Check for
updates

1 ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
I Korean J. Food Preserv

1 25(5), 527- 8

| https: //d0| org/10 110 2/kjfp.2018.25.5.527

R LERIRMBX YL GO
The Korean Society of Food Preservation

Effects of mixed culture of Bacillus subtilis and Lactobacillus
acidophilus on Cheonggukjang quality

Eun Ho Jang, Donghun Nam, Ha Gyoon Na, Ki-Hyo Jang*
Department of Food and Nutrition, Kangwon National University, Samcheok 25949, Korea

Bacillus subtilis®} Lactobacillus acidophilus =

BARRO| HIT EUSMO

Ojxls o o

AL - F5E - Yo - A&
Zelfstm A=Y ket
Abstract

In this study, the quality characteristics of Cheonggukjang prepared with the mixed culture of Bacillus subtilis
and Lactobacillus acidophilus were investigated. One of the most common characteristics of Cheonggukjang is
the formation of viscous substance, which is the mixture of a fructose polymer and poly-gamma-glutamic acid.
After the first Cheonggukjang fermentation, sucrose (0, 2.5, and 7.5 %) and a Lactobacillus acidophilus strain,
containing the enzyme responsible for the production of exopolysaccharide, were supplemented, and then the second

fermentation was carried out at 40°C for 48 h. Changes in

in soluble solid contents, extension of viscous substance,

pH, reducing sugar, amino-type and ammonia-type nitrogen content, enzyme activities, including a-amylase and
protease, and isoflavone content were evaluated. The presence of sucrose in the starting fermentation materials
decreased pH, aglycone-formed isoflavone, amino-type nitrogen, and protease activity, however, increased extension
of viscous substance. Growth of acid-producing microbes, including L. acidophilus KCTC 3925, was stimulated
by sucrose. In conclusion, the present study indicated that the mixed culture of B. subtilis and L. acidophilus changes
the quality characteristics of Cheonggukjang, increasing formation of viscous substance.
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BN-NUCI(NUC Co., Deagu, Korea) ¥ -2 ¢|3lod Soybean
broth(DIFCO, St. Luois, MO, USA) 100 mLel| 2 Ax"
02 g A7ista 37°ColA 24A13F vkt L
acidophilus KCTC 3925(Cellbiotech Co., Gimpo, Korea) Hl|
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12 g9 A =7gol Table 13 2 3 ° 2 fHAKlactic
acid), 2 &3} L acidophilus KCTC 3925 A 7VskaL 40°Col|

A 7} 07 48417 Bet 23} %Eo}ait‘r. o Z<1 Con
o] A9, 1A IR A= ATt 4740, 25, 7.5%
7} H =5 2 5, 40°CollA] 48417 < 24 HE kS
o} vl w9l with a starter supplementation(WS)<] 73-%-,
12} HEH 40 go] Aol 2%7F AAE FAHS Hfe

G233 2] #2578 A58 (2018)

%, of7)el Avbexrt 247t 0, 2.5, 1.5%7F H =5 243
% L acidophilus KCTC 39255 HZ3sfo] 23} a3t
I o vl wFQ with sterilization process and a starter
supplementatlon(WSS)«] A5, 12 L aE 40 g2 A=
2%7% FAHE A ket o37)dl A'sert 247
0, 2.5, 7.5%7} E]E% ZA 3k T 100TColA 155 B2t g4
2l8}aL L acidophilus KCTC 39255 735k 40°ColA]
48417 221 HESGATE 12k T E| AVEE B subtilis
BN-NUC13} 22} @tg o] AF&-¥ L acidophilus KCTC 3925
= 47 SR o 79 05% FElE AFEeiTh

Table 1. Proportion of fermented Cheonggukjang with different
sugar contents

Groups” Sterilization®  Sucrose (%) Starter” (mL)
Con No
WS No - 0.5
WSS Yes - 05
Con (2.5S) No 25
WS (2.55) No 25 0.5
WSS (2.55) Yes 25 0.5
Con (7.55) No 75
WS (7.55) No 75 0.5
WSS (7.5S) Yes 75 0.5

Con, prior to 2™ fermentation, either 0, 2.5, 7.5% of sucrose was supplemented
to fermentation broth then 2" fermentation was carried out at 40°C for 48 by WS,
to fermentation broth containing 40 g of Cheonggulgang and 2% lactic acid, sucrose
solution was supplemented as indicated in Table 1 and 2 fermentation was carried
out at 40°C for 48 h using L acidophilus KCTC 3925; WSS, to fermentation
broth sucrose solution was supplemented and then heat-sterilized at 100 C, 15 min.
2™ fermentation was carried out at 40°C for 48 h using L aadop/ﬂ/us KCTC
3925.

DSterilization at 100°C for 15 min.

Freshly prepared L acidophillus KCTC 3925 cultures after grown in MRS at 37°C
for 24 h, were used.
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A9 g e AAAT 6255 Foto] AbEstSiTh
22 SHFE diethly etherS 7] & S}al Soxhlet %
(E-806, Buchi) & AH&-3F & & &uje= dx27|= Hdxgh
T FAE ST g5skE g e AL =
ol A 2330 S %S 10002 e gre g 7
Abateith.

N N o

=

, PH ¥ HE=2 MY &3

322 ARE AZS T 7He4d 29E 3 pHE
Na S(14)2] Pl wet S4eisict 714 1@ E3t pH
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1% 7}H8-%3 7 %(0.02 M phosphate buffer, pH 7.0) 0.3 mLo]|
sl = 3|43 A= FEE AR 0.1 mLE H7ska 40C
o] gz 102 Fet w33 Th o719 0.1 N HCl
1 mLE 713 3 0.1 mLE FH3lo] 290= £94(0.005%
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¥ 37CAA 108 B WA ©lF, 044 M
trichloroacetic acid 2 mLE F7Fekal @230l 25& &<t
HH-S 2gsleiT) o] 2| (No.2, Whatman, Buckinghamshire,
UK)Z e dildS AAsta 1 mLE F3& 055 M
Na,CO; €9 5 mL2} 34l 3]X% Folin-Ciocalteu’s reagent
S 1 mLE 37hste] 37TeA 202 St w833l
HF 5L F3% 660 oA Sl o, ¥554
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g Y ars flsle] F=4 A8 25 g3 2 N HCL 10 mLE
T3 = 97TAAA 90 Bt ARSI 10 N
NaOHE 7}ste] pH 72 F3latich. 31e A& &3]
oo %-3H= 80% ethanol & H7}eto] 24413t A F%
39t FEAS oJFslal Eclipse XDB-Cjg column
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(4.6x250 mm ID, Agilent Technologies, Santa Clara, CA,
USA)°] 72k HPLC(Agilent 1,200, Agilent Technologies)
o 20 ULE FY5ATE &9 <3} retention time=
247} 1.2 mL/min®} 90 min$it}. o] 5o 2 2uA0.1%
acetic acid in water)2} 27l B(0.1% acetic acid in acetonitrile)
< AH&SIiTE &0 A9k &1 BY] vk 71&7]E 025
min(93:7), 25-50 min(85:15), 50-55 min(80:20), 55-70
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6.38-6.88% 41T, 2.59} 7.5% B A7t A= AR5
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o} WSso| 247} 190.6, 177.69} 217.5 mg/kg S = UEFST
HoFel grof] xgHE Mol Frt Syl upel 23) wE
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WSSe| F HHj A o] aFehd e 2Tl ConErt
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WSS, Con(2.5S) vs WSS(2.5S), Con(7.5S) vs WSS(7.5S)).
olg] g A= 24} WEol| AMSS T L acidophilus
KCTC 39259 B-glucosidase &/do] -3tz 2-S 9]
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Table 2. Changes of pH, and isoflavone contents of 2™ fermented various Cheonggukjang with different sugar contents

Aglycone-formed isoflavone (mg/kg)

Groups” pH

Daidzein Glycitein Genistein Sum

Con 6.75£0.012% 76.6+8.0° 13.01.4% 101.0+11.9® 190.6+21.1°

WS 6.8820.12° 719435 122+0.7® 93.4+4.4% 177.618.5*

WSS 6.3840.01° 90.2+1.0° 135404 113.842.3° 217.5435
Con (2.55) 5.12001° 408497 8.7+1.0° 56.5£9.1% 106.0£15.0%
WS (2.59) 517001 5231434 102+0.9 702+7.1¢ 132.8+12.3%
WSS (2.59) 5.12+0.01° 60.5+10.3° 126517 85.4=14.4% 158.5+26.4°
Con (7.55) 5.080.01° 357419 62433 46.842.5¢ 88.846.78
WS (7.55) 4.96+0.02 52,8434 10.6+0.4> 72.545.0% 135.948.6%
WSS (7.58) 5.03001" 49.4+22% 10.7+0.8* 66.4+5.61 1265486

Con, prior to 2™ fermentation, either 0, 2.5, 7.5% of sucrose was supplemented to fermentation broth then 2" fermentation was carried out at 40°C for 48 h; WS, to fermentation
broth containing 40 g of Cheongoukjang and 2% lactic acid, sucrose solution was supplemented as indicated in Table 1 and 2" fermentation was carried out at 40°C for
48 h using L acidophilus KCTC 3925, WSS, To fermentation broth, sucrose solution was supplemented and then heat-sterilized at 100°C, 15 min. 2™ fermentation was carried

out at 40°C for 48 h using L acidophilus KCTC 3925.
DAIl values are meanSD (n=3).

IMeans with different superscripts in the same column are significantly different at p<0.05 by Duncan‘s multiple range test.
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YUY E, 7124 DHE, HASo AFY 5T

HAstE Boll AdE Hx7ge] ARt w4 ¢ 23
+ Table 3 YEPARITE 2.5% B3} L acidophilus KCTC
39257} A 7FE WSS(2.55) A =Ade] i, T, gt
& A, 388 747} 57.85, 41.20, 43.04, 10.96, 4.81% 30 2
o, 25% AR F7IR st Azt F=5AgQl
Con(2.58)& 61.73, 42.67, 40.70, 11.98, 4.56% = e} )
273 AR Apol & Ve A] Edth VM 1@ E
o] 739, WSS(2.58)°] 2.67 °Brix% 1L Con(2.58)¢} Con]
A% 247} 3.407 3.27 °Brix® =% ¥ o] WSS(2.5S)¢] A]
fo]A oz Idthp<0.05)(Fig. 1). A=Y AL
WSS(2.5S), Con(2.58)¢} Conell Al 212+ 24.4, 15.49}F 13.1
em=z WERFA o2 Q1 Aol 7h QAU Tth(p<0.05)(Fig. 2).

Table 3. Proximate composition of three kinds of Cheonggukjang

Proximate composition Con” Con (2.5) WSS (2.55)
Moisture (%) 58.97+1.49% 61.73+1.65" 57.85+1.55°
Crude protein (%)  43.5412.93° 42.67+1.06" 41.20+0.55°
Carbohydrate (%) 40.06+2.79° 40.70:0.76" 43.04+1.34°
Crude fat (%) 11.59+0.52" 11.98+0.347° 10.96:097"
Crude ash (%) 4.810.10° 4.56x0.03" 4.81£0.06"

Con, prior to 2™ fermentation, either 0, 2.5, 7.5% of sucrose was supplemented
to fermentation broth then 2™ fermentation was carried out at 40°C for 48 h; WS,
to fermentation broth containing 40 g of Cheonggukiang and 2% lactic acid, sucrose
solution was supplemented as indicated in Table 1 and 2 fermentation was carried
out at 40°C for 48 h using L acidophilus KCTC 3925, WSS, to fermentation
broth, sucrose solution was supplemented and then heat-sterilized at 100°C, 15 min.
2 fermentation was carried out at 40°C for 48 h using L acidophilus KCTC 3925,

A1l values are mean+SD (n=3).

IMeans with different superscripts in the same row are significantly different at p<0.05
by Duncan‘s multiple range test.

L. acidophilus®l] 2]t A}/ == exopolysaccharide 2=
galactooligosaccharide 2H20) ¢} ¥=3 A =F3t
(12)°] &4 ok L Kim¥} Lee21)S L&/} X2
T PGAY T F7lehHA EAtde] Aasiin
levan®] ke 12A17F o] & 7H481 21, PGA S} levan?]
oA ol HAE] HAL 4847 oA 7H =it} whet
A, WSS(2.58)0l| 4] F=rt vt A Eo] AlAde] Al
=49 AL 22 B8A] "7FE L acidophilus KCTC 3925
7F AR 714 Z AREsto] ARt AAES A
A2 HE

ofo|:cef ! t=L{otef E4, BpY ¥

o=t Aae oiF dEAFE] 743 e Y=
HE 2 1YL proteasedl] 2Ja] A4HE & opn| Ak
BRI X Folth. 3, protease BT} H]# A 07 fAFEH
7o) Th(10,22). ofv]E) BAFHFE Fx TH
T8 ARF R AR BR O FFE ST
(Table 4). WSS(2.59)2] o] =gl A &2 700.0 mg%=

o

4 a
ol a
03—
o T
=]
S 2F
o]
=
=
c 1F
W
0

Con  Con (2.58) WSS (2.59)
Fig. 1. Soluble solids contents of three kinds of Cheonggukjang.

Con, prior to 2™ fermentation, either 0, 2.5, 7.5% of sucrose was supplemented to
fermentation broth then 2™ fermentation was carried out at 40°C for 48 h; WS, to
fermentation broth containing 40 g of Cheonggukjang and 2% lactic acid, suctose solution
was supplemented as indicated in Table 1 and 2™ fermentation was carried out at
40°C for 48 h using L acidophilus KCTC 3925; WSS, to fermentation broth, sucrose
solution was supplemented and then heat-sterilized at 100°C, 15 min. 2" fermentation
was carried out at 40°C for 48 h using L acidophilus KCTC 3925.

All values are meantSD (n=3). Means with different superscripts are significantly different
at p<0.05 by Duncan‘s multiple range test.

S

= 30 | 2
& |
B8

=

wl

w L

z =20 b

S &

.8 9 c T

: T

S 10

=

.2

w

=

2

] 0

Con  Con (2.55) WSS (2.55)
Fig. 2. Extension of viscous substance of three kinds of Cheonggukjang:

Con, prior to 2" fermentation, either 0, 2.5, 7.5% of sucrose was supplemented to
fermentation broth then 2™ fermentation was carried out at 40°C for 48 by WS, to
fermentation broth containing 40 g of Cheonggukjang and 2% lactic acid, sucrose solution
was supplemented as indicated in Table 1 and 2 fermentation was carried out at
40°C for 48 h using L acidophilus KCTC 3925; WSS, to fermentation broth, sucrose
solution was supplemented and then heat-sterilized at 100°C, 15 min. 2 fermentation
was carried out at 40C for 48 h using L acidophilus KCTC 3925.

All values are meantSD (n=3). Means with different superscripts are significantly different
at p<0.05 by Duncan‘s multiple range test.

YERIA, Con(2.58)2] 793.3 mg%L} thZ=T2] 966.0 mg%
Hohe fel4 o2 Skt (p<0.05).

=7 EaT|te] SRl whel oprl i) A Frgol
S7Fete A3 Ao} 4847 s A=) o
A T 197-603 mg% 2 S Lee 5(22)2 AT}
Al & AT SHE 3% AT AREC] opv]=H]
ol o =A JEidth 53], WSS2.59)2 L
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acidophilus KCTC 39259] A 5o] Zld)g o wpe} 1372
Ago] JAE & Aoz Adst 4= glon, §A13 o] f &
Con(2.5S)wolA = A '] 12} H=74 IE Al AR o
7 mAEEY] AES 35t Aoz A4

Yol A Wy e oA F o] A B vl
el 2 Z deamination©l] ©]dte] A= 3 ThEF AYLE Al
de EHFE &8 A= FEAS Ule] "ok
(23)(Table 4). ¥ AFoA A ZzH H7pe] L =ijole)
A %% Con, Con(2.5S), WSS(2.58)7} Ztz} 113.9, 96.6,
160.1 mg%= S =™ 7t Al5E 1F Fo4Ql Atol=
AT

2 AFAY = APAFolA nxkwtol| L phntarum v
L sakeiz H7Vste] Alzgt A=7de] hmvjole] A gheF
< 50.4-213.4 mg% = E g Z2H10,11)9} FAFSIA .

B F SAFF2! glucose, fructose, maltose 52| &+
TS VeRN 3 2] Fel Tk Fojsle 2 o]th23). Con,
Con(2.5S), WSS(2.59)2] & =2 747} 0.55, 047,
0.57% =2 7t 57t Atole] f-o] A9l atol= gl THTable
4). Kim 5242 39 HA74e T ol
0.180.73% 3 thaL Hadte] B Ao 33 A= A
259 YT T FAKEE

Table 4. Aminotype nitrogen, ammonia-type nitrogen, and
reducing sugar contents of three kinds of Cheonggukjang

Type Con" Con (2.55) WSS (2.59)

Amino-type nitrogen (mg%)  966.0£0.0% 7933£1132°  700.0261.0°

Ammonia-type nitrogen (mg%) 113.9£32.1"  96.6+20.9"  160.1+39.8"
Reducing sugar contents (%)  0.55+0.08"  0470.10"  0.57+0.10"

ICon, prior to 2™ fermentation, either 0, 2.5, 7.5% of sucrose was supplemented
to fermentation broth then 2" fermentation was carried out at 40°C for 48 h; WS,
to fermentation broth containing 40 g of Cheonggukjang and 2% lactic acid, sucrose
solution was supplemented as indicated in Table 1 and 2 fermentation was carried
out at 40°C for 48 h using L acidophilus KCTC 3925, WSS, to fermentation
broth, sucrose solution was supplemented and then heat-sterilized at 100°C, 15 min.
2 fermentation was carried out at 40°C for 48 h using L acidophilus KCTC 3925.

DAIl values are meantSD (n=3).

IMeans with different superscripts in the same row are significantly different at p<0.05
by Duncan‘s multiple range test.

a-Amylase ¥ protease 4

a-Amylase= 21550 LS ALArgs}sta ojw A
A ddF 59 AEAERELS 7] AES SAA
A BR FAS AT a8 Zho|tiTable
5)(18,23). Con, Con(2.5S)2} WSS(2.55)¢] a-amylase &
Z}7} 23.6, 25.99F 32.9 wniymLE A= Qo 7zt 75
Afele] fe]A el ol 7} $lTh B subtilis HI18-32F KACC
159355 Al&sto] A2t A=A a-amylase B4
11.5-29.7 unit/mLS} © M, B subtilis HI 18-99} HJ 25-8%
FHOo R A3 AL 6.8-12.1 unitfmLZ % o] A
TAE A A5 aamylase &4 zFel7} UATh

(23,25,26). Protease= A =74 A|Z Al Ul F |
22) ZElElol = So g Eallsta et vk VER
= ARZE opnE] Fiel AFAJo] ETH(Table 5)(11).
Con] protease ZHJ-& 445.5 unit/mL %M, Con(2.5S)3}
WSS(2.58)2] protease 2412 712} 20099} 154.6 unit/mLE
WA WSS(2.59)00l4 f-o 8 o2 B3kth(p<0.05).
Lee 5(26)2 S0 A7 YR 0] E40E9 &4
S AFste Fo 9o AABIAT nxdF FANE
< THoE AREsle] A2 A3 Juet Ohe] A1)
dre 1ZxTS GUANE Al protease L 177.0
wnitfmL % oW, 1 Z2gt-S vkt & fAbES HE Al 1364
unitfmL, 23277} FrhtE SA1RE Aol 1102 unit/mL
2 UERA fikte] ASo] izt S-S At
Husle] B Aqto| A glE WSS(2.55)2] w2 protease
T4 Aol dx|sksith
, A= g A g
(2.5-75%)9] H7te TETFoA AT B8-S =X
sto] A=73e] pHE AHISHA| 7] 3 Hlul A o] A eHE
S g AT, ' e skt S B
-glucosidase &3 S7MA171aL =57 AEES 249
s T 2 AF= Bglucosidase B4l U= Ak
TS F7HH0 2 FHo 2 AL83ste] vludA] o] ~ZehE
el F714Q1 S ZIdsil oy 9 # R HES
o Azt AedA o] =& HEEA] o] AFeHt A
Fgolaltt. add= E7st, E A7e A"y B
-glucosidase &d0] ¥ FAHTS ARE Al HHEA] o] A&
ZeHE YA AAE G Ao HA B EAS

Table 5. Enzyme activities of three kinds of Cheonggukjang

(unit: unit/mL)
Enzyme Con” Con (2.59) WSS (2.55)
a-amylase 23.616.1%% 25.946.8" 329+10.0"
Protease 44554867 200.9£97.0° 154.6t57.9"

DCon, prior to 2™ fermentation, either 0, 2.5, 7.5% of sucrose was supplemented
to fermentation broth then 2™ fermentation was carried out at 40°C for 48 h; WS,
to fermentation broth containing 40 g of Cheonggukiang and 2% lactic acid, sucrose
solution was supplemented as indicated in Table 1 and 2" fermentation was carried
out at 40°C for 48 h using L acidophilus KCTC 3925; WSS, to fermentation
broth, sucrose solution was supplemented and then heat-sterilized at 100°C, 15 min.
2 fermentation was carried out at 40°C for 48 h using L acidophilus KCTC 3925.

DAIl values are meantSD (n=3).

IMeans with different superscripts in the same row are significantly different at p<0.05
by Duncan‘s multiple range test.

o (o]
hd =

B Ao H2A A2 A 2T (B subli@ SAF
T L acidophilustt B-3AME-0] A7 E2 A n]H]
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= 9EFS ATt B AR g, Agge 4IdEd
Ao} Ze|gtviEFebate] B0l A& S A3
E Ao e dubhQl A= daay(ak ww) T
AR, 25, 75%)& A7kskaL wAle] B A8l 9l
= S Hkete] F7EE 02 40Tl A 48413 B3t
22 drg it 23k wragd A= A gEe] A 18
5 A5 214, pH, 89, opne] AAsE I
Yole] 223, aamylase, & protease B4 574, o|&Z

e
ja]
o
tlo
o
N

SIATE 224 R FA A Aee] 714
Q1 H7be A= A159 pH, HIMBA| o] et
opn| e &A%Y} protease B S A BHA|Z] WHH, A=t
2 QAL 23 Akacid) B4 MIBES] S-S 7T
ARG AdEAoR, & dFdAMe A= Ax Al B
subtilis®} L. acidophilustt E-gAHE-0] A=74 AdEHe
e FR6t A F4 545 WAz

HolFoh

[e]
= As

ZAe 2

o] =i 20179 % HH(RFTH] AP R A+
Agre] A PS wol £3E 7)1 Z2ATFAY YU (No. NRF-
2017R1D1A3B03034313).
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