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The Quality Characteristics of Chunggugjang Prepared by Bacillus Subtilis

NRLSI IV on the Different Inoculum Levels and Fermentation Times
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ABSTRACT

To compare the quality characteristics, chunggugjang was pre})ared with Bacillus subtilis
NRLSI IV on the different inoculum levels(lOz, 10°, 10°, and 10° CFU/ml) and fermentation
times(0, 12, 24, 36, and 48 hours). Although significant change in total nitrogen content was
not found, the content of amino type, soluble and ammonia type nitrogen was generally
increased according to the increase in fermentation time. Decomposition rate of nitrogen was
also increased by fermentation time and nitrogen solubility was the highest value(62-75.9%)
at 48 hour fermentation. In results of color changes, it was found that L and a value were
decreased but there was no significant changes in b value as fermentation time was
increased. In chunggugjang made with long fermentation time, hardness was decreased and
relative viscosity of viscous substance was gradually decreased after little increase at initial
fermentation time. The effect of inoculum level on hardness and relative viscosity were
similar to that of fermentation time, i.e. the decrease of these at high inoculum level. In
activity of v-GTP, 36 hour incubation could produce the highest value whereas no effect of
inoculum level was found during fermentation except at 48 hour. In chunggugjang made
with 10° CFU/mL of Bacillus subtilis NRLSI 1V, the content of glucose, sucrose, raffinose
and stachyose was dramatically decreased at initial fermentation time and that of phytic acid,
oxalic acid, citric acid, tartaric acid and malic acid was also decreased during fermentation,
although the increase in acetic acid was found.
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L A—]i

H=Ae FE #o nxdolet EEE B
subtilis® WHAAAA @7zl GAAFID B,
ohg, 1EVE, 2F 58 Ml AL Fo
e} F2 7teolA 2EA BEC HAD F
oz fEjuete] A AE dAFLENE F
shjolt). &3], 02 WRELEAE Boh & 7]
Yo] FFY F JYoBAN JIHE THEZE &) &
22 DFA RFE7] 4 9 FIHFS
2A %8, AAHLRE Mg ARHY F A
Huolgtn & § UAHEHA 1998).

A2Ae F AN AR vixs) 2E Fgot
o)Xk, HIERRD B, B, Yoo, BERL F9
gharol gx, HAAA T AT o8 7HA
BAE o8 & Aoy AEZS FAsIL
AE ARa E AxUe FPolt duiFe] &
Nz a3E P4 2 duifdel= AFHI
(Choe et al. 1996). =& <Ixd] F23 Bacillus
sp.7b FUlolA Rujge] #FFS FsirFIEA
Kool AAshe ¥E A oI} ammonia, indole
59 248 AT o7 Al ERS FF
AlA AN A 2AES 7% FHIn et al
2002; Matsui et al. 2004). A|F7tA) A3 &
g d7Ec HEHAHFT HJEWHSNlee et al
1971; Park 1972a; Park 1972b; Kim et al. 1987,
Rhee et al. 1993), T 223 A2 H(Lee &
Suh 1981; Suh et al. ,1982; Suh et al. 1983), ¥ 3
Eof B3 AT (Lee et al. 1991b; Lee et al. 1992),
E4 Wdl(lee et al. 1991a) 2 F7|QR W3l
(Choi & Ji YA 1989) 5ol #3le] Him Ao
HZode AR 75 222 dHd8EaL
£ #9l(Kim WK et al. 1996, Heo et al. 1998)3}
< g ol ¢ FEddeld anrt
%2 2(Chung et al. 1996), ThE UiFEEAF
B} isoflavoned] o] wvie I ZAIH(Choi
& Shon 1998)% B 5o

dutxjo g YA Axe FTAS bF
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Z53 9oy 289 FF, AT, TE 25

oN 32

9 A2 5 e E FERAS] Aol ©E S
o] Fuj7} A=Al FHo & I A= &
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=29 FAgY 2 AHEE HsiMe HEXA
e 2 SHEAZLY fE e dHEEA
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AFE FEAANLTAT2AN AT 134 Y
oM F=HE AT Al AFFoZRE FE
3 #FEF ©9F BNy RESol ¢
Bacillus subtlis NRLSI IV(Yoo & Chang 1999)&
ol &3l HFAL AR F, WAANE - X7
e A= FA E4E& ZAMEICH

IL s 9 Wy
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A8 UFT TEIH AEAEAAAM &4
F& Eoguto} A3 AT AT FE FEIE
A FEAYNEATLOM AFHeR FHT
A7 A A8 Ao eRE EeF ST F
31z (Bacillus. subtilis: B. subtilis) NRLSI IV
(Yoo & Chang 1999)& A}&3}th

2. M3 M=gy

SHE skg€ AE, #A F sufe] &8 Jls
o] A&oA 20417 £AET 121CAA 4087
ZA3te 80CR A% thF 8719 77 500g¥
o} B. subtilis NRLSI IV T3 ZAFEES
105 10%, 10° & 10° CFUmLE A% 23S 2
A E FA9 1%7t =A AE3td 40CTRH
90%)o A 48A1Z7HA] uloFsh Sl

3. Mo EF

AT 155 Fste FRAHEFE 439
plate count agarol] =83 F 30CollA] 24~48A1%
vjk3t & colony®E Algdt AFFCFURE
Ve Tt

4. olseie S
A=A @A F9k9] pH ¥H3le pH meter(Orion
240, Orion Reseach Inc. Boston, MA, USA)E &
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A, F2449 £849 FAE micro-kjeldahl
How olmie] AALNH,N)= formolH(AOAC
1990), = uote] AA(NH:-N)= Indolphenol™
(Weatherburn MW 1967)2.2 Z43tHch A4 &
& FALo U 84 FANE YR
2, AxEHEE FHad UF opn=e} A4
H 2 Jehy it

5 M B Hx

AME = AaEA (Color-eye 3100, Macbeth, New
Windsor, NY, US.A)E 33742] 492 texturometer
(TA-XT2, England)] stable micro system(option:
return to start, distance: 70%, trigger force: auto
log, test speed: 1.0 mmysec)S ©]-&3} plunger(
Iommz FEFL] F4E =UE o dolAe
force vs time graphZH-E] AFEH H19 peakdt
o2 ®rlskch

6. AHE =9 -GTP(glutamyltranspepti-dase)
&y

ATE AR 10ge FHdtd FRTE ¥ 34
st AgF2E oS &< 10,000g, 30
min)d ¥ 4E4 10 mLE 30T FFFoA
Ostward A= A|(Cannon  instrument Co. College,
PA, USA)Ol W1 H3tAIZHE FH42t vlawsto]
BN =(Cps) 2 FERARACE v-GTP 84S A4
He Z2PA G TUHA QL FF5AE 2854
o2 ALg3el o] 2EAY S-aminosalicylic
acidl g ol &3tE AM 158-K(eHtAlehE Wk
AlA v-GTP 848 54 3HATHYoo & Chang 1999).

7. wele

A= AR 028 SRl @5AY F 4
2o A SAIZF JBE F 4TAA shEN X
g 4,000 rpmoll A 3083 YAEESAS B
S94& sep pak Cig cartridge(Waters Co., USA)E
E-#}A]F) 3 membrane filter 0.45 pm(Millpore, USA )
2 «}7}3}e] HPLC(Waters Co,, USA)Z 3 F&
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P A=ate| HEXAKS T LaAlZlo| e B2 54 125
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8. |7|A
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4L 0.7 mL/min, Z1Z 7]+ RI detector, column
2E= 35T
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EE A9 33 uHESI5L SAS Package
(Version 8.0, 1999, Statistical Analysis System
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Fig. 1. The changes in viable cell count of chunggugjang

prepared by B. subtiis NRLSI IV on the different
inoculum levels and fermentation times
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Fig. 2. The changes in pH of chunggugjang
prepared by B. subtiis NRLSI IV on the
different inoculum levels and fermentation
times ‘
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. 3. The changes in total nitrogen of chunggugjang
prepared by B. subtiis NRLSI IV on the
different inoculum levels and fermentation
times
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o 84 ALggL(Fig 5 LA AT
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g. 4. The changes in amino type nitrogen and decomposition rate of nitrogen of

chunggugjang prepared by B. subtiis NRLSI [V on the different inoculum levels

and fermentation times
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AMzHsls 243 ZAde Table 13} 2ok L3t
22 A% 64701000 WEAZEO] AT |
2} ZAASHI agtd GEZ7| P FIHE
Zidle A% BYon bghe H93 olg
UehRA aisteh ol WaEZE FFge] Ao o
$3 uch Be A2 HA HE e ¢ 4 Uk

_E r\o J=

HZAe] AEE(Table 1) FA AF 652.7 g/d
10mmo| e o] WA 48A17Hl= 354.3-420.8
g/d1I0mmE HAA|Zro] ARG we} A
o IAEEHIEE 10° CFUmML HEA =%
9] Ax7t 71 =i 10%-10° CFUmL HEA|
e wart JPFo e fFAG FES B
ok =3 BE X FolA] dE 12470 A=T)
FA3] RolA= ALE JYeERA] HEZ7]Y 7
o JFE e A€ 5ol v[AE o8 &
e A& ¢ A%UTh Son 5(2000) HE
12X 7HRE) ALY} 457 AlRsle HE 484]
H& Aud Ayl o] ZAagt i 81, Choi
51999 wEVl JPLFE At n Bu
e £ A9 dAshe BEFS EAch

4. H2ZE MEZo| AtiEES} y-GTPEH9
25}

EAsEE - EAEE A2 TP
HAAEY U FUA=} v-GTPE/J-L Table 2
o} 2t} AI2A HAEY A¥Ee TE 124
PRE 24X A E7}eckrk10%10° CFU/mL)

Table 1. Hunter’s color value and hardness of chunggugjang prepared by B. subtilis NRLSI IV on the different

inoculum levels and fermentation times

Inoculumn level

Fermentation time (hrs)

/ ltems 0 12 24 36 48

Hunter’s L 64.7° 61.9° 60.4>¢ 58.8°%F 57.37

color a 5.4%% 5.6 5.9 5.3% 57%

102 CFU/mL . R \ . \
value b 17.1 17.7 16.5 16.5 16.7
hardness(g/®10mm) 652.7" 493.1° 492.4° 432,94 420.8*

Hunter’s L 64.7° 61.1° 58.7°% 59,20kl 58.1%

color a 5.4% 59° 5.9° 5.5 5.6°%

104 CFU/mL . . . - \
value b 17.1 16.7 160 16.6 16.7
hardness(g/®10mm) 652.7° 452.1° 381.0 383.1° 354.3%

Hunter’s L 64.7° 59.9%d 58.8°%" 58.4%f 57.0°

106 L color a 5.4%f% 62" 5.4°% 5.6 5.3%
CFU value b 17.1% 16.8° 162 16.8° 164
hardness(g/®10mm) 652.7° 4.7 401.97 388.2° 367.9%

Hunter’s L 64.7° 645 61.8° 59.4%% 58.7°%

108 CFU/mL color a 5.4% 5.6°% 528 5.9° 5.7%
value b 17.1° 17.5° 17.0° 16.9° 17.3°
hardness(g/$10mm) 652.7° 397.8" 398.9° 385.1° 379.3°
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g S o B2 e =) i Pt 1=

A= AHAE PAGEL fructose®) glutamic
acid7} 5 3% levan form fructan ¥} polyglutamate
(PGA)®] EF&EZ(0Ogawa et al. 1991; Hara et al.
1982) v-GTPol 9j3] AA=™ HAES EAF
S o2 15,000-65,0008 £ 2 FA s wEA )
Fzel et o Aozt len ol E A
AE] EAE & zo|7} UThlLee et al. 1992).
WEAZPE A2 v-GTPEA L AEXIAFE
10%-10° CFU/mL Aol A L& 36A170) A 48]
A Fee A4S B9 10° CFumL
9] A% F73] ZA3Hch Kim¥ Lee (1995)°]

fl

o

=3t HAxte| HEEA=To WaAlZiol ME EF &4 129

ostwl v-GTPEA & T 16417t Hje] 84
Bl F ot zagida stged £ A4
tha Ael7b AT Yoot Chang (1999)¢]
drdMe § F5E A3 v-GTPRAYEE &
AA ABEF 237t 7P BRI FUTF, 99
Fol A2t & A4S B sk
Fased A v-GTPEAE LHEZ 7
€ o3 Aolrt o WA 4BAIY Foe
IAFEF EEFE 80l Helxth & 43
A7, A5 484 715s Z2a e H2
9 AH =} v-GTPR/IWSIZ Rol HFIH
LAA] 4BAIIAA] HEEE AL vl ekA] @

fr ae to

Table 2. Relative viscosity and y -GTP activity of chunggugjang prepared by B. subtiis NRLSI IV on the
different inoculum levels and fermentation times

Inoculumn level

Fermentation time (hrs)

/ ltems 0 12 24 36 48
Relative " ab be od 4

102 CRUJmL iscosity(Cps) 0 3.14 303 2.89 2.80
v-GTP(U/mL) o* 0.0389 0.917¢ 1.261° 1.167°
Relative " be a c .

.03 26 0 245

104 CFU/mL viscosity(Cps) 0 3 3 303

y-GTP(U/mL) 0* 0.043! 0.7508 0.834° 0913°
Relative " . be 4 d

) 04 . 7

106 CFU/mL viscosity(Cps) 0 250 3 272 273
y-GTP(U/mL) o 0.0259 0.652" 0.789° 0.856°
Relative « . ab ¢ .

108 CFU/mL viscosity(Cps) 0 2.50 3.18 2.16 2.38
y-GTP(U/mL) 0" 0.0208 0.620" 1.003° 0.361'

Table 3. Changes of free sugars and organic acids of chunggugjang inoculated with 102 CFU/mL during

fermentation times

Free Fermentation time (hrs)

Fermentation time (hrs)

Organic acid
sugar
0 24 48 (mg/g) 0 24 48
(%)

Arabinose 0.10 - 0.10 Phytic 49.6 36.6 35.8
Fructose 0.21 0.32 0.29 Oxalic 239 21.1 18.3
Glucose 0.05 - - Citric 14.5 11.6 9.9
Galactose - 0.07 0.16 Tartaric 2.1 1.1 1.7
Sucrose 1.01 0.10 0.12 Malic 12 0.9 0.1
Maltose 0.12 0.21 0.19 Acetic - 10 2.7
Lactose 0.11 0.49 0.24

Melibiose - 043 0.15

Raffinose 0.24 0.02 0.07

Stachyose 0.78 - -

Total 2.66 1.64 1.32 Total 91.3 72.3 67.4
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