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Quality Characteristics of Fermented Soybean Products by
Bacillus sp. Isolated from Traditional Soybean Paste

Sun Young Lee, Jeong Seon Eom, and Hye Sun Choi’
Dept. of Agrofood Resources, NAAS, RDA, Gyeonggi 441-853, Korea

ABSTRACT This study evaluated the quality characteristics of soybean fermented with several Bacillus sp., which
were selected based on their high enzymatic and antimicrobial activities. Total aerobic bacterial counts of fermented
soybeans with HJ5-2 (3.00 X 10° CFU/mL) were the highest among all strains. Lactic acid bacteria numbered 2.50 X 107
~7.30%10* CFU/mL in soybeans fermented with isolates. Amylase and protease activities of the RD7-7 sample were
the highest among all strains. Reducing sugar and amino-type nitrogen contents of fermented soybeans with HJ18-4
(2.35%) and RD7-7 (227.96 mg%) were the highest. Total amino acid contents of the samples were 16.62~18.38%,
and glutamic acid, aspartic acid, leucine, lysine, arginine were major amino acids. Oxalic acid (36.51 ~63.57 mg/100
g) and succinic acid (429.49~600.15 mg/100 g) were the predominant organic acid. These results provide useful
information for development starter (single and complex) as well as for the production of high quality fermented

soybean foods.
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Fig. 1. Total aerobes and lactic acid bacteria count of fermented
soybean products by Bacillus sp..
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Fig. 2. Enzyme activity of fermented soybean products by
Bacillus sp.. (A) amylase activity, (B) protease activity. Error
bars represent standard deviations (n=3). Means with different
letters (a-c) above the bars are significantly different (P<0.05).
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Fig. 3. Reducing sugar contents of fermented soybean products
by Bacillus sp.. Error bars represent standard deviations (n=3).
Means with different letters (a-c) above the bars are significantly
different (P<0.05).
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Fig. 4. Amino-type nitrogen contents of fermented soybean
products by Bacillus sp.. Error bars represent standard deviations
(n=3). Means with different letters (a-¢) above the bars are sig-
nificantly different (P<0.05).
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Table 1. Amino acid contents of fermented soybean products
by Bacillus sp.

Amino acid (%)
Control RD7-7 HIJ5-2 HJ18-4 HI39-5
Aspartic acid 1.87 1.90 2.07 1.89 1.92

Threonine 0.57 0.57 0.61 0.54 0.57
Serine 0.83 0.82 0.85 0.81 0.84
Glutamic acid 3.18 3.25 3.39 3.38 3.31
Proline 0.90 0.99 1.09 091 0.93
Glycine 0.69 0.71 0.75 0.69 0.71
Alanine 0.78 0.76 0.91 0.77 0.78
Cystine 0.09 0.07 0.08 0.08 0.08
Valine 0.89 0.90 0.99 0.89 0.93
Methionine 0.20 0.19 0.23 0.19 0.22
Isoleucine 0.81 0.83 0.91 0.80 0.83
Leucine 1.38 1.38 1.48 1.28 1.37
Tyrosine 0.60 0.60 0.70 0.54 0.64
Phenylalanine 0.94 0.97 1.07 1.02 0.94
Histidine 0.46 0.46 0.51 0.48 0.46
Lysine 1.08 1.07 1.18 1.05 1.06
Arginine 1.31 1.22 1.32 1.03 1.21
Tryptophane 0.27 0.27 0.27 0.25 0.27
Total 16.83 1694 1838 16.62 17.07
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Table 2. Organic acid contents of fermented soybean products
by Bacillus sp.
Organic acid (mg/100 g)
Control RD7-7 HIJ5-2 HJ18-4 HI39-5
Citric acid nd"” nd nd nd nd
Succinic acid  600.15 429.49 nd nd nd ‘
Lactic acid nd nd nd nd nd
Oxalic acid 63.57 57.05 403 6528 36.51 R.31(32)49 tetramethyl-pyrazine= RD7-73 HJ39-5 +
Fumaric acid ~ nd  nd  nd  nd  nd F aEEd s A%HA Wk Ao BaHzA 2
])Mahc acid nd nd nd nd nd % acidf < butyric acid®} valeric acidi= RD7-73}
nd: Not detected. HJ18-47} o} 2 #31t} tha v Ve
7| 2a &5 e o
A5 Bacillus sp.o| & T FaE9 &7 AEE&
22138 A3} Table 33 Zo] & 28%F(esters 3%, ketones AE dF 24 &g 9 3 & 9 Bacillus sp.&
6%, aldehydes 2%, alcohols 47, hydrocarbons 2, ZEEE 3 F Ba s £4 5SS EY9Y Fdge
Table 3. Volatile flavor compound contents of fermented soybean products by Bacillus sp. (Unit: ppm)
Flavor compounds RT" (min) RD7-7 HI5-2 HI18-4 HJ39-5
Esters
2-propenoin acid, 2-propenyl ester 6.233 0.46 0.45 0.16 nd”
formic acid, ethyl ester 7.074 1.52 0.60 1.92 1.42
acetic acid, ethyl ester 8.486 78.00 71.82 71.65 76.45
Ketones
2-methyl-3-heptanone 6.445 244 2.53 2.08 2.36
2-butanone 8.893 nd 6.11 nd nd
2,3-butanedione 11.905 2.74 2.09 3.04 2.05
acetoin 30.852 185.25 93.28 290.90 246.37
2,2-dimethyl-cyclohexanone-4,4-d2 59.011 nd 4.02 nd nd
2-oxazolidinone 59.023 4.27 nd 3.04 nd
Aldehydes
2-methyl-propanal 8.928 2.29 nd 2.56 2.52
acetaldehyde 11.733 0.76 0.75 0.64 0.63
Alcohols
ethanol 9.875 091 1.04 0.32 0.63
2-butanol 14.072 4.57 432 4.16 4.41
1,3-butanediol 47.951 58.20 22.05 44.14 69.51
1-butanol 61.597 1.37 nd nd nd
Hydrocarbons
benzene 10.164 89.73 87.62 83.48 90.95
lh-indene 44.410 0.46 0.75 nd nd
Pyrazines
trimethyl-pyrazine 38.684 0.61 3.43 1.92 nd
tetramethyl-pyrazine 43.192 nd 2.68 2.24 nd
Acids
isobutyric acid 49.061 0.76 8.34 2.56 nd
isovaleric acid 55.069 1.68 46.34 2.08 3.94
propanoic acid 60.788 0.91 34.57 4.00 0.95
carbonic acid 63.165 0.76 nd 1.76 nd
6.107 17.22 17.29 16.15 17.50
65.112 nd nd 6.24 nd
66.999 2.74 224 1.60 1.42
70.852 1.07 nd 0.64 nd

Others
cyclohexane

1-phenyl-4-penten-1-yne
2-methyl-naphthalene
3-[(trimethylsilyl)oxy]furan

YRT: Retention time. *nd: Not detected
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