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Abstract Isoflavone distribution and B-glucosidase activity in cheonggukjang, a traditional Korean whole soybean-
fermented food prepared with or without addition of Bacillus subtilis, were analyzed every 6 hr for 36 hr. Thermal cooking of
raw-soaked soybeans significantly increased B-glucoside isoflavone level by 57.1% and decreased malonyl-B-glucosides by
57.6% (p<0.05). Consistent changes of isoflavone profiles in cheonggukjang without B. subtilis addition (COB) and samples
with addition of B. subtilis (CWB) were not observed during 36 hr fermentation. B-Glucosides of isoflavones are major forms
in both COB and CWB. B-Glucosidase activity in cheonggukjang decreased significantly compared to that of soaked soybeans
due to thermal denaturation, while recovery of enzyme activity in COB was observed. Two new unidentified peaks were
detected, and their relative peak areas in CWB were significantly larger than those in COB with increasing fermentation
period (p<0.05), which indicates both peaks could be associated with fermentation metabolites.
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Introduction

Consumptions of soybeans and soy-containing foods have
been asserted to reduce the risk of various cancers, several
chronic inflammatory diseases, and osteoporosis (1-3).
Bioactive and health beneficial functions of soybeans are
closely related with isoflavones, which have structural
similarity to estrogen and are thus called as phytoestrogen
4, 95).

Isoflavones in soy foods are found in four chemical
structures including aglycones (genistein, daidzein, glycitein),
and their corresponding [-glucosides, acetyl-p-glucosides,
and malonyl-B-glucosides. Chemical structure and
concentration of isoflavones in soy foods are dependent on
many factors including genotypes, crop year, crop
location, storage period, thermal processing conditions,
processing types, and presence of microorganisms (6-9).
Thermal processing at high temperature such as baking
and frying results in the conversion of malonyl-f3-
glucosides into the corresponding acetyl-B-glucosides by
decarboxylation. Aglycones of isoflavone are reported to
be absorbed faster and higher amounts than their
corresponding glucoside forms (1, 4, 10), because
isoflavone glucosides are not directly transported across
the gastrointestinal tract (11). Incorporation of -
glucosidase in microorganisms and/or natural products
including almond powder has been attempted to increase
the content of isoflavone aglycones in soy foods (12, 13).

Cheonggukjang is a traditional Korean food made of
cooked whole soybeans fermented with microorganisms
including Bacillus natto and/or B. subtilis within 2-3 days
fermentation period (14, 15). It is regarded as a good
source of protein, hydrolyzed peptides, and lipids, and has
been consumed commonly among Koreans for its health-
beneficial functions such as reducing arterial stiffness.
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Cheonggukjang is also characterized as its’ unique flavor
with sticky and fibrous poly-y-glutamate formed during
fermentation (15-17). Several studies have been reported
on the changes of nitrogen concentration, monitoring
volatile compounds, types of microorganisms involved,
and processing effects in cheonggukjong (14-20).
However, characterization of all 12 isoflavone profiles,
monitoring of B-glucosidase activity during fermentation,
and detection of any new metabolic compounds related
with fermentation in cheonggukjang have not been
reported in the literature.

The objectives of this study were to determine the
changes of isoflavone distribution and P-glucosidase
activity in cheonggukjang with or without addition of B.
subtilis.

Materials and Methods

Materials Soybeans were purchased from a local market
(Seoul, Korea), and B. subtilis MYCO10001 was donated
by MYCO (Kyungju, Korea). Three standard isoflavones
including daidzein, genistein, and B-genistin were purchased
from Sigma Chemical Co. (St. Louis, MO, USA), and six
standard compounds including glycitein, B-glycitin, acetyl-
B-daidzin, acetyl-B-genistin, acetyl-B-glycitin, and malonyl-
B-genistin were purchased from LC Laboratories (Woburn,
MA, USA). HPLC-grade methanol, acetonitrile, HCI, and
acetic acid were purchased from Fisher Scientific
(Fairlawn, NJ, USA). p-Nitrophenol-B-D-glucopyranoside
(pNPQG), p-nitrophenol (pNP), formononetin, sodium acetate,
and sodium carbonate were purchased from Sigma
Chemical Co. (St. Louis, MO, USA).

Cheonggukjang preparation Whole soybeans (300 g)
were washed and soaked with three time volume of tap
water for 10 hr at room temperature. Subsequently, water
was decanted, and soybeans were mixed with ten time
volume of tap water and cooked for 2 hr. Cooked whole
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soybeans were let stand for 1 hr at room temperature to
cool down and divided into two sets. One set was
inoculated with 10%(w/w) B. subtilis (2.7x10’ CFU/mL)
and the other set was without addition of B. subtilis.
Cooked whole soybeans prepared with or without addition
of B. subtilis were designated as CWB and COB,
respectively, and fermented for 36 hr at 40°C in a
cheonggukjang incubator (Namyang Co., Kimpo, Korea)
and sampled at 0, 6, 12, 18, 24, 30, and 36 hr.

Isoflavone extraction Isoflavone analysis method was
adapted from that of Lee ef al (21). One gram of
cheonggukjang was ground using a mortar and a pestle for
1 min, mixed with 2 mL of 100 mmol/L HCI, 7 mL
acetonitrile, and 3 ml deionized water in a 50-mL
centrifuge bottle (Nalgene Co., Rochester, NY, USA), and
vortex-mixed for 1 min. Bottles were shaken for 2 hr at
room temperature using a shaker (Jeio Tech, Seoul, Korea)
and centrifuged at 2,208xg for 10 min (Hanil, Incheon,
Korea). One milliliter of supernatant was transferred to a
20-mL glass bottle and dried under nitrogen gas flow at
room temperature. Dried samples were stored at -40°C in
the dark until use. Formononetin, a 4-O-methylated form
of daidzein, was added as an internal standard to confirm
the recovery of isoflavone during extraction procedures.

HPLC analysis Isoflavones in cheonggukjang extracts
were separated and isolated using a high performance
liquid chromatograph (HPLC) equipped with an ultraviolet
detector (Waters Associated, Milford, MA, USA).
Isoflavone separation was achieved using a 4-um Waters
Novapak C;s reversed-phase HPLC column (150 mm x 3.9 mm
LD.) with a Novapak Cs stationary phase guard column
and a 0.5-pm pre-column filter from Vydac (Hesperia, CA,
USA). Samples were re-solubilized with 1 mL methanol
and vortex-mixed before filtration using a 0.2-um syringe
filter (Alltech Associates Inc., Deerfield, IL, USA). Mobile
phase was a mixture of 1%(v/v) acetic acid in water
(solvent A) and 100% acetonitrile (solvent B) at a flow
rate of 0.6 mL/min. The gradient of mobile phase was
85% solvent A from 0 to 5 min, followed by decrease of
solvent A up to 65% from 5 to 44 min, increase of solvent
A up to 85% from 44 to 45 min, and re-equilibration of
solvent A at 85% for 5 min. Injection volume was 10 uL,
and isoflavones were detected at 260 nm (21). Isoflavones
in the eluents were identified based on the retention times
of standard compounds and results of the authors’
previous reports (13, 21). Isoflavones were quantified
using calibration curves prepared from HPLC peak areas
of each isoflavone.

Calibration curve preparation and quantification of
isoflavones One milligram of daidzein, genistein,
glycitein, B-genistin, B-glycitin, acetyl-B-daidzin, acetyl-f-
genistin, acetyl-B-glycitin, and malonyl-B-genistin were
dissolved in 100% methanol to prepare the stock solutions.
Each stock solution was serially diluted with 100%
methanol, and the concentration of diluted solutions was
determined using the Beer-Lambert Law with UV
absorbance reading in the range of 240-360 nm by a UV-
Vis spectrophotometer (Shimadzu, Kyoto, Japan) and their
molar extinction coefficients were adapted from previous
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reports (21, 22). Aliquots of serially diluted solutions of
each isoflavone were injected into the HPLC, and the peak
area of ecach isoflavone in the chromatogram was
determined. The relationship between HPLC peak area
and concentration of isoflavones from the UV-Vis spectro-
photometer was calculated and used for the quantification
of the isoflavones. The correlation coefficient (r) of all
standard curves for isoflavones was over +0.99. The
concentrations of three isoflavones without standard
compounds including B-daidzin, malonyl-B-glycitin, and
malonyl-p-daidzin were calculated by adapting the results
of the corresponding acetyl-p-glucosides (21).

p-Glucosidase activity The [-glucosidase activity in
cheonggukjang was determined using a modified method
of Zhang et al. (13). Ground cheonggukjang (0.5 g) was
mixed with 15 mL distilled water, vortex-mixed for 1 min,
and centrifuged at 8,832xg at 4°C for 20 min using a
refrigerated centrifuge (Ivan Sorvall, Inc., Norwalk, CO,
USA). The supernatant was collected and filtered through
a 0.48-um filter before analysis. One unit (U) of pB-
glucosidase activity in cheonggukjong was defined as
enzymes required to release 1 pmol pNG from pNPG per
min under the above assay conditions (13).

Detection of new peaks All new peaks formed during
cheonggukjang fermentation for 36 hr were monitored
using HPLC. Peak areas of each new peak were compared
with those of total isoflavones and relative peak areas were
calculated.

Statistical analysis Data were analyzed statistically by
ANOVA and Duncan’s multiple range test using SPSS
software program (SPSS Inc., Chicago, IL, USA). A
p value <0.05 was considered significant.

Results and Discussion

Isoflavone analysis in cheonggukjang All 12 isoflavones
were isolated and identified under applied analysis
conditions. A typical HPLC chromatogram and contents of
isoflavones in cheonggukjang with or without addition of
B. subtilis during 36 hr fermentation are shown in Fig. 1
and Table 1, respectively. Soaked soybeans (SS), cooked
soybeans with microorganisms (CWB-0), and cooked
soybeans without microorganisms (COB-0) contained
1754.6, 1054.8, and 1248.1 pg total isoflavones/g wet base
soy, respectively. The differences in total isoflavones (TT)
may come from weight changes of soybeans during
soaking and cooking process, leaching loss to water, and
possibly thermal degradation of isoflavones under applied
experimental conditions. The weights of raw, soaked, and
cooked soybeans were 300, 660, and 580 g, respectively.
Raw soybeans absorbed water and swelled about 220% in
weight during the soaking process, and soaked soybeans
lost weight by 12.1% after cooking. Without any loss or
thermal degradation during the cooking process, about
1996.6 pg total isoflavone/g cooked soybean (=660 g
soaked soybean x 1754.6 pg total isoflavone/580 g cooked
soybean) would have been detected in COB-0. However,
62.5% isoflavone (=1248.1/1996.6 x 100) was recovered
after the cooking process. The loss of isoflavones may be



98
0.12
g
3
:
0.1 g
0.08 |
£
i
g .
:2: 0.06 | s g‘ E §
-
/ -
EI
0.04 I g 3
. IR
348 < e
i g g T
313 g % g
002 | ! 2 §o © E
HIREL b
m Il u |
LAY | |
0 \ A 1 ™
0 10 20 30 40 50
Time (min)

Fig. 1. HPCL chromatogram of isoflavone distribution in
cheonggulgang with 2 new unidentified peaks and an internal
standard.

mainly due to the leaching into water and possibly thermal
degradation of isoflavones. It has been reported that
isoflavone contents in soy-containing foods such as fofu
and fempeh decrease depending on the processing
conditions (22-24). Franke et al. (22) reported that 13% of
isoflavones in raw soybeans were not recovered when
cooked fofu was prepared. Isoflavones in fofit prepared
using 90 and 100°C for 40 min decreased by 15 and 28%,
respectively (23). Wang and Murphy (24) reported that 61
and 44% of isoflavones were lost in fempeh and fofu,
respectively. Coward et al. (8) reported that baking and
frying of soyprotein did not change total isoflavone
content and converted malonyl-B-conjugates into the
corresponding  acetyl-B-glucosides and [B-glucosides.
Baking and frying process produce higher temperature
than conventional cooking process; however, in terms of
isoflavone loss, the presence of water appears to play more
important roles in leaching or decomposing isoflavones
than temperature. Although isoflavones are considered
stable to heat energy, prolonged cooking process in the
presence of water can greatly decrease the total isoflavone
contents.

Malonyl-B-genistin showed the highest concentration in
soaked beans (SS), followed by malonyl-B-daidzin and -
genistin (Table 1). On the other hand, after cooking
process, [P-genistin showed the highest concentration,
followed by B-daidzin and malonyl-B-genistin in cooked
soybeans (COB-0). Relative percentages of aglycones, -
glucosides, acetyl-p-glucosides, and malonyl-B-glucosides
in SS and COB-0 were 4.3, 7.2, 3.9, and 84.6%, respec-
tively, and 6.0, 64.3, 2.7, and 27.0%, respectively, which
indicates that cooking process caused significant changes
in isoflavone profiles. Malonyl-B-glucosides and acetyl-p-
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glucosides decreased by 57.6 and 1.2%, respectively,
while B-glucosides and aglycones increased by 57.1 and
1.7%, respectively. Therefore, thermal conversion of
malonyl-B-isoflavones into the corresponding f-glucosides
is the major change in isoflavone profiles during the
cooking process. Grun ef al. (23) reported that moist heat
generally increases P-glucoside forms, while dry heat
converts malonyl-B-glucosides into acetyl-B-glucosides.
Thermal cooking for 2 hr produced high B-glucoside
forms of isoflavones in cooked soybeans.

Averages of total isoflavone contents in CWB and COB
for 36 hr were 870.2 and 1317.4 pg/g cheonggukjang,
respectively (Table 1). The difference in total isoflavone
contents between CWB-ave and COB-ave may come from
10%(w/w) dilution effect of B. subtilis addition and
increase in fermentation products by B. subtilis in CWB;
added B. subtilis generated more fermentation products
such as poly-y-glutamates in CWB. Although 1g
fermented soybeans was sampled for isoflavone analysis,
CWB had less soy matrix containing isoflavones and more
fermentation products per gram sampling in wet weight
base. TI in CWB-ave was reduced compared to those in
CWB-0, which indicates that B. subtilis in CWB may play
a role in converting isoflavones into other metabolites
through fermentation. Microorganisms in COW after 36 hr
were not isolated in this study, while the presence of
microorganisms was evident due to the formation of
characteristic features of cheonggukjang such as formation
of poly-y-glutamate and unique odor TI in COB was not
significantly different from 0 to 30 hr fermentation, while
there were increasing trends observed (p>0.05). TI of
COB-36 was significantly higher than that of COB-0 (p<
0.05), which could be due to the fermentation activity on
the releasing isoflavones entrapped in the soy matrix. TI in
CWB during fermentation was not consistent, and wide
variations were observed, which may be due to uneven
fermentation process or localization of microorganisms.

Wide ranges of variations were observed in the percentage
changes of aglycones, B-glucosides, acetyl-B-glucosides,
and malonyl-B-glucosides in CWB and COB during 36 hr
fermentation (Table 1). In particular, aglycone percentages
were not increased in both CWB and COB, which may be
due to the lack of B-glucosidase activity. On the other
hand, Sohn ef al. (19) reported that contents of aglycones
such as daidzein and genistein in cheonggukjang increased
as fermentation time increased. They prepared cheonggukjang
using cooked soybeans with 30 min-treatment at 113°C in
an autoclave, which may have caused this difference in
aglycone contents. Kim and Yoon (25) reported that aglycone
contents in meju and deonjang, which are traditional Korean
soy-fermented foods with several month fermentation
periods, were higher than those in soybean. These findings
suggest isoflavone concentrations and profiles in fermented
soy foods vary depending on the thermal processing
conditions, fermentation period, and addition of micro-
organisms.

B-Glucosidase activity [-Glucosidase activity during
cheonggukjong fermentation is shown in Fig. 2. After
cooking process, [-glucosidase activity decreased
significantly due to the denaturation of B-glucosidase in
soybeans (p<0.05). B-Glucosidase activity in COB began
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to increase and was significantly higher than that in CWB
after 18 hr fermentation (p<0.05). Addition of B. subtilis
had no effect on the increase of B-glucosidase activity.
Kim and Yoon (25) reported that B-glucosidase activity in
fermented soy foods such as meju and deonjang was 36
and 12% of those in soybeans, respectively. Therefore,
additional sources of B-glucosidase are needed to increase
aglycone contents in soy foods prepared with cooked
soybeans due to the denaturation of B-glucosidase and
slow recovery of B-glucosidase activity. Inactivation of B-
glucosidase in cooked soybeans and ineffective roles of B.
subtilis on the cleavage of B-glucoside linkage can explain
the results of aglycone profiles in cheonggukjang.

Detection of new peaks Two new unidentified peaks
were detected during cheonggukjang fermentation using
the current extraction method (Fig. 1). One peak (A)
appeared at 18.1 min, and the other peak (B) was eluted at
25.0 min. Relative peak areas of the two new peaks in
cheonggukjang with or without addition of B. subtilis are
shown in Fig. 3. Peak A was first detected at 18 hr
cheonggukjang fermentation, irrespective of addition of B.
subtilis, and began to increase as fermentation time
increased (Fig. 3-A). Peak A from CWB was significantly
higher than that from COB after 18 hr (p<0.05). Relative
peak area of peak A from COB increased up to 5.5% at 30
hr and started to decrease, while that from CWB gradually
increased up to 12.0% for 36 hr fermentation (Fig. 3-A).
Peak B was first detected from soaked and cooked
soybeans, and relative peak area increased after 12 hr
fermentation. Peak B showed similar pattern to peak A,
and CWB had significantly higher relative peak areas than
COB after 12 hr fermentation (p<0.05). Relative peak area
of peak B from CWB increased up to 24.0% for 36 hr,
while that from COB increased up to 10.2% at 30 hr and

CWB B COB

Enzyme activities (U)

Time (hr)

Fig. 2. B-Glucosidase activity in cheonggukjang with or
without addition of Bacillus subtilis during fermentation.
*indicates significant difference between COB and CWB at p<0.05.
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started to decrease thereafter (Fig. 3-B). These results thus
suggest unidentified peaks A and B could be related to
fermentation metabolites generated from fermentation
activities of B. subtilis.

New isoflavone metabolites or isoflavonoids such as 6-
O-acyl isoflavone glycosides in natfo (26), which is a
similar type of food of cheonggukjang consumed in Japan,
and 8-hydroxyglycitein and 6-hydroxydaidzein in miso
(27) were found and identified. Toda ef al. (26) reported
that daidzein 7-O-B~(6'-O-succinyl)-D-glucoside, genistein
7-0-B-(6'-O-succinyl)-D-glucoside, and glycitein 7-O-p-
(6'-O-succinyl)-D-glucoside were found in natto. Some
new isoflavonoids in fermented soy products were reported
to have bone loss reducing (26) or free radical scavenging
activity (27). Peaks A and B could be associated with
those compounds identified in other soy fermented foods
and currently, identification study of peaks A and B is
ongoing.

In conclusion, B-glucosides of isoflavones are major
forms in cheonggukjang, and aglycone content did not
increase due to the inactivation of P-glucosidase during

(A)

18
15 B CWB B COB
2
<1
o
2
o
3 9
1%
@
3
E
= 6
-
3
n.d. n.d, n.d. n.d.
0
Soaked 0 6 12 18 24 30 36
Time (hr)
(B)
30
25 F EACWB
3
S0 |
g
o
315
2
2
-
2 10
-1
5
0
Soaked 0 6 12 18 24 30 36

Time (hr)

Fig. 3. Relative peak areas of peak A (A) and B (B) during
cheonggukjang fermentation. Peak A and B are new peaks
eluted at 18.1 and 25.0 min, respectively in Fig. 1. *indicates
significant difference between COB and CWB at p<0.05. n.d.: not
detected.
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soybean cooking process. B-Glucosidase activity in
cheonggukjang was only 10% of soaked soybeans and
began to recover only in COB. Two new unidentified
peaks were formed, and CWB produced more relative
peak areas of two new peaks than COB, which indicates
that both peaks could be associated with fermentation
metabolites from B. subtilis.
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