
276

Document heading            doi: 10.12980/JCLM.3.2015JCLM-2015-0007                        ©2015 by the Journal of Coastal Life Medicine. All rights reserved.

Effect of fermentation with Monascus pilosus on the antioxidant activities and phenolic acid contents of 
adzuki bean (Vigna angularis) 

Jinhua Cheng1,3#, Sung-Kwon Lee1#, Sasikumar Arunachalam Palaniyandi1,2, Joo-Won Suh1,3*, Seung Hwan Yang1,2*

1Center for Nutraceutical and Pharmaceutical Materials, Myongji University, Cheoin-gu, Yongin, Gyeonggi-Do 449-728, Korea

2Interdisciplinary Program of Biomodulation, Myongji University, Cheoin-gu, Yongin, Gyeonggi-Do 449-728, Korea

3Division of Bioscience and Bioinformatics, College of Natural Science, Myongji University, Cheoin-gu, Yongin, Gyeonggi-Do 449-728, Korea

Journal of Coastal Life Medicine 2015; 3(4): 276-283

Journal of Coastal Life Medicine

    *Corresponding authors: Joo-Won Suh, Center for Nutraceutical and 

Pharmaceutical Materials, Myongji University, Cheoin-gu, Yongin, Gyeonggi-Do 

449-728, Korea.

       E-mail: jwsuh@mju.ac.kr

     Seung Hwan Yang, Center for Nutraceutical and Pharmaceutical Materials, 

Myongji University, Cheoin-gu, Yongin, Gyeonggi-Do 449-728, Korea.

      E-mail: ymichigan@mju.ac.kr

     #These authors equally contributed to this work.

      Foundation project: Supported by a grant from the Next-Generation BioGreen 21 

Program (No.PJ009517), Rural Development Administration, Republic of Korea.

1. Introduction

   The oxidation induced by reactive oxygen species (ROS) can result 

in cell membrane disintegration, membrane protein damage and DNA 

mutation, which can further initiate or propagate the development 

of many diseases, such as cancer, liver injury, and cardiovascular 

disorders[1]. Although there are defense mechanisms in the body 

to arrest the damaging properties of ROS, continuous exposure to 

pollutants may lead to the accumulation of large amounts of free 

radicals in the body, and cause irreversible oxidative damage[2]. 

Dietary compounds (i.e. vitamin C, vitamin E, phenolic compounds, 

and carotenoids), which are present in fruits, grains, vegetables, 

and legumes, reduce oxidative damages with its radical scavenging 

activities. Previous studies have reported beneficial effects of dietary 

antioxidant compounds on the oxidative stress-induced diseases[3,4].

   Vigna angularis (V. angularis), also known as adzuki bean 

or small red beans, belongs to the plant family Fabaceae and 

has been widely cultivated in South Korea, China, Taiwan, and 

Japan. In the Orient, adzuki bean is a popular ingredient to make 

confections with its sweet flavor[5]. Adzuki bean is a rich source of 

phenolic compounds, including anthocyanin and other catechins, 
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carbohydrates, proteins, and vitamins[6,7].

   The fungi of the genera Monascus, have been used for food 

fermentation especially to make red yeast rice in China for centuries, 

and the Monascus fermentation is performed mainly by Monascus 

pilosus (M. pilosus), Monascus purpureus, and Monascus anka. 

Recent clinical observations revealed that red yeast rice has the 

ability to lower blood-lipid levels and cholesterol concentrations[8,9]. 

Monascus species were reported to produce diverse secondary 

metabolites with biological functions, including a group of pigments, 

anti-hypercholesterolemic agent (monacolin K), hypotensive agent 

(γ-aminobutyric acid), antioxidant compounds including dimerumic 

acid and antibacterial compounds[10]. In recent studies, other food 

materials (i.e. soybean and dioscorea) have also been fermented 

with Monascus, and the level of monacolin K and the antioxidant 

capacities were highly increased[11,12]. However, despite reports on 

the health benefits of adzuki bean[13-16], the effects of fermentation 

by Monascus on adzuki bean have not been studied yet.

   Here, we report for the first time the increase of physiologically active 

substances in adzuki bean via fermentation with M. pilosus KCCM 

60084 and the optimization of adzuki bean fermentation conditions. To 

investigate antioxidant properties of Monascus-fermented adzuki bean 

(MFAB), 1,1-diphenyl-2-picrylhydrazyl freeradical (DPPH●) scavenging 

assay and 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) 

(ABTS) radical scavenging assay, ferrousion-chelating assay, nitro oxide 

scavenging, and reducing power assay were conducted. The contents of 

monacolin K and bound phenolic acids in the MFAB were determined 

by high performance liquid chromatography (HPLC), and the changes 

of total polyphenols and total flavonoids were also measured.

2. Materials and methods

2.1. Sample material and preparation of cultures

   Adzuki bean, which is harvested in the Republic of Korea in 2013, 

was used for this study. M. pilosus KCCM 60084 was obtained from 

the Korean Culture Center of Microorganisms (KCCM) and used as 

inoculum. To prepare stock cultures, M. pilosus KCCM 60084 was grown 

for 7 days on potato dextrose agar (Difco Laboratories, Detroit, MI) at 

25 °C, and the spores were collected and washed in sterile saline solution 

and diluted to obtain a spore suspension of 1伊107 spores/mL.

2.2. Solid state fermentations

   Adzuki bean was washed with tap water, and then soaked in distilled 

water for 16 h. After removing water, adzuki bean was ground slightly 

to disrupt the seed coat. Each 100 g of adzuki bean was put into a 1 

L flask and sealed with cotton stuff, and then autoclaved. After being 

cooled, the substrate was inoculated with spore suspension (1伊107 

spores/mL) in a 1%, 2%, 5%, and 10% (v/w). The inoculated substrate 

was fermented at 25 °C for 15 d.

2.3. Sample extraction

   The MFAB was dried at 60 °C for 18 h. Each 1 g of ground adzuki 

bean and ground MFAB was extracted with 10 mL of 70% ethanol at 

room temperature with occasional shaking for 24 h. The extract was 

centrifuged at 4 000 r/min and 25 °C for 15 min, and the supernatant 

was filtered through polytetrafluoroethylene filter (0.45 µm).

2.4. Proximate composition analysis of MFAB

   Proximate composition of MFAB and non-fermented adzuki bean 

(NFAB) were determined according to the methods of AOAC[17]. The 

parameters determined include: moisture, crude protein, crude fiber, 

lipids, and ash content.

2.5. Determination of monacolin K contents

   Pure monacolin K was obtained from Sigma (St. Louis, MO, USA) 

and dissolved in methanol to prepare the standard curve. Monacolin 

K was determined according to the methods of Friedrich and others 

with slight modifications[18]. Analysis was performed using a 

Hypersil ODS column (Agilent technologies 250 mm伊4.0 mm inner 

diameter: 5 µm) connected to binary HPLC pump (Waters 1525) set 

at a flow rate of 1.0 mL per min. The photodiode array detector was 

set to 238 nm. The mobile phase consisted of water (pH adjusted to 

2.5 with H3PO4)/acetonitrile/isopropanol (55:35:10, v:v:v) (solution 

A) and 100% acetonitrile (solution B), running at a ratio of 50:50 

(v:v) for 20 min. Twenty microliters of extract was directly injected 

into the HPLC system and analyzed. The content of monacolin K was 

expressed as µg of monacolin K per g of dry weight (dw).

2.6. Determination of total phenolic content

   The total phenolic content of the extract was determined using the 

Folin-Ciocalteu reagent. The extract (1 mL) was mixed with 1 mL of 

20% Folin-Ciocalteau reagent and 1 mL of 10% sodium carbonate 

solution, and allowed to stand at room temperature for 1 h. The 

absorbance of the solution was measure at 570 nm by using a microplate 

reader (Tecan, infinite pro2000). The total phenolic contents were 

expressed as gallic acid equivalents (GAE) per mL of the extract[19].

2.7. Determination of total flavonoid content

   Total flavonoid content of extract was determined using a modified 

method of Park and others[20]. The extract (1 mL) was added to a test 

tube containing 0.1 mL of 10% aluminum nitrate, 0.1 mL of 1 mol/L 

potassium acetate, and 4.3 mL of ethanol and the mixture was allowed 

to react for 30 min. The absorbance was measured at 415 nm by using a 

microplate reader (Tecan, infinite pro2000). The total flavonoid contents 

were expressed as quercetin equivalents (QE) per mL of the extract.
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2.8. Determination of bound and free phenolic acid contents

   Non-fermented and MFAB samples were analyzed for bound 

phenolic acids. The bound and free phenolic acids were extracted 

from 1.0 g of NFAB and MFAB according to the previous report[21]. 

Phenolic acids (caffeic acid, p-coumaric acid, ferulic acid, and 

sinapic acid) contents of the extract was analyzed using HPLC 

according to the previous report[22]. A reverse-phase column (YMC-

Pack ODS-A. 250 mm伊4.6 mm. 5 µm particle size; YMC, Japan) was 

used as a stationary phase. The injection volume was 20 µL. Photo 

diode array detector detection was performed between 210 and 325 

nm. Standard compounds for analysis were obtained from Sigma (St. 

Louis, MO).

2.9. Determination of antioxidant activities

2.9.1. Ferric reducing antioxidant power

   Ferric reducing antioxidant power of the extract was determined 

according to the modified method of Oyaizu[23]. A 2.5 mL of extract 

(0.25, 0.5, 1.0, and 2.0 mg/mL) was mixed with 2.5 mL of 200 mM 

sodium phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium 

ferricyanide, and the mixture was incubated at 50 °C for 20 min. 

Then 2.5 mL of 10% trichloroacetic acid (w/v) was added, and the 

mixture was centrifuged at 4 000 r/min for 10 min. The 5 mL of 

upper layer was taken, and mixed with 5 mL of deionized water and 

1 mL of 0.1% ferric chloride. Then the absorbance was measured at 

700 nm using a microplate reader (Tecan, infinite pro2000). Higher 

absorbance values of the mixtures indicate higher reducing power.

2.9.2. ABTS
●+ radical scavenging activity

   ABTS●+ radical scavenging activity of the extracts was determined 

according to the modified method of Zhishen and others[24]. The 

ABTS●+ was produced by reacting 7 mmol/L ABTS stock solution 

with 2.45 mmol/L potassium persulfate and allowing the mixture to 

stand for 16 h at room temperature in the dark. The ABTS●+ solution 

was diluted with water to obtain an absorbance of 0.70±0.02 at 734 

nm. A 10 µL of the different concentrations of extract (0.25, 0.5, 1.0, 

and 2.0 mg/mL)was added to 1 mL of a diluted ABTS●+ solution, and 

the mixture was incubated at room temperature for 30 min in the 

dark. The absorbance was measured at 734 nm using a microplate 

reader (Tecan, infinite pro2000). ABTS●+ radical scavenging 

capacity was calculated using the following formula: ABTS●+ 

radical scavenging activity (%)=[(A0 - As)/A0)]伊100, where A0 is the 

absorbance of control (blank) and As is the absorbance of the sample 

extract.

2.9.3. Ferrous (Fe2+) ion chelating activity

   Ferrous ion chelating activity of the extracts was measured 

according to the modified method of Gülçin and others[25]. Hundred 

microliters of 2 mmol/L FeCl2 was added to 1 mL of the different 

concentrations of extract (0.25, 0.5, 1.0, and 2.0 mg/mL) extract 

and mixed well. The reaction was initiated with 0.2 mL of 5 mmol/

L ferrozine solution and incubated at room temperature for 10 min. 

The absorbance of the solution was measured at 562 nm. The results 

were expressed as the percentage inhibition of the ferrozine-Fe2+ 

complex formation and it was calculated using the same formula 

used to determine ABTS●+ scavenging activity.

2.9.4. DPPH● radical scavenging activity

   DPPH● radical scavenging assay was conducted according to the 

method of Diaz and others[26]. A 50 µL volume of the different 

concentrations of extract (0.25, 0.5, 1.0, and 2.0 mg/mL) was added 

to 200 µL of 100 mmol/L DPPH solution and mixed well, and then 

allowed to react at room temperature in the dark for 30 min. The 

absorbance was measured at 517 nm using a microplate reader (Tecan, 

infinite pro2000). DPPH● scavenging activity was determined using the 

same equation used to calculate ABTS●+ scavenging activity.

2.9.5. Nitric oxide (NO) scavenging activity
   The scavenging activity of the extracts on NO was measured 

according to the method of Marcocci and others[27]. A 50 µL volume 

of the different (0.25, 0.5, 1.0 and 2.0 mg/mL) was mixed with 1 mL 

of sodium nitroprusside (5 mmol/L) and the mixture was incubated 

at 25 °C for 3 h. After the incubation, 50 µL of Griess reagent (1% 

sulphanilamide, 2% phosphoric acid, and 0.1% of napthylene 

diaminedihydrochloride) was added to the sample mixture. The 

absorbance of the sample mixture was measured at 540 nm and 

referred to the absorbance of standard solutions of sodium nitrite salt 

treated in the same way with Griess reagent. The NO scavenging 

activity was determined using the same equation to calculate ABTS●+ 

scavenging activity.

2.10. Statistical analysis

   All data are presented as mean±SD and analyzed by Sigmaplot 

(version 12.5). One-way analysis of variance was performed by 

ANOVA procedures. Significant differences between means were 

determined by student’s t-test. A P-value of less 0.01 was considered 

as significant.

3. Results

3.1. Optimization of adzuki bean fermentation with M. pilosus

   In order to identify the most effective inoculum size for the 

fermentation of adzuki bean, the fermentation was performed with 

four different inoculum size (1%, 2%, 5%, and 10% v/w) for 15 

d, and the monacolin K contents was determined. The production 

of monacolin K was analyzed from day 6 of fermentation (Figure 

1). On day 6, the 10% inocula showed the highest monacolin K 
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production (223.43 µg/g dw, 250.22 µg/g dw, 305.04 µg/g dw, 

and 457.01 µg/g dw at 1%, 2%, 5%, and 10% inoculum density, 

respectively). However, at the end of fermentation (day 15), the 

highest monacolin K production was observed in the 5% inocula 

(1 200.42 µg/g dw, 1 577.03 µg/g dw, 1 650.00 µg/g dw, 1 500.33 µg/

g dw at 1%, 2%, 5%, and 10% inoculum density, respectively).
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Figure 1. Monacolin K production by M. pilosus during fermentation of 
adzuki bean with different inoculum size. 
Results are mean±SD of triplicate independent experiments (P<0.01; One-
way ANOVA and student’s t-test).

3.2. Determination of the proximate composition of adzuki 

bean before and after fermentation

   The proximate compositions of adzuki bean that was fermented 

with M. pilosus for 15 d is shown in Table 1. The content of 

carbohydrate of MFAB had decreased 16% and the content of 

crude protein was increased 26% compared to the NFAB. The 

content of crude lipid and crude fiber had increased 5.5% and 78%, 

respectively, compared with NFAB. The ash content was not changed 

significantly (P<0.01).

Table 1
Proximate composition of adzuki bean and its fermented product (g/100g).

Constituents NFAB MFAB

Carbohydrate 65.00±5.20a 54.50±5.24b

Crude protein 23.31±1.31c 29.34±5.20d

Crude lipid  1.83±0.30e   1.93±0.21e

Crude fiber  5.63±0.33f   9.92±0.20g

Ash  4.30±0.21h   4.33±0.20h

Values are the mean±SD of triplicate independent experiments; *: Different 
letters in the same row mean significant differences (P<0.01); **: The same 
letter in the same row indicates not significantly different (P<0.01).

3.3. Effect of fermentation by M. pilosus on the contents of 

total phenolics and total flavonoids

   The amount of total phenolics of NFAB and MFAB was 

(595.23±4.80) µg GAE/mL extractand (911.02±31.74) µg GAE/

mL extract, respectively (Figures 2a and 2b). The amount of total 

flavonoids of NFAB and MFAB was 1.32 mg QE/mL extract and 1.80 

mg QE/mL extract, respectively.
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Figure 2. Total phenolic contents and total flavonoid contents of MFAB and 
NFAB at different concentrations (0.25-2.0 mg/mL). A: Total phenolic contents 
of NFAB and MFAB; B: Total flavonoid content of NFAB and MFAB.
Data are expressed as mean±SD of triplicate independent experiments (*P< 
0.01, One-way ANOVA and student’s t-test).

3.4. Changes in phenolic acid content after fermentation by 

M. pilosus

   The results of the phenolic acid content analysis in the adzuki 

bean extracts are presented in Table 2. p-coumaric acid was found to 

be the major bound and free phenolic acid in the NFAB and caffeic 

acid was not detected both in NFAB and MFAB. After fermentation, 

bound form of p-coumaric acid was significantly decreased (P<0.01)

by 1.9-fold (from 0.41 to 0.22 µg/mg extract), and the contents of 

bound form of ferulic and sinapic acids was significantly increased 

(P<0.01) by 28- (from 0.12 to 3.36 µg/mg extract) and 1.7-fold 

(from 0.06 to 0.10 µg/mg extract), respectively. The contents of 

free form of p-coumaric, ferulic, and sinapic acids was significantly 

increased (P<0.01) by 2.6- (from 0.81 to 2.10 µg/mg extract), 5.2- 

(from 0.53 to 2.80 µg/mg extract), and 7.2-fold (from 0.05 to 0.36 

µg/mg extract), respectively, by Monascus-fermentation.

Table 2
Determination of bound and free phenolic acid content of non-fermented 
and MFAB extract (µg/mg extract).

Sample p-coumaric acid Ferulic acid Sinapic acid

Bound Free Bound Free Bound Free

NFAB 0.41±0.01a 0.81±0.01c 0.12±0.00e 0.53±0.00g 0.06±0.00i 0.05±0.00k

MFAB 0.22±0.00b 2.10±0.01d 3.36±0.00f 2.78±0.05h 0.10±0.00j 0.36±0.04l

Values are the mean±SD of triplicate independent experiments; *: Different letters in 

the same column mean significant differences (P<0.01).

3.5. DPPH● radical scavenging activity

   DPPH is stable organic radical and the DPPH● radical scavenging 

capacity of biological reagents can be expressed as its magnitude 

of antioxidant activity[28]. Antiradical activities of MFAB and NFAB 

were determined by using DPPH● and the results are presented as 

percent inhibition of DPPH activity (Figure 3A). The DPPH● radical 

scavenging activity was significantly increased in dose dependent 

manner, and 2.0 mg/mL of MFAB extract showed 2.2-fold increase in 

(P<0.01) DPPH● radical scavenging activity compared with the same 

concentration of NFAB extract. The IC50 value of MFAB for DPPH● 

radicals was found to be 0.6 mg/mL.
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3.6. Ferrous (Fe2+) ion chelating activity

   The transition metal ions can allow the formation of many radicals 

with its ability to move single electrons, and the previous reports 

proposed that the transition metal ions contribute to the production of 

ROS that causes oxidative damage and ultimately neurodegenerative 

disorders[29]. The most effective strategy to reduce ROS generation is 

chelation of the metal ions. To determine the capacity of metal ion-

chelating ability of MFAB, ferrous ion-chelating assay was performed 

(Figure 3B). The ion-chelating capacity was significantly increased 

with increasing concentrations of extract, and 2.0 mg/mL of MFAB 

extract displayed 1.7-fold increase (P<0.01) in ion-chelating activity 

compared with the same concentrations of NFAB extract.The IC50 

value of MFAB for ion-chelating activity was found to be 3 mg/mL.

3.7. Ferric (Fe3+) reducing antioxidant power

   The electron-donating ability is one of antioxidative mechanism 

of antioxidant reagents and the antioxidant capacity of reducing 

reagents can be measured by the conversion of the Fe3+/ferricyanide 

complex to the ferrous form[30,31]. The reducing capacity of MFAB 

was determined by potassium ferricyanide reduction assay. The ferric 

antioxidant reducing activities of NFAB and MFAB were increased 

in dose dependent manner (Figure 3C) and that of 2.0 mg/mL MFAB 

was 1.8-fold higher (P<0.01) compared with 2.0 mg/mL NFAB.

3.8. ABTS
●+ radical scavenging activity

   ABTS●+radical scavenging assay is frequently used to measure the 
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Figure 3. Antioxidant activities of MFAB and NFAB at different concentrations (0.25-2.0 mg/mL). A: DPPH● radical scavenging activity; B: Ferrous ion 
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antioxidant capacities of foods[32]. ABTS●+, which is the stable cation 

radical, is generated by oxidation of ABTS with potassium persulfate 

and is reduced by hydrogen-donation antioxidants[33]. Figure 3D 

presents that the ABTS●+scavenging ability of adzuki bean was not 

changed significantly (P<0.01) after fermentation with M. pilosus.

3.9. NO scavenging activity

   NO has been implicated in diverse physiological processes such 

as regulation of cell growth, differentiation, and apoptosis, and 

modulation of blood pressure[34]. However, abnormally high level 

of NO could cause various diseases such as sepsis and hepatic 

failure[35]. The previous studies have shown that natural antioxidants 

effectively decrease the level of NO, and polyphenols from dietary 

fruits, vegetables, and herbs generally have the potent NO scavenging 

activities[36,37]. Figure 3E shows that NO scavenging activities of 

NFAB and MFAB are increasing in dose dependent manner, and 

MFAB displays 1.2-fold increased (P<0.01) NO scavenging activity 

at 2.0 mg/mL compared with NFAB. The IC50 value of MFAB for NO 

scavenging activity was found to be 0.07 mg/mL.

4. Discussion

   The purpose of this study was to enhance the physiological activities 

of adzuki bean (V. angularis) via fermentation with M. pilosus. 

Because adzuki bean contains rich amount of phenolic compounds 

and other bioactive compounds[6,7], it shows various physiological 

functions, such as anticancer, antioxidant, anti-obesity[13-16]. The edible 

fungi Monascus have been used to ferment rice, soybean, adlay, and 

dioscorea, and the previous studies reported that the fermentation of 

food materials by Monascus increases the contents of physiological 

active compounds, such as phenolic acids, γ-aminobutyric acid, free 

amino acids, isoflavone aglycones[38]. Moreover, because the genus of 

Monascus produce monacolin K, which has anti-hypercholesterolemic 

acitivity, the function of cholesterol-lowering can be added to the final 

product via the fermentation using Monascus.

   To produce the MFAB, it was necessary to optimize inoculum size 

and incubation time for the fermentation. The fermentation of adzuki 

bean was conducted with four different (1%, 2%, 5%, and 10% v/

w) inoculum size for 15 d, and the content of monacolin K was 

determined as a standard compound in fermented adzuki bean. The 

highest monacolin K content was observed in the 5% inocula (1 500.33 

µg/g dw) on day 15. This result demonstrated that a 5% inoculum 

size led to the highest production of monacolin K in the adzuki bean 

fermentation. According to these results, following adzuki bean 

fermentation with M. pilosus was performed with the 5% inoculum 

size during 15 days. Additionally, monacolin K has been reported 

that it can inhibit cholesterol biosynthesis and lower cholesterol level 

in blood with its inhibition activity on 3-hydroxyl-3-mehtylglutaryl 

coenzyme A reductase, which is the rate-limiting enzyme in cholesterol 

biosynthesis[10]. So, anti-obesity and antihyperlipidemic effect of 

adzuki bean can be expected via fermentation with M. pilosus.

   Polyphenolic compounds of plants have a variety of biological effects 

such as antioxidant activity[39]. Among the phenolics, phenolic acids 

and flavonoids are known to the major antioxidant compound[40], and 

it has been reported that adzuki bean contains significant quantities 

of phenolic compounds and flavonoids[41]. In order to investigate the 

effect of fermentation with Monascus, the contents of total phenolics 

and total flavonoids in MFAB was determined. The amount of total 

phenolics of MFAB was significantlyincreased 1.5-fold (P<0.01) 

compared to NFAB [(911.02±31.74) µg GAE/mL extract of MFAB and 

(595.23±4.80) µg GAE/mL extract of NFAB], and the amount of total 

flavonoids of MFAB was also significantly increased 1.4-fold (P<0.01) 

compared to NFAB (1.80 mg QE/mL extract of MFAB and 1.32 mg QE/

mL extract of NFAB).

   The most abundant phyenylpropanoids in plant tissue are 

hydroxycinnamic acids (caffeic, p-coumaric, ferulic and sinapic) and 

they are present in free or bound forms; however, these phenolic acids 

are rarely found in the free form[42]. To identify the effect of Monascus-

fermentation on the contents of phenolic acids in adzuki bean, bound 

and free form of these four phenolic acids were determined before and 

after fermentation. The analysis results of the contents of phenolic acids 

in the adzuki bean extracts revealed that the Monascus-fermentation 

increases the contents of bound form of ferulic acid and sinapic acids, 

and free form of p-coumaric, ferulic and sinapic acids.

   The antioxidant activity of food constituents have to be determined 

with various methods, because they work on different targets with 

different reaction mechanisms[28,43]. In this study, the antioxidant 

capacity of MFAB was evaluated via DPPH● scavenging, ABTS●+ 

scavenging, ferrous ion-chelating, NO scavenging, and reducing 

power assays. The results from various antioxidant test demonstrated 

that the adzuki bean fermentation by M. pilosus significantly 

increased the DPPH radical scavenging, ferrous ion-chelating, and 

NO scavenging activities.

   The experimental results demonstrated that the fermentation of 

adzuki bean by M. pilosus increases the contents of total phenolic 

acids and total flavonoids, and enhances various antioxidant 

capacities. According to the previous reports[44,45], the enhanced 

antioxidant capacities of MFAB seems due to the increased total 

phenolics and total flavonoid contents. A previous study revealed that 

the metal ion-chelating activity is more affected by polysaccharides, 

proteins, or peptides than polyphenols[46]. The proximate 

composition analysis of MFAB demonstrated total protein contents 

was significantly increased 1.3-fold (P<0.01) compared with that 

of NFAB, and this might be the reason for the increased ferrous ion-

chelating activity. The analysis of phenolic acid contents in MFAB 

and NFAB demonstrated that the contents of free p-coumaric, ferulic, 

and sinapic acids was markedly increased after fermentation by M. 

pilosus, and in the case of bound p-coumaric acid a decreasing was 

observed; however, the contents of bound ferulic and sinapic acids 
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was increased after fermentation. p-coumaric acid has antioxidant 

capacities that decrease the risk of stomach cancer by reducing 

the formation of carcinogenic nitrosamines[47,48]. Recent study 

has also identified that p-coumaric acid suppressed tumor growth 

with its antiangiogenic effect[49]. Sinapic acid is one of the most 

common hydroxycinnamic acids and it has been proposed as a 

potent antioxidant[50]. In recent years many researches have revealed 

that sinapic acid has anti-inflammatory, anticancer, and anti-anxiety 

activities[51-53]. Ferulic acid shows a wide range of therapeutic 

effects in the treatment of cancer, lung and cardiovascular diseases, 

antimicrobial and anti-inflammatory activities with its strong free 

radical scavenging capacities[54]. The increasing in p-coumaric, 

ferulic, and sinapic acid contents during Monascus-fermentation 

may enhances various biological activities of adzuki bean.

   Fermentation in adzuki bean (V. angularis) with M. pilosus caused 

significant increases in crude protein and crude fiber contents, and 

total phenolics and total flavonoids contents, and DPPH free radical 

scavenging activity, and ferrous ion-chelating activity, ferrous 

antioxidant reducing power, and NO scavenging activity. Moreover, it 

was demonstrated that MFAB contains a large amount of monacolin K, 

ferulic, sinapic, and p-coumaric acids. Results obtained from present 

study suggest that MFAB will be helpful for the health problems 

associated to the oxidative stress and high blood cholesterol level.
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