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Abstract

To identify antimicrobial activities of soybean paste, studies have been carried out with laboratory
manufactured soybean paste, traditional and improved type soybean paste purchased on the market. The
soybean paste fermented with Aspergillus oryzae and Rhizopus tamari and commercial soybean paste
were shown antimicrobial activities for Bacillus cereus, Escherichia coli, Listeria monocytogenes, Staphy—
lococcus aureus, Streptococcus faecalis, Escherichia coli 0157:H7, Bacillus subtilis and Salmonella
typhimurium. Non-fermented soybean paste did not show antimicrobial activities against Bacillus cereus,
Escherichia coli, Listeria monocytogenes, Staphylococcus aureus and Streptococcus faecalis. The extract
of soybean paste extracted by 80% methanol showed the highest antimicrobial activities of in ethyl acetate
fraction and followed butanol fraction, respectively. Antimicrobial activities of traditional and improved
type soybean paste were shown against all tested microorganisms and clear zone length of traditional
soybean paste was slightly larger than that of improved type. Components of antimicrobial fractions of
soybean paste were guessed peptides, 4-hydroxy benzoic acid, benzoic acid by GC-MS.
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Fig. 1. Fractionation of antimicrobial components from
methanol extracts of soybean paste.
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Table 2. General compositions of soybean pastes

(unit: %)
Amino
Sample” Moisture Protein Fat NaCl pH nitrogen
(mg%)
A 53.2 188 109 115 612 72
B 52.1 181 105 117 582 530
C 51.7 192 107 121 541 720
D 53.1 181 103 112 539 780
E 49.6 8.1 31 108 526 1040
F 52.8 79 29 102 558 1201
G 487 - 83 26 117 560 1118
H 56.2 157 57 137 570 759
I 56.8 195 103 89 633 1327
J 445 19.1 11.2 138 459 1647
K 481 78 28 116 567 1026

Dp: Soybean paste that was not fermented.
B: Soybean paste fermented with soybean powder koji
cultured by Rhizopus tamari
C: Soybean paste fermented with soybean powder koji
cultured by Aspergillus oryzae
: Soybean paste fermented with soybean powder koji
cultured by Aspergillus oryzae & Rhizopus tamari.
¢ Commercial soybean paste fermented with Asp.oryzae 1
 Commercial soybean paste fermented with Asp.oryzae 2
: Commercial soybean paste fermented with Asp.oryzae 3
: Traditional soybean paste fermented with meju 1
¢ Traditional soybean paste fermented with meju 2
: Traditional soybean paste fermented with meju 3
: Japanses miso

Table 3. Hunter L, a, b value of various soybean pastes

Hunter value

Instrument Hewlett Packard 5830
Setup source electron 70 ev

voltage
Resolution 1000
Column HP-1 capillary column(25m)
Oven temp. 60°C(3min)—5°C/min—300°C
Injector temp. 300°C
Carrier gas He

1
Sample L a b
A 57.1 +5.2 +16.3
B RS +88 +12.7
C 40.2 +71 + 91
D 376 +53 + 6.7
E 48.3 +55 +16.0
F 39.8 +6.8 +125
G 475 +58 +135
H 450 +5.0 +11.9
I 427 +6.0 +125
J 3L1 +3.0 + 36
K 47.1 +89 +174

YRefer to the legend in Table 2.
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Table 4. The antimicrobial activities of chlorofrom fraction of soybean paste against various microorganisms

(unit: mm)
o Strain” Ts?
Sample 1 2 3 4 5 6 7 8 9 mg/100g
A - 10.4 - - - - - - 19.9
B - 13.0 130 - - 10.4 - 9.1 - 215
C - 195 16.9 117 14.0 117 - 14.3 13.0 36.1
D - 140 13.0 10.0 - - - 110 477
E 150 17.0 130 10.0 100 10.0 - 10.0 - 29.0
F - 120 12.0 - 120 - - - 945
G 12.0 130 1L.0 11.0 20.0 110 11.0 - - 356
H - 13.0 13.0 - - 10.0 - - - 563
I - 12.0 - - - 10.0 - - - 127
J - 16.0 11.0 - 13.0 11.0 - - 16.0 28
K - 140 - - - - - - - 56.0
pC® - 20.0 19.0 29.0 28.0 10.0 25.0 19.0 15.7 100mg/ml

1)Refer to the legend in Table 2.

?Strain 1. Aspergillus oryzae(KCCM 11371), Strain 2. Bacillus cereus(ATCC 11778)

Strain 3. Bacillus subtilistATCC 6633), Strain 4. Escherichia colilATCC 10536)

Strain 5. Escherichia coli O157:H7(ATCC 43894), Strain 6. Listeria monocytogense(ATCC 7644)
Strain 7. Salmonella typhimurium(ATCC 14028), Strain 8. Staphvlococcus aureus(ATTC 13301)
Stram 9. Streptococcus faecalis(ATCC 19433)

TS: Total solid, PPositive control(PC): Benzoic acid
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Fig. 3. Antimicrobial activity of solvent fraction of soybean pastes against various microorganism.
S1: Chlorofrom fraction, S2: Ethyl acetate fraction, S3: Butanol fraction
(A) Antimicrobial activity of sample E for Bacillus cereus(ATCC 11778)
(B) Antimicrobial activity of sample J for Salmonella typhimurium(ATCC 14028)
(C) Antimicrobial activity of sample J -for Staphylococcus .aureus(ATTC 13301)
(D) Antimicrobial activity of sample I for Listeria monocytogense(ATCC 7644)
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Table 5. The antimicrobial activities of ethyl acetate fraction of soybean paste against various microorganisms

(unit: mm)
Sample” Strain® TS®
1 2 3 4 5 6 7 8 9 mg/100g
A - 169 - 11.7 - 117 - 13.0 143 12.1
B - 16.9 143 11.7 143 143 - 130 195 274
C - 20.8 195 156 - 104 143 20.8 20.8 35.7
D - 20.0 210 21.0 16.0 11.0 16.0 120 12.0 52.1
E 10.0 22.0 250 120 25.0 130 10.0 11.0 - 56.7
F - 21.0 20.0 12.0 24.0 13.0 110 130 - 40.1
G - 17.0 190 12.0 13.0 11.0 11.0 - 20.0 459
H - 15.0 170 9.0 15 0 11.0 10.0 - - 30.0
I - 17.0 150 - 12.0 9.0 - - 123
J - 26.0 20.0 22.0 30 0 11.0 20 0 19.0 22.0 325
K - 16.0 16.0 - 15.0 12.0 - - 36.7
pc? - 20.0 19.0 29.0 28,0 10.0 25.0 19.0 15.7 100mg/mi

URefer to the legend in Table 2.
9~YRefer to the legend in Table 4.
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Table 6. The antimicrobial activities of butanol fraction of soybean paste against various microorganisms

(unit: mm)
Sample! Strain? TS®
1 2 3 4 5 6 7 8 9 mg/100g
A - 11.7 - 16.9 - - - 195 238.4
B 20.8 15.6 18.2 20.8 - 11.7 15.6 14.3 144 299.1
C 195 273 15.6 195 13.0 20.8 18.2 18.2 27.3 516.7
D 13.0 230 24,0 170 20.0 - 17.0 15.0 16.0 601.7
E 21.0 20.0 17.0 22.0 14.0 15.0 14.0 22.0 193.2
F - 22.0 13.0 15.0 24.0 15.0 13.0 13.0 22.0 589.7
G - 18.0 16.0 12.0 20.0 13.0 13.0 11.0 15.0 252.6
H - 12.0 15.0 9.0 11.0 13.0 11.0 - 15.0 576.4
1 - 11.0 - 10.0 - 22.0 13.0 9.0 12.0 279.8
J - 21.0 13.0 17.0 29.0 14.0 170 16.0 17.0 545.3
K - 20.0 19.0 11.0 220 25.0 10.0 11.0 16.0 4977
pc? - 20.0 19.0 29.0 28.0 10.0 25.0 19.0 15.7 100mg/mi

DRefer to the legend in Table 2.
2~9Refer to the legend in Table 4.
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Table 7. Antimicrobial compounds identified from chloroform fraction of soybean paste that was not fermented by GC-

MS
Order Compound Retention time Peak area Area% Quality%
1 4H pyran—4-one,3-hydroxy-2-methyl 9.12 1744.0 13.52 91
2 benzofuran,2,3-dihydroxy 12.26 433.6 3.30 74
3 benzeneacetic acid : 13.14 2256 1.72 91
4 silanol,trimethyl- benzoate 13.36 328.3 2.50 94
5 benzeneacetic acid, trimethylsilyl ester 14.65 301.6 2.30 0
7 benzoic acid,4-hydroxy-3.5-dimethoxy 26.12 250.1 1.91 93
8 3.9-diazatricyclo[7.3.0.0(3.9)ldodeca 32.95 247.1 1.88 96
9 hexadecanoic acid 29.85 437.8 3.34 96
10 9.12-octadecadienoic acid(z,z) 32.95 18745 14.29 93
11 octadecanoic acid 33.55 389.3 297 93

Table 8. Antimicrobial compounds identified from chloroform fraction of soybean paste fermented during the 120 days

with Aspergillus oryzae & Rhizopus tamari by GC-MS

Order Compound Retention time Peak area Area% Quality%
1 benzeneacetic acid 13.18 189.2 2.18 91
2 benzeneacetic acid, trimethylsilyl ester 14.66 215.6 2.49 83
3 phenol,2,4-bis(1.1-dimethyl ethyl) 20.06 67.9 0.78 90
4 3.9-diazatricyclo[7.3.0.0(3.9)]dodeca 27.89 946.3 10.91 96
5 hexadecanoic acid 29.86 136.2 1.57 91
6 cyclo—-(L-leucyl-L-phenylalany!) 35.64 942.3 10.86 87
7 phenylalanine-prolinediketopiperazin 35.78 1740.6 20.07 73
8 1,2-benzenedicarboxylic acid 39.48 90.3 1.04 90
9 2,5-piperazinedione,3,6-bis(phenylmethy!) 42.25 640.6 7.38 9%




O

HAFEE] FFEA 1237

Ethyl acetate E22l& daid zein®] 260A & Z7}stgd 2 1 9] 9] A H 22 ben-
A=A (A A &) ethyl acetate 33 & ol 4= dai- zeneacetic acid-4-hydroxy, benzoic acid-4-hydroxy, 2-
dzein¥} genistein®] §eko] wgta 7 99 AR 24 benzimidazolone %-¢] £ o] Al 2] 4=l o, 5
£ benzoic acid-4-hydroxy, 2-propenoic acid-3-(2- 8] benzoic acid-4-hydroxy 34 = S7kshe A%<
hydroxy phenyl) 53 72 Eao] FA= 912 (Table Ho] FrHFig. 4, Table 10). ¥ A ol|lA] <1 benzoic
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23 A7) AALH(D A8 T) ethyl acetate 23 EA = A glom AF, Tk, Fxsl AL v JAE

Table 9. Antimicrobial compounds identified from ethyl acetate fraction of soybean paste that was not fermented by

GC-MS
Order Compound Retention time Peak area Area% Quality%
1 2-propenoic acid, 3-(2-hydroxy phenyl) 12.29 149.7 1.86 78
2 benzoic acid,4-hydroxy-3-methoxy 20.93 352.1 4.36 9%
3 daidzein 4455 23118 28.64 98
4 genistein 4461 2515.7 31.17 90

Table 10. Antimicrobial compounds identified from ethyl acetate fraction of soybean paste fermented for 120 days at
30°C with Aspergillus oryzae & Rhizopus tamari by GC-MS

Order  Compound Retention time Peak area Area% Quality %
1 butanoic acid,trimethylsilyl ester 772 90.3 0.57 78
2 2-benzimidazolone 12,14 2259 1.43 83
3 benzenacetic acid 13.30 485.6 3.07 83
4 benzenacetic acid,trimethylsilyl ester 14.68 441.6 2.80 83
2 benzoic acid,4-hydroxy 20,04 487.1 3.08 97
6 benzenacetic acid,4-hydroxy 20.85 1354.7 857 70
7 benzoic acid,4-hydroxy-3-methoxy 20.93 10849 6.87 97
8 cyclododecane 24.37 4517 2.86 91
9 benzoic acid,4-hydroxy-3,5-dimethyl 26.33 561.3 3.50 93
10 daidzein 4455 5087.2 37.76 98
11 genistein 4461 2317.0 14.67 71
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Fig. 4. GC-MS chromatogram of ethyl acetate fraction of soybean paste fermented for 120 days at 30°C with Aspergillus
oryzae & Rhizopus tamari.
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