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Abstract

Buckwheat Soksungjang (BS) is a bealmijang manufactured with buckwheat and soybeans. We manufactured BS
using Bacillus subtilis HJ18-4 (HJ18-4), which has high enzyme activities and antibacterial effects. HJ18-4 was
inoculated in a different process during the BS manufacturing, which was the meju-making time (Treat 1), and
the salt water time was added (Treat 2). The physiochemical and microbial characteristics of the BS were analyzed.
As a result, the total aerobic counts (7~8 log CFU/mL) in the BS increased after 15 days of fermentation. Especially,
Treat 1 showed higher total aerobic counts and amino-type nitrogen (65.38~202.52 mg%y) than Treat 2. During
the BS fermentation, the reduction of the sugar contents and the enzyme (protease and amylase) activities decreased.
In the relative quantitative expression level of PIcR, Treat 1 did not show toxin gene expressions at the end of
the fermentation on Day 23. Treat 1 showed suitable B. cereus physiochemical quality characteristics and inhibition
effects. When the modified-form type of fermented soybean paste was manufactured with a single starter, it could
not reproduce the natural fermentation quality. These results suggest that the addition of a starter (HJ18-4) in the
Meju manufacturing process could enhance the quality characteristics of the manufactured BS via natural fermentation

and by suppressing B. cereus.
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FE AFo|tl3). F ‘?‘_"9375:-_]3 glycinin(30%)3} B-conglycinin
(40%)12-— TAAE A om AEFTE Fof| A o FeHA
% =73}eH 7]b°] F-5F0H4,5).

w2 (Buckwheat; Fagopyrum esculentum)-> v}t E 2}
&ohe ddxE BRI SRk TEEAN fARE 54

S 7R o, gh4stE, Tl A, lysine, arginine 52
85 ol 8328 A3, F714 3 SIS T3}

7 AtKe). ®Lell FHE flavonoid= rutin (2-phenyl-
3,5,7,3’,4’-pentahydroxybenzopyronte), quercetin, isoquercetin,
myricetin 50| 910W] BsAHE, PAA AL, G 5
2, A ol i#ﬂi ATH(T.8).

o] Ta%k A A %Q v 2 Aspergillus oryzae,
Bacillus <5, &5 51 22t —«l Tan| =l oa Add
oAt 714k B F A shekEel ofs) 28 Hnt
(9,10). T3+ I3t tsk(11,12), L PA s A7H13),
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=M1 5 45 BRIl e AoE dHA
o, o3k &2 o] 2% dEAY F Y

27} thapibzel o Ao ELEl ATK15). 7158 E
A Aol HAH A Ee] RauEy Jlon, FFZ FE
protease, amylase, lipase 5] &4 5“4 2 g0l
et B o) el FE 9 Aol 348
F 2ol T A7t ol Fo} 1 vk YUrkis,le). A
F9 B4 PPN Asked 7 48 a7
AY A3 Yok B A7E AALE AEV T
IHE B3l TASAS Q8] a4AA W shray)
v B sublilis HI1845 AF3o] A|%3 oY
ol ME |7t = T A EXS BAEYY AoAda
g3 ARHE WU g = 2T HLHS
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B. subtilis HJ18-4 0|3 MY ZMZ A=

T 2423 A B, SASEAL i ek Y SAF F(7
kg), 273 kg), B(600 mL)S &5t (A 400
g, AE 15 cm, 77 2 cm)$+ ¥, 227 (24 hr, 23~25T,
RH50%)3}aL 7Y &< $&(28°C, RHO%)A A HIFE A
Z3Ith B8 WFEA 9 1.28(wiw), 252 10%(w/w)
2 23] £ F, Yolelol Yol £4Q0:50A7IH
AA7IZE v A 2E ANFHEATE Amylase, protease,
cellulase & lipase 52 Hadd a4y I3 AT
3E(B cereus KACC 10004, Staphylococcus aureus KACC
10778, Listeria monocytogenes KACC 10550), 13 /31
2&(Salmonella enterica KACC 11595, Escherichia coli
KACC 13821) ¥ Candida albicans KACC 30062 59| ¥
gatell sl S48 St A5 Zhe B subtlis HI18-4%
starter = /\}%0}%15’_ 8 log CFUmMLo]/}e] =2 AR
2%(wiw)7t HEZE HEIAUTE Treat-12 wWlF A|Z A
starterS HF 3 X2 Tr0|H, Treat2= 5 & Al starter
£ AHFE A= otk

o0 =EH "'*E.Eok &3

o e HAFFLE Formol HAGHOZ ZA39
(17). A1 E 100 g°1 Z5HTE 75ke] 200 mLE F83 &,
Z1EF32(300 rpm, 20 min)3te] 413](8,000 g, 20 min),
o] Z}(Adventec No. 2)3}aL 208 3]A3FH Tk A8 5 mL,
<A formalin €9 10 mL 2 S7< 10 mLE £33 &9
o] 0.5% phenolphthalein &8 7}3}Th oo 0.5
NNaOHE 7}ste] w|Z-Ao] = w712 9] 274 ¢ blank
test®] AFHFE o]&3te] A=A

2832 A207 A535 (2013)

Protease &4 &%

Protease -2 Anson HHH(18)9) whel =435} 0.2
M phosphate buffer(pH 7.0)Z #| 23+ 0.6% casein & 5
mLol| B4 1 mLE 7}8te] ¥k8-(37°C, 10 min)A 7] 3,
0.44 M trichloroacetic acid(TCA) 5 mLE 7}s}e] WA
AR 308 F<F A2ellA ¥R £, o] Z(Whatman No.
23 J9 2 mLef] 055 M NaCOs&- ” 5 mL 713k 3, foling
o 1 mLE F7Iste] 302 F¢F AT F, F45(660 nm)
£ 343 vhe & FAEY tyrosine 2 FTFAL
228 237 Yt tyrosineFO 2 AR AE 1 g
tyrosine g2 WER 131, tyrosine 1 pgs A8k 59
< 1 wmit® 2 3k

Amylase &4 =3

Amylase &2 dextrinogenic unit of nagase(DUN)®H(19)
o o5t ZA5t4ch 1% A2 712N (pH 7.0) 3 mLol

4% 1 mLE ¥ ¥840T, 10 min)A|Z] 3, §kg-of
1 mLoﬂ 0.1 M HCI 10 mLE 7}3te] HH&-& HA A AT
2 1 mLoll 0005% 1,-005% K1 10 mLE go] )
A]?J F, F385(660 nm)S Z3HAh &AW 1 mLo]
12 F<F AF 01 mg FolF F2 1 witS =2 AT

292 dinitrosalicylic acid(DNS) W (20022 =43}
Atk A8 FZ 1 mLol| DNS A1 3 mLS 7}ate] wks-
(95C, 5 min) 2 W7} 3 o] FF=(550 nm)E SA 3t

2 B cereus @ T+ =3
9 Racillus cereustt - nutrient
ar B Bacillus cereus selective agar*—
o] 83} %Xé%}?‘xiﬂi, NRE WAReE 43 5
) A9 AT 48 skl Al

_l
["_l_,

Real-time PCRZ O|&8t B cereus toxin Wizt £

A& 10 gol| saline 89 100 mLE 7}5}o] Bagmixer
(Interscience, St Nom, France)S A}&-3}e] 108 9t #3233}
—3],931;]_ ]E 0_]/\] =] E](l 000 pm, 5 min)‘ ] & }\O]AEOHLD‘
A ¥AE2](1,3000 rpm, 5 min) e+ F pellet2- TE buffer=
resuspensiond}e] A ¥ washing 3} TF Genomic DNA 2]
%2 GenEX genomic Sx kit(GeneAll Biotechnology CO.,
LTD, Seoul, Korea)E- ©]-8-3}o] FE&31Hth B cereus -2
=4 3% F55 glstr] fal dAkd gl
phospholipase C regulator(AY247971) 32 =74 314
omw, AMEE Primer= PlcR forward(5°-GTAAATAA-
YATCAGRAGATAAATATCC-3), PIcR reverse (5°-GGAAG-
TTGGAGTACGATGG-3)E ©|-&-3lo] #4131 ch. DNA
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template 2 pL, 0.5 yM2] Z+2}+2] primer, SYBR mix(Bio-rad,
Hercules, CA, USA) 10 iLE &33te] £ 20 ILE £33
% polymeraseS E4J3H95C, 3 min) 3+ &, 403] WHEHHS-
(95, 15 sec/ S8C 15 sec/ 72°C 20 sec) o}&] Real-time PCR
System (CFX96, Bio-rad)2 ©]-&3}o] =7g3}%th

21t

.0

I_Tl_fél-

olo|cEf A A gl &
wF A Z Al starterd 7} A F(Treat-1)9F G5 3
A] starter3 7} A @7 (Treat-2) 9] L aEZ ofv| =] A4+
< Fig. 137} 2t} 2§ 159 9] Treat-1(174 mg%), Treat-2
(153 mg%)°IA ™, Wart X8 D+E F7sth Choi
S2DY Aol WEEAEG LR F obv ] FAG
& Havt g wep e AP ST e
YERHAIL o] EPAE fraff Td 73l aiol oJgh
7t Ag o 2 il o] fJefo] = o) ofp|ibo 7
3= A7) W Eol2kar Barskitt. Treat-12] ofbv| =g 24
ol e HFRY 52 Ao Hol WY £47%
w5 A2 Al A starter 71k A o] vighE] skt
A SRS Hg 1001419} o] g 6 o]FE HA 3]
AT Jung 5222 2EF LA T FA™S 4

z719 F71ste] %4 30-50L0] HHAE Bl F A4
g er wudon, & A7) 47 I AT
FARBIAT 7128 dolgld AEdoe] wgrl WPl
wtel, a-amylase 59 A& 7l Bl o3 Zal
Aoz e},

240

204 T e

—@— Treat-2

Aminotype nitrogen (mg%)

T T T T
0 5 10 15 20 25 30
Fermentation time (day)

Fig 1. Changes in aminotype nitrogen content of buckwheat
Soksungjang.
Symbols; -Hll-; Control, -A-; Treat-1, -@-; Treat-2

Protease & amylase EAJHi5}
Protease &4 Fig. 33} 2t} 21+
unit/g2 71 =940 M Treat-12

kg 1597 25
g 2394 25 unit/g,

Treat-2= T& 15Y4 24 wit/g2 7P =Tk 27]
protease ZA 7= @A -rOH’\ %OJ O}Ul‘f—’ﬂ'
polypeptide®] F7Fe}F 2521 o] §
(23) g 159 ol %, BE AY OM gaste AEds
=t ole &4 7Ite] Bt wet &5 59 4%
Qi protease27g 0] A8t} 7]H AR wfFo|TH?24).
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Fig 2. Changes in reducing sugar of buckwheat Soksungjang.
Symbols; -l Control, -A-; Treat-1, -@-; Treat-2

40
—i— Control
—&A— Treat-1

35 —@— Treat-2

Protease activity (unit/g)

T T T T 1
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Fermentation time (day)

Fig 3. Changes in protease activities of buckwheat Soksungjang.
Symbols; -l Control, -A-; Treat-1, -@-; Treat-2

Amylase B4 9] 79, Fig. 401419} 20| Treat-1, 2
5UA) 35 unifg 2 7PF Ekow o|F 2 rasie 7
Yep Aok a5y F, B subdlis HI18-45 X335t
nAEo] FHlshE MER AT YIS o, T
amylase S-S ol oJaf A2 Wt opz}, 71 o] HE
AR AR o3 Bl o2 A TH?25,26). Kim 5(27)
> ﬂﬂ‘?g‘ é*é = %EH g48A4 95 %Ti A z9 o)
/3717t
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Fig 4 . Changes in amylase activities of buckwheat Soksungjang.
Symbols; -Hll-; Control, -A-; Treat-1, -@-; Treat-2

Real-time PCR O|& Y& & B cereus Hs} 4
Real-time PCRS- ©]83}a] B cereusdl] 0802 X
3} transcriptional regulator gene(PIcR)S S%A|#H B
cereus® ¥ES Atiuln stRTh 1 Ay ZE A EA]
1.00x10° CFUJg ©]3t2 7HZ 5 A} PlcRo] L= 2] 2k
TKTable 1). thZ7-9] o% g 0dAlE AEFA 2%
9U A= C(t) 37.35% D g23U A= AESE A &9tk
ol AAWE 44 F 1.00x10° CFU/g ©] o}i 34
B. cereus”} &av} %L = Al-el 23Y o)lZRE BF
AbdE Aoz FAET) Treat-19] 0°‘7%H(C(t)33 64) = o
ZT 9YAN(C(H)37.35) tiHl 16819 & £FS Yo}
g 9y o] %, AEHXA FUth AALE A= =
Bt 7}t wid&EAF v X% B cereus’t S22
T Qo AldE2lol Agst —’Fl‘%%"**‘:7} A= 95
z4 A7 o] wra o M= S 5 B subtilis HI18-4
TF7F FEZHEE T o] FHo B cereus’t AT A
Laonbds AF HA &2 AS G + UdTh
subtilis HI18-42] FL3 840 F B cereus
gk 5&&%‘” < I8k TH(16). Treat-29] 7%, &9

17121 AEHA ko Ba 239 5.00x10° CFU/g
FToZ AEHoH o] AARFHANE HE 2
Qe vu3 FFo|tk o) LA DA HES

Ao 7 WE F B subtilis HI18-41F7} Treat-19] H3t

Table 1. Comparison of relative quantitative expression of PIcR
from B. cereus during buckwheat Soksungjang fermentation

()

Oday 9day 23day
Control ND 3735 ND
Treat-1 33.64 ND ND
Treat-2 ND ND 34.80

"Bacillus cereus KACC10004: 1.00x10° CFUJg, (C(t):33.73)

2048 A535 (2013)

AOZ HQlY} Kwon 5(28)2
E]_‘?_/‘\_]Oﬂ L—_ =% B cereus ATCC 14579
= =, B g Al =FE A
R x99 A5 WY F d57F SR eY, B
subtilis 168 BYH|2] Aol *=ZF B cereus A E°| 75
2 Q41 H7} 3A17F o] 5E] ATt AT
(A)
—— Control

13 4 —&A— Treat-1
—@— Treat-2

Cell count (Log CFU/mL)
e o
i

-
04 . . . . . ,
[} 5 10 15 20 25 30
Fermentation time (day)
(B)
10.0 -
—i— Control
—&A— Treat-1
9.5 1 —@— Treat-2
Z 9.0 -
=)
S
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=
=
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S
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Fig 5. Changes in microorganism during buckwheat Soksungjang
fermentation.
(A): Total bacteria(aerobic), (B): Lactic acid bacteria(aerobic), (C): Lactic acid

bacteria(anaerobic)
Symbols; -Hl-; Control, -A-; Treat-1, -@-; Treat-2
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ol AR ATEAF] A=) A5, Lactobacillus
sp.7} 243 gk Btelg] o 4lel o8 2 2 FRES -
T BIETH29). ©]s} e AT ATE Hol falTS
A= starterS A}%s}% T LEAFE '6‘-4 B cereus

oA starterE H7}sl= Ao Z_—]]’c;b‘j-—‘(g].giq_'

Starter 27t A7 7% ¥ RAPS: Ha
Fig. 6914} Zo] Fd4(A) = BE APFolA L&
994 9.7 log CFUmML7}A] 57} 3}l o) wHa 15°‘oﬂﬂ
ZHe shgom, HE 2595 H tA] Fxt Erekde) &
7B, 02 A%, HF 15~20d Alolol] Hu) /A =5 Egﬂ;
om 1 o]Fole 74T Kim 5(29)S 1A 25E
B9 Lactobacillus sp.& HZdte] WaY2S Az 2
7} & 484]7F o] ol & EAISE o] A APEEHUL
60AIZE ool AEEA] Yot AR ] T Lacrobacillus
Fo] AYaksl= bacteriocin®]  &t2HE-0] lactic acidE HIF
g Fr71aka Eekatgol o8t 9_%‘
2215}t Rukure(3)E A&
B cereus®} FiHTS AASE S
T2 B cereus® g A =
CFU/mLo|o.2 A3 A o]—‘:— A7) o] &, RHEj=
B cereus’} FAEE A ka1, 71 o]f= FARFo] A
‘:‘Pﬂlﬂoﬂ EL 71*L Toll 9& Aoz sy It
peptide= ol olug} thkdl Aol AT 4
Rom, 2 ﬁ%ﬂ AHeE FHEd S5 B
ol o3| datEdo] AAgE HE z 71328 bt
A w3730 bRA Aol TS
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Fo=z AzH tﬂu]x¥o]]';]—. B}t
9 A o] 58 B subrilis HI18-4 755 starter=
ARESte] WE &S Azt wE ?*3’8* A 23}
A Z, starter 7} Al71= W5 A2 (Treat-1) 2 945
VA (Treat-2) 2 HEA 715 Dejstich Ta 5 ofn)
e A s, 399, E484(protease, amylase)2] ©] 3}
&2 FAEARY T, AN T R B cereus &F W3}
594 &S E4S BT 1 A%, T

& 1592 7-8 log CFU/MLE Z7}59la o}upa}
T2 7|7 52 65.38~202.52 mg% = S 7=
A, 3&%%&} & 48X (amylase, protease) > ZE A
oA stk a7 F PleR T WX =
b 23, Treat-1 A 2]l A L& 23 o] %
o} W5 AZSA N B subtilis HI18-45

b ot
n%

rEi

_11}1'

ol of M o pf o
&2 oZi
32 r°*'

Mo A1

1 e
>

HEE Treat-10] WABH 0]3184 S B cercus A3)
a7t SRtk B 72 ATl Az A
A Az A, Ao AzE g FAL ABSH
w5 olele Aol ¥ ATE AdREPYOE A%

He vl G470 gt 9 §48o] 573 B subrilis
HII84 #58 2Ehe) 283t 47 FAA He A
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