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This study was carried out to investigate the characteristics of white soybean Chungkookjang fer-
mented by Bacillus subtilis D7. The highest germination rate was obtained under 25°C when water was
supplied for 4 days at intervals of 2 hr. The total isoflavone content was 971.3 ng/g before germina-
tion and 1023.8 ng/g after germination. The amino type- and ammonia type-nitrogen contents of
Chungkookjang were proportional to the fermentation time. The pH values of all Chungkookjang soy-
beans increased up to pH 7.8-8.0 during fermentation. The number of viable cells in all Chungkookjang
soybeans increased significantly up to 24 hr. The protease activity of all Chungkookjang soybeans in-
creased up to 30-36 hr. The a- and B-amylase activities of Chungkookjang fermented by B. subtilis D7
were enhanced with increasing fermentation time. Analysis of the effect of Chungkookjang intake on
the liver function of mouse showed that the alkaline phosphatase (ALP) activity and the superoxide
dismutase (SOD) activity in the Chungkookjang diet group were markedly higher than those in the
control group. The asparatate aminotransferase (AST) activity in the germinated soybean Chungkookjang
diet group was higher than that in the nongerminated soybean Chungkookjang diet group. Therefore,
Chungkookjang soybeans fermented with B subfilis D7 can be expected to have an increased content
of functional components and improved quality characteristics.
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>

148 N4 sox
A ARz

o 1= g ru
L
¢
&
o,
i
N
%
Lo

modo Y nZ o
2&
, =
2
—
B2
o
oy F
2 o
N
ol oly
1a
N
i,
Pt
)
o
g,
o
off
-z
_O|L
X

T AP

o e2 Qo rE oo uE oy
ut
e
o>
N
= £
2 u
ol
ol S
o ofdl
= [lo
o |
o2
X é{z
>~ K
w2
e e
QL
2
)
o
rg
o8
o
=
o

> 85
S
oot
Fo 4
PL
k=l
EO
o
=
o
fo
o
f~
il
)
rfe
>
bl
«©
=)
rm,

i)
o<

o
i
2
o,

oo
ol
o,

2

ok,

o

(o3

o
A
flo yo adt

o

bru

o>

el

e

iy

ok

~ &

i

i

N, of

olr o rr

B ol

P,l',
P &

= oft
N

vt

2 ofl st
e
mt
1>
5]
1o
N
ofN
ko
o
1>
i

Q2 e @
Yo [ p

T}H10].

*Corresponding author

Tel : +82-55-350-5544, Fax : +82-55-350-5549

E-mail : shjoo@pusan.ac.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

sto] HESAS 1% ut gl Jung S8l TiF2] ol
AR AX dolF A= FESAHS e bk v
getasy, debdetan, 8% SY2dHE A, 1E8s %
g A, 2tes AW, EH8dls T d=HY &
o] AWM I An7t 543 SUksta =T[4, 17, 32],
olg g 75 T3 WA NAste S Bacllus TFE
o LaAel oste] B ZaHe Aoz v 14].
Bacillus 5= & WA Foll ARG AR S HE
U olw), 2% F @i de] LafHUA A Fo= gAY
I ol A e, e, vg=A 2o A g e
Az AAYAY ZstET19].
aeu o8 g Be 7lsH A7 lFell® E6ka
0]

fr 4

A AZE okA7HA AR PHS o §sel 42T 9
Aol Aaolth ANA AFRE WAL FAY T Gl
AZHT e, o)) Wy e vslgAoln FUT FAL
A ARAE AZE F Qe AcH1s]. 752
Az, AR B A Tl tek B, 71549 Aolsh
917 W&ol R FAol 2 JFL WAL 2] Hn
Aoyl TeEE 7Y e BHRE A Az
EZ5st 22 TAsh Agsolol & Heoluh

B AT v} Fol Hlate] wolAl7) Tk o4
S EEREOR L EESEE R E D B
3 u) g

AE R AL MRS o] &t AxHA 37

N8



530 A3 718k5] A 2013, Vol. 23. No. 4

o 99 duiel ek A Aerstol 39 43 wol
27, $5EE F7S 089 45 Ba2A BY 2 A
F ANE ARG vk AT A8 Ek B 8
49 4% B2 0T EHS FENY

>
—_—
R
o
o
(3

3 05
£ A7 AMeE #Fe o] MEAEQ g0 2N
28 9 A9 Bacllus subtilis D7 [20]°] At} H=4 A %0
AHEE T AwErtel A A Y AF (W, Glyane

ol AF Fo o]hFeE F#2> HPLCE ARS8t
Wang 5[30]1¢] % 2 g

o2 FASAY. sAuxs £48 A5 1 gl 01 N
HCl 2 ml % acetonitrile 10 ml& H7}ste] 341 7F &< A&
3}t Whatman no. 4 Q#HA 2 A8 3, ABE AFF5
39tk 5% AJEZ 80% methanoldl §3jA171 ¥, 045
membrane filter® o #}3te] HPLC £4& 93 A|EE A}
S35t AHEE S p-Bondapak C18 Z# o], UV
detectorS o]-&3}e] 254 nmol| A EA3514t o] BALS A1F
Al 20% methanol 100914 50 ¥ 60% methanol 100°] =|
TE 391, 48 1 ml/mino|Qlth o)A ZeE e
XFEAY & g 3] "AS FFAFFHOZR

AlRFskad.

o
tlo

3

i}

A e

B. subtilis D7 Luria-Bertani B} 2|l 4] 30C, 200 rpm o2
20 AIZE B WS &, HEE S FTOE o] 83T
drold We) S 121TCo A 3087 S43 3, 27 wjdAS
1% (v/w) HE38t 40Tl A 48 AIZE 53 HaAA H=3
S AZSATHET- L), A7l 68 T
A71ele 4 2 YAEDS &, A59S 74 HaAxn
Ao AMESHATE olu, wErolF ol B subtilis D7S BE
RAF v dolF) nidrolgol Wa 2 & HES AM

Avgol )2 HETE o) §ahgrh

ST
o
lo,
ol
"

N ¥

LeX|E B
T2 dinitrosalicylic acid (DNS)H[22]2.2 =43}

o, olucoseE ATEAE AHE3IAT opv ] A&
< formol AAH[1], ¢EYole] FA& %2 indophenol
blueH[1]S AHE-3led Z431¥ T pH 4L pH meterE ©]
&3t ZAstA
Protease &AL A7 A ZAH ASHE ZasrdoF
AHEsted E43tA T 718 94(0.6% hammerstern casein,
pH 72) 1 mie} Z&4N 1 mlE Al ¥ 30T, 1083F
WS- A A 0.4 M trichloroacetic acid (TCA) £ 1 ml& 7}
ato] WHEE FAA T, dA R gt F5HE ¢
slo] UV/VIS spectrophotometers ©]-8-314] 280 nmol A &
=2 243G &4 1 unite A7) 240 £3 001
9 F4% 7S YyeEE aa%o 7 F sy
Amylase 842 a-amylase9} B-amylaseZ T3l 3
At a-Amylase 42 o3 Zo] SA8ATH27]. 05%
soluble starch 8-<(04 M acetate buffer, pH 4.8) 2 ml¢} =&
2 1 mlE E&3t] 30TAA 1083+ ¥EAIZ . 04 M
TCA 1 mlE AH7bste] whe-2 SAAZ %, A4 g st
o 348 A5 1 mldl [0005% I, 2 0.05% KI] &< 10
< A7kete] 600 nmol A FREE ST B4 1 unit
= A7) 249 A blank FFE7) 10% A E 402
oJatoltt. B-Amylase 4 S92 45d< DNSHO=
maltose®] F& ZH AT AL a-amylase SHH 5
A3 ATH23]. o]wf EFTAL maltosed o]-§3d 2HAJ3HA
ok 54 1 unite 7] 2104 1 mge] maltoses 2] A2

el g P 9 mldl Hriste] Aw
Mg &, RFHAHA gsto] wjFeto Al

o 52 AxE A3F 20 g€ FFS 200 mlol H7hsked 200
rpmo A} 2 AJE E2b 2R &, 141%2](1,000 rpm, 203)°]
oJste] FAES AANAL, FE5AE 35t FAUZE T
EN AT FEES AU ol 4PE FAtdstn
TEAYSAAIERE A F FYAd i AAE
AR 598 o} SR Aol AHEH FEL 8539
ICR "}$-22 A4 ME (LA}, )2 FEH FH55Th ICR
oh$-2 = WA AR AFE (Purina Mills Inc)E AHr 34
tAoH, 124]7ke] 2 F7] = specified pathogen-free 4} El
of Fatistn AAHAIFTEAH (LT 23:2C, FUss
50£5%)o M AF3FATh ICR PH-23 47) 2§08 FE3)
of 15T 5uiElY] AT ES dHo wgsHen, 5

=
F5 SET(ARD), TEULT JTF S8, A0
ohF ATF S4T, Y

73(2

o A HFY F5E A
=
=



COp 7428 ol gste) vhe2o8 et A7 F, ¥4

o
tjo

7

TAE o g4ksl &4 SOD (superoxide dismutase) 273
=742 microplate WST-1 assay [34]E Abg-sle] B8t
AR FEAA HE3 7 100 mgS sucrose buffer 600 plel
A AE H, homogemzerg o] &-38}od mi sl A
0% WA &, B @3 4T, 5000 rpm, 1027
w5 AAEA L‘:"“”} A FHEel 100 ¥ A
Al ZAE A5 WST working solution, enzyme work-
in olutlon, ddHZO dilution buffelrE 931 37°C ol A 20-‘:#71-

F2E A7 93 0 FAA49 B 9FL v
A2:8317] A3hol oF U F

£ olgstel T3 22 G A7 F, BAS A
gt ool 308 5 PAT 5, 94

R84

(HITACHI 7080 Automatic Analyzer, Japan)E ©]
ALP (alkaline phosphatase)= Tietz®] *$™H[30], AST
(asparatate aminotransferase) 2@ ALT (alanine amino-
transferase)= Reitman®} Frankel®] #H[25]C.2 &4 35T}

SAXzE

e Aol fle & B 432 3 Fsiglon, 2
FH= meantSDE A A}, HEAZEe] F2/2 SPSS
(Statistical Package for Soc1a1 Sciences) system software
package (version 21) ©]&3}] ANOVA &4 (Turkey
method)S 3HiTh.

CHSo| 2ot & Oli%ﬂ% EE;
WEE 36 A] . 2
TEIE o, ‘0}%01 71 =T =3 o] ZAA 25
2 wholg-S ZAS A, 20T oA 78+2%, 25C ol A 85+3%,
30Col A 64+1%EA 25ColA wolgo] 744 Ekekm] Al
N). elge] Az Fo] ot Ew 20T 30T R 25T
A Fste Aol A Ao g AHUT. 1 Park 5
[24]2 T2 ot} 27} 10T, 18°C, 25C 2 35T Y
48X 718 ol 2%, 95%, 75%, 68%2] WolE-S YER AL, 25T
B} 18TolA £& WolsS Bty BHuste]  Axel

Fi
O
0,
o
N,
ol
o
.
ne
offt
(o3
-0,

Journal of Life Science 2013, Vol. 23. No. 4 531

olatitt. 4, wol WF 9 o] aFR FFE =

, 22 9713 ng/g@ 1023.8 pg/g o2 o} Ar} Hro}
oj2Zehe Tl SVt TH(Table 1). th77} ots]

ETE] Fol S7ksHH, 53] ol #o) do7t =

5 olaEThEe FF Sl Aoz dA Sl

2 A o] &E0] Hlad y

Eo] HluF =

S OFN'

NorE ot _E o,

)

3
=

it

ol A& k2wl A genistin,
daidzin, glycitin 52 AU} ©]& < A
genistein, daidzein, glycitein 5 FE|Z EAJst=H, FE
LEA|E Y FES o]aZ e R v A R HEH 2
d2EE A5 FoATE 5 A2 STHEHE AR
Hauso] JIoH12]. whebx F=7d wad we WA 3HF
o WistE st A Bavt dEE 4 T AN

I HEEM
BRe A= AR T Badllus 50 AE WORE &
Hisle 840 #4807 F Ao Loz YA,
A58 oot AR FA EZolth webx] BEATE AT
e A5G AT FFE SAG A, Ta-dordY A
A 243t 183 mg/g®E HAFFS Boltrt 1 o] F
s, Fat-vdobge HE 12413t 166 mg/gE 3
I g Holurt 1 o] F aste AFS B ATHFig. 1).
R@-mgolg el A%, B subtilis D75 HET AR v
T FFS dehilen, vE A SEde] et B
€ ARAoA TE 24 AT Wl AT FeFo] Futete
20
CIRLE
(=2}
E
3
S 10 4
2]
2
R
0 T T T T
0 12 24 36 48 B0

Fermentation time (h)

Fig. 1. Changes of reducing sugar during Chungkookjang
fermentation. @, Chungkookjang fermented by B sub-
tilfs using germinated soybean; O, Chungkookjang fer-
mented by B subtilis using non-germinated soybean;
A, Chungkookjang fermented by rice straw using
non-germinated soybean.

Table 1. Isoflavone contents of germinated, and non-germinated soybeans

Non-germinated soybean (ug/g)

Germinated soybean (ug/g)

Daidzin Glacitin Genistin Total

Daidzin

Glacitin Genistin Total

435.0 84.9 4514 971.3

498.6 131.5 393.7 1023.8
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Fig. 2. Changes of amino type nitrogen during Chungkookjang
fermentation. @, Chungkookjang fermented by B subfilis
using germinated soybean; O, Chungkookjang fer-
mented by B subtilis using non-germinated soybean; A,
Chungkookjang fermented by rice straw using non-ger-
minated soybean.
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Fig. 3. Changes of ammonia type nitrogen during Chungkookjang
fermentation. @, Chungkookjang fermented by B. subtilis
using germinated soybean; O, Chungkookjang fer-
mented by B subtilis using non-germinated soybean; A,
Chungkookjang fermented by rice straw using non-ger-
minated soybean.
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Fig. 4. Changes of pH during Chungkookjang fermentation. @,
Chungkookjang fermented by B subtilis using germi-
nated soybean; O, Chungkookjang fermented by B. sub-
tilis using non-germinated soybean; A, Chungkookjang
fermented by rice straw using non-germinated soybean.
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0 . ‘ . ‘
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Fig. 5. Changes of viable cell number during Chungkookjang
fermentation. ®, Chungkookjang fermented by 5. sub-
tilis using germinated soybean; O, Chungkookjang fer-
mented by B. subtilis using non-germinated soybean; A,
Chungkookjang fermented by rice straw using non-ger-
minated soybean.
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Fig. 6. Changes of protease activity during Chungkookjang
fermentation. ®, Chungkookjang fermented by B. sub-
tilis using germinated soybean; O, Chungkookjang fer-
mented by B subtilis using non-germinated soybean;
A, Chungkookjang fermented by rice straw using
non-germinated soybean.
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Table 2. Effect of feeding of Chungkookjang extract on SOD, ALP, AST and ALT activity in mouse serum and liver cell

SOD activity (%)

ALP activity (%)

AST activity (%) ALT activity (%)

Control 71£2.7 92+6.9 9345.8 29+2.1
Germinated soybean 100414~ 66+4.1" 8045.1° 29+1.0
Non-germinated soybean 98+1.8" 75+2.7" 88+2.9 29+1.0
Rice straw soybean 97:23" 7845.2" 8947.5 3149

T p<0.01, “p<0.05 and p<0.1 are the significance level relative to the control in the same column.

100

>

80 A

60 1

40 A

20 A

a—amylase activity (Units/g)

0 ; ; ; ;
0 12 24 36 48 60

Fermentation time (h)

[vo)
5]

B—amylase activity (Units/g)

0 ; ; ; ;
0 12 24 36 48 60

Fermentation time (h)

Fig. 7. Changes of amylase activity during Chungkookjang
fermentation. (A) a-amylase (B) [B-amylase. @,
Chungkookjang fermented by B subtilis using germi-
nated soybean; O, Chungkookjang fermented by B sub-
tilis using non-germinated soybean; A, Chungkookjang
fermented by rice straw using non-germinated soybean.
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