp (125mg/kg)

HFD + pulp 250 HFD+ pulp (250mg/kg)

Obesity Induction in Rat
Induction of obesity was achieved by feeding a high-
fat diet (HFD) preparation. A normal rat chow pellet 
was purchased from Seri Kembangan, Malaysia. HFD 
was prepared following the previous method (9) with 
modification by mixing a mixture of 50% of normal 
rat chow pellet, 15% egg yolk, 15% full cream milk 
powder, 10% corn oil, 5% monosodium glutamate and 
5% sugar. All the ingredients were carefully combined 
before being baked at 60 oC in the oven. The pellet was 
then cut into smaller pieces and each rat was provided 
with a 25 g pellet daily. The remaining food was then 
weighed on the following day to measure the amount 
consumed. The body weight of all were measured 
weekly throughout the experiment. 

Blood and Organ Collection
All rats were sacrificed using a mixture of ketamine and 
xylazine followed by cervical dislocation. The organs 
were recovered after the blood was taken by heart 
puncture. Blood samples were kept at 4°C overnight 
and were centrifuged (5000 rpm; 10 min) for serum 
collection. Total cholesterol (TC), triglyceride (TG), 
low-density lipoprotein (LDL), high-density lipoprotein 
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(HDL), and glucose levels were determined in the serum 
at UPM’s Hematology Laboratory. The liver and adipose 
tissues which were visceral fats (retroperitoneal and 
epididymal) and subcutaneous fat were collected and 
weighed (10).

Statistical Analysis
Statistical Package for Social Science (SPSS) version 26 
was used to analyse the data. All results were reported 
as mean ± standard error of the mean (SEM). For 
statistical significance, the results were analysed using 
One-Way ANOVA and a post-hoc Tukey test. The level 
of significance was set at 0.05 or less for all probability 
values.

RESULTS

Effects of PG on Food Intake and Body Weight
Table II indicates variations in food consumption and 
body weight. When compared to the NC group, there is 
no significant difference in food consumption with the 
NeC group.  Food consumption is considerably lower 
(p<0.05) in the HFD + Pulp 250 group compared to the 
NeC group, followed by HFD + Peel 250 and the lowest 
for PC group. Meanwhile, HFD + Pulp 125 and HFD + 
Peel 125 groups show no significant difference in food 
intake when compared to NeC group. For bodyweight, 
the highest increment was NeC group (78.35%; p < 
0.05), followed by PC group (52.40%), HFD + Peel 125 
(46.15%; p < 0.05), HFD + Peel 250 (42.72%), HFD 
+ Pulp 125 (40.80%) and HFD + Pulp 250 (35.44%), 
consecutively. NC group shows the lowest percentage 
of increment in body weight at 27.06% (p < 0.05).

Effects of PG on Liver and Adipose Tissue Weight

Weight of Liver
Figure 1 shows the mean liver weight for all rats. 
When compared to the NC group, liver weight of the 
NeC group was considerably higher (p<0.05). When 
compared to the NeC group, the HFD + Pulp 250 
group has considerably reduced (p<0.05) liver weight, 
followed by HFD + Peel 250, HFD + Pulp 125, PC and 
HFD + Peel 125 groups, consecutively.   

Weight of Visceral Fats
Figure 2 shows the weight of visceral fats for all groups. 
When comparing the NeC and HFD + Peel 125 
groups to the NC group, the weight of visceral fats was 
considerably higher (p<0.05). For meanwhile, HFD + 
Pulp 250 and HFD + Peel 250 groups show significantly 
lower (p<0.05) visceral fats weight compared to the NeC 
group and HFD + Peel 125 group. PC and HFD + Pulp 
125 groups show considerably lower (p<0.05) visceral 
fats weight compared to NeC group. Meanwhile, HFD 
+ Peel 125 mg/kg group show no substantial difference 
(p>0.05) in visceral fats weight when compared to the 
NeC group.

Table II: Mean ± SEM values of food intake (g/rat/day) from week 1 
to week 5 for all the groups of rats and body weight changes of all 
rats

Group
Food intake 
(g/rat/day)

Body weight

Initial body 
weight (g)

Final body 
weight (g)

Percentage 
(%) of weight 

gain

NC 22.93±0.49
190.48 ± 

3.67
242.38 ± 
11.08 b 27.06

NeC 24.22±0.20
182.06 ± 

10.04
319.52 ± 
10.47 a 78.35

PC 19.24±1.06 b 165.67 ± 
7.29

251.05 ± 
6.85 b 52.40

HFD + Peel 
125

20.72±0.99
187.23 ± 

5.92
275.58 ± 

6.93 b 46.15

HFD + Peel 
250

19.20±1.60 b 179.46 ± 
4.28

254.99 ± 
10.3 b 42.72

HFD + Pulp 
125

19.86±1.08
190.75 ± 

4.02
270.62 ± 
13.41 b 40.80

HFD + Pulp 
250

17.67±1.00 a b 181.13 ± 
5.20

245.02 ± 
6.01 b 35.44

a significant when compared to the NC group (p<0.05). b significant when compared to the 
NeC group (p<0.05).

Figure 1: Mean ± SEM values of liver weight (g) of all rats. a 

significant when compared to the NC group (p<0.05). b signif-
icant when compared to the NeC group (p<0.05). c significant 
when compared to the PC group (p<0.05). d significant when 
compared to the HFD + peel 125 group (p<0.05).

Figure 2: Mean ± SEM values of visceral fats (g) of all rats. a 
significant when compared to the NC group (p<0.05). b signif-
icant when compared to the NeC group (p<0.05). c significant 
when compared to the PC group (p<0.05). d significant when 
compared to the HFD + peel 125 group (p<0.05).
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Weight of Subcutaneous Fat
Figure 3 shows the weight of subcutaneous fat for all 
group. The weight of subcutaneous fat was significantly 
higher (p<0.05) in NeC group compared to NC group. 
Meanwhile, HFD + Pulp 250 mg/kg group shows 
significantly lower (p<0.05) subcutaneous fat weight 
compared to NeC group and followed by HFD + Peel 
250 mg/kg, HFD + Pulp 125mg/kg, PC, and HFD + Peel 
125 mg/kg groups consecutively.

groups of rats. The amount of high-density lipoprotein 
was substantially higher (p<0.05) in the HFD + Peel 125 
mg/kg, HFD + Peel 250 mg/kg, HFD + Pulp 125 mg/kg 
and HFD + Pulp 250 mg/kg groups when compared to 
NC group and PC groups. HFD + Pulp 250 mg/kg, HFD + 
Peel 250 mg/kg, HFD + Pulp 125 mg/kg and HFD + Peel 
125 mg/kg groups show significant difference (p>0.05) 
in high density lipoprotein level when compared to NeC 
group. 

Figure 3: Mean ± SEM values of subcutaneous fats (g) of all 
rats. asignificant when compared to the NC group (p<0.05). 
bsignificant when compared to the NeC group (p<0.05). c sig-
nificant when compared to the PC group (p<0.05).

Effects of PG on Lipid Profile

Total cholesterol   
Table III shows total cholesterol value for all groups. 
Total cholesterol level was significantly higher (p<0.05) 
in NeC group compared to NC group. HFD + Pulp 250 
mg/kg group show significantly lower (p<0.05) level of 
total cholesterol compared to NeC group followed by 
HFD + Peel 250 mg/kg, HFD + Pulp 125mg/kg, PC, and 
HFD + Peel 125 mg/kg groups consecutively.

Triglyceride Level
Triglyceride level was significantly higher (p<0.05) 
in NeC and HFD + Peel 125 mg/kg groups compared 
to NC group. HFD + Pulp 250 mg/kg group showed a 
significantly lower (p<0.05) level of triglyceride level 
compared to NeC group followed by HFD + Peel 250 
mg/kg, HFD + Pulp 125mg/kg groups consecutively. 
Meanwhile, HFD + Peel 125 mg/kg and PC groups show 
no significant difference (p>0.05) in triglyceride level 
when compared to NeC group.

Low-Density Lipoprotein Level (LDL)  
Low-density lipoprotein level was significantly higher 
(p<0.05) in NeC group compared to NC group (Table III) 
. HFD + Pulp 250 mg/kg group shows significantly lower 
(p<0.05) level of low-density lipoprotein compared to 
NeC group and followed by HFD + Peel 250 mg/kg, 
PC, HFD + Pulp 125mg/kg, and HFD + Peel 125 mg/kg 
groups, consecutively.

High-Density Lipoprotein Level (HDL)  
Table III shows high-density lipoprotein value for all the 

Table III: Total cholesterol level (mmol/L), triglyceride level (mmol/L), 
low density lipoprotein level (mmol/L) and high density lipoprotein 
level (mmol/L)   of all the groups of rats at the end of day-35 (n = 5)

Group
Total 

cholesterol
Triglyceride 

level
Low Density 
Lipoprotein

High Density 
Lipoprotein

NC 1.59 ± 0.05 b 0.47 ± 0.01 b 0.32 ± 0.01 b 1.14 ± 0.02

NeC 2.86 ± 0.25 a 1.53 ± 0.05 a 0.58 ± 0.05 a 1.01 ± 0.01

PC 1.53 ± 0.07 b 1.07 ± 0.07 0.30 ± 0.03 b 1.17 ± 0.02

HFD + Peel 
125

1.91 ± 0.10 b 1.25 ± 0.06 a 0.31 ± 0.02 b 2.02 ± 0.03 a,b

HFD + Peel 
250

1.39 ± 0.07 b 0.82 ± 0.01 b 0.26 ± 0.01 b 2.06 ± 0.01 a,b

HFD + Pulp 
125

1.45 ± 0.85 b 0.86 ± 0.02 b 0.31 ± 0.02 b 2.04 ± 0.03 a,b

HFD + Pulp 
250

1.24 ± 0.10 b 0.83 ± 0.03 b 0.23 ± 0.03 b 2.08 ± 0.04 a,b

Each bar represents the mean ± SEM of total cholesterol. a significant when compared to the 
NC group (p<0.05). b significant when compared to the NeC group (p<0.05).

DISCUSSION

To obtain bioactive compounds from the plant, 
there are several steps including grinding, milling, 
homogenization, and extraction. Among these steps, 
extraction is the important step to recover and isolate 
bioactive compounds from the materials. Solvent is 
recognized as one of the most important parameters. 
The present study used methanol to extract bioactive 
compounds from PG as previous study by Mahesar et 
al (5) showed methanol showed best extraction yield 
compared to other solvent. Other studies (8) and (25) also 
reported methanolic extraction possess best antioxidant 
and other pharmacological effect.

Obesity is defined by an increase in adipose tissue mass 
because of the increase in adipocyte number and size. 
It is a metabolic disorder that develops from genetic and 
environmental factors. Even though genetic is the major 
leading cause of obesity, many researchers suggest that 
the common environmental factors may be exacerbating 
the problem (11). The greatest element that contributes 
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to the development of obesity is a high-fat diet and the 
long-term intake of HFD causes a significant increase in 
body weight. HFD induction is an established method 
for animal model obesity which is associated with the 
imbalance between energy intake and expenditure. In 
this study, rats fed with HFD had significantly increased 
body weight, liver weight, adipose tissue, glucose level 
and lipid profile after 35 days of induction. The HFD 
food intake is related to body weight gain, according to 
the findings.

In the study, the mean body weights of normal control, 
negative control and other treated groups were similar 
at the start of the experiment. Bodyweight of negative 
control group was considerably greater than the normal 
control group after 35 days on HFD. It was observed 
that the normal pellet diet, used as a low-fat control diet 
that contained plant-derived ingredients, did not cause 
a significant increase in body weight while HFD, which 
contained unsaturated fat from 10% corn oil, has been 
associated with the significant increase in body weight. 
This finding is in line with previous study (12) that 
showed a significant increment of body weight after HFD.  
Moreover, body weight of the groups administered with 
PG peel and pulp extracts had also shown increment but 
were significantly lower in comparison to the negative 
control group. When compared to the negative control 
group, pulp 250mg/kg and positive control groups had 
significantly reduced body weight. This is followed by 
groups of peel 250 mg/kg, pulp 125 mg/kg and peel 
125 mg/kg. The preparation of HFD also contained 
5% monosodium glutamate, a flavour-enhancing food 
additive. The oral ingestion of monosodium glutamate 
increases body weight and significantly increases serum 
glucose and lipid profile level, in agreement with a 
previous study (13). Based on previous literature, it is 
expected that PG with peel extract of 250 mg/kg would 
be the most effective in terms of anti-obesity effect since 
it has a higher antioxidant capacity compared to pulp 
extract in scavenging free radicals. Furthermore, peel 
extract contains higher polyphenol contents compared 
to pulp extract. A large amount of phenolic content 
in peel extract could be the contributor to its strong 
antioxidant ability (14). 

Adipose tissue is an organ that function to balance 
energy intake and expenditure as well as changes in 
mass based on human metabolic requirements (15). The 
development of obesity is due to excess energy intake and 
a decrease in energy expenditure resulting in abnormal 
excessive growth of white adipose tissue (16). After 28 
days of oral administration of PG peel and pulp extracts, 
lower weights of epididymal and retroperitoneal tissue 
(visceral fats) in addition to subcutaneous adipose tissue 
(subcutaneous fats) were observed in HFD-induced rats. 
The weight of visceral fats and subcutaneous fat in pulp 
250 mg/kg, peel 250 mg/kg, Orlistat group, pulp 125 mg/
kg and peel 125 mg/kg groups were significantly lower 
compared to the negative control group. Meanwhile, 

the weight of visceral and subcutaneous fats in negative 
control group was slightly higher than in the normal 
control group. Lower weight of adipose tissue of the 
HFD-induced rats treated with PG extracts might be due 
to the anti-obesity effects of the PG extracts. Currently, 
there are no other similar studies done on the anti-obesity 
effect of local PG of peel and pulp extracts, but previous 
research (17) had shown that oral administration of PG 
leaf extracts containing active compounds significantly 
reduce abdominal adipose tissue weight. The excess 
of visceral fats in the abdominal cavity will lead to 
cardiovascular diseases, insulin resistance and other 
metabolic syndromes (18). Thus, one previous study 
(20) suggested that oleanolic acid isolated from flower 
extracts of PG contributes to the significant reduction of 
visceral abdominal fat via inhibition of pancreatic lipase 
activity and appetite suppression.   

Obesity is linked to the development of fatty liver 
disease. In this study, the weight of the liver in the 
negative control group was considerably greater than 
that of the normal control group after 35 days of HFD. 
This significant difference is suggested to be associated 
with hepatic steatosis, indicating accumulation of 
adipocytes in the liver. Accumulation of fatty droplets 
is a sign of fatty liver in HFD-induced obese subjects 
(21). In comparison to the normal control group, liver 
weight of negative control group was considerably 
higher. Meanwhile, the liver weight was significantly 
lower in pulp 250 mg/kg, peel 250 mg/kg, pulp 125 mg/
kg, Orlistat 10 mg/kg and peel 125 mg/kg treated groups 
compared to negative control group. This result suggests 
that the administration of PG extracts can suppress the 
development of the HFD-induced fatty liver.   

Many findings have reported that a high-fat diet will 
induce hypercholesterolemia in animal subjects (22). 
Moreover, excessive dietary intake of fats causes serum 
cholesterol levels to be elevated by downregulating LDL 
receptor synthesis which reduces the uptake of LDL in 
the bloodstream via LDL receptor, hence resulting in an 
increase of blood cholesterol level. The consequence of 
diabetes might also result in elevated blood lipid levels. 
A substantial rise in total cholesterol, triglycerides, 
and LDL blood levels were seen in HFD-induced rats, 
resulting in a shift in HDL blood level. The results from 
the present study showed that rats fed with a HFD 
for 35 days have significantly high total cholesterol, 
triglycerides and LDL levels with significantly low HDL 
level when compared to normal control group. The 
efficacy of local PG hypolipidemic activity is generally 
evaluated based on the decrease of total cholesterol, 
triglycerides and LDL levels with the increase of HDL 
level. A decrease in blood cholesterol and triglycerides 
have been associated with the flavonoid content of PG 
extracts (23). The protective effect of flavonoids has also 
been reported to be of benefit against the incidence of 
cardiovascular event due to their free radical scavenging 
property.   
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In comparison to normal control and other treated 
groups, negative control group had a high level of 
blood cholesterol. This is due to the direct effect of 
HFD containing 10% of corn oil. The high cholesterol 
absorbed was transported to the liver via chylomicron 
remnants. An increase in blood cholesterol level 
suppresses the synthesis of LDL receptors, hence, raising 
the LDL concentration by decreasing the uptake of 
VLDL remnants. The conversion of VLDL to LDL causes 
a delay in the clearance of circulating LDL. Meanwhile, 
total cholesterol level was significantly lower in pulp 
250 mg/kg, peel 250 mg/kg, pulp 125 mg/kg, positive 
control and peel 125 mg/kg treated groups than the 
negative control group. This is due to the presence of 
flavonoid contents in the PG extracts (24). The results 
obtained indicate that PG acts as a hypolipidemic agent.   

When compared to the normal control and other 
treatment groups, LDL level in the negative control 
group was shown to be considerably higher. Moreover, 
all treated groups administered with PG of peel and pulp 
extracts showed a significantly low level of serum LDL 
when compared with negative control group. When 
comparing the groups treated with pulp 250 mg/kg to 
negative control group, the group treated with pulp 250 
mg/kg showed the greatest reduction in LDL levels. The 
low LDL level might be due to the suppression of LDL 
receptor activity leading to inhibition of LDL oxidation 
and reduction of oxidative stress by PG constituents. PG 
has been reported to contain numerous antioxidants in 
their peel, pulp and juice fractions (25) and is known to 
be a source of polyphenols and other antioxidants (26). 
The contents of total phenolics, proanthocyanidins and 
flavonoids are higher in peel extracts compared to pulp 
extracts and phenolics content in peel extracts has been 
reported to have strong antioxidant ability. Both PG pulp 
and peel contain many different kinds of antioxidants, 
possibly some that are not so well-characterized. It 
has been reported (23) that pulp extract of PG contain 
some chemical constituents which are not found in 
peel extracts. Polyphenols and flavonoids have been 
shown to reduce LDL oxidation by shielding LDL from 
cell-mediated oxidation (26) in a prior investigation. 
Thus, the risk of atherosclerosis can also be reduced by 
lowering the level of LDL.  

HDL is the main cholesterol carrier from body cells to 
the liver and arterial walls. HDL particles pick up and 
process excess cell cholesterol before delivering it to the 
liver for metabolism (27). Blood HDL level is dependent 
on dietary fat and cholesterol. In this study, the level of 
HDL is increased by about 50% in the groups treated 
with PG of peel and pulp extracts (28). The group treated 
with pulp extract at 250 mg/kg showed the highest 
increment in HDL level of about 50.9% compared to 
the negative control group followed by group treated 
with peel extract at 250 mg/kg (50.5%), pulp extract 
at 125 mg/kg (50.2%) and peel extract at 125 mg/kg 
(50.1%). Therefore, another beneficial effect of PG is 

lowering the risk of atherosclerosis which is also one of 
the complications of obesity (29). 

CONCLUSION

PG is one of the functional foods that is beneficial to 
the human body. It has been safely consumed for 
centuries without any adverse effects. Several studies 
have demonstrated its potential effects. The present 
study shows the beneficial health effect of pulp and 
peel of local PG as an anti-obesity agent as compared 
to the conventional drug, orlistat.  This may be due to 
the presence of abundant antioxidants such as phenolics 
and flavonoids. Rats supplemented with a HFD were 
successfully induced with obesity causing increase in 
body weight, visceral and subcutaneous adipose tissues, 
TC, TG, LDL, glucose level and a decrease in HDL 
level. As compared to peel extracts, the PG pulp extracts 
showed better results in blood lipid profile values. PG 
pulp extracts of 250 mg/kg demonstrated significant 
effect in obese rats when compared to Orlistat, the 
positive control group. Furthermore, the extract reduces 
body weight, visceral and subcutaneous adipose tissues, 
and improves lipid profile. Pulp and peel extracts of 
PG do reduce appetite in the treated groups. Thus, this 
concludes that local PG possess anti-obesity properties. 
However, further studies are recommended to identify 
the exact mechanism of the pulp and peel extracts in 
reducing obesity as well as identifying their active 
constituents. A profiling of metabolites using HPLC 
or NMR is also needed to identify the metabolites of 
interest that gives anti-obesity effects. 
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