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ABSTRACT: Bioconversion of aglycone-formed isoflavones from glycoside-formed isoflavones by commercial lactic acid
bacteria in fermented soybean paste was evaluated. Enterococcus faecium KCTC 13410 showed the most resistant capacity
and Lactobacillus acidophilus KCTC 3925 had a sensitive susceptibility at a high NaCl concentration (13.2%) in fermented
soybean paste. Among the 5 strains tested, Lac. acidophilus KCTC 3925 showed the highest relative ratio of aglycone-
formed isoflavones to total isoflavones in fermented soybean paste. Production of exopolysaccarides (EPS) by lactic acid
bacteria was compared using de Man, Rogosa, and Sharpe medium containing 1% sucrose at 37°C for 48 h. Among the 5
lactic acid bacteria, Lac. acidophilus KCTC 3925 and Lactobacillus rhamnosus KCTC 3929 were investigated to produce EPS.
Based on the results concerning growing susceptibility and conversion of aglycone-formed isoflavones/EPS production, it
is anticipated that Lac. acidophilus KCTC 3925 may be used for preparation of Cheonggukjang, which contains relative low

NacCl content.
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INTRODUCTION

Generally, Korean traditional soybean paste contains soy-
beans, table salts, and water. Soybean paste is prepared
by cleaning, soaking, steaming of soybeans, fermentation
of soybean lump, addition of brine, fermentation, and
aging, which takes approximately 2 ~3 years (1,2). Many
chemical changes occur in the ingredients and compo-
nents for the long fermentation and aging process of
soybean paste. Glycoside-formed isoflavones in soybeans
are converted to more absorbable forms, aglycon isofla-
vones, the antioxidant activity is increased, and carbohy-
drates and proteins in soybean are degraded in the fer-
mentation and aging process of soybean paste. On the
other hand, the undesirable color and ethyl carbamate
may be produced during aging of fermented soybean
paste (1,2). Cheonggukjang is prepared with soybeans and
water using Bacillus subtilis as a starter for the relatively
short period fermentation, and it is stored at low or
freezing temperatures due to its low NaCl concentration.

Lactic acid bacteria are gram-positive that grow well in
facultative anaerobic and micro-aerophilic conditions, and

they are found abundantly in vegetables, grains, meats,
and fermented dairy products. Lactic acid or a mixture of
lactic acid/acetic acid was produced during the metabo-
lism of carbon sources by lactic acid bacteria. Organic
acids produced by lactic acid bacteria increase the level
of hydrogen ions, and this causes the pH change toward
the acid in which the weak pathogens against acidic con-
dition are suppressed and acidophilic yeasts and molds
are stimulated to grow (3).

Isoflavones, which are phytoestrogens found in plants
such as soybeans and kudzu root, have preventive activ-
ity for breast cancer, colorectal cancer, uterine cancer,
and osteoporosis. Long term intake of isoflavones re-
lieves menopausal symptoms. Soybeans have diverse iso-
flavones, including 3 aglycones (daidzein, glycitein, and
genistein) and 9 glycosides, which are formed by bind-
ing aglycones and some sugars, such as glucose, acetyl-
glucoside, and malonylglucoside (4). Generally, isofla-
vones in raw soybeans exist as glycoside-formed isofla-
vones. During food processing, such as enzymatic degra-
dation by B-glucosidase and acid-degradation, the glyco-
side-formed isoflavones are changed to more absorbable
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aglycone-forms in the body (5,6).

Some lactic acid bacteria produce viscous exopolysac-
charide (EPS), which are composed of homopolymers
consisting of single monosaccharides, and heteropoly-
mers consisting of different monosaccharides (7-9). Tex-
ture, immunity, and anti-cancer activity of foods were
improved by EPS (8). Interest on EPS function in foods
is currently increasing.

In this study, the viability and EPS production of com-
mercial lactic acid bacteria were investigated in fer-
mented soybean paste with a high NaCl concentration.
In a low NaCl concentration and a short period of fer-
mentation, the suitable lactic acid bacterium was iso-
lated for production of aglycone-formed isoflavones and
EPS.

MATERIALS AND METHODS

Chemicals and reagents

Daidzein, daidzin, genistein, genistin, glycitein, and gly-
citin were purchased from Fujicco Co., Ltd. (Kobe, Ja-
pan), dissolved in dimethyl sulfoxide (Sigma-Aldrich Co.,
St. Louis, MO, USA), and used as a reference for high-
performance liquid chromatography (HPLC) analysis.
HCl (35%), NaOH, and ethyl alcohol (EtOH, 99.9% ACS
grade) were purchased from Sigma-Aldrich Co..

Strains and cultivation

Five lactic acid bacteria, such as Lactobacillus acidophilus
KCTC 3925, Leuconostoc mesenteroides (Gene Bank: AY675
249), Lactobacillus rhamnosus KCTC 3929, Pediococcus pen-
tosaceus KCTC 10297BP, and Enterococcus faecium KCTC
13410, were used for production of aglycone-formed iso-
flavones and exopolysaccharides. Lactic acid bacteria were
cultured in de Man, Rogosa, and Sharpe (MRS) medium
(Difco, St. Louis, MO, USA) for 2~3 days at 37°C with-
out agitation.

Analysis of general compositions and dietary fiber

For analysis of water content, the sample (2 g) was dried
by heating under normal pressure using an air drier (OF-
12, Jeio Tech, Gimpo, Korea) at 105°C for 12 h to obtain
a constant weight of the sample. The crude ash content
of the sample (4 g) was measured with a direct ashing
method using a Maffle’s furnace (MF31G, Jeio Tech) at
600°C for 22 h. The content of crude protein was meas-
ured using the continuous micro-Kjeldahl method, com-
posed of a Kjeldahl digestion system (Digestion unit
K-424, Biichi Labortechnik AG, Flawil, Switzerland), a
distillation system (Kjelflex K-360, Biichi Labortechnik
AG), and a titration system (702 SM Titrino Metrohm,
Biichi Labortechnik AG). The protein content was calcu-

lated using the nitrogen coefficient, 6.25. The content of
crude lipid was analyzed by extraction of the sample (5
g) using Soxlet apparatus (E-816, Biichi Labortechnik
AG) with diethyl ether, after preliminary drying of sam-
ple in dryer at 105°C. The content of carbohydrates was
calculated using the following equation:

Content of carbohydrates=
100 — (water content+crude ash content+
crude protein content+crude lipid content)

The dietary fiber content in the sample was analyzed
by an Association of Official Analytical Chemists meth-
od (Enzymatic method 985.29). Briefly, the sample was
treated using the following steps: enzyme digestion step
of amylase, protease, and amyloglucosidase, precipita-
tion step by EtOH, and filtration step using a Fibertec'™
E1023 Filtration Module (Foss, Hilleroed, Denmark).
Then the sample was dried in an air drier at 105°C at
normal pressure to obtain a constant weight. The ash
content of the dried sample was analyzed as mentioned
above, and a content of non-digestable protein by enzyme
treatment of the sample was measured by the micro-
Kjeldahl method. The content of dietary fiber in the sam-
ple was calculated by subtracting the content of ash and
protein from the total dried weight of the sample. All as-
says were performed in triplicate and expressed as a
mean value.

Fermentation of soybean paste by lactic acid bacteria
Fermented soybean paste was prepared by harvesting of
soybeans, steaming process, fermentation of boiled soy-
bean lumps, addition of brine, fermentation, and the iso-
lation of soybean lumps. Fermentation and aging of soy-
bean paste lasted approximately 3 months at room tem-
perature (fermented soybean paste sample A). Lactic
acid bacteria (0.43 g, 0.5x10'° CFU/g~1.0x10'° CFU/g)
was inoculated in unsterile fermented soybean paste (25
g) at 25°C without agitation.

Determination of pH and salinity

Fermented soybean paste sample (10 g) was mixed with
distilled water (9 mL) and the supernatant was separ-
ated. The pH of the supernatant was measured using a
pH meter (model 725P, istek, Inc., Seoul, Korea). For
determination of salinity, a fermented soybean paste sam-
ple (2 g) was mixed in sterile distilled water (25 mL) and
was spun using a centrifuge (5810R, Eppendorf, Ham-
burg, Germany) at 2,465 g for 10 min. The supernatant
was filtered using Whatman No. 5 paper (Whatman In-
ternational Ltd., Maidstone, UK) and titrated with 0.05
N AgNO:s. All samples were analyzed in triplicate, and
the data were expressed as mean=standard deviation.
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Determination for viability of commercial lactic acid bac-
teria in fermented soybean paste containing various NaCl
concentrations

Fermented soybean paste sample (1 g) was mixed with
0, 1, 4, and 9 mL of distilled water in 20-mL volume bot-
tle and was sterilized at 121°C for 15 min. The 16 h-cul-
tured lactic acid bacteria (Asoo=1.1~2.0) were inoculated
to the fermented soybean paste suspension at 1% (v/v)
concentration and were cultured at 37°C for 24 h with-
out shaking. The number of viable lactic acid bacteria in
the fermented soybean paste was counted by the serial
dilution method using MRS agar plates at 37°C for 24 h,
anaerobically.

Analysis of isoflavones contents

The composition and contents of isoflavones in the sam-
ples were measured by the procedure of Kim et al. (10)
with slight modifications. Lactic acid bacteria (1%, v/v)
were inoculated in a fermentation medium containing
sterile fermented soybean paste sample A (2.5 g), iso-
flavones (0.43 g, Soyavone EX 30, Ingredion, Westches-
ter, IL, USA), and sterile distilled water (10 mL), and
were cultured at 37°C for 120 h. Contents of aglycone-
formed isoflavones were extracted for 24 h using 9 vol-
umes of 80% EtOH for the fermented soybean paste
sample and mixed vigorously for 30 s. Total isoflavones
content (aglycones and glycosides) was measured by the
refluxing extraction of fermented soybean paste sample
with 10 mL of 2 N HCl for 1 h.

Fermented soybean paste sample was hydrolyzed by
acid and neutralized with 10 N NaOH to pH 6.5~7.5,
and then it was extracted with 80% EtOH. The super-
natant of the extracts was filtered with 0.45 um filter
and was injected into an HPLC (Agilent 1200, Agilent
Technologies, Santa Clara, CA, USA), equipped with
Eclipse XDB-C18 column (4.6x250 mm ID, Agilent
Technologies). Mobile phases were used as a gradient
solution with solution A (0.1% acetic acid in H,O) and
solution B (0.1% acetic acid in acetonitrile) with the fol-
lowing ratio: 93:7, 93:7, 85:15, 80:20, 75:25, 75:25, 65:30,
and 65:30 at 0, 25, 50, 55, 70, 75, 80, and 90 min of run-
ning time, respectively, at a flow rate of 1.2 mL/min.
Each isoflavone was detected at 254 nm by an UV de-
tector. The content of isoflavones in the sample was cal-
culated by a linear plot of standard isoflavones and the
dilution factor of the sample.

The relative ratio of aglycone-formed isoflavones to to-
tal isoflavones (aglycon-formed isoflavones and glyco-
side-formed isoflavones) in the sample was calculated,
as follow:

Relative ratio=
content of aglycone-formed isoflavones
content of aglycone isoflavones

+glycoside-formed isoflavones

x100

Determination of EPS

Among 5 lactic acid bacteria, the EPS producing-lactic
acid bacteria were screened by formation of a viscous
substance on the colony and were anaerobically incuba-
ted in 1% sucrose-MRS medium at 37°C. After the mass
culture, the viscous substance (supernatant, 6 mL) pro-
duced by lactic acid bacteria was collected by centrifu-
gation (1,000 rpm for 2 min at 4°C) and mixed vigor-
ously with 2 volumes of 100% EtOH. The precipitate
was collected by centrifugation at 4,000 rpm for 10 min
at 4°C.

For analysis of sugar composition, a precipitate was
hydrated with sterile distilled water (6 mL) and was sep-
arated by HPLC without enzymatic treatment and with
fructanase- and glucanase-treatment. For treatment of
fructanase, the hydrated sample (2 mL) was incubated
with invertase (10 pL, Novozymes, Bagsveerd, Denmark)
at 30°C for 16 h. In case of glucanase, the hydrated sam-
ple (2 mL) was incubated with liquefying Termamyl®™
120 L (17 pL, Novozymes) at 80°C for 2 h, and then was
incubated further with Neutrase 0.8 L (50 uL, Novo-
zymes) at 37°C for 30 min, and B-amylase (17 pL, Amg-
300L, Novozymes) at 60°C for 2 h.

Analysis of sugar composition by HPLC

For analysis of sugar composition, the sample was treated
with 0.45 um filter (DISMIC-13HP, Toyo Roshi Kaisha,
Ltd., Tokyo, Japan) and was separated with an Agilent
1200 HPLC (Agilent Technologies), equipped with Kro-
masil 100-10 NH; column (Eka Chemicals AB, Bohus,
Sweden) and RI detector (Agilent Technologies). Injec-
tion volume was 20 pL, and mobile phase was 75% ace-
tonitrile and 25% water at a flow rate of 1 mL/min at
30°C.

Statistical analysis

All samples were analyzed in triplicate, and results were
expressed as mean=standard deviation. Data was ana-
lyzed statistically by one-way analysis of variance
(ANOVA) (11) (Microsoft Excel Statpro, Microsoft Cor-
poration, Chevy Chase, MD, USA).

RESULTS AND DISCUSSION

General composition and dietary fiber content of fermen-
ted soybean paste

General compositions and dietary fiber in 3 months-aged
fermented soybean paste are shown in Table 1. Contents
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Table 1. Contents of general nutrients in fermented soybean paste samples (unit: %)
Sample Moisture Protein Ash Fat Carbohydrate Fiber References
Fermented soybean paste 57.910.7 12.1£04 14.9+0.9 3.94+0.1 11.6£0.7 6.84+0.2 —
Doenjang (ref) 54.0 13.6 125 8.2 8.1 3.6 12

of moisture, protein, ash, fat, carbohydrate, and dietary
fiber of 3 months-aged fermented soybean paste were
57.9, 12.1, 14.9, 3.9, 11.6, and 6.8%, respectively, where-
as a traditional fermented soybean paste had 54.0% of
moisture, 13.6% of protein, 12.5% of ash, 8.2% of fat,
8.1% of carbohydrate, and 3.6% of dietary fiber (12). In
this study, 3 months-aged fermented soybean paste had
higher moisture, ash, carbohydrate, and dietary fiber, and
less content of protein and fat compared with a previous
report (12).

Growth of lactic acid bacteria in fermented soybean paste
with NaCl concentrations
To investigate the growth of lactic acid bacteria in fer-
mented soybean paste with various NaCl concentrations,
fermented soybean paste sample A was diluted to 0, 2,
5, and 10 times with sterile distilled water. Five lactic
acid bacteria were inoculated in diluted fermented soy-
bean paste samples, and the viable cells were counted on
MRS medium after incubation (Table 2). The number of
viable lactic acid bacteria was inversely related to NaCl
concentration, and each lactic acid bacteria showed a dif-
ferent inhibitory pattern of growth by NaCl.

Five lactic acid bacteria showed resistance for growth
in the undiluted fermented soybean paste sample (13.2%

Table 2. Number of lactic acid bacteria in fermented soybean paste samples

of NaCl) in the following order: Ent. faecium KCTC 13410,
Leu. mesenteroides strain, Ped. pentosaceus KCTC 10297BR,
Lac. rhamnosus KCTC 3929, and Lac. acidophilus KCTC
3925. Lac. acidophilus KCTC 3925 showed the most growth
susceptibility in NaCl of fermented soybean paste. The
viable number of Lac. acidophilus KCTC 3925 were 2.3 X
10°, 7.9x107, and 3.6x10° (CFU/g fermented soybean
paste) at 1.32, 2.64, and 6.6% NaCl concentration, re-
spectively, and was suppressed to 0.16% in 6.6% NaCl
concentration. Based on these results, it is expected that
Lac. acidophilus KCTC 3925 is suitable to use for produc-
tion of Cheonggukjang, which contains comparatively low
NaCl content, rather than fermented soybean paste and
soy sources with high NaCl content.

The pH of fermented soybean paste

Soybean paste was fermented with lactic acid bacteria
and glycoside-formed isoflavones at 30°C for 120 h, and
the pH was measured, as shown in Table 3. Fermented
soybean paste sample with or without lactic acid bac-
teria had pH 4.01 ~4.33 and pH 5.04, respectively. A de-
crease in pH means that some organic acids were pro-
duced by lactic acid bacteria in fermented soybean paste
sample.

(unit: CFU/g fermented soybean paste)

Number of viable cells

Starter
1.3% NaCl 2.6% NaCl 6.6% NaCl 13.2% NaCl
Lactobacillus acidophilus KCTC 3925 2.3x10%" 7.9x10™ 3.6X10% >100°
Leuconostoc mesenteroides AY675249 6.8x10% 2.4x10%® 6.5%x107 1.1x107
Lactobacillus rhamnosus KCTC 3929 4.5x10% 2.3x10%° 2.3x10™ 8.4x10%
Pediococcus pentosaceus KCTC 10297BP 5.9%108 3.6%x10%° 9.3x10™* 1.0x10%
Enterococcus faecium KCTC 13410 9.5x10° 5.4x10° 1.2x108 9.3x10
"Different letters (a-c) in the same row are significantly different at A~<0.05.
Table 3. Change of pH in fermented soybean paste containing lactic acid bacteria
Strains pH
Fermented soybean paste containing No lactic acid bacteria 5.0440.012"
Lactobacillus acidophilus KCTC 3925 4.29+0.06°
Leuconostoc mesenteroides (Gene Bank: AY675249) 4174014
Lactobacillus rhamnosus KCTC 3929 4.09+0.08°
Pediococcus pentosaceus KCTC 10297BP 4.01+0.05°
Enterococcus faecium KCTC 13410 4.33+0.03°

Different letters (a,b) are significantly different at /~<0.05.
Fermented soybean paste containing lactic acid bacteria was incubated at 30°C for 120 h.
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Table 4. Conversion of glycoside-formed isoflavones to aglycone-formed isoflavones from by lactic acid bacteria in fermented

soybean paste

(unit: mg/kg)

Amount of aglyconeisoflavone

Starter Aglyconeisoflavone P-value
0h 60 h 120 h
No lactic acid bacteria
Daizein 152.7+4.7 147.749.6 156.7£13.3 0.5660
Glycitein 90.0£3.6 85.0£4.0 86.710.6 0.2175
Genistein 98.7+£4.7 93.0+£7.8 104.3+15.4 0.4537
Lactobacillus acidophilus KCTC 3925
Daizein 152.7+4.7°" 767.7+76.7° 3,017.74£586.5° 0.0001
Glycitein 90.0£3.6° 156.3+20.5° 576.7+93.9° 0.0001
Genistein 98.7+4.7° 289.3+21.1° 663.7+34.3° 0.0000
Leuconostoc mesenteroides (Gene Bank: AY675249)
Daizein 152.7+4.7° 237.0+13.8° 343.3+28.9° 0.0001
Glycitein 90.043.6° 101.3+£3.8%® 107.3+5.5° 0.0079
Genistein 98.7+4.7° 137.3+4.0° 219.7+£19.9° 0.0000
Lactobacillus rhamnosus KCTC 3929
Daizein 152.7+4.7° 474.0%71.1° 742.3%+9.0° 0.0000
Glycitein 90.0+3.6° 110.3+8.4° 148.3+1.5° 0.0000
Genistein 98.7+4.7° 185.0424.0° 354.7+7.2° 0.0000
Pediococcus pentosaceus KCTC 10297BP
Daizein 152.7+£4.7 261.0+£3.0 273.3£111.9 0.1156
Glycitein 90.0+£3.6 97.7£2.9 86.0£33.3 0.7651
Genistein 98.7+£4.7 137.7£2.9 145.3156.5 0.2516
Enterococcus faecium KCTC 13410
Daizein 152.7+4.7 151.3%5.1 185.0+58.4 0.4394
Glycitein 90.0+3.6 91.3%4.6 91.0£10.4 0.9704
Genistein 98.7+4.7 100.3£4.2 112.74£22.1 0.4217

"Different letters in the same row (a-c) are significantly different.
Fermented soybean paste supplemented with lactic acid bacteria and commercial glycoside-formed isoflavones was incubated

at 37°C.

Metabolism of isoflavones by lactic acid bacteria in fer-
mented soybean paste
Isoflavones exist mostly as aglycone-forms in well fer-
mented soybean paste. Change of isoflavones structure
by B-glucosidase of lactic acid bacteria was investigated
by addition of commercial isoflavones in all fermented
soybean paste samples (samples B). Commercial isofla-
vones contained more than 95% of glycoside-formed iso-
flavones. Without lactic acid bacteria, the content of agly-
cone-formed isoflavones in soybean paste before and af-
ter fermentation was approximately 341 and 348 mg/kg,
respectively, and the difference of this content was insig-
nificant (Table 4). On the other hand, the content of the
aglycone-formed isoflavones (daizein, glycitein, and gen-
istein) was increased time-dependently in fermented soy-
bean paste sample B, containing lactic acid bacteria Lac.
acidophilus KCTC 3925, Leu. mesenteroides (Gene Bank: AY
675249), and Lac. rhamnosus KCTC 3929 (P<0.01). How-
ever, Ped. pentosaceus KCTC 10297BP and Ent. faecium
KCTC 13410 did not change the content of aglycone-
formed isoflavones significantly.

Contents of daizein, glycitein, and genistein, which are
aglycone-formed isoflavones, were approximately 152.7,
90.9, and 98.7 mg/kg, respectively, prior to fermentation

by Lac. acidophilus KCTC 3925. Content of daizein, glyci-
tein, and genistein were changed to 767.7, 156.3, and
289.3 mg/kg at 60 h fermentation and 3,017.7, 576.7,
and 663.7 mg/kg at 120 h fermentation, respectively.
Relative ratios by no lactic acid bacteria, Lac. acidophilus
KCTC 3925, Leu. mesenteroides (Gene Bank: AY675249),
Lac. rhamnosus KCTC 3929, Ped. pentosaceus KCTC 10297
BP, and Ent. faecium KCTC 13410 were 4.9, 60.2, 9.5,
17.6, 7.1, and 5.5% at 120 h fermentation, respectively.
Lac. acidophilus KCTC 3925 showed the highest relative
ratio for aglycone-formed isoflavones from glycoside-
formed isoflavones in fermented soybean paste (Table 5).
Bioconversion of glycoside-formed isoflavones to agly-
cone-formed isoflavones by lactic acid bacteria, including
Lactobacillus plantarum and Lac. acidophilus, were reported
(13,14). Donkor and Shah (14) reported that Lac. acid-
ophilus converted the most amount of aglycone-formed
isoflavones at 36 h of fermentation in soymilk, compared
to Bifidobacterium lactis and Lactobacillus casei. In the pres-
ent study, the fermented soybean paste was used as a
growth medium for lactic acid bacteria, whereas the pre-
vious reports used soybean extract (13) and soymilk (14).

Generally, it takes 1~3 days and a few months/years
for fermentation of Cheonggukjang and soybean paste/soy
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Table 5. Relative ratio of aglycone-formed isoflavones to total isoflavones by lactic acid bacteria in fermented soybean paste

(unit: %)
Relative ratio”
Starter

Daizein Clycitein Genistein
No lactic acid bacteria 3.6+0.3" 41402° 16.1+2.4°
Lactobacillus acidophilus KCTC 3925 70.0£13.6° 27.3+1.3 102.545.3°
Leuconostoc mesenteroides AY675249 8.0+0.7° 5.1+0.2° 33.9+3.0°
Lactobacillus rhamnosus KCTC 3929 17.240.2° 7.0+03° 54.841.1°
Pedjococcus pentosaceus KCTC 10297BP 6.312.6° 4.1402° 22.4+8.7%
Enterococcus faecium KCTC 13410 43+13° 43402° 17.4+3.4°
P-value 0.0000 0.0000 0.0000

Walues represent relative ratios calculated from the amount of aglycone-formed isoflavones and total isoflavones measured in
acid hydrolysis. Total isoflavones (glucoside- and aglycone-forms) of daidzein, glycitein, and genistein were 4,313, 2,113, and

6475 mg/kg, respectively.

IDifferent letters (a-d) in the same column are significantly different.
Fermented soybean paste supplemented with lactic acid bacteria and commercial glycoside-formed isoflavones was incubated

at 37°C for 120 h.

sources, respectively. Therefore, a relatively short fermen-
tation period (60 and 120 h) using Lac. acidophilus KCTC
3925 may increase the content of aglycone-formed isofla-
vones in fermented soybean foods.

EPS production by lactic acid bacteria

EPS produced by lactic acid bacteria was investigated by
detection of a viscous substance on a MRS agar plate.
Among 5 lactic acid bacteria, Leu. mesenteroides (Gene
Bank: AY675249), Lac. acidophilus KCTC 3925, and Lac.
rhamnosus KCTC 3929 synthesized a viscous substance
from colonies. The viscous substance by lactic acid bac-
teria was obtained by EtOH precipitation after collection
from MRS agar plates. Leu. mesenteroides (Gene Bank:
AY675249), Lac. acidophilus KCTC 3925, and Lac. rhamno-
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sus KCTC 3929 produced approximately 88, 77, and 119
mg of dry weight precipitate, respectively. After a precip-
itate was hydrated with 6 mL of sterile distilled water,
the composition of sugar was analyzed quantitatively by
HPLC with no enzymatic treatment, glucanase-, and fruc-
tanase-treatment. Samples with no enzymatic and fruc-
tanase-treatment did not show the additional increase of
monosaccharide (glucose and fructose) content in 3 pre-
cipitates (Fig. 1). However, the glucanase-treated 3 sam-
ples had increased peaks for maltose and glucose at 11.7
and 14.2 min, respectively, and showed no additional in-
creased in fructose content in 3 samples (Fig. 1). EPS
produced by Leu. mesenteroides (Gene Bank: AY675249),
Lac. acidophilus KCTC 3925, and Lac. rhamnosus KCTC 39
29 is anticipated to be a glucan, composed of glucose
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Fig. 1. HPLC chromatogram of EPS produced by Lactobacillus
acidophilus KCTC 3925 in MRS agar containing 1% sucrose. (A)
no enzyme treatment, (B) glucanases (Termamyl®™ 120L, Neu-
trase, and AMG 300L) treatment, and (C) fructanse treatment.
DP: degree of polymerization.
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(Fig. 1). Cheonggukjang has specific viscous substances,
which contain poly-glutamic acid and the fructose poly-
mer levan. After the conventional Cheonggukjang fermen-
tation and the low-NaCl soybean fermentation, the addi-
tional fermentation by Lac. acidophilus KCTC 3925 and
sucrose may produce glucans in these soybean fermen-
ted foods. Glucan is produced by a dextransucrase in
Leu. mesenteroides (15). Because gene encoding dextran-
sucrase in Lac. acidophilus KCTC 3925 was not studied in
this study, a further investigation on a gene (or genes)
for glucan formation will need to be performed.

Glycoside-formed isoflavones were metabolized slowly
in conventional soybean paste fermentation. Lac. acido-
philus KCTC 3925, Lac. rhamnosus KCTC 3929 with B-glu-
cosidase may control soybean paste fermentation, in
which the contents of aglycone-formed isoflavones may
be increased for a short period.
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