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Diversity of Bacillus groups isolated from fermented soybean
foods (‘Doenjang’ and ‘Kanjang') and their fermentation
characteristics of ‘Cheonggukjang’

Chung Eun Hwang, Kye Man Cho, Ok Soo Joo*
Department of Food Science, Gyeongnam National University of Science and Technology, Jinju 52725, Korea
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Abstract

In this study, Bacillus strains were isolated from Korean traditional fermented foods, ‘Doenjang’ and ‘Kanjang’, and
the fermentative properties of ‘Cheonggukjang’ prepared using these strains were analyzed. During the fermentation
of ‘Chenoggukjang’, viable cell count, average p-glycosidase activity, and ammonia level were calculated as 9.49-13.13
log CFU/mL, 22.15 unit/g, and 77.52-273.63 mg/100 g, respectively. y-aminobutyric acid (GABA) content was highest
when using B. subtilis MGDO07 (81.33 mg/100 g), whereas it was lowest when using B. cytotoxicus MGDO1 (12.56
mg/100 g). Moreover, the presence of B-glycoside forms such as daidzin and genistin, decreased during fermentation,
which corresponed to the increase in aglycone forms including daidzein and genistein, observed after fermentation.
Additionally, the content of daidzein (249.78 pg/g), glycitein (39.23 pg/g), and genistein (23.61 pg/g) was highest
in ‘Cheonggukjang’ prepared using B. licheniformis MGDO0S5 isolated from ‘Doenjang’. Conversely, the total aglycone
content was highest (305.55 pg/g) in ‘Cheonggukjang’ prepared using B. subtilis MGKO04 isolated from ‘Kanjang’.
In addition, the total polyphenol content and antioxidant activity, such as DPPH and ABTS radical scavenging,
were higher in all ‘Cheonggukjang’ extracts than in steamed soybeans. In particular, B. amyloliquefaciens MGD02
and B. subtilis MGKO02 produced low levels of ammonia and exhibited enhanced functional components (GABA
and non-glycoside isoflavones).

Key words : soy fermented foods, Bacillus group diversity, y-aminobutyric acids, isoflavones, radical scavenging activity
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Fermentative properties of ‘Cheonggukjang’ with Bacillus strains 947

St o] S edE E3(Kim, 1998; Kurechi
, 1981; Lim 5, 1999)1} 71X (Hwang 5, 2017a; Kim
, 2014) A&H 02 HAET 9lom, 7K g o/t
Hot Qo= ofm|Ate] o5t ZHAYL, RFEgel 2%k Tt
F714tol SJgt At & AEo] Qe HRE YIS A&7t
7 o daAlEe R 7P 7 AQl = 1R S 0]
2o] 2tk(Jeon 5, 2002).

= HRAEFEE, A4, T, 77 9ol 3682
2 oy 3283 3ok fL27} o9 fARE 2491 AlE
d AEZZ(HIZA H HHiZA o]aEeRR)o] thE &
F=o] itk HigA| o]lAZeREe i 11 AFAo] daidzin,
genistin, glycitin FEL} malonyl”7]7} 23 FE)S] malonyl-
daidzin-genistin-glycitin © & thF-E E3Es517 QIA|9} o]& Ht
AR FEjo i LE AR A= wigA] olAZeRE I
< R Astal, olof 48sto] BHigA] FElY daidzein,
genistein, glycitein®] aglycones FE|Z T Z7lol= AC
& HIEQtHHwang 5, 2018d). o|#% tiF o|aEehe
2 giRE A k] EX LIl o sigAZEE b
v A 20] obgat A §iske] 7H & 8RIC == nE
oy, 7R2ACHE 2%, iF Uoke, £5, $4, &
42 B4 )l wEtAE o]AETREo] ¥sks o]FolXitt
(Hwang 5, 2018d). T4 =4 2]Z0]ekEQbdA o= tiF
ojAEehE-g BHGA 2 A (25-27 mg/day) ¥ A7 ==
= £ 7 U= Y 255 AAE A= o] AtHHwang
5, 2018a).

E3, T2 ©ldo] FRs5to] a Al $HE-2 opn|ith
oz HojEy Es], 7Egte] 48Rl glutamic acide
glutamate decarboxylase(GAD, ZFEAF EERA LG 4) &4
of| 9J3}| y-aminobutyric acid(GABA, C;HNO,)Z ABSHA =11
succinic acidZ TJAFATtHHwang 5, 2018b). TS, succinic
acid tHAFZ=7} Ak wjoli= GABAY &7} $716k=
Ao® HAEI(Pyo, 2008), ofuf] £}F9] &4 Az
ACAR A=, 2=, AAZdY, 8, AEHA 5)2 GAD
IS Frohke A0E AT BalEtkPyo, 2008).
o|lgt E¥]4 A= GABA 55 S7HIZ 4 o, oF
28-S Uel7|oll= 11 ggo] mlelsiths 47 A4t
T HuEo] Rloj(Hwang 5, 2018d) FZofl= m]8= AlA
£ 283 GABA T7} A7t o]l B |Gtk Hwang 5,
2018a; Hwang 5, 2018c). °|2{3t GABA:= @A SYAIst
B50] A Qlof 7154 AE AEAS IAE HES
£ UH(Pyo, 2008). 53], & Ao A ARERE FE2U
T2 FFETOo=E 7FAAgo] =2 4IRS S9S i
2 19860 HAIES Adsto] 445 BT oE 19979
o] HFH0E FAESAFYERE FHESCE 4

I ol 4

N, 0

¢

o] dFoE FHE F5olth A HET FF
2 A7t BEoks BEE0 2N A= w710 7 Hol B
v 5 5 stiolt

SHH, Bacillus subtilis 152 Q3 AXE AT} 70|
OF#AJo] &1 % GRAS(Generally Recongnized As Safe) 1]
BER o7 2F 5 AQA HgsHA EEsta
(Hwang 5, 2018a). =rH|9] A7 T Aol W2 w5k
AR vBE 8 v H oS Tiddel et o Axt
7} H11%0] 9l om(Kim 5, 2014; Shin 5, 2014), E3] &
5 dae} s4ol| Wofsles viEY 4% 7154 4 A4
of Todol= FQ U ER Aspergillus oryzae, Bacillus
subtilis X Bacillus licheniformis, Bacillus pumilus ‘g°| &
28 A} o ZARFH(Cho 5, 2009; Cho &, 2011).

wreb] 2 7ol ARt E93} 2P Bacillus 5
S ot 7 324 wE B4S Wltn 2 e
Bacillus 7552 16S rRNA G7|AYE BEAo07 =Asla,
TTE SO E ARESIo] A=
A Az 3 7154 EZ(phytoestrogen} GABA)Z} 2H0]zh 4

=

7 BHE ZAl0] ol 75 WE BHS A
P ERIRT

HEYE, At Y 717
AT AZE G AFEE A WP A 52057

ou &
7SR EE Y2 SEor ARSI, Bacillus

O o5 298 93 AR 287 2 A A
24 BUAZGRTH FgFot ARESISI 652 olaE
2 HEE-2 daidzin, genistin, glycitin, daidzein, glycitein
9 genisteinS Sigma-Aldrich Co.(St, Louis, MO, USA)°]|A]
T-YU5FL}. Folin-Cialteu reagent, diethylene glycol 2,4,6-
azino-bis(3-ethylbenzthiazoline-6-sulphnoic acid)(ABTS), 2,2-
diphenyl-1-picrydrazyl(DPPH), thiobarbituric acid(TBA) &
trichloroacetic acid(TCA) 9A| Sigma-Aldrich Co.ollA Y
Sfof RGBT, 22 Azt Gioh BT 717] B4 S
o AR&SE 57]-81(methanol, acetonitrile, water % acetic
acid 5)+= J.T.Baker(Philpsbug, NJ, USA)oA G-95}] A}
ST, o] 9 JIE AR Bao] webd BAG 53
EE 13 7Yl Agslaltt

Bacillus sp. 22| ¥ 3

ZF A5 (ET 7 10 g 0.85% NaCl 4oz et
Sto] FAREA|] 0.1 mLA Tsto] 37CoA 2441
HlFsoiet. vidE %2 USE S Bacillus sp.2t FE|SH
Aoz AXSHAY FARE H2HE2] FHIA AolE 0]89]
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12} A8 o2, BA] e 22151 Bacillus sp. #5752
W 9 shaslslch AEE FE0] R uyptic soy
broth/agar(TSB/TSA, Difico, Becton Dicknson Co., Sparks,
MD, USA) HjX|E ARE-5to] Aol whet HA| 52 14 Hj
Faie.

2% Bacillus sp. 52 JEH0E AFORHE 10
T, IPgolM= 8Fo] A= ol 4559 ALt &
S 93f 16s IRNA G714 D 242 Hwang 5(2018d)2]
We BT URo] B34S sl 9rNSg B
O, 16s IRNA SAM] 72 DNAMAN analysis system
(Lynnon Biosoft, Quebec, CanadayS A}8-5}] alignments
9 evolutionary distanceZH-E AT
Nze| a48d &4

22 #5E59] A2 BATA 3742 Back 5(2010)2+
Oh 5(2010)9] =52 #315}0] amylase, cellulose, xylanase,
mannase, protease % esterase G4 Z3Y51Tt. Amylase
AL 0.5% soluble starch -9 TSA vjR]o] Z+ H#== vk
A(10° ) FE3te] 37COIA 48A12F BiYBLAL, Gram’s
iodine &MY(iodine crystal 0.1 g, potassium iodine 0.2 g,
DW 30 mL)°2 2 FM5}o] starch E5J&AS clear zoneC &
TSI Cellulase 42 0.5% carboxy methyl cellulose
(CMC) & TSA HjRlof| Z+ & FE31al, 0.1% congo
redZ GM T 1 M NaCIZ A|A3t ok plate AJOf|A] clear
zoneS IFESIATE.  Xylanase(0.5% brichwood xylan),
mannase(0.5% locust bean gum), protease(1.0% skim milk),
esterase(1.0% tributrin) 24 FA] 212 TSA vjR|of| o HZ
3 congo red(0.1%)Z FA T 1 M NaClZ A|A3st o=
plate /oA A/3%H clear zone2] X5 S5t oM, A&

o] 7ol mmz eyt

L

Jj

= A=

A Bol £ 9T 1 kg ARFEY] AERlEA
28 8710 7HA-s] T2 F 121TA 1A17E B9 S}
At AR Al A8, SR Foll vl=] A wiek
3 = o] 5wk 5.0%E FEoka, 1 flofl S
H2 TF 37COIM 4841 5t Easte] =g Al=s)
k. GABA, 9EYo} 9l o]EThE 9 Jikst 24 24
= 918 52 H2AA 2 FHE AR T -70CoA 2
oA ARESHAT

¢

2 o

4+ % B-glucosidase &4 &4

b Al 5 ol§ AT ARSE 2429 3T 10
HPEEs 90 mLE 33teto] 10-10"° $F02 O

HE 314 & 71 AN 0.1 mLE 2] AZg TSA HjX[9]

Sedlel A T 37CAA 24412 v ¥ AN WS
S7sto] CFU/mMLE UERQIEE

Lee 5(2019)2] WHof| whe} 2 Ag=7d 55250 L)zt
5 mM 4-nitrophenyl-B-D-glucopyranoside(p-NPG)7} S35
QAFFS-EAH(pH 7.0) 250 uLE H7Fsto] 37C 2 Sg0lA
3027 B4 HFSE RESHITE 3027 B4 W Sofl=
0.2 M glycin-NaOH(pH 1.05)5 84 YRS S| 20 2
500 WLZ 7H710] WHgBO) BN, ik WIS FH) ¥ 2
PP A(UV-1800 240V, Shimadzu Corp., Kyoto, Japan)S
ARESHO] 402 nmollA S5k oW, 34 HRxTEe O
|AS ARSI
f2jofn| it B4

B9 fEoieAl B4 sAdx £ 1 gl
HPLC water 5 mLZ 713t 3 60COA] 1A7F 715E81S
Yot o] 7eEaEo] 10% 5 sulfosalicylic acidE 2
mL 7FStal 4TofA] 2A17F A AIA Sl dS A7,
5,000 rpmo] £ & 3E7F YRSt A5H-E 60T oA
A%} 5=A1# 0.2 N lithium citrate buffer(pH 2.2) 2 mLZ
L35}, 0.45 pm membrane filter(pore size 0.45 pm,
Advantec MFS, Japan)Z2 ojZ}st & Rlgolu|lAl £A47]
(L-8900, Hitachi High-Technologies Corp., Tokyo, Japan)=
EA5131 mg/100 g0 2 YERJATtHHwang 5, 2018c). A&
OJoRRRIAA A771541%F AT 7154 HESQ GABAS}
B 4 5 A AR AREEE Yot T #A
5} thFoodsafetykorea.go.kr).

F2E Axe 449 A= 5247432 £ 10 g9 50%
g 24 90 mLE 71ekal AA(25T)ollA] 24471 WREA]7]
AR E5t0] AFSATES: 0.45 um membrane filter= 2}
Z} ojgfsto] Aot A|xE o] 252 ¥ phenolics,
o|AETE BT ikt B/ Bl ARGSHAITE

EojnE Y 24
EZoH)E FRES 7 255 500 uLE Ao B35,

25% TAPHEF(Na,CO5) 89 500 uLE H7skal 327t 1
A} HESAIF L 13} HES- & 2 N Folin-Ciocalteu phenol A|2F
= 250 L F7Fste] 37CoNA 1A A 12 Z13)5H3Y
o}, A A wRgE2 3R YA (13,500 rpm)Sted
AT 3lsto] EFFTEA(UV-1800 240V, Shimadzu
Corp.)Z =751t} Total phenolic T&F AR gallic acid
2 olgsto] 4 Ex AuRA=RY TS AEskt
(Hwang 5, 2018a).
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olaEalE Y 2

O]AZTE #42 Lee 5(2019)0] F Hlgh A
o] &3} high performance liquid chromatography(HPLC,
Agilent 1200 system, Agilent Technologies Inc., Waldbronn,
Gemany)Z 4% RHGGTE BAo] AgE Aue
Lichrophore 100 RP C;g(Merck KGaA, 125 mmx4 mm, 5
pum, Darmstadt, Germany)S ARESIHOH, diode array
detector(DAD)Z 254 nmoj|4] 33] HHEslo] =%o}9ic)
Gradientx= 0.1% acetic acidE §H3-3F HPLC water(A)2}
0.1% acetic acidE -3t acetonitrile(B)S 0%(05), 10%
(155), 20%(255), 25%(355), 35%(45-505)8 A4
o} 7 0] FQIE 20 WL AT, olEA S
30CoM &9 1 mLY 755 FAske] 254 nmojlA] B GA]
(daidzin, genistin ¥ glycitin)2} B]|8{EA(daidzein, genistin
9 glycitein) 27} 6375 AE0I3ATh

lo

DPPH 9 ABTS o)zt 44842 Hwang 5(2018b)<]
Aol AdE A v o= AAISkgitk DPPH 2t
Z 2AREL 7429 =510 mgmL) 0.2 mLE Algd
of #sk1, DPPH(1.5%10* M) &< 0.8 mLE 7}5to] 440
A 1587F 92 A1A 527 nmollA] TSFE(UV-1800 240V,
Shimadzu Corp.)E 5785I%{t}. ABTS &z £2A52 1|
ER2(50 mL)°]] ABTS €%(7.4 mM)3} 2.6 mM2] potassium
persulphateS 1:12 23510 12-16A)7F Ao A ABTS &
ol2S FAAFTE ol 732 mmoA FFL o]
0.8+0.027} =& HgEE sk, 23 ABTS 89
0.9 mLof| Z¥Z}9] &= 0.1 mLE 75t Ags| 3559
732 nm(UV-1800 240V, Shimadzu Corp.)o|A &35}t
QHH, H= JABHDPPH X ABTS) 842 2t 55 o4l
TRTE ARl A7 34 tiRe] S8 s AolE
ofefjo] 2o thdsto] WE-E(%)= eI

o 2AZA (%)
= (1 - SAYRT / H71F BF%) x 100

SAHAE|

E¥a 2+l Bacillus 1& Q!
& AN s T BEAES] FH 5.52, $4F 1.02%,

AE 13.6%)T 7F(pH 4.73, F4F 1.48%, A& 17.9%)°1A
Bacillus 152 H2]otal, 12902 FEjshs E/o] T
U} QAR FRES TBORE T 165 RNA B7149 242
55t0] 25 £ Bacillus sp2 1Mt HA0A 105
3 V3014 85 FIstel 2% 1855 Bacillus sp 2
AdFsltH(Table 1).

16S rRNA 34+ A714F 24 23}, FgolA 2=
TF £ MGD012 7|£ data baseo] SA=o] 9 Bacillus
cytotoxicus NVH391-98 59} 99%9] FAMIS HIoh
MGDO02 5= Bacillus amyloliquefaciens TUL308 w52} AF
0] 100% LA}t Table 1). £8] w5 MGD03, MGD04
2} MGDO05 o= Z¥Z} Bacillus licheniformis N34, DSM13
I} BPRIST039 52} 99% YA|51ct. MGD06, MGDO07
2 MGD10 £2] 4552 Bacillus subtilis?} 99-100% L]
5190 H, MGD08Y} MGD09 5+ w5 Bacillus sp.2 &<l

Ach(Table 1). ZFolA Eel® #5F5 FA] 25 Bacillus
sp. FEE FE ERIE T MGKO1 9 MGK062 Bacillus
op. 2] FHETH 99% ool AEHS UeRfgoH, £a
5= MGKO02, MGK 04, MGKO05 ¥ MGKO07% Bacillus
subtilis? QA5 TE. MGKO3 X MGK082 22} Bacillus
amyloliquefaciens R Bacillus safensis 72} 99-100% LA]
speick

Oh 5{(2010)2] Al AFHFO2HE] A 9] T4 S
o] 955t #E9] 16s rRNA FAE E41%E 23}, o fi
Bacillus sp.ol| &31= £08 YEPdS B U519t Back 5
(2010)9] FR=FHE A2 2] B4 E/o] 958 ¥ES &
2Jst A3}, B. subtilis, B. amyloliquefaciens & B. licheniformis
& 5740] Hof & A7 Aaele I g, ol
ZF o= Bacillus pumilus SHFE Hojsitt= A3E Bl
EI9eHCho 5, 2009). OIS T % ZFY} T ARAE
o= tF-E Bacillus sp. SE°] E3&5h= 22 oln] A
By Hu¥ dFZ7to|tHwang 5, 2017a; Jo 5, 2011;
Kim 5, 2015; Shin 5, 2014).

Mt 2 Bacillus sp.2| M=ZQ| EAEHM

Adt #5359 amylase, celluase, xylanase, mannase,
protease % esterase G4 TAS =45t A7}= Table 29
eI ERelA E2g 45§ MGD0l =
protease H A EAJTHo] 21911, skim milk(1.0%) plate Aof
Al clear zoneQ] A5 14.8 mm= YERITH MGD02 75
amylase(7.9 mm), cellulose(11.0 mm), xylanase(10.5 mm) %
protease(16.9 mm)E AJAI5IH O, mannase®?} esterase=
ABAgstA] ottt EolA EEgh dES tiEE fARE
a4 A4S e oH E3], MGD07 #5F+= xylanase
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Table 1. Similarity values of 16S rRNA gene sequence retrieved from Bacillus species from two different Korean traditional fermented

soyfoods

A2AEALGETSA A27A AT (2020)

Samples isolates

Viable cell numbers

(log CFU/mL)

Nearest relative (accession No.)"

Similarity (%)

‘Doenjang’ [pH: 5.52, acidity (as lactic acid): 1.02%, and salinity: 13.6%]

MGDO01 6.0 Bacillus cytotoxicus NVH391-98 (NR_074914) 99
MGD02 6.5 Bacillus amyloliquefaciens TUL308 (JF412546) 99-100
MGDO03 7.4 Bacillus licheniformis N34 (GU086433) 99-100
MGD04 7.2 Bacillus licheniformis DSM13 (NR_074923) 99
MGDO05 6.8 Bacillus licheniformis BPRIST039 (JF700489) 99
MGD06 5.6 Bacillus subtilis LB-01 (AB201120) 99
MGDO07 4.0 Bacillus subtilis ZLY (JX402129) 100
MGDO08 43 Bacillus sp. BM2 (FJ528074) 99
MGD09 4.1 Bacillus sp. L010 (KC153301) 99
MGD10 3.0 Bacillus subtilis (AB065370) 99
Total 7.7
‘Kanjang’ [pH: 4.73, acidity (as lactic acid): 1.48%, and salinity: 17.9%]

MGKO1 6.1 Bacillus sp. BM2 (FJ528074) 99-100
MGKO02 5.1 Bacillus subtilis ZJ-1 (KC146707) 99
MGKO03 53 Bacillus amyloliquefaciens TUL308 (JF412546) 99
MGKO04 4.0 Bacillus subtilis A97 (AB501113) 99
MGKO5 5.6 Bacillus subtilis LB-01 (AB201120) 99
MGKO06 4.0 Bacillus sp. L010 (KC153301) 99
MGKO07 4.0 Bacillus subtilis (AB065370) 99
MGKO08 3.0 Bacillus safensis BA64 (JX139736) 100
Total 6.3

YAccession number of the nearest relative. When more than one sequence had the same similarity, only the accession number of the first sequence

is given.

Ay/dgo] v w0l s 7HY S5k AL, plate AJollA]
A/34 clear zoneQ| F7|+= 18.7 mm@irt. 7FgolA £t
TFES FFoA Bt dFEHT g 84 &40 A
HEA 0 g Q4=5F 7 0 7 YERITE MGKO1 5= xylanase
(223 mm), o] 7P 451900l MGK02 w5+
esterase(12.0 mm) AJ4J=o] L3 A0 = YEpyith SHH,
MGKO08 7= amylase AJA8o] (131, MGK03 HF+=
mannase AJ4d2]o| t]2FsIAT}. Xylanase AJAd 22 MGKO6,
MGK07 % MGKO08 9] 7% gAY =kl
mannase 338 GA| gl= AR YERITHTable 2).
B4, 7P 9 A=) 52 HE dPgoA] o ngE E
= RY, Fgolo oo 5 Eof @4 (amylase, protease,
cellulose, lipase 5)7} AT THRa 5, 2004; Ryu 5, 2003).
olg% WA= 45 Ela4asER Qe Foll= a3
ol thRt A Bist dofju, thEA Rl YL = et
9] A2 T 9 STk Eofjo] wE ofm|iAtat

[

p

S A SV dAko] Qlth(Baek &, 2010; Ra 5, 2004).
FEHIE o= 7|57 B4 HIlEE HiEA olAETE o
FEHE v o]AZeHEo g HeE|o|(Hwang 5, 2017a;
Hwang -5, 2018a; Hwang 5, 2018b; Hwang 5, 2018d), &
A} AJ(Cho 5, 2009; Cho 5, 2011; Shin 5, 2014) ¥
G4 &3fi(Back 5, 2010; Oh 5, 2010) 52 7|-5= UEH]
L 23} o)Al A4, B3], Oh S010)9] A% 2]
B4 B ATINE AR B BgomyE Yud 23
E9°| 2% skim milk -3 9JHfR|A oA amylase, cellulose,
lipase & protease a4 AJAJZHo| L<5ithal 1519, o]
£ #FE 2% Bacillus sp.2 FHO07 FAE 0] B A
ot - FASERL:. Baek 5{(2010)9] Aol w7t
A2 AEZFA BaSt Bacillus sp.ol| £d= B. subtilis
@} B. amyloliquefaciens T55°] HH-2 ZF9] plate Al
Al clear zoneQ] ZA|Fo| IA FA=o] ZHE B A(amylase,
cellulose, lipase & protease) AJAZ o] Q<=5th H5FS
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Table 2. Identification of the extra-cellular enzyme activity from various Bacillus species from two different Korean traditional fermented

soyfoods
Extra-cellular enzymatic activity"
Samples isolates
Amylase Cellulase Xylanase Mannase Protease Esterase
‘Doenjang’
B. cytotoxicus MGDO1 2 - - - 14.8+0.74° -
B. amyloliquefaciens MGD02 7.8540.39") 11.0+0.55 16.5+0.83° W 16.9+0.85° w
B. licheniformis MGD03 - 6.4+0.32" 9.4+0.47° 8.8+0.44" w w
B. licheniformis MGD04 - 7.9+0.40¢ w 10.2+0.51¢ - w
B. licheniformis MGDO05 - 5.6+0.28" w 9.240.46° 6.2+0.318 w
B. subtilis MGD06 w? 12.120.61° w 8.6+0.43" 10.120.51° W
B. subtilis MGDO7 9.50.48" 12.1+0.61° 18.7+0.94° 14.940.75° 13.8+0.69° w
Bacillus sp. MGDOS 11.7+0.59" 12.440.62° 14.240.71¢ 16.4+0.82° 14.9+0.75¢ W
Bacillus sp. MGD09 10.740.548 11.0+0.55 14.2+0.71¢ 16.4+0.82° 15.140.76° w
B. subtilis MGD10 w 12.9+0.65° 16.00.80° 14.2+0.71° 9.940.50" W
‘Kanjang’

Bacillus sp. MGKOI1 16.8+0.84° 20.0+1.00° 22.3+1.12° 18.5+0.93" 23.2+1.16° 8.7+0.44
B. subtilis MGK02 12.340.62° 17.30.87° 20.7+1.04° 16.8+0.84° 21.941.10°  12.0+0.60°
B. amyloliquefaciens MGK03 16.0+0.80° 16.7+0.84¢ 21+£1.05 w 24.7+1.24° 9.6+0.48°
B. subtilis MGK04 15.4+0.77° 18.0+0.90° 21.841.09° 17.0£0.85° 2274114 10.4+0.52°
B. subtilis MGK05 17.0£0.85° 18.0£0.90° 18.6+0.93° 18.1+0.91° 21.8+1.09 w
Bacillus sp. L010 MGKO06 14.0+0.70¢ 15.9+0.80¢ - w 23.2+1.16° w
B. subtilis MGK07 11.9+0.60" 16.4+0.82¢ - w 22.9+41.15° 7.0+0.35°
B. safensis MGKO8 - 17.0£0.85° w - 15.940.80  10.0:+£0.50°

YAIl values are presented as the mean=SD of triplicate determinations. Size of the halos formed around bacterial colonies on agar media (mm).

ot activity.

9All values within a column with different superscript letters (*") are significantly different from each other at p<0.05 by Duncan’s multiple range

test.

YWeek activity (w, implies<2 mm diameter of the halo zone indicates weak enzyme activity).

a1, o] A+ HA] & Aot FARE A2 sk
U RBE(A) © AAFFY 3L cellulose 22 hemicellose

shg

T

o= wolfotol a5 Aol sl Batt JAEH o]8s

Al EckBaek 5, 2010; Oh 5, 2010).

My 332 YZE HIYO O[5 54

A 27 AZE FFYY A24, p-glucosidase T

A FRyot o2 Bl FA]F A= Table 30 LeRH
ufel Zrct. E-o|A Belst Bacillus sp. 5] F=4 W A
<= 13.13 log CFUMLE B. amyloliquefaciens MGD02
o) e} 1Y ol EARNGT, BAGNA el 3RE

5 1= O

2 A 23 2] Buss B 11.27 log CFU/ML 43
o[t THH, 7oA EeEl3t 5 A A= i A
2= ¥ 11.90 log CFUML 208 Bald@d ¢ 7t
)0k Bacillus sp. 35 F50) TE Ho|3e LehbA gk
DE GARE S B3tk Table 3). $HH, Al2H =3
9] AL At AZ3t Bacillus T35 ©]2]9] Bacillus cereus2}
Escheria coli 52| TF2 &2 HAEE A Atti(data not
shown).

B-Glucosidase &/ oA 23 1F SA= B.
licheniformis MGD05 w52 AZXS HA FE2EONA
2408 witgOE 7Py %8 BHES Ak 7ol Beld



952 ARSI A7 ATE (2020)

Table 3. Comparison of viable cell numbers, -glucosidase activities, and ammonia contents of ‘Cheonggukjang’ produced by 18 Bacillus

species
Samples isolates Viable cell numbers B-Glucosidase activity Ammonia content
(log CFU/mL) (unit/g) (mg/g)
‘Doenjang’
B. cytotoxicus MGDO1 9.49+0.47"2 18.24+0.91° 208.43+10.42°
B. amyloliquefaciens MGD02 13.13£0.66 23.28+1.16" 77.52+3.88%
B. licheniformis MGDO3 10.29+0.51° 19.31+0.97° 206.86+10.34°
B. licheniformis MGD04 11.71£0.59° 23.65+1.18° 136.91+6.85°
B. licheniformis MGD05 11.31+0.57° 24.08+1.20° 114.1045.71°
B. subtilis MGD06 10.95+0.55° 20.11£1.01° 110.1045.51°
B. subtilis MGDO7 11.35+0.57° 22.98+1.15° 101.67+5.08°
Bacillus sp. MGDO08 11.18+0.56° 22.87+1.14° 140.08+7.00°
Bacillus sp. MGD09 11.47+0.57° 22.06£1.10° 106.7245.34°
B. subtilis MGD10 11.850.59° 21.99£1.10° 112.7745.64°
‘Kanjang’

Bacillus sp. MGKO1 12.23+0.61° 23.84+1.19° 103.08+5.15°
B. subtilis MGK02 11.80+0.59° 22.66+1.13° 87.91+4.40"
B. amyloliquefaciens MGKO3 11.20£0.56° 22.72+1.14° 122.21+6.11¢4
B. subtilis MGK04 12.03+0.60° 24.35+1.22° 121.64+6.08"
B. subtilis MGKO05 11.79+0.59° 23 47+1.17° 273.63+13.68"
Bacillus sp. L010 MGKO06 12.49+0.62° 22.45+1.12° 97.69+4.88"
B. subtilis MGKO7 12.050.60° 21.39£1.07° 103.45+5.17°
B. safensis MGKO8 11.63+0.58" 19.22+0.96° 130.64+6.53°

l)All values are presented as the meantSD of triplicate determination.

DAl values within a column with different superscript letters (*%) are significantly different from each other at p<0.05 by Duncan’s multiple range

test.

15 S0 A= B. subtilis MGKO04 520114 24.35 unit/gO &2
71 AT =9roH, B-glucosidase 2L 18.24(unit/g)-
23.84(unit/g) 2 FAEZS YER) M‘:]'(Table 3).

QHEvio} e W %] wet o7} skt £,
B. amyloliquefaciens MGD02(77.52 mg/g) ¥ °|-& 3=4
oA 7F F2 RS UER UL, B. subtilis MGKO5 w5

ol o] 273,63 myeC 2 kLot Heo] 73 ol
L

gz} 7 9 H2R} 7k = ulg AlE A 20 = 9
59l ZL uPEA S == amylase®} protease?} -
450 o)) Wi Weol= B ofvluAlos woer
(Lim¥} Song, 2010). o2 Q3] T&}, 7H4 I HARL 24
Holl whet ottt o] S7telo] AxpA o= 43t

Skt 7Ho] A, £43 YRR AR
2 AREEIHLim¥} Song, 2010; Hwang 5, 2017a; Hwang
. 2017b).

ol e

M F32 H2E Y39 GABA

A 2 Az2E F542 GABA g 243 23
= Fig. 13} Z3kth R/ E AI7]A] -2 SAREA(SS, steamed
soybean)ol| 4= GABA §50] 32.50 mg/100 go] AZ%9
ot MGDO1 w52 T8t =74 FEE°4= GABA &
ol 12.56 mg/100 gO = RE A=Y FE55 T 7 W2
o] A&t FolA £t 45 F MGD07 5+
81.33 mg/100 g0 2 F=Z kg A| 7F4 2 ZOF GABA
Skgo] 7181, S olo] MGD02(60.16 mg/100 g),
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y-Aminobutyric acid contents
(mg/100 g DW)

SS 01 02 03 04 05 06 07 08 09 10 01 02 03 04 05 06 07 08
MGD MGK

Fig. 1. Comparison of y-aminobutyric acid contents of ‘Cheong-
gukjang’ produced by 18 Bacillus species.

All values are presented as the mean+SD of triplicate determination.
All values within a column with different superscript letters are
significantly different from each other at p>0.05 by Duncan’s multiple
range test.

MGDO08(49.79 mg/100 g) ¥ MGD09(38.22 mg/100 g) o
o]-& =7olA GABA Fgo] SAK ] Hls| =4 HEE]
AL}, TFgollA et o FollAl= MGK02 o= Hagt
=70l 47.04 mg/100 gO & StFo] 714 kil MGKO03
(41.85 mg/100 g), MGK04(39.24 mg/100 g), MGKO1(37.95
mg/100 g), MGKO06(32.57 mg/100 g), MGK08(25.03 mg/100
), ¥ MGKO07(20.37 mg/100 g) w5 <=0 & GABA &H0|
=931, MGKO05 w5+ 13.29 mg/100 g 2 7} e 31
o] A&

GABA B33 A2%= oln] 2 A FoA Bzl viet
Zro] u|EZEg]oloj|A] aminotransferase 2 succinate semi-
aldehyde dehydrogenase©] 2J3 succinic acid® A2+,
Zdoll= TCA cycleof| 4] thA}=E] 1(Erlander®} Tobin, 1991;
Shelp 5, 1999), glutamate decarboxylase(GAD) 2-8-& &
o} 2|F24 0= GABAZ} AMdHrt. ojuf GAD 3422
Z2A]7]1= FQ QA= pH, Ca”’, calmodulin S0 &, A&
Al W it 40l 5=E S7H1H GABA 355 5
771 AoE HilEo] QItiHwang 5, 2018b; Hwang
S, 2018d). 53], AlE WolA9l ofg mazkgol] ot
GABA A4 18 Lol m|dEol 2J3F GABA A3 2
7% o B ) gtk Hwnag S(2018d)°] GABA 434
Akt B2 AFONA Lactobacillus brevis 1552 glutamic
acid(GA) E+= mono sodium glutamate(MSG) ZA|5}o]|A]
GA—~GABAR9] 5% 3717} Yol Bt o= &
AEE0] PRI GADO] g AUL HIAGT E Tf2
A ZolHt B o170l AT} SR AR AL o
A7} 23 (Hwang 5, 2017b) 2 E&(Hwang 5, 2017a) &
T A HR(HA) Aofl vlel UE 3 GABA %7t 37t
STk o7 GABAS] 5 37} WS 245 HAE0] Bof

ShH, 34 GA2} GABAR}FS] AJHHA|7F WS A0 2 A}
S5t} ojn] B 1% Hwang 5{(2018d)2] GABA A4 {4k
w ArollAls GAZE HHadol weh GABAZE S7FetSlal,
Hwang 5(Hwang 5, 2017a; Hwang 5, 2017b)9] ojF 7+
it DRelM= 2 54 I 5 GAF GABA H5F 57}
Slk= AE e AN Bacillus 59 Savs S5
1R 714 $F7F GABA 5% S710] 7MY 3A A85k=
Ao wtEct Jejng B AiloA X3} 7oA &
23t Bacillus= A|Z3F =7 250149 GABA 5% 5
7} ZA3= SSofl H|s GABA 3tgo] R¥oId ¥E 452
A Lot RS 52 GAD E484o] Q= Ao

2 Almdch

I

ME FFE H=E 9 o|LE2E oY

7+ Bej@d 9 iho2RE B 9 AuE I
& Ax A5 FEEY AEA AERA BAET=
SeFHe} HPLC I 2rtE 130 2 ZFZ}F Fig. 29} Table 40]|
eRfoleh. BAAT § 659 daidzin(peak 1), glycitin
(peak 2), genistin(peak 3), daidzein(peak 4), glycitein(peak
6), genistein(peak 7) }ekz0] HEE A Fig. 2). SSOlA=
daidzein(519.37 ng/g), glycitin(221.51 pg/g), genistin(527.85
ug/g)°] 9 3FsHE0]911l, daidzein(12.55 pg/g), glycitein
(30.41 pg/g), 9 genistein(8.64 pg/e) SFPES Jid o=
W2 S UER Itk (Fig. 2A & Table 4). ?HH, SSE
A2fg At 7 olg PE HAY 2280 A9 daidsin
(peak 1)1} genistin(peak 3) gaFo] 71481311, o]of A5}
o daidzein(peak 4) ¥ genistein(peak 6) $F&Fo] 2A Z715}
3l (Fig. 2B), glycitin(peak 2) 9 glyitein(peak 5) $Hg-2 =
Hol7h Ith MGDO1 w2 A3t =742 daidzn,

il

20

a . a 2
16 a a a a . oa

Total phenolic contents
(GAE mg/g DW)

SS 01 02 03 04 05 06 07 08 09 10 01 02 03 04 05 06 07 08
MGD MGK

Fig. 2. Comparison of total phenolics contents of ‘Cheonggukjang’
produced by 18 Bacillus species.

All values are presented as the mean+SD of triplicate determination.
All values within a column with different superscript letters are
significantly different from each other at p>0.05 by Duncan’s multiple
range test.
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Table 4. Comparison of isoflavone-p-glycoside and isoflavone-aglycone contents of ‘Cheonggukjang’ produced by 18 Bacillus species

Isoflavone contents (pg/g)

Samples isolates B-Glycosides Aglycones

Daidzin Glycitin Genistin Totals Daidzein  Glycitein  Genistein ~ Totals

Steamed sovh 51937 2151 52785 126873 1255 3041 8.64 51.60

camed soybean 5979 411.08° £2639° 46344 +0.63¢ £1.52° 2043 £2.58°
‘Doenjang’

5. evioroxicus MGDOI 25761 23220 28202 77183 18463 2658 1224 22345

- cytotoxicus £12.88°  +11.61®  +14.10°  +38.59" +9.23P +1.33 £0.61° +11.17°

o 20295 26571 20455  673.83 23584 3018 2675 29277

B. amyloliquefaciens MGDO2 £10.15°  £1329°  £1023°  £33.69° 1179  £151° 134" +14.64°

o 27122 19493 23066 69681 18926  25.03 1154 22583

B. licheniformis MGDO3 +1356°  40.75° 1153  +34.84° 10.46°  £125°  +058°  +11.20

o 20520 19298 27479  672.97 23461 2534 2335 28330

B. licheniformis MGD04 £1026° 2965  +13.74°  £3365°  +11.73°  £127° 41170 1417

o 19728 21395 22218 6334l 24978 3923 2361 31262

B. licheniformis MGDO5 +9.86°  +10.70°  +I11.11°  =31.67  +1249°  £196°  +1.18°  +15.63°

. 255.11 19491 23602  686.04 18644 3645 1623 239.12

B. subtilis MGDO6 +1276° 4975 +11.80°  +3430° 1932° 1182  +081°  +11.96°

. 23706 19744 25879 69329 20893 3819 3271 279.83

B. subtilis MGDO7 +1185°  +9.87°  +12.94°  34.66° +1045°  +191°  +1.64°  +13.99°

Bucillus. <o, MGDOR 24934 24807 22457 72198 21146 3294 1606 26046

S Sp- £1247°  £1240°  £1123°  £36.10° £10.57*  £1.65° £0.80°  +13.02°

Bucillus. <o, MGD0S 24355 22324 23836 70515 18460 3648 1869 23977

P- +12.18° +11.16° +11.92° +35.26° +9.23° +1.82° +£0.93°  +11.99°

. 23751 24989 27398 76138 20076 2261 1491 23828

B. subtilis MGD10 £11.88°  +1249°  +13.70°  £38.07°  £10.04°  +£1.13°  £075  =11.91°
‘Kanjang’

Bucillus <o, MGKOL 20992 23610 21822 66424 23367 3716 2086  291.69

p- +10.50° +11.81° +10.91° +33.21° +11.68°  +1.86" +1.04°  +14.58

y 20897 20393 21674  629.64 23808 3534 2229 29571

B. subtilis MGKO02 +1045 1020  +10.84° 3148 +11.90°  £1.77° 111> 1479

. . 2690 21813 21071 65574 20340 4267 2344 26951

B. amyloliquefaciens MGKO3 £1135°  £1091°  £10.54°  £32.79°  £10.17° 213" £1.17°  +13.48°

. 19631 24035 23865 67531 24295 4285 1975 305.55

B. subtilis MGKO4 +0820  £12.02°  £11.93°  £3377°  +12.15° 4214 £099° 1528

. 25329 20038 21145  665.12 17612 4144 8461  302.17

B. subtilis MGKOS £1266°  £10.02°  £1057°  +33.26° +881° 4207 +423  £15.11°

Bucillus <o, MGKO6 25027 20501 25970  714.98 19336 3922 2528  257.86

actlius sp- £1251°  £1025° £12.99°  +35.75° £9.67° +1.96" £1.26°  £12.89°

. 26429 21020 26559  740.08 17520 29.70 1225 217.15

B. subtilis MGKO7 £1321°  £1051° +1328°  =37.00 +876°  +149°  +0.61°  +10.86°

. 25230 21854 25423 725.07 17083 3132 2362 22577

B. safensis MGKO8 +12.62°  £1093°  £1271°  +36.25 +854°  £1.57  £118  +11.29°

DAIl values are presented as the meantSD of triplicate determination.
DAl values within a column with different superscript letters (*°) are significantly different from each other at p<0.05 by Duncan’s multiple range test.
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glycitin Y genistin®] HFA| & F=F2 771.83 ng/gl = o]
+ SSO| HiGA & TF(1,268.73 pg/g)t HIWSH= Al 7
AFo| A4} 7P W2 Ao YERoL, MGD02(673.21
ue/g), MGD03(696.81 pg/g), MGDO4(672.97 pg/g), MGDOS
(63341 pglg), MGDOG6(686.04 pg/g), MGDO7(693.29 pg/g),
MGDO8(721.98 pg/g), MGD09(705.15 pg/g), MGD10(761.38
ngle) B O1% AFYE oA rad WA B TS %
RIS, 2Pl elat FRse A2e 3R oA o
DAl(peak 1, 2, 3) T A=F2 SSof| H|g o] Wefom,
629.64 pg/e(MGK02)-742.08 pg/g(MGK07) 4220|911 1
7 683.77 pglg 220 LERT) wHMA|(peak 4, 5, 6)
2l daidzein, glycitein 2! genistein $FF viFA] =F
Holels o2 A IR uet 34 F7kshe A= UE
won, ol5 IRME 5 daidzein®] 7Fg Eol F7I6I3iH:
SSof|Al= daidzein(12.55 ug/g), glycitein(30.41 pg/g) XU
genistein(8.64 pg/g)e] F TF 51.60 pg/gl & W e
< HYou, HE HH FEEAE 217.15 pg/g-312.62
ng/gC & FA F7elSinh 53], EdolA Eelstar AdH
7T F MGDO05 w5 o =4 FEE0IA daidzein
(249.78 pg/g), glycitein(39.23 pg/g) X genistein(23.61 pg/g)
3 ool 312.62 pg/gO = 7MY WO m(Fig. 2B), 7Fdol
A B3t 75 S0 MGK04(305.55 pg/g) 5 o8 34
=4 FEENA 7HE gl S7IeISikFig. 20).

4 7ol Yull T2 sA4olu R B B1t
O|AETRE(AEA JAEREA) 9 EFHE dhgo] S71s)
I o Zraof| whE ofg] opn|iAlt St 5o YLAEE
H3lo]| whe} FAkS}E &/l F7IRITKPark -5, 2005). E3],
o|AETE Hdle F Aolxle 7FY wol HiH A=
A, dEFo] tFE FE e 2= Z(daidzim,
genistin, glycitin) @ W2 A% malonyl-daidzin, -genistin,
-glycitin) Fei= Y] SAJolU Ha Fofl =T Y=Y
717} A E o}ZE]E(daidzein, genistein, glycitein) FERZ
HIkE tHHwang 5, 2017a; Hwang 5, 2018a; Hwang 5,
2018d). ol <4 9 Taof ¥olsh= vBE(Bacillus, 14F
T+ 5)°] A/gol= B-glucosidase L/ = AMFEZ] 9Jgt
Zo|tHHwang 5, 2018c). Ku 5(2014)2 A5 A} <4]7]
2ol W o] ASEE ATolA &4 19 ol M=
HiA] Fefj] o]lAaZetE e HEEA] o= Rh, vluigA|
FH| olAZeHlo] HEES BEustylon, 3] HuigA|
% 7M Eol HEH olAZTHES genisteino]2} H 53]
o} Ku 5(2014) 59 A+Z237o] wk=H genisteine Z} A|&
S 60% °oVde] FR-&2 HEHRIAL, daidzeine 25% O]
AR A5 0, glyciteino] 7F ¥ K 1519ict St
H, & dolMe Be A 252004 daidzein o]
7P =901, Y22 = genistein g0l EUZCE Ku 5

(2014)0] @ATATOR O Aolat AskE Uehelek. 1
gy e A Y F glycitein > A 3P} glof o]
A Ku SQOTE SR A0 At B3t 3
=4 9 olel gARE A= F 97 2 F 87=E 59
T HaEo] tiet AATE v EAotH E3], Hwang &
(2018d)9] FANE °]8 T 2 71 Y& Foll= daidzein}
genistein g=Fo] FAlo] A F7FoFAL, glycitein ol =
= s} gl olot S AT 3 SRl Hwang 5
(2018c)Y] F QTEE A GA| glyciteinZ Y& A I
= 2 Halt gl%l oy, daidzein} genisteine S-AJo] A
Z7FskSith Kim 5(2014)9] =74 R oA= glyciteind}
genistein 2T} daidzein $FFo] 7P A 715k, Cho
5(2009)9] =4 AFtolAE A7) Had ZAaeks b2
A ¥H8 5o A daidzein I F715FH I, glyciteind}:
genisteinS PEZOIAFE ShFE| O] QA PAY Z2 TR
ol BT wofiEo] AEHA g 20E Basigith ojg
= 27] v P Hol= AL Aol ARRE T TFY
5 2old Aoz AlREARL Hwang S(Hwang 5,
2018c; Hwang 5, 2018d)9] F Iao] ARG HES 4t
wo]H, Kim -5(2014)¥} Cho 5(2009)] A= aof AM&
H |BEE 22 B. amyloliquefaciens X B. pumilus2 W&
of] FUE= nBE SRS} ool Aok A=
£ o7} 74 2 80102 A4S Zolet welgt

R

ol
ol

My 322 YZE YIYe| s s

—_

i}
0

7 A7 259 EoulE g2 Fig 3 2 AR &
“J(DPPH ¥ ABTS)2 Fig. 4] YePHitt. E2juls &=
L Fig. 30 YehH Bk} Zo] SS(5.98 mg/g) et &4 - it
1 A BT 7k 228 YEHgt MGKI0 5= °|&
A F2E0NAY EgulE T2 13.11 mg/gl = 7HF
o &2ks JERNQT, MGKO8 @< o] 8 H=4 258
oflA= 15.65 mg/go = AT 7Y T g UERIGLS
U, Evs 2 BT fARE AE YERARILAL SSol
Hlsl <7 IR Al 11 3kgo] Sk 584l 2o
e 5 AAHFig. 3).

DPPH 2}z AAZAY Aox EHIAR SS &
=2 46.75%E Ut W, o]& A Qe e = +5
EollAle BT A S0l FTtoke ARRE Btk 7Y
w2 S H A2 % 49 Folxs MGDIo
(63.74%)0]Q1, 7+ Ealg ZoA= MGK07(69.98%)°]
it} 3HH, DPPH 2z AAEAL 72.47-87.34%9] H 9
2 UE iR A FE2E2 5t d4uE A
S HrhFig. 4A). ABTS 2]z AAE4 9] DPPH
2z AT et Aol YAISHIT. SS(62.41%)
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Fig. 3. Comparison of radical scavenging activity of ‘Cheonggukjang’ by produced 18 Bacillus species.

(A) DPPH radical scavenging activity; and (B) ABTS radical scavenging activity. All values are presented as the meantSD of triplicate determination.
All values within a column with different superscript letters are significantly different from each other at p>0.05 by Duncan’s multiple range test.
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Fig. 4. Typical isoflavone HPLC chromatogram of the 50% methanol
extracts in ‘Cheonggukjang’ by produced 18 Bacillus species.

HPLC chromatogram of typical isoflavone isolated from 50% methanol
extracts of ‘Cheonggukjang’. A, steamed soybean; B, ‘Cheonggukjang’
produced by B. amyloliquefaciens MGD02; C, produced ‘Cheonggukjang’
by B. safensis MGKOS8.

1, daidzin; 2, glycitin; 3. genistin; 4, daidzein; 5, glycitein; and 6,
genistein.

o} H|W5I3Z Al MGD10, MGKO07 ©]-& =74 F&=0]4
= 247} 69.55 W 74.97%2 )2 AAEA ZVEL TX
ottt YA FE=04= Ssol Hs Hw A F7HEe A}
o]7} 9191, MGD06(75.77%) B=A-S AeJshT= 80-90%
7h de St g AAYE UERAQITHFig. 4B).

B 22 AR A A ARk, 3 =l 1
7gol oJsl| Fofl e HIEHI E, olaETkE &4 53 =4
2 gy S o Eofof wit opn|ieAl, HERolE, E
gl HJus0] &5 0] AR} 4o 705k A=
H1E 3 It Cho 5, 2009; Cho 5, 2011; Kim 5, 2014).
59|, gyt o R A SAE MRSl deET A9
F & glo, 7t A 280 o R e
AE0] ApsAkst 3 Foll A== RO -, ROO - 59
tjzo] AAE AFsk= 50| 585K Cho 5, 2019).
weba 2 AFoA DPPHE} ABTS izt AA&/do] &
Alolg Ho|x] ggtal, ofi= FARM E4o] R w5 7]
QIR Zo] obd thF &, A= AAl0 g =0l 9
off 4tst 4ol FAHAl Yehd Ao s wetE

2 Ao H9 SHoZ2 AR S e dSEE
A7) ffsl et 1o 25 E] 1852 Bacillus sp.& w2
St & ol EeluE $9O0F HFS AXS & e EA
= AoIGIH: 11 A, ol A3/ A1 GABAR} HIH|
FA| o]AZERE AJAJo] <=3t B. amyloliquefaciens MGD02
o} B. subtilis MGK02 = 9= 3% o137} A=, 715

MR
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AEAS FAGITE A= A Al At 949-13.13
log CFU/mL 450|311, B-glucosidase A2 HE AT
oAl BHF 22.15 unit/go]YT, FEYo} TS 77.52-
273.63 mg/100 g ©]3it}. y-Aminobutyric acid(GABA) SH
L Bacillus subtilis MGDO07(81.33 mg/100 g) #-52 A|Z3t
A=Al A 78 =9\, Bacillus cytotoxicus MGDO1
(12.56 mg/100 g) T o8 F=7olM= 7P Rdch A=
A drg o] w2t daidzin 2 genistini} 22 B-glucosides FER
= 445111, daidzein W genistein?} 22 aglycones FEN
= 3A S71elth 59l B4 C=RE E2E Bacillus
licheniformis MGD05 - °|-8& =4 &5 A daidzein
(249.78 ug/g), glycitein(39.23 pg/g) U genistein(23.61 pg/g)
SHo] 7R Elith 7RY BE o FolAE Bacillus
subtilis MGK04 H5= o|-8 A=+7 &5 A aglycones &
o] 305.55 ng/gC® 7MY Wkt 3k HE A9 £
B2 SARE(SS, steamed soybean)of| H]of Z2|Hl= et
FASE Y(DPPH 3 ABTS)= 5513t 53], B.
amyloliquefaciens MGDO02%} B. subtilis MGK02 T o-F+=
SO} o] M3 7154 HR(GABAL} MU o]
aEe0] ZUEA

A =

o] £BL 20208 FYFuHA/ GRS AP
Al elafo] APEIEH.
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