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and anti-obesity effects. Combining Monacolin K (MK) and other
compounds produced by Red Yeast Rice products reduces
inflammation and insulin resistance, thereby minimizing the
adverse effects of Advanced Glycation End products (AGEs) on
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to determine the optimal fermentation conditions for Monascus
purpureus to produce RYR with high red pigment intensity,
Monacolin K, and low citrinin content, and to assess the inhibition
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Additionally, the a-amylase inhibitory activity of the
extract was evaluated. The optimal fermentation conditions for the
rice substrate are a temperature of 24°C, with a fungal biomass
inoculum size of 8% and an incubation period of 12 days.
Triplicate analyses showed that the concentration of Monacolin K
was 288.44 + 3.88ppm without citrinin. The a-amylase inhibitory
activity of the RYR extract varied with concentration, which

Keywords: ranged from 5.39% to 79.44%. The ICso value was calculated to be
enzyme a-amylase: 119.36 pg/mL. Th_ese_ r_esults are fessentlal for evaIuatl_ng RYR
LC-MS/MS: Monacolin K:  €xtract a-amylase inhibitory capacity and suggest that it can be
Monascus p’urpureus; " used to lower cholesterol and support the prevention of diseases
Red Yeast Rice (RYR) related to obesity.

1. Introduction

According to a 2021 report from the International Diabetes Federation (IDF),
approximately 537 million people worldwide are affected by diabetes, and the number of cases
is projected to rise to 738 million by 2045 (Hossain et al., 2024). Obesity or overweight and
unhealthy behaviors like smoking and inactivity are directly associated with type 2 diabetes. A
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significant proportion of these patients require insulin therapy in addition to oral medications to
maintain near-normal blood glucose levels. However, increasing therapeutic interventions can
lead to the loss of pancreatic beta cell function, which often occurs in patients with insulin
resistance linked to obesity (Krentz & Bailey, 2005). Red yeast rice from Monascus sp. is one
of the supportive therapies for diabetes treatment. Commercial red yeast rice is how quite
diverse, from mid-priced products used mainly as natural colorants in China, to high-end
functional foods that support health. The market is trending towards favoring high-quality
products from Japan, the US, Korea, Vietnam, and other countries. Thanks to that, red yeast rice
products bring significant economic value to many countries.

Monascus spp., also known as red yeast mold, is a genus of fungi belonging to the
Monascaceae family, order Eurotiales. Based on physiological and morphological
characteristics, Monascus has three main species: M. pilosus, M. purpureus, and M. ruber (Pan
& Hsu, 2014). Monascus sp. forms flat, radial colonies about 40mm in diameter, with a thin
layer of mycelium on the surface, and turns the medium dark red due to weak acid production.
The cysts are thin-walled, round, and easily observed when young, filled with spores when
mature. The spores are spherical, flat, colorless, and approximately 5 - 6pum x 3.5 - 4um in size
(Manan et al., 2017). The Monacolin K content of Monascus sp. depends mainly on the
fermentation method and conditions. Solid-state Fermentation (SSF) often yields significantly
more Monacolin K than submerged fermentation (SmF). Factors such as humidity, temperature,
pH, substrate, and fermentation time all significantly influence the results obtained (Mohan-
Kumari et al., 2012; Yu et al., 2013; Zhang et al., 2015). M. purpureus in this study exhibited
pink, flat colonies with three slightly elevated concentric rings, displaying a color transition
from reddish-pink at the center to light pink at the periphery, and had well-defined margins.

Microscopically, the ascospores were bean-shaped, measuring approximately 10 x
13um, while the asexual spores were spherical, solitary, and arose from short stalks branching
laterally from the hyphae. Traditionally, Monascus has been produced by inoculating white rice.
Red rice, commonly used in East Asia, particularly in China and Japan, to make fermented food,
is cultivated as the fungus develops (Samsudin & Abdullah, 2014). The characteristic red color
of this fungus is a natural food coloring. According to Srianta et al. (2014), Monascus species
can break down starch-based substrates to produce high-value metabolites such as ergosterol,
polysaccharides, y-aminobutyric acid (GABA), and Lovastatin/Monacolin K. Monascus sp.
produces many secondary metabolites that are recognized to have therapeutic benefits, including
antibacterial, anticancer, antidiabetic, and anti-obesity effects (Feng et al., 2022).

The components found in red yeast rice extracts include Monacolin, pigments, organic
acids, amino acids, sterols, decalin derivatives, flavonoids, lignans, coumarin, terpenoids, and
others. Additionally, polysaccharides have been isolated and recorded from fermented red rice
(Zhu et al., 2019). Apart from its well-known ability to lower lipid levels through the presence
of Monacolin K, red yeast rice extract has also been shown to improve glucose tolerance and
insulin secretion (Wang et al., 2014). The a-amylase inhibitory activity of polysaccharides has
been studied and found to be effective in extracts from various herbs and foods (Chen et al.,
2013; Deng et al., 2020; Lv et al., 2021).

Monacolin K is a lipid-lowering active ingredient isolated from the fungus Monascus sp.
Monacolin K has a molecular structure of C24H3sOs (M = 404 g/mol) (Song et al., 2019).
Monacolin K in RYR can inhibit cholesterol synthesis by competitively inhibiting HMG-CoA
reductase, an essential enzyme in cholesterol biosynthesis in humans and animals, thereby
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blocking the HMG-CoA reductase mevalonate metabolic pathway in cells (Seenivasan et al.,
2008). According to Chen et al. (2020), the incidence of diabetes in the RYR and lovastatin
groups was 1.01 and 2.59 per 100 person-years, respectively (P < 0.0001). Compared to the
lovastatin group, the adjusted HR for diabetes in the RYR group was 0.46 (95% CI: 0.43 - 0.50).
The association between lower diabetes risk and RYR use was significant across multiple
subgroups. Additionally, the risk of diabetes decreased progressively with higher RYR doses
(Chen et al., 2020).

According to Hsu et al. (2013), Monascin (MS) and Monacolin K (MK) from Monascus
fermentation products have been shown to reduce inflammation and improve insulin resistance,
and in a BALB/c mouse model injected with AGEs causing hyperglycemia, MS and MK
restored PDX-1 and GLUT2 expression, while increasing insulin production in the pancreas.
MS also significantly improved the results of glucose tolerance and insulin tests, indicating the
ability to increase insulin sensitivity. The results showed that MK combined with MS can protect
the pancreas and reduce AGEs-induced disorders, with potential development as an antidiabetic
agent (Hsu et al., 2013).

Another method for maintaining steady blood sugar levels is to inhibit the breakdown of
carbohydrates by enzymes such as a-amylase and a-glucosidase. The salivary glands are the
primary source of a-amylase, which catalyzes the conversion of polysaccharides into smaller
oligosaccharides such as maltose and maltotriose. a-glucosidase subsequently breaks down
these sugar fragments further to create monosaccharides that enter the bloodstream (Raghupathi
et al., 2012). Patients with Type 2 diabetes are frequently administered the antidiabetic
medication Acarbose; nevertheless, using it may result in adverse effects such as bloating and
nausea (Cheng & Fantus, 2005). In recent years, numerous studies have focused on the a-
amylase inhibitory potential of extracts from specific herbs, demonstrating considerable promise
for treating Type 2 diabetes (Lordan et al., 2013; Obiro et al., 2008; Sales et al., 2012).

2. Materials and methods
2.1. Materials

The Monascus purpureus strain, specifically studied and isolated at the Food
Biotechnology Laboratory of the Ho Chi Minh Biotechnology Center, was cultured on
Sabouraud Dextrose Agar (SDA) at 24 - 28°C (Dao et al., 2024).

2.2. Optimal fermentation conditions in producing red yeast rice from M. purpureus
produced red pigments, high Monacolin K, and without citrinin

M. purpureus has been produced by inoculating white rice, “Lai sira”, soft, tender
Jasmine milk rice. Fermentation process factors were investigated separately to determine the
value range for multi-factor optimization, including incubation duration (08 - 20 days),
inoculum size (approximately 4% to 10%), and temperature (24°C to 36°C). The fungal strain
was shake-flask cultured for 07 days to reach a density of 10 CFU/mL, after which the inoculum
was added to autoclaved rice on a v/w basis and incubated.

To optimize the fermentation conditions for producing red yeast rice using the M.
purpureus strain enriched in Monacolin K, experimental design optimization was performed
using a three-factor design. The influencing factors included fermentation time (Xi), inoculum
size (Xz), and temperature (Xs). Specifically, the following ranges were chosen for the three
experimental multi-factorial investigations: an incubation time of approximately 12 - 20 days,
an inoculum size of 6 - 10%, and a temperature range of 24°C to 32°C.
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These values were combined to generate different experimental conditions for evaluating
multi-factor interactions and identifying optimal conditions for red pigment production and
Monacolin K enrichment during the fermentation process.

Table 1
Coded Values of the Independent Variables Used in the Box-Behnken Design
. X
Variables Factors
-1 0 1
X1 time (days) 12 16 20
X2 inoculum size (%) 6 8 10
X3 temperature (°C) 24 28 32

Note. The researcher’s data analysis

Each factor was studied at three levels (-1, 0, +1) in a total of 15 experimental runs,
including 03 center point experiments. The response variable (Y1) was the red pigment (AU/g),
Y2 was the Monacolin K content, and Y3 was the citrinin content. The experimental design and
data analysis were carried out using JMP 10 software. The coded values of the independent
variables used in the Box-Behnken design are shown in Table 2. The response surface
experimental matrix, designed using JMP software, is presented in Table 1 - Response Surface
Methodology Experimental Matrix.

Table 2
Variables in Red Yeast Rice Fermentation Experiments

Variables
Experiments X1 X2 X3
X1 X X3 : 3 )
time (days) inoculum size (%)  temperature (°C)
1.1 -1 -1 0 12 6 28
2.1 +1 -1 0 20 6 28
3.1 -1+ 0 12 10 28
4.1 +1 41 0 20 10 28
5.1 -1 0 -1 12 8 24
6.1 +1 0 -1 20 8 24
7.1 -1 0 +1 12 8 32
8.1 +1 0 +1 20 8 32
9.1 0 -1 -1 16 6 24
10.1 0 +1 -1 16 10 24
11.1 0 -1 +1 16 6 32
12.1 0 +1 +1 16 10 32
13.1 0 0 0 16 8 28
14.1 0 0 0 16 8 28
15.1 0 0 0 16 8 28

Note. The researcher’s data analysis
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M. purpureus was cultured in liquid Sabouraud Dextrose Agar (SDAY) for 07 days. 30
grams of rice were washed with distilled water and adjusted to a moisture content of 37 - 40%.
The rice was then steamed at 121°C for 15 minutes to cook and sterilize it. After being cooled,
10% of the fungal solution was inoculated, and the rice was incubated. The fungal-inoculated
rice was then freeze-dried, ground, and used as the test sample.

Red pigment levels (AU/g) were measured using a fluorescence-based Optical
Density (OD) method, and Monacolin K and citrinin content (ppm) were determined using
LC-MS/MS analysis.

2.3. Qualitative method through a formula for determining red pigment content

The fungal biomass obtained was dried at 50°C for 24 hours and then finely ground. A
70% ethanol solution was added to the sample at a ratio of 1:20 (w/v), and the mixture was
shaken at 150rpm at room temperature for 02 hours. The mixture was then centrifuged at
7,000rpm for 10 minutes to collect the supernatant, which was subsequently diluted with 70%
ethanol. Absorbance was measured at a wavelength of 505nm (red pigment) using the method
described of Wu et al. (2021). Total absorbance of red pigment:

(AU/g) = Abs x (10/0.5) x df. 1)
Where: Abs: sample absorbance,
10: the total extraction volume,
0.5: the weight of dry fungal biomass,
df: dilution factor.
2.4. Sample extraction and purification method for LC-MS/MS analysis

A total of 0.5 grams of dried sample was weighed into a 50mL Falcon tube. RYR were
extracted using 50mL of acetonitrile (ACN) in an ultrasonic bath at 30°C for 30 minutes. The
resulting mixture was heated in a water bath at 60°C for 01 hour, followed by centrifugation at
3,500rpm for 10 minutes. An amount of 0.01g of sorbent (adjusted mixture of MgSOa:
Na-acetate) was added to 1mL of the supernatant, and the mixture was centrifuged at 10,000rpm
for 5 minutes. The final solution was then filtered through a 0.2um membrane filter.

2.5. LC-MS/MS method for analysis of citrinin and active ingredient Monacolin K

The sample was transferred to a vial and analyzed by LC-MS/MS. A calibration
curve was constructed using standard solutions of known concentrations and corresponding
peak areas.

Settings for LC: Mobile Phase and Gradient Mode: The mobile phase composition was
modified and optimized based on the sample matrix, reference standards, and target analytes by
varying the composition and ratio of mobile phases. Standard addition experiments were
conducted under different mobile phase conditions.

Mobile phase A was 10mM ammonium formate in H>O (0.1% HCOOH), and mobile
phase B was ACN (0.1% HCOOH). Sample analysis was performed using LC-MS/MS. The
column was maintained at 30°C, and the autosampler compartment was set to 16°C. The
chromatographic conditions included a C18 column (ACQUITY UPLC BEH, 130A, 1.7um,
2.1mm x 50mm, 1/pk). The flow rate was set at 300 pL/min, with an injection volume of 2uL.
The linear gradient was programmed as follows:
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Table 3
Settings for LC Conditions

Time (minute) Mobile phase A (%) Mobile phase B (%)
0.01 75 25
0.6 75 25
3.0 10 90
4 10 90
4.5 75 25
6 75 25

Note. The researcher’s data analysis

MS/MS fragmentation conditions: Mass Spectrometry (MS) is a method used for
studying chemical compounds by measuring and analyzing their molecular mass with great
precision. This process is performed by observing how atomic or molecular ions move within
specific electric or magnetic fields. The information about the standard substance: Monacolin
K, molecular Formula C24H360s, molecular Weight 404.54 g/mol, Purity > 99% (HPLC),
Sigma-Aldrich, Merck; Citrinin, molecular Formula C13H140s, molecular Weight 250.25 g/mol,
Purity > 95% (HPLC), LGC, Canada.

Table 4
MS/MS Fragmentation Conditions

Component Tonization type Primary ion Daughter ion Dwell time Cone volt Cone energy

(m/z) (m/2) (s) V) (eV)

. 303 18
Monacolin K ESI (+) 405 0.163 51

199 10

N 205 23
Citrinin ESI (-) 281 0.03 50

249 10

Note. The researcher’s data analysis
2.6. Evaluation of a-amylase inhibitory activity

Red yeast rice powder was extracted with 70% ethanol at a material-to-solvent ratio of
1:30 (w/v). The sample was extracted for 06 hours using a Buchi Rotavapor R-300 vacuum
rotary evaporator at a temperature of 50°C and a speed of 60 - 150rpm. The extracts were dried
at 60°C for 24 to 48 hours. The inhibition of starch hydrolysis by a-amylase was assessed
according to the method of Adisakwattana et al. (2012). 500uL solution containing 0.02M
sodium phosphate buffer pH 6.9, 6mM sodium chloride, 2.5U a-amylase, and various
concentrations of the diluted extract and starch 1% were incubated for 15 minutes at 37°C. Then,
500uL of DNSA reagent was added and boiled for 05 minutes. The efficiency of a-amylase
inhibitors in controlling Acarbose was evaluated simultaneously. The extracted samples will be
analyzed using a spectrophotometer at a wavelength of 540nm to measure absorbance. After
obtaining the corresponding data, the percentage of a-amylase inhibitory activity will be
calculated based on the following formula:
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. . A0 — Al
Inhibition efficiency (%) = —p X 100 (2)

Where: AO: Absorbance of the control solution,
Al: Absorbance of the test solution after the reaction.

A standard curve (y = ax + b, where y is the percentage inhibition and x is the
concentration) was constructed to demonstrate the correlation between the inhibition rate of the
enzyme o-amylase and sample concentration, thereby determining the IC50 value. The red yeast
rice extract was evaluated at various concentrations to calculate the 1C50 value.

2.7. Statistical analysis

Using JMP 10 software and the Design of Experiments (DOE) algorithm with a Box-
Behnken response surface design, a three-factor experimental design was conducted to optimize
the culture conditions for red yeast rice. The collected data were analyzed using
STATGRAPHICS 15.1 software, which employed analysis of variance (ANOVA) to calculate
and test the significance of mean differences between treatments.

3. Results

3.1. The optimized fermentation conditions for producing red yeast rice using M.
purpureus yielded a product characterized by high levels of red pigment, enriched Monacolin
K content, and low citrinin concentration

Fermentation process factors were investigated separately to determine the value range
for multi-factor optimization investigation incubation duration (08 - 20 days), inoculum size
(approximately 4% - 10%), and temperature (24°C - 36°C) (Singgih et al., 2014; Seenivasan et
al., 2015; Wen et al., 2020).

Figure 1
Single Factor Study of Culture Conditions
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Note. The researcher’s data analysis

For assessing the three culture condition parameters, the preliminary survey determined
the following ranges of values: incubation duration (12 - 20 days), inoculum size (approximately
6% -10%), and temperature (24°C - 32°C). To investigate component interactions and determine
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the optimal cultivation conditions for maximizing the production of red pigment and the
concentration of Monacolin K, citrinin, these values were combined to generate several
experimental conditions in the multi-factorial study.

Monacolin K, citrinin concentration (ppm) was evaluated using the LC-MS/MS method,
and red pigment (AU/g) was determined using Optical Density (OD) fluorescence. The red pigment
levels, citrinin content, and Monacolin K for the experimental runs in the three-factorial design are
shown in Table 5.

Table 5

Measurement Results of Red Pigment, Monacolin K, and Citrinin Content in Experimental Runs
of the Three-Factorial Study

X1 X2 X3 Y1 Y2 Y3

Run time inoculum size temperature  red pigment Monacolin K citrinin

(days) (%) (°C) (AU/g) (ppm) (ppm)
11 12 6 28 308.6 51.24 -
2.1 20 6 28 381.2 8.66 -
3.1 12 10 28 152.8 12.52 -
4.1 20 10 28 87.6 0.33 -
5.1 12 8 24 141.8 292.32 -
6.1 20 8 24 335.7 42.16 -
7.1 12 8 32 286.7 1.6 -
8.1 20 8 32 346.5 1.33 -
9.1 16 6 24 196.4 259.31 -
10.1 16 10 24 421.7 210.25 -
111 16 6 32 272.2 4.47 -
12.1 16 10 32 451.0 0.01 -
13.1 16 8 28 554.0 3.42 -
14.1 16 8 28 365.9 0.01 -
15.1 16 8 28 428.8 8.46 -

Note. Data analysis results of the research

During the experimental runs, the amounts of red pigment varied from 87.6 to 451 AU/qg,
and the concentration of Monacolin K ranged from 0 to 292.32ppm. Run 5.1 produced the
highest result of the three factors examined, with a Monacolin K content of 292.32ppm and a
citrinin content of Oppm. The experiment was conducted at 24°C, with an inoculum size of 8%,
and an incubation period of 12 days, as illustrated in Figure 2.
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Figure 2
Monacolin K and Citrinin Content Study Results Using the LC-MS/MS Method
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Note. Data analysis results of the research

The graphic illustrates how the LC-MS/MS approach was used to simultaneously detect
the presence of citrinin and Monacolin K in a sample. MRM, ESI (+) ionization mode with a
primary ion at 405 m/z was used to identify Monacolin K, and MRM, ESI (—) ionization mode
with a primary ion at 281 m/z was used to detect citrinin. This shows that the analysis of the two
chemicals using the citrinin and Monacolin K standards was practical. The accuracy and
dependability of the analysis are increased when the two chemicals in the sample are detected
simultaneously. Monacolin K is confirmed to be present in the sample by the existence of a peak
at the retention time corresponding to this molecule. The citrinin toxin was not present in the
examined sample, as no peak was observed at the citrinin retention time.

Using JMP 10 software (Stat-Ease, Inc., Minneapolis, MN, USA) and a Design of
Experiments (DOE) algorithm with a Box-Behnken response surface design, an experimental
design was established to optimize the three fermentation conditions for red rice production.
This approach allowed for the evaluation and identification of conditions that maximize red
pigment and Monacolin K content while minimizing citrinin levels. The following equation
describes the second-order mathematical model:

Y=959.688 - 9.5375 X1 - 6.228625 X> - 24.895 X3 3)

Based on the analysis of the three fermentation condition factors-incubation time
(12 - 20 days), inoculum size (06 - 10%), and temperature (24 - 32°C) - the values of red
pigment, Monacolin K content, and citrinin levels were determined. The JMP software was
utilized to analyze the experimental data from the RSM-BBD (Response Surface Methodology
- Box-Behnken Design) study and provide the best methods for optimizing the production of
red pigment and Monacolin K, citrinin, based on the three factors that were examined.
Experiments were conducted three times to validate the model.
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Figure 3
Multi-Factor Data Processing Using JMP Software
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Note. Data analysis results of the research

According to the analysis results shown in Figure 3, the Monacolin K content in the
experimental treatments exhibited a coefficient of determination of R? = 0.95 and p-value
< 0.05. This indicates that the model is statistically significant, with the experimental data points
closely aligning with the predicted curve within the acceptable margin of error. The effects of
the influencing factors on Monacolin K content were also statistically significant, with
temperature and time showing corresponding influence coefficients and p-values < 0.05.

Figure 4
Optimization of Three Conditions for Culturing Red Yeast Rice from the M. purpureus Strain
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Note. Data analysis results of the research

Triplicate analyses showed that the concentration of Monacolin K was 288.44
+ 3.88ppm, while citrinin was not detected. This suggests that the experimental outcomes align
with the hypotheses and predictions formulated in the experimental design. Thus, the optimal
fermentation conditions for the rice substrate are a temperature of 24°C, an inoculum size of
8%, and an incubation period of 12 days.
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3.2. Evaluation results of amylase enzyme inhibition activity

The enzyme a-amylase hydrolyzes starch into simple sugars, also known as reducing
sugars. These reducing sugars react with the DNSA reagent when boiled at high temperatures,
forming a red-orange compound whose intensity is proportional to the amount of sugar
produced. The higher the concentration of the sample, the stronger the inhibition of a-amylase,
which reduces the amount of reducing sugars and, consequently, the measured color intensity.

As a result, the percentage of inhibited a-amylase enzyme increased linearly with the
concentration of Acarbose, with a 5% statistically significant difference. Acarbose’s a-amylase
inhibitory action increases linearly as its concentration grows from 0 to 160 pg/mL.

The correlation coefficient is R?> = 0.9904, and the linear equation for a-amylase
inhibitory activity is y = 0.3475x + 4.2062. The a-amylase inhibitory impact was 38.96% at 100
pg/mL acarbose 1, 64.29% at 160 pg/mL acarbose 1, 70.64% at 200 pug/mL acarbose 1, and
131.78 pg/mL was the IC50 value. Notably, at concentrations of 80 pg/mL and 160 pg/mL,
respectively, the inhibitory activity reaches approximately 44.41% and 90.52%. Based on its
standard curve (y = 0.5548x + 1.5767, R? = 0.9983), the IC50 value of acarbose 2 is 87.28
+ 0.66 pg/mL. The results of the inhibition of a-amylase at different concentrations of red rice
extract and the positive control, Acarbose, are shown in Figure 5 below.

Figure 5
A-Amylase Inhibitory Activity Rice Yeast Red Extract
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Note. Data analysis results of the research

Evaluation of different concentrations of red rice extract was conducted similarly to the
positive control study. The inhibitory effect of fermented rice extract on a-amylase is shown in
Figure 5, indicating that the a-amylase inhibitory activity of red yeast rice extract increases
linearly with concentrations from 0 to 200 pg/mL, ranging from 5.39% to 79.44%. Specifically,
the lowest inhibition rate of 5.39% was recorded at an extract concentration of 12.5 pg/mL. In
contrast, the highest inhibition rate is observed at a sample concentration of 200 pg/mL, with
the extract exhibiting approximately 79.44% inhibitory activity.
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The linear equation of a-amylase inhibitory activity for red rice extract is y = 0.3954x +
2.8031, with a correlation coefficient of R2 = 0.9902, and an IC50 value calculated to be 119.36
ug/mL. The results indicate that red yeast rice is a promising natural source with a-amylase
inhibitory activity, supporting blood glucose control and offering potential for application in
diabetes treatment. With an IC50 value of 119.36 pg/mL against a-amylase, the extract exhibits
moderate inhibitory activity, indicating its potential as a natural agent for postprandial blood
glucose control and its promising application in diabetes management.

4. Discussion

The study optimized the inoculum size of 8%, temperature of 24°C, and an incubation
period of 12 days to increase the Monacolin K content in red yeast rice. The results showed that
the Monacolin K content reached 292.32ppm without detectable citrinin, which was higher than
that of the non-optimal conditions. This result is similar to the study by Gordon et al. (2010).
According to ConsumerLab.com’s analysis of 12 commercial red fermented rice products, the
Monacolin K content varied greatly, from 0.10 to 10.09 mg/tablet. With a 600mg tablet, the
Monacolin K concentration was approximately 167 - 16,817ppm. Many products contained very
low levels of Monacolin K, making it challenging to ensure biological effectiveness.
Additionally, four products were found to contain citrinin, a mycotoxin that is harmful to the
kidneys. This indicates that controlling fermentation conditions plays a crucial role in enhancing
product quality and supporting treatment (Gordon et al., 2010).

Type 2 diabetes is a metabolic disorder primarily caused by an unhealthy lifestyle,
leading to various dangerous complications (Krentz & Bailey, 2005). a-Amylase is an enzyme
found in humans and other mammals capable of hydrolyzing the bonds in a-linked
polysaccharides such as starch, glycogen, and other polysaccharides. This catalytic process
breaks down these bonds to form smaller oligosaccharides, such as maltose and maltotriose. The
a-amylase enzyme breaks down these sugar components further, producing monosaccharides
that move into the bloodstream (Akkarachiyasit et al., 2010; Raghupathi et al., 2012).

Thus, increasing a-amylase inhibition is a way to regulate blood sugar levels and lower
the risk of diabetes in those with type 2 diabetes. Acarbose and other inhibitors have a significant
effect on a-amylase’s efficiency through competitive or non-competitive activities that alter the
binding of the enzyme’s active center to the substrate (Dandekar et al., 2021). Acarbose is
therefore employed as a control in investigations of a-amylase inhibitory activity.

According to the results of the research, red yeast rice has an IC50 value of 119.36
ug/mL and inhibits a-amylase. The increase in the content of active compounds was considered
the primary reason. This confirms the potential application of red yeast rice in supporting blood
sugar control.

5. Conclusion

According to the study results, the optimal fermentation conditions for the rice substrate
are a temperature of 24°C, an inoculum size of 8%, and an incubation period of 12 days,
resulting in a Monacolin K content of 292.32ppm, with citrinin not detected. It can be concluded
that the extract from M. purpureus fermented rice exhibits a-amylase inhibitory activity with an
IC50 value of 119.36 pg/mL. This is the first report documenting the hypoglycemic potential of
M. purpureus Red Yeast Rice isolated in Vietnam. Additionally, this study provides a theoretical
basis for similar future research to identify bioactive compounds in extracts that function as
a-amylase inhibitors in M. purpureus Red Yeast Rice extract. This offers a broader perspective
on natural food with positive potential for use in managing type 2 diabetes.
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