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Abstract

Solid-state bioprocessing of soybean by Monascus is a biotechnological strategy to produce Monascus-fermented soybeans (MFS)
with more beneficial components. The objective of this study was to evaluate the antioxidant properties of cold and hot water extracts
from MFS as compared to uninoculated soybeans. With regard to the EC50 values of antioxidant activities, the effectiveness of cold water
extracts was in a descending order: soybeans > MFS-31527 > MFS-31499 whereas that of the hot water extracts: soybeans �MFS-
31499 > MFS31527. Cold water extracts showed higher reducing power and lower scavenging ability on 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radicals than hot water extracts. For both extracts, MFS and soybeans showed comparable effective chelating abilities on
ferrous ions. Total phenols were the major naturally occurring antioxidant components found. For both extracts, soybeans were more
effective in antioxidant activity and scavenging ability on DPPH radicals whereas MFS-31499 and MFS-31527 were more effective in
reducing power and scavenging ability on hydroxyl radicals. Based on the results obtained, MFS-31499, MFS-31527 and soybeans were
relatively effective in the antioxidant properties assayed and might be potential antioxidants for application in food products.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Fungus Monascus has been used as a traditional fer-
mented food and its metabolic products have also been uti-
lised as a food pigment or biological agents in oriental
countries for centuries. Most of the strains isolated from
traditional oriental foods are characterised as the genus
Monascus, which is categorised into four species: M. pilo-

sus, M. purpureus, M. rubber and M. froridanus (Blanc
et al., 1994; Juzlová, Martinková, & Kren, 1996). Monac-
olin K, commercially known as lovastatin, mevinolin, chol-
estin and mevacor, is one of the secondary metabolites
from the Monascus species and it has been demonstrated
as a specific inhibitor of 3-hydroxy-3-methylglurtaryl-coen-
zyme A (HMG-CoA) reductase in cholesterol biosynthesis
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(Alberts et al., 1980; Endo, 1980). Monacolin K may be
used to maintain a normal blood lipid level by decreasing
cholesterol synthesis (Bach, 1986; Cicero, Brancaleoni,
Laghi, Donati, & Mino, 2005; Endo, 1979; Endo & Has-
umi, 1997; Heber, Lembertas, Lu, Bowerman, & Go,
2001; Kennedy et al., 1999; Li et al., 1998; Wang et al.,
1997).

Soybeans and soy products are rich in isoflavones and
are very common foods in oriental countries, as a meat
substitute. Many studies have shown that daily intakes of
soy foods may help humans to prevent certain cancers
(Alekel, Hasler, Juma, Drum, & Kukreja, 1998; Anthony,
Clarkson, Hughes, Morgan, & Burke, 1996; Messina, Per-
sky, Setchell, & Barnes, 1994), lower plasma cholesterol
(Crouse et al., 1999; Franke, Custer, Cerna, & Narala,
1995; Gardner, Newell, Cherin, & Haskell, 2001; Ho
et al., 2000; Potter et al., 1993; Wangen, Duncan, Xu, &
Kurzer, 2001), lower blood pressure (Jenkins et al., 2002;
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Washburn, Burke, Morgan, & Anthony, 1999) and reduce
the risk of coronary heart diseases (Lucas, Khalil, Daggy,
& Arjmandi, 2001). Isoflavones found in soybeans, such
as daidzein, genistein, daidzin and genistin, are believed
to possess antioxidant and anticarcinogenic activities and
inhibit melanoma cell growth (Barnes, 1995; Fritz, Seppa-
nen, Kurzer, & Csallany, 2003; Lee et al., 2005; Liu,
Chang, & Wiesenborn, 2005; Russo, Cardile, Lombardo,
Vanella, & Acquaviva, 2006).

Solid-state bioprocessing (SSB) of an edible plant matrix
by dietary fungi is a biotechnological strategy that may
produce beneficial bioactive phytochemicals during fer-
mentation (McCue & Shetty, 2005a). Recently, many
reports on SSB of a soybean matrix by a dietary fungus
exhibit that Rhizopus oligosporus or Lentinula edodes could
liberate substantial amounts of free phenolic antioxidants
(McCue, Horri, & Shetty, 2003; McCue, Horii, & Shetty,
2004; McCue & Shetty, 2003) and Bacillus subtilis and a
culture mixture consisting of Acetobacter sp., Lactobacillus

sp., Saccharomyces sp. and Streptomyces sp. give rise to
better antioxidant capabilities (Iwai, Nakaya, Kawasaki,
& Matsue, 2002; Yang, Mau, Ko, & Huang, 2000; Yokota,
Hattori, Ohishi, Hasegawa, & Watanabe, 1996).

Both Monascus species and soybean contain functional
components but in combination, SSB of a soybean matrix
by Monascus species is a new area of investigation. The
objective of this study was to evaluate the antioxidant
properties of cold and hot water extracts from Monascus-

fermented soybeans as compared to uninoculated soybean
products. Antioxidant properties were assayed in termed of
the inhibition of peroxidation by the conjugated diene
method, reducing power, scavenging abilities on free radi-
cals and chelating ability on ferrous ions. The contents of
potential antioxidant components in cold and hot water
extracts were also determined.

2. Materials and methods

2.1. Chemicals

Acetonitrile, ethanol, n-hexane, methanol and toluene
were purchased from Mallinckrodt Baker, Inc. (Phillips-
burg, NJ). Ascorbic acid, butylated hydroxyanisole
(BHA), b-carotene, citric acid, 2,6-dichloroindophenol,
5,5-dimethyl pyrroline-N-oxide (DMPO), 1,1-diphenyl-2-
picrylhydrazyl (DPPH), ethylenediaminetetraacetic acid
(EDTA), ferrous ammonium sulfate, ferrozine, Folin-Cio-
calteu’s reagent, gallic acid, linoleic acid, potassium ferricy-
anide and a-tocopherol were purchased from Sigma
Chemical Co. (St. Louis, MO). Ferrous chloride and
hydrogen peroxide were obtained from Merck Co. (Darms-
tadt, Germany). Ferric chloride, potassium hydroxide,
sodium carbonate, sodium phosphate, sodium sulfate and
trichloroacetic acid were purchased from Wako Pure
Chemical Industries, Ltd. (Tokyo, Japan). Metaphosphoric
acid was obtained from Union Chemical Works (Hsinchu,
Taiwan). Pyrogallol was purchased from Hayashi Pure
Chemical Industries, Ltd. (Osaka, Japan). Malt extract
agar, malt extract broth, potato dextrose agar and potato
dextrose broth were obtained from Difco Laboratories
(Sparks, MD).

2.2. Materials and preparation of extracts

Soybean (Glycine max Merrill) was purchased at a local
market in Taichung City, Taiwan. Monascus purpureus

Went (BCRC 31499) and Monascus pilosus K. Sato ex D.
Hawksworth & Pitt (BCRC 31527) were obtained from
the Bioresource Collection and Research Center, Food
Industry Research and Development Institute, Hsinchu
City, Taiwan. The fungi of M. purpureus and M. pilosus
were inoculated onto malt extract agar and potato dextrose
agar, respectively, and both incubated at 25 �C for 72 h.
After a pure culture was obtained, the M. purpureus and
M. pilosus mycelium was re-inoculated into malt extract
broth and potato dextrose broth, respectively and both
mycelia were incubated at 25 �C for 7 days as the inoculum.
Each inoculum was then homogenised in a Warring blen-
der and inoculated into autoclaved soybeans at a rate of
5 ml/100 g. The corresponding products, M. purpureus

BCRC 31499 fermented soybeans (MFS-31499) were pro-
duced after the colonisation of fungal mycelia for 6 days
at 30 �C, whereas M. pilosus BCRC 31527 fermented soy-
beans (MFS-31527) were produced after the colonisation
of fungal mycelia for 7 days at 25 �C. Two Monascus fer-
mented soybean products as well as uninoculated soy-
beans, which were also autoclaved and used as controls,
were air-dried in an oven at 50 �C.

For each product, three dried samples (�100 g each)
were randomly selected and prepared for analyses. A
coarse powder (8 opening/cm) was obtained using a mill
(Retsch ultracentrifugal mill and sieving machine, Haan,
Germany). For the cold water extract, a subsample (10 g)
was extracted by shaking with 100 ml of deioinised water,
at 25 �C at 20g for 24 h and filtering through Whatman
No. 1 filter paper. For the hot water extract, a subsample
(10 g) was extracted by boiling with 100 ml of deioinised
water at 100 �C for 10 min and filtering. Both residues were
then extracted with two additional 100 ml portions of dei-
oinised water as described above. The combined cold water
and hot water extracts were then freeze dried. The dried
extract was used directly for analyses of antioxidant com-
ponents or redissolved in deionised water to a concentra-
tion of 50 mg/ml and were then diluted to 0.01, 0.1, 1, 5,
10, 20 mg/ml for further uses.

2.3. Antioxidant activity

Antioxidant activity was determined by the conjugated
diene method (Lingnert, Vallentin, & Eriksson, 1979).
Each extract (0.01–20 mg/ml, 100 ll), in deioinised water,
was mixed with 2 ml of 10 mmol/l linoleic acid emulsion
(pH 6.6) in test-tubes and placed in darkness at 37 �C to
accelerate oxidation. After incubation for 0 h or 15 h,
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0.1 ml of each tube was mixed 7 ml of 800 ml/l methanol in
deionised water and the absorbance of the mixture was
measured at 234 nm, against a blank in a Hitachi U–2001
spectrophotometer (Tokyo, Japan). Antioxidant activity
was calculated as follows: antioxidant activity (%) =
[(DA234 of control – DA234 of sample)/DA234 of control] �
100. A value of 100% indicates the strongest antioxidant
activity. An EC50 value (mg extract/ml) is the effective con-
centration at which the antioxidant activity was 50% and
was obtained by interpolation from linear regression anal-
ysis. Ascorbic acid, BHA and a-tocopherol were used as
positive controls and diluted to 0.01, 0.1, 1, 5, 10, 20 mg/
ml for further uses.

2.4. Reducing power

Reducing power was determined according to the
method of Oyaizu (1986). Each extract (0.01–20 mg/ml,
2.5 ml), in deionised water, was mixed with 2.5 ml of
200 mmol/l sodium phosphate buffer (pH 6.6) and 2.5 mL
of 10 mg/ml potassium ferricyanide and the mixture was
incubated at 50 �C for 20 min. After 2.5 ml of 100 mg/ml
trichloroacetic acid were added, the mixture was centri-
fuged at 200g for 10 min. The upper layer (5 ml) was mixed
with 5 ml of deionised water and 1 ml of 1 mg/ml ferric
chloride, and the absorbance was measured at 700 nm,
against a blank. A higher absorbance indicates a higher
reducing power. An EC50 value (mg extract/ml) is the effec-
tive concentration at which the absorbance was 0.5 for
reducing power. Ascorbic acid, BHA and a-tocopherol
were used as positive controls and diluted to 0.01, 0.1, 1,
5, 10, 20 mg/ml for further uses.

2.5. Scavenging ability on 1,1-diphenyl-2-picrylhydrazyl

(DPPH) radicals

Each extract (0.01–20 mg/ml, 4 ml), in deionised water,
was mixed with 1 ml of a methanolic solution containing
DPPH radicals, resulting in a final concentration of
0.2 mmol/l DPPH. The mixture was shaken vigorously
and left to stand for 30 min in the dark, the absorbance
was then measured at 517 nm against a blank (Shimada,
Fujikawa, Yahara, & Nakamura, 1992). An EC50 value
(mg extract/ml) is the effective concentration at which
DPPH radicals were scavenged by 50%. Ascorbic acid,
BHA and a-tocopherol were used as positive controls
and diluted to 0.01, 0.1, 1, 5, 10, 20 mg/ml for further uses.

2.6. Scavenging ability on hydroxyl radicals

Hydroxyl radicals reacted with the nitrone spin trap
DMPO and the resultant DMPO–OH adducts were
detected by an electron paramagnetic resonance (EPR)
spectrometer. The EPR spectrum was recorded 8 min after
mixing 200 ll of each extract (5–20 mg/ml) in deionised
water with 200 ll of 10 mmol/l H2O2, 200 ll of 10 mmol/l
ferrous ammonium sulfate and 200 ll of 10 mmol/l DMPO
using a Bruker EMX-10 EPR spectrometer (Bruker Bio-
spin, Rheinstetten, Germany) at the following settings:
0.3480-T magnetic field, 1.0 � 10�4 T modulation ampli-
tude, 0.5 s time constant and 200 s scan period (Shi, Dalal,
& Jain, 1991). An EC50 value (mg extract/ml) is the effec-
tive concentration at which hydroxyl radicals were scav-
enged by 50%. BHA was used as a positive control.

2.7. Chelating ability on ferrous ions

Chelating ability was determined according to the
method of Dinis, Madeira, and Almeida (1994). Each
extract (0.01–20 mg/ml, 1 ml) in deionised water, was
mixed with 3.7 ml methanol and 0.1 ml 2 mmol/l ferrous
chloride. The reaction was initiated by 0.2 ml 5 mmol/l fer-
rozine. After 10 min at room temperature, the absorbance
of the mixture was determined at 562 nm against a blank.
An EC50 value (mg extract/ml) is the effective concentra-
tion at which ferrous ions were chelated by 50%. EDTA
was used as a positive control and diluted to 0.01, 0.1, 1,
5, 10, 20 mg/ml for further uses.

2.8. Determination of antioxidant components

Ascorbic acid was determined according to the method
of Klein and Perry (1982). Each dried extract (100 mg)
was extracted with 10 ml 10 mg/ml metaphosphoric acid
for 45 min at room temperature and filtered. The filtrate
(1 ml) was mixed with 9 ml 2,6-dichloroindophenol and
the absorbance was measured within 15 s at 515 nm against
a blank. The content of ascorbic acid was calculated on the
basis of the calibration curve of authentic L-ascorbic acid.

b-Carotene was extracted and analysed as described by
Rundhaug, Pung, Read, and Bertram (1988). Each dried
extract (100 mg) was extracted with 1 ml ethanol, 2 ml
n-hexane containing BHA (25 lg/ml) and 1 ml deionised
water, at 20g for 45 min, at room temperature and then
centrifuged at 400g for 10 min. After the removal of the
n-hexane layer by N2 gas, the volume was adjusted to
1 ml using n-hexane and filtered through a syringe-driven
filter unit (13 mm, Millipore, Billerica, MA) using a 0.45-
lm PVDF non-sterile filter paper. Immediately after filtra-
tion, the filtrate was injected onto a high performance
liquid chromatograph (HPLC).

The HPLC system consisted of a Shimadzu LC-10AT
VP pump (Tokyo, Japan), a Shimadzu FCV-10AL VP con-
troller, a Rheodyne 7725i injector, a 20-ll-sample loop, a
Hitachi D–2500 chromato-integrator, a Shimadzu SPD-
10 A VP UV–Vis detector and a LiChrospher 100 RP-18
column (4.6 � 250 mm, 5 lm, Merck). The mobile phase
was 75 ml methanol/25 ml toluene at a flow rate of
1.5 ml/min and UV detection was at 450 nm. The b-Caro-
tene content was calculated on the basis of the calibration
curve of authentic b-carotene.

Tocopherols were extracted and analysed according to
the method of Carpenter (1979). Each dried extract
(100 mg) was suspended in 6 ml pyrogallol (60 mg/ml in



Table 1
Extraction yield of cold and hot water extracts from Monascus fermented
soybeans (MFS-31499 and MFS-31527) and soybeans

Extraction yielda (g/100 g)

MFS-31499 MFS-31527 Soybeans

Cold water a39.6 ± 0.45Ab b25.7 ± 1.78C a34.6 ± 3.14B
Hot water a39.0 ± 0.92A a30.2 ± 0.63C a35.1 ± 1.26B

a Extracted from air-dried materials. Each value is expressed as
mean ± standard error (n = 3).

b Means with different capital letters within a row are significantly dif-
ferent (P < 0.05). Means with different small letters within a column are
significantly different (P < 0.05).
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Fig. 1. Antioxidant activity of cold (a) and hot water extracts (b) from
Monascus fermented soybeans (MFS-31499 and MFS-31527) and soy-
beans. Each value is expressed as mean ± SE (n = 3). (d) MFS-31499, (s)
MFS-31527, (.) Soybeans, (O) ascorbic acid, (j) BHA, (h) a-
tocopherol.
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ethanol) and 4 ml of 600 mg/ml aqueous potassium
hydroxide solution and the resulting mixture was saponi-
fied at 70 �C for 20 min. Deionised water (15 ml) was added
and the mixture was extracted with 15 ml of n-hexane. The
organic layer was washed with deionised water to neutral,
dried over anhydrous sodium sulfate, and rotary evapo-
rated to dryness. The residue was redissolved in 5 ml of
n-hexane and filtered prior to HPLC injection in the same
manner as in the b-carotene assay.

The HPLC system was the same as for the b-carotene
assay. The mobile phase was 85 ml acetonitrile/15 ml meth-
anol at a flow rate of 1.5 ml/min and UV detection was at
295 nm. The content of each tocopherol was calculated on
the basis of the calibration curve of each authentic
tocopherol.

Total phenols were determined according to the method
of Taga, Miller, and Pratt (1984). Each dried extract
(100 mg) was dissolved in a solution of 5 ml of 3 mg/ml
in 60 ml methanol/40 ml deionised water and the resulting
mixture (100 ll) was added to 2 ml of 20 mg/ml aqueous
sodium carbonate solution. After 2 min, 100 ll of
500 mg/ml Folin-Ciocalteu’s reagent were added to the
mixture. After 30 min of standing, absorbance was mea-
sured at 750 nm against a blank. The content of total phe-
nols was calculated on the basis of the calibration curve of
gallic acid.

2.9. Statistical analysis

For each of the cold and hot water extractions, three
samples were prepared for assays of every antioxidant attri-
bute and component. The experimental data was subjected
to an analysis of variance for a completely random design
to determine the Fisher protected least significant difference
at the level of 0.05. For the correlations, the CORR proce-
dure (SAS Institute Inc., Cary, NC, 1988) was used to
determine the Pearson’s correlation coefficient (r) between
the content of each antioxidant component and the EC50

value of each antioxidant attribute.

3. Results and discussion

3.1. Extraction yield

Following the extraction with cold or hot water, the
yields of MFS-31499 were higher than those of soybeans
and in turn higher than those of MFS-31527 (Table 1).
The yields of the cold and hot water extracts were similar
for MFS-31499 or soybeans. However, for MFS-31527,
hot water extracted more than cold water. Usually, Mon-

ascus colonisation degrades the substrate soybean into
small water soluble substances for energy to grow. There-
fore, the higher yields of MFS-31499 were expected
whereas the lower yields of MFS-31527 might be due to
the rapid decomposition of small water substances which
occurred immediately after those were degraded from
the substrate.
3.2. Antioxidant activity

Using the conjugated diene method, antioxidant activi-
ties of the cold and hot extracts from MFS-31499, MFS-
31527 and soybeans increased with increased concentra-
tions (Fig. 1). For the cold extracts, soybeans exhibited
higher antioxidant activity than MFS-31499 and MFS-
31527. At 5 mg/ml, cold water extracts from MFS-31499
and MFS-31527 exhibited moderate antioxidant activities
of 61.4% and 70.5%, respectively whereas that from
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Fig. 2. Reducing power of cold (a) and hot water extracts (b) from
Monascus fermented soybeans (MFS-31499 and MFS-31527) and soy-
beans. Each value is expressed as mean ± SE (n = 3). (d) MFS-31499, (s)
MFS-31527, (.) Soybeans, (O) ascorbic acid, (j) BHA, (h) a-
tocopherol.
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soybeans showed antioxidant activity of 55.0% at 1 mg/ml.
For the hot extracts, antioxidant activities of soybeans
were comparable to those of MFS-31499 and MFS-
31527. At 5 mg/ml, hot water extracts from MFS-31499,
MFS-31527 and soybeans exhibited moderate antioxidant
activities of 64.0%, 54.3% and 70.4%, respectively. Consis-
tently for three samples, cold and hot water extracts
showed similar antioxidant activities. It seems hot water
might not cause the thermal destruction of certain antiox-
idant components. However, antioxidant activities were
88.4% and 87.4% at 0.01 mg/ml for BHA and a-tocoph-
erol, respectively and 64.0% at 20 mg/ml for ascorbic acid.

The antioxidant activity assayed was the ability to inhi-
bit the peroxidation of linoleic acid. The antioxidant activ-
ity of both extracts might be due to the reduction of
hydroperoxide, inactivation of free radicals or complexing
with metal ions or combination thereof. This good antiox-
idant activity of cold and hot water extracts from MFS-
31499, MFS-31527 and soybeans might be attributed to
the presence of phytochemicals, such as isoflavones (Wang
& Wixon, 1999). Taylor and Richardson (1980) found that
cysteine exhibited better protection of a linoleate emulsion
than BHA, butylated hydroxytoluene (BHT) and a-
tocopherol against the oxidation by haemoglobin. Further-
more, it seems that MFS-31499, MFS-31527 and soybeans
might contain some amount of cysteine, which is in soluble
soy protein and thereby, probably contributing to the bet-
ter antioxidant activities of cold and hot water extracts.

3.3. Reducing power

The reducing powers of cold and hot water extracts
from three samples increased in two patterns with
increased concentrations, i.e., a moderate increase for
MFS-31499 and MFS-31527 and a slow increase for soy-
beans (Fig. 2). For both water extracts, the reducing pow-
ers of MFS-31499 and MFS31527 were higher than that of
soybeans. For cold water extracts, the reducing powers of
MFS-31499 and MFS-31527 were both 0.54 at 5 mg/ml
whereas that of soybeans was 0.55 at 10 mg/ml. For hot
water extracts, the reducing powers of MFS-31499 and
MFS-31527 were 0.48 and 0.31 at 5 mg/ml, respectively,
whereas that of soybeans was 0.37 at 10 mg/ml. Appar-
ently, cold water extracts showed higher reducing powers
than hot water extracts. It seems that heating might cause
the thermal destruction of certain reducing components.
However, reducing powers were 1.25 and 1.10 for ascorbic
acid and a-tocopherol at 1.0 mg/ml, respectively, and 1.15
for BHA at 0.1 mg/ml.

Furthermore, reductones such as ascorbic acid can react
directly with peroxides and also with certain precursors
and thereby, prevent the formation of peroxide (Shimada
et al., 1992). The reducing power of cold and hot water
extracts might be due to their hydrogen-donating ability,
as described by Shimada et al. (1992). Furthermore, Yang
et al. (2000) reported that fermented soybean broth by Ace-

tobacter sp., Lactobacillus sp., Saccharomyces sp. and
Streptomyces sp. exhibited higher reducing powers than
soybean broth. Therefore, MFS-31499 and MFS-31527
might contain reductones formed during fermentation,
which could react with free radicals to stabilise and termi-
nate radical chain reactions.

3.4. Scavenging ability on 1,1-diphenyl–2-picrylhydrazyl

radicals

For both cold and hot water extracts, soybeans showed
higher scavenging abilities on DPPH radicals than MFS-
31499 and MFS-31527 (Fig. 3). At 5 mg/ml, scavenging
abilities of the cold water extracts from MFS-31499,
MFS-31527 and soybeans on DPPH radicals were 36.5%,
56.4% and 89.1%, respectively. For hot water extracts,
MFS-31499, MFS-31527 and soybeans exhibited scaveng-
ing abilities of 76.8%, 92.2% and 94.7% on DPPH radicals
at 5 mg/ml, respectively. Obviously, hot water extracts
showed better scavenging DPPH abilities than cold water
extracts. Contrary to the reducing power, heating might
impart certain components with better scavenging ability
on DPPH radicals. However, the scavenging abilities of
BHA and a-tocopherol were 93.1% and 93.3% at 0.1
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Fig. 3. Scavenging ability of cold (a) and hot water extracts (b) from
Monascus fermented soybeans (MFS-31499 and MFS-31527) and soy-
beans on 1,1-diphenyl–2-picrylhydrazyl radicals. Each value is expressed
as mean ± SE (n = 3). (d) MFS-31499, (s) MFS-31527, (.) Soybeans,
(O) ascorbic acid, (j) BHA, (h) a-tocopherol.

Table 2
Scavenging ability of cold and hot water extracts from Monascus

fermented soybeans (MFS-31499 and MFS-31527) and soybeans on
hydroxyl radicals

Amount (mg/ml) Scavenging abilitya (%)

MFS-31499 MFS-31527 Soybeans

Cold water

5.0 –b – –
10.0 – 5.15 ± 0.32 –
20.0 26.4 ± 2.51B 33.2 ± 0.73A 22.8 ± 0.68C

Hot water

5.0 – – –
10.0 15.0 ± 0.27A 5.32 ± 0.64C 6.20 ± 0.17B
20.0 35.9 ± 0.43A 19.5 ± 0.33B 8.37 ± 0.36C

a Each value is expressed as mean ± SE (n = 3). Means with different
letters within a row are significantly different (P < 0.05).

b No effect.
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mg/ml, respectively and that of ascorbic acid was 24.1% at
1 mg/ml.

The high scavenging ability of cold and hot water
extracts from MFS-31499, MFS-31527 and soybeans might
be attributed to the presence of isoflavones (Lee et al.,
2004; Lee et al., 2005). In addition, McCue and Shetty
(2005b) reported that bioprocessing of soymilk by Kefir
cultures containing Streptococcus lactis, Streptococcus

cremoris, Streptococcus diacetylactis, Lactobacillus planta-

rum, Lactobacillus casei, Saccharomyces fragilis and Leuco-

nostoc crenoris could increase phenolic contents and thus
enrich the scavenging abilities on DPPH radicals. It seems
that MFS-31499 and MFS-31527 might contain phenolic
components, formed during fermentation, which contrib-
ute to this free radical scavenging ability.

Herraiz, Galisteo, and Chamorro (2003) found out that
an essential amino acid, L-tryptophan, could react with
phenolic aldehydes in food to form phenolic tetra
hydro-b-carboline alkaloids that scavenged 2,2-azinobis
(3-ethylbenzothiazoline)-6-sulfonic acid (ABTS) effectively.
Therefore, the presence of L-tryptophan in cold and hot
water extracts from MFS-31499, MFS-31527 and soybeans
might most likely account for the scavenging ability on
DPPH radicals.

3.5. Scavenging ability on hydroxyl radicals

For cold water extracts, scavenging abilities on hydroxyl
radicals were in the range of 22.8–33.2% at 20 mg/ml
(Table 2). For hot water extracts, at 20 mg/ml, scavenging
abilities on hydroxyl radicals were in the descending order:
MFS-31499 > MFS-31527 > soybean. For both extracts,
MFS-31499 and MFS-31527 exhibited better scavenging
abilities than soybean. It seems that Monascus growth on
soybean might produce some components effective in scav-
enging hydroxyl radicals. However, at 20 mg/ml, the scav-
enging ability of BHA was only 18.3%.

Iwai et al. (2002) reported that low-molecular-weight
viscous substances (Mw < 100,000) from Natto exhibited
higher scavenging abilities on hydroxyl radicals than
high-molecular-weight viscous substances (Mw > 100,000)
and water extracts from Natto. In addition, fermented soy-
bean broth by Acetobacter sp., Lactobacillus sp., Saccharo-

myces sp. and Streptomyces sp., showed better scavenging
abilities on hydroxyl radicals than soybean broth (Yang
et al., 2000). It reveals that MFS-31499 and MFS-31527
might possess more hydroxyl radical scavenging compo-
nents which are formed during fermentation.

Halliwell, Gutteridge, and Aruoma (1987) indicated that
mannitol, histidine and adenosine monophosphate (AMP)
showed scavenging abilities on hydroxyl radicals. Both water
extracts might contain these components, which were respon-
sible for the low scavenging ability on hydroxyl radicals.

3.6. Chelating abilities on ferrous ions

At 5 mg/ml, the chelating abilities of cold water extracts
from MFS-31499, MFS-31527 and soybeans on ferrous ions
were 42.6%, 63.3% and 58.6%, respectively (Fig. 4). For hot
water extracts, at 5 mg/ml, MFS-31499, MFS-31527 and
soybeans chelated 74.2%, 46.7% and 51.7% of ferrous ions,
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Fig. 4. Chelating ability of cold (a) and hot water extracts (b) from
Monascus fermented soybeans (MFS-31499 and MFS-31527) and soy-
beans on ferrous ions. Each value is expressed as mean ± SE (n = 3). (�)
MFS-31499, (s) MFS-31527, (.) Soybeans, (O) EDTA.
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respectively. For both extracts, Monascus fermented soy-
beans and soybeans showed comparable effective chelating
abilities on ferrous ions. However, EDTA was an excellent
Table 3
EC50 values of cold and hot water extracts from Monascus fermented soybean

EC50 valuea (mg

MFS-31499

Cold water

Antioxidant activity a3.83 ± 0.09Ab

Reducing power b4.61 ± 0.08B
Scavenging ability on DPPH radicals a8.76 ± 0.13A
Scavenging ability on hydroxyl radicals a29.1 ± 1.49Bc

Chelating ability on ferrous ions a8.14 ± 1.02A

Hot water

Antioxidant activity b3.28 ± 0.26Bb

Reducing power a5.28 ± 0.11C
Scavenging ability on DPPH radicals b2.66 ± 0.04A
Scavenging ability on hydroxyl radicals a26.7 ± 0.21Bc

Chelating ability on ferrous ions b2.89 ± 0.10B

a EC50 value, the effective concentration at which the antioxidant activity w
picrylhydrazyl (DPPH) or hydroxyl (OH) radicals were scavenged by 50%; and
obtained by interpolation from linear regression analysis.

b Each value is expressed as mean ± SE (n = 3). Means with different capi
different small letters within a column at a specific antioxidant attribute are si

c Obtained by extrapolation from linear regression analysis.
chelating agent for ferrous ions and its chelating ability
was 89.4% at 0.1 mg/ml.

Since ferrous ions were the most effective pro-oxidants
in the food system, (Yamaguchi, Tatsumi, Asano, Kato,
& Ueno, 1988), and are commonly found in foods, the high
ferrous ion chelating abilities of the cold and hot water
extracts from MFS-31499, MFS-31527 and soybeans
would be beneficial.

3.7. EC50 values in antioxidant properties

The antioxidant properties assayed herein were summa-
rised in Table 3 and the results were normalised and
expressed as EC50 values (mg water extracts per ml) for com-
parison. Effectiveness of antioxidant properties inversely
correlated with their EC50 values. With regard to the EC50

values of antioxidant activities by the conjugated diene
method, the effectiveness of cold water extracts was in a
descending order: soybeans > MFS-31527 > MFS-31499
whereas that of hot water extracts was in a descending order:
soybeans �MFS-31499 > MFS31527. For both extracts,
effectiveness in their reducing powers was in a descending
order: MFS-31499–MFS-31527 > soybeans. Cold water
extracts were more effective than hot water extracts as evi-
denced by lower EC50 values for the three samples.

With regard to the scavenging ability on DPPH radicals,
both extracts were effective in a descending order: soy-
beans > MFS-31527 > MFS-31499. Hot water extracts
were more effective than cold water extracts as evidenced
by lower EC50 values for the three samples. With regard
to the scavenging ability on hydroxyl radicals, cold water
extracts of the three samples were effective in the descend-
ing order: MFS-31527 > MFS-31499 > soybeans whereas
hot water extracts were effective in the descending order:
MFS-31499–MFS-31527 > soybeans. Cold water extracts
were more effective than hot water extracts. With regard
s (MFS-31499 and MFS-31527) and soybeans

extract/ml)

MFS-31527 Soybeans

b3.19 ± 0.12B b0.90 ± 0.07C
b4.61 ± 0.08B b8.91 ± 0.18A
a4.26 ± 0.06B a1.79 ± 0.07C
b26.0 ± 0.28Cc b32.0 ± 0.54Ac

b3.00 ± 0.13B b3.59 ± 0.26B

a4.64 ± 0.14A a3.12 ± 0.06B
a7.26 ± 0.70B a16.5 ± 0.41A
b1.66 ± 0.02B b1.59 ± 0.04C
a41.6 ± 0.20Bc a213 ± 15.2Ac

a5.73 ± 0.87A a4.86 ± 0.29A

as 50%; the absorbance was 0.5 for reducing power; the 1,1-diphenyl-2-
ferrous or cupric ions were chelated by 50%, respectively. EC50 value was

tal letters within a row are significantly different (P < 0.05). Means with
gnificantly different (P < 0.05).



Table 4
Contents of ascorbic acid, tocopherols and total phenols of cold and hot
water extracts from Monascus fermented soybeans (MFS-31499 and MFS-
31527) and soybeans

Compound Contenta (mg/g)

MFS-31499 MFS-31527 Soybeans

Cold water extract

Ascorbic acid 0.23 ± <0.01B 0.11 ± 0.01C 0.34 ± 0.02A
a-Tocopherol 0.01 ± <0.01A 0.01 ± <0.01A 0.01 ± <0.01A
c-Tocopherol 0.02 ± <0.01C 0.04 ± <0.01B 0.05 ± <0.01A
d-Tocopherol 0.01 ± <0.01A 0.02 ± 0.01A 0.01 ± <0.01A
Total phenols 10.1 ± 0.04B 10.8 ± 0.01 A 7.93 ± 0.04 C

Hot water extract

Ascorbic acid 0.35 ± 0.05A 0.16 ± 0.07B 0.22 ± 0.03B
a-Tocopherol 0.01 ± <0.01B 0.05 ± 0.02A 0.01 ± <0.01B
c-Tocopherol 0.05 ± <0.01B 0.05 ± 0.01B 0.07 ± <0.01A
d-Tocopherol 0.01 ± <0.01A 0.01 ± <0.01A 0.01 ± <0.01A
Total phenols 8.50 ± 0.02A 6.05 ± 0.02B 5.82 ± 0.04C

a Each value is expressed as mean ± SE (n = 3). Means with different
letters within a row are significantly different (P < 0.05).
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to chelating ability on ferrous ions, cold water extracts
were effective in a descending order: soybeans �MFS-
31527 > MFS-31499. On the contrary, hot water extracts
were effective in the descending order: MFS-31499 > soy-
beans �MFS-31527.

Apart from scavenging abilities on hydroxyl radicals,
most EC50 values were less than 10 mg/ml, indicating that
both extracts from the three samples effective in these anti-
oxidant properties. Among the antioxidant properties
assayed, cold extracts from the three samples were more
effective in reducing power and scavenging ability on
hydroxyl radicals whereas hot water extracts from three
samples was more effective in scavenging ability on DPPH
radicals. For both extracts, soybeans were more effective in
antioxidant activity and scavenging ability on DPPH radi-
cals whereas MFS-31499 and MFS-31527 were more effec-
tive in reducing power and scavenging ability on hydroxyl
radicals. Overall, MFS-31499 and MFS-31527 were com-
parable to soybeans in most antioxidant properties.

When the extraction yields were taken into consider-
ation, the EC50 values for antioxidant activity (mg dried
sample per ml) of the cold water extracts were 9.67, 12.4
and 2.60 mg/ml whereas those of the hot water extracts
were 8.42, 15.4 and 8.90 mg/ml for MFS-31499, MFS-
31527 and soybeans, respectively. The EC50 values for
reducing power of the cold water extracts were 11.6, 17.9
and 25.7 mg/ml whereas those of the hot water extracts
were 13.6, 24.1 and 47.1 mg/ml for MFS-31499, MFS-
31527 and soybeans, respectively. The EC50 values for
scavenging ability on DPPH radicals of the cold water
extracts were 22.1, 16.6 and 5.17 mg/ml whereas those of
the hot water extracts were 6.83, 5.50 and 4.53 mg/ml for
MFS-31499, MFS-31527 and soybeans, respectively.

The EC50 values for scavenging ability on hydroxyl rad-
icals of the cold water extracts were 73.4, 101 and 92.3 mg/
ml whereas those of the hot water extracts were 68.6, 138
and 607 mg/ml for MFS-31499, MFS-31527 and soybeans,
respectively. The EC50 for chelating ability on ferrous ions
of the cold water extracts were 20.6, 11.7 and 10.4 mg/ml
whereas those of the hot water extracts were 7.42, 19.0
and 13.9 mg/ml for MFS-31499, MFS-31527 and soy-
beans, respectively. Most EC50 values of the cold water
and hot water extracts were below 30 mg/ml on the basis
of dry sample except for that of hot water extracts from
soybeans for reducing power, those of the both water
extracts for scavenging abilities on hydroxyl radicals. It
seems that these two extracts were effective for the antiox-
idant properties assayed.

Although BHA, ascorbic acid and/or a-tocopherol were
good for antioxidant activity, reducing power and scaveng-
ing ability on DPPH radicals and EDTA was a good che-
lator for ferrous ions, they were additives and used or
present in mg levels in foods. Both water extracts of
MFS-31499, MFS-31527 and soybeans could be used in g
or hundreds of g levels as a soymilk or food processing
products such as tofu. Therefore, fermented soybeans
(MFS-31499 and MFS-31527) in human diets might supply
a new alternative for health protection to help humans
reduce oxidative damage daily.

3.8. Antioxidant components

Naturally occurring antioxidant components, including
ascorbic acid, tocopherols and total phenols, were found
in the cold and hot water extracts from MFS-31499,
MFS-31527 and soybeans (Table 4). However, b-carotenes
were not detected in both water extracts due to their fat-
soluble nature. Contents of ascorbic acid were low in both
extracts of MFS-31527. Total tocopherol contents were in
the range from 0.04 to 0.11 mg/g. Total phenols were the
major naturally occurring antioxidant components found
and the contents in cold water extracts were higher than
those in hot water extracts. The contents of total antioxi-
dant components assayed were in the descending order:
MFS-31527 (10.81 mg/g) > MFS-31499 (10.14 mg/g) >
soybeans (7.93 mg/g) for the cold water extracts and
MFS-31499 (8.50 mg/g) > MFS-31527 (6.05 mg/g) > soy-
beans (5.82 mg/g) for the hot water extracts. The higher
amount of total phenols in cold water extracts might
explain their increased effectiveness in reducing power
and scavenging ability on hydroxyl radicals. The results
of higher total phenol contents were consistent with the
findings in McCue and Shetty (2005b).

Phenols such as BHT and gallate were known to be
effective antioxidants (Madhavi, Singhal, & Kulkarni,
1996). Due to their scavenging abilities for free radicals
and chelating abilities on ferrous ions, phenols might pos-
sess good antioxidant, antimutagenic and anticancer prop-
erties (Lotito & Fraga, 1998; Ahmad & Mukhtar, 1999). In
addition, contents of total phenols were moderately to
highly associated with reducing power (r = 0.751), scaveng-
ing ability on DPPH radicals (r = �0.731) and hydroxyl
radicals (r = 0.623). Therefore, high contents of total
phenols in the extracts might be responsible for their effec-
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tive antioxidant properties. However, on the basis of the
results obtained, MFS-31499, MFS-31527 and soybeans
were relatively effective for the antioxidant properties
assayed. Accordingly, MFS might be potential antioxi-
dants for use in food products and could be developed as
a new dietary supplement and functional foods. Finally,
the active antioxidant components will be further studied.
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