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Traditionally fermented Cheonggukjangs were collected from Gyeonggi and Gangwon provinces
and 22 strains were isolated and identified by using 16S rDNA sequences. Most of the identified
strains were Bacillus subtilis and B. licheniformis, B. subtilis and B. licheniformis are dominant in
the Gyeonggi area and B. licheniformis in the Gangwon area. In the growth pattern of the isolated
strains, the duration of lag phase was generally 5 to 7 hours and stationary phase was reached
after 23 to 40 hours of incubation. Total cell populations at the stationary phase were between
1x10° CFU/m/ and 5x 10" CFU/m/. The fermenting ability of carbohydrates of isolates showed
some differences among the regions. The isolated strains from Yong-In, Gyeonggi showed higher
fermenting abilities with D-xylose, xylitol, D-tagatose and Methyl-a-D-mannopyranoside. D-lactose,
D-tagatose, D-xylose, Methyl-a-D-mannopyranoside, amygdalin, arbutin, esculin and 2-keto-glucon-
ate were well fermented with the An-Seong’s strains; L-rhamnose, inositol, D-mannitol, D-sorbitol,
celibiose and gluconate with the Kawang-Ju’s stains; and D-lactose with the Odaesan’s strains.
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UaASE 8. H=L Bacillus sppoll <JsiA @ase 2
FOE o] @FES WAEAE A webd 7184,
eHd, ) 2 Y AG@uikbelA AedoZ AlzE Y
S AT FHE A sy Al ¥, dEaEy
10miE 71 = 80°CellA 1587 €57 skt o] & 4%
AL LB agar ¥jA|ol FXsle] =28lw 5712 2718 37°C
oM 2-3U7F MidE ¥ FE2Y A HH 52 VIEeE #
FEE Eesiinh

e #FEY B4 BY. Eod FFE5L Bergeys
Manual”el] w2} Fejery, Aejsty EA4S 4s8tas), Alx
e, £54, 2% 94, X2 983} catalase A A3}
et w2 e A 32 LB AR S0 mel
F22)e HEF3 37°ColA 58217F 59 600 nmollA] UV-
VIS Spectrophotometer(Beckman Du® 650, USAYS ARE-3l
FB=E A9

16S rDNA €71 4o W& £ 45 4. 22€ +
FE4] 16S 1DNA F71MES ZH317] 218l Weisburg 50
o] At primers 71%ZE A2 forward primerdl 5-AGAG
TTTGATCMTGGCTCAG-3'¢} reverse primer®l 5-GGYTACC
TTGTTACGACTT-3"& ©]-&-3lq PCR %F-g(GeneAmp® PCR
system 2700, Applied Biosystems)2 A3t} PCR wHE-
ZAL 97°CollA 5% T WAATIL, 7 DA 94°CollA] 12,
56°ClA 1, 72°ColA 14 30% E<F DNA 2% W82 30
3] AP wAEROE 72°CellA 4% B WS A3
th PCR FEF4E F 15-16kbell s ste DNA WH=ES
gene clean kit(AtmanBio, Korea)s ©o]&3ty] AASH & #4
A} &) AlE] (Takara Korea, Co.)oll B71ME AL 95130
F7IME NS 5oty 942 7 259 H7IMEL Blast
Network ServiceZ ©]-83}¢] NCBI GeneBank database®] 7]
AMEt vHaFo N AFTEFIY FARAE BAsAT
Chromas Lite(version 2.01)2 o|&sle] E4H Hr|MEe &
01813, FAPAIZF A= databaseSt H]WEA F H|wEH AMA

Jphydit version 1.0(Phylogenctic Sequence Editor for JAVA)
AMEEI] A7 B8 ARAIEEZ, NCBI GeneBank database

ol-gsl] HFHOZ ATERIH FAEE FA 3G
22 4589 3 €f8% 4. ¥8] 455 F Bacillus%2]
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stripel] &713L 37°ColA 48417 #E T 7 LR iE A
W3l s AFsIA
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Table 1. General characteristics of the isolated strains from
Cheonggukjangs

Location Slt\gil.n mor;():k?cl)llogy Motility st(z;r?ir]r?g fofri(;fon Cag:i}?tie
YI-1 Rod + + + +
YI-2 Rod + + + +
YI-3 Rod + + + +
YI-4 Rod + + + +
Yong-ln 5 Rod + + + +
YI-6 Rod + + + +
YI-7 Rod + + + +
YI-8 Rod + + + +
AS-1 Rod + + + +
AS2  Rod + + + +
An-Seong AS-3 Rod + + + +
AS-4  Rod + + + +
AS-5  Rod + + + +
KJ-1 Rod + + + +
KJ-2 Rod + + + +
Kawang-Ju KIJ-3 Rod + + + +
KJ-4 Rod + + + +
KIJ-5 Rod + + + +
OD-1 Rod + + + +
OD2  Rod + + + +
Odacsan 53 Red + + + +
OD-4 Rod + + + +
+: positive, -: negative.
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Fig. 1. Growth curves of Bacillus spp. isolated from Cheonggukjang.
&®; Yongin-4 (YI-4), l; Yongin-5 (YI-5), @; Anseong-3 (AS-3), A;
Anseong-4 (AS-4), O; Anseong-5 (AS-5), Populations of Anseong-3
and 5 were counted in the stationary phase.

Agjgta 54o] 7} AFmint Axe| Aol AT, o] 7H
4o 2 254, 121G, IAE A, catalase activity 4 A}
7t BE A vRS welo g BaH 2205 2% Bacillus
&3} 7R 548 HHTH(Table 1).
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Table 2. Identification of the isolated strains from Cheonggukjangs
with 16S rDNA sequence

Location  Strain No. Identified species sz&a)nty

YI-1  Bacilllus licheniformis 97
YI-2 B subtilis 97
YI-3 B subtilis 97
YI-4 B licheniformis 97
YongIn 15 B licheniformis 99
YI-6 B licheniformis 96
Y1-7 B licheniformis 100
YI-8 B subtilis 98
AS-1  Bacillus subtilis 98
AS-2 B subtilis 97
An-Seong AS-3  B. subtilis, B. sonorensis 99
- AS-4 B licheniformis 99
AS-5  B. licheniformis 98
“KJ-1 Bacillus subtilis 98
KJ-2 B licheniformis 99
Kawang-Ju ~KJ-3  B. licheniformis 98
KJ-4  B. subtilis 99
-KJ-5 B subtilis 96
OD-1  Bacillus licheniformis 98
OD-2  B. licheniformis 97
Odacsan 3 B licheniformis 97
OD-4 B subtilis, B. amyloliquefaciens 96

o) FFE MU} WE FAVIE ne Fow, 59 9l

L

Y14 ¢} ﬁ’l"é—/] AS-5 FAZ17F 23A7HE HolEo B
ZE #5 F 7P wWEA veRgoh 28 FA7160 Hols &
2] 275 ARG & 42 AHEY, 1x10° CFUmI
(AS-55 5x 107 CFU/MIAS-3) Atolol A3

16S rDNA §714Q £49) % & 4589 4. 16S
DNA 9714€ 4 ZA3KTable 2), 41 ¥ H3-L Bacillus
licheniformis(Y1-4, AS-4)°} B. subtilis(Y1-8, AS-1), = B.
subtilis(KJ-4, -5), LB B. licheniformis(OD-1, -2) G°] $
A% “@lﬂ“—lz‘i SREUYT. ZF APE HA @] ATH
AME R 97-99%2] HlwA =2 FAEE Hold §lo
o, &5 T’:‘ioﬂ Ao 813} 7F RFL B. licheniformis7t,
FFe B subtilis7t 7 RAATFE AR BEE °i°ftl, s
A X 9& B licheniformis®} B. subtilis7} H]5=8h E HA
=3 5]3 A% A=y & 89 #5 °]°1’\1 o
Ll B. licheniformis %9} o}, Lee
Bl 23] B. circulans, B. coagulans, B. stearothermophillus,
2|3 Brevibacillus brevis 5°] £2] BAHHIOH, ogid=
B. pumilus,® B. amyloliquefaciens,”® B. mesentericus™ 5|
2 RHATE £ dFelMe 821 299 Y16, FF AN
o] KJ-5, 222 it Ao OD4 &gl e A5
H@skd AFHCR 96%9 R FAIEE HYSEA /‘Hi—r-
oF @5 7Fse]l ®oH, AS3E 2 ATH FAkE
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stopal Abs €T
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Bacillus subtilis X

T HE5-S B35 AFNTable 3), hFES] FFoA TE53
© =2 L-arabinose, ribose, D-glucose, D-fructose, D-mannose,
D-maltose, D-saccharose, amidon, inlulin, glycogen, D-trehalose,
Solle , 3
292 glycerol, D-xylose, D—galactose, brhamnose, inositol, D-
mannitol, D-sorbitol, D-lactose, D-celibiose, N-acethylglucosamine,

Methyl-a-D-glucopyranoside A

amygdalin, arbutin, esculin, salicin, D-melibiose, D-raffinose,
gentiobiose, D-turanose SollX= @50l meEt Zjo]g RAFT
AT} 7t Ao @EEe] WE 24 ¥ v, 82 XY #F
E2 D-xylose, xylitol, D-tagatose, Methyl-a-D-mannopyranoside
oA e A9 FFEET FEFo] A, e D-

lactose, D-tagatose, D-xylose, Methyl-a-D-mannopyranoside,
amygdalin, arbutin, esculin, 2-keto-gluconate, 3+ L-

rhamnose, inositol, D-mannitol, D-sorbitol, celibiose, gluconate,
QU2 D-lactoseclX EE o] Fokrh =3 &l oot
A FFEE 747 Lxylose®t L-fucose, Methyl-8-D-
xylopyranosideS HET F U= &ZE Zasia gle], A4
9 B3 Y #Fde e T Y LA A

919,
L4t A g3t 7o) D-melezitose, D-lyxose, D-fucose, D-
arabitol, L-arabitol, 5-keto-gluconate 5% ZEFE XTSIl
1t}

AEAoR & Ay A #FE osix H=7gol
AzEd, 7 285 2 A oA ZolFg Hela e
o, 7] 821, M3, FF 2 AE QUi o9 F g #
F= B. subtilis?} B. licheniformisZ EA ST}, whetA] A=
A HE 3 F Aol w F BE F59 Aot 9o
), 3 F dage] o] et 3 Faladet e 571
rks gee] A4 2 Anld Fosle] sl 93 F
M9 fructosers A=A FAEo FAANEL fructan®] AT}
HEAY Qivhe A7 B HiFo] B o o] H|xgh #
2} Rk LgFe] jolol] s 7t AAE afe] H5
o] A=, olo] wEl stz WAl, z2ela @Al e
Aoz zlolE HY FHoltl &9 x{%l‘ﬂj}g_ AlZ o] A=A

[e]
, P

o FABEIE wob] SAAE S0 AR a7 o
A o) ol88 Wi A= 2 FUY TF A7
Agsolop & o m
= =

£ Aol 1% 71689, H4, 97) L AR QT
A AR Moz AzEE 3RS Fsk] Al 9E 7
759 %@4M-Eﬁ, 2 3 BESe FAEG. FHE %
Ao 2856 B38 RRISKIL, 165 DNAS) A9 &

A&t A olE2 tIRE Bacillus subtilis, B licheniformis=
SAE A 737]2]@1-’] F8 28 IFFE B subtilis$t B
licheniformis, 739 A9 B. licheniformisZ TAHI LM, A
RHQl A 5L 5] REZIE AU 2340417 ol F
o FA712 HAEAND. FA7I Hol& &8 @552 A
A & I 1 x10° CFUmME 5 x 10" CFU/mI ARelo sl
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Table 3. Carbohydrate fermentation of the isolated strains from Cheonggukjangs
Strain No.
Carbohydrate YI AS KJ OD

1 2 3 4 5 6 7 8411 2 3 4 571 2 3 4 5|1 2 3 4
Control (Temoin) - - - - - - - - - - - - - - - - - - - - - -
Glycerol + ++ + + =+ + =+ |+ )+ |+
Erythritol e e
D-Arabinose - - - - - - - - -
L-Arabinose ++ ++ + ++ ++ o ]+ ++
D-Ribose i T s = i = s = I S B e e e o R o B i s T i i = o
D-Xylose + + + |+ + + - + o+ ]+ -
L-Xylose -+ - - - - - - - - - - - - - - - - - - - -
D-Adonitol e T
Methyl-B-D-xylopyranoside e e
D-Galactose + ++ + + + + + + |+ + 4+ 4.+ |+ o+ o+ 4+ A+ -+ 4+ 4+
D-Glucose S e A e o o o o S o e o o ol e S S S oo S o S o S S o
D-Fructose R R o o L e e e o ol S o o o S o S o v e S o S o S o S o o S S o S o S o
D-Mannose R I o e e e e el e e i o a  a a all G A T e a2 -
L-Sorbose - - - - - - - - - - - - - - - - - - - - - -
L-Rhamnose + - + - + o+ o+ - + - + 4+ - + o+ o+ o+ _ - L+ 4+
Dulcitol - - - - - - - - - - - - - - - R - - . . . _
Inositol + + + 4+ o+ H | - A+ 4+ |+ 4+ |+ + +  ++
D-Mannitol + o+ o+ | - A |+ A A -
D-Sorbitol B R i T s = o I - -
Methyl-a-D-mannopyranoside - + - - - 4+ - 4+ | - 4+ - + - - - . . - - - . .
Methyl-o-D-glucopyranoside ~ ++ ++ ++ ++ ++ +H [ H |+ |+
N-Acethylglucosamine R = S e T = T = I e S T I T
Amygdalin - - - H A+ H - - - A H ] - -+ | - - .
Arbutin - - - - - s e = o o+ =+ + |+ o+ 4+
Esculin + + + H H O+ H ] H |+ |+
Salicin + +H o+ H H + |+ - ]+ P+
D-Cellobiose + + + = =+ + =+ - - - A+t =+ |+ _ + o+
D-Maltose R e i e o ol B S e o S o S o o B e e S I S e e i s
D-Lactose - - -+ + -+ + |+ + - - -+ o+ -+ o+
D-Melibiose =+ - =+ 4+ 4+ A+ I+ |+ o+ + -+
D-Saccharose e = e e i B o e e T ol e o e B e
D-Trehalose R T T e e S S o o B S R S S o o o o i I e o e =
Inlulin e e e = S S o R S o S S e B e o D = T = e = o
D-Melezitose - - - - - - - - -+ - - - - - - - - - -+
D-Raffinose H o+ o+ + + H + R S S O T & S S S o +
Amidon R o S o S o e S o el S o S o o o o o S o S s S o o I S S i
Glycogen S e A e s S o R S o S S o S o S o +H o+
Xylitol + + o+ - -+ - B T i I B
Gentiobiose B s = i S A S S S = S S B R e A T = e =
D-Turanose + + + + o+ 4+ 4+ H I+ =+ ]+ 4+ ] -+ +
D-Lyxose - e I e T
D-Tagatose DR S = S = R = I IR S ST = S BN = S T T
D-Fucose - - - - - - - - -+ - - - - - - - - - - -+
L-Fucose - - - - - - - - - - - - - - - - - - - - .+t
D-Arabitol - - - - - - - - - + - - - - - - - . . - _ +
L-Arabitol - - - - - - - - -+ - - - - - - - - - - .+
Gluconate +  + o+ - - + - - - - - + o+ |+ o+ - + o+ - - + o+
2-Keto-gluconate e T e e e o
5-Keto-gluconate - - - - - - - - -+ - - - - - - - . - - -+

++: strong positive, +: positive, -: negative.



280 o]g - 2L - o)& - YA - WIH)

T #E 2 T sl Aold dold 82 Ae D-
xylose, xylitol, D-tagatose, Methyl-o-D-mannopyranoside”}, <t
& D-lactose, D-tagatose, D-xylose, Methyl-a-D-mannopy-
ranoside, amygdalin, arbutin, esculin, 2-keto-gluconate”}, &5
= L-thamnose, inositol, D-mannitol, D-sorbitol, celibiose,
gluconate”}, 282 QU4 D-lactosedllA] F& & TEFTE
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