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This study aimed to investigate the biotransformation of soybean isoﬂavones to hydroxyisoﬂavones,
and the primary and secondary metabolite change
during Aspergillus oryzae KACC40247-mediated fermentation by gas chromatography–time of ﬂightmass spectrometry and LC-MS with multivariate
analysis. The mass spectrometric analysis revealed
that acetylglycosides and glycosides decreased during
the ﬁrst 12 h of fermentation, while the aglycones
increased up to that time point. This was followed by
a decrease in aglycone levels due to the formation of
hydroxyisoﬂavones. The hydroxyﬂavones, 8-hydroxydaidzein, hydroxygenistein, and hydroxyglycitein,
resulting from the biotransformation of the corresponding aglycones, increased up to 24 h, and then
subsequently decreased. During fermentation, the
levels of monosaccharides, aspartic acid, pyroglutamic acid, gamma-aminobutyric acid, and organic
acids gradually decreased, whereas the levels of threonine, serine, and glycine increased. Hydroxyisoﬂavone was more strongly correlated with antioxidant
activity than the other metabolites. Our results suggest that biotransformation has the potential to
improve the nutritional properties of soy-based food.
Key words:
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Soybeans are generally regarded as a healthy food
because of their functional and nutritional components,
including isoﬂavones, saponins, and phytic acids.1)
Fermented soybean products such as miso, tofu, and
tempeh are known for their nutritional value due to
improved metabolic contents.2,3) Recently, soybean isoﬂavones have received much attention due to their
potential health beneﬁts and their possible roles in preventing certain endocrine disorders and other diseases
such as cancer and cardiovascular disease.3−5)
The production of traditional foods such as doenjang,
miso, and sake in Korea involves fermentation by the
fungus koji, which belongs to the group Aspergillus sp.
This organism produces various enzymes during the
*Corresponding author. Email: chlee123@konkuk.ac.kr
© 2014 Japan Society for Bioscience, Biotechnology, and Agrochemistry

fermentation process.6,7) The isoﬂavone metabolism
occurring when soybean-based food is fermented by
Aspergillus sp. has been well studied, and it involves the
hydrolysis of isoﬂavone glycosides and the hydroxylation of isoﬂavone aglycones.8) The antioxidant properties of fermented soybean broth were studied for its
reducing power, radical scavenging activity, and chelating effects.9) Since active oxygen causes the oxidation
of food components, followed by the release of a plethora of potentially harmful free radicals within living systems, antioxidant activity is an important factor
determining the nutritional quality of food products.10,11)
In our investigations to understand the biochemical
processes that occur during the fermentation of soybeans, the metabolomic approaches of liquid chromatography-electrospray ionization-mass spectrometry
(LC-ESI-MS) and gas chromatography–time of ﬂightmass spectrometry (GC-TOF-MS) were applied. Metabolomics is deﬁned as the study of all small molecules,
such as metabolites, within food, plants, cells, and
organs.12,13) For example, metabolite proﬁling has been
applied to food quality control, toxicology, and medical
diagnosis.14) In the ﬁeld of food sciences, it was initially used to assess food quality and food adulteration
and to characterize food components.15) Due to its sensitivity and accuracy in detecting metabolites, this technique has been implemented in various ﬁelds to
improve overall quality.
Soy-based foods are considered to be potential therapeutics for various diseases, and studies of their metabolism have indicated possible applications. For
example, soybean has been found to be rich in isoﬂavones, particularly glycoside moieties, but these glycosides are not directly absorbed in the human
intestine.16) Instead, intestinal bacteria ﬁrst affect prehydrolytic removal of sugar moiety with the β-glucosidase enzyme, helping the body to absorb these compounds. For this reason, the biotransformation of
glycosides to the corresponding aglycones improves the
nutritive potential of these isoﬂavones. Although biotransformation of isoﬂavones has been reported, the
levels of other secondary and primary metabolites generated during these processes remain unknown.17)
Acquiring an understanding of the levels of other
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metabolites produced during the biotransformation
process should allow for improvement of the end products of this process and should improve the efﬁciency
of the biosynthetic pathway. Hence, a study of the biotransformation of soybean isoﬂavones by Aspergillus
oryzae KACC 40247 was carried out, along with an
assessment of relative changes in the levels of the other
metabolites during the fermentation process.
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Materials and methods
Chemicals and reagents. High-performance liquid
chromatography-grade acetonitrile, water, methanol,
and ethyl acetate were purchased from Fisher
Scientiﬁc (Pittsburgh, PA). Methoxyamine hydrochloride, N-methyl-N-(trimethylsilyl) triﬂuoroacetamide
(MSTFA), formic acid, pyridine, potassium persulfate,
2,2′-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) diammonium salt, and six standards (daidzin,
glycitin, genistin, daidzein, glycitein, and genistein)
with purities > 98% were from Sigma Aldrich (St.
Louis, MO).
Preparation of soybean extract. Soybeans (250 g)
were purchased from a local market and soaked overnight in 1 L of water at 26 °C. The mixture was heated to
105 °C for 60 min, cooled to room temperature, and then
ﬁltered through a sieve. The small and large particles in
the sieved mixture were removed by centrifugation at
3,000 × g over 30 min at 4 °C, and the supernatant was
ﬁltered through Whatman ﬁlter paper No. 2. The ﬁltrate
was then autoclaved at 121 °C for 15 min and used as the
medium in the biotransformation studies.
Fungal strain and culture conditions.
Spores of
the fungus A. oryzae KACC 40247 were grown on a
potato dextrose agar (PDA) plate at 26 °C for 120 h.
Eight PDA pieces (10 mm × 10 mm) from the plate
were used to inoculate a 100-mL bafﬂed ﬂask containing 25 mL of soybean extract, and this was cultivated
at 30 °C, pH 6.0, and at 200 rpm for 48 h. During this
time, cultures were collected at regular intervals (0, 12,
18, 24, 30, 36, 42, and 48 h) for further analysis.
Metabolite extraction and analysis. Samples (50 mL)
collected from the fermenter at regular intervals were
centrifuged at 4 °C at 5,000 rpm for 15 min (Universal
320, Hettich Zentrifugen, Germany). From the supernatant, 20 mL was harvested and extraction was performed
by adding an equal volume of ethyl acetate. The extracts
were evaporated with a speed vacuum machine (Biotron,
Seoul, Korea), and resuspended in methanol. The suspension was analyzed by LC-ESI-MS in order to detect
secondary metabolites. For detection of primary metabolites, the extracts were derivatized with methoxyamine
hydrochloride (20 mg/mL) in pyridine and oximated at
30 °C for 90 min. Then, the oximated samples were
silylated with MSTFA at 37 °C for 30 min and analyzed
by GC-TOF-MS. Three analytical replications along with
experimental duplicates from each fermented sample

were examined to assess the biotransformation of
secondary metabolites and the changes in primary metabolites during the fermentation process.
GC-TOF-MS analysis.
An Agilent 7890A gas
chromatography (GC) system equipped with an Agilent
79693 autosampler coupled to a Pegasus Time-of-Flight
Mass Spectrometer (TOF-MS) detector (Leco, St.
Joseph, MI) was used in the analyses. An Agilent 30 m
HP-5MS capillary column with an internal diameter of
0.25 mm and a ﬁlm thickness of 0.25 μm was
employed for separation. Chromatographic-grade
helium at a constant ﬂow of 1.0 mL/min served as carrier gas. The oven temperature was maintained at 70 °C
for 2 min, and then ramped to 300 °C at a rate of
10 °C/min and maintained at 300 °C for 5 min. The
mass data, collected in EI mode with 70 eV ionization
energy, were used for a full scan at m/z 45−1,000. The
injector and transfer line temperatures were 250 and
240 °C, respectively. The reaction mixtures were transferred to 2-mL GC autosampler vials, and 1 μL of reactant was injected into the GC-TOF-MS without split.
LC-ESI-MS analysis. Samples were analyzed with
a 500-MS ion-trap mass spectrometer from Varian
Technologies (Palo Alto, CA), which consisted of a
212-liquid chromatography (212-LC) binary solvent
delivery system, a Prostar 335 photodiode array detector, and a Prostar 410 autosampler. Samples were separated on a Varian PurSuit XRs C18 column (i.d. 3 μm,
100 × 2.0 mm) with a MetaGuard 2.0 PurSuit XRs C18
guard column (Varian) at a column oven temperature of
30 °C. The mobile phases were 0.1% formic acid in
water (A) and acetonitrile (B), and the gradient ﬂow
was as follows: from 5% to 60% B (v/v) at 30 min,
then sharply increasing to 100% B (v/v) for 0.06 min,
followed by holding at 100% B (v/v) for 35 min, after
which it was decreased to 5% B (v/v) at 35.06 min,
and that was maintained for 40 min. The ﬂow rate was
0.2 mL/min, and the injection volume was 10 μL. Mass
spectra were obtained by electrospray ionization in negative mode within a range of m/z 100–1,000. The operating parameters were as follows: spray needle voltage,
±5 kV; capillary voltage, 80 V; drying gas temperature,
350 °C; drying gas pressure, 10 psi (nitrogen); and nebulizer gas pressure, 35 psi (air). Tandem MS analysis
was carried out by scan-type turbo data-dependent
scanning under the conditions used for negative mode
MS scanning.
Data processing and multivariate analysis.
LC-MS data (*.xms) were acquired using Varian MS
Workstation 6.9 software (Varian, USA). The data ﬁles
were converted to the netCDF (*.cdf) format using Vx
Capture (version 2.1; Adron systems, Laporte, MN).
GC-TOF-MS data ﬁles were converted to the CDF format using ChromaTOF software v4.44 (Leco, St.
Joseph, MI). After conversion, the MS data were processed using the metAlign software package (http://
www.metalign.nl) to obtain a data matrix containing
retention times, accurate masses, and normalized peak
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intensities. The resulting data matrix, which contained
the sample name and peak area information as variables, was processed using SIMCA-P + 12.0 (Umetrics,
Umea, Sweden) for multivariate statistical analysis. The
data-sets were log-transformed and UV-scaled prior to
principal component analysis (PCA) and partial least
squares discriminant analysis (PLS-DA) modeling.
Based on variable importance in the projection (VIP)
values (value > 1.0) from the model and p value
(< 0.05) statistics, variables were selected for further
identiﬁcation and analysis. Pairwise metabolite-antioxidant effect correlations were determined by Pearson’s
correlation coefﬁcient test using PASW Statistics 18
(SPSS, Chicago, IL). The metabolites that varied
between time intervals were plotted and compared by
generating a heat map by MEV software version 4.8
(multiple array viewer, http://www.tm4.org/).
Assay for antioxidant activity. Antioxidant activity
was monitored using ABTS by a modiﬁcation of the
procedure of Re et al.18) In brief, ABTS (7 mM) was
dissolved in potassium persulfate (2.45 mM) and maintained for 12–16 h in the dark at room temperature.
After color development (to dark blue), the solution
was diluted until the absorbance reached 0.7 ± 0.02 at
750 nm as measured by spectrophotometer (Spectronic
Genesys 6, Thermo Electron, Madison, WI). Soybean
extract (10 μL) was combined with 190 μL of the
ABTS solution, and the mixture was incubated for
6 min in the dark. Then, the absorbance at 750 nm
was measured with a spectrophotometer. The results
were expressed in Trolox equivalent activity concentration (mM) with Trolox standards in a range of
0.0625–1 mM.

Results and discussion
Primary metabolite proﬁling of fermented soybean
extracts
Multivariate analysis was done to investigate the
metabolic variation of the soybean extracts fermented
by A. oryzae at different time intervals across a 48-h
fermentation time course. Fig. 1(A) shows PCA (left)
and PLS-DA (right) score plots derived from GC-TOFMS of the fermented soybean extracts. The results
revealed a clear clustering of the fermented extract
samples based on the time point of removal. The PCA
score plot revealed the variables by PC1 (24.4%) and
PC2 (17.4%), respectively. In the PLS-DA score plot,
PLS1 explained 24.4% of total variance, and PLS2
explained 17.4% of it (p < 0.05). Percent scores
(explained variation) measure the extent to which a
mathematical model accounts for the variation of a
given data-set (MS, peak intensity, and retention time).
Thus, the results revealed a clear clustering of the fermented extract samples based on the time point of
removal. The changes in metabolite levels in the soybean extracts over the fermentation time course were
revealed mostly by the PLS1 score.
Differential variables were selected based on VIP
(VIP > 1.0) values and p values (p < 0.05) obtained by
the PLS-DA, and a total of 23 primary metabolites
were identiﬁed (Table 1). The metabolites identiﬁed as
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displaying variation over the fermentation time course
consisted of amino acids (glycine, serine, threonine,
aspartic acid, pyroglutamic acid, and gamma-aminobutyric acid), fatty acids (pentadecanoic acid, palmitic
acid, and stearic acid), sugars and sugar derivatives
(ribose, arabitol, tagatose, fructose, galactose, mannitol,
sorbitol, myo-inositol, and maltose), and organic acids
(citric acid, malonic acid, cinnamic acid, and gluconic
acid). The relative levels of amino acids such as threonine, serine, and glycine gradually increased, whereas
the relative levels of other amino acids such as aspartic
acid, pyroglutamic acid, and gamma-aminobutyric acid
decreased during fermentation. Amino acid changes
during A. oryzae fermentation of soybean have been
studied, and the results revealed that the amino acids
did not display a uniform pattern of increase or
decrease during fermentation.19−21) The same trend was
also observed in the present study. It was also found
that over the fermentation time course, the levels of
fatty acids increased, while the levels of most of the
organic acids decreased. The increase in fatty acids
might have been due to a lipase produced by A. oryzae
that hydrolyzes not only triacylglycerols, but also
monoacylglycerols and diacylglycerols.22) With respect
to the sugar content, the relative levels of identiﬁed
monosaccharides, such as galactose and fructose,
showed a pattern of decrease, whereas the levels of
disaccharides increased up to 42 h, after which they
decreased. Sugar was used as a carbon source to stimulate α-amylase production by A. oryzae. The potential
of sugars such as maltose, glucose, fructose, galactose,
sucrose, glycerol, mannitol, and acetate to act as a carbon source for A. oryzae has been investigated.23)
Secondary metabolite proﬁling of fermented soybean
extracts
To investigate the changes in secondary metabolite
levels in soybean extracts at various time intervals over
the time course of fermentation by A. oryzae, PCA and
PLS-DA (Fig. 1(B)) analyses were done on LC-ESIMS data-sets. The PLS-DA (Fig. 1(B), right) and PCA
(Fig. 1(B), left) score plots showed a clear separation
between the soybean extracts depending on the time
point during fermentation. In the LC-ESI-MS analysis,
PLS1 explained 15.3% of the total variance and PLS2
explained 7.3% of it. The changes in metabolite levels
in the soybean extracts over the fermentation period
were revealed mostly by the PLS1 score. A total of 13
secondary metabolites that showed signiﬁcant variation
across the fermentation time course were selected from
the PLS-DA, based on VIP and p values (Table 2).
Three acetyl glycosides (acetyldaidzin, acetylgenistin,
and acetylglycitin), three glycosides (daidzin, genistin,
and glycitin), three aglycones (daidzein, genistein, and
glycitein), three hydroxyisoﬂavones (8-hydroxydaidzein, hydroxygenistein,24) and hydroxyglycitein25)), and
one soyasaponin26) (soyasaponin 1) were identiﬁed by
comparison to an in-house library27) and the published
literature (Table 2). Of the three hydroxyisoﬂavones
identiﬁed, only 8-hydroxydaidzein has been reported in
the A. oryzae KACC 40247 strain,28) but Chang et al.
and Hirota et al. have reported 8-hydroxygenistein8), 6hydroxydaidzein, and 8-hydroxyglycitein25) as products
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Fig. 1. PCA, left and PLS-DA, right.
Notes: Score plots were derived using GC-TOF-MS (A) and LC-ESI-MS (B) data-sets from soybean extracts that were harvested at the 8
indicated time points during fermentation period. Each time point examined is been represented on the plot by a unique symbol: ■, 0 h; □, 12 h;
▲, 18 h; △, 24 h; ▼, 30 h; ▽, 36 h; ●, 42 h; ○, 48 h.

of A. oryzae fermentation. In our study, it was clear
that hydroxygenistein and hydroxyglycitein were produced in the soybean extracts fermented by A. oryzae
KACC 40247, and the metabolite was identiﬁed based
on MS/MS fragmentation. The location of a hydroxyl
group in hydroxyglycitein and hydroxygenistein was
unclear based on the fragmentation pattern, and we did
not determine structure of hydroxyl group. The structures of these isoﬂavones are presented in Fig. 2, which
shows changes in the levels of each of the secondary
metabolites during the fermentation time course.
Biotransformation of soybean isoﬂavones
The time-dependent changes in the secondary
metabolites are presented in Fig. 2. They indicate that
the isoﬂavones changed from acetylglycoside and glycoside to aglycone. In the PCA score plots shown in
Fig. 1(B), 0 and 12 h samples are slightly overlapping
because the hydrolysis of glycoside to aglycone took

place for the ﬁrst 12 h after inoculation, and therefore
the acetylglycoside and glycoside levels decreased
during this initial period of fermentation. Hence, the
aglycone levels increased for the ﬁrst 12 h of fermentation, and then gradually decreased. Increase in the
aglycone of soy can be enhanced by the incorporation
of β-glucosidase from A. oryzae,3) and β-glucosidase
is regarded as the main catalyst mediating isoﬂavone
conversion in fermented soybean foods.29) In general,
acetylglycoside is hydrolyzed to glycoside or aglycone
by enzymes, 4 h time point during fermentation, the
levels of the hydroxyisoﬂavones were high compared
to those at other the time points. Detection of the three
hydroxyisoﬂavones, 8-hydroxydaidzein, hydroxygenistein, and hydroxyglycitein, proves that biotransformation of isoﬂavones occurred during fermentation. This
suggests that metabolite proﬁling of A. oryzae-fermented soybean using LC-ESI-MS demonstrates
sequential isoﬂavone transformation over the fermentation time course

Metabolomics for A. oryzae-mediated biotransformation
Table 1.

Primary metabolites displaying signiﬁcant variation in levels during the fermentation of soybean extract by A. oryzae.

Metabolitesa
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RTb

MS fragment ion (m/z)

Derivatizedc

Ref.d

Amino acids
Glycine
Serine
Threonine
Aspartic acid
Pyroglutamic acid
GABA
Glutamic acid

07.39
07.87
08.13
09.27
09.31
09.34
10.04

73, 147, 174, 248
73, 204, 278, 372
73, 117, 147, 203, 219, 291
59, 73, 100, 147, 232, 304
59, 73, 100, 112, 156, 230
59, 73, 174, 216, 304
73, 348, 147, 264, 432

TMS(X2)
TMS(X3)
TMS(X2)
TMS(X3)
TMS(X2)
TMS(X3)
TMS(X3)

STD
STD
STD
STD
STD
STD
STD

Fatty acids
Pentadecanoic acid
Palmitic acid
Stearic acid

12.31
12.93
14.12

73, 75, 117, 129
45, 73, 100, 147, 238, 294, 353
55, 73, 117, 201, 257, 341, 387, 427

TMS(X1)
TMS(X1)
TMS(X1)

STD
STD
STD

Sugars and sugar derivatives
Ribose
Arabitol
Tagatose
Fructose
Galactose
Mannitol
Sorbitol
Myo-inositol
Maltose

10.57
10.90
11.86
12.00
12.14
12.38
12.44
13.42
17.01

73, 103, 147, 217, 307
74, 147, 217, 531, 574
73, 103, 147, 307, 364, 464
73, 103, 147, 217, 307
73, 103, 147, 205, 319, 364
73, 147, 217, 319, 421
45, 73, 103, 147, 217, 275, 319, 421
73, 103,147, 217, 265, 305, 367, 432
73, 103, 147, 204, 243, 306, 361

TMS(X4)
TMS(X5)
TMS(X5)
TMS(X5)
TMS(X5)
TMS(X6)
TMS(X6)
TMS(X6)
TMS(X8)

STD
STD
STD
STD
STD
STD
STD
STD
STD

Organic acids and others
Citric acid
Malonic acid
Cinnamic acid
Uracil

11.58
09.00
09.46
07.69

73, 99, 147, 211, 273
73, 147, 335
77, 131, 161, 205
45, 73, 99, 147, 212, 241, 299

TMS(X4)
TMS(X3)
TMS(X1)
TMS(X2)

STD
STD
STD
STD

a

Putatively identiﬁed metabolites.
Retention time (min).
c
Number of hydrogen atoms derivatized.
d
References.
STD, standard; GABA, gamma-aminobutyric acid.
b

Table 2.
No.a

Secondary metabolites displaying signiﬁcant variation in levels during the fermentation of soybean extracts by A. oryzae
Metabolitesb

ESI-MS (m/z)

RTc

[M–H]-

[M+H]+

MWd

MS/MSe

IDf

Isoﬂavone
1
2
3
4
5
6
7
8
9
10
11
12

Acetyldaidzin
Acetylglycitin
Acetylgenistin
Daidzin
Glycitin
Genistin
Daidzein
Glycitein
Genistein
8-hydroxydaidzein
Hydroxygenistein*
Hydroxyglycitein*

21.67
21.85
22.04
19.32
19.52
20.58
23.32
23.90
25.97
20.62
21.01
22.54

457
487
473
415
445
431
253
283
269
269
299
285

459
489
475
417
447
433
255
285
271
271
301
287

458
488
474
416
446
432
254
284
270
270
300
286

457/252, 223, 195
487/282, 267, 239, 223
473/268, 239, 224
415, 295, 267, 252
445/333, 275, 155
431/268, 239, 210, 224, 195
253/224, 195, 167
283/268, 240, 211, 196, 184
269/224, 195, 167, 139
269/225, 196, 167, 181, 151
299/284, 228, 199, 171
285/270, 242, 213, 185

A
A
A
A,B
A,B
A,B
A,B
A,B
A,B
B
C22
C23

Soyasaponin
13

Soyasaponin I

30.19

942

–

943

942

C24

a

Number.
Putatively identiﬁed metabolites.
c
Retention time (min).
d
Molecular weight.
e
MS/MS fragmentation by negative mode.
f
Identiﬁcation A, in-house library B, standard C, references (23–24).
*Compound structure not certain.
b
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Fig. 2. Changes in isoﬂavone derivatives during soybean fermentation determined by LC-ESI-MS Analysis.
Note: The chemical structures of the isoﬂavones are shown (right), and the relative levels of secondary metabolites are shown by box and
whisker plots (left).
*The location of a hydroxyl group in hydroxyglycitein and hydroxygenistein was unclear.

Antioxidant activity and its correlation with
metabolites
In order to determine the antioxidant activity of soybean extract fermented with A. oryzae, an ABTS assay
was applied. The results revealed that the antioxidant
activity in the extract changed throughout the fermentation time course, showing increases up to 24 h, followed by decreases beyond this time point (Fig. 3(A)).
These trends might be explained by the changes in secondary metabolites that occurred over the fermentation
time course, particularly the transformation of aglycone
to hydroxyisoﬂavone, which enhances antioxidant properties.
In order to establish a relationship between metabolites and antioxidant activity, a correlation heat map
was produced using data-sets from the 23 primary
metabolites and the 13 secondary metabolites, and their
antioxidant activities (Fig. 3(B)). The results revealed
that the levels of nine metabolites (pentadecanoic acid,
palmitic acid, citric acid, arabitol, maltose, uracil, acetylglycitin, 8-hydroxydaidzein, and hydroxygenistein)
showed positive correlations (0.9 > r > –0.9) with antioxidant activity. Antioxidant activities of isoﬂavones
have been reported in several studies.30−32) In the present study, among the secondary metabolites, hydroxyisoﬂavones showed highly positive correlations with
antioxidant activity as observed using the metabolic

correlation heat map. Thus, it is likely that biotransformation of soybean isoﬂavones improves the nutraceutical potential of soy-based food materials. In addition,
these results suggest that the primary metabolites also
exhibited strong antioxidant activity. Examples include
the fatty acids, pentadecanoic acid and palmitic acid.33)
Citric acid, maltose, glucose, and uracil were also positively correlated with antioxidant activity, in accord
with earlier reports of the antioxidant potential of these
metabolites.34−36) Our study suggests that arabitol positively correlated with antioxidant activity, but this has
not been reported previously and arabitol did not show
antioxidant activity in our experiment (data not shown).
It was related only to the primary metabolism of A.
oryzae. Threonine, glycine, serine, glutamic acid,
ribose, fructose, and myo-inositol also showed positive
correlations with antioxidant activity according to the
heat map but they were not correlated based on the r
value (–0.9 < r < 0.9), and therefore these metabolites
were not considered to have signiﬁcant antioxidant
potential. They might have shown positive correlations
with antioxidant activity due to their metabolism by A.
oryzae in the soybean extract. Conversely, daidzin,
glycitin, genistin, daidzein, glycitein, and genistein all
showed negative correlations with antioxidant activity,
although they are known for their activity against free
radicals. This is because the antioxidant activity of the
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Fig. 3. Antioxidant activities of fermented soybean extracts.
Note: Fermented soybean extracts were assessed for antioxidant capacities as determined by ABTS assay (A) and correlations between various
metabolites and antioxidant activity (B) at various time points across the fermentation time course. In A, the different letters above the bars in the
chart indicate that the mean values are signiﬁcantly different, as determined by Duncan’s multiple range test (p < 0.05). In B, each square indicates
r (Pearson’s correlation analysis for a pair of metabolites or antioxidant activities). *R represents a highly positively correlation at R > 0.9 and a
negative correlation at R > –0.9.

hydroxyisoﬂavones was highly correlated with scavenging activity and its values are higher than that of the
other isoﬂavones, reﬂecting negative correlation in case
of theirs.

In conclusion, our ﬁndings suggest that soybean
isoﬂavones are biotransformed to hydroxyisoﬂavones
during fermentation by A. oryzae. During the fermentation process, the levels of primary metabolites were
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also found to vary signiﬁcantly. Because the changes in
primary and secondary metabolites (particularly the hydroxyisoﬂavones) correlated with antioxidant potential,
as clearly shown by correlation heat map analysis, we
believe that biotransformed soy food, in addition to
being a source of nutrition, may provide important
health beneﬁts as well.
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