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ABSTRACT

The antioxidative activities of Thai native soybeans [Glycine max (L.) Merr.
S8J2] fermented with Aspergillus oryzae BCC 3088 were investigated. Compared
to naturally-fermented soybeans, the methanol extract of soybeans fermented with
A. oryzae BCC 3088 was more effective in antioxidative activity by scavenging
ability on 1,1-diphenyl-2-picrylhydrozyl (DPPH) radicals, inhibitory activities
against linoleic acid peroxidation, Fenton reaction-induced breakage of DNA,
and protein oxidation. The results suggest that the enhanced antioxidative
activity of soybeans fermented with A. oryzae BCC 3088 observed in various
antioxidative model systems could be related to the increased total phenolic
and flavonoid contents, a significant bioconversion of the isoflavone glucosides
(daidzin + genistin) into their corresponding bioactive aglycones (daidzein +
genistein), and the formation of 8-hydroxygenistein (8-OHG). Fermentation of
soybeans with A. oryzae BCC 3088 results in higher levels of isoflavone agly-
cones, which may enhance health benefits over naturally fermented soybeans.
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INTRODUCTION

Reactive oxygen species (ROS) formed in food systems and the human
body not only induce oxidative stress that causes deterioration of foods but also
causes oxidative damage to biomolecules, which are thought to be an important
etiologic factor in carcinogenesis, formation of atherosclerotic plaques, aging, and
development of chronic diseases (Steinberg, 1991; Jang et al., 1997; Moktan et
al., 2008). Oxidative stress occurs when the formation of highly ROS increases,
or when scavenging of ROS or repairing of oxidatively-modified molecules
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decreases. Under normal physiological conditions, ROS can be scavenged by the
cellular-defending systems. However, the dynamic balance between the generation
and elimination of ROS may be disturbed under certain pathological conditions
leading to cellular damage and death.

Dietary antioxidants have gained much interest due to their protective
properties against free radicals that are known to be responsible for oxidative
damage to living systems. Among various sources of natural antioxidants, soybean
supplements have been developed because of several naturally occuring phenolic
compounds and flavonoids, especially isoflavone (Hanasaki et al., 1994). Consi-
derable evidence for a variety of health benefits associated with the consumption
of cultured soy products has been reported (Lin and Yen, 1999; Marinova et al.,
2005). Consequently, the intake of fermented soybean-derived antioxidants with
free radical-neutralizing ability may be of importance in the prevention of some
diseases, reducing oxidative damage, and providing benefits to human health
(Cassidy, 1996).

Due to their broader nutrient profile and high bioavailability, traditional
fermented soy foods are considered to have more health-promoting benefits. As
a consequence of fermentation, soybeans are modified by microorganisms that
not only grow and consume part of the substrate but also enrich them with the
byproducts of their metabolism. In particular, fermentation with some GRAS
microorganisms, especially filamentous fungi and bacilli, significantly increased
the antioxidant concentration in fermented soybean products (Berghofer et al.,
1998) such as miso, natto, tempeh and koji. Therefore, fermentation with an
appropriate microorganism might be an important means in the development of
high antioxidative soy products, contributing to overall disease prevention and
enhancement of well-being.

A. oryzae is one of the most common fungi usually inoculated into the solid
culture of steamed soybean, rice, or barley in koji preparation and then used to
prepare traditional fermented food products (Chia et al., 2006). Besides producing
an abundance of hydrolytic enzymes suitable for various industrial applications,
A. oryzae has been employed extensively for the production of antioxidant com-
pounds from soybeans (Wardhani et al., 2009, 2010). Nevertheless, discrepancies
in the ability to increase antioxidative activity could be observed among various
strains of 4. oryzae used in previous studies. Therefore, the objective of this study
was to investigate the antioxidant activity of soybean fermented with 4. oryzae
BCC 3088, previously identified as the strain with the highest ability to increase
ABTS®" scavenging activity and ferric reducing ability (Punjaisee et al., 2011),
and to identify the major components responsible for this increased antioxidative
capacity after fermentation.

MATERIALS AND METHODS

Chemicals and reagents
2,2-Diphenyl-picrylhydrazyl (DPPH), linoleic acid, 2-thiobarbituric acid
(TBA), ethylenediaminetetraacetic acid (EDTA), potassium phosphate, potas-
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sium ferricyanide, linoleic acid, ferric chloride, gallic acid, catechin, and Folin
Ciocalteu’s phenol reagent were purchased from Sigma Chemical (St Louis, MO,
USA). Hydrogen peroxide (H,0,, 30%, v/v) was obtained from Aldrich Chemical.
(Milwaukee, WI, USA). 1,1,3,3-Tetracthoxypropane was purchased from Carlo
Erba (Strada, Rodano, Italy). All other solvents and chemicals used were of ana-
lytical grade. Authentic standards of daidzin, genistin, daidzein, and genistein
were purchased from Sigma Chemical (St Louis, MO, USA). 8-hydroxydaidzein
(8-OHD) and 8-hydroxygenistein (8-OHG) were obtained from Plantech Chemical
(Reading, Berkshire, England).

Preparation of microorganism

A. oryzae BCC 3088 was obtained from the BIOTEC-Culture Collection,
National Center for Genetic Engineering and Biotechnology, Thailand. This mi-
croorganism was isolated from fermented soy sauce. The freeze-dried culture was
rehydrated with 1 mL of sterile distilled water. A few drops of cell suspension
were inoculated onto potato dextrose agar (PDA) from Difco (Franklin Lakes,
MD, USA) and incubated at 37°C for 3 days. The growing colonies were trans-
ferred to the new PDA plate and incubated at 37°C for 5 days. Spores of the fungi
were harvested by flooding the surface of the agar with sterile distilled water and
aseptically filtered through three layers of sterile gauze. The turbidity of spore
suspension was adjusted to 0.5 McFarland unit (Pfaller et al., 1995) and used as
inoculum for the fermentation of soybeans.

Preparation of fermented soybeans

Soybeans [Glycine max (L) Merr SJ2] were obtained from Limsakdakun
Co. Ltd. (Chiang Mai, Thailand). Whole soybeans were washed, soaked in water
for 12 h and then autoclaved at 121°C for 30 min. After cooling, the cooked
soybeans were inoculated with the spore suspension of 4. oryzae BCC 3088 at
the level of 1x10° spores per gram of cooked soybeans. The samples were then
incubated at 30°C. Samples were collected at 24-h intervals for 4 days. The
samples were immediately ground into powder in liquid nitrogen, using a blender
(Model BBL550XL, Hawaii, USA). The samples were stored at -20°C until use.
To prepare methanol extract, powderized sample (1 g) was extracted in 5 mL of
methanol with shaking at 60 rpm in a water bath for 12 h at 37°C. The fermented
soybean extracts were recovered by centrifugation, using a centrifuge model JE
25 (Beckman Coulter, Inc., CA, USA) at 12,000 Xg at 4°C for 15 min. The
methanol extract was vacuum-concentrated at 40°C and dried by a freeze-dryer
to dryness.

Measurement of DPPH radical-scavenging activity

The scavenging activity for the DPPH radical was determined, using the
method of Velazquez et al. (2003). Varying amounts of fermented soybeans
extract were dissolved in 0.1 mL of methanol and mixed with 2.9 mL of 0.1 mM
DPPH in 80% methanol. The mixtures were left in the dark for 30 min at room
temperature and the absorbance was then measured at 517 nm. The inhibitory




16 | 2 CMU. J. Nat. Sci. (2012) Vol. 11(1)

percentage of DPPH was calculated according to the following equation:
Scavenging effect (%) = [1 - ((Asample - Ay Acontro)] X 100%

where, A, Was the Ag;; of sample and DPPH*, A, was the Ay, of sample
without DPPH®, and A_ . . was the Ay, of DPPH® without sample. The effec-
tive concentration at which 50% of the DPPH radicals were scavenged or ECy,
value was obtained by interpolation from linear regression analysis from the plot
of scavenging activity against the concentration of sample.

Lipid peroxidation inhibitory assay

Oxidation of linoleic acid was determined by modified method of Haraguchi
et al. (1992). Different amounts of fermented soybean extract dissolved in 30 uL
methanol were added to a reaction mixture, consisting of 0.57 mL of 2.51% lino-
leic acid in methanol and 2.25 mL of 40 mM phosphate (pH 7.0). After 5 days of
incubation at 40°C, 0.2 mL of reaction mixture was taken and added with 1 mL
of TBA solution containing 0.375% TBA, 15% TCA and 0.25 N HCI and boiled
for 10 min. The mixture was centrifuged at 5,500 Xg for 25 min. The absorbance
of the supernatant was measured at 532 nm, using a spectrophotometer UV-1601
(Shimadzu, Kyoto, Japan). The TBARS value was calculated from the standard
curve of 1,1,3,3-tetracthoxypropane.

Plasmid relaxation assay

In vitro plasmid relaxation assay was determined by a modified version of
the method of Ishikawa et al. (2004). DNA strand damages were measured by
converting circular double-stranded supercoiled plasmid DNA into nicked circu-
lar and linear forms. Reactions were performed in 50 puL of solution containing
10 pL of supercoiled pUC18 plasmid DNA (750 ng), 10 uL of 10 mM phosphate
(pH 7.8), 5 uL of 3.5% hydrogen peroxide, 5 pL of 100 mM ferric chloride and
20 uL of fermented soybean extracts at various concentrations (2.5, 5, 7.5 and 10
mg/mL). The mixtures were incubated at 37°C for 30 min and the reactions were
stopped by adding 1 pL of 5 mM ethylenediaminetetraacetic acid (EDTA). Reac-
tion mixtures (20 pL) were mixed with 5 pL of loading buffer containing 30%
glycerol and 0.25% bromophenol blue. The mixture (15 pL) was loaded onto a
1% agarose gel. Electrophoresis was conducted using a constant voltage of 110V.
The gel was stained using ethidium bromide solution for 10 min. The DNA bands
were visualized under UV light and captured by a CCD camera (Genegenious,
Singene, UK). DNA band intensity in digitized images was analyzed with the
UTHSCSA Image Tool for Windows Version 3.0 software program (University
of Texas Health Science Center, San Antonio, TX, USA).

Protein oxidation inhibition assay

Protein oxidation inhibition assay was determined by the method of Shacter
(2000) with a slight modification. Reactions were performed in 85 pL of solution
consisting of 25 pL of 2.5 mg/mL BSA, 10 puL of 1.5 mM CuSO,, 10 uL of 37.5
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mM H,0, and 40 pL of fermented soybean extracts at various concentrations
(0.25, 1.25, 2.5, 5.0 and 10.0 mg/mL). The mixtures were incubated at 37°C for
30 min, and the reactions were stopped by adding 85 pL of gel loading buffer,
and then boiled for 3 min. Samples were subjected to electrophoresis (Laemmli,
1970). Proteins (5 pg) were loaded into the gel, producing 4% stacking and 12.5%
separating gels, and then subjected to electrophoresis at a constant voltage of
75V, using a mini vertical Hoefer apparatus (Hoefer Scientific Instruments, San
Francisco, CA, USA). After electrophoresis, the gels were fixed and stained with
0.125% Coomassie blue R-250 in 50% ethanol and 10% acetic acid and destained
in 25% ethanol. Intensity of the protein bands in digitized images was analyzed
with the UTHSCSA Image Tool for Windows Version 3.0 software program.

Total phenolic and flavonoid content assay

Total phenolic content was determined by the method of Marinova et
al. (2005) using gallic acid as standard. One milliliter of fermented soybeans
extract was added to 25-mL volumetric flask, containing 9 mL of deionized water.
Folin-Ciocalteu’s phenol reagent (1 mL) was added to the mixture and shaken.
After 5 min, 10 mL of 7% Na,COj; solution was added to the mixture. The solu-
tion was diluted to the final volume of 25 mL with distilled deionized water and
mixed. After incubation for 90 min at room temperature, the absorbance against
prepared reagent blank was measured at 750 nm. Total phenolic content of fer-
mented soybeans was expressed as mg gallic acid equivalents (GAE)/g fermented
soybeans.

Total flavonoid content was measured by the aluminum chloride colorimetric
assay according to method described by Zhishen et al. (1999), using catechin as
standard. One milliliter of fermented soybeans extract was added to 10-mL volu-
metric flask, containing 4 mL of distilled deionized water. To the flask was added
0.3 mL of 5% NaNO,. After 5 min, 0.3 mL of 10% AICl, was added. At the 6™
minute, 2 mL of 1 M NaOH was added and the total volume was increased to 10
mL with distilled deionized water. The solution was mixed well and the absor-
bance was measured against prepared reagent blank at 510 nm. Total flavonoid
content of fermented soybeans was expressed as mg catechin equivalents (CE)/g
fermented soybeans.

HPLC analysis for isoflavone compositions

In order to verify the presence of isoflavone composition, powderized sample
was extracted with methanol as previously described and filtered through a 0.45
um membrane (Millipore Co., Bedford, MA, USA) prior to analysis by HPLC
(Griffith and Collison, 2001). Reversed phase HPLC analysis was carried out with
Hewlett-Packard HP 1100 series equipped with an autosampler, DAD detector,
and HP ChemStation Software (Scientific Equipment Source, Pickering, Canada),
using a BSD Hypersil C-18 column (4.6 X 250 mm, 5 um). For the analysis of
isoflavones, the mobile phase was composed of solvent A (H,0O:methanol:acetic
acid, 88:10:2, v/v) and solvent B (methanol:acetic acid, 98:2, v/v). Following the
injection of 20 pL of sample, solvent A was increased from 90% to 100% over
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20 min, and then held at 35% for 10 min. The solvent flow rate was 1 mL/min
and the eluted isoflavones were detected at 254 nm. The column temperature was
controlled at 25°C. Quantitative data for daidzin, daidzein, genistin, genistein,
8-hydroxydaidzein (8-OHD), and 8-hydroxygenistein (8-OHG) were obtained
from comparison with known standards.

Statistical analysis

All experiments were run in duplicate with triplicate determinations. Analysis
of variance (ANOVA) and mean comparison were performed by Duncan’s multiple
range test (Steel and Torrie, 1980). Analysis was carried out using SPSS 11.0 for
windows (SPSS Inc, Chicago, IL, USA).

RESULTS AND DISCUSSIONS

DPPH radical-scavenging activity

DPPH radical-scavenging activity of soybeans fermented with A. oryzae BCC
3088 was higher than that of soybeans naturally fermented (Figure 1) in which
the EC50 values were 13.0 mg/mL and 22.5 mg/mL, respectively. Scavenging
of DPPH free radical is the basis of a common antioxidant assay based on the
reduction of 1,1-diphenyl-2-picrylhydrazyl (DPPH). As an odd electron becomes
paired off in the presence of a hydrogen donor, the absorbance is decreased and the
resulting decolorization is stoichiometric with respect to the number of electrons
captured. The results show that soybeans fermented with 4. oryzae BCC 3088
possibly contained substances that were more active as hydrogen donors and could
react with free radicals to convert them to more stable products and terminate the
radical chain reaction. Among naturally occurring antioxidative components in
soybeans, antiradical activity was positively influenced by the phenolic compounds
(Bors et al., 1990; Moktan et al., 2008). Along with previous reports on soybean
koji fermented with other fungal strains, higher DPPH-scavenging effect would
be a result of the ability of fungi to metabolize isoflavone precursors in soybeans
to the more active isoflavone forms (Esaki et al., 1997; Chia et al., 2006). From a
total of 21 fungal strains from 9 different genera tested, Aspergillus strains isolated
from fermented soy foods, including five 4. oryzae strains, one A. sojae strain,
and one A. tamarii strain, were able to metabolize both daidzein and genistein to
8-hydroxydaidzein and 8-hydroxygenistein, respectively (Chang et al., 2007).
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Figure 1. DPPH radical-scavenging activity of the methanol extract of soybeans
fermented with and without inoculation of 4. oryzae BCC 3088 at day
4 of fermentation.

Lipid peroxidation inhibitory assay

The soybeans fermented with A. oryzae BCC 3088 exhibited stronger
inhibitory activity against linoleic acid peroxidation than soybeans naturally
fermented (Figure 2), in which the EC50 values were 24.7 mg/mL and 45.5 mg/
mL, respectively. The results conformed with Esaki et al. (1997) that fermented
soybeans incubated with A. saitoi, which has been utilized for manufacturing, had
the most antioxidative activity against lipid peroxidation. Lipid peroxidation leads
to rapid development of rancid and stale flavors, and is considered as a primary
mechanism of quality deterioration in lipid foods and oils (Giintensperger et al.,
1998). Corresponding with DPPH-scavenging effect, the fermented soybeans with
A. oryzae BCC 3088 was likely to contain substances that can function both as
an antioxidant and as a free radical acceptor that can convert free radicals into
harmless substances through an energy-decreasing procedure. This action is exten-
sive and effective in eliminating free radicals ranging from the superoxide anion
to H,O, to lipid peroxide free radical, as well as having an antioxidant effect
on unsaturated fatty acids and lipids. Previous research has shown that phenolic
compounds formed, through different chemical mechanisms, including free radi-
cal quenching, electron transfer, and radical addition, are able to suppress lipid
peroxidation (Mathew and Abraham, 2006). Rather than their mere presence, a
synergism of various phenolic compounds and/or other components present in
the extract may also contribute to the total antioxidant activity (Shahidi et al.,
1994).
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Figure 2. Comparison of the capacity of the methanol extracts of soybeans fer-
mented with and without inoculation of 4. oryzae BCC 3088 to inhibit
the production of thiobarbituric acid reactive substances (TBARS).

Plasmid relaxation assay

Soybeans fermented with 4. oryzae BCC 3088 showed higher antioxida-
tive activity in inhibiting DNA relaxation than those naturally fermented without
inoculation at any concentrations tested (Figures 3A and 3B). Based on the relative
band intensity, treatment of DNA with fermented soybean extract of 4. oryzae
BCC 3088 significantly increased the concentration of supercoiled DNA retained
after reaction in a dose-dependent manner (P<0.05). DNA strand breakage was
induced in the presence of H,0, and Fe?* while DNA in the presence of H,O, or
Fe?* alone did not show significant strand breakage. Induced oxidative damage in
DNA through Fenton reaction is thought to arise via a site-specific mechanism,
i.e., involving the interaction of a transition metal ion with DNA prior to its
reaction with H,O, to produce the damaged DNA species (Chevion, 1988). Apart
from scavenging ability on hydroxyl radicals, this study implies that part of the
antioxidant activity of the fermented soybeans extract might arise from their iron
chelating ability.
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Figure 3. Inhibitory effect of the methanol extracts of soybeans fermented with
and without inoculation of 4. oryzae BCC 3088 on plasmid DNA relax-
ation in Fenton reaction system (A). RC and S represent relaxed circular
and supercoiled forms of DNA, respectively. Relative band intensity of
supercoiled DNA in comparison with total band intensity (RC+S) of
DNA in the tested samples (B). The values, expressed as percentage,
represent mean + SD of triplicate measurements.

Protein oxidation inhibition assay

The dose-response inhibition of copper-induced protein oxidation of the
methanol extracts from fermented soybeans incubated with A. oryzae BCC 3088
and the soybeans naturally fermented are shown in Figures 4A and 4B. Based
on the percentage band intensity of BSA monomer (~67 kDA) retained after
reaction, the extract of fermented soybeans inoculated with 4. oryzae BCC 3088
showed higher antioxidative activity in inhibition than control group at any con-
centrations tested (Figure 4B). Oxidants such as H,0O, and various kinds of ROS
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are implicated in mediating a wide array of damage to proteins (Shacter, 2000).
Collectively, these ROS can lead to oxidation of amino acid residue side chains,
formation of protein-protein cross-linkages, and oxidation of the protein backbone
resulting in protein fragmentation (Berlett and Stadtman, 1997). Proteins highly
influence the physical characteristics of foods and so oxidative changes of these
biomolecules may have a significant effect on food integrity. According to Stagos
et al. (2007), it is also speculated that phenolic compounds formed by the action
of inoculated fungi may be a mechanism accounting for the protective activity
of natural antioxidants against induced oxidation of proteins.
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Figure 4. Protein oxidation inhibition assay of the methanol extracts of soybeans
fermented with (A) and without (B) inoculation of 4. oryzae BCC
3088. Relative band intensity of BSA monomer (~67 kDa) in the tested
samples in comparison to that of control in the presence or absence of
extracts of soybeans fermented with (C) and without (D) inoculation.
The values represented as mean + SD of triplicate measurements.

Total phenolic contents
The fermented soybeans incubated with 4. oryzae BCC 3088 contained

higher total phenolic contents than those fermented with no inoculation (Table
1). Total polyphenolic content increased dramatically during the 4-day fermenta-
tion. However, the larger increase was observed in the soybeans fermented with
A. oryzae BCC 3088. Only correlation between total polyphenolic content and
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DPPH-radicals scavenging activities was found to be statistically significant
(P<0.01) among twenty soybean cultivars that were analyzed for their antioxidant
activity and content of isoflavones, flavonoids, and total polyphenolics (Tepavcevic
et al., 2009). Several studies revealed that phenolic compounds were responsible
for a wide spectrum of biochemical activities such as antioxidant, antimuta-
genic, and anticarcinigenic as well as the ability to modify the gene expression
(Bors and Saran, 1987; Lopes et al., 1999; Tapiero et al., 2002). The increased
total phenolic content in soybean after fermentation is consistent with findings
reported by Vettem and Shetty (2002), McCue and Shetty (2003) and Randhir et
al. (2004). These studies suggested that -glucosidase produced by fungi catalyzed
the release of aglycones from the soybean substrate and thereby increased their
phenolic content.

Total flavonoid contents

The total flavonoid content of soybeans fermented with 4. oryzae BCC
3088 was higher than those naturally fermented without inoculation (P<0.05)
(Table 1). The results corresponded with the increase in total phenolic contents
after fermentation. Flavonoids represent the most common and widely-distributed
group of water-soluble polyphenolic molecules which have the diphenylpropane
(C¢-C5-Cy) skeleton. The flavonoids exhibit a wide range of antioxidative effects
as free radical scavengers, hydrogen-donating compounds, singlet oxygen quench-
ers, and metal ion chelators. Therefore, an increase in total flavonoid contents was
positively correlated with the increased capacity in reducing power and DPPH
radical-scavenging, the antioxidant activity in linoleic acid/water emulsion system
and inhibition for lipid peroxidation by thiobarbituric acid reactive substances
(Romero et al., 2004). The flavonoid family comprises 15 classes of compounds
in which isoflavones are the predominant flavonoid in soybean seeds (Ho et al.,
2002). Therefore, a larger increase in total flavonoid contents might be explained
by the changes in isoflavone composition exerted by the activity of fungi during
fermentation.

Table 1. Changes in total phenolic and flavonoid contents of soybeans fermented
with and without inoculation of A. oryzae BCC 3088.

Soybeans inoculated with

Without inoculation 'A. oryzae BCC 3088

Day 0 Day 4 Day 0 Day 4
Total phenolic 82.41+0.0012A4 | 152.03+0.002"B | 91.47+0.0019C | 398.83+0.002
(mg GAE/100g sample)
Total flavonoid 15.7240.001°F | 30.2040.002°F | 19.36+0.004°C | 90.36:+0.0129C
(mg CE/100g sample)

Note: Means with different small letters in the same column and capital letters in the same row
indicated significant differences (P<0.05) between treatments.
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Isoflavone composition

The primary isoflavones in soybeans are daidzein, genistein, and their
respective B-glycosides, daidzin and genistin, which are known to be the anti-
oxidative components (Table 2). Most of the soy products have a total isoflavone
concentration of 1-3 mg/g in which the isoflavones appear mostly as glycoside
conjugates (Esaki et al., 1999a). After fermentation, total glucosides content
of soybeans fermented with A. oryzae BCC 3088 decreased to about 2.9 fold,
but the proportion of aglycone in total isoflavone fermented with and without
A. oryzae BCC 3088 markedly increased about 10 and 3.4 fold, respectively (Table
2). Aglycone concentration was remarkably higher in soybeans fermented with
A. oryzae BCC 3088 whereas glycoside concentration decreased significantly
after 4 days of fermentation (Table 2). As for the increases of aglycone isoflavone
during the fermentation, the proportion of aglycones in total isoflavones was
markedly higher in soybeans fermented with A. oryzae BCC 3088 than those
from uninoculated soybeans. The liberation of lipophilic aglycones of isoflavone
glucosides such as daidzein and genistein by the catalytic action of B-glucosidase
during fermentation resulted in the increased aglycone isoflavones and antioxidative
activity of miso and tempeh (Esaki et al., 1994). The aglycones are present in the
soybean seeds in small quantities, varying from 1 to 3% of the total isoflavones
(Gobes-Favoni et al., 2010). A higher content of aglycones might be a result of the
action of B-glucosidase (B-D-glycoside glycohydrolase, EC 3.2.1.21), endogenous
in soy (Matsura et al., 1995) and the associated B-glucosidase of the fermenting
microbes (Kaya et al., 2008), which promote the hydrolysis of the B-glucoside
conjugates, converting them to aglycones. In consideration of the possible radical
scavenging activity of fermented soybean, isoflavone aglycones and the formation
of o-dihydroxyisoflavones, especially 8-OHG, are considered responsible for the
overall increased antioxidant properties. Being respectively liberated from genistin
by B-glucosidase, 8-OHG was formed from genistein by microbial hydroxylation
((Esaki et al., 1999(a), (b); Chang et al., 2007). These isoflavones exhibited sig-
nificantly stronger antioxidative activity than daidzein and genistein in both oil
and lipid/aqueous systems.
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Table 2. Changes in isoflavone content of soybeans fermented with and without
inoculation of 4. oryzae BCC 3088.

Soybeans inoculated with

Amount Without inoculation A. oryzae BCC 3088
(mg/100g sample)
Day 0 Day 4 Day 0 Day 4

Daidzin 149.940.04548 85.3+0.032bP 119.040.026<P 37.0+0.0022B
Genistin 148.9+0.041¢B 100.1:0.044bE 106.0+0.011°€ 41.04+0.0042C
Daidzein 8.4:+0.005bA 48.6+0.001¢B 7.5+0.0024 85.0+£0.0024F
Genistein 12.8+0.003bA 24.2+0.001°A 7.4+0.00224A 66.0+0.0184DP
8-hydroxygenistein ND ND ND 0.048+0.0014
Total glucosides 298.840.0874¢ 185.4+0.076°F 225.2+0.011¢E 78.0+0.0062E
Total aglycone 21.2+0.001b4 72.840.003¢<C 14.9+0.0012B 150.4+0.01646

Total isoflavone

320.0+0.088¢P

258.240.0796

239.9+0.0102F

228.3+0.0102H

Note: Mean + SD (standard deviation) from three determinations of two separate experiments.
Different letters (a,b,c,d) in the same row and (A,B,C....) in the same column denote significant
differences (P<0.05) between treatments. ND: Not detected.

CONCLUSIONS

The present study suggests that 4. oryzae BCC 3088 was a suitable fer-
menting strain to promote the antioxidant and free radical scavenging activities
of soybeans. The results suggested that the increased total polyphenol content
and aglycone isoflavone during fermentation mainly contributed to the enhanced
antioxidant activity of soybean fermented with A. oryzae BCC 3088 inoculation.
A significant bioconversion of the isoflavone glucosides (daidzin + genistin) into
their corresponding bioactive aglycones (daidzein + genistein) in soybeans during
fermentation was observed. However, it should be noted that the other antioxi-
dants such as chlorogenic acid, caffeic acid, carotenoids, tri-terpenoids, saponin,
melanoidin (a product from Maillard reaction during fermentation) and might also
contribute to the increased antioxidant effects.

ACKNOWLEDGEMENTS
This study was supported by the Faculty of Pharmacy, Chiang Mai Univer-
sity (20006), a grant from Thailand Graduate Institute of Science and Technology
(TGIST), National Science and Technology Development Agency (NSTDA) (2006-
2008) and, in part, by the Graduate School, Chiang Mai University (2008).

REFERENCES

Berghofer, E., B. Grzeskowiad, N. Mundigler, W. B. Sentall, and J. Walcak. 1998.
Antioxidative properties of fava bean-, soybean- and oat tempeh. Int. J.
Food Sci. Nutr. 49: 45-54.



26 | 2 CMU. J. Nat. Sci. (2012) Vol. 11(1)

Berlett, B. S., and E. R. Stadtman. 1997. Protein oxidation in aging, disease, and
oxidative stress. J. Biol. Chem. 272: 20313-20316.

Bors, W., and M. Saran. 1987. Radical scavenging by flavonoid antioxidants. Free
Radical Res. Commun. 2: 289-294.

Bors, W., W. Heller, C. Michel, and M. Saran. 1990. Flavonoids as antioxidants:
Determination of radical-scavenging efficiencies. Method Enzymol. 186:
343-355.

Cassidy, A. 1996. Physiological effects of phyto-oestrogens in relation to cancer
and other human health risks. Proc. Nutr. Soc. 55: 399-417.

Chang, T. S., H. Y. Ding, S. S. K. Tai, and C. Y. Wu. 2007. Metabolism of the
soy isoflavones daidzein and genistein by fungi used in the preparation of
various fermented soybean foods. Biosci. Biotechnol. Biochem. 71: 1330-
1333.

Chevion, M. 1988. A site-specific mechanism for free radical induced biological
damage: The essential role of redox-active transition metals. Free Radical
Bio. Med. 5: 27-37.

Chia, H. L., T. T. Yi, and C. C. Cheng. 2006. Enhanced antioxidative activity
of soybean koji prepared with various filamentous fungi. Food Microbiol.
23: 628-633.

Esaki, H., H. Onozaki, and T. Osawa. 1994. Food phytochemicals for cancer
prevention. pp. 353-360. American Chemical Society, Washington, D. C.

Esaki, H., H. Onasaki, S. Kawashiki and T. Osawa. 1997. Antioxidative activity
and isolation from soybeans fermented with Aspergillus spp. J. Agri. Food
Chem. 45: 2020-2024.

Esaki, H., R. Watanabe, H. Onazaki, S. Kawakishi, and T. Osawa. 1999a. For-
mation mechanism for potent antioxidative o-dihydroxyisoflavones in
soybean fermented with Aspergillus saitoi. Biosci. Biotechnol. Biochem.
63: 851-858.

Esaki, H., S. Kawakishi, Y. Morimitsu, and T. Osawa. 1999b. New potent anti-
oxidative o-dihydroxyisoflavones in fermented Japanese soybean products.
Biosci. Biotechnol. Biochem. 63: 1637-1639.

Goes-Favoni, S. P., M. C. Carrdo-Panizzi, and A. Beleia. 2010. Changes of iso-
flavone in soybean cotyledons soaked in different volumes of water. Food
Chem. 119: 1605-1612.

Griffith, A. P., and M. Collison. 2001. Improved methods for the extraction and
analysis of isoflavones from soy-containing foods and nutritional supple-
ments by reversed-phase high-performance liquid chromatography and liquid
chromatography-mass spectrometry. J. Chromatogr. A 913: 397-413.

Giintensperger, B., D. E. Hammerli-Meier, and F. E. Escher. 1998. Rosemary
extract and precooking effects on lipid oxidation in heat-sterilized meat. J.
Food Sci. 63: 955-957.

Hanasaki, Y., S. Ogawa, and S. Fukui. 1994. The correlation between active
oxygen scavenging and antioxidative effects of flavonoids. Free Radical
Biol. Med. 16: 845-850.



2 CMU. J. Nat. Sci. (2012) Vol. 11(1) | 27

Haraguchi, H., K. Hashimoto, and A. Yagi. 1992. Antioxidative substances in
leaves of Polygonum hudopiper. J. Agric. Food Chem. 40: 1349-1351.

Ho, H. M., R. Y. Chen, L. K. Leung, F. L. Chan, Y. Huang, and Z. Y. Chen. 2002.
Difference in flavonoid and isoflavone profile between soybean and soy
leaf. Biomed. Pharmacother. 56: 289-295.

Ishikawa, S. 1., Y. Yano, K. Arihara, and M. Itoh. 2004. Egg yolk phosvitin inhibits
hydroxyl radical formation from the Fenton reaction. Biosci. Biotechnol.
and Biochem. 68: 1324-1331.

Jang, M., L. Cai, G. O. Udeani, K. V. Slowing, C. F. Thomas, C. W. W. Beecher,
H. H. S. Fong, and N. R. Farnsworth. 1997. Cancer chemopreventive
activity of resveratrol, a natural product derived from grapes. Science 275:
218-220.

Kaya, M., J. Ito, A. Kotaka, K. Matsumura, H. Bando, H. Sahara, C. Ogino, S.
Shibasaki, K. Kuroda, M. Ueda, A. Kondo, and Y. Hata. 2008. Isoflavone
aglycones production from isoflavone glycosides by display of B-glucosidase
from Aspergillus oryzae on yeast cell surface. Appl. Microbiol. Biot. 79:
51-60.

Laemmli, U. K. 1970. Cleavage of structural proteins during assembly of the head
of bacteriophage T4. Nature. 227: 680-685.

Lin, M. Y., and C. L. Yen. 1999. Antioxidative ability of lactic acid bacteria. J.
Agric. Food Chem. 47: 1460-1466.

Lopes, G. K., H. M. Schulman, and M. Hermes-Lima. 1999. Polyphenol tannic
acid inhibits hydroxyl radical formation from Fenton reaction by complex-
ing ferrous ions. Biochem. Biophys. Acta 1472: 142-152.

Marinova, E., N. Yanishlieva, and A. Toneva. 2005. Influence of cholesterol on
the kinetics of lipid autoxidation and on the antioxidative properties of
a-tocopherol and quercetin. Eu. J. Lipid. Sci. Tech. 107: 418-425.

Mathew, S., and T. E. Abraham. 2006. /n vitro antioxidant activity and scavenging
effects of Cinnamomum verum leaf extract assayed by different methodolo-
gies. Food Chem. Toxicol. 44: 198-206.

Matsura, M., J. Sasaki, and S. Murao. 1995. Studies on B-glucosidase from
soybeans that hydrolyzed daidzin and genistin: Isolation and characterization
of an isozyme. Biosci. Biotechnol. Biochem. 59: 1623-1627.

McCue, P., and K. Shetty. 2003. Role of carbohydrate-cleaving enzymes in pheno-
lic antioxidant mobilization from whole soybean fermented with Rhizopus
oligosporus. Food Biotechnol.17: 27-37.

Moktan B., J. Saha, and P. K. Sarkar. 2008. Antioxidant activities of soybean as
affected by Bacillus-fermentation to kinema. Food Res. Int. 41: 586-593.

Pfaller, M. A., M. Bale, B. Buschelman, M. Lancaster, A. Espinel-Ingroff, J. X.
Rex, M. G. Rinaldi, C. R. Cooper, and M. R. Mcginnis. 1995. Quality
control guidelines for national committee for clinical laboratory standards
recommended broth macrodilution testing of amphotericin B, fluconazole,
and flucytosine. J. Cli. Microbiol. 3: 11040-1107.




28 | 2 CMU. J. Nat. Sci. (2012) Vol. 11(1)

Punjaisee, C., W. Visessanguan, S. Punjaisee, and C. Chaiyasut. 2011. Screening
of potential Aspergillus spp. for production of fermented soybean with high
antioxidative activity. CMU. J. Nat. Sci. 10 (2), 197-212.

Randhir, R., D. Vettem, and K. Shetty. 2004. Solid-state bioconversion of fava
bean by Rhizopus oligosporus for enrichment of phenolic antioxidants and
L-DOPA. Innov. Food. Sci. Technol. 5: 235-244.

Romero, A. M., M. M. Doval, M. A. Sturla, and M. A. Judis. 2004. Antioxidant
properties of polyphenol-containing extract from soybean fermented with
Saccharomyces cerevisiae. Eur. J. Lipid Sci. Technol. 106: 424-431.

Shacter, E. 2000. Quantification, and significance of protein oxidation in biologi-
cal samples. Drug Metab. Rev. 32: 307-326.

Shahidi, F., U. N. Wanasundara, and R. Amarowicz. 1994. Natural antioxidants
from low-pungency mustard flour. Food Res. Int. 27: 489-493.

Stagos, D., T. M. Umstead, D. S. Phelps, L. Skaltsounis, S. Haroutounian, J.
Floros, and M. Kouretas. 2007. Inhibition of ozone-induced SP-A oxidation
by plant polyphenols. Free Radical Res. 41: 357-366.

Steel, R. G. D., and J. H. Torrie. 1980. Principles and procedures of statistics.
New York: McGraw-Hill Book Co.

Steinberg, D. 1991. Antioxidants and atherosclerosis: A current assessment.
Circulation 84: 1420-1425.

Tapiero, H., K. D. Tew, G. N. Ba, and G. Mathe. 2002. Distribution of quinic acid
derivatives and other phenolic compounds in Brazilian propolis. Biomed.
Pharmacother. 56: 200-207.

Tepavcevic, V., J. Cvejic, D. Malencic, J. Miladinovic, and J. Popovic. 2009.
Correlation of antioxidant activity with polyphenolic content in soybeans.
Oxid. Commun. 32: 697-706.

Velazquez, E., H. A. Tournier, P. Mordujovich de Buschiazzo, G. Saavedra and
G.R. Schinella. 2003. Antioxidant activity of Paraguayan plant extract.
Fitoterapia. 79: 91-97.

Vettem, D., and K. Shetty. 2002. Solid-state production of phenolic antioxidant
from cranberry pomace by Rhizopus oligosporous. Food Biotechnol.16:
189-210.

Wardhani, D. H, J. A. Vazquez, and S. S. Pandiella. 2009. Mathematical model-
ing of the development of antioxidant activity in soybeans fermented with
Aspergillus oryzae and Aspergillus awamori in the solid state, J. Agric.
Food Chem. 57: 540-544.

Wardhania, D. H., J. A. Vazquez, and S. S. Pandiella. 2010. Optimisation of
antioxidants extraction from soybeans fermented by Aspergillus oryzae.
Food Chem. 118: 731-739.

Zhishen, J., T. Mengcheng, and W. Jianming. 1999. The determination of flavonoid
contents in mulberry and their scavenging effects on superoxide radicals.
Food Chem. 64: 555-559.



