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Abstract

The quality characteristics and sensory evaluation of chungkookjang were investigated. The samples were
prepared and fermented by the inoculation of Bacillus strains; B. subtilis, B. natto and B. licheniformis as a
single starter, and mixed culture of B. natto and B. licheniformis on the industrialized model system. It was
shown that microbial growth, protease activity, contents of amino- and ammonia-nitrogen and contents of
organic acid were higher in B. subtilis inoculated sample, and were lower in B. licheniformis inoculated one.
General quality characteristics of sample inoculated by mixed culture of B. natto and B. licheniformis took a
middle position between each B. natto and B. licheniformis inoculated one. Fifty eight species of odor components
were identified. Ethanol, 3—-methyl-1-butanol, acetic acid, benzaldehyde and alkyl pyrazines were identified
in all samples and most of other flavor components were strain specific. The contents of unpleasant smell
components, alkyl pyrazines and benzaldehyde, were lower in B. licheniformis inoculated sample. The sensory
evaluations showed that chungkookjang manufactured from mixed culture of B. natto and B. licheniformis was
most acceptable. Therefore, results indicated that chungkookjang manufactured from mixed culture of B. natto
and B. licheniformis induced better sensory quality than that of the control.
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Table 1. Changes of pH and water contents in different
Bacillus strain inoculated chungkookjang during fermentation

Fermentation Inoculated strains”
time (hr) BS BN BL BN+BL
0 619”618 6.21 6.21
5 6.29 6.19 6.23 6.25
10 6.45 6.33 6.47 6.56
15 6.71 6.69 6.55 6.84
H 20 7.16 7.05 718 7.22
p 25 752 754 7.60 759
30 7.77 7.68 7.81 7.73
35 793 8.09 8.18 7.95
40 8.05 8.20 852 8.24
45 813 8.28 8.68 8.37
0 585 58.3 585 58.6
5 58.2 582 583 58.3
10 57.8 579 57.7 58.0
Water 15 572 574 57.0 575
content 20 56.6 57.1 56.9 573
(%) 25 56.4 56.9 557 56.8
30 56.2 56.7 54.9 56.4
35 559 56.3 54.4 56.2
40 55.0 56.2 53.7 55.8
45 54.8 55.9 53.2 55.1
UBS: Bacillus subtilis, BN: Bacillus natto, BL: Bacillus lichen-
iformis.

2)
Values are mean of three measurements.
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Fig. 1. Growth of Bacillus sp. cells (A) and

changes of protease activity (B) during the chungkookjang fermentation (45 hr).

Inoculated microbes are, @: B. subtilis, A: B. natto, B: B. licheniformis, [1: B. natto and B. licheniformis.
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Fig. 2. Changes of the soluble NHx-nitrogen (A) and NHz-nitrogen (B) during the chungkookjang fermentation (45 hr).
Inoculated microbes are, @: B. subtilis, A: B. natto, B: B. licheniformis, [1: B. natto and B. licheniformis.
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Table 2. Compositions of volatile flavor components in different Bacillus strain inoculated chungkookjang after 45 hour

fermentation (unit: peak area%)
Volatile compounds R.T. (min) BS BN BL BN+BL
Ketones
2-butanone 571 4.29 1.04 0.51
2-pentanone 754 6.22 0.31 0.20
3-methyl-2-butanone 7.94 3.85 2.74
2,3-butanedione 8.13 8.42 4.50
3-methyl-2-pentanone 9.81 0.26 0.3
2-octanone 20.23 0.09 0.21
3-hydroxy-3-methyl-2-butanone 24.36 0.11
3-hydroxy-2-butanone 26.39 3.28 1.48
2-nonanone 29.20 0.62
Alcohols
2-ethenyloxy-ethanol 6.36 0.75 1.60 0.38
2-propanol 6.68 1.48 0.87
ethanol 6.73 1.13 41.76 22.65 31.29
2-propoxy ethanol 8.29 1.33
1-propanol 10.82 17.32 11.24
2-butanol 1391 5.43 1.63
3-methyl-1-butanol 22.09 1.42 1.57 0.72 1.12
3-methyl-3-pentanol 25.99 1.82 0.52
1-hexanol 27.93 0.69 0.39
cyclohexanol 29.89 0.55
1-hexen-3-ol 31.04 0.58 0.19
Heterocyclic compounds
2,5-dimethyl pyrazine 2761 1.64 0.50 0.15 0.22
trimethyl pyrazine 30.47 3.42 2.18 1.16 2.14
tetramethyl pyrazine 32.65 3.59 4.19 2.29 2.69
dihydro-2(3H)-furanone 39.20 0.82
Esters
propanoic acid, ethyl ester 7.48 0.12
acetic acid, ethenyl ester 857 1.40 0.88
2-methyl butanoic acid, ethy! ester 11.20 0.17 0.29 0.34
3-methyl butanoic acid, ethyl ester 12.25 0.27 0.42
2-methyl butenoic acid, ethyl ester 22.95 0.76 0.55
formic acid, hexyl ester 27.88 0.38 0.20
Aldehydes
3-methyl-butanal 5.76 28.56 0.08
pentanal 6.45 1.27 0.45
heptanal 21.98 0.66 0.15 0.12
2-hexanal 22.38 0.19 0.06
benzaldehyde 34.40 1.54 0.19 0.32 0.56
5-methyl-2-furancarboxyaldehyde 36.19 0.75
Hydrocarbones
3-ethoxy-1-propene 5.67 827
2-ethoxy—-propane 6.73 0.90 0.96
ethoxy-ethene 9.25 0.05
1-methoxy-2-methyl-propane 26.60 217 0.82 1.21
Acids
cyano—acetic acid 9.58 0.03 0.14
ethanedioic acid 28.95 0.22 1.06
acetic acid 31.83 11.55 441 2.22 465
propanoic acid 34.33 0.41
Others
2-methyl-benzo quinoline 8.87 1.01 0.87
dimethyl-disulfide 11.80 1.50 0.89 1.39
pentadecylamine 15.23 0.24 0.14
1-octanamine 15.34 0.08 0.51 0.11
pentamethyldisilane 21.29 1.28 1.42
(1-phenylethyl)trimethyl-silane 21.42 1.64
trimethyloxazole 21.97 1.58 3.7 3.56
styrene 23.57 0.19
N-(1-methylheptyl)-2-octanamine 29.28 0.10
1H-pyrrole 33.60 0.74
ammonium oxalate 33.77 0.64 0.22
dimethylamine 33.82 0.62
butanamide 33.87 0.32 0.35
1-(trimethyl)-1H-indole-3-acetonitrile 33.95 0.17 0.10

BS: Bacillus subtilis. BN: Bacillus natto. BL: Bacillus licheniformis.
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Table 3. Compositions of acids in different Bacillus strain
inoculated chungkookjang after 45 hour fermentation

(unit: %)
. Inoculated strains"
Acids
BS BN BL BN+BL

Tartaric acid 0.73 0.51 0.25 0.38
Malic acid 0.42 0.31 0.69 0.34
Acetic acid 1.37 0.53 0.11 0.42
Lactic acid 1.02 0.12 0.23 0.16
Citric acid 0.15 0.34 0.07 0.13
Succinic acid 0.29 0.43 0.18 0.24
Total 3.98 2.24 1.53 1.67

YBS: Bacillus subtilis, BN: Bacillus natto, BL: Bacillus licheni-
formis.

Table 4. Sensory evaluations of different Bacillus strain in-
oculated chungkookjang after 45 hour fermentation

b Test
Sample Color Flavor Taste Overall acceptance
BS 345 2207  320° 2.65°
BN 3.65 3.05° 3.45%™ 3.40°
BL 3.70 325® 325 3.30°
BN+BL 3.80 3.45° 3.70° 375"
YBS: Bacillus subtilis, BN: Bacillus natto, BL: Bacillus licheni-
formis.

2)Superscn'pt letters indicate significant at p<0.05 by Duncan’s
multiple comparison.
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