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(unghkooljang was fermented by B subfilis MC31, a 7 -amino butyric acid (GABA) producing microorganism.
The characteristics of (fumngkookjang were investigated while fermenting. Twenty four amino acids
were detected in Chungkookiang leucine was the highest of them all. Total cell populations of B. sub-
tilis MC31 phase were between log 9.52+0.5 ~ log 9.049+0.5 CFU/g at stationary phase. Contents of
moisture, crude ash, crude protein, crude lipid and crude fiber are 61.07+0.01%, 1.52+0.01%, 17.66+
0.04%, 8.96+0.03% and 2.61%, respectively. Contents of ammonia type nitrogen, amino type nitrogen
and reducing sugar were increased during fermentation at 40°C for 72 hr, however those of titratable
acidity and total sugar were decreased. pH was slowly alkalized during fermentation. Viscous sub-
stance and protease contents in Chungkookjang were 4.7+0.05% and 0.519+7.36 g/1, apiece. When the
fibrin plate and Robbin method for fibrinolytic activity were applied, B. subtilis MC31 showed high
activity. These results suggested that B subtilis MC31 is suitable to be used as a starter to enhance

the quality of Chungkookjang.
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o] EA B4 b wgAFe Bud B3| vk HE
st B dFdMe A4S 714 AFoE 83
93 AFE GABATFO| & A=AS LRI B subtilis
MC 319 EA43% 1 F4& A

=
R
e}
0z
Iz

Mz A TF

A= Azl AHEE gFE 2011d SN FEEE
=3 058 PRlekd A8t EE B A6 o
T2 AFZ2Zo|U FA o2 vwa Al GABAV} =73+ thek
& HISS HEoE =% Fhaeo] Hold FdE 37

A3 o2} 7HA AR EEFEH L8 dFES LY, ¥
2| T 7FE GABAS o] & A= ksl
AT B subtilis MC 318 AHE3F S TH34]. HIAE w8
B} A 2= Luria-Bertani media (LB)E AH&-3}91.0.0 A A] oF
-2 Difco Lab. (Detroit, MI, USA)AFS] Al F-S& AL8-3F Tt 4

Holl AHE-SH A5 Sigma Co. (St. Louis, MO, USA), Junsei
Co. (Tokyo, Japan), 18] Yakuri Co. (Kyoto, Japan)2] A%
S TYste] AFEEtATh

ofg|=At EEfol £X

B, subtilis MC 319 23 a7t | A=rae] 4 3Hsk GABA
et opv|iesks ZAVeEY) A3 A A2 dazxd
HHE o 2 AT 4E Axste] ofuieil £47]5 o] &3
Attt resA AR E 7€k, A8 100 mge
50 mIF B 8k 6 N HCIS A& 30 mgd 5 ml¥ 7}3)
o 5&7F N, gas® X8 & F45 2o} 110T ovenol Al
4A1ZE S TrEEE AlZITh kA AR AlEE 50T 7
AEE7)oAM AebsSE st HCS AAT & S Zefraa
o &4 23] A& WHEdlY FTHAZ A7 H A5 HFd

SR

2 7hefe] ofret

J

_L4

Jl}l' rulo n

membrane filter2 3} ofn|:=4t 2FE4 7](L-8800
Amino Acid Analyzer, Hitachi, Tokyo, Japan)E ©]&3}4 ¥
Attt

=g M=

A F15 g 2407 B2t 2ol A F
8 U & AR 4y BV)E AAS H 25L& ¥
3U2 7 autoclaveZ 121°Col| 5087 At th S
d tF= dean benchStolld 45~50C2 Wz3 %

Luria-Bertani (LB)®}#](0.5% NaCl, 0.5% Yeast extract, 1%
Tryptone)oﬂf\i 24/\] b Fet FugetaL oA TS F
& 12 RS 2% HEske] 37CAM 72072 52k A
A7 Xﬂ}j}%q.
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B subtilis MC 319 laf a7t & =39 vidEe] A5
WS 2ALE 7] 913t 7247744 12417 992 A=A S
7HEo] 10 g& BF 75 90 mi7}3) Clean bencholl M B4
H AJFAFECR Fafste] 348 & LB AI(2% Agar )
of =% 3tk o] 5 37CAA 241t 52 M FE T col-
ony7} 25~250 colony Ato] €] plateE A58t SPCH el ]3|
7% 9 log N CFU/g22 Yehfith

YR B4

B. subtilis MC 319 93| #ar} & F=49 4, &
7“\} 5 JY7HE BIHe) st 4F Foll ARt ew
e AT B

1= A o
T o R
ol met -, e, xxw 23%, 2962 e

Z’\}O}ﬂ $138}+e] Dubois [8]«] phenol sulfurlc acid
ste] AgstAch A= £ 05 goll 25% HCl (v/v in wa-
ter) 1 ml%} 575 9 mlE H718HS 95~100TC Y 8% 01]}\1
2717 Fok AF B 2171 £ 10,000 rpmoll A 158 FoF A2

2] st A& AFHS 0.2 um microfilter (Pall corporation,

USA)E AA oAFatgitt. o] o4 1 mlo] 5% phenol 1 ml%}
Qg 34} 5 mliE 7hate] £ F 1587t ¥H3-5ke] 550 nm
]/\1 f‘JE% Zstaon, EFENOEE glucoseE AHE-

F 234

B subtilis MC 319 93l ¢&a7t | H=579 37 gdFs
ZAFe7] 9138k} Park [36]9] Wiol whet ATk A=A
21 goll TFH 200 mlZ WFE o 30T oA 120 rpmo.Z
2417 [RkgE & 10% TCA (v/v in water)E 0.1 ml H 7}k
‘%”—‘l‘é‘g AR E‘r% 15487 WA A1 A 10,000 rpmol A 15
T 2 359 0.2 ym microfilter&
AA 0440}9.‘113} ol & 040—. 1 ml9l 35-dinitrosalicylic acid
(DNS) A1k 3 mlE ¥ B 75 JolA 1087 T4 71
% 535 nmol A EFEE = ?3‘]-5&1:]— $Ug =40 ALLH
DNS A]2F2 NaOH 10 g-‘f]' DNS 1 — A 42 4A
3] =21 * phenol 2 g, sodium blsulfate 0.5 g, Rochlle salt

200 g TAUE FH =20 F 1,000 mlE BE § o]
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A ALL8tgth EEE YO ZE glucoseS AH&ato]
Abold] EEFAE AT & I FA

B subtilis MC 319l 9J3] &art |
e zAV8L7] 918t Kieldahl 3.2
Zefage] FAAZ A AxF E2 1 gS AR F 10%
KCI-8-4& 100 mi7Fste] 1417 218 &3 5 Whatman fil-
ter paper No2 o342 of3} & MgO 200 mg= 7}l A&
o2 APt A AE 24 7|(FOSS 2200 system, Japan)E
o] &3t AL stk

opn| ] A&

B, subtilis MC 319] o] a7}

A7742) roly
2 2989 47t

G579 ofn| g

ZAF8H7] 913k Formald AW o2 =438t 22]
P 2205 goll 7/ 50 mlE 7hete] 30T 30%
S8l 10,000 rppmel A 15% &<t 42 0}01
A5 0.2 ym microfilterS A3 o] 33}e] 20 mlE
] o1& 01 N NaOH& 0.2 pH 847} 2 w714 A4 3
, & formalin§<(35%, pH 8.3)°l 20 ml& 7]—0]-"7 E}/\]
01 N NaOH& 2 2 pH 847} & wj7}A] Zg3s}e] ofu] =]
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Protease M2t

B. subtilis MC 319l 93 2&7} ¥ A=749 protease?dt
S 2A] Y8t A7 5 g& 8,000 rpmoE 5% FQ
homogenizer= E’}ﬂ] & H SHFF 9% mlE 718k 150 rpm e
2 3N agkek & AJE 912 10,000 rpmol| A 1583 4
243 5 0.2 ym nucrofilter% AA Y AL E 285s
HoZ AMESHATE pH 702 28 0.6% caseind < 3 mlE
30CAA oAgste] 84 F 1 mliE F7138F 3 30Tl A 1087t

2 ol

¢

l.

HESA 71Tk HESA17] el 04 M TCAEY 5 mlE 7}a}o]
30T ol A 3087 ¥Hg-A1Z) & Al & 8- 10,000 rpmol A 155

7+ QAEY F 02 pm microfilterS A AFA AT oA
2 mlo] 0.4 M Na,CO; 5 le‘r folinA] % 1 mlE ¥
30ColA] 3082 A A7l & 660 nmoll A FBEE SH5H
o EFEHO 2= Ltyrosines A3 B9 43 $3=
Atole] REA S AT F I F4dd bt Al8F ] pro-

T aU=E

teaseFS lunitE 712 1 ml

Alrkat .

T AAE tyrosine?] pg 52

Fibrinolytic activity &8

Fibrin plate ¥

B. subtilis MC 31¢] fibrinolytic activityg 573
B subtilis MC 31 37°C, 247t vl k&t wjoFele] &7 8305

< fibrin plate™ & ©]-8-3}4] lysed saline®] ¥H74-& ézé 39
EHB]. 0.01 M phosphate buffered saline (0.15 M N
7.8) 5 ml°] human fibrinogens 0.6%7} H =5 & H ]7]
thrombin 0.1 ml (100 U/ml)& #7}8t3 &Y 3 bufferdl] 1%
agarose= 591 & 5 mliE 7tsted ¢ & petridisholl
F AL A 5~1087F 7'45‘}04 JJ Ao 7 03%9 fibrin
plates ARt FHE3) 3 A &8 AEE 37TCAA
24A17F LBOI| A v oF3h Bl ok 15,000 rpmol A 158 &<
A2 st A& A5 AS 0.2 ym microfiltersS A A Al

< 3fo] AM&-gttt. Fibrin plate®l] samples 0.02 ml% % 43}
o] 37C oA 5AI7F HHe A7) & £ WA FA FAHS
ZAsk At

a-caseing ©]£3F plasmin unit =3

B, subtilis MC 31¢] fibrinolytic activityS Z43}7] ¢35}
a~caseing ©]§¢+ plasmin unitS % 3= Robbin®H < A}

L3020 Sl L B4 =4 A5E 37ToA 2447 LB
oA kst T AE 15,000 rpmol| A 158 5 D4lE] 3l
AL A59E 0.2 pm microfilterS AX AdS 3 Ao
AR 298 1A SHE AR 02 mis 0,067 M phos-
phate buffer& A1 2919 volumes 2 mlZ %HF7] 93l 1.8
ml¥ Y 4% a-caseing Y 2 mlE 4o EE —}— 37°C water bath
o A 3087t BFSAIZ) Tk HEE 4T Eol] 92t} o] £
15% TCAEHS 6 mi¥ 1 ¥ AAA|7] & 4C°ﬂ/\‘] 184]
b A st Ao g grE 5 ARE A JHAES AAs)
3 o] o9& 280 nmel A FBFEE A3 ol plasmin
casein unit (PCU)= 127t &<+ TCA-soluble tyrosine 0.45
849 ¥ 1 unit? F3tgoh

b rir

mgs Feldhe

pH

B subtilis MC 319] oJ3l] da7t € A=4<] Al7F 8 pHE
ZAL87] 3k A= 05 g€ 8,000 rpm . E 587k homog-
enizer2 W3 FFHF 50 mlE 7Fete] FE3] #As} Al
H A8 A& 10,000 rpmel A 5&7F YAEE] ¥ 02 pm mi-
crofilterE AX WY& A4 A 20 mlE 100 miH]o] Al 3}
pH-meter (pH meter pH-200L, Istek, Korea)Z =73} th.

FAE
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=S 28 }71 9J3to] oo oj 7 20 mlE pH-meterZ pH
225% 01 N NaOHY %& 243t 24
oii g 3?“’1 yehd 2l

dn 9 28

ofn|:= ot &g
B. subtilis MC 31% o]&3tf Az H=5749] ofv|=it
stk Table 1 3 2t} ofu]=2t £ leucine®] 7F4 =41
phenylalanine, lysine, valine, tyrosine2. 2 “o}# th. Son
S[38]2 B subtilis CS-17=2 =7 ¥ HA| phenylalanine©]
71 Bol gHrEol A9 1 9 lysine, leucine, tyrosines ©]
Bokthal Huste] B A3 A7} §AFI AL Kim 5[27]
A= DS T B osubtilis & AHEOE U8 F LS
waAA A 74 s WE glumic acid, aspartic acid,
21tS A valine, isoleucine, leucine, methionine, phenyl-
alanine® @5t& W< alanine, glycine, lysine 59 17 ¢]
ofelicAto] ol$-24 B 3 549l w0l 94 Hrkw

Table 1. Amino acids content in Chungkookjang fermented by B.

subtilis MC31
Amino acids B. subtilis MC31 (mg%)
L-Threonin 141.18+2.15"
L-Valine 351.00£0.06
L-Methionine 161.85+0.55
Essential L-Isoleucine 308.49+2.70
amino acid  L-Leucine 567.45+0.01
L-Phenylalanine 516.75+0.24
L-Lysine 382.59+0.01
L-Tryptophan 118.95+0.09
L-Alanine 220.74+0.01
L-Arginine 170.43+0.17
L-Asparagine 41.34+0.29
L-Aspartic acid 27.69+0.18
B-Alanine ND
L-Cystein 19.89£0.01
Ethamin 9.36+0.18
Non-essential GABA 20.00+0.01
amino acid  L-Glutamic acid 57.33+0.23
Glycine 81.51+0.06
L-Histidine 242.19+0.06
L-Homocystine 13.26%0.01
§-Hydroxylysine 12.48+0.07
L-Ornithine 94.77+0.01
L-Serine 60.84+0.46
L-Tyrosine 329.94+0.06

" Chungkookjang was fermented at 40°C for 72 hr.

"ND: Not detected

YData are given as means of valuestSD from three in-
dependent experiments.
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rlo

B3 Hth GABAXR S AFAIY glutamic acid] &
57.33+0.23 mg%°| A1, GABAY #FL 41 F &F Hr}
HE7F A s ] 20+0.01 mg%7HA F7HFA Jo [13]= A
S84 &47)7k w2 GABATHo] £4717 139 H3d
o] 7% 0.0438 mg/goll L, 39 $AE ©F9 GABA
#o] 01206 mg/go & F7HgTi Busty, B AY
ms}v% B. subtilis MC 312 A %3+ A =4<) GABAEP%]
040.01 mg%= th& E2 FFsS Yehiith

o i, of

i

o

[

OJME M= 3}

A= & 3 F B subtilis MC 319] A& W3l 0/
ol log 45031 CFU/g= Al#tsto] a7t ol e} &
73] Z7vsto] 1247kl log 814041 CFU/gS YEhf$lom,
2447l log 9.6+0.11 CFU/g, 36717+l E log 9.92+0.13
CFU/g7M A A&dA F7kehe BEs BAAT, 36X3F o]
A A 72X 71744 log 9.52+0.5~log 9.049+0.5 CFU/g=Z <F7He]
Fadhe WS BYTHFig 1). B subtilis MC 315 ©]4-3}4]
AL AZAS w E F4E Baek [4]9 AT ATe)
2ol RAHA 4S54 715 Holth 1 o] F& A7

Eoj7te oY ol AR Youn S[42]0] K
40717t o] & Fd4 10° CFU/gS A3t frabatgith

QHIME BN
B subtilis MC 312 283 A=
A= Table 29 Ut} &8k

152+0.01%, 2T k2 17.66+0.04%, 7‘21‘3* 2 89

003% 2 T2 261%S eI A5 dutrby
AN AEAHQA A B Az %45# P% N i
%lb&*ol‘;r% 543 A% BAHOE £ FFE 550%, =9

Viable Cell Count (log number CFU/g)

0 12 24 36 48 60 72
Fermentation time (hr)

Fig. 1. Changes of viable cell population in Chungkookjang fer-
mented by B subtilis MC31. Chungkookjang was fer-
mented at 40C. Data are given as means of values+SD
from three independent experiments.
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Table 2. Proximate composition in Chungkookiang fermented by
B. subtilis MC31

Proximate composition Chungkookjang (%)
Moisture 61.07:0.01"
Crude ash 1.52+0.01
Crude protein 17.66%0.04
Crude lipid 8.96+0.03

Crude fiber 261
*Proximate composition was analyzed by AOAC method.
*Chungkooljang was fermented at 40C for 72 hr.

"Data are given as means of values+SD from three independent
experiments.

WA 17.6%, ZA4 33%, B2 133%, 24 49%, 3E 58%
o7 Byl ® Kim 5[23]¢) 23 vl 2 Age] =3
AR S8 e B o] He AF¢S YA
02 2L FARIA

Esle 24

= 24

33 &%

B subtilis MC 312 Wa st F=xgo] 3 ko] wshe
e Fol 1755:052%014 wE } Aol 7243kl =
11.74+0.22% 2 7223} th(Table 3). Kim 5[24]2 Z+ 2]
A AzE AR A AAS B A9 39 T2
Bt 133%2 B AFAR} gho] fAtette dS & U
t}. Suh $[39]2 B natto} B subtilisS ©]-&-35he] A 23 A=t
g HEARE W FF o] Agto] AE4E gvkstA 7
adte A% Uil AR & A3 Aol AR ¢
T A

a3 =¥

Glucose, fructose, maltose 52| FYUIFFEL Gdubg Ho
ste B4R AFY #5539 F4 W7 oA dds] F4
st ole|gh FAYHFEL WA EY At wE HAE W3l
oF AR FAE o] W AE] glucoseE ALl o] &-3h=

Aol wet S o] wsyt AR B subtiis MC312
Bad oG] AT ko] Hele A2 F 1.48+0.03%0
A BHE 7} A8 E o] 7247k 51520.07% 2 358 Z718HS
tHTable 3). A5 AF AZAANM F3 AF 1849 3
TS EA8k 051~024% WS YERE Kim [24]9] H1

Table 3. Contents of total and reducing sugar in (hungkookjang
fermented by B subtilis MC31

Total sugar (%) Reducing sugar (%)
Steamed soybean 17.55+0.52" 1.48+0.03
Chungkookjang 11.74+0.22 5.15+0.07
*Chungkooljang was fermented at 40°C for 72 hr.
YData are given as means of valuestSD from three in-
dependent experiments.

F 9T BT BEZI| R 378 27}l
o 2 olFele AAE Bashe A%e wdtT RIE
240l o)

g R 'aa o
3] B-amylase2 *é«l Wl el ¢ %J 3 e Al Wo
AR o2 Hol FRABA e o= ;

ot} WA AF ol BFo 2 AW PR 44
s dubron Xo% 11%—91 W) e oldEae AR
AF&-E ) o U o}E) G2 Ao o
&S A &H79E OL—quq 917
W l 2 @%@lxu

=]
=
2ol éu% %"—01 634033 mg% W Fa7 H ol wet 72
o= 238.740.18 mg%Z 44 S713I4th Kim [27]2
2 2R A8 dryoly Aie] ok AutAo g
7Vl A F7hske AEs Ut Hi
A0 APE gEAT FAE HES 7R A
Ak, GEYote AAE 747171 Y3 Ju S[16]
Bacillus subtilis®} Lactobacillus plantarums &3 vl s}
o] BHHE TAE AFAL Park [37]2 FAE A7
o 5%& A7tste HAE ARSIt Bt
ohulre) Az
obv| e A& e proteased] g0l 9]3to] Tl o]
opw=4ke] FEj 2 1"&: HE]% EE el A2 H579
BEe Wk 9 AR HEAFY FAY 7S 0] AxE
Al
=

AEEERERE Ta»}a} FER TN A7)
obelee) Al FFE 280 mgh 3O E TSN ek
FuS 24 23 e

1

ER R O}Uhﬂ% 2
T 2387013 mg%olA wEIL HPE o 724
449.25+021 mg%E F43) 718t B subtilis MC 3191 2]}
Ta7h | A5 oprlmn A FFo] AFTHY A4S

o b

Table 4. Contents of ammonia and amino type nitrogen in
Chungkooljang fermented by B. subtilis MC31

Ammonia Nitrogen

contents (mg %) contents (mg %)
Steamed soybean 63.4+0.33" 23.8740.13
Chungkookjang 238.74+0.18 449.25+0.21

*Chungkooljang was fermented at 40C for 72 hr.
"Data are given as means of valuestSD from three independent
experiments.



k2] 7 Th(Table 4) ung [18] 7 %—% HE g uhet 72
Azt 74A] obel=g) 2 ??} o] Zl 2 S/ B
staer a2 I3 7247 7&%%% Hlugk A 047
58.68-92.38 mg%ll A 72| 7kol| 336.53-425.03 mg% = ko]
°lor Hol B A9 Agnot Fd dEEo] WA
ok §-9)A ¢l zlolv YPvE Aoz BTy B subtilis MC 319
oel wart © H=e] opr| e dadt GRYo das
Hlaste] S7F djdo] fARE Ao g Hol FF WA Al
Aze] A3l whet 73k Bl "7}9} A A= &
EYol7E S S7kske Ae BolFe ALz2A YEs
t}. Hwang 5[10]¢] Bauex La7|7t 5 F2 v Eo| &
H|5h= protease’t & thio] @ Ao 2t 84 A
AR 7HEE Ha o]0l peptideE AA ofv|:-® A
2 FER THEElstel A=) 73 vto] AAEH FA
of Razt A% AFHEA gryole] d25 F4 T
3.

Hug s
3574 B E A Uehbs 884758 Badlluss 159
H‘;fmw* B A5 AAEd ¢ Aoz FHHH, of

2
a9 B8 SAQ polyglutamatest F B35 £
HESQ HFo2 FAH levan form fructan® 2 FAH ] 9l
12, 30, ¢ V22 Fel Az AFY Fo| vuRe
W a4 = Badllus subtilis7} ¥ 8l @2 23] g4 9
2182 2 polypeptide—peptide—~amino acidZ &3} =] &
3t FH7) A& ot LA P E] AAE af
B} S AUA Behis], A5 TEd 3 948 §3L
ZARE Ad 47+005%9 HFE Ho duk FIFFd =
215-603%7F BH0l Atk Te wnEe A%} fAe)
ATH32l. oHE AFEL BE T BaSAd wt 42
29 S S4o| th2A Uehs Aoz uald,

Protease .6:* 2k

[} = =
B JEFE st FEobrlest kel B
sogX HF FEE Uehlle 88 AR7E A4,
B. subtilis MC 319} protease activityS <18+ 2
unit®] FFS BAG o]2)d AIE Bacilluss o 12 ©)&
g =g g AR as 42 A FFGelA B
FFE o] &35t Az3 H79 proteaseZ A& ol w}
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Fig. 2. Clear zone formed by B. subtilis MC 31 on fibrin plate.
Fibrin plate was incubated at 37C for 5 hr.
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Fig. 3. Changes of pH (A) and titratable acidity (B) in
Chungkookjang  fermented by B subtilis MC31.
Chungkookjang was fermented at 40T for 72 hr. Data
are given as means of valuestSD from three in-
dependent experiments.
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