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Abstract Cheongguk-jang is a Korean traditional food
produced by natural fermentation of boiled soybean. In
cheongguk-jang, bacilli are dominant bacteria and produce
highly viscous poly-y-glutamic acid (y-PGA), which
improves human health functions. The purpose of this
experiment was to find maximum production condition for
the y-PGA content during fermentation of cheongguk-jang
with Bacillus subtilis 168. The most viscous cheongguk-
jang was produced when soybean was cooked at 121 °C for
60 min in the presence of 50%(w/w) added water, followed
by fermentation at 40 °C for 2 days. Additional conditions
for maximum production of y-PGA were the addition of
0.1%(w/w) FeCls-6H,0, 3.0%(w/w) lactose and 3.0%(w/
w) yeast extract as nutrients of inorganic salts, carbon
source and nitrogen source, respectively. The three condi-
tions did not show cumulative effect on the y-PGA pro-
duction and the addition of iron salt induced the most -
PGA (0.97 £ 0.05%(w/w)), which corresponded to 2.7
times of the content in control cheongguk-jang.
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Introduction

Cheongguk-jang (CKJ) is a kind of Korean traditional
fermented soybean food containing various nutrients.
Korean people usually consume CKJ in the form of a hot
soup after boiling in the presence of various seasonings.
Traditional CKJ is made by fermenting cooked soybeans
for 2-3 days at about 40 °C in contact with dried rice
straw. The microorganisms involved in this natural fer-
mentation are various bacteria, among which the predom-
inant strains are Bacillus spp. The quality of CKJ varies
considerably depending on the soybean variety, fermenting
microorganisms, fermentation process, and the ratio of
added ingredients (Lee et al., 2005). Several reports
showed that CKJ is associated with antioxidant, antimi-
crobial, blood pressure lowering, antiallergenic and
antiviral activities, which may come from isoflavones,
peptides, phenols, and other flavonoids produced during
fermentation (Baek et al., 2008; 2015; Wei et al., 2015).
Fermented soybean products including CKJ contain
poly-y-glutamic acid (y-PGA) in the form of extracellular
viscous substances produced by many Bacillus strains
(Cheng et al., 1989; Goto and Kunioka, 1992; Hara and
Ueda, 1982). y-PGA is water soluble, biodegradable and
edible, thus, it is non-toxic substance toward human and
the environment (Luo et al., 2016). Several Bacillus strains
producing y-PGA have been isolated from various fer-
mented soybean foods (Ashiuchi et al., 2001; Inatsu et al.,
2002). Molecular weight (My,) of bacterial y-PGA usually
ranges from 100 to over 2000 kDa (Bajaj and Singhal,
2009; Park et al., 2005; Richard and Margaritis, 2003; Shih
and Van, 2001) and the biopolymer consists of repeating
units of L-glutamic acid, and/or p-glutamic acid. The ratio
of D/L content in y-PGA changes readily depending on the
types of microorganisms and environmental factors such as
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temperature and nutrient composition. Production yields of
v-PGA also depend on the microorganisms, temperature,
and nutrients (Oh et al., 2007; Shih and Van, 2001).
According to the strains used the nutrient requirements
such as carbon sources, nitrogen sources, amino acids, and
metal ions vary and mechanisms of y-PGA synthesis are
also different (Francis et al., 2003). Most commercial -
PGAs are currently produced via microbial fermentation
from biomass (Sirisansaneeyakul et al., 2017). y-PGA can
be used safely in a wide range of application including as
thickeners, humectants, bitterness-relieving agents, cry-
oprotectants, sustained release materials, drug carriers,
heavy metal absorbers, and animal feed additives (Luo
et al., 2016). Previous studies about y-PGA have identified
potential anti-obesity, anti-cancer, anti-angiogenic, anti-
tumorigenic, antibacterial, and anti-inflammatory activities
(Davaatseren et al., 2013; Kim et al., 2007; Lee et al.,
2013; Shin et al., 2015). Therefore, CKJ, which produces
v-PGA, is a very important food itself. The traditional
fermented CKJ contained 2.6%(w/w) mucilage (Yang and
Kim, 2013), and it was reported that CKJ fermented using a
starter had an amount of about 5-6.3%(w/w) (Lee et al.,
1991). Indeed, a substantial part of such mucus is known as
v-PGA. On the other hand, there is a report that y-PGA is
contained about 0.5%(w/w) in Japanese natto, which is a
kind of CKJ (Tanimoto et al., 2001). Many studies have
been conducted on the commercial production of y-PGA
using liquid culture (Sirisansaneeyakul et al., 2017; Wang
et al.,, 2017). However, no study has been conducted to
increase the amount of y-PGA in the fermentation of CKJ
which is solid fermentation and directly ingested as food.
Therefore, in this study, fermentation conditions such as
soybean cooking conditions, fermentation time and tem-
perature, and added nutrients to produce y-PGA maximally
were investigated in the fermentation of CKJ using a
starter, Bacillus subtilis 168 isolated from CKIJ fermented
by a traditional method.

Materials and methods
Microorganisms and cultivation

Bacillus subtilis 168 (B. subtilis KCCM 11609) isolated
from CKIJ was purchased from the Korean Culture Center
of Microorganism (Seoul, Korea). The Bacillus strain was
stored in liquid nitrogen during the experiment. The strain
produced mucilage during the production process of CKJ.
To prepare starter fermentation, the Bacillus was first
grown on LB agar plates at 40 °C for 24 h. The microor-
ganism was then transferred to a 500 mL flask containing
150 mL of edible LB broth, and the flask was cultured with
shaking (180 rpm) at 40 °C for 24 h. The cooked soybeans
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were divided into 35 g portions in petri dishes and cooled
to 40-50 °C. Then, CKJ fermentation was started by
inoculating the soybean with 1.0%(v/w) B. subtilis 168.

Cooking of soybeans for CKJ

To investigate the optimum conditions for fermentation of
CKJ, the effect of initial water content during soybean
cooking on the fermentation was investigated according to
the previous studies (Bajaj et al., 2008; Jian et al., 2005).
The soybeans (Glycine max) were washed and soaked at
room temperature for 14 h. Before the autoclave, distilled
water was added to adjust the moisture content of soy-
beans. The combination of initial water content (50, 55, 60,
65, 70%(w/w) of soybean weight) and autoclave time (15,
30, 60 min) at 121 °C was applied in the experiment. The
best cooking conditions for fermentation of CKJ were
selected based on the viscosity measurement.

Changes in fermentation temperature and time

Three independent fermentations were performed at dif-
ferent temperatures (35, 40, 45 °C) and times (24, 48, 72 h)
and then viscosities of the fermented soybeans were mea-
sured to determine the optimal temperature and time for the
fermentation of CKIJ.

Addition of mineral salts

Based on the previous study (Jian et al., 2005), aqueous
mineral salt stock solution was prepared 41.52, 22.72,
4792, 26.36%(w/w) for four kinds of inorganic salts
MgSO47H20, CaClz'zHQO, FCC136H20, and NaCl,
respectively and then subjected to moist heat sterilization.
Salt stock solutions were added to the cooked soybeans to
allow fermentation samples of different mineral concen-
trations. The final concentrations were 0.06, 0.1, and
0.2%(w/w) for MgSO,; 0.08, 0.15, and 0.2%(w/w) for
CaCl,; 0.05, 0.1, and 0.2%(w/w) for FeCls; and 0.07, 0.1,
and 0.2%(w/w) for NaCl, respectively. The viscosities and
v-PGA contents of the fermented CKJs were measured to
determine the effects of inorganic salts on CKIJ.

Addition of carbon sources

Based on the previous report (Peng et al., 2015), five dif-
ferent solutions of carbon sources, i.e., glucose (23.08%(w/
w)), sucrose (51.22%(w/w)), lactose (9.75%(w/w)), citric
acid (42.49%(w/w)), and glycerol (99%(w/w)) were used.
The stock solutions were added to the cooked soybeans to
prepare fermentation samples of different carbon source
concentrations. The final concentrations were 0.2, 1.0, and
2.0%(w/w) for glucose or citric acid, and 0.1, 0.5, and
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1.0%(w/w) for sucrose, respectively. In case of lactose and
glycerol, the final concentrations were 0.3, 1.0, and
3.0%(w/w). Both viscosities and y-PGA contents of the
fermented CKJs were measured to evaluate the effects of
different carbon sources.

Addition of nitrogen sources

Peptone, yeast extract, and L-glutamic acid were dissolved
in distilled water separately to give 13.04, 13.04, and
0.74%(w/w), respectively. Then these were sterilized by
moist heat and added to the cooked soybeans. Both peptone
and yeast extracts resulted in final concentrations of 0.3,
1.0, and 3.0%(w/w), and L-glutamic acid was 0.1, 0.2, and
0.3%(w/w), respectively. After fermentation, the viscosi-
ties and y-PGA contents of the produced CKJs were
measured and compared with one another.

Measurement of viscosity

To measure the viscosity, 30 g of CKJ was diluted with
30 g of distilled water and shaken (200 rpm) at 25 °C for
20 min. The mixture was filtered through a layer of muslin
cloth and centrifuged at 2000 x g for 15 min. Viscosity of
supernatant 30 mL was analyzed by Rapid Visco Analyzer
(RVA, Tecmaster, Perten, Australia) at 25 °C, 160 rpm, for
5 min. The unit of viscosity was represented in centipoise

(cp).
Measurement of mucilage and y-PGA

The method of Jian et al. (2005) was partially modified for
extraction. Fresh fermented substrate was diluted 10-fold
with distilled water and mixed thoroughly in a shaker
(200 rpm) for 1 h. The mixture was filtered through a
double layer of muslin cloth and the filtrate was centrifuged
at 15,000 x g for 15 min and filtered through a Whatman
syringe filter (0.45 pm). A portion of this solution was
dried to determine the weight of mucilage, and the
remaining samples were used as HPLC samples to deter-
mine the amount of y-PGA. Purification of y-PGA was
carried out by the previously reported methods (Goto and
Kunioka, 1992; Nie et al., 2015). Ten milliliter of the above
solution containing Yy-PGA was diluted 5-fold with
methanol and kept at 4 °C for 12 h. The solution was
centrifuged (12,000 xg) at 4 °C for 30 min to collect
soluble crude y-PGA, which was then dissolved in distilled
water. The aqueous y-PGA solution was dialyzed with Mw
cutoff 3500 membrane against 1 L of distilled water for
12 h with 3 time water exchanges. The dialyzed solution
was regarded as pure y-PGA and the dry weight was
measured by a 105 °C drying method. y-PGA was ana-
lyzed using Shimadzu LC-20 HPLC equipped with HPLC

SEC-250 column (300 x 7.8 mm) and UV detector
(220 nm). As an eluting solution, 20 mM phosphate buffer
(pH 7) containing 5 mM KCI was used. The flow rate of
the mobile phase was 0.25 mL/min and the temperature of
the column was 30 °C. The above purified y-PGA was used
as a standard for the determination of y-PGA content in
CKI.

Statistical analysis

The experimental data were analyzed for statistical sig-
nificance using two-way ANOVA analysis, variance and
determination of confidence intervals, performed with a
computer statistical program (IBM SPSS Statistical Anal-
ysis System, Version 23, SPSS Inc., Chicago, IL, USA).
Duncan’s multiple range test was used to test the difference
among means of data. A p value of < 0.05 was considered
significant.

Results and discussion
Effects of soybean cooking conditions

The initial water content of fermentable substrate is one of
the most important factors in solid-state fermentation (Jian
et al., 2005). CKJ was prepared by fermenting soybeans
cooked with different conditions, i.e., the added water
amount (50, 55, 60, 65, and 70%(w/w) of the soybean
weight) and the autoclave time (15, 30, 60 min). Since the
viscosity is related to y-PGA accumulation (Ashiuchi et al.,
2001), viscosity was measured after collecting mucilages
from CKIJ as shown in Fig. 1. Statistical analysis showed
that when soybeans were autoclaved at 121 °C for 15 or
30 min, there was no significant change in the viscosity
even though there were large differences in cooking water
contents. However, 60 min heat treatment of the same
soybean significantly increased the viscosity of mucilage
(» < 0.05), as the cooking water content decreased. The
highest viscosity, 228.95 cp, was obtained when 50 mL of
water was added to 100 g of soybeans and heated for
60 min at 121 °C. Two-way ANOVA using autoclave time
and added water as variable showed a significant main
effect of autoclave time for cooking soybean on the vis-
cosity of CKJ (F(2, 15) = 23.4; p < 0.001) with a signifi-
cant main effect of autoclave time (F(4,15) = 14.5;
p < 0.001) as well as significant interaction between these
two effects (F(8,15) = 12.7; p < 0.001), thus indicating
that both autoclave time and the amount of added water for
soybean cooking are important to the production of muci-
lage of CKJ. Viscosity of CKJ is important because it is
one of criteria that consumers evaluate the CKJ quality.
Since y-PGA is known as highly viscous biopolymer (Luo
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Fig. 1 Viscosity of cheongguk-jang produced by different cooking
conditions. Cooked soybeans for CKJ fermentation was prepared by
changing two factors, the amount of added water and the heating time.
The fermentation was carried out at 40 °C for 2 days. Values are
mean + SE. *p < 0.05; **p < 0.01; ***p < 0.001 viscosity versus
amount of added water within each autoclave time; #p < 0.05;
##p < 0.01; ##Hp < 0.001 interaction of viscosity and autoclave
time; two-way ANOVA with Scheffe post hoc test

et al., 2016), the viscosity of mucilage would be closely
related to the y-PGA content of CKJ. In summary, heating
raw soybeans at 121 °C for 60 min was better than that for
15 min or 30 min to obtain high viscosity of CKJ and the
amount of added water was the best at 50%(v/w) of
soybean.

Effects of fermentation time and temperature

CKIJ was prepared by fermenting at 35, 40 and 45 °C for
3 days using B. subtilis 168. The viscosities of the pro-
duced mucilage were daily measured (Fig. 2). At the start
of fermentation, mucilage was not observed. However,
when fermenting at 35 or 45 °C, the viscosities increased to
100-150 cp on the first day of fermentation and were
maintained until day three. However, when fermented at
40 °C, the viscosity significantly increased to more than
200 cp on the second day of fermentation compared to the
first and third day fermentations. This value also showed
significant difference (p < 0.05) with the viscosities of
CKJ fermented at 35 or 45 °C for 2 days. In the case of
liquid culture, however, y-PGA in the fermentation using
Bacillus sp. isolated from CKJ has been reported to
increase and then decrease in terms of viscosity with
increasing time (Ashiuchi et al., 2001). Therefore, from the
results of this study proper fermentation time to obtain CKJ
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Fig. 2 Effect of fermentation temperature and time on viscosity of
cheongguk-jang. Fifty mL of water was added to 100 g soybeans and
autoclaved at 121 °C for 60 min. Values are mean &+ SE. *p < 0.05
viscosity versus fermentation temperature within each fermentation
time; ##p < 0.01 interaction of viscosity and fermentation time; two-
way ANOVA with Scheffe post hoc test

containing high amount of y-PGA was 2 days. By the way,
the best conditions for a high y-PGA productivity using
Bacillus subtilis C10 and Bacillus subtilis ZJU-T7 were 32 h
at 32 °C and 48 h at 37 °C, respectively (Chen et al., 2010;
Zhang et al., 2012). Two-way ANOVA showed that there
was a significant main effect of fermentation temperature
on the viscosity of CKJ, F(2,9) = 4.86, p < 0.05 as well as
fermentation time on the viscosity of CKJ (F(2,9) = 17.55,
p < 0.01). Also there was a significant interaction between
fermentation time and temperature on the viscosity of CKJ,
(F(2,9) = 13.39, p < 0.05). Therefore, according to the
previous reports and the results of this study, long-term
fermentation is not necessary for the production of y-PGA.
Furthermore, the interaction of both fermentation temper-
ature and time conditions is important for the viscosity of
CKIJ and conditions for the viscosity increase may be dif-
ferent for each Bacillus strain.

Effects of added mineral salts

In order to find the high y-PGA producing conditions of
CKIJ fermentation, inorganic salts such as MgSO,, CaCl,,
FeCl; or NaCl solution were added to the cooked soybean.
The viscosity and y-PGA content of CKJ as affected by the
mineral salts were shown in Table 1. The values obtained
without added inorganic salts were 244 cp and 33%(w/w),
respectively, as shown. Among the inorganic salts, MgSO,,
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Table 1 Effect of added
mineral salts on the viscosity

Concentration, %(w/w)

v-PGA, %(w/w) Viscosity (cp)

and y-PGA of cheongguk-jang MgSO,-7H,0 0

0.06
0.1
0.2
CaCl,-2H,0 0
0.08
0.15
0.2
FeCly-6H,0 0
0.05
0.1
0.2
NaCl 0
0.07
0.1
0.2

0.35 £+ 0.03° 244.16 + 4.78™
0.58 + 0.03% 254.19 + 6.10™
0.62 £+ 0.01* 255.84 + 46.63™
0.58 + 0.06* 255.50 4 29.40"
0.35 &+ 0.03™ 244.16 + 4.78™
0.34 £+ 0.01™ 274.86 + 38.18"
0.48 + 0.06™ 274.20 £ 20.98"
0.40 £+ 0.10™ 274.75 £+ 13.05™
0.35 £+ 0.03° 244.16 + 4.78™
0.41 + 0.06° 274.60 + 41.87™
0.97 + 0.05* 274.51 4+ 2.77™
044 + 0.12° 27438 + 17.73"™
0.35 £+ 0.03° 244.16 + 4.78™
0.61 £+ 0.01° 274.24 + 30.86™
0.46 + 0.05° 274.51 + 5.33™
0.45 + 0.01° 274.81 + 50.66™

Data were obtained from duplicate experiments except control (n = 8) and expressed as the mean =+ s-

tandard deviation

Different letters (a, b, ¢) within the same column indicate significant differences (p < 0.05)

ns not statistically significant

FeCl; or NaCl promoted the production of y-PGA at low
concentrations. However, CaCl, in the range of
0.08-0.2%(w/w) was not associated with y-PGA produc-
tion. Magnesium sulfate significantly promoted the pro-
duction of y-PGA in the range of all concentrations treated.
Ferric chloride and NaCl significantly stimulated the pro-
duction of y-PGA only at 0.1 and 0.07%(w/w), respec-
tively. The highest content of y-PGA (0.97 £ 0.05%(w/w))
was obtained with 0.1%(w/w) FeCl;-6H,O while
0.62 4+ 0.01%(w/w) and 0.61 £ 0.01%(w/w) was shown
with 0.1%(w/w) MgSO, and 0.07%(w/w) NaCl, respec-
tively. By the way, the viscosities of the mucilage of CKJ
did not show any significant differences compared to the
control (without mineral addition) group in all the treated
concentrations. These inorganic salts such as FeCl; may act
as components of the coenzyme participating in the
metabolism of bacteria, thus positively affecting the
enzymatic reaction of y-PGA synthesis (Jian et al., 2005).

The results of this study, in which FeCl; increased the
yleld of y-PGA, were consistent with the results of a recent
report on Bacillus licheniformis (Feng et al., 2017). How-
ever, the maximum amount of y-PGA was synthesized
under the condition of 0.74 mM FeCl; (i.e., 0.2%(w/w)),
which was different from 0.1%(w/w) FeClj in this study. In
addition, the yield of y-PGA was 0.35%, which was sig-
nificantly lower than 0.97%(w/w) of this study. The study
(Feng et al., 2017) also showed that FeCl; increased the
expression of various enzymes involved in vy-PGA

synthesis and degradation, especially pgsB expression, one
of the synthetic enzymes.

Effect of added carbon sources

The aim of this study was to find carbon source that
increases y-PGA in CKJ. Lactose was the most potent
carbon source for the purpose than other compounds as
shown in Table 2. When the added lactose was 3.0%(w/w),
the concentration of y-PGA was the highest reaching
0.62 4+ 0.06%(w/w). However, the increase in the con-
centration of added lactose did not change the viscosity of
CKIJ as shown in Table 2. Other carbon sources, such as
glucose, sucrose, citric acid and glycerol did not increase
the production of y-PGA. Moreover, citric acid inhibited y-
PGA production. By the way in the presence of added citric
acid, Bacillus subtilis CCTCC202048 produced the highest
amount of y-PGA (54.21 g/kg dry weight) in solid-state
fermentation of mixture of soybean cake and wheat bran
(Jian et al., 2005). Bacillus subtilis GS-2 produced the
highest amount of y-PGA (16.76 g/L) in media containing
3.0%(w/w) sucrose (Bang et al., 2012). Bacillus methy-
lotrophicus SK19.001 showed a y-PGA production rate of
14 g/L by 3%(w/w) glycerol (Peng et al., 2015). Thus, the
effect of added carbon sources on y-PGA is likely to
depend on the strain of Bacillus sp.
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Table 2 Effect of the added
carbon sources on the viscosity

Concentration, %(w/w)

v-PGA, %(w/w) Viscosity (cp)

and y-PGA of cheongguk-jang

Glucose 0
0.2
1
2
Sucrose 0
0.1
0.5
1
Lactose 0
0.3
1
3
Citric acid 0
0.2
1
2
Glycerol 0
0.3
1
3

0.35 + 0.03™ 213.35 + 0.67°
0.43 £ 0.02™ 195.91 + 1.68°
0.40 + 0.05™ 217.95 + 2.56°
0.40 + 0.01™ 146.50 + 0.28¢
0.35 + 0.03° 213.35 + 0.67™
0.37 + 0.02° 199.10 + 18.59"
0.31 + 0.03%® 202.74 + 22.95"
0.25 + 0.04° 193.28 + 15.55™
0.35 + 0.03¢ 213.35 + 0.67™
0.51 + 0.01° 219.32 + 8.36™
0.52 + 0.01° 205.00 + 8.22™
0.62 + 0.06° 196.02 + 20.36™
0.35 + 0.03° 213.35 + 0.67°
0.22 + 0.01° 220.97 + 11.06
0.23 + 0.01° 178.66 + 41.54*
0.29 + 0.03° 51.65 + 17.90°
0.35 + 0.03* 213.35 + 0.67°
0.24 + 0.03° 206.25 + 0.41°
0.39 + 0.04° 216.64 + 7.79°
0.26 £ 0.02° 98.97 + 12.95°

Data were obtained from duplicate experiments except control (n = 10) and expressed as the mean =+ s-

tandard deviation

Different letters (a, b, ¢) within the same column indicate significant differences (p < 0.05)

ns not statistically significant

Effect of added nitrogen sources

The added nitrogen sources were peptone, yeast extract,
and L-glutamic acid. Peptone and yeast extract were added
to the cooked soybeans at 0.3, 1.0, and 3.0%(w/w). How-
ever, L-glutamic acid was added to the range of 0.1, 0.2,
and 0.3%(w/w), which did not affect taste of CKJ. Addition
of peptone and yeast extract did not change the viscosity of
CKIJ as shown in Table 3. L-Glutamic acid decreased the
viscosity as the amount of addition increased from 0.1 to
0.3%(w/w). Small amounts of peptone (0.3%(w/w))
increased the level of y-PGA (0.42 £ 0.05%(w/w)), but
the addition of large amounts inhibited its production.
Yeast extract addition (3.0%(w/w)) increased y-PGA pro-
duction (0.75 £ 0.05%(w/w)), giving the most effective y-
PGA production, 2,2-fold, among the various nitrogen
conditions. In the case of L-glutamic acid, the addition of
only a small amount increased the production of y-PGA. -
PGA-producing bacteria are either L-glutamate-dependent
or non-L-glutamate dependent (Luo et al., 2016). Therefore,
Bacillus subtilis 168 may be classified as one of the glu-
tamate dependent y-PGA producers. Jian et al. reported
that 4.9%(w/w) y-PGA (w/dry weight) was obtained under
2.85%(w/w) yeast extract conditions by solid-state
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fermentation using Bacillus subtilis CCTCC202048 (Jian
et al., 2005). Bacillus subtilis HA was reported to produce
11.1 g/L of y-PGA by addition of 0.5%(w/w) ammonium
sulfate in the medium (Seo et al., 2008). In this study, the
addition of 3.0%(w/w) yeast extract to B. subtilis 168 could
produce a large amount of y-PGA in CKIJ, which is used
directly as food.

v-PGA production in CKJ under the combined
nutritional condition

v-PGA production was highest when 0.1%(w/w) FeCl;.
6H,0, 3.0%(w/w) lactose or 3.0%(w/w) yeast extract was
added. So, these conditions were applied all at once to
ferment better CKJ and the produced y-PGA content was
measured (Table 4). Although the cumulative or syner-
gistic effect of each ingredient was expected, the produc-
tion of y-PGA was only about 0.51 £ 0.02%(w/w). The
level was higher compared to the control group
(0.34 £ 0.01%(w/w)) but less than the amount of y-PGA
produced under each condition. By the way the viscosity of
CKJ mucilage was not different from the control group
under the same experimental conditions. The reason why
the viscosity of mucilage of CKJ and its y-PGA amount is
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Table 3 Changes in y-PGA content and viscosity of cheongguk-jang by added nitrogen sources

Nitrogen Source

Final concentration, % (w/w)

Peptone

Yeast extract

L-glutamic acid

Viscosity (cp) 0 247.1 + 0.18™
0.1 ND
0.2 ND
0.3 251.54 + 21.66™
1 240.11 + 44.9™
3 213.95 4 23.74"
v-PGA, %(w/w) 0 0.34 £ 0.01°
0.1 ND
0.2 ND
0.3 0.42 £ 0.05°
1 0.25 + 0.01°
3 0.27 + 0.00°

247.1 £+ 0.18™
ND

ND

260.18 + 0.37™
265.61 + 29.43"
249.02 + 0.40™
0.34 £+ 0.01°
ND

ND

0.32 + 0.03°
0.34 + 0.08°
0.75 £ 0.05°

247.1 £+ 0.18*
256.08 + 27.52°
237.94 + 9.87%
173.97 + 43.62°
ND

ND

0.34 + 0.01°
0.46 + 0.01°
0.43 + 0.01*
0.51 + 0.06°
ND

ND

Data were obtained from duplicate experiments and expressed as the mean + standard deviation

Different superscripts (a, b, ¢) within the same column indicate significant differences (p < 0.05)

ns not statistically significant

Table 4 Optimum condition

for high y-PGA production by Sample Concentration, %(w/w) Viscosity (cp) v-PGA, %(w/w)
fermentation cheongguk-jang Control 0 214.14 £ 2790 034 + 0.01°
FeCl;-6H,0, lactose, yeast extract 0.1,3,3 199.9 £ 21.26* 0.51 £ 0.02%

Data were obtained from duplicate experiments and expressed as the mean =+ standard deviation

Different letters (a, b, c) within the same column indicate significant differences (p < 0.05)

ns not statistically significant

not proportional is hard to explain. Probably the mucilage,
which already has a fairly high viscosity, may not increase
its viscosity even if the y-PGA content is increased. In
addition, Regestein Nee Meissner et al. reported that even
though the amount of y-PGA is important in the viscosity
of mucilage, the influence of Mw of y-PGA is greater
(Regestein Nee Meissner et al., 2017). By the way, it is
known that the Mw of y-PGA can be greatly reduced as the
fermentation progresses, thereby reducing viscosities (Feng
et al., 2017). That is, in the case of liquid culture using
Bacillus licheniformis ATCC 9945, the y-PGA content was
increased or maintained after 16 h cultivation, but the
viscosity and Mw of y-PGA were rapidly decreased (Jian
et al., 2005).

Taken together, we found that the most viscous CKJ
with high y-PGA content was produced when soybean was
cooked at 121 °C for 60 min in the presence of 50%(w/w)
added water, followed by fermentation with Bacillus sub-
tilis 168 at 40 °C for 2 days in the presence of 0.1%(w/w)
FeCl;3-6H,0.
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