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Effect of the Mixed Culture of Bacillus subtilis and
Lactobacillus plantarum on the Quality of Cheonggukjang

Kyung-Eun Ju and Nam-Soon Oh*

Department of Food Science and Technology, Kongju National University

Abstract The goal of this study was to improve the quality of cheonggukjang by the optimization of the inoculation
methods of the Bacillus subtilis (B. subtilis) and Lactobacillus plantarum (L. plantarum) strains. In order to optimize the
mixed cultivation of B. subtilis and L. plantarum, the B. subtilis strain was inoculated into steamed soybeans after cultivation
of L. plantarum. Inoculation size of B. subtilis was changed to the simultaneous inoculation method in order to stimulate the
growth of the L. plantarum in cheonggukjang. The viable cell count of L. plantarum increased from 2x10” CFU/g to 2-6x10®
CFU/g and B. subtilis grew to 9x10°® CFU/g. These results showed that 2 strains were successfully able to grow in the
steamed soybean for good quality of cheonggukjang by optimization of the inoculation methods. The sensory evaluation
indicated that a favorable aroma and overall acceptance of cheonggukjang by the optimized mixed cultivation of B. subtilis
and L. plantarum, which was relatively higher than those of cheonggukjang by single strain inoculation of B. subtilis.
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4o E3 GBS 943110), HAA Ao IA), 9
ZEE AsH(12), FE(13) 54 &= 7 vk AR AF
o] FANAE BHOZ B subtilis?y Rhizopus oryzae koji®l &%
H+5E o83 A (14)2}F Pediococcus halophzlus— e &
|38 7] FANAA5)00 B3 AFEo] Uk 53], A=
Azl fAaktS 283 ATEE B subtilis?h Lactobacillie] &
Shifgfes H=7gel E3F Al B A+ A6yt B
¥ v dont, wA] ﬂﬂ AAES Vst =7 o]F Al
7FedE AAE , RS A8 ﬂ%ﬂi”] =4
e ek AT ’é’?‘—i@—i gl 7] JAEth S 5
Lactobacillidy 552 4G9 T2 For dAF= Fa3t
a2 2 A Aok webs, Eiveke] gzl da
2 A 5 ALFY F2a aFZ 2ol YHRA Lactobacillus
plantarum(L. plantarum) 475 H=732 FANAE 452 &&
StaLA} ST =, B. subtilis 4}V L. plantarum 455 =73
o] Eu) gl 013“5} oH, gHeS geld Fdey Az
Zoll dojue F 59 Exdske) ol wE A=) 31E)

A, B8 FQ0) MAE FgL 2AsAh
S o uhH

AEEF  HYX|

AFAE #re 2 AP ZEsted B2l B subtilis
CKB #5138} B. subtilisys AH&-3+1 2™, nutrient broth (Difco
Laboratories, Detroit, MI, USA)HHX] oA 30°C, °F 24A|7F Fot

Wkl FHo 2 ARE-SIT fAtdES L plantarum ATCC
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8014 (I3t L. plantarum)s A3, 0.05%2] L-cys-
teine(Sigma, St. Louis, MO, USA)°] #7F& MRS (Difco Labo-
ratories)PiAIoNX 37°C, 24417F E3F wiYFsld Fto 2 ARSI

BTl HzYH

g FAg & 4“(:01]*1 2417 2ot =AE T 280
Ed diFe £ W $ 250mLe] AEERaAd 50g% @Al
autoclave(DA-AC-60, Dong-A Scientific Corp., Shiheung, Korea)
g o]&ste] 121°ColA 307 AT SAFE = clean
benchOﬂH 50°CE WAANZ ¥ a0 2 ol B subtilis wF
o] HEFHLE 39x10° CFU/ge] H=F HEsaL 37°ColA] 48717t
&<t Z ekl <F(Shaking incubator, SI-600R, Jeio Tech Co., Ltd
Daejeon, Korea)stAth. T2 wYE L. plantarum 1#}&
Aol wabs JEskAch

T FE

A=30l HES B subtilis 759 L. plantarum AZH4T72] A
A4 24 A | g HaH xgawd%(o 8% NaCh= 3]
Aste] EASIAT. B subtilis 452 Adde SAAS plate
count agar HJA|o] =gk 3 30°Col|A] 24417 F<F njFslHi e
™, L plantarum® A5+ TOS propionate agar medium
(Yakult Pharmaceutical Ind. Co., Ltd., Tokyo, Japan)ol] =23+ 3
37°CollA] 72A17F E<t wiFaldnt. vl & Ul colony= 7l
Fole FAUT &9 dHd AF5(CFU/gE YRS

Protease EM=
Azocaseing ©]-8-8F FA) protease®] 4] Prestidge %(17)9]
el wiet ZAATE S, AR 5g8 SRTE £ F A
22 oA} dFE & ]’i-l— e AdS HFHoR 25
mL7} HEE ZF5E ALt ARE AE AL 10,000
pmellA] 208 E<F %ﬂ‘j‘v‘f—ﬂ (Centrifuge, Mega-17R, Hanil Science
Industrial, Dagjeon, Korea)d}3 o™ FH-S EAA TR A1-8-3)
Atk EAAIE 0.15mLel 1M MES-NaOH Buffer(pH 6.5) 0.05
mL, 555 0.05mL, azocaseinR%(w/v)) 025 mLE Al 3ol
&3 5 37°Ce] 7oA 30 B WEEAIZL & 7% per-
chloric acid 1 mLE A7}t W8-S SAAZT WHe 8 %
AEE 10,000 pmollX] 1032 St AR T § FAe
10N NaOH 0.15mLE ZH7Fe $ 430 nmolA 5%
ST} Protease 1unite 1A]7F 59t GAHES-oA

=2 YeEpfRieh

ol
o
=
=
s}l

r_E 1 o

v-GTP(r-glutamyltranspeptidase)

7-GTP =48 7|E(AM-158, Asan Pharmaceutical Co., Ltd.
Seoul, Korea)2 y-GTP &4=5 =433 th(Protocol sheet 05-03-
25, Asan Pharmaceutical Co., Ltd.). A& 5g2 SHT=Z 58] g
Mgt & AgFE & AZE qdS etk 2 4
4°C, 10,000 rpmel|A] 10327F AAEZIFAAL, FA Y-S T4
o] ZgANoZ AREEIGITE 37°Col 587 «]DE 71E 1 mL
of a4 0.02mLE H7FE F 37°C F27]0lA 2027k vt
AlFTE Bkgo] 2t Alge] FAAlA 3mLE 713 & E¢sth
AZAA 108 &<t HAFHY. dx2tes AR YAl F
0.02mLE B3 A7|e} 2he W o g WA 108 § AR
2 & E53le] 602 ool 635 nmol|A &%= (Spectrophotom-
eter, V-570, Jasco, Tokyo, Japan)& =43}9om, Foizl Z=FA
¥} vlwste] ¢-GIPe A E(U/g=E Ut

ol
4 & oo

i

pH
A=49] pHe AR 1g2 375 10mLd EEAA & &3
3k % pH meter(915PDC, Istek, Seoul, Korea)Z =73t}

OlO|cEf ZEA I ADL[OEH A At

AFAe] ohuize] AAE Formol FAM(18) 0.2 =433},
%H%} 5g2 FHe FHS 250mLo] AR T o3t 10

LE 100 mL A2FE8t=39] 313, 0.1% phenolphthalein Z]A]
oFS 23 UM ¥ 01N NaOH EFEH O ARZAo]
g w7k AT oA 22 LE9(3540%) S4mLE %
7¥sle] HAsIY] AR ETAe] B w7kx] 29% 0.1N NaOH &
T FoF opui] Ha TS ALEIATH

dRUoly HA e FHoH I AIFEEH19S 4R
Hole] A4 SR oR FAA AR 58 FRT
i@ G & AZZ A4 75 B33 £2E o
< 10,000 rpmellA] 102 &<t AR & NS 20mLE
Ag3taL, A AERE ARSI Th Y HEFddl 4% NaOH
2 07mL H7HRE F SHRIFEAR S SHEGSA
of AbshuldlE 03 gt HISAS B SHTE OF 150 mLE
g 5 FRSIATh 100mLe] F7lel wE] 005N kg
25mLE ¥ SHNo] 70mL FEo] o|EEE wre &

T *o“rr
T2 100 mLE @5t /73 AR 100 mLE

o

500 mL 4z}
Fepaao] &71a UﬂaEﬂE BEIgEae S Al 344
&5 Yo g g9 Ao] 23| M (pH 4.8)°] UERE w7iA
229 0.05N NaOH §9] o zRE gryole] A9 &5
=

AlLkatATh
e
A7 52 THTE ©1 8351 gd’ Z‘l‘%@ B ARE ol&
sto] 5E Ayl T zFojdle] 50mL7}t HEE g
FAoh AL3E A5 0.1% phenolphthalel S 2-3E Yo &

A&t 0.1N NaOHS] AQ7Fo 7 =439}

WAL F AA 3}93\1:}. 3’&%‘@/‘} f‘c}%% -’F%J 601:, 5’—"]0}
_ﬂ QFEE z‘sk AAA 7135 58 58 HeHog 2X3A
o}, 7+ A]-GJ:,LHﬂi 1AL - vpmich 28e atmicy 38
‘Ho|th, 448 Frb, 5382 g FTPE WUleldth AlEE
Atole] BAIA {243 Student’s two tail #testE 23S T

T
HIFe| Md+ % pH #s)

SANFON B. subtilis 45} L. plantarum 455 HE31] 3

=4S AZSIAT). B. subtilis 772 HEHS 3.9x10° CFU/g0]
o, L plantarume 5x10 CFU/goi ZAsle] HE3FAC
HEWHE AT B subtilis 455 @5 HE3AFig.
1), B. subtilis <5} L. plantarum ﬂT% SAHZFig. 2)3H
wjoF Aele ZalaleT).

B. subtilis ﬁ*—.—— S50 T HEIINS W, B. subtilis T2 A
& 27] HEY 39x10° CFU/AA 12A17F wllF 3 1.1x10°
CFU/go & HB]—— SAS BYon, pHE %7] 65904 Algtsle]
2477 B FA3] TR 5 96A 7= pH 7790 ©|23THFig. 1).

B. subtilis &5} L. plantarums A0 st E3ta) et
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Fig. 1. Growth (@) and pH (A) during cultivation of B. subtilis
strain in cooked soybean.
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Fig. 2. Growth of B. subtilis (@) and L. plantarum (O) and the
pH (A) in cooked soybean by mixed culture. Inoculum size of B.
subtilis was 3.9x10° CFU/g and L. plantarum was 5x10” CFU/g,

Z5-(Fig. 2)°l B. subtilis®] A5~ B. subtilis T F] Aot
¢ W3} A} S8l B subtilis®] A5l F 9FS vxe=
Aoz HolX Ul L plantarum®] AL %7 FEH
5x107 CFU/gollA] &3l 3t 48417F & 2.8-6.5x10° CFU/g, 96
A= 9x10°-2.1x10° CFU/go 2 vlgA|Zke] 7o) ulajr] AY
a7t 2318 ZasAT) ole B subtlis®] Bl FAFE
PEEE A1 e Felolw A o d¥AaE
ST WolM B, subtilis7t GA17kol A
Ash7] W&l A& ¥Rt} oo} e B subtilise] WE A5
ol L. plantarum® S-S AA (11200471 A2 welth 28
U, pHel W= B subtiliss GEOE HES 4 9 B
subtilis®} L. plantarum 455 SIS wl= 27] pHIT 6.2
ox BiF 96A17F FF pH 7270A] wig- ghekelk FUHE B &
Aol S S Ao EAE & Ut

1 1.0 =
gol el 3l

S 2o HBAF ME 4] S

B. subtilis®} L. plantarum®] T3] R A4S AT
L. plantarum®] AETE F7HE & A ¥HE B8] 9
ste] WA ZANF L plantarume E3t] widS A=k,
AGA 7kl At the B subtilisE BEsI A5 THFIg. 3).
L. plantarum®] &S 2x107 CFU/gRR 31 FAthFol 3
Z31aL 4, 8, 1227 &9F wiFst & B subtiliss 3.9x10° CFU/

w
L
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Fig. 3. Growth of B. subtilis (@) and L. plantarum (O) and the
pH (A) in cooked soybean by various inoculation time. (A)
Inoculation of B. subtilis after 4 h cultivation of L. plantarum, (B)
Inoculation of B. subtilis after 8 h cultivation of L. plantarum, (C)
Inoculation of B. subtilis after 12 h cultivation of L. plantarum.
Inoculum size of B. subtilis was 3.9x10° CFU/g and that of L.
plantarum was 2x10” CFU/g.

g A&t MgS AESATE L plantarums &3 BldS
A ZeE S A7 B 8AIZHAL B subtiliss HESIAS
(Fig. 3(A), B)°ll= B. subtilis®] S Z7] HEH 3.9x10°
CFU/gollA 12-1.8x10° CFU/g2 Z7Ft o, 12207 B. sub-
filisE BEHAS W(Fig 3(C)E B. subtilis®] A & o]Fo]
22 E3ped 271 AEH b 1710 A= 1.6-6.2x10° CFU/gS
2 23] Z&sin) ol Mkt ASFel Ak 2k
ZAF hydrogen peroxide 2 bacteriocins 5©] E} nAE2] S-S
AA(11,20817] W2 AZAET F, L plantarume WA 1)
FFozMN Frktel ogk 7)ot e AAEZe] E8E B
subtilis®] A5o] A E Ao = Holth

SHH | L plantarum®) A5 7] HEHQ 2x107 CFU/golA]
Hjk 4A17F Foll 4-6x107 CFU/ge 2 S718I9.0U, B, subtiliss
HEFig 3A)NT 4r7F olFoll= o ol ASHA ¥aL v
sl Ae B L plantarums 8417 vl (Fig. 3(B))$-
F4E 13-1.5x10° CFU/gO2 Z71819.01, B. subtilisS HES
ol % L plantarum®] B HASA oL Frkehe A
O F 48A7HA 2-4x10° CFU/g7HAl 5718ttt L. plantarums
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12717} vl (Fig. 3(C)sHH L. plantarum®] A= 2x10° CFU/
g2 F7lsted 8AIZF wiFe A4t A 7 AgE BN
o™, B sublilise 3E o] A2 Fig. 3Bl UERE L
Pplantarum®] AASHT} FF 1A o] FoAA] 48A7H= 6x10° CFU/
g7H] F7FskiTt.

EFMEA B, subtilis®] HEAR WE Wshk= pH W3}l
RBo} & JePd=dl, L plantarume ¥153F 3= aX76A B, subtilis
£ HEFIINNE AF(Fig. 3(A)) 271 pH7}F 5.8904] wllFAIZke] 4
Fol] mEbA] XAJ8] F7ste] 96A1ZF pH 7.2 =&AL L
plantarums 8A7F WIFS F B subtiliss FESINS 7At-(Fig.
3B)= Z71 pH 5894 24XNTWA Zaste AES Hl &
Al AAE] FTEske] 96A1ZFAL pH 6.7¢ ©]|2FITE zEju, L
plantarums VA AFE F 12A7H B, subtiliss 353 735
(Fig. 3(C)= =7] pH 58904 A& #AsI o™, B subtiliss
&S o]$ol= pHe HAF Hadte] 96A 7 pH7E 4.9744] 7
A3t olebo] B subrilise] A2 pH ®s7t A A
Fo2 9ty FEZ AAE= FHEA B-Fig 3(0)= H+
&o el o]z FabA "ot wiEbx] Ehde s F=de]
F2NAE] et WA L plantarums A7 &< vl g
ol B subtilise JEshs WHoRE 549 MY S1xE 24
T US Ao E AEHIA

st o

HEH|20] WE SgEFe MsSd

L. plantarum=} B. subtilis 4+ E3NEA L plantarum®)]
S-S F7H7171 913 v MRS E B subtilis 472 [F
FL vl @A 2™t Wyolth. &, B osubilis®] [EFS
3.9x10° CFU/g 2 3.9x10* CFU/g AE2 ¢ B Z2H3sle] L
plantarum¥} SR Tl Aol FEste] Egu) s chFig. 4).
ol W L plantarum®] HEFL 2x107 CFU/geE A4 FA
Eipvi=

B. subtilis®] HEHS 39x10° CFULE BE3 3 L. plan-
tarum®} A HEE9S w(Fig. 4(B)), B. subtilis®] Y-S 244
2l & 27] HEFS 3.9x10° CFU/gRlA 9x10° CFU/gS
2 Z7letdon, 96X 7= 1.2x10° CFU/goll olZ# T L
Pplantarum®] S 7] JEFFR] 2x107 CFU/gelA 24717 w1
& 3 13x10° CFU/ge 2 Z7latgont, 2% »ap 7hasle 96
AZHA 22x10" CFU/ge 2 7HA3k9it). 27] pHE 6.0914 964
) ok 722 wFAIze] e wlek AMAE] Flehe A
T Ao, B, subiliss D= 73-9-2] pH(pH 7.6)E.T}
WA et

B. subtilis®] HEHS 3.9x10° CFU/gL R ZXAXFAL L. plan-
tarum3} FA1 HE3F 739-(Fig. 4(B)) B. subtilis®] S %7]
A 3.9x10° CFU/golA 24417 vl 3 9x10° CFU/ge & &
7¥ete] HEZS 39x10° CFU/ge 2 2dale] 33k oo A
At AR ASEE BATE 22y L plantarum®] S-S
Z7] 2x10" CFU/gelA Al F218ke] 48A17F vieF $- 2x10°
CFU/ge 2 T2A7F 7K 74810tk 968 7F Foll& 1.1x10° CFU/
g0 @ AFF7} T At pHE 27 6.0004 24X 7
7 AL STV Fkout, 2 & A STsk] 96AIA 6.8
7HA] F7¥eldt. oleldt W pHe B. subtilis HE =0 Aot
o|Z Q13 L. plantarum®] FZ 3 A5l 71JAAY. B. subtilis
o] HEES 39x10° CFU/g AR WA 228t L plantarum
o] BAEFSE =AI2x10" CFU/g) 28 dte] Egujksicha f3k
ol gt H=3e] FEE MNAANE AR de= Fe=
A T 52D B subtiliss SFERFE A JEHS 10

e n

o] (A) L7s
5 5
S5 s Fes 35 70
o TR
o [&]
g 7 g’s Les
= =
€2 6 teo SE feo I
o4 8=
QU:J'.I =
= 5 W_; 55
[T 8__4
o m
e @
2 L7s g 50
= >

3 45

.| (B) L7s
=] @
E 8 4 '35‘2‘ 7.0
[&] [&]
§’ 71 ‘—?E L 65
= =c
S2 ¢ leo 58 (6o §

= =
8g 8_‘9
=3 5/ =4a |
g2 s T - |55
uj O -

&2 2
s 4 L7s 8 50
= =

3 Las

o
-4
& |
&
-
]
g

Culture time (h)

Fig. 4. Effect of inoculum size on the growth of B. subtilis (@), L.

plantarum (QO) and pH (A). (A) Inoculum size of B. subtilis was
3.9x10° CFU/g, (B) Inoculum size of B. subtilis was 3.9x10* CFU/g.

Inoculum size of L. plantarum was 2x10” CFU/g.

CFU/g ©1%d HEF=oloF Hart oldxog maA HyPFria
A, # Ao Eldae o2 20 Hlusld #x
3 a7} goge Az

itz A 2SIt

B. subtilis 459} L. plantarum 455 SFSs H=7g<] o]
318t BAS ZALSIATE Aol HEste] 481 B1t )
et Gl g AT HEHe wEba] Skl
o3 Fge] FAEAS Table 19 YEMIATE B. subtilis o
F dEugol] 23 HTAHo] protease?] FAEE 177 Uge 2
In 5@®)2 A+ AHE AL =A Jettew, L plantarums
8AIZE Mi¥St 5 B subriliss &S] EFELe HF7o
protease®] BAEE 136 Ulg, B. sublilis® BEZL 3.9x10°
CFU/ge & 231 L plantarum 3| Ye =172 protease
9 BAEE 110 Ugl® FAMRFo} EFu|s A=F7o] B
subtilis 5 SEEF FF7go] Bl 9A dEhsth ol L
plantarum>} ENFE W= B subtilis &5 A5 i o
A= 7] wZol FHHSZ protease /g0l A Ao HALE

y-GTP(y-glutamyltranspeptidase)= H=+3 AdE FJ& 3138}
= 84F HSAe JAE A AAE shielth22). BddT
o &%k F=ge] y-GIP TATE 111 Ugl® ikdd &3
Wl =Rt 2 S4=E YA o= B. subtlis o
FE 9502 wjYete Ate &k wFel Qg ASA
7F JERA] 9k7] WiiEe g2 AzbEr.

ol AAgEre AR P g Uehlie A EolH,
AETHANE 028% oY FREES WA Ut B subtilis
wdarre wdet F=ge] oprlme] da RS 044%°13
W, L plantarum? EF|FeE H=7e] opn|ice] AAgere 7t
7} 048%%} 046%= fiktte] S o ofn|ie] HAE
ol 2 A vAA Ao RVl HAs A
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Table 1. Quality characteristics of cheonggukjang by mixed culture of B. subtilis and L. plantarum

Inoculation Protease activity y-GTP activity Amino type nitrogen Ammonia type Titratable acidity
Method (Ulg) (Ulg) (%) nitrogen (mg%) (mL)
Single strain inoculation” 177.0+£7.01 1.11+0.14 0.44+0.04 75.6+2.31 5.49+0.78
Two stage inoculation” 136.4+5.57 0.69+0.05 0.48+0.06 56.0+1.92 13.22+0.58
Simultaneous inoculation” 110.2+4.57 0.67+0.04 0.46+0.03 50.4+1.18 11.58+0.57
"Single strain inoculation of B. subtilis.
ITwo stage inoculation of B. subtilis after 8 h cultivation of L. plantarum.
JSimultaneous inoculation of B. subtilis and L. plantarum.
Table 2. Sensory evaluation of cheonggukjang by mixed culture of B. subtilis and L. plantarum
Inoculation Sweet smell Ammonia smell Yoghurt smell Overall acceptance
Method
Single strain inoculation” 3.0+0.70 4.0+0.70 1.6+0.54 2.6+0.54
Two stage Inoculation” 3.2+0.83 3.4+0.89 2.4+1.14 2.4+0.54
Simultaneous inoculation” 3.4+0.54 3.0+0.70 2.0+1.00 3.5+0.50*

*p<0.05, compared with the control group (by Student’s two-tailed t-test)

D23 See Table 1.

ZIEAl whes =gl wHFTe o AR, @
o] 75.6 mg¥%z EFUNUL] 50.4-56.0 mg%H Tt EA Ve

Ao ARAEE dddFol o A=A F9Ut L
plantarum® EFNFet G5 vwste] HA et o
= ket SRt Aol ode fU14ke A
2 22 A E YeRd Aog H]lth

B. subtilis2 Tdu|Fe A=A L plantarum™ S50 3t
A7l g 71544 Uik AFHIE AAISHATH(Table 2).
IRt A L plantarums S FSE A7 G dT vl
of o3k A5gw Hud w FrellM =2 FFE AUeH, &
3] B. subtilis @52 BEFS 245 L plantarum™ E3H)
et A=) A= AAAL 718NN el e =2 A
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