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Abstract

Antioxidant activity is important in fighting oxidative damage caused by a high-fat diet.
Dietary fat is associated with increased oxidative stress and risk of degenerative diseases.
Soybean (Glycine max L.), sweet potato leaves ([pomoea batatas L.) and red yeast rice
(Monascus purpureus) contain phytochemical compounds that have strong antioxidant
activities. This study aimed to evaluate the antioxidant activity of soybean, sweet potato
leaves, and red yeast rice functional beverage (SSR) by measuring the activity of
superoxide dismutase (SOD), catalase (CAT), glutation peroxidase (GPx), and the level of
oxidative product malondialdehyde (MDA) in rats fed a high-fat diet. Mice were divided
into five groups: normal control, negative control, and positive control which was given
Nutrive Benecol 3.6 mL/day, and two treatment groups with doses of 1250 mg/kg BW and
2500 mg/kg BW. The results showed that the high-fat diet treatment decreased the
endogenous antioxidant activities (SOD, CAT and GPx) and increased the MDA level
significantly (p<0.05) compared to normal. The administration of SSR at a dose of 2500
mg/kg BW reduced MDA levels and increased the activity of the enzymes SOD, CAT and
GPx significantly (p<0.05) compared to the negative control. These findings demonstrated
the potential of SSR in reducing oxidative stress induced by a high-fat diet, which
contributes to the prevention of degenerative diseases.

1. Introduction

Unhealthy eating habits, particularly high-fat diets,
have grown to be a serious global issue in recent
decades. Consumption of high in fat foods is associated
with an increased risk of obesity, cardiovascular disease
and other degenerative diseases (Lasker et al., 2019).
Oxidative stress is one mechanism that is believed to be
involved in the link between a high-fat diet and
degenerative disease. Oxidative stress occurs when there
is an imbalance between the production of reactive
oxygen species (ROS) and the antioxidant defense
system. Antioxidants protect cells and tissues from
damage caused by ROS. The mechanism of action of
antioxidants involves capturing free radicals or inhibiting
oxidation reactions induced by ROS (Kunwar and
Priyadarsini, 2011). A high-fat diet is known to increase
ROS production in the body, which then can damage cell
important molecules, including DNA, proteins, and
lipids. When oxidative stress occurs in the long term, this
can trigger degenerative diseases such as heart disease,
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diabetes (Feldeisen and Tucker, 2007) and cancer (Hu et
al., 2013).

Natural  ingredients  containing  antioxidant
compounds have become the focus of research to reduce
the risk of degenerative diseases. Some of the natural
ingredients that have been studied include soy (Glycine
max L.), sweet potato (I[pomoea batatas L.) leaves and
red yeast rice (Monascus purpureus). These three
materials contain phytochemical compounds with strong
antioxidant activity. Several active compounds contained
in these ingredients have been linked to antioxidant
effects and protection against oxidative damage
(Agboyibor et al., 2018).

Soybeans contain isoflavonoid compounds such as
genistein and daidzein which have been shown to have
antioxidant activity and reduce the development of
chronic diseases including obesity and cardiovascular
disease (Muji ef al., 2011; Chatterjee et al., 2018). These
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compounds can protect body cells from oxidative
damage by capturing free radicals and inhibiting lipid
oxidation reactions (Banach et al., 2020). In vitro and in
vivo studies have demonstrated that soybean extract has
the potential to protect body tissues from oxidative
stress.

Sweet potato leaves contain  anthocyanins,
betacyanins, and flavonoids which give the leaves a
purple color. These compounds have strong antioxidant
properties and have been known to protect the body's
cells from oxidative damage (Zhang et al, 2019).
Several studies have also shown that sweet potato leaf
extract can increase the activity of antioxidant enzymes
such as SOD, catalase, and GPx (Lin ef al., 2012).

Red yeast rice is a fermented product of Monascus
pupureus and contains red pigment compounds such as
monacolin K and azo pigments which have strong
antioxidant activity. The compound monacolin K has
been shown to have the potential to inhibit lipid
oxidation and reduce oxidative stress. In addition,
several studies have also shown that red yeast rice can
increase the activity of antioxidant enzymes and reduce
levels of free radicals in the body (Kim and Lim, 2016;
Wu et al., 2019)

This study aimed to evaluate the antioxidant activity
of functional powdered beverages containing soybeans,
sweet potato leaves, and red yeast rice in rats fed a high-
fat diet. This research focused on measuring the enzymes
superoxide dismutase (SOD), -catalase, glutathione
peroxidase (GPx) and malondialdehyde (MDA) levels as
an indicator of oxidative stress.

2. Materials and methods

2.1 Preparation of soybean, sweet potato leaves, and red
yeast rice functional beverage

The soybean, sweet potato leaves, and red yeast rice
functional beverage (SSR) was prepared from
ingredients as presented in Table 1.

Table 1. Formula of SSR.

Materials Weight (g)
Sweet potato Leaves 3.36
Red yeast rice 1.2
Soybean 20
Powdered skimmed milk 7
Powdered full-cream milk 3
Sugar 15
Maltodextrin 7.2
Xanthan gum 2.5
Total 59.26
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2.2 Preparation of high-fat feed

A high-fat diet was created by combining 300 g of
regular feed with 20 g of egg yolk, 100 g of butter, 10 g
of beef fat and PTU (0.05%). The materials were then
mashed, and mixed in a meat grinder before being
shaped into a size resembling conventional feed. The diet
was then dried for three days at 50°C in an oven.

2.3 Test animals

The study's subjects were male Wistar strain white
rats (Rattus norvegicus), 2-3 months old and weighed
between 150 and 250 g. They are kept in rooms that have
adequate lighting, adequate ventilation, and maintained
humidity. Prior to the start of treatment, rats were
adapted for 7 days. All treatments were carried out with
due regard to animal welfare and received ethical
approval from the UAD Research Ethics Committee with
number 012108049.

2.4 Hypercholesterolemia induction and experimental
design

This study involved 30 Wistar rats which were then
divided into 5 groups. Each group consists of 5 test
animal subjects, according to calculations using the
Federer formula (Ihwah et al., 2018). The schedule for
induction and treatment is illustrated in Figure 1. The
body weight of the animal study was observed every
week throughout the study.

0 14
HFD induction (28 days)

28
Acclimatization (7 days)

Treatment (14 days)

Figure 1. The schedule of high-fat diet induction and
treatment by feeding with SSR.

2.5 Blood sample preparation

The blood and liver samples were taken from the test
animals on the 29" day. Blood samples were taken
through the orbital sinus and then centrifuged at 4000
rpm for 15 mins to separate the serum from the red blood
cells. A separate portion of blood serum was then taken
and used for absorbance analysis using a UV
spectrophotometer and the Diasys reagent kit.

2.6 Liver sample preparation

After the animal treatment was completed, the
animals were sacrificed on day 29. The liver organ was
washed and kept in a physiological solution. A total of
0.8 g of rat liver was added with 9 mL of phosphate
buffer pH 7.4 then homogenized in an ice bath using a
mortar and then centrifuged at 10,000 rpm for 10 mins at
4°C. The supernatant was taken to measure the activity
of the SOD, CAT, GPx activities and level of MDA, by
Elabscience kit reagent.
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2.7 Measurement of protein concentration

Before the measurement of antioxidant activities, the
protein concentration of liver homogenate was
determined using the Bradford colorimetric method. The
Bradford reagent (5 mL) was added to 0.1 mL of the
supernatant and incubated at room temperature for 10-60
minutes. The absorbance of the protein sample solution
was read at a wavelength of 595 nm (Walker, 2002).

2.8 Measurement of superoxide dismutase activity

The activity of the T-SOD (total SOD) enzyme was
carried out using Superoxide Dismutase (SOD) Assay
Kit (Elabscience E-BC-K-019S) by the
spectrophotometric method. The SOD enzyme has an
inhibitory effect on the superoxide anion radical (O;)
which can reduce the nitrite content, the nitrite itself will
appear purplish after reacting with a chromogenic agent.
The SOD activity was calculated using formula (1).

Abs C—Abs §

SOD Activity = (20 x 100%) + 50% —x f + Cprot (1)
5

2.9 Catalase activity

Examination of the activity of the catalase enzyme
was done using the Catalase (CAT) Assay Kit
(Elabscience E-BC-K031-S) with the spectrophotometry
method. The catalase enzyme works by decomposing,
this reaction can be inhibited quickly by ammonium
molybdate. Then the residue H,O, will react with
ammonium molybdate to produce a yellowish complex.
The absorbance was observed at 405 nm. The activity of
catalase was calculated using formula (2).

.. A 5
Catalase activity = % x f + Cprot

(2)
2.10 Measurement of glutation peroxidase

GPx activity was measured from a liver homogenate
using the Elabscience E-BC-K096-S assay kit. GPx can
induce the reduction of H,O, to produce H,O. The
activity of GPX can be expressed by the rate of
enzymatic reaction and calculated by measuring the
reduced glutathione. GSH can react with dinitrobenzoic
acid to produce 5-thio-dinitrobenzoic acid anion which
showed a stable yellow color. The absorbance was read
by spectrophotometry at 412 nm and the activity was
calculated using the following formula (3).
GSH-Px activity (U/mgprot) = AA1+AA2x ¢ x
f2 x £+ (V x Cpr)

2.11 Measurement of malondialdehyde levels

3)

The MDA levels measurement was carried out using
a liver homogenate using the Elabscience assay kit with
the catalog number E-BC-K025-S. The catabolite of lipid
peroxide (MDA) can react with thiobarbituric acid
(TBA) and produce a red compound, which could be
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determined by the spectrophotometric method. The
absorbance will be observed at 532 nm, The MDA level
was calculated using the following (4).
MDA content (nmol/mgprot) = (AA1)/(AA2 )x
¢ x f+Cpr
2.12 Data analysis

“)

The antioxidant activity in each group was calculated
and statistically analyzed using SPSS 21 statistic
software. The activity of the treated groups was
compared to the negative control group.

3. Results and discussion

The induction of high-fat feed to test animals was
carried out to provide an intake of fat that exceeds the
normal requirement of standard food. The high-fat diet
could cause hyperlipidemia conditions, and lead to the
formation of high free radicals or reactive oxygen
species (ROS) (Tan and Norhaizan, 2019). The high
amounts of free radicals could suppress the activity of
endogenous antioxidant enzymes.

3.1 Superoxide dismutase enzyme activity

SOD is an enzyme that works by catalyzing the
reduction of superoxide anions to hydrogen peroxide
(H0,). The high-fat consumption was found to decrease
the SOD activity significantly. This finding was in
agreement with a previous study which reported
decreasing SOD activity following the HFD induction
(Mahfudh, Mantali and Sulistyani, 2022). The treatment
of SSR was found to increase the SOD activity
significantly (Figure 2). Quercetin was detected as one of
the active compounds in sweet potato leaves and was
also reported to have antioxidant activity in vivo
(Mahfudh et al., 2021).
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Figure 2. The treatment of SSR increases SOD activity in high
-fat diet rats. *Significantly different from the negative control
(p<0.05),"significantly different from the normal control
(p<0.05), “significantly different from the positive control
(p<0.05).
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This study found that a functional beverage dose of
1250 mg/kg BW and a dose of 2500 mg/kg BW can
increase the activity of SOD. The results of this study
concurred with the explanation that soybeans contain
flavonoid compounds in the form of isoflavones which
have antioxidant activity by binding to free radicals and
preventing their chain reaction (Yoon, 2014). Isoflavones
maintain the activity of the SOD enzyme due to the role
of genistein by inducing the genes responsible for the
synthesis of the SOD enzyme. Genistein upregulates
antioxidant gene expression by involving estrogen
receptors, ERK1/2 (extracellular-signal-regulated
kinase), and NFkB (nuclear factor kB). In addition,
isoflavones help the enzyme superoxide dismutase
(SOD) work in destroying free radicals by donating an
electron to radical compounds so that the radical
compounds turn into non-radical compounds or
compounds that are harmless to cells. So that the levels
of the superoxide dismutase enzyme in the cells can be
maintained (Suarsana and Suprayogi, 2013).

3.2 Catalase activity

Figure 3 shows the CAT activities in the high-fat diet
rats fed with SSR. The CAT activity was found to
decrease after induction of a high-fat diet. The CAT
activity was found to increase following the 14-day
treatments of functional powdered beverages. The
previous study also found that a high-fat diet decreases
catalase activity and is a predictor of oxidative stress
(Aguilar et al, 2016). The increase in the catalase
enzyme in the functional drink treatment group was due
to the content of antioxidant compounds found in
soybeans, sweet potato leaves and red yeast rice.
Antioxidant compounds in the flavonoid group found in
soybeans are isoflavones (Muji et al., 2011), in purple
sweet potato leaves are quercetin (Nguyen et al., 2021),
and red yeast rice can be in the form of anthocyanins,
besides that there are also monacolin K and dimerumic
acid compounds (Zhang et al., 2016). Flavonoid group
compounds work as antioxidant agents by directly
capturing free radicals, preventing free radical
regeneration, and indirectly increasing the activity of
cellular antioxidant enzymes (Akhlaghi and Brian,
2009).

The study showed that high-fat feeding reduces the
activity of GPx enzymes. The mechanism for the
decreased activity of GPX enzymes in the liver is due to
the high concentration of fat in the hyperlipidemic
conditions, thereby increasing the synthesis of bile acids
and causing more oxygen and NADPH to be used, as
well as an increase in cytochrome P-450 oxidase activity
(Borza et al., 2013). Cytochrome P450 oxidase also
plays a role in mediating endoplasmic reticulum
metabolism which produces O, superoxide anion
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radicals. Increased activity of cytochrome P-450 oxidase
enzymes will produce excessive free radicals and lead to
oxidative stress where the number of free radicals
exceeds the amount and antioxidant capacity (Banerjee
and Ghosh, 2016).

250

£ 200 I‘#
oo A A
E 1
2
= 150
= *#A
2
s ]
o
% 100
0
K]
o #A
(%)
50 I
0
Normal Negarive Positive Dose1250 Dose 2500
mg/kg BW mg/kg BW

Treatment groups

Figure 3. The treatment of SSR increases Catalase activity in
high-fat diet rats. *Significantly different from the negative
control (p<0.05),"significantly different from the normal
control (p<0.05), ‘significantly different from the positive
control (p<0.05).

3.3 Glutathione peroxidase activity

Figure 4 shows the GPx activities in the high-fat diet
rats fed with SSR. The GPx activity was found to
decrease after induction of a high-fat diet. The GPx
activity was found to increase following the 14-day
treatments of functional powdered beverages. The GPx
activity in treated groups was significantly increased
compared to the negative control group (p<0.05).
However, the GPx activity in the dose of 2500 mg/kg
BW was not significantly different from the dose of 1250
mg/kg BW. The treated groups were also found not
significantly different from positive control groups
(p>0.05).
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Figure 4. The treatment of SSR increases GPx activity in high
-fat diet rats. *Significantly different from the negative control
(p<0.05), “significantly different from the normal control
(p<0.05), “significantly different from the positive control
(p<0.05).
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Sweet potato leaves contain a lot of antioxidant
compounds in the form of flavonoids, including
quercetin and anthocyanins. The mechanism of action of
flavonoids as antioxidants can be direct or indirect.
Flavonoids as antioxidants directly donate hydrogen ions
and neutralize the toxicity effects of free radicals
(Mahfudh, Mantali and Sulistyani, 2022). Flavonoids act
as antioxidants indirectly by increasing the expression of
endogenous antioxidant genes through several
mechanisms. One mechanism for increasing antioxidant
gene expression is through activation of nuclear factor
erythroid 2 related factor 2 (Nrf2) increasing genes that
play a role in the synthesis of endogenous antioxidant
enzymes such as SOD and catalase (Agbo ef al., 2020).

Antioxidants in red yeast rice consist of several
compounds such as flavonoids, polyphenols, carotenoids,
alkaloids and vitamins (Egea et al., 2023). One of the
Monascus secondary metabolites is an antioxidant
compound in the form of dimerumic acid which will
inhibit NADPH and iron which cause fat peroxidation
and can stop chain reactions due to free radicals (Walter,
2011; Oboh et al., 2013). Prevention of lipid
peroxidation will increase the activity of endogenous
antioxidant enzymes such as GTS enzymes (Glutathione
S-transferase), SOD, and catalase. In addition, red yeast
rice also has a compound called monacolin K (lovastatin)
which can play a role by activating the antioxidant
system and reducing hydrogen peroxide (H,0,).

3.4 Malondialdehyde levels

Figure 5 shows the MDA level in the high-fat diet
rats fed with SSR. The MDA level was found to increase
after induction of a high-fat diet and decrease following
the 14-day treatments of functional powdered beverages.
The MDA level in treated groups significantly decreased
compared to a negative control group (p<0.05). The
MDA level in the dose of 2500 mg/kg BW was
significantly lower than the dose of 1250 mg/kg BW.
The treatment of a dose of 2500 mg/kg BW was similar
(not significantly different) from positive control groups
(p>0.05).

High MDA concentration indicates an oxidation
process in the cell membrane. Elevated MDA levels in
animals fed a high-fat diet have previously been
reported. Increasing MDA levels are positively
correlated with stress oxidative (Hassan et al., 2011).
The high level of MDA could be used as a biomarker for
the pathological conditions of various diseases
(Khoubnasab Jafari et al., 2015). Hypercholesterolemia
also causes an imbalance between oxidative compounds
and endogenous antioxidant components leading to a
decrease in endogenous antioxidant activity and
increasing in MDA level (Setiawan et al., 2016). The
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results obtained are in agreement with previous research,
that the administration of a combination of sweet potato
leaf extract (quercetin) and red yeast rice (monacolin k)
in high-fat diet rats can increase GPx activity and reduce
MDA levels (Mahfudh ef al., 2022).
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Figure 5. The treatment of SSR decreases MDA levels in high
-fat diet rats. *Significantly different from the negative control
(p<0.05), "significantly different from the normal control
(p<0.05), “significantly different from the positive control
(p<0.05).

4. Conclusion

Provision of functional powdered beverages
containing soybean (Glycine max L.), sweet potato
leaves ([pomoea batatas L.), and red yeast rice were able
to significantly exert pharmacological effects on SOD,
catalase, GPx, and MDA activities (p<0.05) in rats
treated with a high-fat diet. The result recommended the
use of functional powdered beverages in the diet for
dyslipidemic conditions.
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