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Figure 3. Inhibition zones of lactic acid bacteria with antibacterial activity observed on MRS agar

plate when S. aureus was used as indicator microorganism.

|
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It

samples (cell free supernatant + culture)

negative control (MRS broth + culture)

(B S e
[

= positive control (MRS broth + NB broth)

Py ar 3 A A A o == a A g Q 3 A
MNN 4 MTYUVSWLUANLTIDUAANDT (S. aureus) YDILLUANITILDNANNT T 1R 1T IUYUND
NageU 1A83T Broth microdilution assay
Figure 4. The antagonistic activity of isolated lactic acid bacteria toward S. aureus observed on

microtitre plate when the broth microdilution assay was used.
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Table 2. Results of the initial screening for antagonistic activity of lactic acid bacteria from

fermented foods.
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3
kY 3 =
N = ]
E & 3
7 3 = Bb
- T 5 ¥
Fermented foods & 3 g s B2 8
2 ¥ 3 gL =
E = > & « 8
s % 8§ % 8 s
> : 9 > B 2
T2 2 & £ 3F Z
Fermented fish (Pla-som) 415 3 3 100 4.8x10° 18
Fermented fish (Pla-ra) 471 3 2 66.7 2.0x10* 20
Fermented fish (Tai-Pla) 549 4 2 50  4.3x10* 24
Fermented fish (Num-koei) 525 3 2 66.7 3.9x10*
Fermented green mussel (Nhoy-dong) 495 3 0 ¢ <10 0
Fermented shrimp (Kung-som) 390 2 2 100  4.2x10° 12
Fermented shrimp (Ka-pi) 744 5 3 60  3.2x10° 12
Fermented pork (Nhang) 398 3 2 66.7 3.0x10° 19
Fermented pork (Nham) 468 4 3 75 52x10° 44
Fermented vegetable (Naw-mai-dong) 358 5 4 80 4.8x10 45
Fermented vegetable (Kra-tium-dong) 490 4 0 0 <lo 0
Fermented vegetable (Hua-chai-po) 392 4 0 ¢ <10 0
Fermented vegetable (Khao-mark) 452 1 0 0 <I0 0
Fermented vegetable (Kimchi) 422 1 1 100 4.0x10 7
Fermented vegetable (Pak-grad-dong) 368 3 0 0 <Ii0 0
Fermented vegetable (Pak-sian-dong) 395 2 1 so  2.9xl10° 3
Fermented vegetable (Sa-taw-dong) 3.75 2 2 100 6.3x10 23
52 27 519 230

Total
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Table 3. Physiology of lactic acid bacteria isolated from fermented foods.
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Fermented foods

Gram stain

reaction

Cell

morphology

Catalase

activity

No. of isolates

Percent
detected

LAB

Pla-som
Kung-som
Ka-pi

Pla-ra

Tai-Pla

Nham
Naw-mai-dong
Pak-sian-dong
Sa-taw-dong
Kimchi

> Gram-positive

-

-

Nham, Naw-mai-dong,
Num-koei, Nhang,

Pla-som

Gram-positive

cocci

65

283

Total

230

100

1 MeWUE (2JAS5) unux 10 oWy (B4, JB7, JB10, JB11, JBa7, JBa9, JBal6, JBal7, 3JB2

oz 37B4) MU 2 MeWug (Cal uaz JCad) ok | eneWug UED) nel 2 meduf G2 naz
JR21) min'lines 16 mewug (N2, IN5, IN6, INS, JN9, IN11, JN12, IN14, IN15, IN16, IN19,

IN23, IN24, IN29, 4]N8 uaz 4IN13) A8 7 eumug (JS1, JS2, JS3, JSal, JSa2, JSa3 la JSad)

AzABABY 13 EWUE (JO1, JO2, JOS, JO6, JO8, J09, JO10, JO11, JO12, JO13, JO15, JO16

N ¥ »
ung Joal) Aadu 3 eneWuf UH1, JH4 uax JHad) (13137 4) vimiuduiumsiadende

- o o 4 ' a a aa o o o &
wunGouananluduaounsly Tasszimusiiavoanunfis sdufinmesa sl sznoudqe

Salmonella enterica serovar Typhi, Escherichia coli, Bacillus cereus, Listeria monocylogenes

une Vibrio parahaemolyticus Taomsnaaoudanaldis Broth microdilution assay (RN 4)
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fAE (1996) WU Lactobacillus acidophilus -301 FIRALONTINUNHINTINIDDONGNTHUYS
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At 4 FenssUMIBUEM IS a0 Staphylocaccus aureus TtuuaRiSouanAnfifiauun

Table 4. Inhibition of Staphylococcus aureus by the isolated strains of lactic acid bacteria.

Fermented foods  No. of LAB No. of LAB strains with MIC Percent detected LAB
strains of 50 AU/ml strains with MIC of
50 AU/ml

Pla-som 18 1 (2JAS) 5.6
Pla-ra 20 1 (JE1) 5.0
Tai-Pla 24 0 0.0
Num-koei 3 0 0.0
Kung-som 12 3 (JH1, JH4, JHad) 25.0
Ka-pi 12 2 (JG1, IR21) 16.7
Nhang 19 2 (3Cal, JCad) 10.5
Nham 4 10 (JB4, JB7, JB10,JB11, 227

IBa7, JBa9, IBalé, JBal7,

3JB2, 31B4)

Naw-mai-dong 45 16 (JN2, IN5, JN6, JN8, IN9, 35.6

JN11, IN12, IN14, IN15,

JN16, IN19, IN23, IN24,

JN29, 4IN8, 4IN13)
Kimchi 7 7 (JS1, JS2, JS3, JSal, JSa2 100.0
JSa3, JSad)
Pak-sian-dong 3 0 0.0
Sa-taw-dong 23 13 (JO1, JO2, JO5, JO6, JO8, 36.5
JOs, JO10, 1011, JO12, JO13,
JO15, JO16, JOal)

Total 230 55 239
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a1 1eT 5 AenssumssuuunfiuuAAed (Sal. enterica ser. Typhi, E. coli, B. cereus,
-] bl ﬂ. O ]
Lis. monocytogenes Wog V. parahaemolyticus) TrouunnisouanAnnA@eN
Table 5. Inhibition of various indicator bacteria (Sal. enterica ser. Typhi, E. coli, B. cereus, Lis.

monocytogenes and V. parahaemolyticus) by the selected strains of lactic acid bacteria.

MIC of LAB strains exhibited inhibitory activity at 25 AU/ml

Fermented foods  Strains

Salmonella
Bacillus Listeria Vibrio enterica Escherichia
cereus monocytogenes  parchaemolyticus serovar coli
Typhi
JB4 - - - - +
IB7 - - - - +
JB10 + + + + +
JB11 - + - - +
JBa7 - - - - +
Nham
JBa9 - + - - +
JBalé + + - + +
JBal? + - - + +
31B2 - - - - +
3)B4 + + - + +
JCzal + - - - +
Nhang
JCad + + - + +
Pla-ra JE1 + - - + +
JG2 - + - + +
Ka-pi
JR2i} + + + + +
JH1 + + + + +
Kung-som JH4 + + + + +
JHa4 + + + + +
N2 + + - + +
JNS - - - - +
Naw-mai-dong IJN6 - - - - +
JN8 + - - - +

IN9 - - - - +
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Table 5. (cont.)

MIC of LAB strains exhibited inhibitory activity at 25 AU/ml

Fermented Strains

Salmonella
foods Bacillus Listeria Vibrio enterica Escherichia
cereus monocytogenes  parahaemolyticus serovar coli
Typhi
IN11 - - - - +
INI2 - - - - +
INI4 - - - - +
JN15 + - - + +
IN16 + - - - +
Naw-mai-dong IN19 - - - - +
JN23 + + - + +
IN24 + + . - +
IN29 - + - - +
4INS + + - + +
4IN13 + - - - +
JO1 + + - + +
JO2 - + - + +
JO5 + - - + +
106 + + + + +
JOR + + _ + +
JO9 + + _ + +
Sa-taw-dong Jo10 - + - + +
Joi1 - - . . +
JOi2 - - - . +
jo13 + + - + +
Jo15 . - . . +
JO16 + + + + +
JOal + + + + +

Pla-som 2JAS + - - - +
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Table 5. {cont.)

MIC of LAB strains exhibited inhibitory activity at 25 AU/m]

Fermented Strains
foods Salmonella
Bacillus Listeria Vibrio enterica Escherichia
cereus monocytogenes  parahaemolyticus serovar coli
Typhi
JS1 + - - - +
IS2 - - - - +
Kimchi 1S3 - - - . +
JSal - - - - +
JSa2 - - - - +
JSa3 - - - - +
JSa4 - - - - +
Symbols: + = inhibition
- = non inhibition

nageun T IS USRS UBURINRD TSI nOVEY S, aureus, Sal. enterica
ser. Typhi, E. coli, B. cereus, Lis. monocytogenes W0z V. parahaemolyticus Tasvinisnaaou
uramiinisfitalslansunleieenleduazandninaveinsadun’id1033 Broth
microdilution assay Taonsmaasnisiilfemadoadomad MRs dalfus ey Idiviiy
dauladiiumaney (Fiey 5.0) &20 5N HCl e illuganiuny wuh SuremeRufili
mmmz‘;’m‘fqumﬁt‘iuﬁuﬁmmﬂﬁﬂﬁ'«ﬂd1’flﬁﬁuﬁa A0WUT JH1, JHad iaz JOal uANYH
auWug JB10 fanvannselunsdufuseuuafifusufinmeiie s aureus une
Lis. monocytogenes Tauiifonssunsdusaiia MIC iifu 10 AU Aeiiaddns AUy Jo6
ANN30BUEA 5. aureus, Lis. monocytogenes Wag E. coli TaiiRenssumssudeian MiC vy
20 AU feilinfans, 10 AU #piladans uag 10 AU Apladans ANdIAY AUt JO16
(17 VP ﬂﬁﬂgﬂ S. aureus, Lis. monocytogenes, Sal. enterica ser. Typhi, B. cereus W0 E. coli W
AunssUMSHUBARAI MIC 1 20 AU Apiiadans, 20 AU Asiladans, 10 AU Aofladans,

»
10 AU deilofddns naz 20 AU aeilanans amdidy menug JH4 Januamnsofud
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8. aureus, Lis. monocytogenes, V. parahaemolyticus, Sal. enterica ser. Typhi, B. cereus, U
» v
E. coli Ranssun1sdudana MIC i1y 20 AU asiiadans, 20 AU #elindans, 10 AU @0
{iadan3, 10 AU Aelinddas, 10 AU aelindans uaz 20 AU dAelinddas awdwy uaz
v e w 3 chi - o o = [ 3
gwRugisrueansalunsiuda1Raiqafie moiug iR21 Taclinowennsolunsiuds
¥ » []
npnaRisuduAnmes ldnnmenug uazuaasianssumabudigaiigaina MIC iy 20 AU

1 » »
Aoilanans (w3197 6) sniuSaihimadenmowuirainarnlfumsdnuduaeudey

M 6 navssmmliumfiennzimowlanzazoalud nlaf nnnsdvunniide
uﬂﬂﬁﬂﬁﬁﬂlﬁﬂﬂﬁiﬂﬂ‘ﬁﬁm‘i‘l S. aureus, Sal. enterica ser. Typhi, E. coli, B. cereus, Lis.
monocytogenes WAL V. parahaemolyticus

Table 6. Minimum inhibitory concentration of catalase-treated and neutralized cell-free culture
supernatant from LAB strains exhibited inhibitory activity against S. aureus, Sal.

enterica ser. Typhi, E. coli, B. cereus, Lis. monocytogenes and V. parahaemolyticus.

MIC of LAB strains exhibited inhibitory activity against

Strains various indicator bacteria (AU/ml)
Staphylococcus Listeria Vibrio Salmonella Bacillus Escherichia

aureus monocytogenes parahaemolyticus  enterica cereus coli

Serovar.

Typhi
JH1 <10 <10 <10 <10 <10 <10
JH4 20 20 10 106 10 20
JHad <10 <10 <10 <10 <10 <10
JOal <10 <10 <10 <10 <10 <10
JO6 20 10 <10 <10 <10 10
JO16 20 20 <10 10 10 20
JR21 20 20 20 20 20 20

JB10 10 10 <10 <10 <10 <10
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suafiouananaenug 21 fiddumileusiy Lactobacillus plantarum L5 (GenBank
accession mumber DQ 239698.1)Iaviifeonzvasanumiioumiiu 100 (677/677) (Nt 5)
wazidiohdduiionaloIndues 165 DNA nhmsifoufos a1 T sunsn Treeview 9214
I lasiinnidueraalunmi 6 inamuaaalihuimuafiGuondnaeiug 1R21 finow
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mouny L. plantarum L5 WNNTYA TIAMWTNIRVWUALLANGULANANTIUNUT JR21 lﬂul‘ﬂﬂ

Lactobacillus plantarum JR21
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i L. planarum JR21 Baiieng 24 $2Tus Fovaz 2 YinasaedTims) aely
omsiasudoman MRS 1hllvudigungd 37 ssmeadua dhunm 24 $71a fiudedn
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LuRGouananTaomsanimuvetaadRANuETIAAMIE 660 11 TuiAS wiowiinn
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Table 7. Morphological, physiological and biochemical characteristics of the strain JR21.

Characteristics Results
Cell morphology Short rods
Gram stain reaction Gram-positive

Spores formation -
Catalase activity -
Glucose, ribose fermentation +
CO, production -
Growth at temperature

- 10°C -

- 45°C +
Growth in a medium with NaCl (%) ‘

- 6.5% +

- 18% -
Growth at pH

- pH9.6 -

- pH4.5 +

Symbols: + = positive

negative



Score = 1342 bits (677), Expect = 0.0
Identities = 677/677 (100%), Gaps = 0/677 (0%) Strand = Plus/Plus

Query 4 TCAGGACGAACGCTGGCGGOGTGCC TAATACATGCAAGTCGAACGAACTCTGGTATTGAT 63
PLOCTECCLL VU L R L PR PR ERT TR T
Sbjct 17 TCAGGACGAACGCTGGOGGOGTGOCTAATACATGCAAGTOGAACGAACTCTGGTATIGAT 76

Query 64  TGGTGCTTGCATCATGATTTACATTTGAGIGAGTGGCGAACTGOTGAGTAACACGTGGGA 123
PEEEVELOLEN T T A e b e LR T L A T AT
Sbjct 77 TGGIGCTTGCATCATGATTTACATTTGAGTGAGTGGCGAACTGGTGAGTAACACGTGGGA 136

Query 124 AACCTGCCCAGAAGUGGGGGATAACACCTGGAAACAGATGCTAATACCGCATAACAACTT 183
FEELEL LT L T R D P LT ELEL TR E
Shjct 137  AACCTGCCCAGAAGOGGGGGATAACACCTGGAAACAGATGCTAATACCLCATAACAACTT 196

Query 184 GGACCGCATGGTCCGAGCTTGAAAGATGGCTTUGGCTATCACTTTTGGATGGTCCOOCGG 243
P TR D R b T LR LELLRELECER LT LT
Sbhjct 197 GGACCGCATGGTCCGAGCTTGAAAGATGGCTTCGGCTATCACTTTTGGATGGTCCOGCGE 256

Query 244 CGTATTAGCTAGATGGTGGGGTAACGGCTCACCATGGCAATGATACGTAGCCGACCTGAG 303
FUELECDELTERLRERE T F PR R R T T TR TR T T H
Sbjct 257 CGTATTAGCTAGATGGTGGGGTAACGGCTCACCATGGCAATGATACGTAGCCGACCTGAG 316

Query 304 AGGGTAATCGGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTA 363
COFTECEETH R R P R TR E T TR E T
Sbjct 317  AGGGTAATCGGCCACATTGGGACTGAGACACGGUCCAMCTCCTACGGGAGGCAGCAGTA 376

Query 364 GGGAATCTTCCACAATGGACGAAAGTCTGATGGAGCAACGCCGCGTGAGTGAAGAAGGGT 423
FELLEET TR T R B L T DR RN T ETER BRI
Sbjct 377 GGGAATCTTCCACAATGGACGAAAGTCTGATGGAGCAACGCCGOGTGAGTGAAGAAGGGT 436

Query 424 TTCGGCTCGTAAAACTCTGTIGTFAAAGAAGAACATATCTGAGAGTAACTGTTCAGGTAT 483
PPV PRCREEEE R TR R R R R PR T TR EE T
Sbhjct 437 TICGGCTCGTAAAACTCTGTTGTTAAAGAAGAACATATCTGAGAGTAACTGTTCAGGTAT 456

Query 484 TGACGGTATTTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA 543

R N NN A NN R S AR A AR R AR AR RN
Sbjct 497 TGACGGTATTTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA 556
Query 544 GGTGGCAAGCGTTGTCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTTTTTTAAGTC 603

CRELEERI R D B E R DD EH TR E
Shjct 557 GGTGGCAAGCGTTGTCUGGATTTATTGGGCGTAAAGCGAGOGCAGGOGGTTITITAAGTC 616
Query 604 TGATGTGAAAGCCTTOGGCTCAACCGAAGAAGTGCATCGGAAACTGGGAAACTTGAGTGE 663

ORI TR R TR TR T e
Sbjct 617 TGATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGCATCGGAAMCTGGGARACTTGAGTGE 676
Query 664 AGAAGAGGACAGTGGAA 680

HEFLITENTE LI
Shjct 677 AGAAGAGGACAGTGGAA 693

i 5 msifouifoadAuiing ToIndves 16s (DNA nnuuafiSouandnmoug
JR21 (Query) Uz Lactobacillus plantarum L5 (Subject)

Figure 5. Nucleotide sequences alignment of 16s rDNA from strain JR21 (Query) and

Lactobacillus plantarum L5 (Subject).
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1WA 6 "W Ta91innS 04 Lactobacillus plantarum JR21

Figure 6. Phylogenetic tree of Lactobacillus plantarum JR21.
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Figure 7. Cell growth, antibacterial activity and pH of culture broth when L. plantarum JR21
was cultivated in MRS broth; 0 (pH); © (OD 660 nm); A (AU/ml).
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Table 8. Effects of heat treatments, pH and proteases on antibacterial activity of L. plantarum

JR21 against S. aureus.

Treatments MIC of Lactobacilius plantarum JR21 against

Staphylococcus aureus (AU/ml)

Control 20
Enzyme stability
proteinase K 20
a-chymotrypsin 20
trypsin 20
pronase E 20
Heat stability
100°C for 5 min 20
100°C for 10 min 20
100°C for 15 min 20
100" C for 30 min 20
100°C for 60 min 20
121°C for 15 min 20
pH stability
pH 2.0-10.0for2 h 20
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Figure 10. Survival of L. plantarum JR21 after incubation in MRS broth containing 0.15% and
0.30% of bile salts at 37°C for 1,2, 3 and 4 h.
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Figure11. Survival of L. plantarum JR21 under acidic conditions at pH 2.0, 3.0, 4.0, 5.0 and 6.0

after cell cultivation at 37°C for 1, 2,3 and 4 h.
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Table 9, Inhibitory effect of L. plantarum JR21 against S. aureus, E. coli and Sal. enterica ser.

Typhi in mixed culture system at 72 h incubation.

Inhibition against indicator bacteria (%)

Time (h) Staphylococcus aureus Escherichia coli Salmonella enterica
serovar Typhi

0 0.00 0.00 0.00

6 0.00 0.00 0.00

12 25.32 24.15 27.46

18 61.43 58.34 59.98

24 100.00 100.00 100.00

36 100.00 100.00 100.00
48 100.00 100.00 100.00

72 100.00 100.00 100.00
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Inhibitory effect of L. plantarum JR21 against S. aureus (A), E. coli (B) and

Sal. enterica ser. Typhi (C) in mixed culture system at 72 h incubation.



