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Changes of physicochemical properties of Cheonggukjang prepared
with various soybean cultivars and Bacillus subtilis HJ18-9
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Abstract

The purpose of this study was to investigate changes in the amino acid content and physicochemical properties
of Cheonggulkjang 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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Table 1. Moisture content of soybean and Chunggukjang prepared
with various soybean cultivars

% AY B C D

£ 6404:023™ 671260110 624580297 67.00£0.67"
C 66341048 64.94£087™ 6328077  67.14£0.95"
t 66870614  64.57:030%  64.50:089%  64.67:0.29%

YA, Daewon; B, Deapung; C, Seadanbeak; D, Tackwang.

%a, soybean; ¢, conventional Chunggukjang; t, Chunggukjang fermented with B, subrilis
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 2. Amino-type nitrogen content of soybean and Chunggukjang
prepared with various soybean cultivars and B. subtilis HJ18-9

mg% AY B C D
A 74642759 2425:161 12.131428%  653:4.27%
c 27.63+5.53%  36.16£2.80%  122.09+4.94% 47451551
t 3729£133™  456627.19%  1334812.78™  74.640.18%

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

%a, soybean; ¢, conventional Chunggukjang; t, Chunggukjang fermented with B, subtilis
HJ18-9.

9Any 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.
subtilis HJ18-9
mg% AY C D
a2 4795:891%%  2692+1.12° 47362099  3644+1.75%
¢ 117794743%  4545:186™ 156361645  54.57:4.48
t 67.18:4.73%  28024091™  121.134643%  40.19+1.26%

A, Daewon; B, Deapung; C, Seadanbeak; D, Tackwang.
%a, soybean; ¢, conventional Chunggukjang; t, Chunggukjang fermented with B. subtilis

HJ189.

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 4. Free amino acid content of soybean and Chunggukjang prepaared with various soybean cultivars and B. subtilis HJ18-9

mg% Ad" Ac At Ba Bc Bt Ca Ce Ct Da Dc Dt

His  0.63:006™ 047:002%  081:001*  030:002% 057:004% 090:0.06* 2701019  135:016% 143:024™  170:023®  003:0.00°  001:0.00®
Ser 060001  062:000% 1126002  026:004* 085:003%  150:005%  1042000% 213017  203:003*  124:004* 011001  0.1420.00™
Arg  529:001% 0342007 065:0.117 251004 045:002%  093:000%  215:0.18%  159:005"  113:003* 5515022  017:002%  047:004%
Gy  070:00% 065:04%  071:001* 040:003° 071£005® 098:002% 086:0.09" 078:0.04*" 067:007 096:006* 0042000  034:0.03°
Asp 4215002% 0842002  076:005% 356002 063003  106:011° 591001  0.78:004%  050:003%  3.92:000%  0.13:002™  0.0420.00™
Gli 5961000  615:002°  731:0.03%  505:0.06% 828:0.03%  680:003%  790:024" 3105:035* 20211056 574:036"  9.79:0.02%  10.04:049™
T 062000 066000  1032000° 0342002 084:001° 1482002 0862007 137:0.12% 1182006 076:005% 111004  130:0.12%
Ala 306:0.00°  288:0.11F  375:0.04% 166003  408:0.10%  461:0.16% 358:025%  445:038%  373:039%  407:0.18%  510:004™ 355037
Pro  108:002% 136:0.04%° 1.69:007%  0.68:004™ 155:006™ 163:021% 1202016  13410.00% 1342014% 1126006  171:016" 153012
Cys  010:002%  004:001™  0090.02%  000:000™  000:000° 030:0.18* 000000  0.10£0.01*  0.10:002*  000£0.00®  0.10:002*  0.10:002®
Lys  457:007%  252:006% 2900125  425:002% 277:010%  374035"  354:0.4% 192000  186:001  430:034*  217:03%  362:003"
Tyr 159:003%  067:000®  0.68:002°  116:0.020%  050:0.00°  086:002% 2026008 3142000  146:0.10™ 160008 0492005  0.59:0.08"
Met  032:000% 037:002%  103:003%  0.13:001%  0.86:002% 1.62:014® 0342003  109:006™ L13:0.00%  034:008"  1.06:004  149:007*
Val  16410.18% 2630520 485:000%  061:009%  397:032% 5801016  150:008"  462:0.16" 461:016B® 140:0.15% 256047 4472021
Te  0.83:000%  14:004”™  257:0.18%  032:0.02%  208:0.19% 3241013 078001 2981021  303:020™ 0842005  175:0.08° 2592023
Leu  119:006% 4268032 7151056 048:001™  677:030% 1051:0.54* 091:000% 8382019  763:0.2%  138:005"  560:0.15%  725:024™
Phe  196:0.15% 51110377  785:051% 126008  761:058% 11142063 227:0.04* 942:0.17%  086:000 243:004  7.87:003*  7.98:0.12%
Total 3535 3101 4495 297 03 5719 3756 7649 619 3731 39.79 4551

YA, Daewon; B, Deapung; C, Seadanbeak; D, Taekwang; a, soybean; c, conventional Chunggukjang; t, Chunggukjang fermented with B. subtilis HJ18-9.
YAny 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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EE Soybean
[ Conventional Chunggukjang
B Chunggukjang fermented with B. subtilis HJ18-9

Aa

30} T

Ab
20

Ac

Ba2
10F Cb

Ba Ba Ba

Free amino content of umami taste'(mg%)

Seadanbeak

Daewon

Deapung Taekwang

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

Any 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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2
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£
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o

[N Ce

Daewon Deapung Seadanbeak Taekwang

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

"Valine, Methionine, Isoleucine, Leucine, Phenylalanine.
Any 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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Table 5. Organic acid content of soybean and Chunggukjang
prepared with various soybean cultivars

mg% O)ggc Malic acid La;gc ﬁﬁhic Citric acid Succll(rinc
a? 5146 6972 6692 11702 91576 22489
AV ¢ 2404 13745 89665 22437 31922 45543
t 3085 17831 76964 24532 21941 34123
a 4434 10852 3886 30621 82241  1895.76
B ¢ 2710 13645 74025 35578 25584 43921
t 3260 13902 63219 49862 8781  219.26
a 428 8627 3837 15626 61657 200237
C ¢ 1400 15426 59079 36726 239.10  297.55
t 1714 20841 57757 32932 17069 22299
a 1957 12758 11311 21355 61494 212117
D ¢ 1519 14243 66079 26718 15418 26115
t 2286 14546 46370 28330 2699 21781

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

%a, soybean; ¢, conventional Chunggukjang; t, Chunggukjang fermented with B, subtilis

HI18-9.

Aa  Ac

Ba

Bc

Bt

Ca Cc Ct Da Dc Dt

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

A, Daewon; B, Deapung; C, Seadanbeak; D, Taekwang; a, soybean; c, conventional
Chunggukjang, t, Chunggukjang fermented with B. subrilis HJ18-9.
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CHeEl Fall miE 24

E3Y starterd 7} 5o WE 49| SDS-PAGE
A A3E Fig. 19 Yot 284 d539 54
w2 7-43 KDaQl W A= ok A= o] 79
T L 728 KDa®= WEISTE o= BEe] o8 niA}
o] e o] Haj]o] 2be Eapke] dwdo] Frtste

< AT Uik TAE ol 8% A4 B,
a o|ate] ThlAd 2 RejEglon, £3] 11 KDa Z7]
o] thil o] 5 o] FR o™, B licheniformis Bl ©|-8-3F

33N 7AF A Tl = 66 KDaol o] A
= QAR B E7F AR A 2R Eajge] Stk
24A]7F o= 36 KDao| 3t 2 7HAdte] B ATe) A8t
A3s HAAth A H=e] 7, 20 KDadl| ¢ &3]
Me BFEA] G A2 Ert ERle] 5, 4%
e &% IRlo] doF Aow Algdrh

=31 =

=W starter 87} 50 W2 Ao &= 9
W 3}= Table 69| YERAITE 2T 79 3.80~5.67 log
CFUmL®] AR om, e, Ak, tigl, of g <o ATt
7 (c)> 7.48~8.85 log CFU/mML, =73 (t)2 7.86~8.46
log CFU/mLi byt Tl Rl we] Feede

n A& 27 2 ool HZH ¢ Bacillus®) ol AT
T ket AﬂﬁOl HoJsiA slo] oz AzH A=
toe O BETE B gt Ju 538)0l wad
B. subtilisS @%’6‘}92% 8% B. subtilis®] WE 50| 2t
o) e e A8 X%léiv}ﬂ B 31513l om o}
29 o] g3t 3 :1—1"1]:/] FUTE 10~10° CFUMLE & A7
o} fFALS Ad9tE i},\‘jr(39).

Table 6. Aerobic bacterial counts of soybean and Chunggukjang
prepared with various soybean cultivars

Log CFU/mL AV B C D
a” 5158025 5671030  4.49+0.69°C  3.80+0.17%
¢ 8.68:0.07%  8.850.04%  8.1410.09™  829+0.01%
t 84610.03*  8.19+0.03"®  748+034%  7.86+0.05>

A, Daewon; B, Deapung; C, Seadanbeak; D, Tackwang.
%, s?gean; ¢, conventional Chunggukjang; t, Chunggukjang 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.

Q o
AT RS T8 T %z , FEEE =S

Baczllus subtilis HJ189 A7F f-5Fo 2 A7 o|3s)et
ARl EA 3} g #st= 0}‘3] b 1A S

Hlwstazt sioltt. Q8 o2 e, the, A, g
F& AHelsith AR F (T, starterS H7FokA] 2 A
SR s A2 A=HETH oI starter S 37151
Az A= 0o FEFFS 6245~67.12, 6328~
67.14, 64.50~66.87%°1 2, oln| =B HAE 6.53~24.25,
27.63~122.09, 37.29~133.48 mg%, <EUole] HAE 2692~
47.95, 45.45~156.36, 28.02~121.13 mg% = YEFT) 2]
ol e Aol ATARTE FARS W
glutamic acid, aspartic acide] © %2 ¥, &ubS U=
valine, methionine, isoleucine, leucine, phenylalanine<>
sarter A7} §-50] BAFlo] A=Ao] AnTur) o B
o] AZHAL. $714E A5 FolN A=Por WE
T A oxalic acid$} citric acid®] 735 1 graFo] A4S
11, malic acid, lactic acid, acetic acid, succinic acid= 1
-81—31:0] Z.ﬂ.g],oﬂ\jr SDS- -page &} 3 o gjq. 0]\?.5-0“A-1‘*‘ 153
L BXZ pband7} BEJA T H2A o] A Exjgko] &
o] AbgA| 3 AFe: Aol SUkstE A S
T %A}Alq— o= gjg_%_, 7@%@' c¥ 7@%@' 9] 73 o‘l‘,
Z}Z} 3.80~5.67, 8.14~8.85, 7.48~8.46 log CFU/mLS] HS| =
Uelth o]l AR FEF whet TR o Aol
£ Kol A3, starter 7ol W2 FFE a0l HE
AS G5 S0k 539, starterd 7F Al, T FFl
Hlal Ajetel =7t 7hautat AdE glutamic acideh
aspartic acid®] o] S7lslE Ao Hol 7 FHA|Z
§o2 o §EH Alehile] grriesll b & Rlow
AdtEnh & W82 FEFT B starter 7ol WE A
o] olg}elA ]l 547 glol] Hofste ofnlAit H {714
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