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Abstract

Objective: To determine the antimicrobial resistance of bacteriocin producing marine Lactic acid bacteria and to
study the efficacy of bacteriocin against L. monocytogenes during fish preservation.

Methods: Lactic acid bacteria from scales and mucus of marine fish viz., Perca sp., Platax sp. and Tuna sp.
which showed activity against different spoilage causing bacteria were subjected to antibiotic sensitivity testing. The
LAB isolates were also screened for their antagonistic activity against L. monocytogenes and other pathogenic and
spoilage causing bacteria by the well-diffusion method. The potent bacteriocin from L. lactis PSY2 was tested for its
efficacy in combating L. monocytogenes challenged fresh fish fillets stored at different temperatures viz., 4, 0 and
-18°C for 28 days and compared to that of the chemical preservative sodium benzoate.

Results: The LAB isolates showed sensitivity to antibiotics of clinical use, but resistance was detected more
frequently towards ampicillin A, furazolidone, gentamycin, kanamycin norfloxacine and vancomycin. Five of the
isolates viz., PSY2, MC2, MC6, TS1 and PSY1 inhibited both Gram positive and Gram-negative fish pathogenic and
spoilage causing bacteria and possessed broad inhibitory spectrum. The potent isolate Lactococcus lactis PSY2
inhibited Listeria monocytogenes in vitro. The bacteriocin PSY2 effectively reduced the viable count of L.
monocytogenes in the fillets stored at 4 and 0°C; however, the freezed (-18°C) sample harbored less count of the
pathogen even in the control after 28 days of storage. The sensory and other physicochemical analyses also
revealed the efficacy of bacteriocin PSY2 in combating L. monocytogenes under storage conditions.

Conclusion: The study concluded the inhibitory potential of bacteriocin PSY2 against L. monocytogenes during
cold storage of raw fish; hence provide prospects for its’ possible application as fish biopreservative.

Keywords: Lactic acid bacteria; Marine fish; Bacteriocin PSY2;
Biopreservative; Listeria monocytogenes

Introduction
The exploration of natural antimicrobials in food preservation

receives increasing attention due to consumer awareness of natural
food products and a growing concern of microbial resistance toward
conventional preservatives. Historically, the Lactic acid bacteria (LAB)
and their metabolites have been noted for their consumption in
cultured foods with no adverse effects in high quantities by countless
generation of people, this group of microorganisms is hence a
preferred source for food use bacteriocins [1]. Although Nisin is the
only bacteriocin approved as a direct food additive, there is a great deal
of interest in other bacteriocins that have similar properties and exhibit
broad spectrum activity.

Fresh fish is an extremely perishable food compared to other food
commodities. The hygienic quality of the fish and fishery products
declines rapidly due to microbial cross contamination from various
sources leading ultimately to spoilage [2]. The development of new fish
products, which are stable during storage, devoid of undesirable odors,

retaining the nutrition and taste, can find application in development
of fish products. The use of Lactic acid bacteria (LAB) and their
bacteriocins seem to be a promising approach in to such applications.
Further, though most of bacteriocins purified to date fulfil the criteria
for ideal food preservatives viz., acceptable low toxicity, stability to
processing and storage and efficacy at low concentration, only a few
have been commercialized to date [3]. The recent research on
bacteriocins has seen increased focus on the isolation of marine LABs
and their bacteriocins having unique potentialities. The present study
attempted on the isolation of potent bacteriocin producing LABs from
marine fish. The potency of the marine bacteriocin in controlling the
growth of the potent food pathogen, Listeria monocytogenes in situ is
also evaluated taking into account the threat posed by the bacteria in
spoiling the fish stored even at lower temperatures.

Materials and Methods

Isolation of lactic acid bacteria and screening for bacteriocin
production
The LABs were isolated from the scales of the marine fish viz., Perca

sp., and Tuna sp. were collected freshly from the fish landing centre in
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Vizhinjam Coast, Kerala, India and the mucus of Platax sp. from the
Marine Aquarium of CMFRI at Vizhinjam. The samples were
inoculated in nutrient broth (Hi-Media) containing 1% glucose and 2%
NaCl with the pH of 6.0 to increase the frequency of bacteriocin
producing strains and incubated at 30°C for 18 h. The culture broth
after incubation was serially diluted and plated by pour plate method
in Lactobacillus MRS agar medium (Hi Media) and incubated for 48 h
at 30°C. The screening of the antagonistic activity of the LAB was done
by the agar overlay method. The plates with 50 to 100 colonies were
selected and melted soft agar (0.75% agar) medium (7.5 ml) seeded
with 100 µl of an overnight culture of each of the indicator organisms
viz., Bacillus pumilus, Bacillus brevis, Klebsiella pneumonia, and
Vibrio harveyi was overlaid on each plate. After overnight incubation,
the plates were examined for the presence of circular and clear zones of
growth inhibition around colonies of possible bacteriocin producers.
The bacteria showing inhibition zones were further purified to get
distinct colonies by streaking in MRS agar plate so as to get axenic
strains of bacteriocin producing isolate.

Antibiogram of LAB isolates
The potent LAB isolates were inoculated into MRS broth

individually and incubated for 24 h at 30°C. The culture from the broth
was swabbed onto the solidified agar medium in the petri dish.
Antibiotic discs (30 µg) were placed upside down, pressed on the top of
the agar plates and kept at 4°C for 1 h. The plates were incubated at
30°C overnight. Resistance was defined as the absence of a growth
inhibition zone around the discs.

Preparation of cell free filtrate and detection of bacteriocin
activity against L. monocytogenes

Two milliliters of the working culture of the potent LAB strains were
transferred to 500 ml of MRS broth and incubated for 48 h at 30°C.
The resulting fermentation broth was centrifuged at 10,000 rpm for 30
min. The supernatant fluid was adjusted to 7.0 with 0.1 N NaOH and
was filter sterilized (0.45 µm pore size) under vacuum. The LAB
isolates were screened for their antagonistic activity against L.
monocytogenes obtained from the lab stock by the well-diffusion
method [4]. The bacteriocin activity of the potent strain against L.
monocytogenes was detected as per the procedure described by Sarika
and Lipton [5]. The Bacteriocin activity was expressed in AU/mL.

Listeria challenge test
The potent isolate characterized as Lactococcus lactis PSY2 [4,5]

inhibited Listeria monocytogenes in vitro. The fresh fillets (10 g) of
high value marine cod fish was inoculated with L. monocytogenes
diluted (2.6 x 107 CFU/ml) in sterile peptone water (pH 7.0). The
inoculation was done by aseptic spraying of 2 ml of the inoculum on
the fish sample using a hand-held sprayer and leaving undisturbed for
20 min, at room temperature. The initial Listeria population was
determined per gram of fish flesh.

Treatment of bacteriocin PSY2 in fish flesh inoculated with
Listeria monocytogenes
The fish flesh inoculated with Listeria monocytogenes were

separated into three batches and treated as follows:

Untreated which served as the control

Treated with 2 ml Bacteriocin PSY2 solution (1600 AU/ml)

Treated with 2 ml sodium benzoate (NICE chemicals, India)
solution (0.1% w/v).

In all these experiments, the treatments were performed at room
temperature by spraying the compound (2 ml) evenly over the samples
with a sterile hand-held sprayer and allowed to remain undisturbed for
20 min. The treated fish pieces were wrapped in sterile aluminium foil,
kept in separate boxes and stored at different temperatures viz., 4, 0
and -18°C in the freezing plant (Airtech, India), ABAD Fisheries,
Vizhinjam, Thiruvananthapuram. At 0 (within 20 min of grinding), 7,
14, 21 and 28 days of refrigeration, 20 g samples from were taken from
each batch transported to the laboratory for microbiological
examination, physicochemical analysis and sensory evaluation.

Microbiological examination
To sample the fish flesh for determining the total count and the load

of Listeria sp., 1 g sample was homogenized using sterile mortar and
pestle. Serial decimal dilutions were made and then plated in triplicate
on nutrient agar and UVM Listeria agar (Merck) and incubated at
37°C and 30°C for 24 and 48 h respectively. The results were noted
after the incubation period and expressed as CFU/ml.

Sensory evaluation
The sensory assessment was conducted for the odor and appearance

of fish flesh samples using a 9-points hedonic scale [6] by five trained
panellists. The scale viz.; 1: dislike extremely; 2: dislike very much; 3:
dislike moderately; 4: dislike slightly; 5: neither like nor dislike; 6: like
slightly; 7: like moderately; 8: like very much; 9: like extremely is used.

Determination of total volatile base (TVB) and
trimethylamine (TMA)

TVB and TMA were determined by the Conway's method as
described by Conway [7]. The samples (2 g) were homogenized with 10
ml of 4% trichloroacetic acid. The homogenate was filtered through a
Whatman No.1 filter paper and the filtrate was used for analyses.
Sample extract (1 ml) was placed in the outer ring. The inner ring
solution of 1% boric acid containing the Conway indicator was then
pipetted into the inner ring. To initiate the reaction, K2CO3 (1 ml) was
mixed with the sample extract. The Conway unit was closed and
incubated at 37°C for 60 min. The inner ring solution was then titrated
with 0.02 M HCl until the green colour turned to pink. TMA was
determined with the same procedure as TVB, but 10% formaldehyde
was added to the extract to tie up ammonia.

Statistical analysis
All experiments were conducted in triplicates and mean, and

standard deviation were determined. Data sets were subjected to
analysis of variance (ANOVA) on Windows Excel 2007.

Results

Isolation of antagonistic LABs
A total 12 LAB strains which showed some inhibitory activity

against the tested inhibitory strains were isolated from the mucus and
scales of marine fish viz., Platax sp., Perca sp. and Tuna sp. by agar
overlay method. Five isolates gave activity against the inhibitor bacteria
tested. The isolates were designated PSY2, MC2, MC6, TS1 and PSY1.
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The activity of the isolates against the tested indicator strains viz., B.
pumilus, B. brevis, K. pneumoniae, and V. harveyi are shown in the
Table 1.

LAB isolate Inhibitory activity in agar overlay plate

Indicator PSY2 MC2 MC6 PSY1 TS1

K. pneumonia + - + - -

V. harveyi ++ + - + ++

B. pumilus ++ + - + +

B. brevis ++ + + + -

Table 1: Inhibitory activity of Marine Fish Isolated Lactic Acid
Bacteria. +zone diameter <10 mm, ++zone diameter <14 mm, - No
zone of inhibition.

Antibiogram of LAB isolates
Most of the isolates were sensitive to antibiotics of clinical use, but

resistance was detected more frequently towards ampicillin A,
furazolidone, gentamycin, kanamycin, norfloxacine, and vancomycin.
The antibiogram of the five active isolates are shown in Table 2.

Antibiotics

(30 µg)

LAB isolates

PSY2 MC2 MC6 TS1 PSY1

Amoxicillin S S S S S

Ampicillin A R S S R R

Cephalexin S R M R S

Chloramphenicol S S S S S

Erythromycin M S R M M

Furazolidone R M S S R

Gentamycin R S M R M

Kanamycin R R R R R

Norfloxacine R R R R R

Rifampicin S M R M S

Vancomycin R S M R M

Table 2: Antibiogram of five LAB isolates. S-Sensitive, R-Resistant, M-
Moderate.

Listeria challenge test
The LAB isolate PSY2 effectively inhibited L. monocytogenes in

vitro and the isolate PSY1 showed moderate inhibition; while other
active isolates failed to inhibit the spoilage bacterium. The nature of
the antagonistic metabolite of LAB isolate PSY2 confirmed as
bacteriocin and the bacteria identified as Lactococcus lactis PSY2 [4,5].
The efficacy of bacteriocin PSY2 in controlling the growth of Listeria
monocytogenes in the food system was evaluated by challenging the
fish pieces with definite load (2.6 × 107 CFU/ml) of L. monocytogenes
and treating the same with bacteriocin PSY2 preparations. The
determination of the total Listeria count revealed that the treatment of
bacteriocin PSY2 the surface of fish flesh was effective in reducing the
microbial load when compared with the untreated samples. While the
load of Listeria sp. ranged from 3.24 ± 0.06 to 5.79 ± 0.06 log10 CFU/g
for the untreated (control), it was ranging from 3.33 ± 0.13 to 4.62 ±
0.08 log10 CFU/g for the sample treated with the bacteriocin on
analyses from the initial day to the end of storage (28th day). The
observations made for the samples stored at 0°C also gave similar
pattern of growth of Listeria though the count was limited as could be
noted from the Table 3. The growth of Listeria was inhibited with the
increase in storage period at -18°C. The total L. monocytogenes count
of the fish samples stored at 4, 0 and -18°C gave significant differences
(P<0.05) with respect to different treatments and with storage time.
However, the count in the presence of sodium benzoate showed no
reduction with the storage period (Tables 3 and 4).

Treatment Initial count 4°C 0°C

7 14 21 28 7 14 21 28

Untreated (control) 3.24 ± 0.06 4.76 ± 0.05 5.63 ± 0.14 5.59 ± 0.28 5.79 ± 0.06 3.5 ± 0.17 3.98 ± 0.02 4.33 ± 0.11 4.59 ± 0.14

Bacteriocin PSY2 3.33 ± 0.13 3.42 ± 0.07 4.18 ± 0.07 4.59 ± 0.21 4.62 ± 0.08 3.71 ± 0.04 3.82 ± 0.06 3.74 ± 0.09 3.79 ± 0.08

Sodium benzoate
(0.01/10 g)

3.27 ± 0.09 3.84 ± 0.08 4.12 ± 0.05 4.29 ± 0.10 4.84 ± 0.05 3.67 ± 0.1 4.74 ± 1.73 3.89 ± 0.02 4.05 ± 0.14

Table 3: Count of Listeria sp. (log10 CFU/g) of challenged fish flesh stored at 4°C and 0°C for 28 days.

Treatment Initial count -18°C

7 14 21 28

Untreated (control) 3.24 ± 0.06 3.23 ± 0.21 2.65 ± 0.25 2.70 ± 0.17 2.27 ± 0.09

Bacteriocin PSY2 3.33 ± 0.13 2.65 ± 0.25 2.14 ± 0.13 2.60 ± 0.09 2.00 ± 0.00
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Sodium benzoate (0.01/10 g) 3.27 ± 0.09 2.80 ± 0.04 2.02 ± 0.02 2.01 ± 0 .02 1.67 ± 1 .16

Table 4: Count of Listeria sp. (log10 CFU/g) of challenged fish flesh stored at -18°C for 28 days.

Sensory evaluation
The bacteriocin and sodium benzoate treated fish samples stored at

4 and 0°C showed better sensory attributes (4.67 ± 0.58 and 4.33 ± 0.58
scores respectively for 4°C and 7.33 ± 0.58 and 7.33 ± 0.58 scores
respectively for 0°C) at the 21st day of storage (Figure 1). This could be
compared with the observations made for the control, wherein the fish
samples stored at 4°C had crossed the limit of acceptibility (4.0) at the
21st day of storage. There were significant differences in sensory
attributes of the fish sample among the different treatments and with
the period of storage at 4 and 0°C. For the fish samples, stored at
-18°C, though significant differences (P<0.05) were noticed for the
sensory scores with respect to the increase in storage period, no
signification difference (P>0.05) was observed amongst different
treaments.

Figure 1: Sensory evaluation-Hedonic scores on two different days
for each treatment Hedonic scores represent a range from 1 (dislike
extremely) to 9 (like extremely) of the mean scores ± standard
deviation.

Physico-chemical analyses
The TVB-N content was 49.0 ± 0.0 mg of Nitrogen/100 g of treated

fish flesh in the case of those stored at 4°C and it was 44.33 ± 4.0 at the
28th day stored at the same temperature. The TVB-N content of the
samples stored at 0°C though showed significant differences (P<0.05)
with respect to the treatments and period of storage, the range was
within the limit of acceptance (30-35 mg/100 g) as is evident from
Figure 2. Similar results were obtained for the samples stored at -18°C
in that the TVB-N content showed significant difference with respect
to the storage period and the treatments employed.

TMA content peaked for the samples stored at 4°C in which the
value of 25.67 ± 4.0 mg per 100 g was observed for the untreated
sample at the 28th day of storage. The samples treated with bacteriocin
PSY2 showed a comparatively reduced TMA content of 23.33 ± 4.0 mg
per 100 g (Figure 3). As observed in the case of TVB-N, the content of

TMA also showed statistical difference among the different treatments
and with the storage period in the samples stored at 4, 0 and 18°C for
28 days.

Figure 2: TVB-N (mg%) Content in the Listeria Challenged Fish
flesh treated with bacteriocin PSY2 Stored at Different
Temperatures

Figure3: TMA (mg%)Content in the Listeria Challenged Fish flesh
treated with lactococcin PSY2 stored at different temperature (4, 0
&-18°C).

Discussion
The demand for safe food products with fewer chemicals

necessitated to explore new alternatives, such as bacteriocins. The
present study focused on potent marine bacteriocin which could be
harnessed as biopreservative. The isolation of active LABs from mucus
and surface scales of the marine fish revealed could be correlated with
the observations of Kalmanzon and Zlotkin [8]. According to them,
the skin secretions of marine fish contain polypeptides and surfactants
with pronounces defensive role. The five of the fish isolated LABs
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showed activity against both the Gram positive and Gram negative
bacterial strain, thus possessing broad inhibitory spectrum.

The activity noted by the Bacteriocin PSY2 against L.
monocytogenes prompted to determine the potential in combating
Listerial spoilage in situ in food system. The potent pathogen, L.
monocytogenes is known for its ubiquitous nature, hardiness and the
ability to adapt and grow under a wide range of harsh environmental
conditions, such as refrigeration temperature, acidic and high salty
foods and pose a threat to the safety of public health [9]. In this
perspective, the results obtained using bacteriocin PSY2 indicates the
scope of using this bacteriocin to restrain the growth and proliferation
of Listeria in food.

The biopreservative efficiency of several bacteriocins had been
proved earlier [10,11,12] in different food systems viz., fish, meat and
vegetable products. The effectiveness of bacteriocin based
biopreservatives had been extensively tested in meat products [12,13]
and in vegetables [14]. However, scanty information is known
regarding preservation of seafood using bacteriocins. Most of the
available literatures highlighted the preservation of the processed fish
products viz., cold-smoked, brined or salted fish [15]. The
biopreservation raw fish using the bacteriocin based preservatives had
been a subject of limited study. The biopreservation using bacteriocins
in fresh fish pieces or fillets had been studied by a few researchers
[16,17]

The microbiological, sensory and the physicochemical parameters
detected at the 7th, 14th, 21st and 28th day of storage signified the
potency of bacteriocin PSY2 in controlling the Listeria, at the same
time extending the shelf-life of the fish contaminated with this
pathogen. It was observed that the treatment of PSY2 to the surface of
the fish flesh was effective in reducing the load of Listeria up to about
21 days of storage, though the fish samples became unacceptable after
that. Though the samples treated with bacteriocin only managed to
bring down the count throughout initially, the fish crossed the limit of
acceptability by the 21st day. The anti-listerial activity of bacteriocin
PSY2 was particularly evident from the observations made with the
samples stored at 4 and 0°C, wherein a reduction of listerial load was
noted throughout the storage period as against the untreated samples.
The mode of action of the bacteriocin under study against Listeria
monocytogenes could be explained with observations made with Nisin
[18]. Accordingly, the bacteriocin acts on the Listeria cells by
permeabilizing the cytoplasmic membrane, leading to the formation of
pores which enable the leakage of cytoplasmic substances from the cell.

The sensory analyses revealed that the fish samples treated with
bacteriocin stored at 4°C remained acceptable even at the 21st day of
storage, while the untreated sample had become unacceptable between
14 to 21 days of storage. The direct relation of sensory attribute to the
microbial spoilage [19] explicates the role of bacteriocin in controlling
the spoilage bacteria. The samples stored at 0 and -18°C, remained
within the limit of acceptability even at the end of storage period
evidenced the influence of temperature on the keeping quality of fish
stored in the reduced temperatures. The parameters TVB-N and TMA
are considered as the index of deterioration of the stored fish [20]. The
limit of acceptability as is suggested for TVB-N; 35 mg/100 g [21] and
TMA; 10-15 mg/100 g [22] had crossed for the untreated samples at
the 21st day in 4°C, while these remained within the limits for the
samples treated with bacteriocin PSY2. The trend was reversed with
the fish samples stored at 0 and -18°C in that TVB-N and TMA were
within the limit throughout.

The reduction in the load of the bacteria and all other parameters
observed with the bacteriocin treated samples were analogous with the
experiments conducted with the chemical preservative sodium
benzoate as is evidenced from the results of this study. The
preservation of the fish at the ambient (25 ± 2°C) or lower
temperatures (4°C) requires the use of chemical preservatives viz.,
benzoates, nitrites, sulphites and sorbates [23] or tedious processing
[24] steps to enable the shelf-life extension. But as the chemical
preservatives are associated with undesirable side effects [25], a
replacement is required which does not influence the organoleptic
attributes of the product. Though, the application of purified
bacteriocins would be needed to establish the biopreservative
potential, it could be concluded from the present study that the use of
bacteriocin PSY2 could give increased protection against Listeria
monocytogenes, a longer product shelf-life and provide a promising
alternative to the harmful chemical preservatives in stored fish.

Results
The LAB isolates showed sensitivity to antibiotics of clinical use, but

resistance was detected more frequently towards ampicillin A,
furazolidone, gentamycin, kanamycin norfloxacine and vancomycin.
Five of the isolates viz., PSY2, MC2, MC6, TS1 and PSY1 inhibited
both Gram positive and Gram-negative fish pathogenic and spoilage
causing bacteria and possessed broad inhibitory spectrum. The potent
isolate Lactococcus lactis PSY2 inhibited Listeria monocytogenes in
vitro. The bacteriocin PSY2 effectively reduced the viable count of L.
monocytogenes in the fillets stored at 4 and 0°C; however, the freezed
(-18°C) sample harbored less count of the pathogen even in the control
after 28 days of storage. The sensory and other physicochemical
analyses also revealed the efficacy of bacteriocin PSY2 in combating L.
monocytogenes under storage conditions.

Conclusion
The study concluded the inhibitory potential of bacteriocin PSY2

against L. monocytogenes during cold storage of raw fish; hence
provide prospects for its’ possible application as fish biopreservative.
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