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Influence of Physical Factors and Various Complex M edia on Growth
and Bacteriocin Production of Two-syner gistic Peptide with Heat
Stable Bacteriocin Producer, Enterococcus faecium NK R-5-3,
Isolated from Thai Fermented Fish
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Vichien L eelawatcharamast, Jiro Nakayama? and K enji Sonomoto?

ABSTRACT

EnterococcusfaeciumNKR-5-3, isolated from Thai fermented fish (Pla-ra), produced an interested
two-synergistic peptide bacteriocin with heat stable and broad spectrum activity. Theinfluence of complex
media and culture condition on growth aswell as bacteriocin production of E. faecium NKR-5-3 has been
studied. From 8 indicator strains used, Enterococcus faecalis ATCC 19433 was found to be the most
sengitivestrain. Thebacteriocin to bediluted with distilled water containing 0.1% (v/v) Tween 80increased
2-foldto4-foldof itsactivity againstindicator strainswhen compared with distilledwater. InM-MRSbroth,
bacteriocin production reached maximum level at 30°C and decreased with the increasing of culture
temperature. Among different 6 complex mediafor lactic acid bacteria cultured at 30°C, M 17 broth with
the initial pH of 7.5 yielded the maximum growth and bacteriocin production of E. faecium NKR-5-3.
Growth and bacteriocin production decreased when it was culturedin M 17 broth containing morethan 1%
NaCl and they werecompletely inhibitedin M 17 broth contai ning morethan 9% NaCl. Bacteriocin activity
reached a detectable level at the early exponential phase and increased due to the cell growth to the
maximum|evel at theend of exponential phasein 22 hr of incubation, which displayed aprimary metabolite
production.

Key words: two-synergistic peptide bacteriocin, growth and bacteriocin production, Enterococcus
faecium, Thai fermented fish, Pla-ra
INTRODUCTION Listeria monocytogenes, Clostridium perfringens,

Bacillus cereus, Saphylococcus aureus and many

Bacteriocinsareproteinaceousantimicrobial
compounds with a bactericidal mode of action
against bacteria closely related to the producer
strain (Tagg et al., 1976). Some bacteriocins
produced by lactic acid bacteria (LAB), such as
nisin, inhibit not only closely related speciesbut are
also effectiveagainst food-bornepathogenssuch as

other gram-positive spoilagebacteria(Cleveland et
al.,2001; O’ Sullivanetal., 2002). Recently, theuse
of either bacteriocin-producing LAB starter cultures
or their bacteriocins for food preservation has
received muchinterest (Ennahar et al ., 1999; Franz
et al., 1999).

Among LAB, Enterococcus is widely
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distributed and associated with food substrate.
Enterococci are also used in food fermentation and
somestrainsareroutinely employed asstarter culture
in the manufacture of fermented food (Ennahar et
al., 1999; Franz et al., 1999). Several strains of
enterococci are known to produce bacteriocin,
enterocin, and most of them belong to class Il
bacteriocin with heat stability and anti-Listeria
activity (Franz et al., 1999).

Bacteriocin production in LAB usually
occurs throughout the growth phase and ceases at
the end of the exponential phase (Parente et al.,
1994; De Vuyst et al., 1996). However, many
factors affect on bacteriocin production in LAB
such as medium component and culture condition
(Parenteand Hill, 1992). All of thesefactorsarethe
most important factors for large-scale production
of bacteriocin in food industry.

In recent years, there have been numerous
reports on bacteriocin production by E. faecium
isolated from various sources (Franz et al., 1996;
Ennahar et al., 1998). However, only onereport on
bacteriocin producing E. faecium isolated from
Thai fermented fishes (Pla-ra) of Thailand was
described (Wilaipun et al., 2002). In summary, 11
bacteriocin producing LAB wereisolated from 80
Pla-ra samples and one potent strain with high
bacteriocin activity was selected. According to the
result of APl 20 Strep system and 16S rDNA
sequences it was identified to be E. faecium and
named E. faecium NKR-5-3. Beside its high
bacteriocin activity production, E. faecium NKR-
5-3 produced two-synergistic peptide bacteriocin
with heat stable and a broad spectrum activity
against somefood pathogenic bacteriaand spoilage
LAB. Thepurpose of thisstudy wasto characterize
thegrowth and bacteriocin productionof E. faecium
NKR-5-3.

MATERIALSAND METHODS

Bacterial strainsand media
The two-synergistic peptide bacteriocin

producer, E. faeciumNK R-5-3, hasbeenpreviously
isolatedfrom Thai fermentedfish (Pla-ra) (Wilaipun
et al., 2002). The culture was maintained asfrozen
stocks and held at -80°C in TSBYE (tryptic soy
broth, Difco Laboratory, Detroit, MI, USA,
supplemented with 6 g I'1 yeast extract, Difco
Laboratory, Detroit, MI, USA) containing 15%
(v/v) of glycerol. Throughout the experiments, this
strain was subcultured every 2 weeks on TSAYE
(TSBYE plus 12 g I"1 agar) slant and kept at 4°C.
Thecultureswere propagated twicein TSBY E (pH
6.5) at 30°Cfor 18-24 hr beforeused. Thefollowing
selectedindicator strainsweregrownintheindicated
mediaand temperature: Bacillus cereus JCM 2152
and Bacillus coagulans JCM 2257 in brain heart
infusionbroth (DifcoL aboratory, Detroit, M1, USA)
at 30°Cand 37°C, respectively, Lactobacillussakel
subsp. sakei JCM 1157, Lactobacillus plantarum
ATCC 14917, Lactococcus lactis subsp. cremoris
TUA 1344L, Leuconostoc mesenteroides subsp.
mesenteroides JCM 6124 in de Man, Rogosa and
Sharpe (MRS) broth (Oxoid, Hampshire, England)
at 30°C, Enterococcus faecalis ATCC 19433 and
Listeriainnocua ATCC 33090 in TSBYE at 37°C
for determining bacteriocin activity.

For bacteriocinproduction, E. faeciumNKR-
5-3 was cultured in a production medium and
incubated at each indicated temperature with no
aeration and pH control. Unless otherwise noted E.
faecalis ATCC 19433 was used as an indicator
strain for bacetriocin activity determination.

Bacteriocin activity assay
Thecedll-freeneutralized supernatant (CFNS)
of E. faecium NKR-5-3 grown in each medium at
30°Cfor 18-24 hr wasobtained by centrifugation at
10,000xgfor 15minat 4°C, neutralizationwith 1 M
NaOH to pH 6.5 and subsequent sterilization by
heating at 100°C in water bath for 5 min. The
bacteriocinactivity of CFNSwasdetermined against
indicator strains using critical dilution method
(Mayr-Hartingetal., 1972). TheCFNSweretwofold
serially diluted with sterile diluent in microtiter
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plate and aiquots (10 pl) of each dilution were
spotted onto TSAYE plate overlaid with 5 ml of
TSAY E soft agar media (1% agar, w/v) seeded with
107 CFU ml-1of overnight (18 hr) culturedindicator
strain. Thearbitrary activity unit wasdefined asthe
reciprocal of thehighest dilution producing adistinct
inhibition of the indicator lawn and expressed in
terms of arbitrary units per milliliter (AU ml-1).

Selection of themost sensitivestrainandinfluence
of diluents on bacteriocin activity

Modified M RSbrothdescribed by Tichaczek
et al. (1992) with 2% glucose (M-MRS+2% Glu
broth) at pH 6.5 wasinocul ated with 1% (v/v) 18 hr
culturebroth of E. faeciumNKR-5-3 and incubated
at 30°Cfor 24 hr. The bacteriocin activity of CFNS
wasdetermined comparingwith8differentindicator
strains (Table 1) using two different diluents of
sterile distilled water and sterile distilled water
containing 0.1% Tween 80.

Production of bacteriocin at different
temperatures

M-MRS+2% Glu brothwasinoculated with
1% (v/v) 18 hr culture broth of E. faecium NKR-5-
3 and incubated at different temperatures (25, 30,
35, 40 and 45°C). After 24 hr of incubation, the pH
and ODgqg of culture broth as well as bacteriocin

activity in CFNS were determined.

Production of bacteriocin in various media
conditions

For complex mediastudy, APT broth (Difco;
pH 7.7), Elliker broth (Difco; pH 6.8), M 17 broth
(Merck; pH 7.2), MRS broth (Oxoid; pH 6.2), M-
MRS broth (pH 6.5) and M-MRS+2%Glu broth
(pH 6.5) were inoculated with 1% (v/v) 18 hr
culturebroth of E. faeciumNKR-5-3 and incubated
at 30°C. At the selected time intervals, the pH and
ODgqpof culturebrothaswell asbacteriocinactivity
in CFNS were determined.

For theinfluenceof pH and sodiumchloride,
M 17 broth (Merck) adjustedtopH 4.0, 5.0, 6.0, 7.0,
7.5, 8.0, 9.0 and 9.5 wereinoculated with 1% (v/v)
of bacteriocin producing culture grown for 18 hr at
30°C. To determine the effect of sodium chloride
concentration in the medium, sodium chloride was
addedtoM 17 broth (pH 7.5) toafinal concentration
of 1,3,5,7,9, 11, 13 and 15% (w/v). The pH and
ODggo Of culturebrothaswell asbacteriocinactivity
in CFNSwere determined after incubation at 30°C
for 24 hr.

Kinetics of bacteriocin production
M 17 broth (1,000ml, pH 7.5) wasinocul ated
with 1% (v/v) 18 hr culture broth of E. faecium

Tablel Bacteriocin activity of E. faecium NKR-5-3 CFNS against various indicator strains and the
enhancement of Tween-80 on bacteriocin activity.

Indicator strains

Bacteriocin activity (AU mi-1)

Distilled water 0.1% Tween 80
Bacillus cereus JCM 2152 800 1,600
Bacillus coagulans JCM 2257 1,600 6,400
Enterococcus faecalis ATCC 19433 6,400 12,800
Lactobacillus plantarum ATCC 14917 1,600 6,400
Lactobacillus sakei subsp. sakei JCM 1157 1,600 6,400
Lactococccus lactis subsp. cremoris TUA 1344L 800 3,200
Leuconostoc mesenter oides subsp. mesenteroides JCM 6124 400 1,600
Listeria innocua ATCC 33090 800 3,200
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NKR-5-3 and incubated at 30°C. At the selected
time intervals, the pH and ODgqg of culture broth
and bacteriocin activity in CFNSwere determined.

RESULTS

Selecting for the most sensitive strain and
influence of diluent on bacteriocin activity

Bacteriocin activity in CFNS of E. faecium
NKR-5-3 was determined comparing to eight
indicator strains using two different diluents.
According to the highest antibacterial activity of
bacteriocin produced by E. faeciumNKR-5-3to E.
faecalisATCC 19433 (Tablel), it suggestedthat E.
faecalisATCC 19433 wasthe most sensitivestrain
among eight indicator strains used. Comparing of
the diluted solution between sterile distilled water
containing 0.1% Tween80anddistilledwater (Table
1), the higher bacteriocin activity of 2-4 folds was
obtained when Tween 80 was added. According to
theseresults, E. faecaliSATCC 19433 was sel ected
as an indicator strain and sterile distilled water
containing 0.1% Tween 80 was chosen asadiluent
for bacteriocin activity determination in further
experiments.

Production of bacteriocin at different
temperatures

E. faeciumNK R-5-3 exhibitedthemaximum
cell density when grew in M-MRS+2%Glu at 25°C

for 24 hr. However, the maximum bacteriocin
activity (12,800 AU ml-1) wasobtained whenit was
grownat 30°Candyieldedlower cell density (Table
2). On the other hand, at the high growing
temperatures of 40 and 45°C bacteriocin activity in
CFNS were found to be as low as 200 and 0 AU
mi-1, respectively.

Production of bacteriocin in different complex
media

E. faecium NKR-5-3 was cultured in six
different complex media at 30°C. After 12 hr of
incubation, bacteriocin activity could be detected
from most of the six complex mediaand after 24 to
36 hr E. faecium NKR-5-3 exhibited both of the
maximum cell density (ODggg = 3.10) and highest
bacteriocin activity (51,200 AU mi-1) when grown
inM 17 broth (Table 3). Therefore, M 17 broth was
selected for further experiment. Meanwhile, in
M-MRS+0.2%Glu it gave the lowest growth and
lowest bacteriocin activity.

Influence of initial pH medium on bacteriocin
production

E. faecium NKR-5-3 grew to the maximum
cell density (ODggg = 3.3) in M 17 broth with the
initial pH = 7.5 and 8.0, meanwhile, bacteriocin
production was maximum (51,200 AU mi1) at
initial pH = 7.5. In M 17 broth adjusted initial pH
below 7.5 and abovepH 8.0thegrowthwasreduced

Table2 Growth and bacteriocin production of E. faecium NKR-5-3in M-MRS+2% glucose at different

temperatures.
Temperature pH ODgno Bacteriocin activity?
(°C) (AU mi-1)
25 4.65 3.47 6,400
30 4.55 3.18 12,800
35 4.45 2.96 6,400
40 4.35 2.63 200
45 5.55 1.50 0

a  E.faecalis ATCC 19433 was used as an indicator strain
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Table 3 Growth and bacteriocin activity on different complex medium of E. faecium NKR-5-3 at 30°C.

APT broth  Elliker broth M 17 broth MRSbroth M-MRSbroth M-MRS broth
(0.2% glucose) (2% glucose)

12 hours
pH 4.85 5.15 6.38 4.96 6.05 5.15
ODggo 244 1.63 2.34 248 164 2.52
Activityd (AU ml-1) 3,200 1,600 12,800 3,200 1,600 3,200
18 hours
pH 4.68 5.00 6.02 452 6.05 4.64
ODgno 2.63 1.67 2.98 2.67 1.58 2.70
Activity? (AU ml-1) 6,400 3,200 25,600 6,400 1,600 6,400
24 hours
pH 4.61 5.00 5.85 452 6.05 453
ODgqo 2.68 1.68 3.10 2.65 1.56 272
Activitya (AU mi-1) 6,400 3,200 51,200 6,400 1,600 12,800
36 hours
pH 4,56 4,95 5.80 4.48 5.98 4.49
ODgno 2.46 1.70 2.96 261 1.48 2.64
Activitya (AU mi-1) 6,400 3,200 51,200 6,400 1,600 12,800

a E.faecalis ATCC 19433 was used as an indicator strain

and bacteriocin production was lower than at pH
7.5. E. faeciumNKR-5-3wasnhot capabl eof growth
and bacteriocin production at pH 4.0. Although the
growth of E. faecium NKR-5-3 was detected at pH
5.0and 9.5, but it gavevery low bacteriocin activity
of 100 AU mi-1 and no activity were obtained at all
in these two pH (Table 4).

Influence of sodium chloride on bacteriocin
production

E. faeciumNK R-5-3 exhibited themaximum
growth (ODggg = 3.3) and bacteriocin production
(51,200 AU mi-1) when it wasgrowninM 17 broth
containing 0 to 1% NaCl. However, having NaCl
concentration of 3to 7%, drastically decreased both
of growth and bacteriocin production. Nogrowthor
bacteriocin could be detected when higher NaCl
concentration of 9% was used (Table 5).

Thekinetics of bacteriocin production

Optical density (ODggg), pH of culture
medium and bacteriocin production during the
growth of E. faecium NKR-5-3 in M 17 broth at
30°CareshowninFig. 1. ODggpincreased from an
initial ca. 0.03 to 3.0 during the first 24 hr of
incubation. TheODgggwasthen stabilized at ca. 3.0
and remained at thislevel upto 36 hr of incubation.
ODgpo Wasfound to decrease and reached the level
of 2.5 at theend of the 72 hr incubation period. The
initial pH of culturemediumat 7.4 wasdecreased to
5.7 a the end of incubation period. Bacteriocin
production was initially detected at 4 hr after
inoculation and increased to amaximum of 51,200
AU mi-1after 22-24 hr. Furthermore, bacteriocin
activity remained stable at thislevel till the end of
incubation period.
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Table4 Influence of initial pH of M 17 broth on growth and bacteriocin production of E. faecium

NKR-5-3.
Initial pH pH of culture broth ODgno Bacteriocin activity?
after 24 hr (AU ml-1)
4.0 3.98 0.03 0
5.0 4.83 0.67 100
6.0 4,99 2.18 6,400
7.0 5.65 2.70 12,800
75 5.84 3.28 51,200
8.0 6.07 3.30 25,600
9.0 6.52 3.00 6,400
9.5 8.06 144 0

a  E.faecalisATCC 19433 was used as an indicator strain

Table5 Influence of sodium chloride concentrationin M 17 broth on growth and bacteriocin production

of E. faecium NKR-5-3.

NaCl pH of culture broth ODggo Bacteriocin activity?
concentration after 24 hr (AU mi-1

(%)
0 5.90 3.33 51,200
1 5.84 3.26 51,200
3 6.45 1.56 1,600
5 6.59 0.95 400
7 6.89 0.37 200
9 7.27 0.03 0
11 7.26 0.03 0
13 7.23 0.03 0
15 7.20 0.03 0

a E.faecalis ATCC 19433 was used as an indicator strain

DISCUSSION

Accordingtothehighest antibacterial activity
(6,400 AU mi-1) of bacteriocin produced by E.
faecium NKR-5-3 to E. faecalis ATCC 19433. It
suggested that E. faecalis ATCC 19433, which is
theclosely related strainto E. faecium, wasthemost
sensitivestrainamong 8indicator strainsused. This
result comply with bacteriocinsproduced by another

LAB, those are usually exhibit the highest
antibacterial activity against thetarget strainswhich
areclosely relatedtotheproducing strain (DeV uyst
and Vandamme, 1994; Tagg et al., 1976). On the
comparison of two diluents on bacteriocin activity,
sterile distilled water containing 0.1% Tween 80
increased 2-4 folds of bacteriocin activity against
indicator strainswhen compared to distilled water.
The enhancement of Tween 80 on bacteriocin
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Figurel The growth (ODggg), bacteriocin production and pH of culture broth of E. faecium NKR-5-3

during incubation in M 17 broth at 30°C.

activity was due to a reduction of the binding of
bacteriocintothe surfaceof plastic microtiter wells
since most bacteriocins are proteinaceous with
hydrophobic compound which tend to aggregateto
formlargecomplexesandto adhereto hydrophobic
surfaces (Nissen-Meyer et al., 1992). Nisin and
enterocin 4 were previously reported to be rapidly
adsorbed to polypropylene and glassware. The
addition of 0.1% Tween 80 to the diluent buffer
could reduce these adsorption from 45-75%to less
than 5% (Joosten and Nunez, 1995). Inaddition, the
adsorption of nisin to hydrophilic surfaces by
electrostatic interactions and desorption by Tween
has also been studied by Daeschel et al. (1992).
Furthermore, Nissen-Meyer etal. (1992) suggested
that Tween 80 may involvein the stabilization of a
favorableconfiguration of thebacteriocinmolecules
and/or the sensitization of the target cell, perhaps
through destabilization of its membrane.
Ingeneral, bacteriocinproductionisgrowth-
associated (Parente et al., 1994; De Vuyst €t al.,
1996). However, in some bacteriocin producing
strains such as Lactobacillus acidophilus and
Lactococcuslactisthemaximum bacteriocinlevels
or production rates did not correlate directly with
cell massor growthrate(Kimetal., 1997; Bogovic-

Matijasic and Rogelj, 1998). Asit alsowasfoundin
E. faecium NKR-5-3 grown at 25 and 30°C.
Moreover, the lower growth rate or some
unfavorablegrowth conditionswasalsoreportedto
enhancebacteriocin productioninsomebacteriocin
producing strains(DeVuyst etal., 1996). At 40 and
45°C, E. faecium NKR-5-3 showed the low level
and lost of bacteriocin production, respectively.
The similar result was also found in Enterococcus
faecium DPC 1146 showing the low level of
enterocin production at 42-45°C (Parente and Hill,
1992). However, enterocin P and enterocin Q
production of E. faecium L50 were reported to
reach the maximum level at 47°C and 37-47°C of
incubation temperature, respectively (Cintaset al.,
2000).

Thegrowth and bacteriocin production of E.
faecium NKR-5-3 was studied in six different
complex media. After 24 hr of incubation, growth
of E. faecium NKR-5-3 in M 17 broth gave the
maximum cell density and maximum bacteriocin
production. This result resembles enterocin 1146
production in which E. faecium DPC 1146 grow
best with the highest antimicrobial compoundinM
17 broth supplemented with 0.5% glucose (Parente
and Hill, 1992).
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In general, LAB are fastidious
microorgani smswithrespect tonutrient requirement
sothat arich mediumwith yeast extract and protein
hydrolysates is required for good growth and
bacteriocin production (Parente and Hill, 1992; De
Vuyst et al., 1996). The growth and bacteriocin
production of LAB is often limited by organic
nitrogen sources rather than by the carbon sources
(Parente and Ricciardi, 1999). Furthermore, M 17
broth contains more various organic nitrogen
sources, as in digested form of beef, casein and
soybean, than those of another 5 media used.
Moreover, M 17 broth contains large amount of
sodium beta-glycerophosphate, whichincreasesthe
buffering capacity of medium and also promotes
the growth of lactic streptococci (Merck, 2000).
Consequently, M 17 brothissuitablefor thegrowth
and bacteriocin production of E. faeciumNKR-5-3.
Beside the previously optimum properties, M 17
medium does not contain Tween 80 asseenin most
complex media for bacteriocin production, which
will be the advantage in a bacteriocin purification
step since Tween 80 was reported to interfere with
the bacteriocin purification procedure (Muriana
and Klaenhammer, 1991).

Thegrowth and bacteriocin production of E.
faeciumNKR-5-3 occurredintheneutral or slightly
alkalinemediumcondition. Thisfindingisdifferent
from what is known for the optimum pH for
bacteriocin production in previous reports which
were usualy at pH 5.5-6.0 and were often lower
than the optimum pH for growth (Parente et al.,
1994; Matsusaki et al., 1996). On the other hand, it
complies with the optimum pH range of enterocin
900 productionby E. faeciumBFE 900 (Franzetal.,
1996). However, the optimum pH for bacteriocin
production may also be affected by the culture
medium (Parente and Ricciardi, 1999). According
tothisstudy, thelargescal eproduction of bacteriocin
by E. faecium NKR-5-3 in batch culture should be
done in M 17 broth with initial pH value of 7.5.
Moreover, theapplicationof thisstrainasaprotective
culture in situ, should therefore be used in food

systems with pH more than 6.0.

Although E. faeciumNKR-5-3 wasisolated
from Thai fermented fish (Pla-ra) containing large
amount of NaCl it exhibited a poor growth and
bacteriocin production in the medium containing
more than 1% NaCl. In addition, the growth and
bacteriocin production were completely inhibited
in the medium containing more than 9% NaCl.
Hence, E. faeciumNKR-5-3 could not beclassified
as a halophilic bacteria that played an important
role in fermented fish process but rather a
halotolerant bacteria that could survive during
fermented process. Inapreviousreport, thenukacin
| SK-1 production by Staphyl ococcuswarneri | SK-
1 was shown to increase with increasing NaCl and
the highest level of production was reached in the
medium having 1.4 M NaCl. Meanwhile, cell
growth, glucoseconsumptionandlactateproduction
wereinhibited by theincreaseinNaCl concentration
(Sashihara et al., 2001). In our previous study,
bacteriocin from E. faecium NKR-5-3 cultured in
M 17 broth without sodium chloride could stabilize
under different sodium chloride concentration (O-
24%) environment at 4°C for more than 30 days
(datanot shown). By thisfinding, the application of
E. faecium NKR-5-3 in high salt containing food
system should be done by using itsbacteriocin asa
biopreservative compound rather than using it asa
starter or biopreservative culture.

Thegrowth and bacteriocin production of E.
faecium NKR-5-3 was studied at selected time
intervals throughout the incubation period. From
our finding, bacteriocin activity could be detected
at early exponential phase and increased with the
increasingof cell growthuntil reachedthemaximum
production in early stationary growth phase. It
suggested that bacteriocin production of E. faecium
NKR-5-3 was the primary metabolite production.
This result complied with almost of bacteriocin
production by LAB those were reported to be the
primary metabolite production (De Vuyst and
Vandamme, 1994). The maximum production of
bacteriocin occurred at high cell density in early
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stationary phase, aswasreportedalsofor bacteriocin
produced by EnterococcusfaeciumBFE 900 (Franz
etal., 1996), EnterococcusfaeciumRZS C5 (L eroy
and De Vuyst, 2002). However, some types of
bacteriocin were reported to be a secondary
metaboliteproduction such asbacteriocin produced
by Lactobacillus lactis subsp. lactis
(Rattanachaikunsopon and Phumkhachorn, 2000),
pediocin AcH and Mesenteroicin 5 which were
produced by Pediococcus acidilactici and
Leuconostoc mesenteroides strain UL5 (Biswas et
al., 1991; Lewuset al., 1991).

CONCLUSION

It was shown that E. faecalis ATCC 19433
wasthemost sensitivestrainto the bacteriocin of E.
faecium NKR-5-3 and Tween 80 could increase
bacteriocin activity against the selected indicator
strains. Bacteriocin production of E. faeciumNKR-
5-3 is a growth-associated process and it was
influenced by some controllable environmental
factors such as temperature, nutrient component
and initial pH of culture media.
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