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ABSTRACT

The purposes of this study were to investigate the to optimize a bacteriocin
production and properties of bacteriocin of lactic acid bacteria isolated from the mangrove forest
as well as application in peeled cooked shrimp. They were Enterococcus faecalis TS9S17 and
Enterococcus faecalis TS9S19 which produced bacteriocin to inhibit Lactobacillus sakei subsp.
sakei JCM 1157. When the bacteriocin was tested against pathogenic bacteria, it could inhibit
only Listeria monocytogenes. Ent. faecalils TS9S17 showed higher bacteriocin activity than Ent.
faecalils TS9S19 did during early growth phase. Ent. faecalils TS9S17 was selected for
optimization of bacteriocin production. When it was grown in the MRS medium with an initial
pH 6.5 at 37 °C for 24 h, it produced bacteriocin activity 40 AU/ml. When 13.5 g/ of tuna
condensate was used instead of peptone and 26.5 g/l of tuna condensate was used instead of
peptone, beef extract and yeast extract in the MRS medium, it also produced bacteriocin activity
of 40 AU/ml. Therefore, the modified MRS medium with 26.5 g/l of tuna condensate was used to
optimize the environmental conditions. When the pH of the modified medium was changed from
pH 6.5 to 7.0, it produced bacteriocin 80 AU/ml. When the incubation temperature was changed
from 37 °C to 25 °C, it produced bacteriocin 160 AU/ml. The bacteriocin showed highest activity
at pH 6 and remained active over a wide pH range (2-12). It was active after heating at 60 °C for
60 min and still had a little activity after heating at 121 °C for 15 min. The cells and crude
bacteriocin from FEnt. faecalils TS9S17 were applied to peeled cooked shrimp inoculated with L.
monocytogenes and stored at 4 °C for 28 days. The results show that the bacteriocin producing
strain was more effective than crude bacteriocin to inhibit L. monocytogenes in peeled cooked
shrimp. The sterile peeled cooked shrimp and the shrimp inoculated with Ent. faecalis TS9S17

and L. monocytogenes showed no different in indole content at 4 °C for 15 days (1.11-1.27

1g/100g).
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Table 1. Bacteriocin produced by lactic acid bacteria.

Producer Bacteriocin

Le. lactis ATCC 11454 nisin

Lb. sakei DSMZ 6333 sakacin A

Lb. plantarum C 11 plantaricin JK (PlnJ, PInK)

plantaricin EF (PInE, PInF)
Lb. gasseri LA 39 gassericin A
Ent. faecium H41B enterocin A

enterocin P

Ent. faecalis LMG 2333 enterolysin A

Ent. faecalis Y117 bacteriocin 31

Ent. faecium T136 enterocin B

Leu. mesenteroides Y105 mesentericin B105

Ped. acidilactici PAC-1.0 pediocin PA1

Strep. thermophilus SPil3 termophilin 13 (ThmA/ThmB)
Strep. pyogenes FF22 estreptococcin A-FF22

n17: Aau1)ada1n Bodaszewska-Lubas LAz A (2012), Giilliice ttaznme (2013)
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d‘ 1 1 a a 0'/
MINN 2. MIuenguuuames ledu Tasna li)

Table 2.  Classification of bacteriocin.

Class Characteristics Produced by lactic acid bacteria
I. Lantibiotics Modified, heat stable< 5 kDa
Ia. Linear Pore forming, cationic nisin, lacticin 481, plantaricin C
Ib. Globular Enzyme inhibitors, no cationic marsacydin alametycin
II. Non- Lantibiotics Heat stable, <15 kDa
IIa. Pediocin-like Anti-listeria, YGNGYV consensus  pediocin PA1/AcH, enterocin A,
IIb. Multi-component ~ Two peptides lactococcin G, plantaricin S,
IIc. sec-dependent Produce by the cell’ s general sec- carno-bacteriocin A
bactriocins pathway lacticin Q
III. Large proteins Heat labile protein bacteriocins, lactococcin B
>30 kDa
IV. Complex bacteriocin  Mixture of proteins, lipids and leucocin S, mesenterocin

carbohydrates in bacteriocin

molecule

n17: Aau1)ad91n Bodaszewska-Lubas Haz A (2012); Garcia ttazne (2010)

< == =1 9 9 g [ d' g}/
TﬂfJ‘VI’J"lﬂLL‘Uﬂ‘VIL'iEJLLﬂSiJ‘]J’JﬂLLﬁ&Lﬂﬁllﬁ‘UllIﬂi\iﬁiNNUQL“Bﬁﬁ@NﬂU‘WD'u

v
=

a . o 4 9 g’/ a
vouUnTalpauau Felumiswadveauaiidounsuuiniseneudlresunlinlalnauaun
1 == 1 A A 9 g’.} a a 4 S Y A
WunuuaiiGeunsuay uanuaiiounsvauzlsznouaiesud Inneausnais lsaguen
o & ad A A ~ ¥ v & P P
Funia Taglnavualdnla lnavauvesnuanGesi lnassadananilunedudnais lsan
1% 9 1 a 1% 4 a a
AAVNUTLH 1Y N-acetylglucosamine 118¥ N-acetylmuramate (I01IUY RIYITELATLNA, 2533)
k) Y
AULLAMNDS ToFUNGN lantibiotic 1¥U nisin TIN1TDIVIIVANTE TAINTT
v v Aan ] d Y [ 4 a a d‘ Y o
WAl T uumiseed dawaldngamsdunsizinlila lnauau nazifagunigeduaad
[ a a 1 1 4 o
AIULVANDS 10FUNGY non lantibiotic 1FU lactococcin A VA3 WFUUUUBORUIHAA 1A8NT

=

1% [ 4 o 4

FUNY receptor mannose phosphotransferase system (Man-PTS) tianiiasaduauaiis el
Y 1 4 1 Y A A Y o ~ @ 3’, ==

Taseadreldauysel dawalduuaiiens’la awaaslunmi 2a uazlumsdudauuaiiise

9 A J == a a a d* [ g‘;

WhnyreniusuanGounsvavvenuamos loFuinavulasnisniuaunazdugs

@ 4 1 . . o g’/ [
ATLUIUMTAUATIZH DNA RNA 18z 1U5AY 1¥U microcin B17 (MccB17) §U84015%1911

voueu T DNA gyrase microcin J25 (Mccl25) gudamsmauvesen T RNA polymerase
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9
. . v o 4 [
(a2 microcin C7-C51 (MceC7-C51) 08I 591U veou Loy aspartyl-tRNA synthatase A4
AN 2b (Cotter e al., 2012)
dy a a o 2’, A A 9 Y A A
UBNINULUANBS 10FUT NI 0TV VANFTEAIENITTUNIUN TNV UTD
v s Y AA . i 1y o q ¥ ! Y A I
Hurad niMiNae osmotic barrier dzaeiloanu liliaisae Whnseesnainwaadie
a o A 9y [ J A o 9 J = 1
mull wazdunerdosnuszuvvuduieiasiinazeonaelusaa Iaglinane Proton
: ¢ o s
motive force YouBoRMTAs i1 lHanuaugaves InunmBouveusaaulasunacly Tag
4 ] 4 % o o o v J 4
dietimarwn Il lwsadunvusi ldussduluwad bisuaa  dewaldigaduanuazaie
) v v ' o o J a a a v
dmSuarednna lnmsyhatemivaaduuniisevowuames loduriaaie uaasluaisg

[
~

N3

A1519% 3. ﬂﬁUlﬂﬂ1ﬁﬁ1ﬁ1ﬂﬂ]ﬁ]\1lmﬂm6§'16°§u

Table 3.  Mode of action of a bacteriocin.

Bacteriocin Class Mode of action

Nisin Ia Linear lantibiotic Combines lipid II-mediated pore
formation and inhibition of cell wall
biosynthesis

Mersacidin Ib Globular lantibiotic Inhibits transglycosylation during cell
wall biosynthesis

Plantaricin C Ia/Ib Globular pore-forming lantibiotic Shares structural/functional

features with both nisin and
mersacidin
Nukacin ISK-1 la/Ib Globular non-pore-forming  lantibiotic =~ Binds to lipid II-

accumulating cell wall precursors

Lactococcin 972 11l Heat-sensitive Binds to lipid II blocking the
incorporation of cell wall precursors at

the septum

17: Roces azAe (2012)
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a Gram-positive targets b Gram-negative targets
Class | Class il MccB17 Mcc)2s MccC7-C51

(e.g. nisin) (e.g. lactococcin A)

v

brsonor | [Foreormain] ] e e

s:rﬁthke’:ig‘yca" polymerase synthase

Nature Reviews | Microbiology

a2, nalnmssinuvesuunmes lesu
Figure 2. Mechanism of bacteriocin to inhibition target cell.

A Cotter HATAME (2012)
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' dy a a a Y Ao < o 1A v A J o
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a a A a = A a ya
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Table 4. Chemical composition of molasses.
Composition

Total protein (%) 0.2
Total sugar (%) 58
Total solid (mg/1) 300.91
Magnesium (mg/1) 29.49
Iron (mg/1) 4.58

A ) o P
NUT: ANTNA IUNTINTU (2543)

~ 7 ~ ¥ & '
AT NN 5. mﬂﬂizﬂeumammmmmﬂamm

Table 5. Chemical composition of tuna condensate.
Composition Before separate protein and lipid  After separate protein and lipid
pH 5.8 4.5
COD (mg/1) 116,573 90,000
Total solid (mg/1) 83,450 68,450
Colloid (mg/1) 7,760 5,840
Ash (mg/1) 3.10 2.44
Total protein (%) 7 4.0
Oil and grease (%) 2.1 1.0
Total sugar (%) 18 18
Magnesium (mg/l) - 0.07
Manganese (mg/1) - 63.66
Phosphorus (mg/1) - 45.05
Iron (mg/1) - 6.89

~ v [ 4
NUT: ANTWA IUNITINTY (2543)
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M50 6. PUAVUAVOUUANDS LOFUNNAANNUUANITIUANANANA Enterococcus sp.

Table 6. Characterization of bacitracin produced by Enterococcus sp.
Bacteriocin Source Mw (kDa) Target bacteria Reference
Enterocin Ent. faecalis 226 5.8 L. monocytogenes Villani et al., 1993
226NWC
Enterocin EJ97  Ent. faecalis 53 Bacillus sp., Galvez et al., 1998
EJ97 Listeria sp.,
S. aureus
Enterocin SE-K4  Ent. faecalis K-4 5.4 B. subtilis, Eguchi et al., 2001
C. beijerinckii,
L. monocytogenes
Enterolysin Ent. faecalis 35 Enterococci, Nilsen et al., 2003
LMG 2333 Pediococci,
Lactococci,
Lactobacilli
Enterocin RJ-11  Ent. faecalis RJ- 5.0 B. subtilis Yamamoto et al.,
11 2003
Enterocin C Ent. faecalis 3.8 - Maldonado-
C901 Barragan et al.,
2009
Enterocin AS-48  Ent. faecalis 7.1 L. monocytogenes Cebrian et al.,

UGRA10

2012

% I a a { a { o
enterocin 226NWC #uiluuunimos loSuNNan1n Ent. faecalis 226 NAA

aa a [ 1
LLEJﬂUlﬁg])ﬁnﬂWTQuNﬁiiNﬂfT@]ﬁi%iuﬂ”ﬁWﬁ@]!uﬂlﬁl\‘iuﬂﬁgﬁﬂiaa”lﬁ]”lﬂullﬂizﬁﬂ (Villani et al.,

I a a { a { o %‘
1993) enterocin EJ97 11UuUANGS loBUNNAAIIN  Ent. faecalis EI9T NAALININUUTY

I a a { a { o
(Galvez et al., 1998) enterocin SE-K4 1] uuunnes IoFUNNAANN Ent. faecalis K-4 NAALEN

I&ananluiszimelne (Eguchi er al, 2001) enterocin AS-48 iHunuames leguiinanan

Ent. faecalis UGRA10 Naauen ldondaludszmailseanly (Cebrian e al, 2012)  uuames
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Table 7. Bacteriocins as food preservatives.

Bacteriocin Application Mode of action
Nisin A Incorporation of nisin into a meat Reduce undesirable bacteria in
binding system restructured meat products
Pediocin AcH Use of a pediocin AcH producer Lact. Spray prevents outgrowth of L.

Enterocin 4

Piscicolin 126

Lactocin 705

Pediocin AcH

plantarum WHE 92 to spray on the

Munster cheese surface at the
beginning as the ripening period

Use of an enterocin producer Ent.
faecalis INIA4 as a starter culture for
production of Manchego cheese

Use of piscicolin 126 to control L.
monocytogenes in devilled ham paste

Use of lactocin 705 to reduce growth
of L. monocytogenes in ground beef

Add pediocin preparation to raw

chicken

monocytogenes and can be used as an

antilisterial treatment

Use of an Ent. faecails INIA4 starter
inhibits L. monocytogenes Ohio but not
L. monocytogenes Scott A

More effective than commercially
available bacteriocins

Lactocin 705 inhibits growth of L.
monocytogenes in ground beef

Controlled growth of L. monocytogenes

at 5-8 °C for 28 days

W Cleveland ttazAdLE (2001)
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wou TuiHeugama (Ammonium sulphate) ?jﬁ}ﬂ Labscan USH% Labscan Asia Co., Ltd.,
Thailand

1w Inu (Peptone) 91NU5EN HiMedia Laboratories Pvt. Ltd., India

L“ﬁlﬂﬁ NA (Beef extract) 1NV HN HiMedia Laboratories Pvt. Ltd., India

dadana (Yeast extract) 91NUT BN HiMedia Laboratories Pvt. Ltd., India

ﬂQTﬂE‘T (Glucose) ?jﬁ)@ Univar 158N Ajax Chemicals Pty., Ltd., Australia

Tween 80

won Tuiflon $1A5N (Ammonium citrate) 90 Panreac U3HMN Panreac Quimica S.A.U.
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Msaldmivans el inanimanius Wueadasn (Dubois, ef al, 1956)
aa 4 = Aax
ﬁ']'i!,ﬂll'JLﬂﬁ']ZﬁTJ%'JJ']ﬂlLﬂﬂ@@]TJJ'J‘ﬁ AOAC (2012)
aa 4 a an
asnRIAT1EHsvIaoa lnanuds AOAC (2012)

aa 4 = ax
5l zHds e TUYsauauas Lowry uazame (1951)

o lasd
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USA.
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Table 8. Composition of Modified MRS.
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WIS : 0981U32NOUDUANAINGATOIMS MRS 11211 (De Man ef al., 1960)

5.3 HVRIQUNYIABMIHAALDAIMDS T
R Ay . ¢ s
DMBADITNAUYDN Ent. faecalis TS9S17 UTwae 1 1nlesivud avluoriaman

H v
MRS tj@li@m!ﬂﬁﬂﬂ!ﬁhW%ﬁiJ%Wﬂ%@ 5.2 151105 100 Jaaans wazilsy pH 10U 6.5 1NUU

=

Y : 4 v
U wnl 25,30 Az 37 DA UHAIHHA WoATUNAM 0, 12, 24, 36 1AL 48 ¥ TUa M

Q

MIGUAILEIUNDIAAT pH AIMIANAULAIN 650 W1 TUWAT 1Az IAAININTTUAIYIT agar

=)

well diffusion assay 10e1% Lb. sakei subsp. sakei JCM 1157 unuaiiizeduminmes uaz

v A A Y1 a A o = é’, 1
AadenanMzgurgin limninssugegaienh ludnuuae 1)

5.4 Waued pH TUAUADNTHAALUANGS 10T

& Ay . ¢ s
DIYFDLIUAUUD Ent. faecalis TS9S17 U511 1 1Woesiwua a\‘islu’f]'lﬁ’lilﬂaj

v
[ 1

MRS gasaauasiitiuzanainde 5.2 U5u1as 100 Tadans NUSU pH 10D 5, 6, 7, 8 uaz

o P a P g
9 Tae ¥ Taden lanon laq Wudu 6 uesuoa win'lalsnassndudu 6 usiuoa NUULN

A A A 4 { o Y ' i o
woNgamgiiuzan WonsUNaIN 0, 12, 24, 36 1Az 48 91114 Az quAI08 1IN0 TAAT pH
A A

Ammsganauuaai 650 11 Tuwas uazIamnINTIULUAINGS 10FUAI8IT agar well diffusion

a A

I o {
assay 10819 Lb. sakei subsp. sakei JCM 1157 Wuuvafizedudnmes nazAadenaniiz il

1] 9
ananssugegamoi ldnyvuae 1



32

= WA =) =
6. ANYINAUANTAVIWUAINDS DT
6.1 MISHAALAZNSIATINLUANDT 1DFU

& Ay . 4 4
MUFDITUAUVDN Ent. faecalis TS9S17 Usua 1 1lodiwua aslueniisiman

=

MRS gasaaulasimuizan USuias 1,000 Jadans NU5U pH Suduldimunzeas uazis

49’ d‘ ad' 1 a = 9 Y d' @ o ?_,' Y X
IFONYAUNYUNHNICANADNITHNAANIUNANITANHITVNAU IUDATU 24 2 1w dnhminuntu
a =

v 2 ' H [
MIBAUEAFABAIIANNET 10,000 TDVABUIN NaUNAT 4 osrwaded arsazareaiula

Q G

v
a a

@ "o @ @ 4 7
U5 pH mAD 6.5 nazanaznouseuen Tuiloudamaouda 70 nloSiwun Ngmugil 4 oam

Y

v
¥ o w kY a (J o a
Lcﬁﬁl%ﬂﬁ i]’lﬂuuﬂ’li]ﬂlﬂﬁ@@@ﬂ@’)ﬂﬂ’lﬁhlﬂﬂgvlﬁcﬁﬁ (1,000 M1a9a) LAZUINITALAYLUAND T

A AW Yo & ) 4 1 | a s
Ta%uﬁ"lﬂmgﬂumummmﬂ%q Freeze-dryer (Wulﬂlﬂ%ﬂﬂﬁﬂﬂaN AUSINYIAITNT

a

a [ a o < a a { 4
UMINGIABAUATUATUNS)  LAZINUHILDAINDS ToBuUNQuugl 20 oA usaFod 1ilo
ES $ 1]

1 ldrzazaredlrerinnisiaen'looou (deionized water) (Du Toit ef al, 2000) ¥A15IAA
AINTTUVBILUANDS 1OFUNAINITN T (W suNeuAININTTUVBILUANDS To T

FEUINADULATHAIN TN

6.2 pH NN duaoMIUUDULUANDS 10T
o a A A 9 @ a a aa 2 A
Mansazarguuames ladun landann laes laga (2,560 AUAIaaans) a9l

Y
pH 13171 6.5 11150 pH 19971 3, 4, 5, 6, 7 uag 8 1INUIAANINTTUAIEIT agar well

a A

diffusion assay 10814 Lb. sakei subsp. sakei JCM 1157 Whunuaiizeduannes uazidona

H i 9
pH fldnnssugegaior ldn luduaelu

6.3 ANUAININDYUNYUADNINTTNVOILUAMDT DT

QU

=\

Masazareuuames lodun ldnaannlaes lade (2,560 AUKNaaans) Bl

D.

pH MAY 6.5 VU3 $2T03 NQaivgil 37, 60, 80 Az 100 DIAUYATHA HATUNT
QUM 110 o3rIFAIHed WY 20 WIN LA 121 o3ruaiBad U1K 15 9 (Fauasain Du
Toit et al, 2000) HIOATUNANMNUAIAITAZTABUVANDS JOTUNIIAAININITTUAILIT agar

a a

well diffusion assay Tael% Lb. sakei subsp. sakei JCM 1157 AunuaniFesudnnes

a 3 o 1A a a
6.4 Qmﬂgllcluﬂ'lilﬂﬂiﬂ‘kl'lﬁ’f]ﬂﬂﬂiill"ll’f]\ﬂlﬂﬂL‘Vl’f]iiﬂclfu
o a a d' 9 (2 a Aa Aaa é =\
Mansazasuuames ladun landaann laes lada (2,560 AUAIaaans) a3
[ 3 o { a 4
pH MmNy 6.5 MWLﬂUiﬂH'l‘ﬁqm'ﬁﬂiJ -20, 4 uag 37 ’E'Nﬁ'llclfal%flﬂ Lﬁﬂﬂ‘iﬂﬂﬂ'] 1, 2, 3, 4

U

o J o a a o 1 o
uag 5 ﬁﬂﬂ’l‘ﬂ mm‘iazmﬂuumﬂa‘ﬂa%uﬂiﬂ pH Glﬁ!l,ﬁ3J’l$ﬁ3J§‘]'f]ﬂ’l§‘1/]’l\3’luﬂ']ﬂﬁ'liJ"ﬁ’@ 6.2



33

1Az AAININTTNAIETT agar well diffusion assay 10814 Lb. sakei subsp. sakei JICM 1157 111

a A

S A o
UUANLTIDUALALNDT

6.5 AUAIAIN pH ANADNINTTUVBAULILANDOS loTU
o a A A kY [ a a Aaa 2 A
Masazaneuuames losuh laraannlaes laga (2,560 AUAaaans) 4k
[ Y] @ YA [ Y o ] 3 o d'
pH 119V 6.5 1115y pH 1 lawmnu 2, 4,6,8, 10 uaz 12 v Tduwiuna 4 ¥ Tueh
Y
guniNes (AALL/asain Ogunbanwo er al, 2003) HAIINUUIEITAZAIBUUAINDS 1DFHU

Y5 pH IHmunzausemsmaumunanIsany1ve 6.2 1aziaa1nanssuaIe3s agar well

diffusion assay 10819 Lb. sakei subsp. sakei JICM 1157 ununaiizeduanmes

7. mMsnaaoulsz@nEMWmITuEIMSIN3Qes Listeria monocytogenes 108 IBINIZIA8
39U
2 X . . = o
7.1 108U L. monocytogenes 14 Brain Heart Infusion broth (BHI) IUNDTY 18 SRYETN
g’/ A YA o Ay 6 a Aaa
NUURIN IRNTIWIMTesZIw 10° CFU/Iadans
1 & . = < g A Y
7.2 QOUFO Ent. faecalis TS9S17 11 MRS broth 3401y 18 ¥ 143 91019919141
9
NuINFeYszanu 10° CFU/AIaaans
o dy S A 9 1 A aa dy 1 1Y
7.3 WFUUANIGENGTD 7.1 1Az 7.2 9dNay 1 daaans wuwz@essaunulueivis
d’d Y 9 1 a Aaa d’d Yy 9 J a Aaa
1182 MRS NUANMAUTY 2 1911 (4 Haaand) + BHI NUANUAUTY 2 1911 (4 aaans) uazn
v A Y 9 a 1 = a 49' IS . A
NURIMINAIWMINAUKEY dIUYANIUANITUMSIAVFOUUANISY Ent. faecalis TSIS17 130
4 [ ] 1 %’ A 4
1%® L. monocytogenes Me408101807 U lue1911n1unugungii 37 osrusaidod 1ensuy
1810, 12, 24, 36 UL 48 ¥ U UAIDHIVDIAALYANITNAAOININTIVIA pH taz1iy

a

o Aa Y ax A ¥ v P ~
VTUIULUANLIINIYID spread plate AITUADINAY 3 X1 LLaQ‘UNUhVIQmﬁmJ 37 DAY ALY

Ll

3 < X v o . .
Wyt 1824 2 Tu9 9920V IUIN L. monocytogenes 1ae 1981415 Oxford-Listeria-
Selective agar UazHUTIWIULLARTOUANAN Ent. faecalis TS9S17 1491115 MRS agar NiA

bromocresol purple 0.004 wofaud

%3

R a a d
8. M3EUEIMSI93QYV0 Listeria monocytogenes Tuwansundaomilasnilysgn

Q

8.1 wisoudaonuldenilyagn

o ¥ . N ~ Y Y o
NNV (Litopenaeus  vannamei) AININN 3 N1a101W6861ﬂ nin1sen

A o o ¥y ¥ A A a s Y 9 s s A
Lﬂﬁ@ﬂllﬁ%@]ﬂﬁ?ﬂ@ﬂ ﬁ?ﬂﬂ?ﬂl!"llﬂ@ﬂ‘ﬂﬂﬁllﬁ"liﬁza"lﬂjgﬁlﬂﬂﬂﬂaﬂ"limﬁlm“llu 3 L‘]Jmmu@ N



34

a

A = I = 1Y ¥ S o A IS o A
UNHYY 100 DIFNLHALT Y Wuan 3 wn UFAIYUIAUINUNUAINUITNHINGUH YV -20 937

U

wsaiee (Aaudasain Fall er al., 2010a)

{ Y
NN 3. N1 (Litopenaeus vannamer)
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A1519N 9. NINTTUMTIVEN Lactobacillus sakei subsp. sakei ICM 1157 vosdsazaroaiula
10N Enterococcus faecalis TS9S17 g Enterococcus faecalis TS9S19
Table 9. Inhibition activity of cell free supernatants from Enterococcus faecalis TS9S17 and

Enterococcus faecalis TS9S19 against Lactobacillus sakei subsp. sakei JCM 1157.

Inhibition zone (mm)

Treatment
Ent. feacalils TS9S17 Ent. feacalils TS9S19
CFS 3.45+0.06 3.90+0.04
CFS +neutral 2.25+0.02 2.45+0.03
CFS + neutral + catalase 2.25+0.08 2.20+0.20
CFS + neutral + catalase + trypsin 0.60+0.35 0.2040.40
CFS + neutral + catalase + Ol- 0.00 0.00

chymotrypsin

CFS: Cell free supernatant

CFS + neutral: Cell free supernatant adjusted pH to 6.5

CFS + neutral + catalase: Cell free supernatant adjusted pH to 6.5 and treated with catalase

CFS + neutral + catalase + trypsin: Cell free supernatant adjusted pH to 6.5 and treated with
catalase and trypsin

CFS + neutral + catalase + Ol-chymotrypsin: Cell free supernatant adjusted pH to 6.5 and treated

with catalase and Ol-chymotrypsin
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TS9S17 1&g Enterococcus faecalis TS9S19
Table 10.  Inhibition activity of cell free supernatants from Enterococcus faecalis TS9S17 and

Enterococcus faecalis TS9S19 against pathogenic bacteria.

Inhibition zone (mm)

Indicator organisms
Ent. feacalils TS9S17 Ent. feacalils TS9S19

L. monocytogenes 2.00+0.28 2.10+0.00
Salmonella spp. - -
S. aureus - -

V. parahaemolyticus - -

-: no inhibition
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Figure 4. Growth and bacteriocin activity of Enterococcus faecalis TS9S17 and change of pH in

MRS broth at 37 °C.
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Figure 5. Growth and bacteriocin activity of Enterococcus faecalis TS9S19 and change of pH in
MRS broth at 37 °C.
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Table 11. Chemical composition of tuna condensate.

Composition

pH 7.20
Total protein (Yow/w) 8.50
Salt (Yow/w) 11.09
Phosphorus (% w/w) 2.18
Potassium (% w/w) 2.014
Iron (% w/w) 0.0033
Zinc (% w/w) 0.0028
Calcium (% w/w) 0.819
Magnesium (% w/w) 1.945
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Table 12.  Bacteriocin activity of Enterococcus faecalis TS9S17 in MRS that used molasses as

a carbon source and tuna condensate as a nitrogen source.

Composition of media

No. Activity (AU/ml)
nitrogen source carbon source
1 peptone (10 g/1) glucose (20g/1) 40
2 peptone (10 g/1) molasses (20ml/1) 40
3 tuna condensate (13.5 g/1) glucose (20g/1) 40
4 tuna condensate (13.5 g/l) molasses (20ml/1) 20
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Figure 6. Effect of nitrogen sources on growth, bacteriocin activity and pH change of

Enterococcus faecalis TS9S17 in  different media.
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Figure 7. Effect of temperature on growth, bacteriocin activity and pH change of Enterococcus

faecalis TS9S17 in modified MRS 3.
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NN 8. Waved pH [FuAUADMINGY MINAALDAMDS loFutaymInlasumlas pH ¥4

Enterococcus faecalis TS9S17 11911115 modified MRS 3

Figure 8. Effect of initial pH on growth, bacteriocin activity and pH change of Enterococcus

faecalis TS9S17 in  modified MRS 3.



53

v P ]
A9 13. Nﬁﬂ'lﬁﬁTUi?qm‘ﬁ (UNTFIU) VOIUIVANDS JOFUNHANIN Enterococcus faecalis
TS9S17

Table 13. Partial purification steps of bacteriocin produced by Enterococcus faecalis TS9S17.

Steps of Total Activity Protein  Total Total Specific  Yield Purification

purification ~ Volume (AU/ml) (mg/ml) activity protein activity (%) (fold)

(ml) (AU) (mg) (AU/ml)
Cell-free 1,000 160 2.24 160,000 2,240 71.42 100 1
supernatant
(NH,),SO, 70 2,560 1.78 179,200 125 1,438.20 112 20.13
precipitate
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Table 14. Optimum pH and pH stability on activity of crude bacteriocin produced by

Enterococcus faecalis TS9S7.

Treatments Bacteriocin activity (AU/ml)
Control 2,560
Optimum pH

3 320

4 320

5 320

6 2560
7 1280
8 640
pH stability

2 320

4 320

6 1280
7 320

8 160
10 160

12 160
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Figure 9. Effect of temperature on activity of crude bacteriocin produced by FEnterococcus

faecalis TS9S17.
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qmﬁqﬁuazixﬂzgaaﬂuﬂmﬁu%’ﬂmﬁ'w (Ogunbanwo et al., 2003; Mojgani et al., 2009;

Sivakumar ef al., 2010)
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@]151\1‘17] 15. Nﬁﬂ]@ﬁ@mﬁgﬂiuﬂTﬁlﬂUiﬂHTﬁ@ﬂ%ﬂiiﬂﬂ]@ﬁllﬂﬂl‘ﬂ@ii@“ﬁuﬁNﬁ@]ﬁnﬂ
Entrococcus faecalis TS9S17
Table 15. Effect of storage temperature on activity of crude bacteriocin produced by

Entrococcus faecalis TS9S17.

Temperature Bacteriocin activity (AU/ml) at different time (weeks)

(°O) Control 1 2 3 4 5

-20 2,560 2,560 2,560 2,560 2,560 1,280
4 2,560 1,280 1,280 1,280 640 640
37 2,560 0 0 0 0 0

6. UseANEMWMSEUGINSIY Listeria monocytogenes AIEIBINIZIALITINAY
Y
INNSU L. monocytogenes 1Q8935IUNY Ent. faecalis TS9S17 Tuomisiian
HEUIEMIN BHI ag MRS 1uguvgil 37 earsatiad nan1snaassaauaadlunimi 10

; (2. . 2
WuNlu 12 ¥ TNsNIIUINYDN L. monocytogenes NMABITINNY Ent. faecalis TS9S17 HU
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Figure 10. Growth of Listeria monocytogenes co-cultured with Enterococcus faecalis TS9S17

and pH change in MRS + BHI broth.
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Figure 11. Inhibition the growth of Listeria monocytogenes by using crude bacreriocin from
Enterococcus faecalis TS9S17 in peeled cooked shrimp stored at 4 °C.
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Figure 12. Inhibition the growth of Listeria monocytogenes by Enterococcus faecalis TS9S17 in

peeled cooked shrimp stored at 4 °C.
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Figure 13. Indole content in cooked peeled shrimp stored at 4 °C.
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1 9
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v
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= ° X A g Sq v A 99 Yy v
NARDINIAITAATIUIUTDITUAUYDY L. monocytogenes NIF IUNTNAQDUND 1T dDANADIND
MAsTIUNMYUA tagiiuaNuduiuveIaTazaIsuAmes lodu
o w J o & a
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4 2 a { o o ¥ 1
ludeenulaenidzegn asdnyunu@URoInUANNaRARBUD YD Ent. faecalis @A
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v l I 3
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. = v A g Ao v 19 a
1193 (B haemolysis) FInMsnadoumarilumssudunuiasansnous Ina (Franz er al.,
2003)
= a @ a = . . . 2 g a A a
6. AsanyneInyluTeiineiliy (biogenic amine) Fuiuarsnylueivisiinain
o L&) @ A A = I J an o J
nszUIuMIduaszraImminnylue st Tdsawiuesdlsznou @31uN suguas,
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1. Brain Heart Infusion Broth

Usgnoudie

Calf brain, infusion from 200 g
Beef heart, infusion from 250 g
Proteose peptone 10 g
Dextrose 2 g
Sodium chloride 5 g
Disodium phosphate 2 g
Final pH (at 25 °C) 7.44+0.2

o 0o o 3 % a aa ' 4 9 Y X @ {
%Q@1W15ﬁ1l5€]§ﬂ 37 NI aga@yUINaU 1000 Haaaag Llazmn%ﬂﬂ’sﬂﬂuﬂﬁﬁﬂﬂﬂmuﬁ

a [ J 2 I ~
Uy 121 ’ENPHL‘M’GL%EJE‘T AUAU 15 ﬂauﬂmmiwm Wuan 15 UM

2. Listeria Oxford Medium Base

Usznouaay

Peptone, special 23 g
Lithium chloride 15 g
Sodium chloride 5 g
Corn starch 1 g
Esculin 1 g
Ammonium ferric citrate 0.5 g
Agar 10 g
Final pH (at 25 °C) 7.0+0.2
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3. MRS broth (de man Rogosa Sharp)

Usgnoudie

Proteose peptone 10 g
Beef extract 10 g
Yeast extract 5 g
Dextrose 20 g
Polysorbate 80 1 g
Ammonium citrate 2 g
Sodium acetate 5 g
Magnesium sulphate 0.1 g
Manganese sulphate 0.05 g
Dipotassium phosphate 2 g
Final pH (at 25 °C) 6.5+0.2
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4. Plate Count Agar (PCA)

Usznoudie
Casein enzymic hydrolysate 5 g
Yeast extract 2.5 g
Dextrose 1 g
Agar 15 g
Final pH (at 25 °C) 7.0£0.2
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Figure 14. Glucose standard curve.
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Figure 15. BSA standard curve.
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