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Abstract The potential antioxidant activities of methanolic extracts from soybean and rice fermented with Monascus sp.
were investigated. M. pilosus TFO 480 and M. anka IFO 478 were screened as a suitable strain to promote the antioxidant
activities in soybean- and rice- fermentation. The methanol extracts from soybean and rice after fermenting for 20 days at 30
°C resulted in a significant increase in the antioxidant capacities expressed as radical (ABTS and DPPH) scavenging assay and
peroxidation inhibition (%) by thiocyanate method and increased (»<0.01) by a 2.6 to 3.1-fold compared with those of the
unfermented products. The average antioxidant potentials of Monascus-fermented soybean extracts (MFSE) were significantly
(p<0.01) stronger than Monascus-fermented rice extracts (MFRE). A linear correlations between free radical scavenging
activity of MFSE and the total phenolics content (r=0.84) and total flavonoids content (r=0.81) were observed. These results
indicated that MFSE exhibited stronger (p<0.01) antioxidant activity and contained significantly higher levels (p<0.05) of

phenolics than MFRE.
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Introduction

Free radicals and other reactive oxygen species are
considered to be important causative factors in the
development of cancer and cardiovascular diseases (1, 2).
They are generated in living organisms as by-products
through many metabolic pathways (1). Normally, free
radicals are neutralized by enzymatic activity or by natural
antioxidants. Thus, the generation of free radicals poses no
problem as long as there remains a balance between
oxygen radical production and eradication (1, 2). This
relationship has led to interest in evaluating the antioxidant
capacities of many dietary supplements.

The fungus Monascus (Monascaceae) poSsesses
functional components effective in upholding human
health. For examples, red yeast rice (red koji), obtained
from the culture of Monascus during rice fermentation has
been traditionally used as a medicine to improve digestion
and blood circulation in East Asia (3-5). Recently,
Monascus has been gaining more interests from food and
fermentation industries as it has been proven to produce
various bioactive metabolites such as natural statin (known
as lovastatin, mevinolin, monacolin K, mevacor; a
cholesterol synthetase inhibitors) and y-aminobutyric acid
and dimerumic acid, which show hypocholesterolemic (5,
6) and anti-hypertensive (7, 8) and antioxidant effects (9,
10) in humans. Many claimed beneficial effects of
Monascus-fermented products may be associated to its
antioxidant activity. Previous research has demonstrated
that antioxidant activity of fermented soyfoods was
remarkably stronger than unfermented steamed soybeans
(11-13). Previous research has demonstrated that
antioxidant activity of fermented soyfoods was remarkably
stronger than unfermented steamed soybeans (11, 12).
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These antioxidant substances can be derived from the solid
or semi-solid culture of fungi such as Aspergillus sp. and
Monascus sp. (10, 11). Up to now, a lot of work has been
done on Monascus-fermented rice research and production
(4, 9, 10). However, the antioxidant properties of
Monascus-fermented soybean are not available. In most
recent, it was supposed that the potentially significant
antioxidant proferties of Monascus-fermented soybean are
associated with its content of bioactive mevinolins and
isoflavone aglycones (14). Monascal products were
usually prepared statically at incubation temperature for up
to 10-20 days but the roles of fermentation time and raw
material source as a solid substrate were not seriously
considered. It is therefore necessary to elucidate the effect
of different substrate on antioxidant capacity in solid state
fermentation using Monascus sp.

The objectives of the present study were to compare the
antioxidant potential between the soybean and the rice
fermented with Monascus sp. The effect of Monascus
strains on antioxidant potential during the fermentation of
soybean and rice was evaluated, and investigated whether
their antioxidant activity may be related to the phenolics
such as total phenolics contents (TPC) and total flavonoids
contents (TFC). Antioxidant properties were assayed in
terms of the inhibition of linoleic acid peroxidation by the
thiocyanate method (15) and scavenging ability on DPPH
(1,1-diphenyl-2-picrylhydrazyl) radicals (16), and ABTS
[2,2’-azinobis (3-ethylbenzothiazoline-6-sulphonic acid)
diammonium salt] radicals (17).

Materials and Methods

Chemicals DPPH, ammonium thiocyanate, ferrous
chloride, trolox, potassium persulfate, catechin(+), linoleic
acid, and ABTS were purchased from the Sigma Chemical
Co. (St. Louis, MO, USA). Sodium phosphate monobasic,
sodium phosphate dibasic, hydrogen peroxide, NaNO,,
and AICL;-6H,0 were from the Wako Pure Chemical Co.
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(Osaka, Japan). Folin-Ciocalteu’s reagent was from Merk
Chemical Co. (Darmstadt, Germany). All other reagents
were of the highest grade available unless otherwise
indicated.

Monascus-fermented soybean extract (MFSE) and rice
extract (MFRE) M anka IFO 478, M. anka IFO 873,
M pilosus IFO 480, M. pilosus IFO 520, M. purpurea IFO
482, M. rubber 1IFO 492, and M. kaoliang ATCC 592,
which were previously determined to be the good strains
for mevinolin production without citrinin, a toxic fimgal
secondary metabolite (18, 19), were obtained from Korea
Food Research Institutes (KFRI, Seongnam, Korea). The
fungi were inoculated onto potato dextrose agar (PDA,
Difco Laboratories, Detroit, MI, USA) and incubated at 30
°C for 7 days. After cultivation, colonies of spores that
appeared on the plates were transferred (about 1 cm?) and
inoculated into 100 mL of nutrient broth (3.4 rice powder,
1.1 peptone, 2.6 glycine, 12.9 glucose; %w/v, and initial
pH 6.0) and incubated at 30°C for 4 days with shaking at
150 rpm. Whole soybeans (Pyungchang, Korea, 2004) and
polished rice (Icheon, Korea, 2004) were washed and
soaked overnight in distilled water. After decanting the
water, the soaked soybeans (moisture content, 55-60%)
and rice (moisture content, 45-50%) were weighed to 100
g in Erlenmeyer flask with a baffle and autoclaved (121°C)
for 30 min. After cooling, the substrates were inoculated
with 10 mL (10%, v/w) of nutrient broth (pH 6.0) and
incubated at 30°C for 30 days (19). At 5 days intervals,
samples were collected asceptically from each flask and
lyophilized. Each sample (20 g) was ground and extracted
in 200 mL methanol for 24 hr, three times. The combined
extract was then rotary evaporated at 40°C to dryness. The
yields (g/100 g) were in a descending order of MFSE
(17.71 g) > MFRE (10.45 g) > unfermented soybean
extract (4.92 g) > unfermented rice extract (2.45 g). Each
extract was used directly for analyses of antioxidant
activities.

Inhibition of linoleic acid peroxidation assay The
inhibition of linoleic acid peroxidation was measured by
the method of Yen ef al. (15). Linoleic acid emulsion was
prepared by adding equal amount of linoleic acid and
Tween 20, followed by serially dilution to a final
concentration of 0.02 M with sodium phosphate buffer
(02 M, pH 7.0) and the mixture was homogenized.
Aliquots of each sample were mixed with 2.5 mL linoleic
acid emulsion and 2 mL sodium phosphate buffer and the
mixture was incubated at 37°C for 24 hr. A 4 mL of
ethanol solution (75%), 0.1 mL ammonium thiocyanate
and 0.08 mL ferrous chloride (0.02 M in 5.0% HCI) were
added to 0.08 mL reaction mixture. After 3 min, the
absorbance of the mixture at 500 nm was measured by a
spectrophotometer (U-2000; Hitachi, Tokyo, Japan). The
inhibition ratio was calculated as the follows: Inhibition
ratio (%) = [1 — (4; — Ap)/(A: — Ap)] x 100, where A, A4y,
and A. represented absorbances measured for sample,
blank, and control, respectively.

DPPH radical scavenging assay The ability of the
extracts to scavenge the DPPH radical was assessed
spectrophotometrically (16). A 20 pL aliquot of each
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extract in methanol (1-500 mg/mL) was mixed in a test
tube with 1.0 mL methanol containing 0.1 mM DPPH,
which is a stable free radical and has a typical absorbance
at 517 nm. The decrease in absorbance at 517 nm was
measured at 0, 10, and then every 10 min until the reaction
reached a plateau. The scavenging capacity of MFSE and
MFRE was calculated by the following equation:
Scavenging activity (%) = [1— (4s — 4;) / (Ac— A44)] * 100,
where A4s, A4;, and Ac represented absorbances measured
for sample, blank, and control, respectively. Trolox in
methanol (10-1,000 pM) was also analyzed for comparison.

ABTS radical scavenging assay This assay assesses the
total radical scavenging capacity based on the ability of a
compound to scavenge the stable ABTS radical in 6 min
(17). This method was not only a rapid and reliable test of
total antioxidant capacity but also an advantageous assay
applicable to both hydrophilic and lipophilic antioxidants
(17). The blue green ABTS was produced through the
reaction between 7 mM ABTS and 2.45 mM potassium
persulfate in water. This solution was stored in the dark for
12-16 hr before use. The concentrated ABTS solution was
diluted with phosphate buffered saline (PBS), pH 7.4 to a
final absorbance of 0.70+0.02 at 734 nm at 37°C (i.e., an
ABTS concentration of approximately 47 uM). After the
addition of 990 L of ABTS solution to 10 uL of each
sample (1-500 mg/mL) or trolox (10-1,000 uM) standards
in ethanol or PBS, the absorbance was measured exactly 6
min after the initial mixing. This was compared to a blank
where 10 uL of the solvent was added to 990 uL of the
ABTS solution. The equation used for calculating
scavenging capacity of MFSE and MFRE was the same as
that for DPPH radical scavenging assay.

Determination of total phenolics content The total
phenolic content (TPC) was determined by a Folin-
Ciocalteu assay (20) using gallic acid (GA) as the
standard. Each sample (200 pL), distilled water (3 mL),
1.0 mL of Folin-Ciocalteu’s reagents solution, and 0.8 mL
sodium carbonate (7.5%) were mixed in a tube and
incubated for 10 min at room temperature. A 20 mL of
distilled water was added. The mixture was allowed to
stand for | hr at room temperature. The absorbance was
measured at 765 nm against distilled water as a blank. The
total phenolic content was expressed as gallic acid
equivalents (mg of GAE/g sample) through the calibration

curve of gallic acid.

Determination of total flavonoids content Total
flavonoid content (TFC) was determined by a colorimetric
method (21). Briefly, 0.25 mL of the extract or (+)-
catechin standard solution was mixed with 1.25 mL of
distilled water in a test tube, and followed by adding 75
mL of a 5% NaNO, solution. After 6 min, 150 mL of a 10
% AICIl;6H,0 solution was added and allowed to stand
for another 5 min before adding 0.5 mL of 1 M NaOH.
The mixture was brought to 2.5 mL with distilled water
and mixed well. The absorbance was measured
immediately against the blank (the same mixture without
the sample) at 510 nm. The results were expressed as mg
catechin equivalents (CAE) per g sample using the
calibration curve of (+)-catechin.
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Statistical analysis Results are presented as mean value
+ standard deviation (SD). Statistical comparisons were
made by ANOVA procedure followed by a Duncan’s
multiple range tests, p<0.01 and p<0.05 were considered
significantly different.

Results and Discussion

Effect of Monascus strains on antioxidant potentials of
MFSE and MFRE The antioxidant activity of methanol
extract from soy and rice fermented with 7 strains of
Monascus for 15 days at 30°C have been evaluated
respectively (Table 1). Significant difference (p<0.01) in
antioxidant capacities were found between the fermented
products and unfermented products of soybean and rice.
Among the seven strains showing antioxidant activity, M.
pilosus 1FO 480 and M. anka IFO 478 exhibited marked
antioxidant activities in MFSE and MFRE. MFRE
(83.8%) fermented with M. anka IFO 478 exhibited
stronger antioxidant effect for radical scavenging than
MFSE (75.5%) fermented with M. pilosus IFO 480. The
results corresponded to the studies of Aniya ef al. (9).
They suggested that the antioxidant component of M. anka
is the dimerumic acid which has the potential antioxidant
and protective against CCly-induced liver injury. M.
pilosus IFO 480, however, was the only strain that
exhibited a markedly antioxidant activity on lipid
peroxidation in both MFSE (86.9%) and MFRE (66.8%).
This result might be because the methanol extracts from
soy and rice fermented with M. pilosus IFO 480 contain
more antioxidative substances than the other extracts. As
secen in Table 1, the ability of MFSE to inhibit the
peroxidation of linoleic acid with inhibition rate in the
range 58.9-86.9%, varied with the strains. There were no
significant differences (p>0.01) in antioxidant activity of
MFSE and MFRE between M. pilosus IFO 480 and M.
anka TFO 478; both strains scavenged average 76.9% of
the radicals and inhibited 75.7% of the peroxidation of
linoleic acid. MFRE showed better antioxidant properties
(56.8-83.8%) in elimination of DPPH and ABTS radicals
than in inhibition (48.6-67.8%) of linoleic acid per-
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oxidation. The results indicated that MFRE might react as
free radical scavengers, and contribute hydrogen from
hydroxyl groups themselves; thereby forming stable free
radicals which do not initiate or propagate further
oxidation of lipids (22, 23). Among the various samples of
fermented rice tested, the extract from rice fermented with
M anka TFO 478 exhibited the highest inhibition rate
(83.8%) on DPPH and ABTS radicals. The greatest
antioxidant activity among MFSE and MFRE was
observed in M. pilosus TFO 480, which exhibited an 86.9
% inhibitory effect on linoleic acid peroxidation. Therefore,
M anka TFO 478 and M. pilosus TFO 480 might be
selected as good strain for antioxidants production in
Monascus-fermentation using rice and soybean. M. anka
IFO 478 and M. pilosus IFO 480 were used for further
evaluation of antioxidant potentials of MFRE and MFSE
respectively.

Effect of fermentation time on antioxidant potentials of
MFSE and MFRE As shown in Table 2, both MFSE
and MFRE at 50 mg/mL showed significant scavenging
effects on the DPPH and ABTS radical and inhibition
effects on the linoleic acid peroxidation (p<0.05). MFSE
and MFRE after 15 days of fermentation exhibited a
strengthened potential, followed by a slow increase
throughout the fermentation. The increased antioxidant
activity of Monascus-fermented products observed in the
present study is consistent with previous reports (10, 12).
Soybean extract showed strong inhibitory activity towards
hydrogen peroxide than rice extract. The extracts (50 mg/
mL) from soybean after 20 days fermentation showed a
particularly high antioxidant activity (91.7% radical
scavenging effect and 93.2% inhibition effects of linoleic
acid peroxidation) and increased by a 2.7 to 3.1-fold
compared with those of the unfermented products. These
findings implied that enhanced antioxidant ability of
fermented products was derived from the substrate and the
mycelia during Monascus-fermentation. Recent study
demonstrated that the antioxidant capacity of monascal
soybean is associated with the content of mevinolins and
isoflavone aglycones, which were derived from the

Table 1. Effect of Monascus strain on antioxidant potentials of methanol extracts (50 mg/mL) from soybean and rice fermented

with Monascus sp. at 30°C for 15 days"

Radical scavenging (%)”

Inhibition of lipid peroxidation (%)

Strains Soybean Rice Soybean Rice

Control® 30.8+0.6° 35.240.3% 42.3+0.4° 30.4+0.5°
anka TFO 478 70.1=1.1° 83.8<1.4° 81.4+2.0° 67.8+1.5°
anka IFQ 873 60.1%1.2¢ 70.241.1° 65.240.8° 56.3+1.6°
pilosus IFO 480 75.5+1.4° 78.1x1.1° 86.9+2.6 66.8+1.2°
pilosus TFO 520 54.7+0.6° 56.8+0.7 78.5+0.7° 49.4+0.6°
purpurea TFO 482 60.8+1.2° 62.4+0.8¢ 58.9+0.7° 48.6+0.6°
ruber IFO 492 57.7£1.1¢ 65.9£0.7¢ 64.20.6° 59.4+1.6°
kaling ATCC 592 68.2+1.5° 60.61.4° 70.3+1.7° 50.240.9°

DEach value is mean=SD (n=3); Different letters (vertical comparison) indicate significant difference (p<0.01).

YRadical scavenging activity (Y%DPPH + %ABTS / 2).
3AUnfermented products.
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Table 2. Effect of fermentation time on antioxidant potentials
of MFSE and MFRE"

Radical scavenging Inhibition of lipid

(%)? peroxidation (%)

Time (day) Soybean Rice Soybean Rice
0 34240.6* 352+£03* 30.1£02°  21.4+0.7°
40.8+1.3° 423£1.6° 40.6£1.1°  18.6£0.9°
10 64.6£1.2° 65.5£1.2° 60.2+1.6° 28.6+0.9°
15 80.8+1.6° 90.1+1.7¢ 78.6+1.79  58.6+1.4°
20 91.741.4° 88.7+1.1¢9 932+1.1° 55.8+1.6°
30 90.9+0.9° 87.8+0.8¢ 91.4+0.9° 60.2+1.2°

"The concentration of each sample is 50 mg/mL; Each value is mean+
SD (n=3); Different letters (vertical comparison) indicate significant
difference (p<0.05).

YRadical scavenging activity (%DPPH + %ABTS / 2).

soybean during Monascus-fermentation (14, 24). Meanwhile,
MEFRE reacted with the free radical more efficiently than
hydrogen peroxides. For examples, MFRE showed the
inhibitory ratio against linoleic acid peroxidation by
60.2%. However, after 15 days of fermentation, MFRE
exhibited 90.1% inhibition on the radicals of DPPH and
ABTS, which was significantly 2.6 times higher than that
of control (p<0.01). Moreover, the ECs, values (mg
sample/mL) of DPPH of MFRE (38.2 mg) was lower than
that of MFSE (42.7 mg) (Table 3). ECs, value is the
effective concentration at which the free radicals were
scavenged by 50% and obtained by interpolation from
linear regression analysis. MFSE established better anti-
oxidant properties in scavenging of ABTS radical (ECs
35.3 mg/mL) than in elimination of DPPH radical (ECs,
42.7 mg/mL). The scavenging effect on DPPH and ABTS
radicals of MFSE had greater antioxidant activity (average
ECs 39.0 mg/mL) than MFRE (average ECsy 59.6 mg/
mL). The effect of dose-dependent on antioxidant potential
of MFSE and MFRE are compared with Trolox and
shown in Table 4. MFSE had significant scavenging
effects (p<0.05) on the DPPH and ABTS radical and the
effects increased with increasing concentration in the
range 20-200 mg/mL. Compared with those of Trolox
(90.6% radical scavenging, 91.2% inhibition of per-
oxidation at 1 mM), both radical scavenging (95.5%) and
peroxidation inhibitory activities (92.1%) of MFSE were

Table 3. ECs values of MFSE and MFRE in antioxidant pro-
perties

ECs; value” (mg sample/mL)

Test Soybean Rice
Scavenging effect on DPPH-  42.7+0.6*% 38.240.2°
Scavenging effect on ABTS- 35.3+0.3° 80.9+0.7°

DEC;, value; The effective concentration at which the DPPH and
ABTS radicals were scavenged by 50%; ECs, value was obtained by
intergolation from linear regression analysis; Each value is mean+tSD

(n=3).
IDifferent letters (horizontal comparison) indicate significant differ-
ence (p<0.01).
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higher at 200 mg/mL. There were no significant difference
(>0.05) in the scavenging effects between 100 and 200
mg/mL of MFRE (Table 4). Rice showed stronger radical
scavenging activities for DPPH radicals than soybean,
while soybean reacted with hydrogen peroxide more
efficiently than rice. It has been demonstrated that many
polyphenolics have antioxidant capacities (25, 26). These
compounds are capable of removing free radicals,
chelating metal catalysts, activating antioxidant enzymes,
and inhibiting oxidases (25-27). Thus, the influence of
total phenolics and total flavonoids on the observed
antioxidant properties in MFSE and MFRE was
investigated.

Relationship between antioxidant activity and total
phenolics and total flavonoids contents The phenolic
compounds are wide spread plant secondary metabolites
and contribute to the overall antioxidant activities of plant
foods (27, 28). In order to examine the potential role of the
phenolic compounds on antioxidant activity of MFRE and
MFSE, total phenolics and total flavonoids contents were
analyzed and results expressed in mg GAE and mg CAE
per g samples respectively are presented in Table 5. TPC
ranged from 4.6 mg in control to 7.5 mg in fermented
soybean. Also, TPC of rice ranged from 1.4 mg in control
to 3.8 mg in fermented products. Monascus-fermented
products resulted in a significant increase (p<0.05) in TPC
with the increasing fermentation time until 20 days.
Significant differences (p<0.05) in TPC were found
between MFSE and MFRE. The highest concentration
(7.5 mg) of TPC was obtained from fermented soybean.
The average TPC value (6.1 mg) of soybean during the
fermentation was 2.2 times higher than that of the
fermented rice (2.8 mg).

The total flavonoids contents were analyzed and results
expressed in mg CAE per g samples are presented in Table
5. TFC of soybean and rice ranged 1.8-3.3 and 0.45-0.68
mg, respectively. Significant differences (p<0.05) in TFC
were found between soybean and rice. The highest
concentration (3.3 mg) of TFC was obtained from MFSE
after 20 days of fermentation. A linear correlation between
free radical scavenging activity and polyphenolic
concentration has been reported in an extensive range of
vegetables, fruits, and beverages (28-30). As you shown in

Table 4. Effect of dose-dependent on antioxidant potentials of
MFSE and MFRE"

Radical scavenging  Inhibition of lipid peroxidation

(%)” (%0)
mg/mL  Soybean Rice Soybean Rice
20 31.6+0.3° 255+02°  34.2+0.3° 10.8+0.6°
50  585£1.1°  65.4:06°  70.8+0.6° 30.9+1.1°
100 80.3x1.6° 859+1.1°  86.6+0.8° 45.842.2°
200 95.5+0.9¢ 93.1£12°  92.1+1.6° 70.5+1.4¢
Trolox® 90.6+0.5 91.2+0.8

DEach value is mean+SD (n=3); Different letters (vertical comparison)
indicate significant difference (p<0.05).

IRadical scavenging activity (%DPPH + %ABTS / 2).

YThe concentration of trolox is 1 mM.
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Table S. Determination of total phenol contents (TPC) and
total flavonoids contents (TFC) of MFSE and MFRE"

TPC (mg GAE/g) TFC (mg CAE/g)
Time (day) Soybean Rice Soybean Rice
0 46+0.1°  140.1°  2.1£0.1*° 0.45+0.06°
5 48£02°  1.6+£03°  1.8£02°  0.46+0.04
10 5.6+0.3°  26x0.1°  2.6+0.1" 0.5240.05°
15 6.8+0.1°  3.6£02°  2.9+0.3° 0.68=0.02°
20 754044 3.8+0.19  33£02°  0.66+0.02°
30 73£0.1°  3.7x02¢  3.1£02°  0.64+0.03°

UEach value is meantSD (n=3); Different letters (vertical compari-
son) indicate significant difference (p<0.05).

Fig. 1, the overall relationship between radical scavenging
activity and total phenolic and total flavonoids contents for
MFSE and MFRE was a positive linear correlation (TPC/
TFC: 1=0.79/0.77). In the case of MFSE, there was a good
linear correlation between the scavenging effects for
DPPH and ABTS radicals and the content of total phenols
(r=0.84) and total flavonoids (r=0.81). The results
indicated that the free radical scavenging effect of MFSE
might be mostly related to its content of phenolics. For
examples, MFSE, that was shown the highest antioxidant
activity (91.7%) after 20 days of fermentation had the
highest contents of total phenolics (7.5 mg) and total
flavonoids (3.3 mg) respectively. Generally, compounds in
soybean with antioxidant properties include flavonoids
(isoflavones), tri-terpenoids, carotenoids, tocopherols, and
saponins (30). Among them, the major active components
of soybean are isoflavones, including daidzein and
genistein which are antioxidants (31, 32). In the previous
study, it was reported that liberation of aglycones
isoflavone, genistein, and daidzein through the catalytic
action of B-glucosidase during lactic acid-fermentation
may account for the increased antioxidant capacity found
with the fermented soybean (33). In view of these results,
it can be concluded that the high contents of phenolic
compounds are responsible for the greater antioxidant
activity of MFSE compared to the MFRE, with its much
lower phenolic content.

In summary, the antioxidant capacities of MFSE and
MFRE were evaluated with three different in vitro testing
systems. The total free radical scavenging (DPPH and
ABTS radicals) and lipid peroxidation inhibitory activities
of both soybean and rice enriched by using Monascus-
fermentation. MFRE was highly effective in scavenging
DPPH radicals, while MFSE not only has the radical
scavenging ability but also has the ability to inhibit
peroxidation of linoleic acid. The antioxidant potentials of
MFSE were significantly (p<0.01) stronger than those of
MFRE. A positive and significant correlation existed
between antioxidant properties and total phenolics and
total flavonoids content of MFSE, revealing that phenolic
compounds were the dominant antioxidant components in
the soybean fermented with Monascus pilosus IFO 480.
Thus, Monascus-fermented soybean may be used as
natural and potent dietary antioxidative additives or
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Fig. 1. The changes of total phenolics contents (TPC, mg GAE/
g sample) and total flavonoids contents (TFC, mg CE/g
sample) and in percentage of radical scavenging activity (%
DPPH + %ABTS/2) of MFSE (top) and MFRE (bottom). Each
value is mean+SD (n=3).

supplements due to its effective activities on free radical
scavenging and peroxidation inhibition.
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