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Abstract

This study investigated the quality characteristics of popped rice Doenjang prepared with different Bacillus strains
(Bacillus subtilis KACC 15935, and Bacillus subtilis HJ18-9). The changes in the enzyme activity (protease, cellulase,
and a-amylase), amino-type nitrogen and ammonia-type nitrogen contents, and the reducing sugar were investigated
during the fermentation period. Enzymes such as protease, cellulase, and a-amylase plays an important role in the
changes in composition of nutrients, and in flavor and taste of popped rice Doenjang. Protease activities of the
popped rice deonjang fermented with different Bacillus strains (control, B. subtilis KACC 15935, and B. subtilis
HJ18-9) was in the range of 171.77-185.97 unit/g at the beginning of fermentation, and there were no significant
differences among the samples. On the other hand, the protease activity in popped rice Doenjang fermented with
B. subtilis HJ18-9 increased significantly up to 248.77+4.53 unit/g at the end of fermentation (p<0.05). Cellulase
activity and a-amylase activity of popped rice Doenjang in HJ18-9 was higher than these of other samples. After
56 days of fermentation, amino-type nitrogen in popped rice deonjang fermented with control, B. subtilis KACC
15935, and B. subtilis HJ18-9 increased significantly up to 174.9943.70, 166.59+1.40, 225.39+3.70 mg%, respectively
(p<0.05). These results suggested that B. subtilis HJ18-9 was a suitable starter for the preparation of soybean

paste.
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o-Amylase &4 373
a-Amylase &4 =% D.U.N(Dextrinogenic Unit of
Nagase)'d(11)°l] ¢Jste] S48ttt 1% AE 714 9 (pH
7.0) 3 mLol| Al&FZ&9Y 1 mLE ¥l W40, 10 min)
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A A Z T ¥l 1 mLel| 0.005% 12-0.05% KI &< 10
E o] TAAZ] £ 660 nmol|A] 6%5—3— k=g
Ao ZF o w SA st thy A o BAdAdE
Al baksi T,

D.U.N=[(D-D’)/D]*10/100xn
D : Absorbance of control
D’: Absorbance of sample
n : Dilution ratio of sample

Protease &4 &%

Protease &4 42 2F3H(12)°] wet —7§ Eissi=a
0.2 M phosphate buffercl] 0.6% caseine 833t & pHE
7002 HAste] 7|4 &H 5 A xssirh o] 71489 15
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mLol| Al EFEY 0.5 mLE ¥ ¥H-3-(37C, 10 min) AlZ1
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20 min)A|AA] 660 nmollA SF =S =T e &
T E2] tyrosine Y2 tyrosine 3 S 2HE ALkt
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nge *M e 58S 1 mite 2 Stk

Cellulase &4 5%
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phosphate buffer(pH 7.0) 0.25 mLE ¥-& %, &4 0.25
mL < %7} lod, 50 COM 1552 ¥--A171 ¥, DNS A<}
< 3 mLE slate] whe-S FAANZ F, 557 BE B
Z%Am ) %—,M 2 g oR SAsI,
PEFE B8 FAE WA A7) TS, 99 e vhio g
A3k LB AR 1 g 23] 122 1 g glucose
S AAsHE BAO S 1 wmiteZ Ao sk

o} 8] (NO*-N) @* IdF 53
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n|gAo] 2 wj7] A dS Olé‘L ofn| vl A4 gk
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Amino type nitrogen(%)=(V1-V0)*xFx0.0014xDx100/S
V1 : Titration value of sample(mL)

VO : Titration value of blank treat(mL)

F : Facter of 0.1 N NaOH

D : Dilution ratio

S : Mass of sample(g)

0.0014 : Nitrogen weight in 1 mL of 0.1 N NaOH(g)
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Reducing sugar(%)=A*xDx1/Sx100/1000

A : Reducing sugar content in sample solution(mg)
D : Dilution ratio

S : Mass of sample(g)
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USA)°l| =23} uj o“:(37 C, 48417h3}] colony forming

units(CFU)/g 2 ehASich.

SAAE

B g0 Aozl Axte A7 A2 SPSS program
(12.0, SPSS Inc. Chicago, IL, USA)S o] &3] AA]alg] o
™, z} =] et Hd(mean) B FEFY A(standard
deviation, SD)E 4F=E3IATE W shn] G| A B3t Apol=
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Fig. 1. Change of protease activity during popped rice Doenjang
fermentation.
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2315 l ﬂ% & FES] ol Ak, 2], isoflavone o2
2, A o2 FaEo itsl F AL 75 S
Z ol A cellulase

e Ziwﬁo AAETK19,20). o} HEGF
el digt A= we Aol nEia] £ A3

A7} AYstu|Ead W opel, o5 o] A-E7FS] starter
2 AHgHE 1l 9] Ao} @ 5 9 Aoz gt
a-Amylase

g dF5 galshe] Az i) @3] g-amylase
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Lee 5(23)9] A7Z2¥d up2d @8 %7] 25.1~34.1
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mg% ©1FC 2 =] St AFAT| ot BE
A7l HEFRY ofnld] A4S 160 mgh ©7F
TS Uehlio] 71 vhed FeeR BEES ¢ F
AT Lee 525 CEFY] TESY I F obleH
A e WstE A 23 27] ok dAiAwE
106.48~162.51 mg% S 2 VElyton] o]} -e gho] o]
© ARERE el mhet o ko] vEna siin Bt
Kim(3)& =i e] Al 2d% 1459 opn| g = &
At A&l wet 1.01~2.054] 2ko]7F lvkar 513l
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71909 Aoz Al Ech b B e BE Al 504
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Table 1. Change of enzyme activities (unit/g) during popped rice Doenjang fermentation

Enzymes

Fermentation time (days)

Strains 0 7 14 21

28 35 42 49 56

Control  38.75+1355%) 50.00+27.11F 122.92+8.84% 97.50+20.08®

3.501.13%  101.45£2326™ 164.15:27.08% 46.05:18.60% 53.75:15.91*%

Celllase  KACCI5935 112.92+1237% 2354243830% 212.50+4125™ 85.00£32.95% 70.85:5.87°%  6040+2065™ 62.50+1301™ 8040+17.11%° 43.75¢1351

HI 189  430.84:2947" 48542:1473™ 658.3424125™ 2183541888 223.75:643™" 151.70:24.75™ 249.15:4122" 15875£20.58™* 1154543005™
Conrol  4424135™  500:063%  339:036™  505:151"  419:178%  488:060%  506:053%  420:04 4641074
aamylse KACCIS935  088082%  486+L11™  376:086™ 331224  1.62:077" 1420063 0671028  0.642025° 079091
HI 189  391x078"  537:098™°  584:052%  483:172™  399:029™  378:0.11%  328:070%  458:091™ 526127

"Means in the same column *< and row** followed by different letters are significantly different (p<0.05).
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Amino-type nitrogen (mg%)
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Fermentation Time (days)

Fig. 2. Change of amio-type nitrogen during popped rice Doenjang
fermentation.
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Kim 5(3)& 14%9] Ae% g g2 055% ©lshe]
e JeEhl e, Seo 5(32)2 Aspergillus oryzae®t
Bacillus%: 2.2 WHE Ao g ke 3.5% nivte
2 9] Ak wgk & A3 F} wsin] ke vl &
(3:2)2] ¥ &3} H|5=3k Bl &2 BEFS A 23 Lee T(23)
S 28 T el g o] 043~0.50% 71 =3
tha Haustled], & Ao Aabe o]of vmate] A4d
3] =2 9T = UERATh ol HEs as) 5t
713 Hn) & o] g3le] WS AT 2N, nAYE
Fa7 AR7AE o] g3l folT F AUNS Ao R
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Z5 W3} Fig 33 Fig. 40 JeRfQIch &a 279
control, KACC15935, B subrilis HI18-9 A 2|9 Z#4+
7.52+0.04, 7.9610.03, 7.99+0.05 log CFU/g= et} 2
FAFY 569 T, ZHFE 7.67£0.06, 7.96£0.01, 8.06+0.04
log CFU/g= ZtZ} Yelyt) Antx oz wg 7|7k Fot
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Table 2. Change of ammonia-type nitrogen (mg%), reducing sugar (%) contents during popped rice Doenjang fermentation

Type Strains

Fermentation time (days)

0 7 14

8 35 42 49 56

Control  5021%093*

32.19:0407 45541055  44.80+034™ 3098+133%  4258+0.16% 42.03+046° 37.13:087 19444099

ryﬁ(&igén KACCIS935 59.59:237™  46.17:1.60%  6002:244™ 6093019 5507:261" 61.74:160™ 63842167 6384086™ 57.17:1.14™
W 189 46651547 3482:079%  4335:140% 46.15:156%" 4051:120% 4477:1.00% 4697:075%° 4824:254%  40.66:0.38%
Control  2681004%  324:006"  463:006% 529:001%  637:000%  632:0.12% 605013  6.17:009™  625:009™
Reducing sugar KACCIS935 ~ 148:001% 1680037  238:0037  229:004%  208:000% 226:004°'  220:002%  229:007"  248:000%
W 189  331:008%  433:0014  519:008" 575009  667:006" 660:0.11"  634:015°  675:009"  7.10:0.15™

"Means in the same column *€ and row** followed by different letters are significantly different (p<0.05).
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T FLEe] frkdrs TR X7 6.07+0.03, 6.73
+0.04, 7.15+0.07 log CFU/gZ UElgt &a 338 60
T FAHFSE 3.92+0.01, 3.11+0.09, 3.70+0.06 log CFU/g
2 Uehsit a3l wpe} A Ed, 2 g3 St
A &H 02 A4S Lee 5(22)% Aol E TE =
71 £ 6.86~8.02 log CFU/gE eI oM, TE 42%
ol = 2.00~4.69 log CFU/go.2 W& 7|7t &<t x] Ao
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Fig. 3. Change of total aerobic counts during popped rice Doenjang
fermentation.
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Fig. 4. Change of total anaerobic counts during popped rice
Doenjang fermentation.
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