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Abstract

This study was conducted to screen for superior strains for preparation of Cheonggukjang and identify the optimal
fermentation time based on fermentation of lentils by various Bacillus subtilis strains. Bacillus count was significantly high
at 48 hrs of fermentation (9.22-9.51 log CFU/q). In addition, the pH was significantly high in the range of 7.60-7.92 at 48
hrs fermentation, and the reducing sugar content was significantly high (0.89-1.45). The amino-type nitrogen content and
ammonia-type nitrogen content were significantly increased with fermentation time. Additionally, the amylase activity was
significantly high (3.05-4.22) at 48 hrs of fermentation, as was the protease activity (4.80-5.63). Bacillus subtilis S3 (5.63),
54 (5.60) were higher than S1 (4.80), S2 (4.92). The viscous substances and DPPH radical scavenging activity increased
at 48 hrs, then decreased. Sensory evaluation revealed that lentil Cheonggukjang fermented by S3 showed the highest
scores in color, smell, savory taste, sweet taste, viscous substance and overall acceptability. Therefore, 48 hrs of fermentation
should be suitable for lentil Cheonggukjang fermented by Bacillus subtilis S3.
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TH(Amarakoon et al. 2012). 53] ANYFS HFA|ZHS o
rtsks Y, @HESls Y, GABATE 71 E9
< oA 28 5] B EJATH(Torino et al. 2013).8 )12
2AFFE 7T A S| o] RhdAghe] Wil Eo] Eolle] wat
TdAgke] otz X85l gk Aol ST AES T
3 ofelarzl tl(Yang & Kim 2013). ©]23h 2]EE
URAEFS -8 PAEd o8] Tauo] Asle £3,
715F Fol A4 o] WAt A4S AAlsh, dEAE
Eol ks}, Rk, g, dEdwe] @ WS a9
7HtH(Lee et al. 2011). & A9 H£Z-2> Choi(2015)7}
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2 Ao AM-E 7= Choi(2016)7F Al 7o =R
e 455 ARSIt Al o R e Bt 45
+ 16S 1DNA sequence 4 ¥+ A3 Bacillus subtilis
strain HB9 (S1), Bacillus subtilis strain HDXJ01 (S2),
Bacillus subtilis strain S12 (S3), Bacillus subtilis strain
J-18 (S4)elA T}, Z+ztel Bacillus subtiliss Luria Bertani
(LB) brothol] &-3led 37°Coll 241)7F vlFste] starterZ A}
i

3. HEZE H¥IE M=
AYFS 52 2ol 33] AISH 3 3uje] B 71k
4°ColA 15717 A AT B AEFS A7)ollA 1217

If

FApIAL, 1027 52 591§ 60°C71A] Wzteiaitt. 4
3 YT Zzke] vyl Bot Bacillus subtilis S1, S2,
S3, S4 AF2 107 71522 100 g 1.67 mL¥ HE3I
o} H2AS 37°Co)A 0, 24, 48, 72417 HEAZ T 70
ocel] AsHHA AlEE AT

4. Bacillus M7

10 g9 =743 90 mLe H#2 E5(0.09% NaChE
sterilized bag (Huko FS Co., Korea)l %3 stomacher
(Seward Co., UK)E ©]&3}4 260 rppme 2 3037F w3}

ATt v 1 mLE 9 mLe] A A5l ¢ o= 3
Atk g4 vl 0.1 mLE Bacillus A 88j=] 2
dextrose tryptone agar (BD Difco, USA)ol Z=23}3L 50°C
AN T2A17+E<t Ml 3 colonyE A3t

5. pH
A=A 5 g0 2R 45mLE 718l 1527 #23} A)7]
™A pH meter (Thermo orion, USA)Z =431t}

6. S

3 A2 DNSHOZ A3tk (Miller 1959). Al
10 goll 57 100 mLE 716t 307 JEFEA1T & o
2] (Whatman No. 2)2 oJZsf A|5H-S A28t AlS
o 1 mLel dinitrosalicylic acid (DNS) 3mLE %713k 5
7 SRS §, 5 Wsta EE3=A(UV-2101,
Shimadzu, Kyoto, Japan)& AFE-3l 540 nmollA 4=
Ak

7. 00| Ef &A™

ol =B} HAE formalin titration method (Codex 2015)
of ofsf FAstATh AR 5S¢0l SFHF 45mLE 78t
sterilized bag (Huko FS Co., Korea)®l %3 stomacher
(Seward Co., UK)E 30%7F 260 rpmollA] @23} A7 &
o] k2] (Whatman No. 2)= 33t oo FFHFE 7}st
o] 250 mLE g&sI3irh. & A2 Algel 25 mLet 543
formalin & 20mL, TF 20mLE wWste] 0.1N
NaOH=Z pH 847} & wj7bA] 274gsiaith. A8 54
formalin €9 20 mL t4l S/ 20 mLE 718t £ Alg
I e o 46

8. 2L L|OIEH A4

ool ZAAE Chae(2006)2] HPHl ol =413t}
AR Sgoll SFF 45mLE 713t sterilized bag (Huko
FS Co., Korea)?ll ¥ 3L stomacher(Seward Co., UK)Z 30
Z7F 260 rpmel A #23} A]71 § 32X (Whatman No. 2)
2 gt Al FHFE 7Fete] 200 mLE 3-8t
A5 200 mLol 10% KOHEY 50 mLE 713 & AXA|
2 ethanol 100 mLE 7} 3Tt 2955 7](Chang Shin
Sci. Co., Korea)& ©|-83F 80°CollA 3087+ S-7/3H & ¢
2yo} 71417k 2% 0.1 N H,SO4 €92 0.1 N NaOH=Z
pH 547} 2 w7bx] A3t AA k2 methyl red-
methylene blue SFAA|FS AME-SIATE.

9. Amylase &

aaggdol] Fash xaAde AF 10 gl S/ 90mL
£ 7tslke] oA 200 rpmSE 30% F<t stomacher
(Seward Co., UK)Z & s & AAF2]7](Vision Sci.
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Co., Korea) 3,000 rpme|A] 2087 LA#E] & Fe5de
Fsld 284N o2 ARSI Amylase €432 H
° 2 ZH3AMiller 1959). ¢H584(0.2 M phosphate
buffer pH 7.0)ll Z3t=]o] A= 1% 7HA A& 0.5
mLe} FLe AZFEN(0.2 M phosphate buffer pH 7.0)
04mLE 4o WHE2mo|A 5E7F oE A7l & Z2aAd
0.1 mLE 7F3led 60°CoIA 1087F WREAIZITE. 2215 DNS
Al 3mLE B 5% FRet AN & EgEEA
(UV-2101, Shimadzu, Kyoto, Japan)ZS ©]-&3}o] 540 nmol|
A FAEE AT 284S F57] YA glucose
2 FFHAE A ARt 24 1w 5]t
1 pmol®] glucoseE A/dsh= &40 &S 1 unit2 F2ls}
ATh

11. Protease &4

Protease /32 Anson ®'H(Anson 1938)] w2} =743}
ATE. 0.6% caseine 0.2M phosphate buffer (pH 7.0)l
ol 712 5mLol 284 1 mLE ¥o] 37°C water bath
ol 1027 ¥H& AlZl &, 0.44M trichloroacetic acid
(TCA) 5mLE 73t Wh-2 A AATH 307 A2
A W= A17] TS, 3 (Whatman No. 2)3F o9 2mLE
Fske] 0.55M Na,CO; & 5mLE 37} 2121 # Folin
Al 1 mLE H71ste] 3027F SAAIAA 578 nmollA] -8
E5 =43t Bl &2 tyrosine Y tyrosine T A
< o] &3HA TAEAHL 137 52U 1 umol?] tyrosineS
Adshe @40 42 1 wmite 2 s

1. 822

AZE 10g3 575 80mLS sterilized bag (Huko FS
Co., Korea)?ll ¥3. stomacher (Seward Co., UK)E ©]&3}
o] 200 rpmo =2 10327F #ASAIH T #2HE 3,000 rppm
of|A] 2047+ Y4E-2] (Vision Sci. Co., Korea)stl 52

12. DPPH free radical 27150 2|8t gHtat 21t

AF 10 g0l ke 100 mLE 7}ake] 37°ColA] 244 7F
ZIRAIZ]AL 3,000 rppmellA] 155-7F A1) (Vision Sci. Co.,
Korea)alal g5dS ofFsto] A 5HE Ax3Tt. 2,2-
diphenyl-1-picrylhydrazyl (DPPH) free radical 4752
Blois®] W'H-g& WHY st =A 3 thBlois 1958). 0.4 mM
oer&-= 3433 DPPH (Sigma, Germany)&] 1 mLell A
=9 05 mLE 7hete] 307 A20] QoA WA £ &
B3 = A (UV-2101, Shimadzu, Kyoto, Japan)Z ©]-&3}o]
517 nmollX S4=5 =433k DPPH free radical £7%
& AEENE] 7RI PR 3% AolE MEE

(%)2 LERIAT.

Here st MY 408 AFL Yo R VS =
HARE AAlsisith. 2] #55(S1, S2, S3, S4)E o831
FREAR AEF A= AT AlE e 58
£y Fehig 870 ol AlFsiien, AlEMEE Azt
2] GRS o83l BASIATh A, WA, st Bt o
ot

Wzl 7|EeE 78 HEHEI=0% &

=4 T ¥

14. SHKX

BE A2 23] W siglon, A A3 £42 SAS
(Statistical Analysis System) 9.3program (3H4SASAZEY]
o] fFE3AhS olgate] A AE] STt ZF A8l tigh
& Mean+SDOE BABIomM A 87He] o4 A78-e
one-way ANOVAZ #4]3}o] duncan’s multiple range test
2 p<0.05 FEellA AFsisd.

M. A3 9l 12Xk
1. Bacillus M4
Bacillus subtilis S1, S2, S3, S4% ©]-&3} 37°ColA 72
A ZHEt HaAl AEF H=FA Bacillus Ad5=
<Table 1>0|4 Bz upe} Zho] kg A7) 7.73~7.77 log
CFU/ge] M¥IRo} a 48A17k0 9.21~9.51 log CFU/g®
2 fFolFel Frkelkia Ba 124 7keE 8.97-9.41 log
CFU/go.2 743t th(p<0.001). W& 4847k S47} 9.51
log CFU/g2 7P =k S3&= 9.40 log CFU/gel AL S1
(9.22 log CFU/g), S2 (9.21 log CFU/g)7} WA YElstth
(p<0.01). Youn et al.(2002)] Bacillus natto$} Bacillus
subtilise &% H=74 WEoAA 4047 o]F A7t 9
log CFU/goll o]&the A4 #e} fAFsI . Mann et al.
(2013)] Bacillus subtilis MC31& o]&3lo] H=4S A=z
3t ATelM e A= g 24M771A] Ul F2)71E Ho)
m, 2 o]FE A7)0 S07F R 36A7kel TP =2 o
TE YERIAL, Ea 60A17F o] F w57t WoKT. Lee et
al.(2015)2] Bacillus licheniformis2 T EA17] AEF A7}
2 g A AFolre YT 100%2F AEF 50%
H7RENA AF47F 8 log CFU/gol’d o2 eI

2. pH

Bacillus subtilis S1, S2, S3, S4Z ©]-&3} 37°ColA 72
AlZFERE Ha ATl AEF 5749 pHe <Table 2>0lA K
£ v} 7o) g A7k pHE 6.69~6.74914 L& 484
74l pH 7.60~7.922 Fold o2 Z718IaL(p<0.001), TE
T2 7= pH 7.55~7.87%2 Aol vehA] ettt 72
AIZF WE Al pHE S4 (7.87)7F S1 (7.66), S2 (7.55), S3



<Table 1> Bacillus count (Log CFU/g) of lentil Cheonggukjang made by Bacillus subtilis species Means+SD
Fermentation time Bacillus subtilis species
F value
(hrs.) S1 S2 S3 S4
0 7.73+0.01¢ 7.75+0.01¢ 7.77+0.01¢ 7.75+0.01¢ 547
24 €8.14+0.03° €8.38+0.04° B8.39:£0.02° 48.610.04° 27.78**
48 €9.22+0.03* €9.21+0.04° £9.40£0.02° £0.510.04° 39.89%*
72 €8.97+0.02° 5¢9.04+0.03" 59.08+0.04° 49.41+0.04° 80.83%++
F value 731.70%** 875.96%** 824.80%** 1098.24***
A-B.C.DMeans in a row followed by different superscripts are significantly different at the p<0.01 level.
a-b.c.d\Veans in a column followed by different superscripts are significantly different at the p<0.001 level.
##p<0.01, ***p<0.001
<Table 2> pH of lentil Cheonggukjang made by Bacillus subtilis species Means+SD
Fermentation time Bacillus subtilis Species
F value
(brs.) St S2 S3 S4
0 B6.70+0.01¢ B6.69+0.01° B6.70+0.01° 26.7420.00° 19.67**
24 ©7.1240.04° $7.30+0.06° 57.38+0.04° A7.66+0.04° 46.98**
48 B7.72+0.01° 57.60£0.04° 57.67+0.04° A7.92+0.08* 14.79*
72 B7.66+0.25" B7.55+0.88° B7.68+0.42° A7.87+0.06 14.41%
F value 899.94*** 147.80%*** 414.86%** 185.72%**
A-B.C.DMeans in a row followed by different superscripts are significantly different at the p<0.05 level.
ab.¢d\eans in a column followed by different superscripts are significantly different at the p<0.001 level.
*#p<0.05, **p<0.01, ***p<0.001
<Table 3> Reducing sugar (%) of lentil Cheonggukjang made by Bacillus subtilis species Means+SD
Fermentation time Bacillus subtilis species
F value
(brs.) S1 S2 S3 S4
0 0.20+0.01¢ 0.20+0.02¢ 0.20+0.01¢ 0.20+0.01¢ 0.06
24 50.58+0.03¢ 80.57+0.01¢ A0.77£0.03° 50.62+0.03¢ 29.85%*
48 50.89+0.01° 80.92+0.01° A1.45+0.02° 50.95+0.03° 328.32%%*
72 €0.80+0.03° 5€0.82+0.01° A1.12+0.02° 50.86+£0.01° 211.05%**
F value 512.57%** 6866.58*** 1584.53%** 489.82%**

A-B.C.DMeans in a row followed by different superscripts are significantly different at the p<0.01 level.
ab.¢.d\feans in a column followed by different superscripts are significantly different at the p<0.001 level.

#£p<(0.01, ***p<0.001.

(7.68)E.T} fo]H o= EokTh(p<0.05). F=7de] wart X
FEFE pH7t d5dhs A ddFe] o] ojuAt
o7 Fajui gotu|sta trjo}l Ao 7IQIE Ao
2 AlEEHh pHE F=ge] dazls JuE gRlshes A
FEZM pH 7.5~8.09] W 9jolH wart 2e et &
AEHl(Song 2015), S1, S2, S3, S4 AFZ o] &3lo] wg
AR AEE A= BE7E 48, T2A17F s Al pH
7.55~7.92% &7} 2E et & 5 ok sEvEt dE
=do] A9 Ha pHE 7.21(5.89~7.95)012k L HAE A
THAhn & Lee 2003). Park & Cho(2008)¢] =3} 71 3
=72 pHe 7.86~7.922 YERALSH, Jung et al.(2012)
o] Q55 Lo A AxS H=Ae] pHE 747~7.682 £
AAAFe} AT F=7de] pHe dart Jsgel w

2} 7kt Al pHE Hel o]F oAl fhishe A4S
UelE A2 HA3FATHSung et al. 1984).

3. Btelct

Bacillus subtilis S1, S2, S3, S45 ©]-&3}o] 37°ColA 72
AIZE B BEA ] AT H=ge] Y Fe2 <Table
304 BE ule} 7o) RE FFolA WE 48X 7] =
7V8lAaL 1 o] o= eIt HE A7k Sl &
O 0.20%14 & 24X 7000 0.57~0.77%E 4dF BT
oF 3u] AL fojFHow ZUIEII WA 48A|7tol =
0.89~1.45%2 Z712 st9ou), wa 7247k 0.80~1.12%
2 2280 tHp<0.001). T& 484]7+e] S ke S3
(1.45%)°] S1 (0.89%), S2 (0.92%), S4 (0.95%)=.c} =t
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<Table 4> Amino-type nitrogen content (mg%) of lentil Cheonggukjang made by Bacillus subtilis species Means+SD
Fermentation time Bacillus subtilis species
F value
(hrs.) S1 S2 S3 S4
0 556.25+0.354 464.40+1.13¢ 554.60+0.28" €51.80+£0.574 129.86%**
24 €120.40£0.57° B175.00+£1.70° A190.40+3.39° A193.20+4.53¢ 260.55%**
48 5260.40+13.01° 5261.80£16.12° 4312.50+5.37 4330.40+14.71° 14.99*
72 €308.00£9.90° B338.80+2.54° A382.20+4.81° A367.50£5.807 53.42%*
F value 413.93*** 410.97*** 2606.33%*** 610.33%**
A-B.C.DMeans in a row followed by different superscripts are significantly different at the p<0.05 level.
a-b.c.d\Veans in a column followed by different superscripts are significantly different at the p<0.001 level.
#p<0.05, **p<0.01, ***p<0.001
<Table 5> Ammonia-type nitrogen content (mg%) of lentil Cheonggukjang made by Bacillus subtilis species ~ Means+SD
Fermentation time Bacillus subtilis Species
F value
(brs.) St S2 S3 S4
0 21.25+1.06¢ 24.05+2.19¢ 24.30+2.55¢ 22.70+2.97¢ 0.74
24 €61.65+6.01° B87.00+2.26° ABY5 6:+2.55¢ 2100.20+£4.67° 34.06**
48 €151.05+4.45° €151.70+1.27° B178.40+1.70° A188.75+2.33° 97.63%**
72 €170.30+2.55° $192.95+3.04° A216.55+2.76° A208.95+2.76° 82.63%**
F value 674.22%** 2113.11%** 2523.0%** 1349.27***

A.B.C.DMeans in a row followed by different superscripts are significantly different at the p<0.01 level.
ab.¢d\eans in a column followed by different superscripts are significantly different at the p<0.001 level.

#£p<0.01, ***p<0.001

TH(p<0.001). Lee et al.(2013)S =4 waxy T Fo
HAE-E Bacillust-T7} EH]8l= G492 2H8-0 =2 7lEs|
wo] F=tge] v9uke Yeplle 9R7F AAZET St
AT H=pgo] Ta AR T o] Srtee
olfre A=l wart AltEwEA dETo] Al o
£ amylase®] 2Hgol 93t o2 AlREW, @ F7)dl=
g Sl Fast Jgdst sshHel wkee] 713
2 TS o] &3t E Fhefo] FhAshs ZoE AlEHL
Joo et al(1989) HAEAF AZAAN 88 AF 187
o] FUFS B3 A3} 0.51~1.24%% B3I TE Shon
1999y AAHETFHE] A F75 H7bet] =4S AxE
o g 24x7WA] o] FEke] X &Ho=m Zt & 7
2 3k Zog BIEHoL B AdoHE 481771 &
VA2 2 ol Bacillus subtilis T52] amylaseZH4d 2]
zrolof] 71918 Ao 2 Alg ¥t

4.0t0|=Ef EA

Bacillus subtilis S1, S2, S3, S4= o]&3la] 37°CollA 72
AIZFERE IEAl AEF H=7g0] ofn] ] A= <Table
4>0|A] Bz v} o] TAIF wasle B BE 7ol
Al o] AAde SRl HE 0A7kl= 51.80~
64.40 mg%°]1A o}t B 2447kl 120.40~193.20 mg%,
g 48417kl 260.40~330.40 mg%, & 7241 7HlE 308~
38220 mg%= S 7FsFtHp<0.001). BE 48A]7Fe] ofm|=

B A S3 (312.50 mg%)2t S4 (330.40 mg%)7F S1
(260.40 mg%)Z S2 (261.80 mg%)E.t} =4k (p<0.05), T
& 2A7FIE S3 (38220 mg%)2t S4 (367.50 mg%)7} S1
(308 mg%)} S2 (338.80 mg%)H-t} =A YERATHp<0.01).
olu| e HATHFS protease?] TAJol 9]sle] THo] 7
o] ofniAte] FEHE Halse ARE YERER
AT F=ge] sk 8, Eske] A A B2 ARE

T AL Aoty 2B EE Bacillus subtilis S39+ S42 W&
A7 AL F F=7de] st gl 43 glo] 08 Ao

71

AR EA) AEFFH s =] of]E
A23FES 280 mg% O g A Tt AEF H=
o] whg 4877kl BE o] opu)kE] A o] 2
4] A4S WA, o uet ofnlE] Ai
Agell zel7t A & 4 ASlT

Hwang et al.(2008)2 X & 7|7t F protease’} T T
Aol #g-ato] opn|ie] AAYPENE TReEafste] gt vt
| A=, ol F=7ge] FHAE FHAT= 9T

stk e opng] AAvt AR SAlo BHFH
Pdshe RVl dAE JPAHERE AHg Z2EH
oAl g W ofpmE] HAi S FAlskes Zlo] A=A
o] F4of| 2% Aojt}.

O

T

5. 2t L|OJEH &lA
Bacillus subtilis S1, S2, S3, S4= ©]&3}e] 37°CollA 72
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<Table 6> Amylase activity (unit/g) of lentill Cheonggukjang made Bacillus subtilis species Means+SD
Fermentation time Bacillus subtilis species
F value
(hrs.) S1 S2 S3 S4

0 0.58+0.02¢ 0.48+0.04¢ 0.57+0.02¢ 0.50+0.03¢ 6.48

24 BC1 86+0.50° €1.7340.04¢ A2.37+0.12° B1.9440.06° 27.73%*

48 P3,05+0.05 €3.22+0.50° A4.20+40.57% B3.50£0.06° 177.01%%*

72 €2.8440.06" B3.07+0.08" A4.00+0.08" B83.20+0.05 128.36%**

F value 1192.82%* 1382.25%** 952.73% % 1421.57%%*

A-B.C.DMeans in a row followed by different superscripts are significantly different at the p<0.01 level.
a-b.c.d\Veans in a column followed by different superscripts are significantly different at the p<0.001 level.

**p<0.01, ***p<0.001.

AZFESE HEAZ AEF A=) dRYolH Hi
<Table 5>0|4 B nie} 7Ho] 72417k whg = F<t =
oA RuotE] AAghge %7Pobiﬁ‘r(p<0 001). &
M7kl 21.25~24.30 mg%] A g 24x]7k] 61.65~
100.20 mg%, & 48417kl 151.05~188.75 mg%, L& 7
AZFE 170.30~216.55 mg%z 71tk 2a 48417k
dmujole] A $HEe 84 (188.75 mg%)’t 7Y =L
S3 (178.40 mg%), S2 (151.70 mg%), S1 (151.05 mg%)=
YERSTHP<0.001). E& 72A4174e] Sujole] Agtge
S39} S47F 7HE =k S2, S1EC 2 YEFSTH(p<0.001).
Bacillus subtilis S39F S4= 72417+ & §?‘5}‘” FoF 3
g 2 Bke vYeille O}UhﬂJ aotFo] %ot
FH o] Alo] B dRUolE] ALTFE & Zo=E
EbstTh.

Woo et al.(2006)2] A-X Bacillus subtilisS ©]-8-51]
Azt F=gde] grujole] AAghRe WaAtke] gt
of M} SUIsIF e 53] Wa 20A17F o] %ol F43] F
7Vehe Ao® BUEATE Lee et al.(1992)S 5352 o|&
st A=AS Az sEd, E& 7247k 140~230
mg%®] YEUote] AATES vER 2 A A
170.30~216.55 mg%<t fAFsISATE. Sung et al.(1984)2 73
7o) dmuote] FAAaghge] wE 12417F olF FA4H
~7}0PM_ , WG A|To] 7] wet S SR

B 7277l = 400 mg%] FRUobE) AAgHES JERY
ATk dRYole] dAAE whilzd Bzl oA deamination
of eJate] A= dEUole] vt 2F Yol HFoR
A=A —‘:'rﬁﬁ%li R8st A= ey T dEUol
Fa 3y S proteased] 2]ste] ThalZ o]
E $ peptideE A ofv|cE] HAE
AR ‘o =74 3 g *Mﬂﬂr E*Ml H‘E
o }OﬂE}(Kim et al. 1982). o]2]3 £
A= %%X@J FEE A= 9lo] HER ofv|ie

= oLUQo]_EH z]/\%]-%:% »L% iég—;ﬁ—o] 2
H|ZE 9] 7|50 A e Aot
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6. Amylase &4

Bacillus subtilis S1, S2, S3, S4Z o]&ale] 37°CoIA 72
AR HE AT AEF =732] amylase 29> <Table
6> B ule} o] g A7kl 0.48~0.58 umt/gow
48174 3.05~4.22 unit/g®E BE #FoNA Z718H
g 7M1 7 E 2.84~4.00 unit/gS & Zj—r—o}»;\‘:}(p<0.001).
g 48A]7FS] amylase €42 S3 (4.22 unit/g)7b =KL
S4 (3.50 unit/g), S2 (3.22 unit/g), SI (3.05 unit/g)F=O =
YERSTHp<0.001).

I SeF<Table 3> wha 4877k S37} T} 2 I
Ho}h =4 YeltEdl ol S39] &2 amylaseZ/dell <t
Ao g FAHHAL =& amylase TAL AT ol I
S FEE HF49 dute] 7lofgtal & 4 Ath(Jiang
2007). vt HE7F A EEA 7121 BeshEe] 7has
3, amylase 50l A= dF9 K Fxo osl
amylase Ao] WolX= FHoZE AR E Tl Baek et
al(2014)¢] ¥ F59EE DaAz A4S IE 487
A amylase G/do] S71ste] & AF Aot fAlg A=
e ST

7. Protease &

Bacillus subtilis S1, S2, S3, S4% ©]-&3} 37°ColA 72
AIZRERE HE A AT F=5749] protease 4> <Table
>4 Hi= upe} 7ro] wkg A7l 0.86~0.93 unit/gol| Al
HHE 48K 7Ol 4.66~5.48 unit/gE BE g0l frelFe

2 Z7LeIaL 72X 70l 4.80~5.63 unit/gSE BAdo] 54
HZ YA THp<0.001). FE 482]7+2] protease B2 S3
(548 unit/g)?t S4 (5.41 unit/g)7} S1 (4.66 unit/g)@ S2
(4.79 unit/g)Et} =A YEFSTHp<0.001). Jung et al.(2012)
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<Table 7> Protease activity (unit/g) of lentil Cheonggukjang made Bacillus subtilis species Means+SD
Fermentation time Bacillus subtilis species
F value
(hrs.) S1 S2 S3 S4
0 0.88+0.06° 0.93+0.03¢ 0.86+0.06° 0.87+0.01°¢ 1.05
24 3.54+0.12° 3.60+0.07° 3.78+0.03 3.79+0.09" 4.49
48 B4.66+0.05° B4.79+0.50 A5.48+0.08° A5 41+0.04° 111.39%**
72 B4.80+0.08" 54.92+0.06" A5.63+0.05° A5.60+0.12° 58.59%**
F value 1006.72%*** 2391.55%** 3137.57*** 1536.42%**
A.B.C.DMeans in a row followed by different superscripts are significantly different at the p<0.001 level.
a-b.c.d\Veans in a column followed by different superscripts are significantly different at the p<0.001 level.
##%p<().001
<Table 8> Viscous substance content (%) of lentil Cheonggukjang made by Bacillus subtilis species Means+SD
Fermentation time Bacillus subtilis Species
F value
(brs.) St S2 S3 S4
0 A0.3440.01¢ 50.30:£0.02¢ 50.31+0.01¢ €0.23+0.01¢ 40.00%**
24 B1.11£0.03¢ €0.96:0.08° BC1.05+0.01° A1.23£0.01° 14.89%
48 £3,01+0.01° 43.23+0.06° $3,02+0.025° #3,06+0.08° 6.69*
72 A2.66+0.04° A2 73+0.04° B) 47+0.05° 42.70£0.18° 17.94%*
F value 4833.33%** 1390.87*** 2347.72%** 1914.11%%*

A-B.C.DMeans in a row followed by different superscripts are significantly different at the p<0.05 level.
ab.¢.d\feans in a column followed by different superscripts are significantly different at the p<0.001 level.

#p<0.05, **p<0.01, p<0..001

WEA7ke] ZAoAFE protease FA0] F7HeIAL 319
Uﬂ, kg %7]°| protease /0] FAHSHA F718IAL 484
o|Foll= Bl & ol FAIETAL Bkl

r\’ lo rlo

8. MEE
Bacillus subtilis S1, S2, S3, S42 o]-&3&lo] 7247} H<t
A A7l AT F=ge] AAE T2 <Table 8>o4 X
£ ule} o] wkg A7kl 0.23~0.34%014 HE 484]719)
3.01~323%= BE #ollA folFog Frlsislon 7241
4ol 2.47-2.73%% 71i6}°it}(p<0 001). & 487719
AAE T Ia 24771 sl BE ol oF 38 4
T Z71egloH, S27}F 3.23%= S1 (3 01%), S3 (3.02%),
S4 (3.06%)1Eth = WEFTHp<0.05). AEES F=73
g #A =9l Bacillus sublilisoﬂ o AAE A EE=
TAEH, grskE 2alE fructane=}
chald BaE glutamic acid T H1< polyglutamate®] &
TFEZ B FAUH(Lee et al. 1992). BEEL =7l &
AS AAshk=s 58 82U F A OItHKim et al. 2006).
Choi(2016)] Bacillus subtilis S1, S2, S3, S4= ©]-&3 oj
T Ao g 48471 4.78~7.16%S VFERAQIAL S13}
S27} S3, S4xth A JERAITH & A@AF IE 4847k
of AYF g HAEL 3.01~3.23%% F F=gH
o e g Helov, T A= BT S27F P =
YERATE Lee et al.(2005)2] Bacillus sp.& ©]-&3F] A%

o] fructose =A<

3t T HTFAA e wa 48K 7] AEE0] 2.15~6.03%
SHrEo] the 432 RSl

9. DPPH free radical 2750l 2|8t &Atst St

Bacillus subtilis S1, S2, S3, S45 o] &38le] 72A17F &2t
g A7l AEYF H LAl DPPH radical 2752 <Table
>0 4] B ufe} 7do] kg A7k 31.17~35.52%°0 A vt
F 4817100 65.48~85.83%= F71BIR. oLt WHE 72471
= 63.21~68.76%% A= 7HASHAtH(p<0.001). L&
48X 7kl S1 (81.29%), S3 (83.83%), S4 (85.83%)7} S2
(6548%)RTF DPPH Z7%o] %A UERTHp<0.01).
Choi(2016)2] A7 =R £2]3F Bacillus subtilis S1,
S2, S3, S4= Az T FES Y\ 4847kl S4=
90.55%, S3E 88.29%, SIS 78.50%, S2& 73.34%=O =
rkslsS Jeplglon, 2 AFA R 484]7F S22 WE
AR AEFe] Akl o] 7S BAl YRt Kang et
al.2013)¢] v|9-g A7}et F=7¢2] DPPH radical 22752
30.02~80.72%% UERom | wkg 48A|17W7HA] Al%E el =
7F F Em 2R Ashs AR He] B AEAd
o} AT ikl 22 free radicalol]l AR FAE
Foale] BIAS vEL, DPPHE 38 B4 =RE A
2}, FAhE Wl Brld-ow kY3t BxE Astee A
Ahgolsos HE ikt @4S 9T Urh(Chung et
al. 2002).



<Table 9> DPPH radical scavenging activity (%) of lentil Cheonggukjang made by Bacillus subtilis species ~ Means+SD
Fermentation time Bacillus subtilis species
F value
(hrs.) S1 S2 S3 S4
0 35.45+1.37¢ 31.17+1.38° 32.95+3.98¢ 35.5242.05¢ 1.49
24 B51.26+1.33¢ B46.63+1.78 A58.8942.94° A 62.03+2.07° 22.13%*
48 A81.29+1.96" B65.48+3.34° A83.83+1.78° A85.83+0.22" 37.68**
72 467.40+0.63" B63.21£1.50° 466.62+0.73 268.7620.74° 11.89%
F value 399.45%** 110.83%** 126.94%** 383.48%**
A-B.C.DMeans in a row followed by different superscripts are significantly different at the p<0.05 level.
a.b.c.d\eans in a column followed by different superscripts are significantly different at the p<0.001 level.
#p<0.05, **p<0.01, ***p<0.001
<Table 10>. Sensory scores* of lentil Cheonggukjang made by Bacillus subtilis species Means+SD
Sensory scores
Bacillus subtilis
species Color Smell Savory taste Sweet taste Viscous substance Overall
Acceptability
S1 3.00£1.15° 2.75+£1.17° 3.38+1.35¢ 3.05+1.20° 2.85+1.19° 2.65+1.44¢
S2 4.68+1.02° 4.73£1.22° 4.00£1.01° 4.05+0.90° 3.85+0.86" 3.83+0.90°
S3 5.20+1.18" 5.50+1.09* 5.18+1.20% 4.95+1.08° 4.88+0.91% 5.50+0.91*
S4 4.95 £1.18° 4.95£1.45° 5.10£1.19° 4.75£1.03 4.73+£1.04° 4.93+1.23
F value 30.68™" 37.49"™ 21.48™ 26.24™ 3429 48.58™

*1=dislike very much, 7=like very much

a-b.c.d\Veans in a column followed by different superscripts are significantly different at the p<0.001 level.

#45p<(,001

TS YER 3 AFe] kst G2 FHS isoflavones
g o= B o, A5 o] ¥E A
= Ad¥ E2)3s, isoflavones, aglycone isoflavones] A3
4 E 7P ksl @88 ST AR Harsslt
(Kwak et al. 2007). o]&]ol= F <] pheonlic acide}
I, obr)ieAt, ThilE So] g oA maillard HH-O 2
3-deoxyglucosone®] A= o] free radicale A&AAI 7| AU
phenolic acid®} w4°] A3 radicale] A4S JAI=
Aoz HIFATHKweon et al. 2001; Natella et al
1999).

10. HIE S H= &9 2SHAL

Bacillus subtilis S1, S2, S3, S44-FZ ©]-&3}o] 37°C9)
A 48A17F HEAZ] AEF H=rFe] IEH b= <Table
10> JeRATE. 408 2] siidelAl M=, WA, #5351,
ol A= AR, Ak Vs s 77 ARy eE A8t
Atk M= (color)oll ThEF 71T =& S3 (5.20), S4 (4.95), S2
(4.68)7F S1 (3.00)ET} =UTH(p<0.001). WA (smell)l] thHgt
718%= S37F 55002 7Y =9k, S4= 495, 2=
473013 Sl 2.752 A YR TH(p<0.001). 73+ Bt
(savory taste)y> H=7de] 5402 7Hgtolzt EEn, g
F =< glycine, glutamic acid, arginine =] 3
= Zlo|t}, =3k uke S3 (5.18)2F S4 (5.10y7F 7P =%k
S2 (4.00), S1 (3.38) =22 YEFHTH(p<0.001). TFok(sweet
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il

K

taste)oll 3 71T 5% S3 (4.95)2 S4 (4.75)7F 7P =t
3 S2 (4.05), S1 (3.05) <02 LERHTHp<0.001). =3
o] FAXF HAE Ud 71ZEE S3 (4.88)9F S4
@.73)7F 78 =% S2 (3.85)9F S1 (2.85) £ & ERE
tH(p<0.001). Au+A <l 7] 5 %= (overall acceptability)= S37}
55002 71 =9kom,| S4 (4.93), S2 (3.83), SI (2.65)
o2 YERITH(p<0.001). TsHAR] A3 S32 EaARl
LT A=l BE 7|3x SHA F3%oen, S18
2 g AEF H=ge Aw, WA, sk, wulh, A
A& gt 7|57} Yol ARl 7| 5w FEe FU
< Zo= AlEHTh

B AFoMe A 7He A E2$t Bacillus subtilis
FES o]&sle] LA 7S ek ANEF HI4AS Ax
5 7

P £ 548 gotste] 2] war g 53 45
Hatarz) siath. YT F=742 Bacillus BT+
g 0A 7kl 7.73~7.77 log CFU/gol L L& 484 7)ol
1 log CFU/geE fo]AQl 5718 Eou, ¥s

72X 7rl = 8.97-9.41 log CFU/gC. & ZFAdi3ith. AdZF
A= pHE WE 487 7H FrelF o g S718li Al S4
(7.92)7F S1 (7.72), S2 (7.60), S3 (7.67)5 .t} =A LebTh
AT A=) SUFS HF 48K 7HHA] 0.89~1.45%F
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Z71E S Ea 722 7HE 0.80~1.12%% 74T}
dgF =g o] FAshEe 7247 a5

ue

oF BE w50l Z71sked 308.00~382.20 mg%= LERSTE.
A7 HEEE B BE dFolA gEYoldl AasE

2 170.30~216.55 mg%Z Z7teldth. AdF A=A
amylase 42 WE 484709l 3.05~4.22 unit/g® Z713FA
om, $37} 422 unit/gS- & S1 (3.05), S3 (3.22), S4 (3.50)
B} =7 Ueigtou wg A 7elE s AEE
A=e] wra A 7bol] W protease THAJ-S WG 48471
4.66~5.48 unit/g= S7He skt 72417kl = 4.80~5.63
unit/g 2 S FAIEITE WY Hge] HEEe
B 48N7ZF 3.01~3.23%= S7He 3RO, S27} 3.23%=
S1 (3.01), S3 (3.02), S4 (3.02)Kt} =A velst) ey
HE AZE 2472.73%2 AT AYE H=
o] DPPH &A% & A7kl 31.17~35.52%°]0aL wa
48770l 65.48~85.83%= oA 02 F7HE s, S4
(85.83), S3 (83.83), S1 (81.29)°] S2 (65.48)Xt} =A 1}
ERdeh. 2Eu & 72417l 63.21~68.76%% 7481
ok 48717 HEAZ] AEF A=l A A3 S3E
TaAZ] A57ge] s, WA, ek oF, wat, sl of
g 7s=rt =4 JERe ] HukERl 7] S & (overall
acceptability)= S37} 5.502.2 7F4 =%ov, S4 (4.93),
S2 (3.83), S1 (2.65) 2.2 YERsit),

o el AT AR 48A17F HEAZ] AEF HAo
Bacillus a7, 399, amylase 24, 2 &, DPPHA7 S
o] #A ettt wE 72417ke] AYF HH742 protease
279, opnE] A g, R UolE] AA o] A
Rl e uke YehdlE ol Aa e whE
48717k FFote] AFade] FA4E Ao, ¥
TANZWEA] ehevet 7 JErITh E9F JERE o
BUolel= wE 2A1ZWHA] Sttt YT
ol iE] Ao} ol AAo] s vl Al WE 72
AlZF Bk g 48A17bo] A Z o2 ALRE T 48417
HEAIZ ANDT A=) B Ao A, dA, 7
g Bk, wuh, AAE AR, ARl 715 xdA S37F =2
715=2 Yeplie] Al9F F=7 Az Agst = AL
SH AEFTS daAF gatslsst AAE] St
ke ZoE Yeigteor A9 H=d2 7HEsA] &
NattoS} 7o) H=gol] AAE Hrlsle] Aoz A3 sh=
o] H=te] YPFES B} 8oz JHAT F 9

°oltt.
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