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Abstract: 1. casei RN 78 isolated from a dairy sample was shown to produce a
proteinaceous substance inhibitory towards a number of gram positive bacteria including an
important food-borne pathogen I.. monocytogenes. The inhibitory substance produced by
this strain appeared not related to organic acids and hydrogen peroxide and was found
resistant to catalase, lipase and lysozyme. The proteinaceous antagonistic nature of the agent
appeared to be related to a bacteriocin and was termed Lactocin RN 78. The stability of the
crude Lactocin RN 78 in the presence of different physical and chemical factors was
evaluated which indicated its stability at wide temperature and pH range. The spactrum of
inhibition of this bacteriocin was fiuther enhanced to the growth of E. coli, Ps. aeruginosa,
and S. syphi in the presence of 1% chelating agents like SDS and EDTA. Lactocin RN 78
appeared stable in the presence of high concentration of NaCl and resisted 40% of this salt
during 48 h of incubation at room temperature. The kinetics of Lactocin RN 78 production
by L. acidophifus RN 78 as a function of cellular condition was evaluated, which indicated
a direct relationship between the growth rate (cfu mL™") and the amount of bacteriocin
produced. The synthesis and inhibitory activity started in the early logarithmic phase and
continued to the end of exponential phase. The growth became static after entering the
stationary phase within 10 h of incubation at 35°C and the antibacterial titer remained
constant thereafter. The influence of variable physical and chemical agents on the growth
metabolism and Lactocin RN 78 synthesis together was investigated. The optimal
temperature and pH favoring maximum growth and production in the producer strain was
35°C and 6.0, respectively. The producer strain was able to grow and produce Lactocin
RN 78 in the presence of 3% NaCl and 0.3% bile salts. The growth medium most effective
was MRS broth medium supplemented with a carbon source.
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Introduction

Lactic Acid Bacteria (LAB) have traditionally been used in food processing because of their
characteristic flavor changes but mainly because of their ability to lower the pH and to produce
antimicrobial agents (Delves-Broughton, 1990; Brink et @/, 1994; Minahk e al., 2004). The
antagonistic activity possessed by these bacteria can be due to organic acids, diacetyl, acetic acid,
hydrogen peroxide and carbon dioxide production alone or in combination and bacteriocins (Tagg et al.,
1976; Piard and Desmazeaud, 1992; Casla et af., 1996; Coventry ef ai., 1996). In the last decades a vast
interest has been developed in research on bacteriocins especially for exploiting them in dairy and other
edible products as a natural biological preservative due to their important role of inhibiting pathogenic
or spoilage bacteria through many mechanisms (Piard and Desmazeaud, 1991, 1992). In addition, the
use of chemical preservatives has falleninto disfavor with consumers, who are requesting fresh, natural
food products that are mild and light, with less acid, sugar, salt, or fat (Gould 1996; Lucke, 2000).
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Bacteriocins are bicactive peptides produced by certain gram positive and gram negative
bacteria which are inhibitory towards other closely related bacteria (Lewus and Montville, 1991,
Itoh ef af., 1995; Cleveland et af., 2001). A number of bacteriocins from Lactic acid bacteria have been
studied In detail including the ones produced by L. cases, L. acidophilus, L. rhamnosus, L. reuteri,
L. salivarius, L. plantarum, L. bulgaricus etc (Munana and Klaenhammer, 1991, Itoh ez a., 1995,
Nam er /., 2002). The determination of optimum parameters for both enhanced production and
purification of bacteriocins is amongst the prerequisites for their use in the food, veterinary and
pharmaceutical industries. Thus, before these bacteria and their products could find their way into the
commercial market a number of stress factors are to be studied on these bacteria so as to determine
their tolerance and survival after being ingested by the consumer. In the present study we investigated
the effect of different pH. temperature, salts and media composition on the growth and Lactocin
RN 78 synthesis in L. acidophilus. To determine the extent of survival and tolerance of the bacteriocin
produced a growth curve was plotted by using biomass (OD 655 nm and cfu mL ™'} and bacteriocin
production (inhibitory activity in mm) as objective variables.

Materials and Methods

Bacterial Strains and Culture Conditions

The bacteriocin producing Lactobacillus casei RN 78 strain isolated from a dairy sample
(Mojgani e# «f., 2005)), was propagated and cultured in MRS broth {(De Man Rogosa and
Sharpe, Oxoid), at 35-37°C, anaerobically in Oxoid anaerobic jars. The indicator organism used was
Listeria monocytogenes ATCC 1315, that was propagated and maintained in Brain heart infusion broth
(BHI, Difco), at 37°C for 24 h. Agar plates were prepared by adding 1.6% agar while soft agar was
prepared by the addition of 0.8% agar to the respective broth medium.

The producer culture was maintained as frozen stock (-20°C) in MRS broth medium
supplemented with 20% glycerol. The frozen stock cultures were thawed and propagated twice at
35°C in MRS broth supplementzd with 5% horse serum.

Detection of Inhibitory Activity

To determine the antimicrobial activity of the bacteriocin produced by L.casei RN 78, agar-well
diffusion, Spot-on lawn assay and paper disc diffusion methods were used with slight modifications
(Tobaetal., 1991; Apella ef al., 1992). The MRS agar plates were overlaid with 5 mL of BHI soft agar
having 10 uL. of overnight indicator culture. Overnight producer cultures were centrifuged at 12,00 rpm,
4=C for 20 min and cell-free supernatant fluids were neutralized by 2 M NaOH. Wells of 5 mm were
punched into the overlaid plates and 100 uL of the neutralized supernatant broth of the producer strain
were added to each well. For spot-on lawn assay, 10 pL of the neutralized supernatant fluid, while in
paper disc assay the supernatant impregnated paper discs were placed gently on the top of indicator
lawn. All the plates were incubated at 4°C for 2-4 h prior to incubation at 37°C for 18-24 h. The
zones of inhibition formed around the wells were measured in millimeter. The results were recorded
as average of three experiments.

Physico-Chemical Characterization of Antimicrobial Substance

The effect of different enzymes, temperature, pH, NaCl, detergents and organic solvents were
investigated on the antimicrobial activity of the biomolecule produced by the producer strain, by agar-
well diffusion assay.

Effect of Enzymes

To study the effect of trypsin, proteinase K, catalase, lipase and lysozyme (Sigma) on the
antagonistic activity, the supernatant fluid was incubated with enzyme solutions prepared to a final
concentration of 1 mg mL™" in phosphate buffer saline (pH 7.0). The activity was determined after
1,4 and 6 hby agar-well diffusion assay.
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Effect of Temperature

The stability of the crude bacteriocin produced by L. casei RN 78 was investigated by incubating
the neutralized cell free extract of the producer strain at room (37°C), refrigerated (4°C) and freezing
(-20°C) temperatures. Afier every 15 days the sample were taken and the activity recorded by
agar-well diffusion assay.

Effect of pH

Influence of pH on the stability of the antagonistic molecule was investigated by adjusting the pH
of the supernatant fluid from 1-11 with 3 M NaOH or 4 M HCI. After variable time intervals the
remaining activity was recorded by the mentioned method.

Effect of NaCl

Increasing concentrations of NaCl ranging from 10 to 40% w/v were added to bacterial extracts
and incubated at 35°C. Activity was recorded after 4, 12, 24 and 48 h by the method described carlier.
Negative control consisted of 40% Na(Cl in phosphate buffer saline (pH 7.0).

Effect of Detergents

Neutralized cell free fluids were incubated with SDS and EDTA at a final concentration of 1% w/v
and the activity determined after 4, 12, 24 and 48 h as earlier. Negative control consisted of 1% of the
respective detergent in phosphate buffer saline (pH 7.0)

Effect of Organic Solvents

The effect of 10, 20, 30, 40 and 50% v/v of methanol, ethanol, propanol and butanol was studied
on the bacteriocin extract. Results were recorded after every 4, 12, 24 and 48 h as before. As negative
control 50% of the respective solvents in PBS (pH 7.0) were used.

Growth Kinetics of L. acidophilus RN 75 and Lactocin RN 78 Synthesis
The effect of various physical and chemical parameters was studied on the growth and lactocin
production of L. acidophilius RN 78 which are as follows:

Influence of Temperature

The effect of four different temperatures 4, 22, 35 and 42 °C were tested on the producer strain
L. casei RN 78. A fixed amount of producer strain (10 pL.) was added to MRS broth (5 mL, pH 5.5)
at OD (655 nm) equal to 0.2 and incubated at the said temperatures anaerobically. Samples were
drawn aseptically after every half an hour and monitored for absorbency at 655 nm and total viable
count {cfumL ™). The bacteriocin activity was determined by agar-well diffusion method described
earlier and a growth curve plotted against OD or ¢fit mL ™1 and antimicrobial activity (mm).

Influence of pH

The pH of the MRS broth was adjusted to 3, 5, 7. 9 and 11 prior to inoculation of the bacterial
strain, by addition of 3 M NaOH or 2 M HCl solution. After seeding the broth medium with the test
culture the flasks were incubated at 35°C and samples were monitored for viable count and
antibacterial activity as above.

Influence of NaCl

Different concentrations of sodium chloride (Sigma) ranging from 0 to 5% w/v were added to
MRS broth medium (pH 5.5) and the test culture added. Similarly the growth rate and bacteriocin
activity was followed as before.
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Influence of Bile Salt

Different concentrations of bile salt (Oxgall) i.e., 0.1, 0.2, 0.3 and 0.5% w/v was added to the
broth medium (pH 5.5) before inoculation of the test strain. After 24 h of incubation at 35°C all the
tests for determining the growth rate and activity were performed.

Influence of Media Composition

The effect of different media including MRS (HiMedia, India), MRS supplemented with
0.5% lactose, Triptic Sova broth (TSB, Oxoid) and Skim milk {Oxoid) was studied on the growth and
production of lactocin RN 78 at 35°C in anaerobic conditions. All the samples were drawn aseptically
and tested for their viable count and bacteriocin activity.

Results

The inhibitory action of the cell free supernatant fluid of L. caseir RN 78 was studied against a
number of gram positive bacteria of which L. monocytogenes was the most strain and was thus used
through out the studies as sensitive indicator strain. Compared to spot-on lawn and paper disc assay,
the inhibitory activity demonstrated by the producer strain was best studied by the agar-well diffusion
assay and was thus selected as the method of choice during the study (Fig. 1).

The chemical nature of the antagonistic molecule, different from lactic acid or hydrogen peroxide
was proved because neither the cell fiee supernatant at pH 7.0 nor the catalase treatment reduced the
antibacterial effect observed for the non-treated supernatant. However, the antimicrobial substance was
inactivated within two h of incubation in the presence of 1 mg mL ™! of proteolytic enzymes. Lipolytic
and glycolytic enzymes appeared to be ineffective at the same concentrations (Table 1).

The stability study of crude Lactocin RN 78 in different physico-chemical conditions indicated
the resistance of this agent. The antimicrobial peptide in study was able to resist most of these factors
to which it was exposed even during prolong incubation period. Figure 2 depicts the stability of this
bacteriocin at different temperatures. Lactocin RN 78 was most stable at freezing temperatures and
was able to retain its activity for 2 years without any decrease. At 4°C the bacteriocin lost its activity
completely after 11 months of incubation and at 37°C it was active for only a week.

The bicactivity of Lactocin RN 78 was stable at a wide pH range of 3 to 10 when incubated in
these conditions at optimum temperatures. Maximum activity of this bacteriocin was recorded at
alkaline pH values exceeding pH 8.0.

In the presence of 1 to 40% NaCl, the bacteriocin retained its activity during 48 h of incubation
at 37°C. However chring prolonged incubations with the said concentrations of the salt Lactocin RN
78 lost its activity significantly. Complete loss of activity of the bacteriocin was observed after 45
days of incubation in the presence of 10% NaCl (Fig. 3).

The antibacterial activity of lactocin RN 78 was greatly enhanced in the presence of variable
concentrations of the organic solvents in study. The bacteriocin was tolerant to butanol and resisted
50% of the solvent during the given time period. However, it was comparatively less resistant to
methanol, ethanol and propanol and complete loss of activity in the presence of 20, 30 and 50% of
these solvents was recorded.

Figure 4, the chelating agents used in the study were able to enhance the antimicrobial activity of
the bacteriocin against the indicator orgamism. Lactocin RN 78 was not only able to resist the
detergents for more than 48 h but also enhanced the inhibitory action against E. colf, P. aeroginosa and
S. #yphi to which it was previously ineffective.

The growth metabolism and the synthesis of bacteriocin in L. casei RN 78 were controlled by
plotting a growth curve. The time course required for the growth and bacteriocin synthesis in is shown
in Fig. 5. The growth curve depicts the correspondence of cell density to lactocin RN 78 production
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Fig. 1: Antagonistic activity demonstrated by Lactocin RN 78 determined by three different methods.
A: Agar-well diffusion assay; B: Spot-on lawn assay: C: Paper disc assay
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Fig. 2: Stability of Lactoein RN 78 during prolong incubation at different temperatures

Fig. 3: Effect of different percentage of NaCl on the bioactivity of Lactocin RN 78 during 1 week of
incubation at room temperature
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Fig. 4: Inhibitory activity of the Lactocin RN 78 against 5. typhi in the presence of 196 $DS and
EDTA. The activity was checked after 4(A), 12(B) and 24(C) h. D and E are negative control
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Fig. 5: Growth metabolism of L. casei RN 78 at optimum temperature and pH conditions
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Fig. 6: Effect of four different growth media (MRS, MRSs supplemented with lactose, TSB and Skim
milk media) on the growth and production of producer strain
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Tahble 1. Effect of enzymes on the antagonistic achivity of Lactocin RN78

Ma Time (k) Trypsan Proteinase K Lipase Lysoeyme Catalage
1 a Ve Ve +ve +ve +ve
2 1 -VE Ve +ye +ve +ve
3 4 Ve Ve +ve +ve +ve
4 G -VE -VE +ve +ve +ve
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Table 2: Effect of pH on growth and Lactocin synthesis in I.casei RN 78 strain

Time (h)

2 4 24 48

Viable Zone Viable Zone Viable Z.one Viable Zone

count diameter count diameter count diameter count diameter
No. pH mlL~! (mm) mL~! (mm) mlL~! (mm) mL™! (mm)
1. 3 3x10° 0 - 0 - 0 - 0
2. 4 2x108 0 7x107 0 Tx107 10 2x108 10
3 5 3x10° 0 7x107 10 9x107 12 2x1(F 16
4. 6 Tx10°8 12 8x107 12 2x1038 16 8x108 16
5. 7 Gx10° 12 2x10% 12 4x10°8 16 9x108 16
6. 8 4x10¢ 0 5%x10°6 0 9x1038 12 9x108 16
7. 9 3x10° 0 4x107 0 G107 0 Gx10F 16
8. 10 3x10° 0 4x107 0 6x107 0 2x108 16
9, 11 2x10° 0 - 0 - 0 - 0
10. 12 2x10°8 0 0 - 0 - 0

in the producer strain and higher the growth greater the synthesis of antagomistic compound seen. It
may be noted that maximum growth of L. casei was observed after 4 h of anaerobic incubation at 35°C.
The growth reached at maximum and a peak was reached within 12 h of incubation at the optimum
temperature. The stationary phase was achieved after this time period where the growth and
production remained constant for a period of time before declining. Both the parameters of growth and
production was adversely effected at temperature above 40°C and a prolonged lag and a delayed log
phase was observed at these temperatures. Similarly, minimum growth and ultimately minimum
activity was recorded at low temperatures of 4°C and lower.

As Table 2 shows the bacteria in study was able to grow and produce lactocin RN 78 at pH
values ranging from 4.0 to 9.0, while maximum growth and production was at pH values of 5.0 and
6.0 only. A delay in the log phase was observed at highly acidic or alkaline pH values i.e., at pH values
lower than 4.0 and above 7.0. The growth at these pH values were recorded late after 18 h of
incubation. An important observation made was the minimum rate of growth of the test strain during
the initial incubation period (prior to 18 h) at pH 9.0, however after relapse of this time period there
was an sudden drift in the growth rate and it accelerated significantly reaching its maximum within
24 h. During the shift, a sharp decline in the pH from 9.0 to 6.0, was recorded which might be the
reasons for the growth accelerations.

A pronounce effect of NaCl and bile salts was observed on the growth and Lactocin RN 78
production. I. casei RN 78 growth was stable in the presence of 3% NaCl and 0.3% bile salts in
24 h. However above concentrations of these salts adversely effected the growth and production and
delayed the natural lag phase from 4 to 8 h. Significant amount of growth and maximum production was
observed after 15 h of incubation in the presence of above concentrations.

Figure 6 shows the effect of media on the criteria tested. The growth media favoring maximum
growth and production of lactocin RN 78 was MRS broth media supplemented with 0.5% lactose.
Skim milk favored only the growth of the test strain while had an adverse effect on the production
ability and no inhibitory activity was observed in any of the growth phases.

Discussion

The physico-chemical characterization of the antimicrobial substance produced by L. cases
RN 78 revealed it to be proteinaceous and unrelated to acids and hydrogen peroxide or bacteriophages
(Mojgani ef al., 2005). Like other known bacteriocins of lactobacilli, the inhibitory activity exhibited
by this isolate was inactivated by treatment with proteolytic enzymes. These observations suggested
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the proteinaceous nature of the inhibitor in study. Due to all these characteristics this substance was
considerad to be a bacteriocin or a bacteriocin like substance (Tagg ef af., 1976; Piard and Desmazeaud,
1992; Jack ef af., 1995; Audisio and Apella, 2006).

As Hardy (1975) had mentioned bacteriocins may be either simple protein or protein linked to
lipid and carbohydrate. During the course of study it was observed that carbohydrate and lipid moiety
were not critical for the activity in L. acidophifus RN 78 and they appeared simple protein molecule
rather than conjugated. These results coincide with those of other authors who have reported
bacteriocin production by strains of L. acidophiius (Barefoot and Klaenhammer, 1983; Muriana and
Klaesnhammer, 1991; Avonts ef af., 2004).

An important factor that is to be considered while selecting a suitable bacteriocin for use as a
preservative is its stable nature. Thus it is considered essential to study temperature stability, pH
resistance, salt tolerance, heavy metals, organic solvents and effect of other food components, on the
bacteriocin (Larsen ef ai., 1993). In our studies, Lactocin RN 78 appeared to be relatively a stable
protein being active for 11 months at refrigerated temperature and more than two vears during freezing
temperatures. This property of lactocin RN 78 is a highly desirable factor especially for its future
exploitation in food industries as a biological preservative.

An interesting fact revealed during the studies was the alkaline pH tolerance of the bacteriocin in
study. These results were not coherent with the previous reports made by Bhunia ef af. (1991) and
Yang ef al. (1992), who had indicated the tolerance of bacteriocins to acidic pH rather than alkaline.
However, similar to Lactocin RN 78, listeriocin and perfringens, two bacteriocins produced by
L. monocytogenes and C. perfringens, respectively, have been reported to be alkaline pH tolerant
(Tagg et al., 1976).

Sodium chloride, an important constituent of food has been reported to affect the efficacy of
bacteriocin against target microorganisms. Harris et af. (1989) had provided an evidence for this
statement, as he noticed a decrease in survival rate of L. monocyfogenes in the presence of nisin with
sodium chloride. We here observed the stability of Lactocin RN 78 to this salt at concentrations as high
as 40% w/v, which could be considered an advantage for its probable use in vegetable and vegetable
juice fermentation. Moreover, the salt tolerance of lactocin RN 78 has additional advantage especially
in food industries where NaCl is used as a chemical preservative.

Since the spectrum of activity of some of the LAB bacteriocins are considerably enhanced by
combination with chelating agents, there is considerable interest in using bacteriocins in current and
potential applications in the veterinary and pharmaceutical areas (Delves-Broughton ez ef., 1996). Some
potential medical use of these bacteriocins in the presence of a chelator has been reported for nisin and
pediocin, a bacteriocin produced by L. lactis and P. acidilactic. These bacteriocins in combination with
EDTA showed good potential as a therapeutic agent in treatment of human ulcer disease caused by
H. pylori, Bovine mastitis caused by S. ersrens and in other systemic infections (Blackburn ef &f., 1989,
Howell ef al., 1993; Severina ef af., 1998). Coherent results were obtained during these investigations
and lactocin RN 78 showed enhanced inhibitory activity after treatment with 1% SDS and EDTA.
After exposure the bacteriocin was able to inhibit the growth of some gram-negative orgamsms to
which they were previously unaffected. As reported by others, the enhanced inhibitory action of
bacteriocin after treatment with EDTA and SDS could be due to the ability of these agents to disperse
the proteinaceous complex from its present form (large subunit) into smaller more active lethal units.

Similar to plantaricin LC 74, a bacteriocin produced by L. plantaricin LLC74, lactocin RN 78 was
found to be stable after treatment with different concentrations of organic solvents like butanol, ethanol
and methanol. The stable nature of these bacteriocins in the presence of organic solvents also indicates
their proteinaceous and soluble nature (Rekhif ef af., 1994).

Among the factors well documented to effect the growth and production are the growth medium,
temperature, pH, EDTA and sodium chloride, etc (Larsen ef af., 1993).
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The growth and bacteriocin-producing ability of .. casei RN 78 was characterized under the
influence of some of these factors. The main criteria used were temperature, pH, salt, detergents and
organic solvents. Lactocin RN 78 synthesis appeared similar to amylovorin L471, a bacteriocin
produced by L. amylovorous (De Vuyst et af., 1994) as the growth rate was directly co-related to
bacteriocin synthesis in these strains. Maximum production of Lactocin RN 78 was achieved in phases
when the growth was at its peak. Contrasting results has been reported in salivacin 140 where the
synthesis was not related to its growth (Arihara et al., 1996). However a sharp decline in the growth
rate and antibacterial activity was observed after 48 h of incubation which could be due to the
exhaustion of some essential micromutrients (vitamins and minerals) or amino acids in the media.

Optimal temperature for the growth of L. casei RN 78 was 35°C while mimimum growth and
synthesis was recorded at temperatures above 42°C and below 4°C. These results are in contrast with
findings of Larsen ef af. (1993) where maximum growth and production of bavaricin A was reported
during the growth of L. bavaricus M 1401 at temperature as low as 4°C.

The effect of pH on the bacteriocin production of a number of bacteria is well documented.
According to Parente and Hill (1992), pH has the greatest influence on bacteriocin production and the
more the synthesis being pH tolerant the better are the chances for its selection in the food system.
Here we observed the growth and production of . casei RN 78 at a wide pH range of 4.0 to 9.0. This
property of lactocin RN 78 appears similar to pediococcin AcH and lactacin B produced by
Pediococeus acidilactiae and Lactococcuc lactis B (Barefoot and Klaenhammer, 1983; Joerger and
Klacnhammer 1986), which have reported the wide pH stability of the bacteriocins in study. An
interesting observation was seen at alkaline pH values exceeding 8.0, where growth and production in
L .casei RN 78 was evident after prolong incubation period. This delay in growth and activity could
be possibly due to slow acidification of medium during the initial h of growth and acid produced by
the test organism. Once the optimum pH was reached the growth and production accelerated. Similar
phenomenon was also recorded for nisin and pediocin production, which were effected by acidification
rate (Cabo er af., 2001; Guerra and Pastrana, 2002). An increase in acidity of the hydrolyzed medium
enhanced the synthesis of both nisin and pediocin by L. lactis and P. acidilactiae, respectively.

When the effect of the salt was premeditated on the growth and bacteriocin production of this
potentially important strain, a salt tolerance of 3% was exhibited. However it was unable to resist salt
concentrations higher than 3% and the growth was completely inhibited at these concentrations. As
reported earlier (Thomas ef af, 1996; Rozes and Peres, 1996; Verluyten et al., 2004), high
concentrations of salt might be responsible for uncoupling of growth and production or dug to its
action on the intracellular enzymes leading to cell death.

It was interesting to record production of Lactocin RN 78 in the presence of different
concentrations of bile salts. The ability of the test organism to grow and synthesize in the presence
0f 0.3% bile salt indicates its potential application in probiotic formula especially in chickens against
pathogen infection by listeria strains.

Previously, a number of authors have concluded that complex media are essential for bacteriocin
production (Geis ef @l., 1983; Parente and Hill, 1992). The results presented by these authors were
observed when L. casei RN 78 was grown in different growth media. A good correlation between the
growth metabolism and bacteriocin production of the test strain especially in a media supplemented
with lactose was recorded. Such findings have also been reported for other bacteriocins like pediocin
AcH and salivaricin CRL 1384 production where the authors concluded that glucose and lactose are
the best carbon source in the media for the maximum production of these bacteriocins (Parente and Hill,
1992; Audisio er al., 1999, 2001; Audisio and Apella, 2006).

The stability of bacteriocins under various stress conditions indicated the proteinaceous substance
tolerant of variable stress factors. All these factors indicate the possible exploitation of this strain in
different food and probiotic products. Nevertheless, before final assessments it is essential to evaluate
the stability of this bacteriocin in in sifu conditions in order to further refine these criteria and get
deeper knowledge of the mechanism of their action. All these factors might help us to achieve improved
and highly desirable biological preservatives and active probiotic product in near future.
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