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Screening and Identification of
Bacteriocin-Producing Lactic acid Bacteria
from Fermented Foods and Preliminary
Characterization of the Bacteriocin

Somjai Siripoke*, Prawat Aungpraphapornchai,

Kajeenart Pothivejkul and Onanong Pringsulaka

ABSTRACT

One hundred and thirty-one isolates of lactic acid bacteria (LAB) were
isolated from 50 fermented food samples. Among these isolates, 110 were rod-
shaped, 7 were oval-shaped and 14 were coccoid-shaped. Agar spot assay using
Staphylococcus aureus TISTR 118 as the test organism revealed that 73 isolates
could inhibit S. aureus. Furthermore, agar well diffusion assay of the 73 isolates
showed that 21 isolates could inhibit S. aureus. Among these, there were 8 isolates
which showed the highest antibacterial activities, however, the antibacterial
capability of the isolate FFL17-2, isolated from fermented minced-fish (Pla-Som-
Fug) from Lopburi Province, was found to be more stable than those of the others.
The isolate FFL17-2 was identified as Lactococcus lactis subsp. lactis using API 20
Strep (BioMerieux). Treatment of culture supernatant obtained from the isolate
FFL17-2 with proteolytic enzymes could neutralize its antibacterial activity,
therefore, suggesting that the antibacterial substance was protein, probably
bacteriocin.

Characterization of the bacteriocin from Lactococcus lactis subsp. lactis
FFL17-2 showed that its activity was not affected when treated at 100 ‘C for 10
minutes, and was stable at pH 4-7. In addition, it was found to be a broad-
spectrum bacteriocin which could inhibit S. aureus, Lactobacillus sakei, Lb. plantarum,

Leuconostoc mesenteroides, Pediococcus pentosaceus, Streptococcus salivarius,
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Lactococcus cremoris, Bacillus cereus, B. circulans, B. coagulans and Listeria
monocytogenes. The antibacterial activity against S. aureus was estimated to be

equivalent to 75% of 50 mg/ml commercial nisin.

Keywords: Lactic acid bacteria, bacteriocin
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aaefl 2 ANuEIsves LAB lumsdusinisninues S. aureus onadoulauid

10

11

12

13

14.

wname: - = I

agar well diffusion assay

. Ty 9. sl

- uriunluvzey 9. ngamnd

. uvunainae A, nFmn
Cdmdudn 9. angs

dandu 9. ngamwa

Cdady 9. aynsdams

dandy 2. Foum

Cdmdy 9. anys

v o

an J
. fady 2. YszauaTius

. l&nsenulsen v. njumme

. l&nsonnfsen 2. upsnwdn

. lénsenufsen a. aynslsims

a

lénsentan 2. Funl

K1

ANMAADY 2. UATAITIA

T

4 inhibition zone

FPP6-1
FPP6-2
FPB11-3
FPB11-4
FFB14-1
FFL17-2
FFB20-3
FFS24-1
FFS24-2
FFC27-2
FFL30-3
KSP37-1
PSB38-3
PSB38-4
PSN41-1
PSN41-2
PSN41-3
PSS42-2
FSC44-2
FSC44-3
FCN46-2

15

15

15

13

13

15

14

15

15

13

12

11

15

15

12
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mfmﬂaﬂuﬁugmmﬁﬁaanqﬁdﬁngﬁ;ﬁaﬂﬂaamﬂuiﬂﬁﬁu

o1 CESF #ildaniesia FFL17-2 11 treat shotoulasideslsaunouili
3in31e antibacterial activity wuinezhidusaudenaaeuniodusldiosas enFewiioy
fudredaiild treat drooulml desed 3 waasihmsidusaenageudiullsan
sazorvilunuaiislodu

a5 3 waveueulmidesldsAude antibacterial activity vea CFSF fildani¥esvia
FFL17-2 TuﬂWis‘]’mTammﬁaﬂm S. aureus Wonadoulaydd agar well

diffusion assay

proteolytic enzyme inhibition zone (mm)
control 15
pancreatin -
trypsin 2
Wag: - = W inhibition zone

msvanuunsTiauuaiGerananianaaislesuld

nssasuNsinvedosiad FFL17-2 lasmamedeuduiianeiuailagld API
20 Strep (BioMerieux) wuiildmadaaedi 4 fethwaildlldinnzidrelsunsy
APILAB Plus (v.3.2.2) wuniflude Lactococcus lactis subsp. lactis ﬁixﬁummgﬂé’m
VOINMIIADUN 98%

M3 4 wamsinneiauianeduaiiveasesia FEL17-2 lagld API 20 Strep

tests result
Acetoin production (VP) +
Hippurate hydrolysis (HIP) =
Esculin hydrolysis (ESC ) +
Pyrrolidonyl arylamidase (PYRA) =
o-Galactosidase (GAL) -
B-Glucuronidase (BGUR) -
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M50 4 (¢0)

tests result
B-Galactosidase (BGAL) -
Alkaline phosphatase (PAL) -
Leucine aminopeptidase (LAP) -
Arginine dihydrolase (ADH) +
Acid production from +
Ribose (RIB)
Arabinose (ARA) -
Mannitol (MAN) +
Sorbitol (SOR) -
Lactose (LAC) +
Trehalos (TRE) +
Inulin (INU) -
Raffinose (RAE) -
Amidon (AMD) +
Glycogen (GLYG) -

MSNATELANNAINITOIUNMINUANNS o UVBINUATNS 0TU

mMath CFSF weaiieswa FFL17-2 "lﬂ“lﬁ’mm%’auﬁqmwgﬁ 63, 80, 100 uaz
121 ssrnwadod Wunaiweg nu newhlunaaey antibacterial activity 10833 agar
well diffusion assay n3suifisududredrailildmiunnuion nunldrnadimaad s
wunaislefuiindanni¥e FFL17-2 cuisanuanuiou 100 ssrusaied ldunu 10 il
ua1¥a1mInnd1 10 WA activity Ao anad uazildgumigl 121 esrnwaFea
15 W wwgadeanuainsalumsiusaie S. aureus



N3enFInmans uan U9 23 U 2 (2550) 107

MM 5 WaveIgUulAe antibacterial activity ¥8s CFSF ldainiFoswa FFL17-2
lumsgugamsnsywues S. aureus Wonadoulaeis agar well diffusion assay

treatment (temperature/time) inhibition zone (mm)

Control 12
63°C 10 min 12
63°C 20 min 12
63°C 30 min 12
80°C 10 min 12
80°C 20 min 12
80°C 30 min 12
100°C 10 min 12
100°C 20 min 8
100°C 30 min 6

121°C 15 min -

s

¥agi: - = [ inhibition zone

s aa a d' v

MINATOUANUAINIVBINUANI OFUN pH 614 q

1M CESF weusesra FFL17-2 15y pH TWeglusie 3-9 tnigumigil

= < & 5 o o < ¥ =2 o

30 odmwalod Wunar 4 $lue nnuuwihndsy pH du 7 wdriRaihlinageu
antibacterial activity 1ng3% agar well diffusion assay nwuildwasauaaslumsen 6
uuAis ledunwannniosia FFL17-2 inuaedmalusie pH 4-7 uadudun pH
M30ganIN1 activity 3zaaad
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miwn 6 WOV pH ¢io antibacterial activity Y89 CFSF fldnnienta FFL17-2 lu
miﬁummmsmmm S. aureus fonageulngii agar well diffusion assay

pH inhibition zone (mm)
3 6
4 12
5 12
6 12
7 12
8 9
9 9

Ms5ANY1 antibacterial spectrum

MInaael antibacterial spectrum @183F agar well diffusion assay Tagldide
nageuriingaq wuldnasaaddumei 7 waileFudinaaldnnidosia FFL17-2
A30duss S, aureus uaz LAB wilasnan fldiludenaaeuldd snifu Lactococcus
lactis a"m%’mmﬂﬁﬁﬂﬂduﬁuq wuiwﬁ’uﬁga B. cereus, B. circulans, B. coagulans uag

L. monocytogenes Iaianios ualiguss B. subtilis uazuuafizounsuauildnadounnasiia

@15190 7 waves CESF #ldniniyesvd FFL17-2 lumsdugimsnsguesuuaiiGoyia

@199 Woenadeu lawdd agar well diffusion assay

indicator strains
Staphylococcus aureus
Lactobacillus sakei 912
Lactobacillus plantarum ATCC8014
Lactococcus lactis
Leuconostoc mesenteroides JCM6124
Pediococcus pentosaceus JCM5890

Streptococcus salivarius JCM5707

inhibition zone (mm)
12
15

10

10
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M319N 7 (d9)

indicator strains inhibition zone (mm)
Bacillus cereus 4
Bacillus circulans 4
Bacillus coagulans 4

Bacillus subtilis =
Listeria monocytogenes 4
Enterobacter aerogenes -
Escherichia coli -

Salmonella typhimurium =

s

¥angme: - = Wi inhibition zone
A3AnY1 antibacterial activity 1Ssuesuny commercial nisin

11nM3th CESF weudoswa FFL17-2 lunaaeu antibacterial activity u/3eu
WMouNy commercial nisin #1835 agar well diffusion assay lagld S. aureus hudfe
nageu wuildnaniaaeii s CESF weadoswa FFL17-2 dwnsndued S. aureus 1¢f
Uszanae 75% Y89 commercial nisin inNVENAY 50 Hadniuneladans

@519 8 Antibacterial activity Y09 CFSF voa¥e FFL17-2 wSsuiivunuludu

sample inhibition zone (mm)
commercial nisin (50 mg/ml) 16
CFSF mmﬁ}ja FFL17-2 12

ayduazinnsainanmsnaaes

mMstenide LAB 91nemsviinguan 50 saedn laglderms MRS idu
CaCO, 1.0% wuhlduuaiGounsuuan ligdwades lishueulminzaziaa S1wau 131
Tolman derhlnadeunnuannsolumsduss Staphylococcus aureus TISTR 118 lag
3% agar spot assay wuiid 73 lelman figudamansaes S. aureus 16 wazilerirly
NagoUnAolneIs agar well diffusion assay Wyl 21 Tolwian ﬁs‘i’uéﬂfhﬂﬁtﬁmmm

[
4

S. aureus 18 laoil s lolmanfidusy S. aureus ldwnniiga 15 Hadwas udioninaw

1] [
=~ =~

AIIUMIEUEY S, aureus ldange Aewesda FFL17-2 dufludegilla fuenldan

a
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Unduinvesnguuithunuaingidoan vawyi uasienaseulasld API 20 Strep
(BioMerieux) wundanmiesilu¥e Lactococcus lactis subsp. lactis ﬁi:ﬁummgﬂ
ADIVDINITIAIIMUNGINI 98%

dorhmsfieangnisudaudenadevainiesia FFL17-2 T treat daooulanl
goulsAu (pancreatin way trypsin) wuhezdususonadeuldifosas uaaeiimnInguss
Fenageuiulusauuazernfuuunialodu

nmsAnauiailesduvosuafisloFufinanainie Lactococcus lactis subsp.
lactis FFL17-2 Wuniauaadi@dlugie pH 4-7 nuanuieu 100 ssrmwadod ldunu
10 Wi uadlFIamInnd 10 wdl activity azfos 9 anad uazdldgurgl 121 8aem
Walked 15 U fﬂzqtyLﬁﬂmmmmm“lumiﬁ'uéu’aLGT‘?@ S. aureus

M3ANYI antibacterial spectrum maaumﬁ%h«?mﬁwé‘@mmﬁfmﬁa FFL17-2 Wy
iU S, aureus uaz LAB %iiadnaq dlsfludonaaeuldd fe Lactobacillus sakei,
L. plantarum, Leuconostoc mesenteroides, Pediococcus pentosaceus, Streptococcus
salivarius Wazduss Latococcus cremoris I§i&ntios ushiannsoduga Lactococcus
lactis 1§ ’cfm%’mmﬂﬁﬁﬂﬂ@:uﬁ'uq Wui§usa Bacillus cereus, B. circulans,
B. coagulans uaz Listeria monocytogenes Matantias ualiiguda B. subtilis uazuuniiize
LLﬂiwaunﬂﬂfﬁﬂﬁH’ﬂﬂﬁﬂu fo Enterobacter aerogenes, Escherichia coli waz Salmonella
typhimurium szfiulduunisleduiinanannibesia FFL17-2 §i antibacterial activity
Aout19n31e (broad spectrum) ad1wludu [3, 15) wazanMInAdey antibacterial
activity 1W3suiflsudy commercial nisin wuiuuaiisleFuiinannini¥e FFL17-2
I0duss S. aureus ldUszINa 75% ves commercial nisin AnMENTY 50 Hadniu
folanang

nnaAseiezdiuléi Lactococcus lactis subsp. lactis FFL17-2 dNIasuea
musyveavnaiidedelsnemailuivldnarsyiia Tnsmmeduss S. aureus 166 uenanil
96084 B. cereus uaz Listeria monocytogenes ¢ oney g dify starter Tu
nswanemmsminiidaeadouazidmaspu vieh ¥ lunsnanmssudaudelsnemaiiuiy
Tuowinsiil pH 4-7 vieldoueweninsiiuduanufeulifu 100 ssrmwafea 10 witld

naanssnilszma
AnzIToveveUNN IA.AgHY UFAulsziaSy madvumaluladFinim aws
QANMNIIUINEAT WHANEdnuasenaai 7ildioeieliidenaceudmibanAselunsail
HAsVRUAY WALALIEN waediFes MAINTINGT ANINGMTRT NMINGIFETINAUN
saldoymnsliioulninlilummanoy
mATeilduganyuMITinnulsanauRuAuImMIno doaiuaiunsilia

1l5z11) 2548-2549



a < A o A
N3TINMans ued U0 23 wIUN 2 (2550)

111

19N 81591904

1.

10.

11.

12.

Kelly, W. J., Asmundson, R. V. and Huang, C. M. 1996. Isolation and
Characterization of Bacteriocin-Producing Lactic Acid Bacteria from Ready-to-
eat Food Products. International Journal of Food Microbiology 33: 209-218.
Kim, W. J. 1993. Bacteriocins of Lactic Acid Bacteria: Their Potentials as Food
Biopreservative. Food Reviews International 9: 199-313.

Abbe, T., Krockel, L. and Hill, C. 1995. Bacteriocins: Modes of Action and
Potentials in Food Preservation and Control of Food Poisoning. International
Journal of Food Microbiology 28: 169-185.

Holzapfel, W. H., Geizen, R. and Schillinger, U. 1995. Biological Preservation
of Foods with Reference to Protective Cultures, Bacteriocins and Food Grade
Enzymes. International Journal of Food Microbiology 24: 343-362.

Schillinger, U., Geisen, R. and Holzapfel, W. H. 1996. Potential of Antagonistic
Microorganisms and Bacteriocins for the Biological Preservation of Foods.
Trends in Food Science and Technology 7: 158-164.

Caplice, E. and Fitzgerald, G. F. 1999. Food Fermentations: Role of
Microorganisms in Food Production and Preservation. International Journal of
Food Microbiology 50: 131-149.

Rodriguez, J. M., Martinez, M. 1., Horn, N. and Dodd, H. M. 2002.
Heterologous Production of Bacteriocins by Lactic Acid Bacteria. International
Journal of Food Microbiology 80: 101-116.

De Martinis, E. C. P. and Freitas, F. Z. 2003. Screening of Lactic Acid Bacteria
from Brazilian Meats for Bacteriocin Formation. Food Control 14: 197-200.
Messens, W. and de Vuyst, L. 2002. Inhibitory Substances Produced by
Lactobacilli Isolated from Sourdoughs-A Review. International Journal of Food
Microbiology 72: 31-43.

Tagg, J. R., Dajani A. S. and Wannamaker, L. W. 1976. Bacteriocins of Gram-
Positive Bacteria. Bacteriological Review 40: 722-756.

Lindgren, S. E. and Dobrogosz, W. J. 1990. Antagonstic Activities of Lactic
Acid Bacteria in Food and Feed Fermentations. FEMS Microbiology Letters 87:
149-163.

Okereke, A. and Montville, T. J. 1991. Bacteriocin Inhibition of Clostridium
botulinum Spores by Lactic Acid Bacteria. Journal of Food Protection 54: 349-
353.



112 SWU Sci. J. Vol. 23 No. 2 (2007)

13. Maiser-Patin, S., Deschamps, N., Tatini, S. R. and Richard, J. 1992. Inhibition
of Listeria monocytogenes in Camembert Cheese Made with a Nisin-Producing
Starter. Le Lait 72: 249-263.

14. Adams, M. R. and Hall, C. J. 1988. Growth Inhibition of Food-Borne
Pathogens by Lactic and Acetic Acids and Their Mixtures. International Journal
of Food Science and Technology 23: 287-292.

15. Noonpakdee, W., Santivarangkna, C., Jumriangrit, P., Sonomoto, K. and Panyim,
S. 2003. Isolation of Nisin-Producing Lactococcus lactis WNC 20 Strain from
Nham, a Traditional Thai Fermented Sausage. International Journal of Food
Microbiology 81: 137-145.

16. Adams, M. R. and Nicolaides, L. N. 1997. Review of the Sensitivity of
Different Foodborne Pathogens to Fermentation. Food Control 8: 227-239.

17. Bredholt, S., Nesbakken, T. and Holck, A. 2001. Industrial Application of an
Antilisterial Strain of Lactobacillus sakei as a Protective Culture and Its Effect
on the Sensory Acceptability of Cooked, Sliced, Vacuum-Packaged Meats.
International Journal of Food Microbiology 66: 191-196.

18. Rogers, L. A. 1928. The inhibiting effect of Streptococcus lactis on
Lactobacillus bulgaricus. Journal of Bacteriology 16: 321.

19. Mattick, A. T. R. and Hirsch, A. 1947. Further Observation on an Inhibitory
Substance (Nisin) from Lactic Streptococci. Lancet ii: 5-7.

20. FDA. 1988. Nisin Preparation: Affirmation of GRAS Status as a Direct Human
Food Ingredient. Federal Register 53: 11247.

21. Delves-Broughton, J. 1990. Nisin and Its Uses as a Food Preservative. Food
Technology 40: 100-112.

22. Stiles, M. E. and Holzapfel, W. H. 1997. Lactic Acid Bacteria in Foods and
Their Current Taxonomy. International Journal of Food Microbiology 36: 1-29.
23. Uhlman, L., Schillinger, U., Rupnow, J. R. and Holzapfel, W. H. 1992.
Identification and Characterization of Two Bacteriocin-Producing Strains of
Lactococcus lactis Isolated from Vegetables. International Journal of Food

Microbiology 16: 141-151.

24. Cai, Y., Ng, L. K. and Farber, J. M. 1997. Isolation and Characterization of

Nisin-Producing Lactococcus lactis subsp. lactis from Bean-Sprouts. The Journal

of Applied Bacteriology 83: 199-507.



a < A o A
N3TINMans ued U0 23 wIUN 2 (2550)

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

113

Franz, C. M. A. P.,, Du Toit, M., Olasupo, N. A. and Holzapfel, W. H. 1998.
Plantaricin D, a Bacteriocin Produced by Lactobacillus plantarum BFE 905 from
Ready-To-Eat Salad. The Journal of Applied Bacteriology 26: 231-235.

Choi, H. J., Cheigh, C. I, Kim, S. B. and Pyun, Y. R. 2000. Production of a
Nisin-Like Bacteriocin by Lactobacillus lactis subsp. lactis A164 Isolated from
Kimchi. The Journal of Applied Bacteriology 88: 563-571.

Garver, K. I. and Muriana, P. M. 1993. Detection, Identification and
Characterization of Bacteriocin Producing Lactic Acid Bacteria from Retail Food
Products. International Journal of Food Microbiology 19: 241-258.

Rekhif, N., Atrith, A. and Lefebvre, G. 1995. Activity of Plantaricin SA6, a
Bacteriocin Produced by Lactobacillus plantarum SA6 Isolated from Fermented
Sausage. The Journal of Applied Bacteriology 78: 349-358.

Fricourt, B. V., Barefoot, S. F., Testin, R. F. and Hayasaka, S. S. 1994.
Detection and Activity of Plantaricin F an Antimicrobial Substance from
Lactobacillus plantarum BF001 Isolated from Processed Channel Catfish. Journal
of Food Protection 57: 698-702.

Rodriguez, J. M., Cintas, L. M., Casaus, P., Dodd, H. M., Hernandez, P. E and
Gasson, M. J. 1995. Isolation of Nisin-Producing Lactococcus lactis Strains from
Dry Fermented Sausages. The Journal of Applied Bacteriology 78: 109-115.
Enan, G., el Essawy, A. A., Uyttendaele, M. and Debevere, J. 1996.
Antibacterial Activity of Lactobacillus plantarum UG1 Isolated from Dry
Sausage: Characterization, Production and Bactericidal Action of Plantaricin
UGL1. International Journal of Food Microbiology 30: 189-215.

Messi, P., Bondi, M., Sabia, C., Battini, R. and Manicardi, G. 2001. Detection
and Preliminary Characterization of Bacteriocin (Plantaricin 35d) Produced by a
Lactobacillus plantarum Strain. International Journal of Food Microbiology 64:
193-198.

Swetwiwathana, A., and Lothong, N. 1999. Selection of Bacteriocin-Producing
Lactic Acid Bacteria from Nham (Thai Fermented Meat). International
Conference on Asian Network on Microbial Research (Nov. 29-Dec. 1, 1999).
p. 543-548.

Tichaczek, P. S., Nissen-Meyer, J., Nes, I. F., Vogel, R. F. and Hammes, W.
P. 1992. Characterization of the Bacteriocins Curvacin A from Lactobacillus
curvatus LTH 1174 and Sakacin P from L. sake LTH 673. Systematic and
Applied Microbiology 15: 460-468.



114 SWU Sci. J. Vol. 23 No. 2 (2007)

35. Schillinger, U. and Luecke, F.-K. 1989. Antibacterial Activity of Lactobacillus
sake Isolated from Nham. Applied and Environmental Microbiology 55 (8):
1901-1906.

I850umanuiui 29 &may 2550
YONSUATUWIUN 17 9AIAN 2550



