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Chungkookjang has several functional properties, such as fibrinolytic activity, anticancer effects, and an-
tioxidant effects. However, children do not like Chungkookjang because of its foul odor. A mixed cul-
ture of Bacillus subtilis MC31 and Lactobacillus sakei 383 was used to improve the production of GABA
in Chungkookjang and its flavor. Most of the foul odor of Chungkookjang was removed. The slime con-
tent and viscosity of Chungkookjang fermented in the mixed culture were similar to those of commer-
cial Chungkookjang when B. subtilis MC31 and Lactobacillus sakei 383 were inoculated in a 1:1 ratio. The
maximum GABA content was obtained when Chungkookjang was fermented with B. subtilis MC31 and
L. sakei 383, which was fermented at 37C for 72 hr. During the period of fermentation, the viable cell
number of B. subtilis MC31 reached a peak (log 9.13 CFU/g) at six days, and L. sakei 383 reached a
peak (log 6.78 CFU/g) at two days. The moisture, crude ash, crude protein, crude fat, and crude fiber
contents were 61.71%, 2.05%, 17.54%, 8.36%, and 1.95%, respectively. The amino-type nitrogen content
of Chungkookjang fermented by B. subtilis MC31 and L. sakei 383 was less than Chungkookjang fermented
by B. subtilis MC31 alone. The ammonia-type nitrogen and reducing sugar content of the
Chungkookjang fermented by B. subtilis MC31 and L. sakei 383 were higher than that of steamed
soybean. The glutamic acid and GABA content detected with an amino acid analyzer were 1.40 mg/g
and 047 mg/g, respectively. These results suggest that fermentation with B. subfilis MC31 and L. sakei
383 in a 1:1 ratio removes more of the foul odor and increases the GABA content compared with sin-

gle fermentation.
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Fig. 1. Slime content in Chungkookjang fermented by mixed cul-
ture of B. subtilis MC31 and L. sakei 383. Chungkookjang
that Inoculation ratio of B. subtilis MC31 (A) to L. sakei
383 (B) was fermented at 37°C for 72 hr.



Table 1. Viscosity, foul odor and bitter taste of Chungkookjang
by mixed culture of B. subtilis MC 31 and L. sakei 383

Rate”
Viscosity Foul odor Bitter taste
“)  ®

1 1 +++ + ++

1 2 ++ + +

1 3 + + +

2 1 +++ +++ ++++

2 3 ++ +++ +++

3 1 ++++ ++++ ++++

3 2 +H++ ++++ +++

YInoculation ratio of B. subtilis MC31 (A) and L. sakei 383 (B).
J++++: over powering detectable activity, +++: strong detect-
able activity, ++: detectable activity, +: weak detectable activity
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Fig. 2. Effect of fermentation temperature on GABA content (%)
in Chungkookjang fermented by mixed culture of B. sub-
tilis MC31 and L sakei 383. Chungkookjang that Bacillus
subtilis MC31 and Lactobacillus sakei 383 were inoculated
in a 1.1 ratio was fermented for 72 hr.
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Fig. 3. Effect of fermentation time on GABA content (%) in
Chungkookjang fermented by mixed culture of B. subtilis
MC31 and L sakei 383. Chungkookjang that Bacillus subtilis
MC31 and Lactobacillus sakei 383 were inoculated in a
1:1 ratio was fermented at 37°C.
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Table 2. Amino acid content of Chungkookjang fermented by
mixed culture of B. subtilis MC31 and L. sakei 383
(unit : mg/g, Dry basis)

Amino acid Chungkookamgl)
L-Threonine 2.08+0.0165”
L-Valine 0.05+0.0008
L-Methionine 0.59+0.0038
Essential L-Isoleusine 3.40+0.0241
amino acid  L-Leucine 4.75+0.0559
L-Phenylalanine ND?
L-Lysine 7.44+0.0461
L-Tryptophan 1.16£0.0266
L-Asparagine 1.04£0.0163
L-Glutamic acid 1.40+0.0142
L-Serine 1.21+0.0192
Citrulline 8.44+0.0656
L-Alanine 2.24+0.0211
L-Cysteine 6.26+0.0491
Non- essential L-Tyrosine 15.7620.0940
amino acid [-Alanine 2.31£0.0150
Ammonium 9.08+0.0319
DL-B-aminoisobutyric acid ~ 6.30£0.0284
L-Ornitine 2.04+0.0119
L-Histidine 3.42+0.0225
L-Arginine 2.99+0.0276
L-Aspartic acid 0.57+0.0060
GABA 0.47+0.0027
Total amino acids 83.00+0.5977

UChungkookjang was fermented at 37°C for 72 hr.
ND : Not detected.
YAl values are mean + SD (n=3).
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Fig. 4. Change of viable cell number of Chungkookjang fermented
by mixed culture of B. subtilis MC31 and L. sakei 383.
Chungkookjang that Bacillus subtilis MC31 and Lactobacillus
sakei 383 were inoculated in a 1:1 ratio was fermented
at 37°C for 7 days.

Table 3. Proximate composition in Chungkookjang fermented by
mixed culture of B. subtilis MC31 and L. sakei 383

Chungkookjang” (%)

Proximate composition

Moisture 61.71+0.72”
Crude ash 2.05+0.05
Crude protein 17.54+0.03
Crude fat 8.36+0.01
Crde fiber 1.95

UChungkookjang was fermented by B. subtilis MC31 and L. sakei
383 at 37C for 72 hr.
?All values are mean * SD (n=3).
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Table 4. Contents of total and reducing sugar in Chungkookjang
fermented by mixed culture of B. subtilis MC31 and
L. sakei 383

Total sugar (%) Reducing sugar (%)

34.45+0.83%
20.63+0.63

0.96+0.00039
1.03+0.00015

Steamed soybean
Chungkookjang"

VChungkookjang was fermented by B. subtilis MC31 and L. sakei
383 at 37C for 72 hr.
PAll values are mean + SD (n=3).

Table 5. Contents of ammonium nitrogen in Chungkookjang fer-
mented by mixed culture of B. subtilis MC31 and L.
sakei 383

Ammonium nitrogen contents (mg%)

Chungkookjang" 213.350.08”

YChungkookjang was fermented by B. subtilis MC31 and L. sakei
383 at 37T for 72 hr.
?All values are mean * SD (n=3).
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Table 6. Contents of amino type nitrogen in Chungkookjang fer-
mented by mixed culture of B. subtilis MC31 and L.
sakei 383

Amino type nitrogen contents (mg%)

55.12+2.16”
419.49+1.08

Steamed soybean
Chungkookjang"

YChungkookjang was fermented by B. subtilis MC31 and L. sakei
383 at 37°C for 72 hr.
PAll values are mean + SD (n=3).
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Fig. 5. Changes of pH and titratable acidity in Chungkookjang
fermented by mixed culture of B. subtilis MC31 and L.
sakei 383. Chungkookjang that Bacillus subtilis MC31 and
Lactobacillus sakei 383 were inoculated in a 1:1 ratio was
fermented at 37C for 72 hr.
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