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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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Fig. 1.

(Arguelles-Arias et al., 2009).
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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 A 7|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 ¢35} AH&-31%]
). 2 ¢ 8 mm paper disc(ADVANTEC, LTD. Japan)
W el Jle Aloke Bl uteh Pofstel ALgBht
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2.5 B, subtilis NG24%} B, amyloliquefaciens
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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.
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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
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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]
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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
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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
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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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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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