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Abstract This study aims to determine the antimicrobial activity of fermented Cheonggukjang extract using the new
Strain, Bacillus amyloliquefaciens NBF11-1, which was first found on the surface of the node part of bamboo stems,
but has been studied very little so far. Bacillus subtilis NG24, which is the traditional fermented strain of
Cheonggukjang, was selected as the control group and a comparative analysis was performed. The experimental
method included measurements of the antimicrobial activity, minimum inhibitory concentration (MIC) and heat and
pH stability. B. amyloliquefaciens NBF11-1 had stronger antimicrobial activity than B. subtilis NG24 against the
gram-positive bacteria, C. perfringens and S. aureus and the gram-negative bacteria, A. faecalis and E. coli among
the six species of pathogenic bacteria studied. When the minimum inhibitory concentration was measured, B.
amyloliquefaciens NBF11-1 in C. perfringens, S. aureus, A. faecalis, and E. coli had an inhibitory effect at
concentrations of 0.01 %, 0.21 %, 0.45 % and 0.29 %, respectively, compared to B. subtilis NG24. When the heat
and pH stability was measured, B. subtilis NG24 and B. amyloliquefaciens NBF11-1 Cheonggukjang extract did not
show any decrease in activity when held at a temperature of 121°C for 15 minutes and at pH values ranging from
2 to 10 and were therefore considered to be relatively stable against heat and pH changes
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A3 Bacillus amyloliquefaciens NBF11-12 o] €3t J=ato] 47843 & ° pH ¢HAA
1. M2 wgAFo R waagS AXHA Lzt 93] At
He il g eeskE 7154 ekl iRl
FE, ofgty AERS AT tEe] ARG NN E & 18R FAE So) QA BAS zesla 9ot
A% A Q) Anlap Stel whe} 7)Ee] S48HA &9 [10]. olglek Ale] BHL wEA|ES FHAEAY Fa
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Bacillus spp.7} A2ksl=
lipopeptide = amphiphilicd+ 543
A, getA A ik el 3
= A, HA
s F7I% stk AAEA 9 Surfactin<
B-hydroxy fatty acid®] carboxyl group®} heptapeptide
9] hydroxyl group®] A3 7%=, Surfactins Aks}
= wElE Bsubtilis®}y B.pumilus, B.amyloliquefaciens
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Listeria monocytogenes®} Candida albicans, Yeast 5
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Clostridium botulinum Ba4 str. 657

Bacillus halodurans C125

53

89

Bacillus weihenstephanensis KBAB4

Bacillus cereus ATCC 14579

Bacillus cereus ATCC 10987

Bacillus anthracis str. Ames

Bacillus thuringiensis str. Al Hakam

Bacillus pumilus SAFR032

Bacillus licheniformis ATCC 14580

99

55

92

0.05 substitutions/site

Fig. 1.

(Arguelles-Arias et al., 2009).
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Clostridium
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faecalis,

Enterococcus  faecalis, perfringens,

Staphylococcus  aureusZ , Gram Negative
Escherichia  coli,
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444

Bacillus amyloliquefaciens FZB42
100 .
Strain GA1

Bacillus subtilis subsp. subtilis str. 168

Phylogenetic tree showing relationships between some members of the Bacillus species

TAE A S Frol 4t B4 A ALgs}
o, #F9] wjdza-e t&3 i Table 1]

Table 1. List of strains used for antimicrobial activity test

Gra'm Strains Strain number M?flla
stain (C)
E. faecalis ATCC 29212
Positive
C. perfringens KCTC 5014
(G) perfring MHB
S.aureus ATCC 13565 &
A. faecalis ATCC 49677 MHA
; 37C
chf‘)“"c E. coli ATCC 25922 G709
P. aeruginosa ATCC 21636
2.4 N2t A 717
A% 7]7]2+ Shaking incubator, UV/Visible

spectrophotometer, Freezing dryer®} Rotary vacuum
evaporator®] ¥ut A7 FES AL FEE A
kS 70 % ethanolS AFE3}Th EF ASHIX =

NB(Nutrient broth, Difco, Becton Dicnson Co., USA)
S ARESIaL, FEidel ARES HiAE Mueller
Hinton Broth & Mueller Hinton Agar(MHB & MHA,
Difco, Becton Dicnson Co., USA)E T3} AH&-31%1
). 2 ¢ 8 mm paper disc(ADVANTEC, LTD. Japan)
9 el sle Aloke Bl uet Pojste] ALgBhL
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2.5 B, subtilis NG24%} B, amyloliquefaciens
NBF11—12| MHB H{QkH

MHBE 10 kg F/0& #2238 o} B.subtilis NG24
o} A5+ B.amyloliquefaciens NBF11-15 ©]-8-3}o] uj
ok o] slant broth tube®lA] LoopZ #F 3} Zt
broth flaskell ¥E=THTable 2]. A& wjY71E o]&-3}o]
TS 37C, 2447 wider B 5 ml tubeoll 7}t
100 0% 24A13F vl FatoiTt.

o]
AT

Table 2. Components factor of MHB

Components

Concentration

Beef Extract 20 g
Acid Hydrolysed Casein 175 ¢
Starch 15¢g
Calcium ions 50 mg/litre
Magnesium ions 20 mg/litre

pH : 74 £ 02
Appearance : Pale straw, dear

2.6 B, subtilis NG248} B amyloliquefaciens
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2.7 B.subtilis NG242} B amyloliquefaciens
NBF11-10]| 2|§t FSQ| &xed

2 282 Bsubtilis NG24°} 2157 B.amyloliquefaciens

NBF11-19] 93 H=% F2& &S 7L g

39331, Paper disc diffusion method[20]

o= US|
& $83fe] A 2 @ A A 37,
2447t wjegstol Aldt wfkd-& 650 nmollA] Optical
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Density(O.D) 3t 0.4[106 CFU(Colony Forming
UnitymL]7} &7 248 § D437 v ¥ o
T 65o] wgFE wiAel 13] Wgolz e AF S 2.5

n¢ MHBO] A5 Az =]ol FEAIA wjdgt 5 =o]7t
4~5 mm?l MHA X & WHEo] A% 7AFRA7 5
Alglatell 40 wS F-atArEjol A Plateo] &3 3 Hat
H e & et 74 A5 FEES dus
£ o83t 4 mgmL FEE 3Ag v AlRE 30
A 250] 8 mmS! F1rE paper discol FFAIA T
7F B wiA] el agAFTh o] & A, 1AFE
Qb Sk, HZAIZL F 244 7HE 9 v st o, 7 5

SEZHE I disc FHol

clear zone?] Z7|Z FAs}Ac)

2.8 B, subtilis NG242} B.amyloliquefaciens
NBF11—10{| 2|8t FSQ| ZAUNIST
#2455 (Minimal Inhibitory Concentration, MIC)

A A B E S-8ske] wla S st
ACH21]. & 22 Evt § 93] 24 o8& MHA v

2l B.subtilis NG24<} 23t B.amyloliquefaciens
NBF11-1& o]-&ate] a7 F=742] 70 % ethanol
FEES 03-0.01 %(whv) B9
A7pebar of 7l Al 2] FE7t ¢F 105~106 CFU
7HE HEE [T & Sk ol & Aol 3t
o] AgoA Z3]aL, 37°C incubatorol| A 24A]7F vl 3}
Ak 7|, Wi 5 AA dn)A dellA o] ol
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2.9 B, subtilis NG24%} B, amyloliquefaciens
NBFi11-10f| 2|3t FSo| & 2t

4 <4 d(Heat stability) A3 B.subtilis NG24 9}
B.amyloliquefaciens NBF11-1& ©]83l] g A7l %
T749] 70 % ethanol FE &S 4 mg/mL FEZ 843}
ek 84 AlEE 60TCllA 10, 30 % 603, 80T 3
100 CollA 103 20, 121CAlA 1583 AAe] e &
SA BTt olgA Ae| AR ey Wt
& paper discH[20]2.2 S35} T}

2.10 B.subtilis NG242} B.amyloliquefaciens
NBF11—10f| 2|&t FS2| pH 2t&-d
pH °F3A A2 Bsubtilis NG24<} B.amyloliquefaciens

= T
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NBF11-1& o]&3te] waA|7l A=72] 70 % ethanol
FEES 4 mgmL TEZ 345 A% AR

pHE 0.1 N NaOH$} 0.1 N HCIS ©]-&3}o] 2, 4, 6, 8
91007 245 & A2oA 24A1F Tk A
o]#A WAE AJFE 0.1 N NaOHS} 0.1 N HCIS A
g3l e pHE F3AA 4 mg/mL FEZ 3|43}
o] drEA W3S paper discH[20]22 A3}
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3.1 B subtilis NG242} B amyloliquefaciens

NBF11-10f| 2|§t FSo| &=aH

B.subtilis  NG249}  Alit5  B.amyloliquefaciens
NBF11-1& o] &3t} WAzl 7o) SJHars
gelst7] ¢33k 70 % ethanol =
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date] AES AAEAT AT des FEE
mg/mL LA U FF 65 WA A A E
B, 7 w33t A3e 33 Z2ti(Table 3).
AJollX - Efaecalisv= Ftade] Aol7b gl
Cperfringens®t S.aureus”} B.subtilis NG24°] H]
B.amyloliquefaciens | A =& I aatsE B 1
S0l A P.aeruginosas 2 ¥e] zol7t i et
Afaecalis®}  E.coliolX+= B.subtilis NG24°l| 1|3
B.amyloliquefaciens |~ 2 It &= B Yang
5122]19) AFlM = Bsubtilisl| VIS B.amyloliquefaciens=
Al R ggolel d &gl it WS 7,
AJAEZE e A3 FAT L A G4& 37 7}
A& fengycins9} surfactinsS sAlol Arkss 542
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B.amyloliquefaciens KC41% 0183 A=170| B.subtilis
NG249} SA3A7} 743 7148 B.subtilis HH28 K.t}
y-polyglutamate <} B
-glucosidase 2] &do] =T}al 8193l amino nitrogen2]
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B.amyloliquefaciens NBF11-19} t)F ko]
Aol AR ke HAEC A bdA o] Bsubtilis
NG24 5t} wi#] flollA e &g Fio] & g
3t A-gske B4l HAAY) wiimolet sk Ahn
B9 waaby Fo] wuld 2 speRe 27k A4
Eo  Agste] s =
B.subtilisl 4+ 179.6 Unit/mL/minZ et
B.amyloliquefaciens )= 201.9 Unit/mL/minZ
thar ®astgich ojo] 2 AtelA nlAEe] AR}
712 5o FHl 9 x4 B4 mE daEEol
B.subtilis$} W2 B.amyloliquefaciens= & B A=7
o] ofg] whild gl gaEAe] gt 7|5 o] =2
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Table 3. Antimicrobial activity of 70% ethanol extracts
from B.subtilis NG24 and B.amyloliquefaciens

NBF11-1 with soybean
(concentration: 4 mg/mL)

Strains NG24 NBF11-1
E. faecalis + +
C. perfringens + +++
S. aureus + ++
A. faecalis + +++
E. coli + -+
P. aeruginosa + +

* Growth inhibition size of clear zone: -, non detected; +, smaller
than 1.5 mm; ++, 1.5~3. mm; +++, 3~5 mm; ++++, lager than 5
mm.
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3.2 B.subtilis NG242} B.amyloliquefaciens A, A3 71538 FIA717] Y3l @A &
NBF11—10ll 2J3t FS2| ZACIHSE = pHS| AP RS AR HEE o5 A% A7

B.subtilis NG249} 2137 B.amyloliquefaciens NBF11-12.
LEAZ A= FEE o HAYA -3
2K Table 4). 1% SPUF F EfaecalisolAe=
B.subtilis NG24$} B.amyloliquefaciens NBF11-15- ©]-8-3F
FE9] oA 72} 0.60 %, 0.55 %= Aol
= Ak Cperfringensol A= 0.15 %, 0.01 %°]0 3,
S.aureus?| A= 0.40 %, 0.21 %= B.amyloliquefaciens
NBF11-19] HA9A5%7} Bsubtilis NG24X.t} =3k
o 2% 58T T Afaecalis X B.subtilis NG24
= 1.50 %, 0.45 %°|R 3L, E.coliol A= >0.80 %, 0.29
%= B.amyloliquefaciens NBF11-12] &t 3. 3}7} Bsubtilis
NG24H T} =2 Aoz YedA|TH

= 7 w1kl 237 H)\/\}\Til' a5
7} =2

.
TEE
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TEE

P.aeruginosa®l| ~|
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14'5}‘41 A= ]

OO }\0 Qi —[—Oﬂ ]

.amyloliquefaciens NBF11-15
o] B.subtilis NG249| Hl&] =& &
@ 5 ogom, bt

$5stta @
_o]' fas

B.amyloliquefaciens NBF11-12]
A hAL 71243} ) 24 54 3 et
el Aro A= v2A 283l7] wiolet AlRET

Table 4. Minimum Inhibitory Concentration(MIC) of
70% ethanol extracts from B.subtilis NG24
and B.amyloliquefaciens NBF11-1 with soybean

(unit: %)
Strains MIC(mg/ml)
NG24 NBF11-1
E. faecalis 0.60 0.55
C. perfringens 0.15 0.01
S. aureus 0.40 0.21
A. faecalis 1.50 0.45
E. coli > 0.80 0.29
P. aeruginosa > 0.80 0.60
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Table 5. Effect of heat treatments on antimicrobial activity of 70% ethanol extracts from B.subtilis NG24 and

B.amyloliquefaciens NBF11-1 with soybean

(concentration: 4 mg/mL)

E. faecalis C.perfringens S.aureus A.faecalis E.coli P.aeruginosa

Temp(C) NG NBF NG NBF NG NBF NG NBF NG NBF NG NBF

24 11-1 24 11-1 24 11-1 24 11-1 24 11-1 24 11-1

Untreated + + ++ 4+ + ++ + + + ++ + ++

10 min + + ++ -+ + ++ + + + ++ + ++

60C 30 min + + ++ -+ + ++ + + + ++ + ++
60 min + + ++ -+ + ++ + + + ++ + ++

B 10 min + + ++ -+ + ++ + + + ++ + ++
soc 20 min + + ++ - + ++ + + + ++ + 4+
B 10 min + + ++ -+ + ++ + + + ++ + ++
10 20 min + + ++ ++++ + ++ + + + ++ + ++
121TC 15 min + + + 4+ + ++ + + + ++ + +

* Growth inhibition size of clear zone: +, smaller than 1.5 mm; ++, 1.5-3 mm; +++, 3-5 mm.

Table 6. Effect of pH treatments on antimicrobial activity of 70% ethanol extracts from B.subtilis NG24 and

B.amyloliquefaciens NBF11-1 with soybean

(concentration: 4 mg/mL)

E.faecalis C.perfringens S.aureus A.faecalis E.coli P.aeruginosa
pH NG NBF NG NBF NG NBF NG NBF NG NBF NG NBF
24 11-1 24 11-1 24 11-1 24 11-1 24 11-1 24 11-1

Untreated + + ++ ot + ++ + + + ++ + ++
2 + + ++ +t + ++ + + + ++ + ++

4 + + ++ +Ht + ++ + + + ++ + ++

6 + + ++ +Ht + ++ + + + ++ + ++

8 + + ++ +Ht + ++ + + + ++ + ++

10 - + - ++ - + - - - + - +

* Growth inhibition size of clear zone: +, smaller than 1.5 mm; ++, 1.5-3 mm; +++, 3-5 mm.
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