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Abstract

In oder to acquire microbial agents that can be utilized for control of aflatoxin produced by Aspergillus.
Sflavus and Asp. parasiticus, antifungal bacteria were isolated. Antifungal bacteria was identified as Bacillus
spp. based on morphology and physico-biochemical characteristics. Amount of aflatoxin B, from
Doenjang(soybean paste) prepared with Asp. flavus, Asp. parasiticus, antifungal bacteria(Bacillus sp.), or
mixture of Asp. flavus and Asp. parasiticus was 27.2 ppb, 30.3 ppb, 3.4 ppb, and 3.7 ppb, respectively.
Aflatoxin B, was not detected from Doenjang(control) and Doenjang prepared with antifungal bacteria.
Content and compositions of free sugars, fatty acid, organic acid and free amino acid in Doenjang prepared
with Asp. flavus and Asp. parasiticus, antifungal bacteria and mixture of Asp. flavus and Asp. parasiticus
were not significantly different. For volatile flavor compounds of Doenjang prepared with antifungal bacteria,
2-pentyl furan and butanoic acid were disappeared or reduced, while octadecene compounds were produced.
However, those of Doenjang prepared with Asp. flavus or Asp. parasiticus and Doenjang(control) were not
significantly different. These results suggested that the antifungal bacteria(Bacillus sp.) inhibited production

of aflatoxin and that antifungal bacteria did not effect the quality of Doenjang.
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Fig. 1. Growth inhibition of Asp. flavus and Asp.
parasiticus by antifungal bacteria #19 Asp. flavus and
Asp. parasiticus were grown on PDA at 24hrs and treated
by antifungal bacteria and 2% benzoic acid.

Asp. flavus-A: Control, B: Antifungal bacteria #19, C: 2%
Benzoic acid, Asp. parasiticus-D: Control, E: Antifungal
bacteria #19, F: 2% Benzoic acid.

gl ofF, ¥, B2 5 A4F FRM 500Fe] <
Jd FFE Feln A A¥ESG s APl
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Fig. 16lA Xunje}l o] Asp. flavus$t Asp.
parasiticuss- B antifungal bacteria #19 5l 23}

Table 1. Characteristics of antifungal bacteria #19

Characteristics Antifungal bacteria #19

Cell diameter>1.0 pm -
Spores round -
Endospore +
Gram stain +
Form rod
Sporangium swollen
Parasporal crystals
Catalase
Anaerobic growth
Voges-Proskauer test
pH in V-P broth

<6 d(+/-)

>7 -
Acids from

D-Glucose +

L-Arabinose +
D-Xylose +

+

D-Mannitol

Gas from glucose

Hydrolysis of
Casein +
Gelatin +
Starch +

Symbols -: 90% or more are negative, +: 90% or more are
positive.
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Table 2. Composition of Doenjang prepared with Asp. flavus, Asp. parasiticus or antifangal Bacillus sp.

Bacillus sp.
Control Asp. Asp. iti
on - flavus 5p. parastticus Control Asp. flavus Asp. parasiticus
Moisture{%) 52.1 52.7 534 51.5 536 537
Sodium
Chloride(%) 133 140 135 14.1 137 142
Aflatoxin B,(ppb) - 272 303 - 34 37
Table 3. Free fatty acid of Doenjang prepared with Asp. flavus, Asp. parasiticus or antifungal Bacillus sp. (mg%)
Bacillus sp.
Control Asp. Asp. iti
ontro . flavis Sp- parastiicus Control Asp. flavus Asp. parasiticus
Palmitic acid 10.8 9.8 10.1 9.6 103 10.8
Stearic acid 53 6.1 4.8 6.3 5.8 6.9
Oleic acid 213 20.8 215 235 229 21.8
Linoleic acid 512 52.1 534 493 50.3 514
Linolenic acid 8.6 7.1 6.8 7.9 85 84
Arachidenic acid 04 02 03 03 04 04

A& AA =™ 2% benzoic acidirhE A=A E77} Al Aol 87.5% AL, Asp. parasiticust 7
HA Fod. gy B Aol Feig dygu|PE s Al 94T oHEEHEA] Bo] 3.7ppbEA Z
& Asp. flavustt Asp. parasiticus®] G423 <lgk 4 g AT, oFEErS4l AAde] 87.8% HAIHA
F M AAE 5 e oFEHEA AAGAE ¥ o, aieid B Qe Pt AiFE ol EES4l
gled ASE 4 2l AL BT 88% AE JAAA £ UK 2
3H Fej® ZH3F antifungal bacteria #19'H] Azhtal ol EEEAl AAFES 4 AEd 93] o}
3 Hehy gl Ay AQAE AES A3 Table 254 52 vl #4714 10ppb elEll)
12} 7t} Antifungal bacteria #19 <z7ke] $-54E At} ol EelEal AT Mgt 3 %
2= 3714 9 A JEeE 409} 42°CeM A & 51.5~53.7%, GENaClyE 3.3~142%2A 7+ A
%3817 g3 EAE YA Gram FPT2EM A TFulet w|s=slg
gel 3759 AR o] UL catalase YA
o]gith. VP ¥k oA JJepytow o Faed EEZSe| Fa|X|diiol Chst HE
glucose, xylose, mannitol, arabinose”} °FAE vlehyt ol EelEAl AT A4S P A= dAe
o} o] EAE ETZ Bergey's mannual of Fr|A kAl HeFe Table 33 o} "HAe fEiA
systematic bacteriology 9l 7l&d Hu7|&a v AH2 linoleic acid(51.2 mg%), oleic acid(21.3 mg%),

ZAEZ A3} Bacillus sp.g) A2 ks i) palmitic  acid(10.8 mg%), linolenic  acid(8.6 mg%),
stearic acid(5.3 mg%), arachidonic acid(0.4 mg%) -2
EHE OlE2iSA M40l CHE HE 2 o] Rx3T UK. o] T8 FAe A|uake

dlF A2 o} EelEal AAlEQ Asp. flavust Asp. # palmitic acid, stearic acid, oleic acid, limoleic
parasiticus, %Y 7 ¥ (antifungal bacteria #19, acid, linolenic acidsS #2813 ©]F linoleic acid
Bacillus spye 3713 w2 AL Azsl 2 & 7} 7 @t o2 oleic acid’} Wokx B3s)
AL 2ARY Q3RS Ak 24| ol EeEAl Pl d
9 oJubA ol i3k A= Table 29} 2}, Asp. flavustt Asp. parasiticuss A E|ste] @AF9)

olZelEAle 7 FAe dE=T@EEF AN g fejxa bl & W) 9lich =3 AIdEs A
o} Agpake Mg AAME MY AR % el g dE FEAPAL dE2TF9 E Aol B
kot Asp. flavusS X 2lq EA4olA 27.2 ppb, Asp. o]A] ¢kgker} oleic acid:= 7t 713t}
parasiticus® *2]8 DA lA 30.3 ppt7}t HEHA

&t Asp. flovus$t AgFo 2 gt FAL of EEBe| w2lgol| CHEE u&k
Z2}E4l B0} 34ppbEA] A A|AH, ol EeE ol ZetEAl MAldT} A Azl & @49 F



1262 A EaekElA) Al 32 WA 6 2 (2000)
Table 4. Free sugar of Doenjang prepared with Asp. flavus, Asp. parasiticus or antifungal Bacillus sp. (mg%)
Control Asp Sl A " Bacillus sp.
ontro) sp. flavus Sp. parasiticus
P P-P Control Asp. flavus Asp. parasiticus
Glucose 340.5 341.5 3273 3443 3357 3473
Galactose 854 83.3 83.9 84.7 849 85.3
Arabinose i3 1.1 1.1 1.0 1.2 1.4
Table 5. Organic acid of Doenjang prepared with Asp. flavus, Asp. parasiticus or antifungal Bacillus sp. (mg%)
: Bacillus sp.
Control Asp. Asp. it
onfro sp. flavus SP- pArastiiclis Control Asp. flavus Asp. parasiticus
Oxalic acid 124.6 112.3 110.2 100.1 103.1 108.3
Malic acid 89.5 90.2 88.8 91.1 87.6 88.3
Lactic acid 19.3 18.7 19.5 19.8 21.1 20.3
Acetic acid 17.5 18.3 18.7 17.5 17.9 19.1
Citric acid 33.6 327 315 358 341 344
Table 6. Free amino acid of Doenjang prepared with Asp. flavus, Asp. parasiticus or antifungal Bacillus sp. (mg%)
Bacill .
Control Asp. flavus Asp. parasiticus At PP, -
Control Asp. flavus Asp. parasiticus
Asp 224.3 166.8 161.8 162.3 175.8 151.3
Glu 316.1 227.1 192.8 263.9 248.0 262.7
Ser 11.8 19.1 15.6 15.4 315 322
Asn 26.5 25.4 21.7 292 19.4 28.1
Gly 51.4 334 28.1 389 34.6 38.5
Gln 31.2 23.3 14.2 29.2 14.1 25.5
His 17.8 13.9 15.3 15.2 20.8 17.1
Thr 54.5 583 52.1 62.4 54.6 63.8
Ala 128.2 949 85.3 109.1 116.2 105.0
Arg 12.7 83 49 6.7 8.9 6.4
Pro 720 52.3 434 58.7 69.4 65.8
Tyr 342 26.7 20.2 29.9 551 264
Val 96.0 79.7 70.8 82.0 96.3 91.7
Met 415 39.9 334 375 490 35.0
Cys 00 0.0 0.0 0.0 0.0 0.0
Ile 97.1 76.8 66.9 83.1 98.6 80.9
Leu 132.3 113.6 928 1193 132.5 82.0
Phe 58.4 55.4 43.860.4 66.7 53.9 .
Try 184.2 162.7 1313 168.6 173.5 929
Lys 88.6 64.0 49.1 74.0 759 136.8
Total 1678.7 1341.6 1143.6 1445.9 1541.1 1406.0

g ¥ w3 Table 49} ol WA fEFE
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glucose} palactose”} WL arabinose} Aol ek
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EEES F7IMOI CHEF HE
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oxalic acid 104.6 mg22 7F4 ©WUT 2 &2

malic acid, citric acid, lactic acid, acetic acid <=°}%}
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Ab© 2+ oxalic acid, succinic acid, fumarate, citric
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Fig. 2. GC chromatogram of volatile flavor compounds
from Doenjang.

Capillary column: HP-5MS (crosslinked 5%HP ME
siloxane), Flow rate: Helium (1.0 mL/min), GC-oven Tem.:
40°C(2 min) — 4°C/min — 240°C(10 min), Inlet Tem.: 250°C,
Splitless, Detector Tem.: 260°C
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ynbd oz A F3 Felotw|xAl-E glutamic
acid, aspartic acid, leucine, cystine’ 522 de{& 9]
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= Table 65 2t =T FAY fejopr) Al
glutamic acid”} 316.1 mg%, aspartic acid”} 224.3
mg%, tryptophan”} 184.2 mg%, leucine®] 132.3 mg%
9] o7 wystron & 1678.7 mghtt.

olZelE4l AT Ml FAY frElepv)xeAt F
& Y 27| uls] 337.1~535.1 mg%t Rk, Asp.
parasiticusZ 22|18 JANAM 71 ol FaEE A
& Yo} Glutamic acid, aspartic acid, tryptophan
o] BF taste dAE B BF o8 93
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u}E 73 0 #HE} mas spectrums’} retention timed ¥
o FAse] HUA RS $AT A3 Table 7
#} e g4 Iy AR 3 41F SAHEA
oo F¥H 3I3MEEE 1-octen-3-0l, 2-methyl butanol,
9,12-octadecadienal,
isopentanoic acid ester, 2-pentylfuran, 3-octanone,
benzaldehyde, methyl benzene%l FeFo|l A el
et
ol EetEAl Aol AEld YA WIS
F7-9 E Aol glslen olFels4l YT I
9] 3] AR obFR JFE miAA] e 18

hexadecanoic  acid, isobuthyl

Y Z8HE Bacillus sp-& Xeq D3] 1482 A
Z79} ke ApelE Eet. A AE 2-methyl
ester, dimethyl trisulfide, 2-pentylfuran, butanoic acid,
2-methyl buthyl ester, 2-methyl-5-isopropyl pyrazine,
acetate  2-phenylethyl ester, 9,12-octadecadienal, 2-
octyldodecan-1-019] &7] A¥o] HEHA gshe
butanoic acid ethyl ester, 2,4-decadienal, hexadecanoic
acid ethyl ester, 9-octadecenic acid, 9-octadecenal,
9,17-octadecadienal®] &7] A% AF M2 YA
Hojet. =8 Z3F M2)2 2-heptenal? benzaldehyde
O-ethyl esters T4 $7}8F Wb 3-methyl butanoic
acid ethyl esters 7rA3gch,

2-pentylfuran o} F-fre] wigF WAEAAY A3t
A2 A=A esicl. =3 B4R U3 butanoic
acidie AT A2 g Aidded 2-
methyl butanoic acid methyl estery $loiF 2w, 2-
methyl butanoic acid ethyl ester®} 3-methyl butanoic
acid ethyl esters sl ®4 7] AEA F
83 98 ¥ alkaneF4! octadecane 3}HEE-2 HF
T Az 238 FRlded d2TeME 354%
99l 9,12-octadecadienalo] ZH3F M2 glejAT 9-
octadecenoic acid”} 4.61%, 9-octadecenal®] 2.12%,
9,17-octadecadienate] 3.17%32. A= 7 3L
SAE A4 f93e FR Iy PFPEeE 3.
methyl-1-butanol, 2-furancarboxyl aldehyde, 1-octen-3-
ol, benzeneacetaldehyde, methyl octadecadienoic acid,
methyl octadecenoic acid, dimethyl pyrazine5-& Rl
shaict.
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Aast ol EelEAl AAEE A=l 93] fel
bk, 2, R71AEE HE2Fe & o] gle]
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Table 7. Volatile compounds identified from Doenjang prepared with Asp. flavus, Asp. parasiticus, Bacillus spp.

Retention Compounds Peak area(%)

time C AF AP BC BAF BAP
3.57 2- Methyl butanol 492 5.10 5.03 5.17 487 5.25
4.04 Methyl benzene 1.78 1.58 1.84 1.51 1.61 1.84
430 2-Methyl butanoic acid, methyl ester 0.32 0.42 0.37 - .- -

480 n-Hexanal 0.82 0.61 077 0.93 0.94 0.87
4.86 Butanoic acid, ethyl ester - - - 048 0.50 0.37
6.22  2-Methyl butanoic acid, ethyl ester 1.06 0.90 1.14 0.69 0.81 0.74
6.32  3-Methyl butanoic acid, ethyl ester 098 0.72 1.05 033 047 0.51
6.50 Ethyl benzene 0.19 0.42 0.18 0.36 0.25 0.29
6.74  1,3-Dimethyl benzene 0.51 0.32 0:54 0.63 0.58 0.67
7.05 Isoamyl acetate 0.68 0.71 0.60 0.54 0.61 0.74
748  1,2-Dimethyl benzene 041 0.61 0.54 039 048 0.52
7.82  1-Octyn-3-ol 041 0.33 047 0.39 0.50 0.37
9.73  2-Heptenal 0.33 047 0.39 0.81 0.94 0.79
9.82 Benzaldehyde 1.47 1.58 1.30 1.62 1.58 1.49
10.10 Dimethyl trisulfide 0.27 - 031 - - -

10.27  Ethyl propyl disulfide 0.36 047 0.39 0.39 041 0.35
1065 1-Octen-3-ol 5.02 5.60 537 4.72 5.21 4.49
10.85 3-Octanone 1.02 1.34 1.25 0.72 1.10 0.87
11.01  2-Pentylfuran 1.70 1.57 1.80 - - -

11.21  3-Octanol 0.75 0.83 0.60 0.21 041 0.62
11.83 Butanoic acid, 3-methylbuthyl ester 0.10 0.21 - - - -

12.89 Butanoic acid, 2-methylbuthyl ester 0.61 0.44 0.57 0.63 0.70 0.57
1295 1-Heptene 0.40 0.50 048 0.39 047 035
13.07 Buthyl isovalerate 0.76 0.87 0.80 0.39 0.57 0.60
13.25 2-Methyl-5-isopropyl pyrazine 0.17 0.24 0.15 - - -

13.42 Isobuthyl isopentanoic acid ester 1.48 1.31 1.08 1.76 1.81 1.64
13.50 Butanoic acid pentyl ester 0.28 - - 0.63 0.10 0.08
1398 1-Octanol 0.13 0.24 020 - - -

15.04 Isoamyl-2-methyl buthylate 0.26 - 0.18 - - -

15.16 Nonanal 0.55 0.51 0.57 0.69 0.57 0.64
15.49 Benzeneethanol ) 0.24 0.34 0.40 - - -

17.16  2-Docecen-1-al 0.20 0.31 0.73 0.33 0.25 0.18
17.63 1-Nonanol 0.14 024 0.11 - - -

1790 Azulene 0.44 0.34 0.33 038 045 0.50
19.59 Carbazic acid, O-methyl ester 0.18 - 0.20 - 0.17 0.15
20.59  Acetate, 2-phenylethyl ester 023 041 021 - - -

2257 24-Decadienal - 0.21 - 0.36 041 0.35
25.15 Benzene acetate, 2-phenylethyl ester 0.09 - - - - -

26.59 Propanoic acid, 2-phenylethyl ester 0.37 041 035 041 045 0.31
37.11 Hexadecanol 0.18 0.24 0.19 - - -

40.76 Hexadecanoic acid 1.14 1.51 1.24 1.65 1.50 1.24
41.46 Hexadecanoic acid, ethyl ester - - - 021 0.30 0.27
44.82 9,12-Octadecadienal 354 401 3.75 - - -

45.06 9-Octadecenoic acid - - - 461 4.57 3.89
48.38 2-Octyldodecan-1-ol 0.11 0.21 - - - -

51.58 Benzaldehyde O-ethyl ester 0.44 0.41 0.54 1.23 1.50 1.47
51.68 9- Octadecenal - - - 212 2.65 247
53.14 1,2-Benzenedicarboxylic acid, diisoactyl ester 0.52 0.31 0.57 0.60 0.57 0.71
56.81 9,17-Octadecadienal - - - 317 3.57 2.80
61.50 Farnesol 0.40 045 0.38 0.60 0.61 045

C: Control, AF: Asp. flavus, AP: Asp. parasiticus, BC: Bacillus spp., BAF: Bacillus spp+Asp. flavus, BAP: Bacillus
spp.+Asp.parasiticus
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