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Abstract Fermented soybean products may contain aflatoxins
due to the contamination of the aflatoxin producing mold during
natural fermentation or as a result of un-prudential use of starter
strain. The aim of the present study was to develop and characterize
fermented soybean products with enhanced safety and bioactive
compound using aflatoxin non-producing Aspergillus oryzae FMB
S46471 and y-aminobutyric acid (GABA) producing Lactobacillus
brevis GABA 100. For fermentation, steam-processed soybeans
were inoculated with 4. oryzae FMB S46471. The scaled-up
fermentation product was fermented for 17 days, including 12
days fermentation with A. oryzae and 5 days with L. brevis, and
contained 6.5+0.3 g/kg of GABA and 45.7+0.3 g/kg of total free
amino acids. After ripening for 90 days, the fermented soybean
contained about 11.6+0.3 g/kg of GABA and 72.7+1.8 g/kg of
total free amino acids. Furthermore, aflatoxins were not detected
in both mature and immature soybean products. The soybean
product that fermented by an aflatoxin non-producer and a
powerful GABA producer will contribute to the development of
fermented foods with enhanced safety levels and functional
benefits of GABA.
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Introduction

Asia has a long history of using fermented soybean foods such as
Korean doenjang and ganjang and Japanese miso and shoyu,.
Fermented soybean sauces have been served as an indispensible
sauce in their respective cuisines for thousands of years
(Kitamoto, 2002; Lee and Lee, 2002; Tamang and Samuel, 2010).
One study on the dynamic changes of aflatoxin during the
fermentation of soybean sauce revealed that the naturally occurring
aflatoxin was produced by toxigenic fungi at the early fermentation
stage (Kim et al., 2001; Xie et al., 2014). Park et al. (2001)
reported that 6 out of 24 Aspergillus strains isolated from the
commercial starter product in Korea produced mycotoxins. Kim et
al. (2001) also showed that contamination of aflatoxin B; was
detected in 25 out of 60 meju samples (41.6%). Kim et al. (2011)
reported that 4 out of 65 Aspergillus strains isolated from the
soybean starter collected from 2009 to 2010 turned out to be
aflatoxin producers. Furthermore, Lee et al. (2012) reported that
aflatoxin B; was detected by high-performance liquid chromato-
graphy (HPLC) in 1 out of 7 soybean sauce samples and 2 out of
56 soybean paste samples, which were collected from various
markets (Korea Food and Drug Administration, 2008). To
enhance the safety levels of fermented foods, mycotoxin non-
producing Aspergillus strains were screened and collected. (Kim
et al., 2014b). In this study, we adopted Aspergillus oryzae (A.
oryzae) FMB S46471, a non-producer of both aflatoxins and
cyclopiazonic acid (CPA).

During soybean fermentation, glutamic acid is produced by the
hydrolytic action of the fermenting microorganisms, which can be
used as a substrate for the production of y-aminobutyric acid
(GABA) by GABA-producing lactic acid bacteria (LAB). GABA
is a non-protein amino acid (Ueno, 2000). The consumption of
GABA-enriched foods can suppress the occurrence of hyper-
sensitivity in humans (Inoue et al., 2003). GABA consumption
regulates pain and anxiety and lower lipid levels in sera (Kono
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and Himeno, 2000; Miura et al., 2006). Furthermore, the
consumption of GABA-rich foods inhibits cancer cell proliferation
(Park and Oh, 2007) and improves memory and learning abilities
(Miura et al., 2006). The Korean Food and Drug Administration
(2009) has approved a daily consumption of 20 mg GABA for the
regulation of blood pressure in health functional foods. Recently,
Lee et al. (2014) suggested that fermented soybean products
containing a high concentration of GABA showed a therapeutic
effect on phthalic anhydride-induced atopic dermatitis in IL-4/
Luc/CNS-1 Tg mice. In addition, Takeshima et al. (2014) showed
that the result of toxicity evaluation supported the safety of GABA
consumption and its potential use as a functional food ingredient.
A number of microorganisms have been reported to produce
GABA (Smith et al., 1992; Kono and Himeno, 2000; Lu et al.,
2008; Li and Cao, 2010; Dhakal et al., 2012). Fermentation by a
GABA producer has been considered as a promising possibility to
increase the nutritional, functional, sensory, and technological
properties of food products (Coda et al., 2010).

In the present study, we adopted an innovative two-step
fermentation process, where steam-processed soybeans were first
fermented aerobically with mycotoxin non-producing A. oryzae
followed by an anaerobic fermentation using GABA-producing
Lactobacillus brevis (L. brevis). This is first study on the
development of soybean paste fermented by an aflatoxin non-
producer and a powerful GABA producer.

Materials and Methods

Fungal strains and cultures. 4. oryzae FMB S46471 was
selected from the study of Kim et al. (2014b). L. brevis GABA
100 previously isolated from kimchi was obtained from the Food
Microbiology Laboratory at the Department and Food and Nutrition
at Seoul National University (Kim et al., 2009). 4. oryzae FMB
S46471 was grown on potato dextrose agar (Becton, Dickinson
and Company, USA) at 30°C under aerobic conditions prior to the
inoculation of steamed soybeans. L. brevis GABA 100 was
cultured in Difco Lactobacilli MRS broth (Becton, Dickinson and
Company, USA) with 0.05% (w/v) L-cysteine-hydrochloride
anhydrous (Sigma-Aldrich Co, USA) at 30°C under anaerobic
conditions prior to the inoculation of steamed soybeans.

Extraction of aflatoxins from fermented soybeans. Soybean
paste (10 g) was collected and homogenized with a cell strainer
(BD). Subsequently, 10 mL of aflatoxin extract (water:methanol,
30:70, v/v, 1% NaCl) was added and vortexed for 5 min. The
sample was filtered through a Whatman No. 4 filter (Whatman
International Ltd., England), and 10 mL of the filtrate was then
diluted with 1% Tween 20 solution to 40 mL. The mixture was
passed through a Whatman GF/A glass filter paper (Whatman),
and 20 mL of the filtrate was loaded onto an AflaTest WB column
(Vicam Co., USA) at a flow rate of 1 drop per s for clean up. After
washing the column with 10 mL of water at the same flow rate,
total aflatoxins were eluted with 3 mL of acetonitrile (Duksan
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Pure Chemicals Co., Ltd., Korea). The elute was evaporated at
50°C. The dry residue was derivatized by adding 200 uL of
trifluoroacetic acid (Sigma-Aldrich Chemical Co.), and the
mixture was left to stand in the dark for 15 min and then diluted
with 800 pL of acetonitrile:water (20:80, v/v). The derivatized
sample was filtered through a 0.45-um-pore-sized membrane
filter, and the filtrate was used for HPLC analysis. The standards
of total aflatoxins (Gy, By, G,, and B, at 25 pg/mL) were obtained
from Trilogy Analytical Laboratory (Washington, MO). The
concentrations of analyzed aflatoxin standards were 1, 10, 20, and
50 ppb.

Detection of aflatoxins using HPLC methods. Aflatoxins Gy,
By, Gy, and B, were separated from the injected 20 pL samples
using a Polaris C18 column (250 mm long, 4.6 mm inside
diameter, 5 um particle size; Agilent Technologies, USA). The
mobile phase was acetonitrile:water (25:75, v/v), which was
pumped at a constant flow rate of 1 mL/min. Each aflatoxin was
quantified using a fluorescence detector (360 nm excitation, 450
nm emission). The analysis was performed using the Ultimate
3000 HPLC systems (Thermo Fisher Scientific, USA).

Protease assay. Protease activity was measured with a modified
procedure based on the Folin-Ciocalteu method (Kunitz, 1974).
Samples were collected by dates. Then the sample was filtered
through a Whatman No. 1 filter paper (Whatman International
Ltd., England), and 1 mL of the filtrate was then added to 5 mL
0.65% (w/v) casein solution (Sigma-Aldrich Co., LLC.), which
was prepared by mixing 6.5 mg/mL of 50 mM potassium phosphate
buffer (adjusted to pH 8.0 using 1 M HCI) (Sigma Chemical Co.).
After incubation in a 37°C water bath (Jeio Tech Co., Ltd., Korea)
for 30 min, the reaction was stopped by adding 5 mL of the
110 mM trichloroacetic acid solution (Sigma-Aldrich Co., LLC.).
The stop reaction was performed at 37°C for 30 min. Standards
were prepared by using 1.1 mM L-tyrosine solution (Sigma-
Aldrich Co., LLC.). Two mL of samples and standards,
respectively, was mixed with SmL of the 500 mM sodium
carbonate (Samchun Pure Chemical Co., Ltd., Korea) and 1 mL of
the 0.5 M Folin & Ciocalteu reagent solution (Sigma-Aldrich Co.,
LLC.) and incubated at 37°C for 30 min. The final products were
filtered through a 0.45 um syringe filter (PALL Life Sciences,
USA). The optical density was measured at 660 nm using a
OPTIZEN 2120UV (Mecasys Co., Ltd., Korea). One unit (U) of
protease activity was defined as the amount of enzyme required to
release 1 g tyrosine from casein per minute under assay conditions.
Calibration curves were obtained based on seven levels (0.055,
0.111, 0.221, 0.442, 0.553, 1.106, and 2.212 pmoles) of L-tyrosine
solution.

Small-scale cultivation conditions for an evaluation of GABA
production by GABA producing LAB. 30 g soybeans (Ogok
Farm, Korea) were steamed at 121°C for 15 min using a steam
sterilizer (Jeio Tech., Co., Ltd., Korea). After cooling, 4. oryzae
FMB S46471 was inoculated with a suspension of spores of A.
oryzae FMB S46471 (10° cells/g) to the steam-processed soybeans.
The inoculated beans were incubated for 7 days in a multi-shaking
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incubator (Vision Bio Tech Co., Ltd., Korea) at 30°C under
aerobic conditions. Following this, L. brevis GABA100 (5% (v/v),
108 CFU/mL) was added to the fermented soybeans with A.
oryzae FMB S46471. The inoculated soybeans with A. oryzae
FMB S46471 for seven days were additionally inoculated with L.
brevis GABA100 and further fermented for the following 11 days
in the multi-shaking incubator (Vision Bio Tech Co., Ltd., Korea)
at 30°C under anaerobic conditions. The soybean fermented by
only A. oryzae FMB S46471 for 14 days was prepared for use as
a control. Samples were collected periodically for analysis.
Optimization of GABA production in scaled-up fermentation.
Steamed soybeans (3.5 kg) were prepared by Nong-hyup (Korea),
which is a major Korean food manufacturer in Korea, by using a
commercialized starter manufacturing process. After cooling, 4.
oryzae FMB S46471 was inoculated with a suspension of spores
of A. oryzae FMB S46471 (10° cells/g) to the steamed soybeans.
The inoculated soybeans were incubated for 12 days in a multi-
shaking incubator (Vision Bio Tech Co., Ltd., Korea) at 30°C
under aerobic conditions. After then, L. brevis GABA100 (5%
(v/v), 10® cells CFU/mL) was added to the fermented soybeans
with A. oryzae FMB S46471. The initial pH was adjusted to 5.0
with 1 M citric acid (Junsei Chemical Co., Ltd., Japan). The
inoculated soybeans with A. oryzae KACC 46471 were additionally
inoculated with L. brevis GABA100 and further fermented for the
following 7 days in the multi-shaking incubator (Vision Bio Tech
Co., Ltd., Korea) at 30°C under anaerobic conditions. Samples
were collected periodically for analysis. Subsequently, the soybeans
adjusted to 6% salinity were matured for 90 days. For an
evaluation of GABA production, commercially available soybean
paste (Cheiljedang Co. Ltd., Korea) was purchased from a local
market.

Qualitative analysis of GABA and glutamic acid by thin layer
chromatography (TLC). Samples were ground by using a 40 pm
sized cell strainer (BD Biosciences, USA). The samples were
centrifuged at 3,000xg and 4°C for 20 min. The supernatants were
collected and two pl of each supernatant was loaded onto the TLC
Silica gel 60rs4 (Merck, Germany) to assess the level of free
amino acids including GABA and glutamic acid. GABA (Sigma-
Aldrich Co., LLC.) and L-monosodium glutamate (MSG) (Yakuri
pure chemicals Co., Ltd., Japan) were used as standards. The
mobile phase was prepared as a solvent mixture (z-butanol :
acetic acid : water (4:1:1, v/v/v) (Samchun pure chemical Co,
Ltd., Korea). A 2% (w/v) ninhydrin (Alfa Aesar, UK) in absolute
ethanol (Samchun pure chemical Co, Ltd., Korea) used as an
indicator reagent was sprayed on the TLC plate after running for
4 h. The spot on the TLC plate was shown after drying.
Quantitative analysis of free amino acids by HPLC. Samples
were ground by using a 40 pm sized cell strainer (BD Biosciences,
USA) and filtered through a 0.2-pm syringe filter (PALL Life
Sciences, USA). The quantitative determination of the free amino
acids, including glutamate and GABA, was performed at the
National Instrumentation Center for Environmental Management
(NICEM), Seoul National University (Korea). The samples were

diluted with distilled water and filtered through a 0.2-pm syringe
filter (PALL Life Sciences, USA). Primary and secondary amino
acids were automatically derivatized into fluorescent substances
within the auto sampler using O-phthalaldehyde (Agilent Technologies)
and 9-fluorenyl methyl chloroformate (Agilent Technologies),
respectively. After derivatizing amino acids, separation was
performed using an Inno C18 column (150 by 4.6 mm i.d., 5 mm;
Innopia, Korea). Standard amino acids were purchased from
Agilent Technologies. The concentrations of analyzed amino acid
standards were 10, 100, 250, and 500 uM. The mobile phases A
and B were a mixture of 10 mM Na,HPO, (Sigma-Aldrich Co.,
LLC.), 10 mM Na,B,0; (Sigma-Aldrich Co., LLC.), and water-
acetonitrile-methanol (10:45:45, v/v/v) (Honeywell Burdick &
Jackson Inc., USA) and was pumped at a constant flow rate of 1.5
mL/min. The quantitative determination of free amino acids was
performed using a fluorescence detector (excitation: 340 nm;
emission: 450 nm). The analysis was performed using the Ultimate
3000 HPLC systems (Thermo Fisher Scientific Inc., USA).

Results

Characterization of soybean fermented by an aflatoxin non-
producing A. oryzae. Aflatoxins were not detected in soybean
paste fermented by 4. oryzae FMB S46471 and L. brevis GABA
100 regardless of maturity (data not shown). The optimal protease
activity of soybeans fermented by 4. oryzae FMB S46471 was
determined (Fig. S1).

Evaluation of GABA production by GABA-producing LAB.
The soybeans fermented with A. oryzae FMB S46471 for 7 days
under aerobic state were additionally inoculated with L. brevis
GABA100 and further fermented for the following 11 days under
anaerobic state. GABA production gradually increased from the
day when L. brevis GABA100 was inoculated up to day 7 and
plateaued thereafter (data not shown). GABA production is shown
in the Fig. 1 with a TLC image. The optimal GABA production
after inoculating L. brevis GABA100 was shown on day 7 when
most of the glutamic acids were converted into GABA, (Fig. 1,
lane 6). In contrast, the fermented sample by only 4. oryzae FMB
S46471 produced a considerably low level of GABA (Fig. 1, lane
4). Furthermore, various amino acids were actively produced in
the samples fermented with A. oryzae FMB S46471 but not in the
un-inoculated sample (Fig. 1, lane 3). The quantitative analysis of
free amino acids was performed by HPLC analysis. The
chromatograms of HPLC for free amino acids including GABA
and gultamic acid are shown in Fig. S2. Consistent with the TLC
result, the enriched GABA production was shown only in the
sample fermented by L. brevis GABA100 together with 4. oryzae
FMB S46471 (Fig. S2).

Optimization for the GABA production in scaled-up
fermentation. For increasing the scale of fermentation, the
soybeans fermented by 4. oryzae FMB S46471 were additionally
inoculated with L. brevis GABA100 on day 12 and further
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Fig. 1 Evaluation of GABA production by L. brevis GABA100. Thin
layer chromatogram showing the GABA production from glutamic acid;
1% Glutamic acid (lane 1); 1% GABA (lane 2); the sample fermented
without both 4. oryzae FMB S46471 and L. brevis GABA100 for 14
days (lane 3); the sample fermented by only A. oryzae FMB S46471 for
14 days (lane 4); the sample fermented by 4. oryzae FMB S46471 for 7
days were additionally inoculated with L. brevis GABA100 without
further fermentation (lane 5); the sample fermented by A. oryzae FMB
S46471 for 7 days were additionally inoculated with L. brevis GABA100
and further fermented for the following 7 days (lane 6).

fermented for additional 7 days (Fig. S3). GABA production was
gradually increased from the day when L. brevis GABA100 was
inoculated up to day 5 and plateaued thereafter (Fig. S3). Fig. 3
shows a relative comparison of the contents of free amino acids
from fermented soybeans produced under small-scale cultivation
conditions and scaled-up fermentation for GABA production.
Dynamic changes were shown only in GABA and glutamic acid
depending on the inoculation of L. brevis GABA 100 (Fig. 3).
Furthermore, high GABA production was evident in scaled-up
fermentation (Figs. 2 and 3). The immature soybean samples
contained 6.5+0.3 g/kg of GABA and 45.7+0.3 g/kg of total free
amino acids. After ripening for 90 days, the fermented soybean
contained about 11.6+0.3 g/lkg of GABA and 72.7+1.8 g/kg of
total free amino acids. Meanwhile, commercially available soybean
paste contained 0.2+0 g/kg of GABA and 24.0+0.2 g/kg of total
free amino acids. Fig. S4 includes the coefficiency of determination
value of standards for the validation of HPLC analysis. Table S1
includes the information for the evaluation of sanitary indicative
bacteria, LAB counts and pH in tested soybean pastes.

Discussion

Due to the heat stability of aflatoxins, even quite severe processes
such as freezing or cooking cannot eliminate them (Marin et al.,
2013). Given the metabolism of aflatoxins in the liver, the consumption
of aflatoxins for a long time may be highly dangerous even at a
very low concentration (Xie et al., 2014). To ensure the safety of
fermented foods, a mycotoxin non-producing 4. oryzae that was
screened and selected in a previous study (Kim et al., 2014b) was
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Fig. 2 GABA production in scaled-up fermentation. Thin layer
chromatogram for GABA production in scaled-up fermentation showing
a relative production compared with small-scale cultivation conditions;
1% Glutamic acid (lane 1); 1% GABA (lane 2); the sample fermented by
only A. oryzae FMB S46471 for 14 days in cultivation conditions (lane
3); the sample fermented by A. oryzae FMB S46471 for 7 days were
additionally inoculated with L. brevis GABA100 and further fermented
for the following 7 days under cultivation conditions (lane 4); the sample
fermented by A. oryzae FMB S46471 for 12 days were additionally
inoculated with L. brevis GABA100 and further fermented for the
following 5 days in scaled-up fermentation (lane 5).

applied to the fermentation of soybean in the present study. As
expected, we confirmed that aflatoxins were not detected in the
fermented soybean products. Protease activity is an important
criterion for estimating the quality of fermented soybean products.
The Aspergillus strain with high protease activity was preferred,
because active production of glutamic acid to be used as a GABA
precursor was desired. The fermented soybean product by A.
oryzae FMB S46471 showed better protease activity than the
commercially available fermented soybean product based on
Folin-Ciocalteu’s analysis (data not shown).

With reference to previous studies (Kim et al., 2009; Kim et al.,
2014a) the optimal pH 5.0 and anaerobic environment for GABA
production was adopted in the present study. There have been
many attempts to synthesize GABA in foods due to the beneficial
functions of GABA (Dhakal et al., 2012; Wichamanee and Teerarat,
2012; Zhang et al., 2006). GABA enriched foods fermented with
LAB in various foods such as yogurt, cheese (Nomura et al.,
1998; Park and Oh, 2006; Park and Oh, 2007), kimchi (Lu et al.,
2008; Seok et al., 2008), sourdough (Rizzello et al., 2008), paocai
(Li et al., 2008), soy milk (Tsai et al., 2006), and sea tangle (Lee
et al., 2010), have been developed. The content of GABA in
cheeses produced by Lactobacillus paracasei PF6, PF8, and
PF13, Lactobacillus plantarum PF14, Lactobacillus sp. strain
PF7, and Enterococcus durans PF15 was 391 mg/kg (Siragusa et
al., 2007). In a Japanese distilled alcoholic beverage, free 10.50
mM glutamic acid was converted to 10.18 mM GABA by L.
brevis IFO-12005 (Yokoyama et al., 2002). GABA enriched grape
must beverage was produced by fermentation using L. plantarum
DSM19463 showing 498 mg/lL. GABA production (Di et al.,
2010). While most of the previous studies added MSG to increase
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Fig. 3 Dynamic changes in the levels of GABA and glutamic acid. Relative levels of free amino acids in cultivation conditions and scaled-up
fermentation *Results were carried out in duplicate. The indicated value was presented as the mean of two determinations with standard error. [, the
sample fermented by only A. oryzae FMB S46471 for 14 days in cultivation conditions; M, the sample fermented by 4. oryzae FMB S46471 for 7

days were additionally inoculated with L. brevis GABA100 and further fermented for the following 7 days under cultivation conditions; l, the sample
fermented by FMB S46471 for 12 days were additionally inoculated with L. brevis GABA100 and further fermented for the following 5 days in scaled-

up fermentation.

GABA production (Lu et al.,, 2008; Dhakal et al., 2012), the
present study did not use MSG but still produced higher level of
GABA than the levels reported above. In addition, Jo et al. (2011)
reported the production of GABA in traditional fermented soybean
paste depending on ripening periods. The contents of GABA were
1,938.7 mg/kg in the soybean paste ripened for 10 years, which
suggests that the production of GABA proceeded very slowly. On
the other hand, the scaled-up fermentation developed in the
present study took 17 days for the optimized GABA production
(about 62.9 mM). Furthermore, the matured soybean paste showed
much higher levels of GABA compared to the commercially
available soybean paste, whereas the GABA ratio to free amino
acids were 14.2, 15.9, and 0.69% in a pre-matured, matured, and
commercial soybean paste, respectively.

The viable counts of LAB in matured soybean paste maintained
about 6.3 log CFU/mL (Table S1). Enriched lactic acids by LAB
will contribute to the inhibition of the contamination of spoilage
bacteria even at low salinity levels during manufacturing of
fermented soybean foods (data not shown).

The fermentation process by 4. oryzae FMB S46471 was
accomplished under a processing line for commercialized starter
production. From a feasible perspective, the fermentation process
for the GABA rich starter product will be easily applicable to the
existing process line by adding simple modifications such as

building anaerobic conditions. As a result, it will improve the
quality of fermentation product without heavy cost burden for
setting up new process lines.

The soybean starter with rich GABA contents was successfully
achieved in scaled-up fermentation. This is first study in which an
aflatoxin non-producing 4. oryzae and GABA producing L. brevis
were used for the fermentation of soybean product. Thus the
product, which has no aflatoxins but has high GABA contents,
was successfully developed with scaled-up fermentation. Newly
developed soybean paste will contribute to the development of
fermented foods with enhanced safety levels and functional
benefits of GABA.
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