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Na-Young Gil, Jin Song, Jeong Seon Eom, Shin-Young Park, Hye-Sun Choi*
Fermented Food Science Division, Department of Agrofood Resources, NAAS, RDA, Wanju 55365, Korea

ARE F2 BEF Y Bacillus subtilis HJ18-9 ZF0]| 2 = Zo|
SASY Wal

==
24 - 51 - 4%
SEXNEY B s

Abstract

The purpose of this study was to investigate changes in the amino acid content and physicochemical properties
of Cheonggukjang prepared by using various soybean cultivars (Daewon, Deapung, Seadanbeak, and Taekwang)
and a functional microorganism (Bacillus subtilis HJ18-9). These soybeans were conventional Cheonggukjang (control)
and Cheonggukjang fermented with Bacillus subtilis HJ18-9 (treated). The moisture contents of steamed, control,
and treated soybean were 62.45~67.12%, 63.28~67.14%, and 64.50~66.87%; amino-type nitrogen contents were
6.53~24.25 mg%, 27.63~122.09 mg%, and 37.29~133.48 mg%; and ammonia-type nitrogen contents were 26.92~47.95
mg%, 45.45~156.36 mg%, and 28.02~121.13 mg%, respectively. The umami taste associated with several amino
acids (aspartic acid and glutamic acid) in Cheonggukjang was lower than that for steamed soybeans, while the
bitter taste from amino acids (methionine, valine, isoleucine, leucine, and phenylalanine) was higher than that for
steamed soybeans. The result of sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis showed that
the molecular weight of steamed soybeans was less than 100 kDa, while control and treated groups showed low
molecular weights below 34 kDa, confirming their protein hydrolysis to small molecular weight. These results are
information for developing functional fermented soybean paste and diversification using soybean cultivars.
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L3t B8 gFEe YA A vl &4
2 o A gdle o] Hold AYYA B
subtilis HI18-9% starter2 AF&-3}1TH19).

AAFE TS A, A 2 Al T oAl 24412
212 6}93 11, autoclave(VS-1321-100, Vision Sci. Co., Seoul,
Korea)E |83kl T2K121°C, 50 min) 3}3Ath. SAHE F
= 40Coate] 222 Wy g & AAu)A| o Hujek |
B subtilis HI18-9(600 nm, OD 0.5)5 4] %2](8,000 rpm,
10 min)ate] FA 3 49| saline & o2 AL 3+ T, 1%
(w/w, 10° CFU/mL)9] F&E =2 HZste] WF (37, 48 hr)
sttt

S8 53
FEFS AOAC H(20)°l we} 105T gtz el
ol B39 th A& 2 g2 105C Dry oven(MOV-112,
g ry

Sanyo Co., Ltd., Osaka, Japan)ol|x] dteFo] & wj7}x] 74324
A g2 JeERfdoh

ofo|:=Ef ZA(NOs-N) &£H

AET % A= opn| e HA3HE2 Formol 278
QD<= ©] &3t SAstATh A& 10 goll S/FFE 109
7Fete] 1% B9t T2 3k(Homogenizer, Polytron PT-MR
2100, Kinematica AG, Lucerne, Switzerland) 3+ %, 1A 7+
oF wykste] 2141 4%2](8,000 rpm, 10 min, supra 25k, Hanil

A23d A62 (2016)

Co., Ltd., Incheon, Korea)3F =N& A| B2 AFE-3S T
th A1Z 5 mLol A formalin €9 10 mL¥} =/ 10
mLe ¥ B A1d3} A8 5 mlol| S75 20 mLE ¥
A&l 0.1 N NaOHE: ©]-&-5to] pH 842 53}2% 6o
ot ] A kS A&t

tmL|otef HA(NHsN) 53

98 T 2 A= dRYolH AATFFS Lee 522
of el meh Sttt Al 599 0.1 mLell Ag-23}
BE&NS 747t 2 mL Ha ¥-§(37C, 20 min) 3 %,
microplate reader(Biotek Synergy Mx, Biotek Instruments,
Winooski, VI)E AH8-3ted 630 nmellA] F3=E S35
om, (NHy,S0s5 AHgate] 23 E4S o] & g
Yote) dagds AEsith

A solution: phenol 10 g and sodium nitroprusside dehydrate
0.05 g in distilled water 1,000 mL

B solution: Na,HPO,-12H,0 9 g, NaOH 6 g and NaOCl
10 mL in distilled water 1,000 mL

welolo[ =4t Bk £

Frelobn] =4k Kim 5(23)9 WS W3 st S5t
Atk A& 5 gol 70% olEE 100 mLS 7fste] w2 3}s)
3l & Z18}32(180 rpm, 30 min, SK-71 Shaker, Jeio Tech,
Kimpo, Korea) 3t} FZ -2 €41 £2](8,000 rpm, 10
min)ste] FEA S FHatal Fe kel 70% e 50

= o] AFE3 * e, AT E THEste] FEd
% &3le] rotary vacuum evaporator(Rotavapor R-205,
BUCHI, Flawil, Switzerland) 2 7HFsZ38lth 559
70% NeHE-S H7isto] 50 mLE 3 g3lo] A7 gdow
A8 AR 892 045 tm®] syringe filterZ ©]2}3}
o] WatersA}F2] AccQ-Tag Amino Acid Analysis W<l e}
=48}t A3kl 10 plol] AccQ-Fluor Borate Buffer
70 ILE ¥ & 233 ¥, AccQ-Fluor Reagent 20 LS
7Fete] &3t vl Ao A 183 WA o) &
Heating Blocks ©]-&3}o] 55Co| A 1087 713k
Acquity UPLC®) system(Waters, Milford, MA, USA)°ll <]
3t Column(AccQ-TagTMUltraColumn  2.1x100 mm),
Column temp.(55C), Injection volume(1.0 uL), Flow rate(0.7
ml/min), Mobile phase(A, Eluent A; B, Eluent B), Detection
(UV 260 nm)2] ZHoz B33t
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R4 &5

713 In 524)9] #Hd wEt Stk AlEdS
F8ll 045 tm membrane filterE ©]-8-3t] A7t § o A&
HPLC(NANOSPACE SI-2, Shiseido Co., Ltd., Tokyo, Japan)
£ 0]-&3}9 column(Unison UK-C18(250%4.6 mm, 3 {m)),
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detector(PDA 214 nm), mobile phase(25 mM KH2PO4 pH
2.5), flow rate(700 1iL/min), injectin volume(20 yL) 9} Z-&
07 FAEdth

g 23] sl" ¥4 sodium  dodecylsulfate-
polyacrylamide(SDS-PAGE) 2412 A3tk Al & oo
SDS-PAGE-%- sample buffer(0.05 M Tris-HCI [pH 6.8], 10%
glycerol, 02% 2-mercaptoethanol, 2% SDS, 0.1% bromophenolblue)
= A7k & 71E93100°C, 5 min)dle] whild WS- f=3k
% A719%S 3kt Sample buffere] =52 TS 12%
separating gel & ©]F9] % disc SDS-PAGE mini-gel(BioRad,
Hercules, CA, USA)°l Al2E Y11 A7]9%(100 V, 90
min) 3Tk A719 5] EUA geloll F2]d @A bands
£ coomassie brilliant blue(CBB)Z 3413}1l coomassie
brilliant blue destaining & © 2 g-A3}lo] thuld Ra o
He A8

Eas &3

A S-S A= 1 g2 BaAEXETE B4 9
233} aL plate count agar(Difco Lab. Detroit, MI, USA) 3 )]
Aol =slo] 37T 24417 Wik ] 3 LER colony
£ AFet] THrE S8
54 24

ARAI= 33 wHRo R S o, FA7e]
o] 73S SPSS system(Statistical Pack-age for Social

Sciences, SPSS Inc, Chicago, IL, USA) soft-ware package
(version 12)E ©]8, p<0.055FC2 2 Duncan’s multiple
range testol] ]t A5kt

Za y pE

=]
FEgEe Table 1o YeRYE 98539 A5
62.45~67.12%2] WeIF o, FE FETdEFS uF, H

Table 1. Moisture content of soybean and Chunggukjang prepared
with various soybean cultivars

% AP B C D

@ 64041023"Y  67.1240.11%  6245:029°  67.00+0.67"
¢ 66341048 64.941087% 6328077  67.140.95™
t 6687061  6457+030®  64.50:0.80%  64.67:0.29

1)A, Daewon; B, Deapung; C, Seadanbeak; D, Taekwang.

%, soybean; c, conventional Clunggukjang, t, Chunggufgang fermented with B subtilis
HI18-9.

3)Any means in the same column (A-B) or row (a-d) followed by different letters
are significantly (p<0.05) different by Duncan’s multiple range test.

&, e, e so 2 =7 et staters A 7FokA|
2 Aoz Azt A1) starters 3
7hste] Azt A=A =70 TS 63.28~67.14
%9} 64.50~66.87%= VFEFSATE A5 77425)2 w3
Fo Hit 57043.1% %2 HuE vl 9lom, oAzl Fog
A z3 A22026)2 A 642%, 65.0% = B A 29k FAL
sttt ole A= FA &, A da R
et zto] & Hole Aoz Helth

ofo|Ef ZA B2k

ob] -8 A 43S Table 20 YERAQITE € 8F ()
735 653~2425 mg% = UL, AT, O, elge] T =
el A= ce 27.63~122.09 mg%, AF te
37.29~133.48 mg% W& YEIATE 1 F Adoz
A zet A=7ge] opv| g AadEko] 7P =2 e Ve
WAL B, th, ez Alx3 A= A= Uehyt
o}, Afchal e i ko] 48%0] o2 ANt F(40%)H
o} B2 TS st Aok A5 A A=
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g A= AT28)0l wEW 48417 HE T Ao
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M
53]

Table 2. Amino-type nitrogen content of soybean and Chunggukjang
prepared with various soybean cultivars and B subtilis HI18-9

mg% A B C D

& 746+427%Y  2425+161%  12.13+428%° 653427
c 27.631553%  36.1612.80C  122.00+4.94"  47.45+551%
t 37204133 4566+7.19%  13348+2.78™  74.64%0.18%

1)A, Daewon; B, Deapung; C, Seadanbeak; D, Tackwang.

%, soybean; ¢, conventional Chunggukjang, t, Chunggulang fermented with B subtilis
HI189.

3)Any means in the same column (A-B) or row (a-d) followed by different letters
are significantly (p<0.05) different by Duncan’s multiple range test.
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Table 3. Ammonia-type nitrogen content of soybean and
Chunggukjang prepared with various soybean cultivars and B.
subdlis HI 189

mg% A" B C D
& 47954891°Y 269241107 47361099 36441175
¢ 1779:743%  4545:186%  15636:645"  54.57+4.48
t 67.18+4. 73" 28.02:091™  121.134643"  40.19:1.26

A Daewon; B, Deapung; C, Seadanbeak; D, Taekwang.

%, soybean; ¢, conventional Chungeukiang, t, Chunggulang fermented with B subtilis
HI189.

3)Any means in the same column (A-B) or row (a-d) followed by different letters
are significantly (p<0.05) different by Duncan’s multiple range test.

A23d A62 (2016)

2| ofo|=M EHE

frejobn| =it &5 5% A 7= Table 40 YR ATH
AE5FH A=A col| A= glutamic acid7} =2 S-S E"ﬂ
3, A7t FolA YT (7.85+0.51 mg%)H e
(11.14+0.63 mg%) S 2 A| 23t Aol A= phenylalamne
A e (20.2140.56 mg%) 2+ B 28-3-(10.04£0.49 mg%) S =
A ze A=74o|A = glutamic acido] -2 FHEFS HERY
ohq. 2 vy} 22k Fojste FR ol tke] =29

< Fig. 1 ¥ Fig. 2¢] YeRAth 28 gk(glutamic acid

2 aspartlc acid)e] & Ajchule] 739 9 53(13.82+0.34
me%), T%4c(31.83+0.31 mg%), AF 1(20.7140.60
mg%) o E YRTF Hrh IF A, 7 o] FsIsle
o, e, tE, B8 85, 957 2 H=7 dedA
2 z}o]E Hol ] %okt}t.  25uk(valine, methionine,
isoleucine, leucine 2 phenylalanine)2 5.t} 2 = 7ol A
B2 o] AEHol o] Adste vid Ea) &l
ofsl| Tz o] Fel WA ©als = ofn| it B
&=uk olu] ko] o fEE RS & = UATAE. Barczllus
sp. CS-17% o] &3 AZHB2)ME ¢E 48437 &
phenylalanine®] 717 %o| -7 %11, leucine, 1ys1ne—r0]
AT W38k 3, Racillus sp. DC2T-S ©]-§ato] A =3k
AH=7%(33)°l = glutamic acid”} 71 2ol A& A,
phenylalanine, alanine =2 2 WEITIAL 319 o0, o] =

Table 4. Free amino acid content of soybean and Chunggukjang prepaared with various soybean cultivars and B, subtilis HI18-9

mg% Aa” Ac At Ba Be Bt Ca Ce Ct Da Dc Dt

Hs  063:006™ 047:002%  081:001™  030:002™  057:004%  090:006®  27010.19"  135+0.16" 143024  170:023%  003:000®  0.01:0.00%
Ser 0601001 062:000"  L12:000%  026:004™  085:003%  159:005  10420.10%  213:017%  203:003*  124:004®  0.11£001” 01420007
Ag 5293001 0342007 065:0.11°  251:004%  045:002%  093:000% 215:0.08% 159:015" 113:003% 5516022 0.17:000%  047:0.04%
Gy  070:001%  065:004" 071:001*  040:003% 071005 098:0.02" 086009 078:004" 067:007" 096:006™ 004:000° 03420037
Ap  4215002%  0842002°  076:005%  356:002™  063:003°  106:011°  591:0.011%  078:004%  050:003%  392:0.00%  0.13:002™  0.040.00™
Gl 596:000%  615:002% 7316003  505:006% 828:003%  680:003  790:024% 3105:035™ 20211056 5742036®  979:002% 10042049
The  062:000° 066:000"  103:000% 034002 084001"  148:002" 086:007° 137:0.12"  118:006" 076:005% 111:004® 130:0.2%
Ala 306009  288:011°  375:004%  166:003%  408:0.10%  461:016% 358:025%  445:038% 37320397 407:0.18"  510:004%  355:037
Po  108:002% 136+004%  169:007" 068:004% 155:006™ 163021 120:006" 1342000 134004 112:006 171:016% 1532002
Cys  010:002%  004:001"  009:002%  000:000® 000:000° 030:0.18"  000:000®  010:001* 010:002% 000:000® 0.10:002"  0.10£0.02*
Lys 4574007  252:006° 290:0.12%  425:000" 277:010% 3742035 354:0.14%  192:000°  186:001°  430:034™ 217:032%  362:003"
Tyr  159:003% 0676000  068:002" 1162002 050002 086002 202:008" 3142000  14620.10%  160:008"  049:005"  0.59:0.08”
Met 0326000 0372000  103:003%  0.13:001%  086:002%  16260.04" 034003  109:006  113:0.10%  034:008*  1.06:004"  149:007"
Val o 1648018" 26360527  485:000% 06120095 397:032%  580:016™  150:008" 462:016% 461:016B 140:015% 256:024%  447:021%
Te  083:000% 144:004% 257:018%  032:000%  208:019% 324:013*  078:0.01%" 298:021™  303:020™ 084005 175008  2.59:023"
Lew  L19+006%  426:032%  7.15+056% 048+001™  677+030% 10512054 091:000 838:0.19" 763+0.12%  138:005"  560:0.157  725:024%
Phe  196:0.15% 5111037 785:051%  126:008% 761:058% 11142063 227:004%  942:017°  986:000% 243:004%  787:003%  798:0.2°
Toal 3535 3101 4495 097 ) 57.19 3156 7649 619 3731 39.79 4551

A Daewon, B, Deapung, C, Seadanbeak D, Taekwang, a, soybean; c, conventional Chunggukjang, t, Chunggukjang fermented with B subtilis HI18-9.
PAny means in the same soybean state (A-B) or soybean cultivars (a-d) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.
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HEEl Soybean
[ Conventional Chunggukjang
B Chunggukjang fermented with B. subtilis HJ18-9
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- T

[
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[S]
o
T
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Ba?! Ba

Cb BCa Ba Ba
c

(=]
T

Cb

Cc C

Free amino content of umami taste(mg%)

Daewon Deapung Seadanbeak Taekwang

Fig. 1. Free amino acids content in soybean and Chunggukjang
based on senses of umami taste.
l)Glutamlc acid, Aspartic acid.

PAny means in the same soybean state (A-B) or soybean cultivars (a-d) followed by
different letters are significantly (p<0.05) different by Duncan’s multiple range test.

EE Soybean

[ conventional Chunggukjang

40 ' Chunggukjang fermented with B. subtilis HJ18-9
Aa

Aa Ba

Cb

Ac

Free amino content of bitter taste (mg%)

Seadanbeak T:

Daewon

Deapung

g

Fig. 2. Free amino acids content in soybean and Chunggukjang
based on senses of bitter taste.

l)Vahne Methionine, Isoleucine, Leucine, Phenylalanine.
PAny means in the same soybean state (A-B) or soybean cultivars (a-d) followed by
different letters are significantly (p<0.05) different by Duncan’s multiple range test.

B A% A8 GA A4S BT} Pak S(34)S A
Aol AFE e EFol wet HTAF] T B, 29,
T3 @S e ofn|ite] §Hgo] Wetal o] & o&at

of F=7gel vtE 24 @ ¢ 3l Aolgka Baussit.

71t et

714 &% =443 Table 591 YERRRITE t3,
Ak el 9EFe] 7S, succinic acid(1,895~2,121
mg%)7]' 7]';3— lri‘% -E]l—aol:o "]’E}q]N\J-, T;]' E Citl‘iC
acid(614~822 mg%), acetic a01d(156~306 mg%)o| ATk A
2739 A% starter A7} FFo ATRlo] lactic acid
(163~896 mg%)7} 7V =& = YeErA L, H =74
t= =% coll H]&l oxalic acid, malic acid, acetic acid”}

H =2 s BAth 98 FdA Ao s dgyd
2] oxalic acid, citric acid®} succinic acid®] 73 1 &ko]
7+4~38}93 31, malic acid, lactic acid®} acetic acid= 1 §HFo]

7Vt citric acide Y &30 ®ol| g Ho] JYA|TH
=7 A pAEL AqUA YO R o] GEHWA FHTF
agan=in) .1_, 1act1c acid®] 4% WA 24kt o3l A=
= 07 F=5, acetic acid®] 7% Rucillus 2] 2402
Z7}= ‘,: 74 o2 BuEArh3s). Bkxs Ak A=
(36)2] 7% lactic acid7} 7} =k 2 H, acetic acid, succinic
acid, citric acid =% e 2 Ao} FARGE AokE
B

N o O]N

l

N

Table 5. Organic acid content of soybean and Chunggukjang
prepared with various soybean cultivars

Oxalic
acid

Malic acid Lactic Acetic

cid Succinic
acid acid

acid
2 5146 69.72 66.92 11702 91576  224.89
A ¢ 24.04 13745  896.65 22437 31922 45543
t 3085 17831  769.64 24532 21941 34123
a 4434 10852 3886 30621 82241  1895.76
B ¢ 2710 13645 74025 35578 25584 43921
t 3260 13902 63219 49862 8781 21926
a 428 8627 3837 15626 61657 200237
C ¢ 1400 15426 59079 36726  239.10 29755
t 17.14 20841 57757 32932 17069 @ 22299
a 19.57 12758 11311 21355 61494 212117
D ¢ 15.19 14243 66079  267.18 15418 26115
t 228 14546 46370 28330 2699 21781

"A, Daewon; B, Deapung, C, Seadanbeak; D, Tackwang,

%, soybean; ¢, conventional Chungeukfang, t, Chungguljang fermented with B subtilis
HI18-9.

mg% Citric a

o .
Ca Cc Ct Da Do It

Aa Ac At Ba Bc Bt

Fig. 3. Analysis of soybean and Chunggukjang protein by SDS-page.

A, Daewon; B, Deapung; C, Seadanbeak; D, Tackwang; a, soybean; c, conventional
Chunggufjang, t, Clhunggukjang fermented with B subtilis HJ18-9.
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CH Rl B3l oE 24

F Z39Y starterd 7} 5o WE A =2729] SDS-PAGE
A 23E Fig. 1] Jepfiieh 2ad ds53def 74
ol o 743 KDaCl WHH A=A oo} A=A o] FH
il © 798 KDaZ UEstT) o] wgd o8] mEat
o] ghill o] Bafgo] 2k RExjake] vwidlo] Zrlsle
AL AT & UATh A4S o] &3 H 140149 4+

33 KDa ©|3le] T 2 F3=|3] o, E3] 11 KDa 27|
o] ghldo] FE o]0 oM B Jicheniformis B1-& ©]-8-3F
=GN 75 SAHFAAE 66 KDaoldo| A+
= BRI BRI AIFEHEA 2 Eapge] Frtete
24X 7F Fol= 36 KDaol3l2 7HAadle] B ATe) fA1et
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Table 6. Aerobic bacterial counts of soybean and Chunggukjang
prepared with various soybean cultivars

Log CFU/mL A" B C D
& 5154025" 5671030  449+069°°  380+0.17"
¢ 868+0.07  885+0.04  8.14#0.09™  829+0.01“
t 846+0.03"  8.19+0.03*® 7484034  7.86+0.05"

VA, Dagwon; B, Deapung; C, Seadanbeak; D, Tackwang.

%, soybean; ¢, conventional Chunggukang, 1, Chunggukjang fermented with B subrilis
HJ18 9.

Any means in the same column (A-B) or row (a-d) followed by different letters
are significantly (p<0.05) different by Duncan’s multiple range test.

(o] ]
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B ATE G £ 3 B0 GRERIAE
Bacz]]us SlIblI[IS HI18-9 A7} f-5ol wE A
29l 547} ghol] #Ast= O}U]&f& e A E ?“é%

A23d A62 (2016)

stz aiglth. 45T 2 e, tE, A, &
2 Agaidth ARBAD), sarerS W71 e A
o o xﬂza} =] ;1!-%}(74 ;71-7@ c)i} starterS 7}0}04
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