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ANgolA Tt Skl whel 28k S7FeIthp<.05). F7HH o2, 7} dFaksl A 9] 1Cs2> B.subtilis NG240] H] 3|
B.amylollquefactens NBF11-1 Al=9]4 SOD A (p=0.045), DPPH radical 4~71'5(p=0.041), NO radical 47
(p=0.019)3} o] frod Apolz ZAAatich
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Abstract This study aims to compare and analyze the antioxidant effect of Cheonggukjang's traditional fermentation
strain, Bacillus subtilis NG24 which was a control of the study, in order to see the biological activity effect of the new
strain, Bacillus amyloliquefaciens NBF11-1 that was first found in the surface of the bamboo stem, but hasn't been
insufficiently researched. In the antioxidant activity experiment of the Cheonggukjang extract, the B.amyloliquefaciens
NBF11-1 sample showed a significant increase in the total polyphenol extract content, compared to B.subtilis
NG24(p=0.032). Also, compared to B.subtilis NG24, the sample containing B.amyloliquefaciens NBF11-1 showed a
significant increase in SOD-like Activity, DPPH radical scavenging, and NO radical scavenging, as the concentration
rose(p<.05). Additionally, ICsy in each antioxidant activity experiment significantly decreased in the B.amyloliquefaciens
NBF11-1 sample like SOD-like Activity(p=0.045), DPPH radical scavenging(p=0.041), and NO radical
scavenging(p=0.019), compared to B.subtilis NG24.

Keywords : Antioxidant activity; Bamboo; B.subtilis; B.amyloliquefaciens, Cheonggukjang.
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A1 #5* Bacillus amyloliquefaciens NBF11-1-2 tu}

i =7] ZHAA A& 2 HUoH, 16S tDNA 971
A Tz B4 ZAste] BAASEA frddAdl ¢
) " TF[15]2A  proteolytic,  lipolytic,
amylolytic¥} cellulolytic Z 3ol #3t plate 2]l <] 3k
Aol A AEe] Fofjo} Q1A HUAdE dodE HA

=21 Listeria monocytogenes$} Yeast, Candida albicans
Soll oigk 3 &37F dvkar & SiTi16]. o7
A B.amyloliquefaciens NBF11-10] tfdt A= AL
SIAINE B.amyloliquefaciens NBF11-10] ¥rA% tjubi-
of Wik ZR WuXelME ot A RS avet ¥
o757, datstast, et 3 gdas), e &
3 59 ofe] AEjgdrlsoel Akl Barskar Qith1s,
17-19]. 28y OivF E7] BHelA  wdE
B.amyloliquefaciens NBF11-1-2 ¥710] ®4] du} 2|1}
SR7] wiol o] el thek A= ofH7EA] wH]
270l a1, B.amyloliquefaciens NBF11-
2] 7k AEjggr)sel ojw ek Jaks
Ao o 47} gk
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w3 Bacillus amyloliquefaciens NBF11-1&

olgstel WwEG Hgel FAsha

B.amyloliquefaciens NBF11-1 & o]&3}l9 37T,

24XZF Al S Eate] S ThE Al&s] L
3} A3l A8

2.3 AleF 2l 7]7]

Ao  AMEe  7]7]2%  Shaking  incubator,

UV/Visible spectrophotometer, freezing dryer9} Rotary
vacuum evaporator 2] 4t AV FES AHESIATh
Z29s SA4A192 Folin-Ciocalteau phenolS A}
L3519, EFAIFO 2 Gallic acid®F 10% Na,COz<
AHE-3F99 ). SOD(superoxide dismutase) A &4
A2k tris-HCI buffere} 10 mM pyrogallol, 1.2 N HCI
S ZAste] ALt DPPH(2.2 diphenyl 1-picryl
hydrazy) radicaloll gt A&~75 SAAIFS 100 M 2]
DPPH(Sigma Co.)& & AM8-3}1t}h. NO(nitric oxide)
radical 27% Z4AF2 1| mM NaNO;, €9, 0.1 N
HCl €9, 2% acetic acid, Griess A|2FS ARE3151aL

FE& AR 70% ethanol S AFE-31S

&

2.4 B.subtilis NG242} B.amyloliquefaciens
NBF11—12| MHB HH¥eH

MHB(Mueller Hinton broth)& 10 m(¥ F71& #|=
St ©}3 B.subtilis NG249} B.amyloliquefaciens N11-1
1-8-3Fod Hj =] = slant broth tubeol| 4] Loop
2 AF st 2t Zehzae] Yerh 7 sjdE o8
ste] TN 37T, 24413 WiFE B 5 il tubeel
ZF 100 w02 24A17F B FskATh

o]
= ©

2.5 B, subtilis NG24%} B,amyloliquefaciens
NBF11-10l| 2|8t FS Z=H|

FS(Fermented Soybean)2| A|Z=HH
500 g& AAste] vl THSTE
AABAY. FAE] £ diFE
25%87F SA8aL thA] 50-60C &
100 g2 57112] HA Y7o Har
S AA 9 1 Y%(wiw)7t HEE
& FE 37CoAA 2447
24X WEANZ & =AAZ
100 g2 34| 70% ethanolZ 4-2¢llA] 24
Bajo] AYH ¥ 4L

Z](Whatman No.2)2 ©]3}-5}

15|
<

=

ES
ol

=

FE7104 40CE A5 & AT
2.6 gitst Mg
EE
Total Polyphenol &3~ Folin-DenisHS 583}
24390020,  #F  Bsubiilis NG4S}
B.amyloliquefaciens NBF11-1-& ©]-83+ Z}2} 57]¢] FS
A& 5 mg/ml2 80% Methanol 0.5 ml®} S7FF
2 mlol] 83A]7]3L 2 N Folin-ciocalteau phenol reagent
100 pE 7hskSith 37TColA 30% E3a & 10%
Na2C03 100 & %7}8}3’_ 96 well platecll 200 X
T8kl ZHzke]l AlsE 725 nmollA] UV/Visible

=X
k=]

2.6.1 Total Polyphenol compound

ol

spectrophotometeri BALE A FEIAMoR
2E S etk EFEA L Gallic acidE S/
o 5 mgm=E 8] F FHEE S5t A BFE AY
S0 REE F EduE FETY A%4E eIt

2.6.2 SOD St

SOD A 282 superoxideo] &3] AtslE =
pyrogallol®] AF8}& =8 AAA7]= HEE o &3ttt
[21]. B.subtilis NG249} B.amyloliquefaciens NBF11-1
< o] &3t 77t 5709 FS FE&E A8 5 mg/ml FollA
sample 10 (< pH 852 X A3 tris-HCI buffer 50
mM tris(hydroxymethyl) 130 (2} 10 mM pyrogallol
10 ZE tubedl] ¥ 150 b S5
oA 207+ BFX]8k & 1.2 N HCl 10 pl2 WS
AZTE Z18] 3 500 pg/ml, 1000 pg/mt, 2000 wg/mlA
7Fet FS &8 96 well plateo] 2+7+ 200 0¥ 9
% 420 nmollA] UV/Visible spectrophotometerZ ©]-&-3}
o EFFTE =48t Control tris buffer 130 ul
<} pyrogallol 20 & 7}ske] 5CTA 202 WHS-AIF
o}, HRS-E-& 1.2 N HCI 10 uplE H7bste] ubs-4gx 2
A1zl =433t ICso(Inhibition
concentration 50)%< #7}et SOD A7) Aks}
A ZellE 50% AAA7
SOD FAF g2 A%t 3te] FS =
g H7brel A7 Ateld] FEE Aol
2 W&ol Z4sen,

Lm

A=

RO 5T

Z] z]

=
R

Fhes

ke
T

SOD Ak #4%5(%) = (1- F5& 4 H7hrel

Sample/F&& & H7+-9] Control) x 100
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2.6.3 DPPH radicalof| CHst

B.subtilis NG249} B.amyloliquefaciens NBF11-1%&
o]&3 FS &5 A& o|&sto] ZH7te] &5 o
3 DPPH radicaldll 3k 27% =4S AA5H3TH22].
Z, 3|43 AlE 10 102 Methanol 90 ol SajAIA
0.3 mM DPPH €< 100 09} E3sle] 2 avksle] 30
E Fol otalo A ®Hstdt) 28]al 500 pg/ml, 1000
rg/ml, 2000 pg/ml? 713 FS FEE-2 96 well plate
of 747} 200 w4 SHEaL 303 Shaol A WEGATA
UV/Visible spectrophotometers ©]-8-8}] 517 nmolA]
F4EE S48 1Cs w2 71713t DPPH radical 9
50%% At FEEC F=E ovdth DPPH
radicaldll tgk 2752 AN E o] 83U, FS =
B Aol o Hrbgrek - A7) $34%E SOD

A A 22 e SAEI

_4_71'— =_<|Jt-|

]
b

2.6.4 NO radical A7{s &3

NO radical 4% %2 Gray & Dugan®] WHS
S&sted  AASFATH23].  Busubtilis  NG249}
B.amyloliquefaciens NBF11-1& ©]-8-3F 712}k FS &
E AR 5 mgmlE S5 g4d Als 100 w9 1
mM NaNO,&-9 100 w09} 0.1 N HCI 100 pbE A3}
o] pH 1.22 243 9k-s-2A8- 7138) 1 set(C)E 1|3}
Arh o] FHE 37TAA 1A1ZE MFe F 1 set(A)=
13- 200 uloll 2% acetic acid 1 m, griess reagent 80
wWE 718ke] 31k, 1 oset(B)T 1 set(A)ell griess
Aok Al S/ 80 wE 7tete] E3tetqich 18
500 pg/ml, 1000 pg/ml, 2000 pg/me¥ H7He FS F5%
2 96 well plateoll 22} 200 ¥ 2 Th 220 A
5% Bk 9SA]7] 570 nmolA]  UV/Visible
spectrophotometer& ©]-8-3to] &k o} F&
Tt

Now = (1- —AC

N : NO &7 eof Cist sHatsl &M (%)
A1 mM NaNO2 ol A|ZE H7tstod

=
1AIZH BHEAIZ) ol BBE

B : 1 mM NaNORoll AlZ Cial ER4E Holsiol
1A12H uhe 2ol EBE

& WrkE ohAAle] so%E AT FEEe
=

om) gty hREAIH 2 Griess A oF thal

ICso
BE

e )

2 04 0 AR FAGA BT o184 2
A el gstel ps Ao kel el

oq:r'-./] 28 42 Window-§ SPSS(Ver. 18.0)
< AMgSY. @& W Bsubtilis NG249)
B.amyloliquefaciens NBF11-1& ©]§-38}o] &g Azl &
54 AYBYE Ee9E, SOD FAHH, DPPH
radical 1| EHﬁl— 27%, NO radical 2A%)< &3
A3 T BT ZhzE 5709 AF A 2A S 3hS Wt
Rtyi] }(MiSD)i UERRATE tEw et Adate] 3

W= 43S AW S, FoTES p0.05E

3. 2 1t

3.1 B.subtilis NG242} B ,amyloliquefaciens
NBF11—10]| 2|8t FS2| Sfitst AlSd
3.1.1 Total Polyphenol compound &3
B.subtilis NG24%} B.amyloliquefaciens NBF11-1&
o] g3kl WEAZ FS FEE0| 78 F v
FE92 Table 13 2t}

Table 1. Total polyphenol compound of ethanol extracts

of FS
Total polyphenol (mg/mé)
Sample
(ug/mt) NG24 NBF11-1 p-value
(M+SD) (MSD)
FS 34.2+0.03 35.5+0.16 0.032
FSO &= AR 3Hid & EYvey F532
Bsubtilis  NG24  (342£0.03  mg/ml)ol B3|

B.amyloliquefaciens NBF11-1 (35.5£0.16 mg/m)Z W&
A7 A mOA F EYTlEe FEFe] Foa S8t
ATHp=0.032).

3.1.2 SOD {AIEHd

B.subtilis NG24°} B.amyloliquefaciens NBF11-1&
o]g3te] a7 FS©] SOD FAHEA ﬂﬂ}h Table 2
o} 2t} SOD FFAFEA2 500 pg/mloll A frol 3t 2bo]
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Xl #3 Bacillus amyloliquefaciens NBF11-12 ©]-83}o] ¥wradlt =39 ghikslayt

£ Holx ¢kokok(p=0.539), 1,000 rg/mi(p=0.015)3}
2,000 pg/ml(p=0.011)cllA 29| o] Z7}tel whet
B.subtilis NG24°ll W& B.amyloliquefaciens NBF11-1
Azl A o8t Al 5718k AL, ICse B.subtilis NG24
(1134.5+1.4  mgml)ol B3k B.amyloliquefaciens
NBF11-1 (1026.7+2.3 mg/mf)ol A +2latAl 74381
(p=0.045).

Table 2. SOD-like activity of ethanol extracts of FS

SOD-like activity (mg/mé)

(55221;) NG24 NBF11-1 p-value
(M=SD) (M=SD)

500 42.6£1.0 423+0.8 0.539

1000 45,1415 487412 0.015

2000 48.140.4 53.0:0.4 0.011

ICsy values 1134.5+1.4 1026.7:2.3 0.045

3.1.3 DPPH radical 2715 &3

B.subtilis NG24¢} B.amyloliquefaciens NBF11-1<
o] g3lo] W& ¥ FSe DPPH radical 2759 A=
Table 33} 2t} DPPH radicaldll th3F 2752 500 ug/
nl (p=0.029)°14 1,000 ug/ml(p=0.034), 2,000 ug/ml
(p=0.026)7}A] EFoIA o] o] TV wef
B.subtilis NG24°ll W&l B.amyloliquefaciens NBF11-1
Azl A fof et Al S7FekelaL, 1Cs & B.subtilis NG24
(793.743.7  mg/m)el M]3t
NBF11-1 (696.4+1.8 mg/ml)ol| A F-2atA 745
(p=0.041).

B.amyloliquefaciens

Table 3. DPPH radical Scavening activity of ethanol
extracts of FS

DPPH radical Scavening activity

Sample (mg/me)
(wglmt) NG24 NBF11-1 p-value
(M=SD) (M=SD)
500 31.540.5 35.9£0.6 0.029
1000 57.1£0.9 65.1:0.9 0.034
2000 69.7+0.7 79.6£0.4 0.026
ICsp values 793.743.7 696.4+1.8 0.041

3.1.4 NO radical 2A7Hs &3

B.subtilis NG24<} B.amyloliquefaciens NBF11-1<
o]g3le] La¥ FS FF& A5 NO radical 2A%
] A= Table 49} 2} NO radical 27158 500 g/

me (p=0.021)°141 1,000 pg/mt (p=0.029), 2,000 yg/ml
(p=0.035)7H+] Bl qtFe] ko] Frhetel w}

B.subtilis  NG24°] Hlsled  B.amyloliquefaciens
NBF11-1  AlgolA  fFostAl F718tAa,  ICso
Bsubtilis  NG24  (296.9+1.2  mg/mi)ol  wlatod

B.amyloliquefaciens NBF11-1 (276.5£1.6 mg/m{)°I A -
957l 4tk p=0.019).

Table 4. NO radical scavening activity of ethanol
extracts of FS

NO radical scavening activity (mg/mé)

(szgf) NG24 NBF11-1 p-value
(MSD) (M=SD)

500 50.4£0.7 52,6503 0.021

1000 60.5£0.4 64.5£0.4 0.029

2000 77.8£0.4 78.9+1.1 0.035

1Cs values 296.9+1.2 276.5+1.6 0.019

B.amyloliquefaciens NBF11-12] &:}+s} 758
7] $ete A=ade] oAl LEdT B
NG24E tixw oz sto] Piks} 7]%59] Blalgd] dA|
313t} Fiordiligie[16]9] 179l A& B.amyloliquefaciens
NBF11-19] F&&14 FA4R] aglyconeH e = EA)
s AA o]-87de] 8 B9 isoflavone®] thEF &
Asekar 319331, Lauan 52519 9179l A & Peptidases
HAREE o] Bosubtilis H.TtF
B.amyloliquefaciens |~ B FH-3}ttal 1A
Kim[28]¢] ATl M= B.subtilis NG249+ f-A3-A)7}
7V¢ 7V Basubtilis HH28S ©]§3F A=gur}
KC4ls o8 A= y
-polyglutamate®} isoflavone-glycosides 2 [B-glucosidase
o] Aol =ulal 3}l amino nitrogen®] SRS
B.amyloliquefaciens KC41°] 450.0 mg%, B.subtilis
HH28-2 291.6 mg%= B.amyloliquefaciens KC412] &t
ol vl W2 & 5 Stk Ahn 5[27]9] ATelAE
ol gl Zheds)] A Ee] Areste] A e s

B.subtiliso| A= 179.6

2 proteases®} 7

E,

B.amyloliquefaciens

ot
%38

proteases”}

J
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Unit/mL/minZ YEeRd WA B.amyloliquefaciens o A&
201.9 Unit/mL/min= A Wepstth E£3, Yoon &
[2912] <oA= B.amyloliquefaciens$t B.subtilisS
o] &8t =ajo] wg oA B.amyloliquefaciensS ©]-&-3k
Sk g o2 kst a sl Qlvkar g Qe BE JF
H 71521 EGC, EC, EGCG, ECG S°lA] EGC$} EC+=
astAT EGCGeE ECGE Z7hehlth 1l
B.subtilisE ©]83 =2t g AL 93y BE JHHF
(EGC, EC, EGCG, ECG)7} #asigrh ol o]
B.amyloliquefacienss ©|-&3 HE A% Bsubtiliss
FHT} oy 71 A @A SHdA F7t
3L, kst 7l sHAA R B =A UERTh
2 gt 5} a3 A9 Aol A B.subtilis NG245
o] &3l wrg el A=Aol H|ste] B.amyloliquefaciens
NBF11-1& o]83dto] Tadh 354ge] & E¥s9
FZ o] wolth welh wF Hvbge] FUHEE SOD
A4 3 DPPH radical ¥ NO radical 275 -9
aHAl S71aHd AL, ICso valuess= SOD A+ ¥} DPPH
radical & NO radical 2759l A )& 7 Lﬁ\_é}‘ﬁ
o|9} -2 A= B.subtilis NG24E ©]-8-3F
3t B.amyloliquefaciens NBF11-15 ]88l vt
Abstel digk @4 SHelA Z7HL7] WEl
AT E v E7]1Ee] 7
Huom, o & A] ] A =
B.amyloliquefaciens NBF11-1Z H=7& ¥
&l o] #FE o)&e A7 ‘Q’I@‘Jl’
NG24E o] &3 x4 wannt e 57
stEdo] o wo] EAlgt=A= Hee
Ted, dd s EAY i EES
el 9=
B.amyloliquefaciens NBF11-1-2 t]F7} 2
ol A B.subtilis NG24Xt} =3 HAE9] 75
Asta ) "ol e g9E e Zo® *}EEJ

o] g3l vk Al

-1&

11— OJ—.O_

o]—
=

7}Z
A=
u) g_ E] _E_

) 3}
s}

R

[e)

e i

B.amyloliquefaciens 2]

‘——Z
o

o, uwghA, 5ol AFAdME Bamyloliquefaciens
NBF11-1& o] 227t A= 4=l 7e 5 %
)50l olmg Ae Fi=A%h ojue FYEAe| 3l
EAol e vl A7 Besthn Alrar,
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