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ABSTRACT

This study investigated the quality characteristics of doenjang prepared with different Bacillus strains (Bacillus subtilis
KACC 15935 and Bacillus subtilis HJ18-9). Changes in enzyme activities (protease, cellulase, and a-amylase), amino-type
nitrogen and ammonia-type nitrogen contents, and reducing sugar were investigated during the fermentation period. Enzymes
such as protease, cellulase, and a-amylase play important roles in the composition of nutrients, as well as in the flavor and taste
of doenjang. After 60 days of fermentation, protease activities in control doenjang, and doenjang fermented with B. subtilis
KACC 15935, and B. subtilis HJ18-9 increased significantly up to 382.58+4.02, 342.58+7.94, and 392.58+1.91 unit/g, respectively
(»<0.05). At the beginning of fermentation, protease activities were in the range of 156.88~182.71 unit/g. Cellulase and o-
amylase activities of doenjang in HJ18-9 were higher than those in other samples. After fermentation, amino-type nitrogen
in doenjang fermented with control, B. subtilis KACC 15935, and B. subtilis HJ18-9 increased significantly up to 143.25+1.62,

141.86+2.14, and 150.23+1.62 mg%, respectively (p<0.05). These results suggest that B. subtilis HJ18-9 is

for the preparation of doenjang.
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F(Glycine max L))o= TilAE o] 34~42%, linoleic
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Hwang HA et al(2008)& 7&5ollA 92 F4& A5k
7P $a3 99l 39 shve T FReIH, ©o] BFEE
o] et tFslstel nEde] FRE A2 2
7F AL sisitk. ol A" A=A, A 22 Al et
stE feire Aol EEsket £ wdsh dagE o
of & Zlojtt.

B Ao AL B. subtilis HI18-9% W'D A3 2
HH cellulase, protease, amylase, lipase®} 22 M L2 T4
5ol gt o, WA el tigh it EAdo] L
= TFo|thLee SY et al 2011). WA £ AFor= B
S Azs=dl 2lolA B subtilis HI8-9 7} AFiz o=

starter241 2] o] g 715AdS dolr ux XYty

1. M=
= Ao AHE 2 UdFT e A& e Al

|
7rll A F]lske] AFE-SEIT. Starter® AR KACCI15935
= 9542 AE (Jeonju, Republic of Korea)ol| A ik
& dog2 AFAAAM B2l Bacillus subtilis©|T}. B. subtilis
HJ18-9& A5 Sof v S4Fe=ie Zed 42
2 amylase, protease X cellulase 2] A|EZe] FAFH]Fo] $
=5V, Salmonella enterica, Streptococcus aureus % Candida
albicans 52 FtL/d°] U= To|thLee SY et al 2011).
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B AlE 20 goll 80 mLe] SHTE FH7Istaywhi), 133F
23440 rpm, POLYTRON® PT 2100 Homogenizers, Kine-
matica AG, Switzerland)d & o]E A1 E-2](8,000 rpm, 10
min) ¢t § FedS B4 AEZ ARSI
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3. Protease 4 =%

Protease 24 =% & 21ZF7(2005)°] wal =% sl
0.2 M sodium phosphate buffer] 0.6% caseins &3l 3t
pHE 7.02.2 A sto] 7|d &g Azt o] 7148
1.5 mLol| A|E25F&Y 0.5 mLE Eo] ¥H8(37C, 10 min)Al
3 0.44 M trichloroacetic acid 2 mLZ 7}afe] WHS-& A A]A]
ZAt}. 2553F 37T water bathollA] WX A]17] & o] 3 Whatman
No. 2, W. and R. Balston Ltd., Amersham Place Little Chal-
font, Buckinghamshire HP7 9NA, UK)3}3 T <1< 1 mLel|
0.55 M sodium carbonate & 5 mLE Z7}3F & Folin A] 2k
(Folin-Ciocalteu's reagent, Sigma) 1 mLE 3 7}ske] A3
7T, 20 min)A|#AA 660 nmolA FF =S =7 (BioTek, New
Jersey, USA)3IATE RF-3- 3 #359] tyrosine & tyrosine
(L-Tyrosine, sigma) A S 25H Aileld o, g4 &
dL& AR 1 gl 93l 1377 tyrosine 1 pgS A3l 58S
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4. Cellulase &4 =3

Cellulase &4 =72 carboxymetyl cellulose sodium salt
(CMO)E 7142 sto] 348 vhgA7] ¥ frejd Sdd<
3,5-dinitrosalicylic acid(DNS)¥ 2.2 th53} o] =439
THChae SK et al 2000). 1% CMC(pH 7.0) £ 0.5 mL<}
0.2 M sodium phosphate buffer(pH 7.0) 0.25 mLE ¥ &,
A8 FZN 025 mLE F7Fste] 50TelA 1587 wH-g-A17)
t}. #kg- ol 3 5-dinitrosalicylic acid(DNS)E 3 mL 7}3h<]
WS AAAZ £, 53 B Bl FRAIA EAA o
o, 540 nmel|A FFEE S 2= A E A
A A7 T, 9loh 2 o R 545 3 3
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5. c-Amylase M =3

a-Amylase &7d =7-> D.U.N.(Dextrinogenic Unit of Na-
gase)Holl 2lste] =319t Yoon KS 1998). 1% A& 714
H(pH 7.0) 3 mLoll A|BF2Z | mLE W3 9340, 10
min)A]Z] & 93 1 mLof| 0.1 M hydrogen chloride 10 mL
£ ¥o] vhg-Z FAAZATE ¥-&H 1 mLell 0.005% iodine-
0.05% potassium iodide &< 10 mLE €] WAAIZ] T 660
nmellA FFEE S8 oH, v Ao o8 AaddS
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6. OtO|'-EH(NO; -N) Z get SHE M=

AlgFEN 5 mL, =4 formalin 89 10 mL, S7<~ 10 mL
& 42 Z8239 0.5% phenolphthalein £ 2~39-&&

7}k &, 0.1 N sodium hydroxide 2 7| &-24o] & wj7}x| 2] &
V)T AR 5 mL, /T 20 mLE 92 Fgk~3 0.5
% phenolphthalein &8 2~3%&-& 7}8F & 0.1 N sodium
hydroxide = w|&-2o] & wj7}x] HAZH(Vo)= o] 83t of
vee) A ek AFESH T Weatherburn MW 1967).

Amino type nitrogen(%) = (Vi —V)xFx0.0014xDx100/S

1 AT A% THmL)
Vo @ FAIES] A% HmL)
F : 0.1 N NaOH®] 97}
D : Al FEAT
S : AlEEK(g)

0.0014 : NaOH 24 (g)
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7. AZL{OEH(NH,-N) 28t £

}E}H /\1“6{4. 5015]. H]—H—li iiz“sl. }\]EQ]J 0.1 mLZ sz:sl_
% phenol-hypochloride ¥F-&-of 2]3le] Al& FZ< 0.1 mL|

A8 (phenol 10 g3} sodium nitroprusside dihydrate 0.05 g/
distilled water 1 L)2Z} B-89(sodium phosphate 9 g, sodium
hydroxide 6 g¥} sodium hypochlorite 10 mL/distilled water 1
L)S Z12Zt 2 mLA ¥ 37CelA 2083 9H-8-A17 630 nm
A FHEE SN om, EFI4-2 Ammonium sulfate
£ Akgste] eheyole] A S48 tHUzzan M &
Labuza TP 2004).

dinitrosalicylic acid(DNS) ®W'H(Chae SK et al

2000)01] «lﬂoﬁ S8t A8 59 1 mLell DNS 3 mL
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9. o|MEr &M

HA AR 1 gl SFHTE 718k 10 mLZ 3 -8(w/v)dla,
1023} vortex3te] A5 FE S A ZTh A 2FEAS
0.85% sodium chloride &< © 2 3]23}11, plate count agar
(Difco, Detroit, MI, USA)°ll =23}l 37T, 24A13F F<F Hj
Fate] AlFsiatt

10. SHIAz|

B A% dojzl Aol 25 #]2]= SPSS program 12.0
(SPSS Inc. Chicago, IL, USA)S o] &-3lo] AA|etg] o, 7zt
o 3t H U FFHAE AEsi9rh 2 DA )
O] p<0.05 ==l one-way ANOVAE AA|51%1.2H, Dun-
can's multiple range test® 1 A4S FHS3I T
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1. Protease
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2. Cellulase
g dE gElste] Alxd D39 cellulase A2
Fig. 29} 2t} Cellulase 5 53] CMCase(carboxymethyl cellu-

lase, Endo B-1,4-glucanase)= exo-B-glucanase, B-glucanase<}
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Fig. 1. Change of protease activity during doenjang fer-
mentation.
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Fig. 2. Change of cellulase activity during doenjang fer-
mentation.

S| cellulased] T EARA 2 EA Y FAAMNE S T
B2 2x5la Y= celluloses Ealld o+ A& 5HS 714
3 glo] A o] 84 SR e g8l e AHeEE Bl
(Song J et al 2015). 121v} o}4] HAEFF B3] cellulase

Dol gk A= mulgk Aldolth & A@AH, BE A
2] ol A BE7IZEe] A2 et cellulase] %Vo* o] F7}]
© A%E 1301, 604 TE Folle HI18-9 A tollA
thZ7te) w8l 1.388l, KACC15935¢<] H]3l 1.998] T =
YEITE Ra KS ef al(2004)ZF Ryu BH(2003), Z1&]3L Yoo
SK et al(1999)2 A& <l Edolvt 32 R ol A
A Eo] theldt & Ax(amylase, protease, cellulase 2 lipase)
o o3l Fof e 9, &2t isoflavone, A&
ol 2stE7] A& FEe on Ak, f2]9, isoflavone ©F
S, A o RalEo] Fatkst 3 I gl s %

T 2 AkEo] A E T itk B A A T 1Y 1892 A

Y7ot % A SokAI o} fork ik
T ATl AW o]8-Eol H w2 714 AFE A=
& & 9 Zloz sgdn

3. a-Amylase

g 77k mE BFE 2elste] AlZ3 @739] a-amylase
24 W3S 218 A3k Fig. 39 VERITE ZF Al89)
a-amylase A4S 0~4.54 unit/mL B =S YERo], RE A8
oA - Al VEh= A e Belok tiET-9 HI18-9 A
2 20U EE Z7)ste] 402 2} 7].7@ Lo FATAL

pom, 1 F2E fhdhe AES Btk KACC15935
AT GE7 e F8le s HolA] ston,
HEFTEA 604 2o 7S =& 24848 YeRglon,
Al 7 Al FellA 7 W 3 VeIt

No JD et al(2006)2 ¥7¢2] a-amylase &/ EE 27|
Hlall LR 73 o] dojlel uhat ozt wrolx]= A gke] Uk
3 H 3k o™, Kim JH ef al(2006)2] Xt w2 3
9] a-amylase B2 FE X0l w2 S eyl &
F7F AP AA A E] oAl A F dxol = o]
U E8lEC] g-amylase®] 71& o] Fo] &4 &Aool =Sk
ot AEd 71d o] g ojgte] whet HFxp Dido] o]
Aolgta 3kt o] - ¥ startere] FF
TR A o2 WAL e BEaE] S X}O]ﬂ
= Ao Hol, %ol 4 9 H5AQl 54 P

gk Ao

o= starter®] A€Ho] nj-$- =82
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fr xo
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4. olo|‘-E} &A™
opnie} A= FaAFE SHES Bhehs JRow
B9 Az} 40 F F Dol &A% -E(protease)
o= 7EEE] B U= ol
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Fig. 3. Change of a-amylase activity during doenjang fer-
mentation.
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et al 2014). FF 2| Fo] 143 uko] H 9] oju| g Aih e

= protease &/del <3l
Q& tHMann SY et al 2013). &3+ o}
R ol F4 ARXEAM Fa]

“HF:OH a e :786} It} B. subtilis HI18-95 HE3
ZLEAA 74.15~150.23 mg% = ¥ TS YR,
=79} KACC15935 A2l 75 212} 65.76~143.25, 72.29~

141.86 mg% e LFERRAT.

A3 91 604 ofn

— [ N
n =3 n
= =3 =
T T T

Amino-type nitrogen (mg%)
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L 1 1
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Fig. 4. Change of amino-type nitrogen during doenjang

fermentation.
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HLE_ 20011}01] 7].7(]—
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o]k e] A
ol dryY o}
=2 dEs Uil

© & KACC 159354
T JepAT
Hwang HA et al(2008)2] H.a1ol] wp2w =7 2

aE 71 F

F2 )R] BH|eHs proteasert YET T Tl o] 2t
§3to] 584 WY 7R 1, 014 peptided 7

A oplid) AaRH 2 A4

2afsto] €4 F4e %ol

AR FAl BEIF AL AN dRYole i

Table 1. Change in ammonia-type nitrogen (mg%), reducing sugar (%) contents and total aerobic counts (CFU/g) during

doenjang fermentation (m=X£S.D.)
Fermentation time (days)
Type Strains
0 10 20 30 40 50 60
onia. Control 64208284 6133£0.72%  72.87+1.78%  68.17:0.32%  TL600.17" 70.07+051™  69.40+2.41%
type  KACCI5935 68.17+2.80*  66.27+0.91*  81.57+0.91*"  73.50+0.87"°  75.43+0.32°% 77.80+1.21%°  74.67+2.12%¢
) .
MIOEC 1y 189 57.0742.45%  65.40:135°%  80.30+0.75"  68.07+1.42%  64.83+0.80° 57.43:0.81%  4537+2.50%
Control 1.63+0.04%°  2.04£0.02*  2.40+0.01°°  2.49+0.02%*  2.00+0.03*  223+0.04*  2.48+0.10™
Reduci
Zu;:fg KACCI5935  1.60+0.03°%  1.9440.03%  2.14+0.02%  2.23+0.02%  1.88+0.03%  2.1040.02%  2.41+0.01™
HJ 18-9 1.54+0.02%  1.92+0.01%°  1.95£0.03%®  2.20+0.05%  2.0240.02*°  2.01£0.03®®  2.01+0.13%
Total Control 7.99+0.03%  7.91+0.05%  7.95£0.01%*  7.80+0.05"  7.94+0.10%  7.69+0.10%¢  7.89+0.015®
aerobic KACCI15935 7.91+0.04%  7.67£0.06%  7.7740.04%¢  7.87+0.03%°  8.13+0.02**  8.07+0.03*  8.00+0.02"°
counts Hy 189 7.67:0.02% 74120015 7352005 755:0.10°  7.5140.02C  7.63£0.05"°  7.5240.03

Means in the same Column

A~C and Row *7° followed by different letters are significantly different (P<0.05).
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whebd 2 A A3} KACC 15935 2] ol A st ole)
S gko] =2 A oR Hof Al 7] Aol M= a2t
HJ 18-9 A 2] oA B =)7} A& 753k uke] Aol Az
g Zo® Alsdnh

6

g7 mE TS gElete] Az |l skl
= %ﬁ}-“:— Table 1] YERHATE SHEE Tt Hof3
FAHT FoAEE AE F skl
rJ(Lee KH et al 2015). SAdFe] T/ AEA2] amylase®]
280 2 HEo] dextrin® &, dextrin®] maltose<} glucose=
o] Bl & A A= S8 B subtilise o 2
amylaseE AJAdste] @4 IE F UlF T AES T2
A&7, AdE T2 d3e] Tyl F8

a3k Atz 2g
SHRyu SH 2001). ¥ A& A7} wgr|7lo] Z71842 9
gol g7 Fhdol Srlete AdS HAoH, QJZ%oﬂ/q
gdgo] 7P A el BE AeTelA 309
A = B9 FE YeERilen, 40, 502714 uw 7_}
2E AT 60D elA THA] Stk ™ ghs YERAITH
PR Fe A EE 7)o B o] RS Belx, 1
o]& o] QY& o3 o= utg L §7)A wkgo] 7|4
2 Aol wet fdaste Aes defA JATHKim HL er
al 1998). 1% g FHiRE 8de o] Sr1ske] v
o7 olgHe o AR FE F7]9
7} 275 E v, v S Y83} Maillard BF
o] ALETA YA BS LH|stRE T
3

u]d_,‘_57} /\gzxoﬁ_’:r:é. Aslslo] Z7tsle oko] A=

il
12
N rﬂ
r*O

. 5}
EigcdPAC E}—E— 5 gelste] Az 7o nd=
o] W= Table 19 VERPASATE thx, KACC15935 %
HJ18-9 2] 2] £ 7.99+0.03, 7.91+0.04 L 7.67+0.02
log CFU/g2o.2 Vet a8 60 &, FE 7.89+
0.01, 8.00+0.02 % 7.52+0.03 log CFU/go-& z+z} Vrelwdet,
AR o g My7|zt Ft Ty vt @k

o, KACC 159353] 8] Fol| A wae= 7

tlo
A
o
=)
32

© & vehigion], Hi1s9 AdTolA 1 Re 3he 1
ERARATE B. subtilis HI18-9% W2 &34 E2]3
2 S entrerica, Stap. aureus, C. albicans 52| T8 o] $-4
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