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Analysis of the Bacterial Community in Ojingeo-jeotgal and Selection of Bacillus Species Inhibiting the Growth of
Food Pathogens. Kim, Hye-Rim', Seulhwa Han', Bitnara Lee', Do-Won Jeong?, and Jong-Hoon Lee'*. "Department of
Food Science and Biotechnology, Kyonggi University, Suwon 443-760, Korea, >The Research Institute of Basic Science,
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Jeotgal is a generic term given to the high-salt-fermented seafood of Korea. This study aimed at developing an overview of the
bacterial community present in Ojingeo-jeotgal, a highly consumed type of jeotgal, which is made with squid. Bacteria were iso-
lated and purified from two samples on six different kinds of media and identified by 16S rRNA gene sequence analysis.
Among the 121 total isolates, the most dominant genus was Bacillus, followed by coagulase-negative staphylococci (CNS) and
lactic acid bacteria (LAB). CNS were detected in both samples, but LAB were observed in only a single sample. Six strains of
Bacillus species inhibiting the growth of food pathogens, Staphylococcus aureus and Vibrio parahaemolyticus, were selected
from the 121 isolates. These were found to inhibit the growth of both pathogens in addition to displaying proteolytic activities on

media containing 6% NaCl and 2% skim milk.
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HAlgto] 2 R HEEHUT L Hustgloh[18]. A&
OJoFZAR Y RAIA = AEEHA GAAT, FALEL
T 55T TolA w2 V=2 AEHT g1, FF]
BEodd ojdj{RE Wi R oto] wWE HE2 HujE7] o
2ol AES YRR Axdte AZRAAY SAE wiA
g 4= gt} 229 Ao A3+ bacteria LA B A

g Atoll W2 W Staphylococcus 40 {082 HEE 1L,
Vibrio 4 T3 A& % 1 QIth8, 13]. 3 1996 3} o]
[24]9] RAZAN X2 Staphylococcus 4 bacteria®l H& AT}
o] W2 Staphylococcus aureus’t AZ% H} U}

AlZoA AT £ e AFHAMAZEY A=
HACCP¢} 22 $jA & AAtelrt A& = A|uh, Ha4E
o] A% AsiAl Y ABAES EAg 49 H7HE S5t
of sjAste = Al=so] A=, 6, 7). oF2] FUA A
ZY Az Fo F77F Hag vh ¢RI Aol EE
w43 d FF71T AFE st Fol FrrE o
[4,19]. & AoA= 4o RZY g g2 4 FE o
USFE HH o2 ALY 4 bacteriaE =&},
ol & SN E AL (S. aureus)t v Ea] 2w (Vibrio
parahaemolyticus)o] gt ALAEAS B-73t 2A o] A
2 UaS T FRE ATHAT,

HiQHAHO] OJ9 QFORZ bacteria REEA

Bacteria 22§ 93t LA AZ-2 20119 99 FHUA] &
A AAHAZL HPUEANA 42 158 FASAS. A=
60 gofl TF9 BdTE EAdto] # A T F, BAT A
22 A7 B3 qNL bacteria £8 I NaCl %=, pH,
F= Ao AT NaCl F== AF3d0 ot &
A9, pH= pH meterZ, P+ refractometer (Atago,
Japan)2 SA3A. F A 29 pH, NaCl 5%, B=l=
Z Aol7h YL, NaCl 55+ B+ 6.7% =2 4T3t A
A7 EAE Aoz HQIth(Table 1).
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Table 1. The pH, NaCl concentration, sugar concentration of
Ojingeo-jeotgal samples from a traditional market (A) and a
super market (B) in Suwon, Korea.

Chemical index Sample A Sample B
pH 6.2 6.1
NaCl concentration (%) 6.6 6.7
Sugar concentration (Brix) 16.2 17.5

N7 g2 Y4 2 bacteria®] £2|7} 7+
TEE A% AT thg, LA A o] Zdste] 30°Ce] A
48X 7t o] i FsHHEA colonyd] P4 B thiAdS HEs)
Ak, thokgt bacteria®l £ E 9319 nutrient agar
(Difco, USA), marine agar (MBcell, Korea), MRS agar
(Difco)2t o5 iAol NaCl¥] #E F=7t 5% (w/iv)7} ==
2 A1 % 629 HAS S, B AR AT <)
golg 935ty skim milk (Difco)E 2% (w/v) A7FsFS T
ZF "z o A AL]3 A 10°-10° CFU/Mm] $F2.2 7]
29 R4 B AMARY ZHA} 27 haA) o
Skth. 2k A4 AT bacterial 27, B, 47 1
skim milk £3jo m2 Fg3H(clear zone) A4 o Fof w}
o 7H WA 107 HES] colony ALT b, SAT )
Ag olgatol ws RelaAr

&4 223} bacteria= 16S ribosomal RNA gene (16S
rDNA) d7| &40 93ff AlFEgtH oz S5
E 25 bacteria®] 16S rRNA 872 A} ZZ-& DNeasy tissue
kit (Qiagen, Germany) |83} &3t DNAE PCR 3}
A colony PCR& ©]&38to] =3515ith. PCR 5% A
H primere e BBEY FZo AHE-E= eubacterial
universal primer 27F (5'-AGA GTT TGA TCC TGG CTC
A-3Y%} 1492R (5-GGT TAC CTT GTT ACG ACT T-3)&
AR5} TH14]. PCR ¥H2-2 T3000 Thermocycler (Biometra,
Germany)E A543, 50 ul PCR HH-g 7 o = template
DNA E+= 43F9] colony, 100 mM dNTP, 1 U Taq polymerase
(Roche, Germany), 10 pmol®] primerE #7}3}ith. PCR
WS- 95°Co| A 57t A8 7FE &, 95°Col A 127 ¥
A, 57°Co A 1& annealing, 72°Co]| A 1& £341-3-9] 1}
& 303] WHESHYAL, mpR|ahof| 72°Co A 587 A7t
S FHAAL TFH PCR AHELS PCR product
purification kit (SolGent, Korea)S AFE-5te] AA|t & 4=
A A (SolGent)oll 9 &sto] 7| EE AR 2R E
71482 NCBI (http://www.ncbinlm.nih.gov/)€} EzTaxon
server 2.1 [5]°] S2%H 7|4 g ARE A S Z nucleotide
blast searchs 3 AFLATH EAS A
Database®] 55H EEwF(type strain)?} 7H & 45
e JehE EF (taxonomic unit)yS 3 bacteria® %
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Table 2. Numbers of isolates from Ojingeo-jeotgal summarized at the species level.

Sample A Sample B
Species 0%? 5%:2 Total 0%?2 5%2 Total
N M R N M R N M R N M R

Aerococcus viridans 1 1
Bacillus aerius 2 1 3
Bacillus amyloliquefaciens 1 1 2 4
Bacillus clausii 1 1
Bacillus atrophaeus 1 1 2
Bacillus licheniformis 1 1 1 1 2
Bacillus methylotrophicus 2 2 3 1 4 2 10
Bacillus pumilus 1 1 1
Bacillus safensis 0 3 3 1 2 1 4
Bacillus siamensis 1 1
Bacillus sonorensis 1 1 1 3
Bacillus subitils 2 1 1 4 2 2 1 5
Bacillus tequilensis 1 3 1 5 2 1 1 1 5
Bacillus sp. 5 2 3 3 4 17 1 3 2 3 2 11
Brevibaeterium halotolerans 1 1
Carnobacterium maltaromaticum 1 1
Corynebacterium variabile 1 1
Kocuria salsicia 1 1
Leuconostoc pseudomesenteroides 1 2 3
Pediococcus pentosaceus 1 1
Staphylococcus equorum 1 1
Staphylococcus sciuri 1 1
Staphylococcus xylosus 1 1
Staphylococcus sp. 1 2 3 3 9 2 1 3
Weissella confusa 3 3
Weissella hellenica 1 1
Weissella thailandensis 1 7 8

Total 10 11 10 107 9 10 60 10 10 M 10 10 10 61

Abbreviations: N, nutrient agar; M, marine agar; R, MRS agar.
@The final concentrations of NaCl are indicated and 0% means NaCl was not added to the medium.
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&% BT 2 121 250 54 A, 2 A ERE 2
2] ¥ bacteria®] T & (genus) F+EAA = & Zol7t
UELEA] 9FE At Z(species) $F A= A& BY thoF
Aol & AL 2 YEtH(Table 2). 472 MRS agar
9 NaClZ 3713t MRS agard| A9t ASE YA, Bacillus
&2 2E WA oA 12A AEHALH, | H7be] &
ol A UehA FdTh. Staphylococeus 59 &2
nutrient agar®} marine agaro|A =4 UeERY, 9 A7t
gt Hj A7 A&l fEIT ALz yEyth
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Bacillus &°] 5 A8 REFoA $302 HEFH L, 7
Z9] dFoA BEJYE Staphylococcus, Micrococcus,
Pseudomonas, Acinetobacter, Aeromonas & 9| A Sta-
phylococcus & Tro] B ALoA AHZE S TH10]. Bacteria
w2l ARERE A, g 20 2 A5 ApololA T U
= 2% o AT 1A A Y-S 283 7]E AFolA
HedFES Hag EA0] AgtH o= e st
9, 220 AEEHL Je AT 54 et Aol
7t yehd 7hsAdol Atk AAI Ol A U AR AofA

= Weissella 4] Bacillus 2] H& | A4, thFutEof A



T3 A& Bof| £33} bacteria®] 382 Staphylococcus
£0] & o|t}. SAME-E Carnobacterium, Leuconostoc,
Pediococcus, Weissella £0] HEZEQ1L, A2 w2t A=
He 34 o] thE2A veygon, Alg BE A4 £
HE2 ASEHUY AR AZRE 427 11 32539 4 337
B2 = Weissella £3} Leuconostoc £ A5 BEEEHE
Weissella hellenica 1 f59to] B2 & o], A|Ro| wa} FA4t
3 Staphylococcus 42 50| @2t 4= Sl 7HeAl ol
A A =%} Probiotics ¥ A&& T MEs FHoz A
Z $3 Lactococcus, Lactobacillus & §AHE 87 211
HAA[11, 17, 21], SAFS] 8-S R I3 bacteria &
A ATE JATH23], 2F 2AA o] oo M
TS LE G4 ATHOE Bolsh SHFOE I
|8 7HeA8E 27 gt Blnd gt B2 2R Z
A= Bacillus ) 8|8} 11 H]Fo] X g ACE B
oF £ AZEE oz TYAZY SANNE 2 9T
= AR ¢k A Aol A9 gle FHE EA5H=
ZELECEEY

71& A [10]914 HEE B 9= Staphylococcus &2 5
ANE BE2HE 2511, NaClo] 5% H7He v 2] of A
SAHA AEdths AL 18, Bacillus & 5= &
sk ©AARZ S bacterin? 2 EG 2 A 2%

& 223t Bacillus & 9 Staphylococcus 42 &
FE2 16S rRNA G A2 G714 89 5ol ot A
o BRAAE A 2T & glol B 2N o
AEE AAs7] AT, & 204y 580 239 +

=

FE Z| A= B. methylotrophicus, B. subtilis, B. tequilensis
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7} o4 B8] = 9tk (Table 2). Bacillus £90] 3402 A&
HAg A& Y3l 7HsAd ol &= Bacillus cereuse A&
A gkttt Bel® Staphylococcus & Fo|A S. aureus=
FAE #FE EA5HA] &}, F coagulase-negative
staphylococci (CNS)ZH= HFof| &3ttt CNS&= 89 &
F Y AN LR g2 RIERE HEHL, FHO2E
Al W] AHSE o, B AJoR AFE B0
Hyg vk= gich[20, 22].

PUEEHTF P HAHHAQF YHPLY
HE % My

2 AFoA £ T3 12
ol Y FUEEAFF 9
AEANSY Bf F59 AL AEsHqn. AdE 9l
AN S. aureus ATCC126929} V. parahaemolyticus
ATCC17802= Korean Culture Center for Microorganisms
KCCM)ZHE et i, AujoFst AAFFE & 10°-10°
CFU/ml =2 FdujA] o) 200 ul =Eate] AxAIF] o3,
o 10° CFU/ml 5= 9] APH4FE Wl g o3 JAH
ko] 30°ColA 2447 v F S A2 Y FFE
AEANEYS FAsHh BESHS e iR = 2
Z+o] A A S. aureus ATCC12692¢} V. parahaemolyticus
ATCC17802¢] o] £45tA UeEd nutrient agar®}t
marine agar AHESHET, A2Y GES Teistel HEE
=7} 5%7F HEE NaCle H7bshach.

B #F %, 55 #57}F S. aureus©] tiste] HSAHE
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Table 3. Numbers of isolates from Ojingeo-jeotgal showed the growth inhibition of Staphylococcus aureus ATCC12692 on nutri-

ent agar supplemented 5% NaCl.

. Sample A Sample B
Species . . . .
Isolates Active strains Isolates Active strains

Bacillus aerius 0 0 3 1
Bacillus licheniformis 1 1 2 1
Bacillus pumilus 1 1 1 1
Bacillus safensis 3 3 4 4
Bacillus siamensis 0 0 1 1
Bacillus sonorensis 0 0 3 3
Bacillus subtilis 4 3 5 3
Bacillus tequilensis 5 4 5 3
Bacillus sp. 17 10 11 10
Leuconostoc pseudomesenteroides 3 1 0 0
Staphylococcus equorum 0 0 1 1
Weissella confusa 3 3 0 0
Weissella thailandensis 8 1 0 0

Total 45 27 36 28
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Table 4. Numbers of isolates from Ojingeo-jeotgal showed the growth inhibition of Vibrio parahaemolyticus ATCC17802 on

marine agar added 3% NaCl.

) Sample A Sample B
Species 5 3 . .
Isolates Active strains Isolates Active strains
Bacillus amyloliquefaciens 0 0 4 2
Bacillus atrophaeus 2 1 0 0
Bacillus methylotrophicus 2 1 10 5
Bacillus pumilus 1 1 1 1
Bacillus siamensis 0 0 1 1
Bacillus tequilensis 5 3 5 3
Bacillus sp. 17 2 1 1
Total 27 8 32 13

NaCl 6%

NaCl 6%

Fig. 1. Growth inhibition of S. aureus ATCC12692 (A) and V.
parahaemolyticus ATCC17802 (B) by the isolates from Ojin-
geo-jeotgal at the NaCl added conditions.

Nutrient agar and marine agar were used for the growths of S.
aureus (A) and V. parahaemolyticus (B), respectively. Isolates: a,
B. pumilus ANR7; b, B. pumilus RM010; ¢, B. siamensis RM502;
d, B. tequilensis AM5R3; e, B. tequilensis MA504; f, B. tequilensis
MS503.

A& YetY 1, Bacillus 4 #55°] Hi5-£90] 1 th(Table
3). £ ¥lE7} =Xt 94X, 228 2E B. pumilus, B.
safensts, B. siamensis, B. sonorensis, Weissella confusa
w+3= 45 Uitk V. parahaemolyticus©l W8 A=
Bacillus 4 21 w3ko] AEAHE/H S Yebhd, S
aureus ¥ B4 HG4 439 A gEo] 4 FUdth
(Table 4). 2 £ AFE2o ote] BHS 2 F5E
8% Bacillus 4.2, 6 #57 £ =3t 0|5 259} 4]
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NaCl 4%

Fig. 2. Effect of NaCl on the growth and protease activity of
isolates from Qjingeo-jeotgal.

Nutrient agar containing 2% (w/v) skim milkk was used for the
detection of growth and protease activity. Isolates: a, B. pumilus
ANRY7; b, B. pumilus RMO10; c, B. siamensis RM502; d, B.
tequilensis AM5R3; e, B. tequilensis MA504; f, B. tequilensis
MS503.

S5 AEAH = NaClo] 6% H7He wjA A= &4 o]
Uit A0 2 Hol 94| AZ SABANN 4FEE
o Ha7t Mot Aoz 2AHtHFg 1. & 8 FE78
21 ¥ B. pumilus®} B. siamensis= B5F T AlZE=4of O
sto] A/ Uetl AR, 228 A7 Rot F 4
Y Mg E Frhe7] = AEL, 29 AsEA
& 7% Bol9ez ey,

A e g F4Y 7P 83 7|54 E nHEH ¢
= iR L skim milkE 2% A 7}3t nutrient



agarol| A Els & A3, 6 5 HF
A3 YRAA T, NaCl F7bo] whe2t Z/do] 3L, colony
9] ko] NaCle s=of wheh HakgheE: 2218ttt (Fig. 2).
B. siamensis RM502 w57} NaClo] 6% 715 vl x] of A
4 B UNLEATHS Ueh ot BEH0 2
26279 ARANTAL BN QL AT AFH o
H| 3R] = ZRAT, 6% BeEolA S5 UEh $lof
LAARZY A= AN ASEd AN D A
AL Ut 5 UZ AR AAFet

ApAeHE 7t

ol

2 o

SRR A FE U FE F43E FHOoE A}
4 Tt TE QLS f5to] 2 AARL 4 bacterias
EE5a, o] § FHNERAATEH FFH B2l o

e ’%‘%ZﬁH%"é B 475 st 659 HiAIE °
g3lo] 2379 oA AL ARZRY 4 BelF 121 7
FE 16S rRNA FAL A7 EEAE ot TR 2
3}, Bacillus 4, coagulase-negative staphylococci (CNS),
fFAbt o 2o $Hske AR YERT CNSe F Al
& BRA AEHUL, At AR w 2EEE F
(species)o] THEA Uebgteh 121 @2 3E AuE 34
ZETF RGN 02 ASE BE AsHE 65
9] Bacillus 3= NaClo] 6% H7}E w0 A gzl &
BAHS e T
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