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Abstract

Selection of probiotic strain should have a wide antagonic spectrum, even if
gram negative bacteria, survive in low pH condition and not sensitive by
antibiotic agents for applied in probiotic. The purpose of the present study was
to screen of effective lactic acid bacteria (LAB), as probiotics from Xkorea
traditional fermented foods, which are able to protect aquacultural fish
pathogenic bacteria and investigate their characterization.

Twenty strains of lactic acid bacteria were isolated from fish intestine,
fermented fish foods and kimchis. These bacteria were screened for antagonistic
activity against fish pathogenic bacteria. Seven tested LAB strains were able to
inhibit the fish pathogenic bacteria, including Vibrio anguillarum, Edwardsiella
tarda and Streptococcus sp..

Of the probiotic candidates, BK19 strain which from fermented pollack
viscera indicated the largest inhibition activity. Moreover, this strain showed a
resistance over low pH and antibiotic agents. Therefore this probiotic candidate
BK19 was finally selected and identified as a probiotic strain. This particular
probiotic bacteria was identified as Lactobacillus sakei BK19 by biochemical
characteristics and 16S rRNA PCR amplification.

L. sakei BK19 was able to inhibit the growth of pathogenic bacteria
including V. alginolytics, V. salmonicida, V. parahaemolyticus, V. harveyii, V.
mimicus, V. vulnificus.

L. sakei BK19 culture supernatants was re—adjusted to pH 6.5 and treated
with catalase. Then the antagonistic activity was assayed by agar—well diffusion
technique.

A bacteriocin-like inhibitory substance of L. sakei BK19 was heat—stable
(100C for 10 min) and not-sensitive to lipase and a—-amylase. However this
substance was inactivated by trypsin, pepsin, protease. In the scanning electron
microscope observation, L. sakei BK19 supernatant treated V. anguillarum cell
wall had been destroyed incubate after 3 h.

In the study of optimal culture condition, L. sakei BK19 was well grown

under sucrose, maltose, and saccharose but lactose, mannitol was not be utilized



as a carbon source for their growth and fermentation. Also L. sakei BK19 was

able to grow at 15 to 45C culture temperature and 0 to 7% of NaCl

concentration.
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Probiotics® &% 22] 1% (intestinal microbes)S 7| A 024 <

S F= AE H7IAE weth(Fuller, 1989). Probiotics®] <
A Aol AF AHS w HUA Aol Aol A
AAZIaL Aol sty #Hlste o2 A=A
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E=14
BaEd o8 sFF = £3tE TUAA F
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Probiotics& ©]-&3}7] 913 E34Q] Wy dddAdo] A& FH d75 A
=3k MAA AR Bl 22 T vAds A gt AR Sl ULt

o A&st= Aot

Probiotics 24 ®o] o]& %o} & nAEZE= Lactobacillus sp.(Ashenafi, 1991;
Chateau &, 1993; Gildberg -5, 1997), Bacillus sp(Sugita, 1998), Vibrio
alginolyticus(©13t V'  .alginolyticus., Austin %, 1995; Gatesoupe, 1989),
Carnobacterium  sp.(Joborn, 1997,  Stoffels, 1992), 9 Pseudomonas
flourescense(Gram 5, 1999) 5| Jow, 1 F 71 ®o] AFHI o] &Ho

v &S Akt (lactic acid bacteria, LAB)°]tH(Ringo %, 1998; Conway, 1996).



frabite g, vesA, XA 2 catalase A AT E, L E WAL
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1998; Harris, 1989; Hugas, 1998), Escherichia coli(Choi %5, 1999), Salmonella
typhimurium(Hudault, 1997), Vibrio anguillarum(Olsson, 1992) 2] nl A& tj
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1. Probiotic 59 & % XA
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dx "W A4E AdFe Addders 9 SAMAA AHES) =
FUE A drE Ad T dA AT st 209959 FAE S
g3tA . FAak MR 2= 1% CaCO3= #7138 mann, rogosa and sharpe
broth ¥ agar(MRS, Difco)& AF&3th #2d 72 W Ko =Tl

FEHL HAste] M §FY FATS A

1-2. 9379 &4

oy W A2l Vibrio anguillarum KCTC 2711(°)3} V. anguillarum) + 3=+
A 2}+23 (The Korean Collection for Type Cultures)oll A &9k Wol AL-&3}% L,
Edwardsiella. tarda(°]st E. tarda) 2 Streptococcus sp= ol Ad dxo F
A8 w el A A Estde MM Wik V. oanguillarum 1 7S
trypticase soy broth(TSB, Difco), E. tarda 2 Streptococcus sp.2l 745 brain
heart infusion broth(BHIB, Difco)E ©°]&3to] 32Tl wjgstl o, 7wyt
S f3 BE #FE 30% glycerols #H7Fste] 70T H#sEA L 23] Al H)
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MRS agar’doll A agar
spotted methodE ©| &3 V. anguillarum, Edwardsiella tarda 2
Streptococcus sp.©ll W3t A3 SQlste] FHRFEFEZA A5kt

122 AdE Akt 5 bacteriocin A= Aol ok A& S zbal 9=
TFE AEly] 913te] nutrient agar(NA, Difco) ®i X Aol A spotted method &
agar well-diffusion assay® 7 E3} % HCorsetti 5, 1996; Schillinger &, 1989).

Agar spotted method®! 4% A vl4% probiotic FH T+ 5~10 WS NA 3+
HAujx Fol HetAzl T 37°ColA 24417 wiFate] geto] AAd® mdel 107



CFU/mt <] 3474‘301 HA7FE A A E R (0.7% agar) 10 mE S=3}e] 4T
A 7F W3 3 32CoA] 24X 7F v <kEle] A sS oldto g FFIAS =

X
N

sk

Agar well-diffusion assay¢! 7-9- muller hinton agar(MHA. Difco) $lel 10°
CFU/mte] I Hte] H7kd A HdulA(0.7% agar) 10 mE 53 F 274 8
mm 9o THE Fo] HuldH 7zt $HITF9] supernatantE F3F3E & 100 A
wellell 7Fgh 5 9] o] W o] A x2S &<l

1-4. WA Fadde £
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v
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EY

Probiotic®] =31 5 WAHd& A& AR 37 TS u pH7F v
A7 el A= Aol 445 AL & A7 Wil v Tad 84 T
dlrfol ). WARA probiotic FFE Al uksl7| %’43}@1 10 m£94 MRS brothol 4 M2
HCl= FH7Fétol pH 404 pH 97b#4] =43 F 122 2" probiotic § W15
of thate] pH Al W A4S &srt. pHE =83 zhzhe] wjgeo] 10°
CFU/m¢ ‘s%9 w4 100 pbZE HEstel | 4, 6, 8,12, 24 A7t w3k 5 probioticit

o] & F3=(0DssonmE S 38te] 2AsA T

i o
2

FAge olfF AW A=Al FAA A 7]Fel = probiotic TF

Az g Aok &) wiZol FAA A EF probiotic Tl Al glo]

A Al A3 agar disc diffusion assayE E35Fo] #<Ql3 ATt 15 x
100 pbE MHA ¥~ ﬁoﬂ g & YA discE A
A2 9 el 1‘?*73.“\]74 oA 1023 WA g & 32T, 24A1%F 8 gFste] A A%
< sk
Al g o A8 A A = Amoxicillin(AMC), Tetracycline(TE),
Oxytertacycline(T), Chloramphenicol(C), Cephalothin(CF), Nalidixic acid(NA),
Ciprofloxacin(CIP), Novobiocin(NB), Doxycycline(D), Sulfadiazine(SD),
Neomycin(N), Erythromycine(E) 5 12F 9] dAA S H Ao AL&3



BK19¢] 16S rRNA PCR& &% 42 d ke vels didid 3o
(8000xg, 1%) At #AE =2 § QIlAamp DNA Mini Kit(QIAGEN Inc.)& ©]
g3kl Wl weEl BK199] total DNAE #838te] TE bufferol]l 3]2A171 &
PCR Wr8-& skt
PCR ¥F&o & Ry 50 ol genomic DNA 3 ul, Tag DNA polymerase
(Bioneer, Korea) 2.5 ul, 10xreaction buffer 5 ul, deoxy nucleoside triphosphates
2 ul, TE buffer 325 w0, Z+7+e] primer(forward primer 5 -GCC GCG TGA
GTG AAT AAG G-3’ ¢ reverse primers 5'-ACA TGC TCC ACC GCT TGT
G-3') 25 wE H7tsle w$Ee. e 22y ¥ DNA minicycler
(PTC-150, MJ Research, USA)el| A =318} t}.

PCR W& =78 WA 94CoA 5837F denaturationdtit, 30F7] &<k 94Tl
4] 45% denaturation, 50°Col| A 45% annealing, 72 Col| A 45%3}F extention 3}¢]
upxjako 2 72T A 10%7F extensions 33t 525 PCR productE 1%
agarose(Agarose LE, Promega CO.) gel2 05 pg/ml ethdium bromide® <23}

o] =lstA

L. sakei BK199] &3 ~9HEYS g+elsly] $18le] agar spotted methodZE o] &
st AT oeR2= WY Ml V. dlginolyticus, V. mimicus, V.
parahaemolyticus, V. vulnificus, V. salmonicida 2 V. harveyiiZ 10° CFU/ml<]
Frg 3AAZ7 A FHEA(0.7% agar)S BK197F AAsidsE wix] EHe) =
g 5 SFoll A T]mgl wpel o] AXZS gl Ath FH A A F X (minimum

inhibition concentration, MIC) =4S microtitre plate assayS =3}e] 2213}
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o} Ao wEl 200 we]l A vl A T} supernatantES 28] AW ow A
3 & IA71A7S 10° CFU/mIS] S5 2 pliE3ste] 32ColA 24X 7F w) &Fa}
Ay AP (4, 6, 12, 2441 %F) —E«%P 2 630 nmoll A &34 T).

4. L. sakei BK19 supernatant #|Z

L. sakei BK1I9E MRS brothZ 37ColA 24A17F &< A vk 3k & 7000xg
oA 10 &3+ AA et M-S A At {714 HAkst A o gkt
2 wjAsl7] ¢18te] pHE 65%2 F3A 7] catalase(b mg/ml)E A3 & A
Zl

A supernatantZE evaporator® 58] F=3th. B Ao A& supernatant

A5 WA E7] Yste] 0.2 mm pore size filter® A| v 3lo] AM8-3}A T

M 2

5. Supernatant®] € % &4 3 AFAHAAPAE

==
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o ¥

e

X
w
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L. sakei BK19 supernatant®] €l tgk kA S &2lsty] 13
FZF 100Col A 1057 #8dk & agar well-diffusion assayS %
kX

wals gAsiarh Rael od FEAAe Wit e naE
s

ofs
oL
EY
o,

=2
o et
\]

} %9} supernatante] g3k F A+ Ao WIS Fols) o]
Al &4 orgel Yk Trypsin(22 U/mg), pepsin(16 U/mg), protease(45
U/mg), lipase(50 U/mg) 1283l a-amylase(15 U/mg). Zx T+ &4 A8 E 314

%3l agar well-diffusion assays &sto] @S g5t

52
£ oo

=

i1t

=

6. Scanning electron microscope(SEM) # &

ut

Supernatant 7]2te] 218 ]3] WHTF &2l P WAt FEH Y WsE
SEM<S S35t #&AsAo. 27 V. anguillerum™ V.  alginolyticus=
BHI brothell §3A1%7l L. sakei BK19 supernatant® %73t § 3A1ZF 59 4
Al wjgst & ATdFE s, U4 B2 35191(8000xg, 5%) pellets E2
QA M (PBS, pH 72)o=2 1584 23] AlHsAT. Rolxl cell> 25%
glutaraldehyde® 2413t §<k A ejste] i stal PBS(pH 72)% 1524 23]

il

r
of\
o rot

o
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AAsEA T F24S 8] 1A17F 52 1% osmium tetroxide(OsOy) = 2] g +
PBS® thAl AlAH gl AlAE cell& 50~100 % 744 ZHE olg-&el] A3}
o] &3l 60~100% 7FA ZAH ¥ isoamylacetateE ©]&3lo] X 3kA]7)
critical point dryer(HITACHI, HCP-2, Japan)& ©]&3te] CO. dryE 3til gold
F¥Y(HITACHI, E-1010, 10N sputter, Japan)3 % HAx}dw]7dHITACH],
S-2460N, Japan)o. & #zS ¢t}

Kl

7. L. sakei BK19 #5F9] H3F wgF=zHA

L. sakei BK199] HZA wgz71S 313517 HAste] 4%, 2%, d8sE 1
23 pHel we AFS At gage wE L sakei BK199] A2
nutrient brothe| mannitol, arabinose, fructose, xylose, glucose, lactose,
saccharose % maltose 5 27 0.1%(w/v)2 H71ste] 3, 6, 12, 24, 43*]3Fa
et A4S gle At

mj kLol wE L) sakei BK199] A< MRS broth(1.5% NaCDel 10°
CFU/ml &X=9] e} 100 & HEste] w225 5, 15, 25, 35, 46T =43

P F =] WmE L sakei BK199] 442 NaCl %% 0, 1, 3, 5, 7%= =4
g MRS brothell 10° CFU/ml %2 & 100 wlES HEsto] 2447F FoF ek
staA AFe SAHSATE pHol W L sakei BK199] A4=42 10 mle
MRS brothel 4 M<e HClIZ #7bste] pH 4914 pH 97t# =4ds %= 10°
CFU/ml %9 o 100 wE HFst 4, 6, 8 12, 24 A+ ¥i¥F F L. sakei

BK199] A#< &3 % 630 nmoll A =Felst¢l .
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AbetS Table 13 o] XA, o] 79 & 2gla AAF oA &
stk 7 Algs AYAAdTE AMFHste] dAFgMH oz 1% CaCOss FH7fksh
MRS agar THo] =3 F 24A17F Tt 35TCoA widstdr Fwslo] HAE =

L
At st ol EElvMES 1HEdd H catalase =49 gt olle

Table 1. Isolated strains and isolation source

Strain NO. Isolation source Strain NO. Isolation source
BK1 Kimchi BK11 Flounder rectum
BK2 Kimchi BK12 Puffer intestine
BK3 Kimchi BK13 Rotifer tank
BK4 Flounder intestine BK14 Fermented octopus
BK5 Flounder esophagus BKI15 Fermented anchovy
BK6 Flounder esophagus BKI16 Fermented shrimp
BK7 Flounder pylorus BK17 Fermented coralfish
BKS8 Flounder pylorus BK18 Fermented cuttlefish

BK9 Flounder stomach BK19 Fermented pollack viscera

BK10 Flounder genitals BK20 Fermented rice wine




1-2. JAF 2% 4Ty 88 € AA
= =

L R iy 120 Auke &) Zzte] 5SS oFEd 3 T AEZ2L MRS
agar 9JolA WA AT V. anguillarum, E. tarda L Streptococcus sp. =l

st Aol A& probiotic FERIFE AWt 2 A Fig. 13} 200 4]
¢} 7ol V. anguillarum, E. tarda 2 Streptococcus sp.ol ™3k # A gto] Felxm
1009F°] R 521 BKI, BK2 % BK3S #HA AlgelA Adsislil, BK4, BKS
% BK6 5= WX & % AHr TolAd &g AdEsigion BKIA(EF7]A),

o

BK15(E %] A1), BK16(A $-#), BK18(2 o1 Al), BK19(E &A1) 2 BK20(E)5 2
HE g Ed AAy g5 oA EElste] Adstd

Fig. 1. Antibacterial activity of the isolated LAB against V. anguillarum.
Overlaid on MRS agar and cultured at 35C.



Fig. 2. Antibacterial activity of the isolated LAB against E. tarda (left)
and Streptococcus sp (right)..
Overlaid on MRS agar and cultured at 35C.

MRS platedl A #H&H BE THAF
MRS agar ol & o] Yol 5

QoA fF71ks At pHE A3A17]7] 2l

W Corsetti 5(1998)# Fuller(1989)°] Ao} UXgHs HATE 2 A A

probiotic FRITFEC] LEE FI |72 A= v 59

»
g{_g
BN
et
2,
o,
o 1

oEl o, WAA A<l V. anguillarum, Streptococcus sp. 2 E. tarda= pH
45 o]kl wix|e A A 4 ¢l thHFig. 3). AulYH supernatantE T 3AF
HozZH f7ike] ok v 5olx gddAdS vERHTIL

A probiotic FERTF =olA V. anguillarumo] W3 AL
BK1(31A), BR4(H A &), BK6(H A fi<7), BKIS(E A A), BKIS(L7 ]
BK19GG &R A el = Q2 (Fig. 4), BK49} BK199 M= Streptococcus spoll
&t Aol At 2y E tardadl thEF @A BK19o A RE ¥
ZH= A+ (Fig. 5).
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Fig. 4. Antibacterial activity of the isolated LAB against V.
anguillarum..

Overlaid on nutrient agar and cultured at 35C.

Fig. B. Antibacterial activity of the isolated LAB against
(a) Streptococcus sp. and (b) E. tarda..

Overlaid on nutrient agar and cultured at 35C.
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Choi 5(1999)¢] He] o)t HAXelx ¥ Pediococcus <3
Leuconostoc & oAM= E. colio] thak dw&Ado] ey, e B 239
ol ®old A fFakire] A BKIANAR V. anguillarumol 3k it
gido] #FEHAL BK2 2 BK3o A= &ergido]l #&=HA kgt 18l E
tarda ¥ Streptococcus spell 3k IdF AL AR A EYH BE dFFoM #H
Zhe] 2] eFol Ft I EG o] Fokrh

rl

Fl

NAH| A el A #Ee AAg2 a2 MRS platedoll Al #2e A =] g
Hoe= zZgton WelAldtel gk Sol4 datgdo] glHdok(Fig. 6,7). °l=
NAW = &] G4 Al Ro] dumadg FAOoR FHojglu WFE 93 grdo] A
Hol F714kE AArebAl Xshr] wistol™ NAW|A| FeollA #&W = AA S|
g2 f7]4ko] ol bacteriocin-like substancedl] 2] AHolgtx IAotETE 3
gha9de] gle wiAol M= FAkate] Aol =53] AV uiLel dFdAH EEE
rd 4 glew dix ]X# o7 Aol Agd A & AH F A= FA

3}

Klaenhammer(1988)2] A¥}e}= &

BK4 ¢ BK19+= #e2A  Arl V. anguiillarum H 1E A Aol

Streptococcus sp.ol IAAE TS Ho vy o AFEHo] Yria

o AR E3] BK19= V. anguillarum, E. tarda 2 Streptococcus sp. =9 ©]

BoAltel diste] W2 S AT (Fig. 7). FHgde] 543 BKIOT S

Flel AlEE NS AT FRAFEA FAFAY s H{IH e F4T
o

Aoz FAadyy o]ys YW Ayt ~IEZHL probiotic #F7F ZEFojoF & 7}
pZe

§ Fod 54T shtelv] olne A7 AT F AT A =@ PO
2 Es ol gk,

1-3. WA fakde] 238 2 HAA

Probiotic FX 2] %7] pHel W& A4S &<lstr] 918k 10 me] MRS
brothell 4 M| HCI& 7tetel pHE 404 97h#] =43 5 14 e 759 5
Hi+E HJEFsArh

2 AH3olM = Fig. 89 At o] A#FoA #Fel¥ BKI14, BKI15 BKI8
78]3 BK19 T FolA pH 4~4501 4% o] gglyo] =2 yYiltido]l e

_14_



=), ] Aol A B8 ¥ probiotic FHTF(BK1, 2 ¥ BK4) A= &
< pHell tiste] z/dol =ot pH #4d AddoAs 2428 FRAF vin 7

Cis = 53] Bl e FoAxrt A vEwth FA |
o A &FEl¥l BK4%l A9 vlwd W& it ~HEYHI A gx o] AFAAT
s T2 AREo] &olstyt pH 4 o] sfell Aol Aol
o3kl flolA AES] P A

4 21
o A 9%F21-& probiotic TFFE A EEA Fe& Ao AlEHU
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Fig. 8. Growth curves of LAB at different initial culture pH values.
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Fig. 8. Continued.

4 6 8 12 24

Incubation time (hr)

_17_




1.4 1

1.2

1.0 -

0.8 -

0.6 1

Growth (OD at 630nm)

—o— pH4
O pH4.5
—v— pH5
—a— pH7
—O-- pHS8

—& - pHY

0.0

1.2 1

1.0 -

0.8 -

0.6

Growth (OD at 630nm)

1

0.2

—&— pH4
O pH4.5
—v¥— pHS
—-- pHé6
—&— pH7
—-- pHS8

—& - pHY

0.0

Fig. 8. Continued.

6 8 12 24
Incubation time (hr)

_18_




i A
14 —e— pH4 BK19 A
O pH4'5 6 3 12 24 /g\é
1.2 7 —v— pHS Incubation time (hr) // /g
—_ —-- pH6 / -
E 1.0 - —&— pH7 / / ,// @)
I —0-- pH8 / S s
B 7/
® 0.8 '
2
=)
=~ 0.6 N
E
=]
(5 0.4 -
0.2
0.0 T T T T T

Fig. 8. Continued.
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1-4. FAA WAE /4

Probiotic $X 2] A 744 Al@2 disc diffusion methodE S 34
12F 0] Al#§ ANl tisto] =lstAtH(Table 2).

3F9 FHFFQ BK2, BK17, BK199oI A 6F¢] s-AAo]l tiafiA A
o BK20eIA=  5Fl ekl A el #EHIAY Yy
Chloramphenicol® Doxycycline®l] thslo]ls= BE Eg dFoA FHAido] &2l
Tt Barefoot(1993) Sl <&t™ F4kT2 B-lactamZ|, aminoglycoside 7,
cephalosporin ¥ quinoloneAlo] thale] Aol vt H a3k vl AX| ¥+ BK2,
BK17 3 BKI19 w#5E2 Bl F8A Wdol o] AW As5s AT A
A 71kl el A ety A= F dvha AdE AR IS B A

of A ztztel FAAte] WEASA ANE BT 5 o Bl

4
o,
e
iCh
e
1A
o

oL
o
f
22

Table 2. Antibiotic susceptibility test of probiotic strains and pathogenic

V. anguillarum

Inhibition zone(mm)
Antibiotics anguillarum BK1 IBK2: BK3 BK4 BK14 BKI5 BK16 iBKI7 BKIS IBK19} BK20
AMC30 10.15 139 :104 ¢ 165 151 162 9 0 ¢ 9 : 0 8l : 8
TE 30 34.1 2 oiw2ios ®23o259 0 209 14 P o0 17 P17} o163
T30 313 51 P28 i 30 165 31 02 176 0 A fuel »
T T T T
CF 30 0 14 %201 10 0 132 131 145 f216: 185 163 % 142
NA 30 0 0 0 0 0 0 0 0 0 0 0 0
CIP 5 194 16 0 157 165 135 8 8 0 8 0 0
NB5 246 16 0 23 132 134 8 8 10 9 0 0
D30 329 27.3 283 29 27 36 25 213 0 22.1 24.9 21.7
SD 25 0 0 0 0 0 0 0 0 0 0 0 0
N30 0 0 0 0 0 0 0 8 20 0 0 0
E15 10.1 9 o i 9 9 158 25 7o om0 F 35

AMC : Amoxicillin, TE : Tetracycline, T : Oxytertacycline,
C : Chloramphenicol, CF : Cephalothin, NA : Nalidixic acid ,
CIP : Ciprofloxacin, NB : Novobiocin, D : Doxycycline ,
SD : Sulfadiazine, N : Neomycin, E : Erythromycine.
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[\
ol

AT A3 2 54

Aol A3dE EdUE et ~dERo] Ya gydAdo] mowA A W
A 2 pH WAool ¥ probiotic WFEA AHFs 7S AHEANA EE s
BKI19=2 zto] wWwstal gsiivt. Fetzlel s e
H] %A, catalase €412 Aoz Astd AHAAS Api 5
2213t A¥ Table 33 2gth. SEM #ZelME= A7 25~3 m =719
Lactobacillus sp.9& <139 (Fig. 9). 16S rRNA PCR =% & + 555 bpY
oligo nucleotidesE sequcened}®] GeneBanke] databaseol U= Lactobaciillus
spp¢}t alignmentd 2 ¥ (Fig. 10) Lactobacillus sakei2} 100% -FAFSLe] B FA]
S Lactobacillus sakei BK192 ™ ™8 3} %]

O

ol

F

Table 3. Carbohydrate utilization patterns of isolated LAB

.. Strain NO. . Strain NO.
Characterization gk Bk Bk BK BK BK Bk Bk Characterization gk px BK BK BK BK BK BK
12 3 14 15 18 19 20 1 2 3 14 15 18 19 20
Control Esculine
Giycerol Salicine o+ o+ o+ o+ o+ o+ o+
Erythritol Cellobiose + + + + + + + +
D-Arabinose Maltose + + + + + + + +
L-Arabinose O T T T S Lactose + + o+ o+ o+ +
Ribose o4+ o+ o+ o+ o+ o+ o+ Melibiose e T o
D-Xylose + o+ + + o+ Saccharose e T T T S
L-Xylose Trehalose e T T T S
Adonitol Inuline
B Methyl-xyloside Melezitose
Galactose + + + + + + + + D-Raffinose +
D-Glucose + + + + + + + + Amidon
D-Fructose + + + + + + + + Glycogene
D-Mannose + + + + + + + + Xylitol
L-Sorbose B Gentiobiose + o+ + + o+
Rhammnose + + + D-Turanose +
Dulcitol D-Lyxose
Inositol D-Tagatose + + + + + +
Mannitol + + + + + + D-Fucose
Sorbitol + L-Fucose
a Methyl- D-mannoside + + D-Arabitol
+ + L-Arabitol
N Acetyl glucosamine + + + + + + + + Gluconate + + + + + + +
Amygdaline + + + + + + + + 2 ceto-gluconate + + +
Arbutine o4+ o+ o+ o+ o+ o+ Scetogluconate  + + o+ o+ +
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Fig. 9. Scanning electron micrograph (SEM) of the isolate LAB, BKI19

from fermented pollack viscera.
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Bk19 e GNGTCGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAACTCT

Sakei ACGGAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAACTCT
Curvatus ACGAAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGTTTTCGGATCGTAAAACTCT
Plantarum ACGAAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAACTCT
Brevis ACGAAAGTCTGATGGAGCAATGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAACTCT
Panis GCGCAAGCCTGATGGAGCAACACCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAACTCT
Bk19 GTTGTTGGAGAAGAATGTATCTGATAGTAACTGATCAGGTAGTGACGGTATCCAACCAGA
Sakei GTTGTTGGAGAAGAATGTATCTGATAGTAACTGATCAGGTAGTGACGGTATCCAACCAGA
Curvatus GTTGTTGGAGAAGAACGTATTTGATAGTAACTGATCAGGTAGTGACGGTATCCAACCAGA
Plantarum GTTGTTAAAGAAGAACATATCTGAGAGTAACTGTTCAGGTATTGACGGTATTTAACCAGA
Brevis GTTGTTAAAGAAGAACACCTTTGAGAGTAACTGTTCAAGGGTTGACGGTATTTAACCAGA
Panis GTTGTTGAAGAAGAACGTGCGTGAGAGTAACTGTTCATGCAGTGACGGTATTCAACCAGA

KkKEKK Kk KEXK* Kkk KkkRKKKE Kk Kk kkAkKKERK  kkkkkhk
Bk19 AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCG
Sakei AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCG
Curvatus AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCG
Plantarum AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCG
Brevis AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCG
Panis AAGTCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCG
Bk19 GATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCTTCGG
Sakei GATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCTTCGG
Curvatus GATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCTTCGG
Plantarum GATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTCTGATGTGAAAGCCTTCGG
Brevis GATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCTTCGG
Panis GATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTGCTTAGGTCTGATGTGAAAGCCTTCGG

I I T I I
Bk19 CTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAAC
Sakei CTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAAC
Curvatus CTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAAC
Plantarum CTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGTGCAGAAGAGGACAGTGGAAC
Brevis CTTAACCGGAGAAGTGCATCGGAAACTGGGAGACTTGAGTGCAGAAGAGGACAGTGGAAC
Panis CTTAACCGAAGAAGTGCATCGGAAACCGGGCGACTTGAGTGCAGAAGAGGACAGTGGAAC

kk khkkkk kkkkkhkkkkkkhkkhkkkk hkk AR E R EEEEEEEEEEEEEEEEEEESE SR

Fig. 10. Alignment of 16S TrRNA of the isolated LAB, BKI19 from

fermented pollack viscera.
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Bk19
Sakei
Curvatus
Plantarum
Brevis

Panis

Bk19
Sakei
Curvatus
Plantarum
Brevis

Panis

Bk19
Sakei
Curvatus
Plantarum
Brevis

Panis

Bk19
Sakei
Curvatus
Plantarum
Brevis

Panis

TCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTG
TCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTG
TCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTG
TCCATGTGTAGCGGTGAAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTG
TCCATGTGTAGCGGTGGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTG
TCCATGTGTAGCGGTGGAATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTG

dhkkhkhkhkhkdkhhkdkdkhkhkdhkhk ok kdkdkdhhkkodhhkkdhodkkhkdkhkkdkodhkhkkihdkkihkdkkhkhkdkhkhkdkkhkhkkhkkkhkdkki

TCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCAAACAGGATTAGATACCC
TCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCAAACAGGATTAGATACCC
TCTGGTCTGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCAAACAGGATTAGATACCC
TCTGGTCTGTAACTGACGCTGAGGCTCGAAAGTATGGGTAGCAAACAGGATTAGATACCC
TCTAGTCTGTAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCC
TCTGGTCTGCAACTGACGCTGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACGC

LR R R R R R R R R RS EEEEEEREEEIEESEEEEEEEIEEEREEEERERESEEEE]

TGGTAGTCCATGCCGTAAACGATGAGTGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGC
TGGTAGTCCATGCCGTAAACGATGAGTGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGC
TGGTAGTCCATGCCGTAAACGATGAGTGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGC
TGGTAGTCCATACCGTAAACGATGAATGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGC
TGGTAGTCCATGCCGTAAACGATGAGTGCTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGC
TGGTAGTCCATGCCGTAAACGATGAGTGCTAGGTGTTGGAGGGTTTCCGCCCTTCAGTGC

khkkhkhkhkhkkdhkhkdk Khhkdkkhkhkdkhkhkdkdhhkk Khkdkdkkhk dhkkdkodhkhkkdhdkkhkhkodkhkhdkhkhkdkkhkhkkhkkkhdkki

CGCAGCTAACGCATTAAGCACTCCGCCTGGGGA------———-—=——=—-——-———-——-
CGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAG
CGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAG
TGCAGCTAACGCATTAAGCATTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAG
TGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAG
CGAAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAG

* khkkkkhkhkkkhkkhkhkhkkkk *hkkkkkkkkkkk

Fig. 10. Continued.
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3. L. sakei BK19¢] 3+ 2~HEH

Agar spotted method ¥ MIC &# S E3F L sakei BK199] 342 29
Ao} 7ol V. anguillarum, E. tarda 2 Streptococcus sp. 52 oJH Ao
ste] = FuEAHdS RS ¥y oYz e wWeYA  vibriodl V.
parahaemolyticus, V. mimicus®l el %= Aol AAFHJY. v} V.
alginolyticus, V. salmonicida, V .harveyii 2 V. vulnificusol W3ix = A
o] #EHA FdrHFig. 11). F3F%(0Ds0 mm) #HFS &3 L sakei BKI19
supernatant®] A9 A% = (MIC)E= spotted method®] 239} FALsHAl el =)
2 (Fig. 12, 13 % Fig. 14) L. sakei BK19 supernatant 37} % 12~25%°l A
Wl A<l V. anguillarum, E. tarda, Streptococcus sp. 2 V. mimicus® 3%
S A A HTable 4). L sakei®] Fit&/dol digh @2 A7 =4 Holek
5 (1992) Serratia marcescens YSD-23, Yersinia enterocolitica ATCC 2772,
a8l E coli ATCC 25922 5o wWvtel gt w&dS& 18] illisteria
monocytogenes© ™3t 1A S Hugas 5(1998)2 H sttt ¥ L sakei BK19
T B2 Hdud ug e gAs BTl

20

5
0 % \

B V.anguillarum V.alginolyticus M V.mimicus
N V.parahaemolyticus V.ovulnificus V.harveyii
B V.salmonicida El Edwardsiella tarda B Streptococcus sp.

Inhibition zone(mm)

Fig. 11. Inhibitory effect of L. sakei BK19 against the growth of
various pathogenic bacteria.
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Table 4. MIC of L. sakei BKI19 supernatant against various pathogenic

bacteria
Supernatant concentration(%)
Strains

100 50 25 12.5 6.2 3.1 1.5 0.7

E. tarda - - - - ++ S o+ 4

Streptococcus sp. - - - +- 4+ e+t Ft T

V. anguillarum =—— - - ++ e+ ot e+ N

V. alginolyticus -5 = = +4 4+ ot e+ -

V. mimicus i —= - + ++ T+ o+ 4

V. parahaemolyticus - - + +++ +++ e+ 4 —
-—-1 NO growth, -- <10' CFU/m, - <10° CFU/m, +-: <10’ CFU/m,

+ <10* CFU/me,  ++  <10° CFU/m¢, +++  >10° CFU/ml.
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=
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8
b 0.6 T
<
a
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5
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(b)
-0.2
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Incubation time

Fig. 12. Growth of pathogenic bacteria by the addition of L .sakei
BK19 supernatant. (a) V. anguillarum., (b) V. alginolvticus..
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Fig.
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13. Growth of pathogenic bacteria by the addition

BK19 supernatant. (¢) V. munucus., (d) V. purachaemolyvticus..
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1.2

Lo | —e— s0% Edwardsiella tarda
) O - 25%
—_ —¥— 12.5%
g 0.8+ - 6.25%
E —— 3.12%
¥
- 06 -
«
a
S 04
=
-
3
= 0.2
&)
0.0 -
(e)
0.2
Ohr 4hr 6hr 12hr 24hr
1.2
Streptococcussp
1.0 1 —— 50%
O - 25%
—_ —v— 12.5%
E 08 |—% 625%
S —— 3.12%
3
- 0.6
<
a
S 041
£
R~
3
= 024
&)
0.0 - 6
0.2

Ohr 4hr 6hr 12hr 24hr

Incubation time

Fig. 14. Growth of pathogenic bacteria by the addition of L. sakei BK19
supernatant. (e) E. tardua, (f) Streptococcus sp..
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4. Supernatant®] @ 2 &4 Uig AAZAE

L. sakei BK19 supernatante] <€Azl 9 FAA e gt IdHd&dS agar
well diffusion method& &3l <lsttHTable 5). Gxglel ok L. sakei
BK19¢] &34 =4d%= 100C 10&3r Ass o dix7o Hal 10%°] It
g fFAa7E glE vt o] &= Barefoot 5(2001) © HEiargk whe} o] Lactobacillus
acidophilus©] 314 <1x}el lactacin B7} 100Col A 60&7+ 2] sFgS ujol

4
L FugdAds AT ek fAbstth A e ok ey WIE
#zgk A3 lipase, a-amylase, catalase 2ol 3= a8 W37l glle
U ogeld B3] & A2 trypsin, pepsin, proteased] ¢siA = 3t Alo] A E Q)
o olggt Aye S UetdleE darAd A dell hgEta v &

sl axol o] gA HASE peptiderd EAolgtE AS & 5 Arh

Table 5. The effect of different physical and biochemical treatments

on antimicrobial activity of L. sakei BK19

Treatment Inhibition zone(mm)
Control 20
55C for 30min 20
100C for 10min 18
Trypsin 0
Pepsin 0
Protease 0
Lipase 19
Catalase 19
a-Amylase 20
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5. Scanning electron microscope(SEM) # &

L. sakei BK19 supernatant®] w4 7122 ®BHY #5549 ol W FALAAEH
v 4 (SEM) ##& F3te] &SRt Z2H2; V. anguillarum™} V. alginolyticusE
%3t BHI brotholl L. sakei BK19 supernatantZ® A 7}3F & Alvre] el A
42 3ole A (Fig. 15) V. anguillarum?l 75 %27] 1x10° CFU/miol A 34 7k9)
supernatant A2l els] 1 7} AEE WAV alginolyticus?l 75 1x10" CFU/me

2]
o] b FRAH Y V. anguillarumell ¥le Gl oz 3ol ekt

10
8 |
_ 0.
E o
S 61 .
@
=
§ 4 —e— V. anguillarum
5 -0+ V. alginolyticus
2L
s 2
S
0 |

Ohr 1hr 2hr 3hr 4hr

Pre-inoculation time

Fig. 15. Viable cells of the indicator strains V. anguillarum and V. alginolyticus
treated with supernatant of L. sakei BK19.
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@Wﬂ TR T3 A VS HAAZ ATES AxHo] FHHOEHN
E3], V. anguillarum®] A X9 & 3A|7Fe] supernatant #|
2] o] —4 3] %ﬁﬁ] Sy gty "bdHo V. alginolyticus= AUFo=w V.
anguillarumol W& Aol A AJqa AxEHe Fadde] gle At
B2 E A ch(Fig. 16, 17). E=¢ kang %(1998)011 ofetid frabxte] g Al
a4 /‘ﬂﬂc’ﬂ ek e gdS AxEs gyt omA BEsidvtal Barska
el A dA e Bk
Nissen l%(1992)94 Kool ofshH {Aakate] datAd <1kl 10 KDa w¥He] A
2 W LA bacteriocin> barrel-stave mechanisme %3}% cell membrane
channel® A 3o 24 pore-forming toxin® 2 #}-&3st=4d L sakei BK192] 38t
A 1z TS cell membrane® A& AZ-&35e] pored A E cell walls 33 3H

o=M FTAYL Hol: Aow ARHL

6. L. sakei BK19 @9 &4 mjg=A

il mE L sakei BK199] 472 Api 50 CHL kitel]l ]t Aa}e} 2o
glucose, maltose % saccharoseo] ¢&to] pHY & W3S B AAFES Ay
A1 MRS brotht o] dd&wet v szehAl &% Avk(Fig. 18). 124 lactose
o Foll s EEAZE o] FoA A ggkem pH WEtE glv A o}
Fr71cke]l Aol fleas S 5 AJBTHFig. 19). FAe] A4l & pH ¥

k= Wl FAIZE 4~8A| Pl A A8 A stE A
W g2 w2 L sakei BKI9+ 4~45C¢9 ==®$] oA 44 23S 3
S, 15~45Coll A L. sakei BK199] 7o) #& = A oH(Fig. 20a). 2 v
Ee 25Cson AR AUAI B2 15TCoAM = o]l Blas <
slo] k2 AF probiotics®2 A 7FX7F = AowE AladEHY. dEFE wE L
sakei BK199] 449432 0~7%2 NaClS #H7}s MRS brothell Al 2Helak3l 0w
(Fig. 20b) & FZoA Aol =24 yvelwtoyv [ sakei BK199 243
FEEFEE 1% NaCle H7Fstds wi itk o33 o] L sakei BK199] %
e gAY o =M glucose, maltose L83l saccharoseE FH 715G S o,

=
3l pH 7, WiF&% 25T, 1% NaClE #H7hsk z71o| 3l

o Sk

fol
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(b) ¥
' .:I:tlj}rl_!: 0003

Pl 1

Fig. 16. Scanning electron micrographs of V. anguillarum treated with
L. sakei BK19 supernatant. (a) Untreated, (b) Treated.
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X100k 00 0™

Fig. 17. Scanning electron micrographs of V. alginolyticus treated with
L. sakei BK19 supernatant. (a) Untreated, (b) Treated.
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Fig. 20. The growth of L. sakei BK19 under different culture conditions of
temperature and salinity.(a) temperature, (b) salinity.
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