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Red dragon fruit (Hylocereus spp.) peel marmalade effectively improve
blood glucose and lipid profile of hypercholesterolemic wistar rats
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ABSTRACT

Background: Polyphenols, antioxidants, dietary fiber, and vitamin contained in the red dragon fruit peel. Red dragon fruit peel
can be processed into marmalade. Red dragon fruit peel marmalade has the potential to be a functional food. Functional food
is food that has a physiological function based on scientific studies.

Obijectives: The objective of this study is to analyze the effect of red dragon fruit peel marmalade on fasting blood glucose levels,
HDL, LDL, and triglycerides levels of hypercholesterolemic Wistar rats.

Methods: This study used a pre-&post-test control group design. Hypercholesterolemic male Wistar rats were randomly
assigned into five groups. Hypercholesterolemia was induced by 1% cholesterol powder and 0.5% cholic acid for two weeks.
All groups received standard chow. Samples were grouped into five groups: K-; K+; K1 (0.94 g/kg b.wt/day); K2 (1.41 g/kg
b.wt/day); K3 (1.88 g/kg b.wt/day). The intervention was carried out for 28 days. GDP level was measured using the GOD-PAP.
HDL, LDL, and triglyceride were analyzed with spectrophotometry. GDP, HDL, LDL, and triglyceride levels were measured
twice before fasting. A paired t-test and one-way ANOVA were used to analyze the data.

Results: The result showed that K-; K1; K2; K3 had a significant difference between groups before and after the intervention
(p<0.05). Red dragon fruit peel Marmalade was able to reduce the levels of GDP, LDL, triglycerides, and increase HDL (p
<0.05).

Conclusion: Red dragon fruit peel marmalade reduced fasting blood glucose levels, LDL, triglyceride levels, and increased
HDL levels of hypercholesterolemic Wistar rats.
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INTRODUCTION in free radicals. Hence, hypercholesterolemia is
associated with oxidative stress that results from
increased production of ROS or a disturbance in the
antioxidant system?®,

Regular exercise, pharmacological therapy, and

dietary habit are means of controlling blood glucose,

Hypercholesterolemia is a primary health problem
that is often associated with cardiovascular disease and
fat abnormalities. Modern lifestyle, such as consumption
of high-fat foods and lack of physical activity, is

associated with the incidence of hypercholesterolemia
and cardiovascular diseases. Moreover, increased levels
of low-density lipoprotein (LDL) that accumulate in the
subendothelial extracellular space in the arteries may
trigger atherosclerosis, hypertension, obesity, diabetes,
and even impair organ function (heart, liver, and
kidney)'. Clinical research showed that lowering
cholesterol and LDL levels can reduce mortality and
morbidity  associated  with  complications  of
cardiovascular diseases and reduce progression caused
by cardiovascular diseases?.

Oxidative stress triggers reactive oxygen species
(ROS). The formation of several diseases, including
atherosclerosis and coronary heart disease can be
triggered by oxidative stress. Atherosclerosis in the
vascular blood vessel walls can be formed by an increase

LDL, high-density lipoprotein (HDL), and triglyceride
levels. The recommended diet is to increase the intake of
fiber and antioxidants from vegetables and fruits.
Furthermore, the consumption of soluble fiber and
antioxidants can reduce glucose levels and lipid profiles
in the blood*. One of fruits that have high levels of
soluble fiber and antioxidants is red dragon fruit.

The vitamins and minerals such as vitamins B1,
B2, B3, C, protein, fat, carbohydrates, crude fiber, niacin,
flavonoids, phenolics, betacyanins, polyphenols and
phytoalbumin contained in red dragon fruit>. Dragon
fruit peel contains phenolic compounds, flavonoids,
anthocyanins, and triterpenoids®. However, the
utilization of dragon fruit is only limited to the flesh,
while dragon fruit peel is considered as waste’. The
antioxidant activity of the red dragon fruit skin is higher
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than the flesh, so it has the potential to be developed as a
natural antioxidant®. The fiber content in the red dragon
fruit flesh reaches 0.7-0.9 g per 100 g. In the dragon fruit
peel, it reaches 0.71 g / 100 g. Pectin content in the red
dragon fruit peel is 16.20-20.34% when extracted at a
temperature of 80°C for 20-80 minutes®. Pectin is a
complex carbohydrate that can be used as a gelling agent,
thickener, stabilizer, and emulsifier. Pectin is one of the
ingredients needed in manufacturing®®. Marmalade has a
texture resembling jam with the addition of pieces of
fruit skin®!,

A study from Puspita shows that the
administration of red dragon fruit peel brew for 14 days
as much as 9.08 g per 200 grams of body weight could
reduce LDL levels of Sprague Dawley rats with
dyslipidemia by 43.33 = 3.65 mg/dL. The reduction in
LDL levels in the red dragon fruit peel brew was better
when compared to the treatment of red dragon fruit juice
as much as 1.53 g per 200 grams of body weight for 14
days in Sprague Dawley rats with dyslipidemia which
could reduce LDL levels by 27.56 + 8.01 mg/dL. The
flavonoids content in dragon fruit peel can contribute as
an antioxidant substance!?. Research Faadlilah showed
that the administration of red dragon fruit peel brew with
a dose of 200 mg/mL, 400 mg/mL and 800 mg/mL for
14 days could increase serum HDL levels in Sprague
Dawley rats with dyslipidemia®®.

Processing of red dragon fruit peel is one of the
innovations to utilize red dragon fruit waste. Red dragon
fruit peel marmalade is produced with the addition of
sucrose, which triggers the pectin to clot and forms fine
fibers so that it is expected to create a gel properly.
Utilization of red dragon fruit peel into marmalade is
expected to increase the economic value and selling
power of red dragon fruit peel as well as the potential for
dragon fruit peel as an alternative to functional food
ingredients because of its antioxidant content.
Marmalade is selected as one of the processed red dragon
fruit peel. Red dragon fruit peel marmalade can maintain
the presence of pectin and antioxidants so that the
potential of dragon fruit peel as a functional food could
be improved'!. This study aims to determine the
possibility of red dragon fruit skin marmalade on blood
glucose, HDL, LDL, and triglyceride levels in
hypercholesterolemic Wistar rats.

MATERIAL AND METHODS

Process of Making Marmalade

Red dragon fruit peel marmalade was made in the
Laboratory of Dietetics and Culinary Universitas Respati
Yogyakarta. The analyses of proximate, flavonoids, and
cellulose contents were performed in the Laboratory of
Chemistry, Center of Food and Nutrition Universitas
Gajah Mada Yogyakarta. The marmalade has a texture
resembling jam to which pieces of fruit peel were added.

The initial step of this marmalade making was sorting.
The red dragon fruit peel was cleansed by flowing water;
then a blender was used to make red dragon fruit peel
puree. The puree was then cooked with additional fruit
peel and sucrose. The ratio of the puree and the
additional fruit peel was 3:1, and the concentration of
added sucrose in this marmalade making process was
10% per 100 grams.

Experimental Animals

The study design was a true experiment involving
pre-test, post-test, control group, and experimental
group. The experiment was performed in the House of
Experimental Rats CNFS Universitas Gajah Mada
Yogyakarta that includes the purchasing and care of
experimental animals, fasting blood glucose level test,
HDL test, LDL test, and triglycerides test. The
experiment was conducted in September 2018.

Research samples were male Wistar rats, aged 8-
12 weeks, had an initial weight of 160-240 grams, had a
normal fasting blood glucose level of <110 mg/dL, had
no physical abnormalities and were healthy and active
during the adaptation period. The rats were excluded if
they were sick or inactive during the adaptation period,
had an extreme weight loss (>10%) before having study
treatments, or having diarrhoea. Drop-outs were dead
rats during the treatment period.

We prepared five treatment groups containing six
Wistar rats each which made us used 30 rats in total (15).
The room temperature for Wistar rats are 25+1°C, 12:12
hours of light/dark cycle, normal humidity. The
sanitation and cleanliness were maintained to minimize
stress during the experiment. Each rat was placed in a
separated stainless-steel cage and was given standard
cow with ad libitum water access. The adaptation period
was done in seven days before treatments.
Hypercholesterolemia was induced by feeding the rats
with powder containing 1% cholesterol and 0.5% cholic
acid for 14 days?®. The feeding process was done using
oral gavage. The cholesterol and cholic acid powder
were obtained from Sigma Aldrich, Japan. Animal
facilities, their management and handling during the
experiment were done in compliance with the Guidelines
for Care and Use of Laboratory Animals of CNFS Gajah
Mada University. They were also approved by the
Research Ethics Committee of the Universitas Respati
Yogyakarta number 169.1/UNRIYO/PL/VI1/2018.
Experimental Design

The Wistar rats were randomly assigned to five
treatment groups after the hypercholesterolemia
induction  (n=6). K- Control rats  (not
hypercholesterolemic and did not receive any treatment);
K+: Hypercholesterolemic rats; K1:
Hypercholesterolemic rats that received the dragon fruit
peel marmalade 0.94 grams per kg body weight per day
via oral gavage for 28 fays; K2: Hypercholesterolemic
rats that received the marmalade 1.41 grams per kg of
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body weight per day via oral gavage for 28 days; K3:
Hypercholesterolemic rats that received the marmalade
1.88 grams per kg of body weight per day via oral gavage
for 28 days. The intervention doses for K1, K2, and K3
were derived from the daily dose of sucrose
consumption. A balanced diet recommends a maximum
of 4 tbsp of sucrose consumption per day!’. The
marmalade was given every morning. During the study,
one experimental animal in K- died due to getting bitten
by another rat next to the cage. The final number of
experimental animals was 29. The bodyweight of the rats
was weighed using an electric scale with an accuracy of
0.01 grams.
Collection of Samples

Measurements of fasting blood sugar level, HDL,
LDL and triglycerides levels were carried out after the
induction of hypercholesterolemia, before and after

treatments for each group. The measurements used blood
serum obtained from the retroorbital plexus in the eye
after the rats had fasted for 6 hours. The fasting blood
sugar level was analyzed using the GOD-PAP (Glucose
Oxidase Phenol 4- Aminophenazone) method, while the
measurements of HDL, LDL and triglyceride levels
using the spectrophotometric method.
Statistical Analysis

Pre-test and post-test treatments was measured.
The meanzstandard deviation were reported. As all data
were normally distributed, the significance of differences
before and after treatments was determined between
using the paired t-test. The significance of differences
between the groups was determined using one-way
analysis of variance (ANOVA), with a significance level
of p<0.05 by the LSD Test.

Table 1. The Nutrition of Marmalade

Ingredient Water (%) Fat (%)

Protein (%)

Carbohydrate (%) Cellulosa (%) Flavonoid (%)

Red dragon fruit 80.49 0.08 0.62

peel marmalade

17.75 3.31 0.02

Table 2. The Parameters of Experimental Rats During The Study

Parameters K-2 K+P K1°¢ K2d K3e

tested meanz=SD meanzSD meanzSD meanzSD meanzSD
Body weight

pre 73.794£5.53 155.16+9.61 159.50+2.90 152.18+4.01 154.47+3.53
post 74.2245.33 158.44+6.73 140.86+1.85 114.68+3.42 91.28+2.47

A 0.43+0.36"cde 3.28+3.172cde -18.65+1.99%0 -37.50+0.66%"¢ -63.20+1.50204
p* 0.033* 0.082 0.001* 0.001* 0.001*
Glucose

pre 73.79+5.53 155.16+9.61 159.50+2.90 152.18+4.01 154.47+3.53
post 74.22+5.33 158.44+6.73 140.86+1.85 114.68+3.42 91.28+2.47

A 0.43+0.36°cde 3.28+3.172c4de -18.65+1.99abde -37.50+0.6620¢¢ -63.20+1.502bcd
p* 0.033* 0.082 0.001* 0.001* 0.001*

HDL-C

pre 78.68+2.26 25.30+1.21 23.92+1.17 26,07+1,46 26.30+2.93

post 78,06+2.25 23.08+1.21 43.62+2.00 61,03+2,32 67.15+4.09

A -0.62+0.01¢4¢ -2.22+0%d¢ 19.7+0.832b4d 34,96+0.8620c¢ 40.85+1.162bcd
p* 0.007* 0.045* 0.001* 0,001* 0.001*

LDL-C

Pre 27.91+1.49 76.40+1.80 77.39+1.87 75,43£2,00 82.58+6.02

Post 29.41+1.29 77.09+1.66 52.82+2.79 44,86+2,88 33.91+1.80

A 1.5+0.20¢4¢ 0.69+0.14¢4de 24.57+0.922bde 30,57+0.882bce 48.67+4.222bc4
p* 0.001* 0.519 0.001* 0,001* 0.001*
Triglyceride

Pre 67.72+2.04 142.29+2.43 144.13+3.30 141.37+3.44 141.37+3.44
Post 69.03+2.77 141.37+3.44 111.98+7.10 87.14+3.30 79.90+4.77

A 1.31+0.73¢d¢ -0.42+1.01¢4¢ -32.24+3.8abde -54.23+0.143b.ce -67.53+1.332bcd
p 0.020" 0.900 0.001" 0.001" 0.001"

* Sampling was done 14 days after induction of hypercholesterolemia and 28 days after the start of treatment ; K-: Control; K+: Hypercholesterolemic; K1:
Hypercholesterolemic, treated with marmalade 0.94 g/kg b.wt/day; K2: Hypercholesterolemic, treated with marmalade 1.41 g/kg b.wt./day; KS5:
Hypercholesterolemic, treated with marmalade 1.88 g/kg b.wt./day ; Values represent mean+SD for observation mode on six rats in each group ; A: post
intervention-pre intervention ; Statistical analysis: p*; paired t-test, a significant difference (p<0.05); One-Way ANOVA, where significant, post hoc testing
(least significant difference) was done for intergroup comparisons ; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol ;
aStatistically significant difference (p<0.05) when compared with group 1 values ; °Statistically significant difference (p<0.05) when compared with group 2
values ; “Statistically significant difference (p<0.05) when compared with group 3 values ; “Statistically significant difference (p<0.05) when compared with

group 4 values

Copyright © 2020; Jurnal Gizi Indonesia (The Indonesian Journal of Nutrition), 9 (1), 2020 63

e-I1SSN : 2338-3119, p-ISSN: 1858-4942



Natalia Desy Putriningtyas, Intan Permatasari, Dita Oktaviani, Anastasia Servia Raha, Siti Wahyuningsih

RESULTS

The body weighing process aims to observe the
rats’ growth during the study. The average body weight
of rats in each group can be seen in Table 2. Statistical
results from the paired t-test showed significant
differences in each group before treatments (p<0.05).
The positive control group had the highest body weight
changes, while the negative control had the lowest.

Group K3 had the lowest weight gain and the
highest blood sugar level reduction compared to all
groups. Blood glucose level is one of the parameters for
insulin resistance. Further analyses using ANOVA
showed that the administration of the dragon fruit peel
marmalade in various doses could reduce body weight
and blood glucose levels in each group.

The HDL levels also increased in all groups
receiving the marmalade. The highest increase was
observed in Group K3. The difference of HDL levels
between before and after treatments in the five
experimental groups showed a significant difference
(p<0.05). Further analyses using ANOVA showed a
difference in each group. The LDL levels in Group K+
did not show a significant difference between before and
after treatments (p>0.05). The LDL levels in K1, K2, and
K3 decreased after the intervention. Group K3, which
had given the marmalade of 1.88 grams, had a decrease
until 48.67+4.22 mg/dL. The result from ANOVA
showed a significant difference between the groups
(p<0.05). K3 had a decrease of triglycerides levels until
67.53+1.33 mg/dL. The ANOVA results showed no
significant difference between positive control and
negative control (p>0.05) but showed a significant
difference between the treatment groups (p<0.05).

DISCUSSION

Dietary fiber is found in red dragon fruit peel as
much 3.31%?%. The insoluble fiber of cellulose provides
satiety which reduces calories intake and helps weight
loss. Another fiber contained in the red dragon peel is
pectin. It is soluble fiber which can hold water and form
fluids in the digestive tract so the stomach will digest
food longer. Moreover, it will also attract water and
provide satiety longer, thus preventing more food
consumption®.

High fiber diet has an excellent effect on glycemic
control*. The carbohydrate metabolism related to fiber.
The type of fiber can affect physiological and metabolic
effects. Soluble fiber can absorb fluids and form a gel in
the stomach. The gel will slow down gastric emptying
and nutrient absorption, including glucose'®. The
phenolic, flavonoid, and anthocyanin in red dragon fruit
peel may reduce glucose level. Phenolic is a substituted
phenol in various tropical plants. Research conducted by
Suci shows that the red dragon fruit filtrate reduces blood

glucose levels of glucose-induced mice. The content of
flavonoids also lowers blood glucose levels by
increasing the permeability of the pancreatic B cell
membrane so that insulin can be secreted?.

Red dragon fruit peel contains a high amount of
fiber (69.3%): 14.82% of soluble fiber and 56.50% of
insoluble fiber?. Fiber can reduce LDL cholesterol
levels by several mechanisms. It lowers cholesterol
absorption and bile acid reabsorption in the intestinal
lumen. A large quantity of bile acids excretion causes a
decrease in the enterohepatic bile acids circulations
followed by an increase of the conversion of cholesterol
to bile acids in the liver and an increase of cholesterol
circulation from the bloodstream to the liver??. The
fermentation of soluble fiber in the colon will increase
the expression of the gut-derived proglucagon gene and
secretion of proglucagon-derived peptides. Proglucagon-
derived peptides belong to the glucagon-like peptide 1
(GLP-1) and peptide YY (PYY) groups. GLP-1 plays a
role in inducing satiety by reducing the rate of gastric
emptying, triggering glucose uptake from blood and
storing glucose in peripheral tissues and inhibiting
glucagon secretion. A lipolysis and beta-oxidation can be
triggered via glucagon secretion. The cholesterol
formation can be triggered by lipolysis and beta-
oxidation. A fatty acids and Acetyl-CoA which are
formed during the process of lipolysis and beta-oxidation
contribute to an increase in cholesterol levels?.

Marmalade used in this study is jellified
marmalade. It is marmalade with the addition of sugar in
its manufacturing process. This study used granulated
sugar (sucrose) which was added to enhance the flavor
as well as to preserve the marmalade. Food with high
sugar content has a longer shelf life compared to food
with low sugar content?*. Research conducted by Olga
found that rosella flower marmalade with a sugar
concentration of 10% has a moisture content of 46.2%
and can last up to 7 weeks®. Indonesian National
Standard (SNI) for marmalade states that the minimum
amount of dissolved solids in marmalade product is 65%
26 and there are four critical substances needed in the
process of making fruit gels, namely pectin, acid, sugar
and water'!. The marmalade of red dragon fruit peel in
this study has an 80.49% water content. This high water-
content will support the bacteria to grow, which affect
the shelf life'l. The addition of sucrose to food products
can affect their levels of antioxidants. Research
conducted by Larasati showed the higher the sucrose
content of a product, the lower its antioxidant activity?’.

Determination of the doses used in this study was
based on sugar consumption requirement for human,
which is 4 thsp per day with a weight assumption of 13g
per tbsp. The doses given in this study when converted
into a dose for humans are 52.64 g (4 thsp/day) for a dose
0f 0.94 g; 78.96 g (6 tbsp/day) for 1.41 g and 105.28 g (8
tbsp/day) for 1.88 g. Marmalade is commonly consumed
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as a spread of bread at breakfast or during a snack. The
amount of marmalade applied is around 1-2
tablespoons/consumption. If converted according to the
recommended dosage, it takes two times the
consumption of marmalade per day to meet the dosage in
this study.

The HDL levels in this study increased up to 40.85
+ 1.16 mg/dL. These are in line with Faadilah's study
which found that the most significant increase in HDL
levels was on the treatment group with a dose of 800
mg/dI*3. The mechanism of reducing HDL levels by red
dragon fruit peel marmalade might be due to its
antioxidant property (flavonoids). The lecithin-
cholesterol acyltransferase (LCAT) activity can be
increased by flavonoids. The LCAT is an enzyme that
converts free cholesterol into ester cholesterol. The
LCAT can bind ester cholesterol to lipoprotein core
particles and form HDL. The HDL levels can be
increased by the content of palmitic acid and flavonoids
in dragon fruit flesh and peel %8 2°,

The highest decrease in LDL levels was in the K3
group (with a dose of 1.88 grams), and the lowest
decrease in LDL levels was in the K1 group (with a dose
of 0.94 grams). This shows that the reduction is
proportional to the dose given. This study indicates that
the red dragon fruit peel marmalade with various doses
can reduce LDL levels. Brewing dragon fruit peel as
much of 9.08 g/200 Gbb of Sprague Dawley for 14 days
could reduce the highest LDL levels up to 43.33 + 3.65
mg/dI*2. Research by Werdiningsih showed that the red
dragon fruit peel extract could reduce LDL levels, with
the most significant dose of 1.44 grams®’. Red dragon
fruit peel marmalade contains flavonoids, betacyanin,
anthocyanin, pectin and dietary fiber. Antioxidants, such
as flavonoids, betacyanin and anthocyanins, and the fiber
content in red dragon fruit peel marmalade can reduce
LDL levels. Flavonoids are cholesterol esterase
coenzyme cofactors. They can scavenge and neutralize
free radicals such as reactive oxygen species (ROS) or
reactive nitrogen species (RNS), which bond to phenolic
OH groups, and repair damaged tissue or inhibit the
inflammatory process 3%, The myeloperoxidase/LDL
oxidation induced by nitrate through scavenging activity
(deactivation) of lipoperoxyl radicals can be inhibited by
betacyanin in red dragon fruit peel. Anthocyanins in
dragon fruit peel are considered to have the ability to
inhibit CETP activity which prevents the exchange of
cholesterol and triglycerides between HDL and LDL.
The cholesterol-7a hydroxylase enzyme can be increased
by vitamin C in red dragon fruit peel. The cholesterol-7a
hydroxylase enzyme can converts cholesterol into bile
acids and bile salts in the liver which are later excreted
into the intestine and excreted through feces®. A
catechin, epicatechin, routine, quercetin, myricetin and
kaempferol are types of flavonoids in red dragon fruit
peel. The highest concentration of flavonoids in red

dragon fruit peel is cathecins. Activation of peroxisome
proliferator activated receptor (PPAR) by increasing the
level of mMRNA expression genes from various
adipogenic markers, such as adinopectin, PPAR-y,
FABP4 and LPL is influenced by cathecins®.

The results of this study indicated that the
administration of red dragon fruit peel marmalade can
lower triglyceride levels with the most significant
decrease is in the administration of 1.88 g/kg b.wt/day
for 28 days. These results are in line with other studies
which show that administration of red dragon fruit peel
extract can reduce triglyceride levels in Sprague Dawley
rats. This decrease in triglycerides levels might be due to
the presence of catechin flavonoids, ascorbic acid,
betacyanin, and soluble and insoluble fiber in the red
dragon fruit peel extract®.

The antioxidant property of red dragon fruit peel
contributes to the decreasing of triglyceride levels in
dyslipidemic rats in this study. Red dragon fruit peel
contains flavonoids catechins, ascorbic acid, betacyanin,
and soluble and insoluble fiber. The flavonoid is in the
form of catechin polyphenol active compounds,
i.e.epigallocatechin-3 gallate (EGCG), epigallocatechin
(EGC), epicatechin-3-gallate (ECG) and epicatechin
(EC). Moreover, PPAR- o flavonoids can improve lipid
profiles. It increases PPAR- which will reduce the
expression of sterol regulatory element-binding protein
1c (SREBP-1c) in rat liver to reduce triglyceride
synthesis, denovo free fatty acid formation and acetyl-
CoA carboxylase activity (ACC) in mouse hepatocytes®®.
The triglyceride levels in male dyslipidemia rats can be
reduced up to 25.3% by administering the infusion of red
dragon fruit peel (Hylocereus polyrhizus). The reduced
triglyceride levels is due to the presence of flavonoids in
the infusion of red dragon fruit peel (Hylocereus
polyrhizus)®’. Anthocyanin polyphenols in red dragon
fruit peel scavenge free radicals and prevent lipid
peroxidation processes in the microsomes and
liposomes. Furthermore, it will reduce the secretion of
lipoproteins in the liver and intestines. The anthocyanins
help reduce cholesterol levels by inhibiting cholesterol
formation and activate AMP-Activated Protein Kinase
(AMPK). This AMPK involves in the homeostatic
regulation of energy and influences the activity of many
enzymes. One of the enzymes inhibited by AMPK is
HMG-CoA reductase which involves in cholesterol
cause an increase in fatty acid oxidation and a decrease
in fatty acid synthesis, and lead to reduction in
triglycerides levels®. Betacyanin pigment is a derivative
of beta-alanine which well known for its benefits as an
anti-radical and anti-oxidative compound.

Soluble fiber (pectin) and the insoluble fiber
content of red dragon fruit peel can reduce triglyceride
levels in dyslipidemic rats. They delay gastric emptying,
so satiety lasts longer, resulting in reduced calorie
intake®. An acetate, propionate and butyrate are short-
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