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Abstract
Background and Objective: Red yeast rice (angkak) can be used as therapeutic agents for controlling cholesterol and blood sugar, given
the bioactive compounds contained. The research was aimed to study antioxidant activity, total phenolic and flavonoid contents of crude
ethanol extract of red yeast rice and its fractions using liquid-liquid partition. Materials and Methods: The crude ethanol extract of red
yeast rice was fractionated using organic solvents with different polarity: n-hexane, dichloromethane, ethyl acetate and water. Antioxidant
activity was determined using 1,1-diphenyl-2 picrylhydrazyl (DPPH) and ferric reducing antioxidant power (FRAP). Results: The highest
antioxidant activity was from ethyl acetate fraction with IC50 value of 12.82 mg LG1 and 190.84 mg TEAC gG1 (FRAP method). Total phenolic
and flavonoid  content  were  also  the  highest  in  ethyl  acetate  fraction,  at  66.23  mg  GAE  gG1  and  22.09  mg  QE  gG1,  respectively.
Conclusion: Fractionation of ethanol extract of red yeast rice showed that ethyl acetate fraction had the highest total phenols, flavonoids
and antioxidant activity compared to the crude ethanol extract, n-hexane, dichloromethane and water fraction of red yeast rice.
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INTRODUCTION

Degenerative diseases become the main cause of death
in Indonesia. Generally, degenerative diseases are indicated by
a continuous deterioration of function or structure of cells
which can accumulate over time and lead to damaged tissues
or even organs. One of the main causes of the diseases is the
activity of free radicals in the body. Free radical is defined as a
molecule, atom  or some groups of atoms that has one or
more unpaired electrons in their outer orbital, causing them
to be  unstable free and highly reactive1. Free radicals can
react with macromolecules such as proteins, lipids,
carbohydrates and even nucleic acids and cause oxidative
damage of those macro-molecules. Inability in destroying
excessive free radicals will lead to oxidative stress. This
condition  initiates  the  development  of  degenerative
diseases2,3.

Free radicals are generally involved in a chain reaction, a
series of reactions that regenerate new radicals that can start
a new reaction and results in a continuous formation of
radicals4. Our body elaborates defensive mechanisms against
free radical oxidation to stop the chain reaction. The defense
includes removing free radical catalysts, binding protein with
redox active metal ions, protecting against macromolecule
damage and reducing free radicals by donating electrons2.
These mechanisms are accounted by the presence of
antioxidants, any substance that, when present at low
concentrations compared to those of an oxidizable substrate,
significantly delays or inhibits oxidation of that substrate1.

Human body produces several types of endogenous
antioxidants. However, the defensive mechanisms will be
disturbed when excessive free radicals are formed, leading to
sickness. The production of endogenous antioxidants declines
as people age. Meanwhile, modern lifestyle is often
considered unhealthy and promotes the formation of free
radicals in the body. Therefore, exogenous antioxidants are
important to suffice the needs for anti-oxidants2.

Red yeast rice can be a source for exogenous antioxidant.
Red yeast rice is rice fermented by Monascus purpureus 
yeast5. It has been long used as red colorant for food, meat
and fish preservative6, an anti-hypertensive, hypo-
cholesterolaemic, anti-microbial, anti-oxidative and anti
carcinogenetic agent7.

Rajasekaran and Kalaivani8 reported that red yeast rice is
potential as antioxidant with a high in vitro activity of
13921±23 µmol trolox gG1. Tisnadjaja and Bustanussalam9

found that ethanol extract of red yeast rice had antioxidant
activity with IC50 value of 111.10 mg LG1.

Aniya et al.10 performed screening on 40 different species
of yeast, including Monascus  (31), Aspergillus (8) and
Rhizopus  (1). They revealed that 13 species of Monascus  and
3 species of Aspergillus  had inhibitory activity against DPPH
radicals by >40% with Monascus anka  or Monascus purpureus
showing the highest activity10. The compounds in red yeast
rice that can act as antioxidant are dimerumic acid11,
dihydromonacolin-MV, γ-aminobutyric acid (GABA), ankaflavin
and monascin12.

Fermentation of soy by Monascus increased the
antioxidant activity (Fe ion reduction, DPPH radical
scavenging, Fe ion chelating) which was correlated with the
total phenolic content13,14. Meanwhile, Hasim et al.15 reported
that after fermentation by Bacillus subtilis natto, both
genistein and daidzein concentration in black soybean
increased up to 8 times as much as those in the raw one. The
study proved that fermentation by Bacillus subtilis natto
improves genistein and daidzein content in black soybean
varieties detam 2. This occurred as fermentation transforms
isoflavones in their glycosides form to aglycones.

Several studies on antioxidant compounds of red yeast
rice extract have been done. However the antioxidant activity
of its fractionation products remain unknown. Fractionation
can be used to separate bioactive compounds in an extract
based on their polarity to obtain purer compounds16. This
study aimed to determine the antioxidant activity as well as
total phenolic and flavonoid content of red yeast extract and
its fractionation products.

MATERIALS AND METHODS

Place and time: This study was conducted in Biopharmaca
Research Center and Research Laboratory of Biochemistry
Department, Bogor Agricultural University. This research was 
implemented gradually from January-August, 2016.

Preparation of red yeast rice samples: Sample was oven
dried, 100 g of red yeast rice (Bogor, Indonesia) was put in an
oven (NDO-700, Eyela, Japan) at 50EC for 6 h, followed by
grinding and sieving with 40 mesh sieve17,18.

Extraction of red yeast rice: The extraction was done by
maceration. Red yeast rice (20 g) was mixed with ethanol 95%
(Merck,  Germany)  (400  mL).   The  mixture  was  macerated
at   110   rpm   for   2   h   and   filtered   with   filter   paper
(Whatman, Merck, Germany). The extraction was repeated on
the residue at the same speed and duration. The filtrate was
concentrated with rotary evaporator (N-1300S-W, Eyela,
Japan) to obtain crude extract of red yeast rice19.
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Fractionation of ethanol extract by liquid-liquid partition:
The crude ethanol extract of red yeast rice obtained from the
previous step was fractionated based on their polarity. The
fractionation was performed by liquid-liquid extraction with
n-hexane (T and T chemical, Indonesia), dichloromethane
(Jinan  Shijitongda  Chemical  Co,  Ltd.,  China),  ethyl  acetate
(Dwi Prima Jaya Ltd., Indonesia) and water as solvent. The first
fractionation  was  done by dissolving ethanol extract of the
red yeast rice (0.5 g) in n-hexane:water (1:1). The mixture was
let to separate in a separating funnel for 30 min until two
distinct layers  were  formed,  namely  n-hexane  and  water 
layer.  The n-hexane layer was separated from water layer and
stored as n-hexane fraction. The water layer was again
fractionated by adding dichloromethane to obtain
dichloromethane and water layer. Dichloromethane layer was
collected and stored as dichloromethane fraction. Further
fractionation was performed to the water layer with ethyl
acetate to obtain ethyl acetate and water fraction. The
fractionation was performed three times for each solvent. The
n-hexane, dichloromethane, ethyl acetate and water fraction
were concentrated with rotary evaporator at 50EC and stored20

at 4EC.

Determination of antioxidant activity with DPPH method:
Each red yeast rice extract (750 µL) from the fractionation
process was mixed with DPPH solution 152 µM in methanol
(750 µL) and incubated at 37EC for 20 min. The absorbance
was     measured     with     spectrophotometer     UV-Vis
(Genesys 10UV, Thermo scientific-USA) at 517 nm. The analysis
was done in triplicate. The percentage of inhibition was
determined as follow21:

blank sample

blank

A A
Inhibition (%) 100

A

   

where, Ablank was absorbance of control (containing all
reagents without sample) and Asample was absorbance of
samples. The IC50 (concentration of 50% inhibition) was
determined from linear regression of the inhibition (%).

Determination of antioxidant activity with ferric reducing
antioxidant power method22,23: Ferric reducing antioxidant
power   (FRAP)   reagent   consisted   of   acetate   buffer
(Sigma-Aldrich, St.Louis, MO, USA) solution 300 mM (pH 3.6),
2,4,6-tripydyl-s-triazine (Sigma-Aldrich, St.Louis, MO, USA)
(TPTZ) solution 10 mM in HCl, 40 mM and FeCl3.6H2O 20 mM.
FRAP reagent was prepared by mixing acetate buffer (25 mL),
TPTZ solution (2.5 mL) and FeCl3.6H2O solution (2.5 mL). The

solutions were mixed shortly before the analysis and
incubated at 37EC for 30 min. Trolox was used as standard
solution. Sample (10 µL) was then added with FRAP reagent
(990 µL), homogenized and incubated at room temperature
for 4 min. The absorbance was measured at 593 nm with
spectrophotometer UV-Vis. The concentration value of sample
was calculated by putting the absorbance value into the line
equation at trolox standard curve.

Determination of total phenolic content: Total phenolic
content was determined with Folin Ciocalteu method referring
to study by Vongsak et al.21. Sample at 1000 µg mLG1 (200 µL)
was mixed with Folin Ciocalteu (Merck, Germany) 10% reagent
(500 µL) and NaHCO3 (Merck, Germany) 7.5% (800 µL) and
incubated at room temperature for 30 min. The absorbance
was measured at 765 nm with spectrophotometer UV-Vis.
Gallic   acid   (JT   Baker   Chemical   Co,   USA)   was   used   as
standard to make standard curve. Total phenolic content of
the   sample   was   expressed   as   mg   gallic   acid/g   extract
(mg GAE gG1 extract).

Determination of total flavonoid content: Total flavonoid
content  was  determined  according  to  Vongsak  et  al.21.
Sample  at  1000  µg  mLG1  (500  µL)  was  mixed  with  AlCl3
(Merck, Germany) 2% (500 µL) and incubated at room
temperature  for  30  min.  The  absorbance  was  measured  at
415 nm with spectrophotometer UV-Vis. Blank solution
containing sample without the addition of AlCl3 2% was
treated the same as samples. Quercetin (Sigma-Aldrich, USA)
was used as standard for calibration curve. Total flavonoid
content was expressed as mg QE gG1 extract.

Statistical analysis: All measurements were conducted 3
times. Data were presented as means with their standard
deviations (SD). Data analysis was done using mean value
comparison analysis. Comparative analysis of mean values was
performed by one-way ANOVA followed by least significant
difference (LSD) test using the Statistical Product and Service
Solutions   (SPSS)   software   version   21   (SPSS   Ltd.,   USA).
A p-value <0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Total phenolic content: The phytochemical screening
performed by Ismail et al.24 showed that crude extract of red
yeast rice positively contained several active compound such
as flavonoid, saponin and alkaloid, potentially as antioxidant.
Flavonoid and saponin belong to phenolic group which were
capable of scavenging free radicals.
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Fig. 1: Total phenolic content of red yeast rice extract and its fractions
Values are means with their standard deviations represented by vertical bars. The values followed by different superscript letters show significant differences
(p<0.05)

Fig. 2: Total flavonoid content of red yeast rice extract and its fractions
Values are means with their standard deviations represented by vertical bars. The values followed by different superscript letters show significant differences
(p<0.05)

Total phenolic contents of each extract and fraction of red
yeast rice were presented on Fig. 1. The value was expressed
as mg of gallic acid equivalent (GAE)/g (mg GAE gG1). The
highest  phenolic  content  was  found  in ethyl acetate
fraction and dichloromethane fraction, while the lowest was
in n-hexane fraction.

Total phenolic content in red yeast rice was the highest in
ethyl acetate, followed by in dichloromethane, ethanol extract,
water and n-hexane fraction respectively. It indicated that
phenolic compound in red yeast rice is more soluble in semi
polar solvents such as ethyl acetate and dichloromethane.
Aniya et al.11 stated that the phenolic compound in red yeast
rice is dimerumic acid which is polar and easily dissolves in
polar and semi polar solvents, but not in the nonpolar ones.
This also explains why n-hexane fraction had the lowest total
phenolic content.

The total phenolic content of red yeast rice ranged from
5.17-66.23 mg GAE gG1. This range was higher than that found
by Yeap et al.25, which was 0.81-16.20 mg GAE gG1. The
difference in total phenolic content between the two studies
was accounted to the type of solvent used during extraction.
Additionally, fractionation process in present study could
increase the purity and concentration of phenolic compound
of the samples.

Total flavonoid content: Total flavonoid content was
expressed as mg of quercetin equivalent in gram (mg QE gG1).
Total flavonoid of the extract and fractions of red yeast rice
were presented on Fig. 2. The highest total flavonoid was
found in dichloromethane fraction while the lowest was in the
water fraction. Flavonoid compound was not even detected
in the water fraction of red yeast rice.
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Fig. 3: IC50 of red yeast rice extract and its fractions
Values are means with their standard deviations represented by vertical bars. The values followed by different superscript letters show significant differences
(p<0.05)

The total flavonoid in red yeast rice was the highest in
ethyl  acetate  fraction  followed  by  that  in  dichloromethane,
n-hexane, ethanol extract and water fraction, respectively.
Pigments in red yeast rice are yellow (monascin and
ankaflavin), pink (monascurbin and rubropunctatin) and red
pigment  (monascorubrin  dan  rubropunctamine)26.  The
pigments contain anthocyanin of flavonoid group that makes
red yeast rice potential as antioxidant source. Anthocyanin has
a polar structure that helps them dissolve easily in polar and
semi polar solvents27.

Total flavonoid in each fraction of red yeast rice was
within the range of 0-22.09 mg QE gG1. Meanwhile, that of
other  fermentation  products,  such  as  cheese  was  around
1.8-7.7    mg    QE    gG1,    fermented    soy    products    around
1.9     mg     QE     gG1,     fermented     macroalgae     around
11.55-21.48  mg  QE  gG1  28-30. This  result  showed  how  red
yeast rice contains higher total flavonoid than those three
fermentation products.

Antioxidant activity of red yeast rice: The antioxidant activity
was expressed in IC50. Ethyl acetate fraction showed the
highest antioxidant activity with IC50 value of 12.82 mg LG1,
while n-hexane fraction had the lowest one with IC50 value of
132.08 mg LG1 (Fig. 3).

The IC50 value of ethyl acetate fraction (12.82 mg LG1) was
higher  than  that  of  vitamin  C  (5.47  mg  LG1).  According  to
Jun et al.31, antioxidant activity was considered as strong when
the IC50 value is <50 ppm, active when it is 50-100 ppm,
moderate when it is 101-250 ppm, weak when it is 250-500
ppm and not active when it is >500 ppm. Ethyl acetat fraction
had strong activity as its IC50 values was less than 50 ppm.
Kwon32 reported that ethyl acetate extract of red yeast rice

showed a high activity with IC50 (0.13 mg LG1). Therefore, water
and dichloromethane fraction demonstrated an active
antioxidant activity, while n-hexane fraction, with the lowest
antioxidant activity showed a moderate one.

Crude ethanol extract of red yeast rice with IC50 value of
35.37 mg LG1 was also considered having strong antioxidant
activity. Tisnadjaja and Bustanussalam9 found that ethanol
extract of red yeast rice had moderate antioxidant activity with
IC50 value of 111.10 mg LG1. The extraction was performed by
reflux with ethanol without any fractionation process. In this
study, process extraction used maceration method.

Antioxidant activity of red yeast rice extract and fractions
with FRAP method were presented in Fig. 4. Ethyl acetate
fraction had the highest antioxidant activity while water
fraction had the weakest antioxidant activity. Ethyl acetate
fractionation  had  the  highest  antioxidant  activity  in  both
FRAP and DPPH methods. The main red pigments in red yeast
rice were anthocyanin monascurbin and monascoflavin33.
Anthocyanins  belong  to  flavonoid  group  and  act  as
antioxidant34.

It was because most of secondary metabolites, including
antioxidants, are semi-polar that they are more readily soluble
in semi-polar solvents, such as ethyl acetate and
dichloromethane. Additionally, Tanaya et al.35 stated that ethyl
acetate as solvent could dissolve compounds from flavonoid,
triterpenoid  and  tannin  group.  Meanwhile,  steroids,
quinone and terpenoids are more commonly found in
dichloromethane36. Each fraction of red yeast rice had
antioxidant activity of 31.63-190.84 mg TE gG1. Ethyl acetate
fraction showed the highest ability in reducing Fe ion and
scavenging DPPH radicals of all fractions. This fraction was also
the highest in total phenolic  and  flavonoid  content.  Studies
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Fig. 4: Antioxidant activity of red yeast rice extract and its fractions with FRAP method
Values are means with their standard deviations represented by vertical bars. The values followed by different superscript letters show significant differences
(p<0.05)

demonstrated positive correlation between antioxidant
activity and total phenol and flavonoids. Strong correlation
between them was found in broccoli37, chili, mung bean,
snaps, spinach38 and sweet potato39. The increasing
antioxidant activity proportional to total phenolic and
flavonoid content suggests that phenolic compounds are
responsible for the antioxidant activity of food.

CONCLUSION

Fractionation of ethanol extract of red yeast rice showed
that ethyl acetate fraction had the highest total phenols,
flavonoids and antioxidant activity compared to the crude
ethanol extract, n-hexane, dichloromethane and water
fraction of red yeast rice. There is a correlation between
antioxidant activity and total phenol and flavonoids.

SIGNIFICANCE STATEMENT

The study was conducted to evaluate the antioxidant
activity as well as total phenolic and flavonoid contents of
each fraction of crude ethanol extract of red yeast rice. It was
found that the highest antioxidant activity was significantly
demonstrated by the ethyl acetate fraction of red yeast rice
extract. In line with its antioxidant activity, that fraction also
gave the highest levels of total phenolic and flavonoids
compared to other fractions. The study result provides
information about the best solvent for red yeast rice extraction
related to antioxidant studies, that is semi-polar solvents
especially ethyl acetate. This information will assist the
researchers on performing the isolation and purification of
certain antioxidant compound in red yeast rice and also the
antioxidant activity test in vivo.
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