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Abstract: Introduction: Listeria monocytogenes is an
opportunistic foodborne pathogen that can cause death
to infected humans. The bacterial pathogen was fre-
quently associated with food-borne origins including
seafood. Thus, the present study aimed at screening
anti-listeria-producing lactic acid bacteria (AL-LAB) iso-
lated from the intestinal tracts of wild gilt-head seab-
ream (Sparus aurata).
Materials and Methods: Lactic acid bacteria (LAB) were
isolated from the intestinal tracts of 15 wild gilt-head
seabreams and screened for antimicrobial activity against
Listeria monocytogenes. LAB isolated with the strongest
anti-listerial activity was identified and further character-
ized for its anti-listerial compounds, followed by testing
its protecting capacity on experimentally contaminated
salmon fillets.
Results: Three out of 52 LAB showed antagonistic activ-
ities against the foodborne pathogen. Of these 3, an isolate
with the strongest inhibitory activity was obtained from
strain MA115 (>400AU). Based on its 16S rDNA sequence,
strain MA115 had 99% similarity to Enterococcus faecium
(Acc. Nb: MG461637.1). Further in vitro assays showed that
the anti-listerial compoundwas very sensitive to proteinase K

which suggested that it is a bacteriocin-like inhibitory sub-
stance (BLIS). In addition, the BLIS was resistant to a wide
range of pH (2–10), and low (4 to −20°C) as well as high
temperatures (30−121°C). In addition, the BLIS showed bac-
tericidal activity on L. monocytogenes in artificially contami-
nated Salmon fillets stored at 0°C.
Conclusion: The BLIS produced by Enterococcus faecium
strain MA115 has the potential for application to improve
food safety, although further studies are still required
to specifically identify the BLIS, for biopreservation
purposes.

Keywords: BLIS, biopreservative, LAB, food safety,
salmon filet

1 Introduction

Listeria monocytogenes is an opportunistic foodborne
pathogen that can cause death to infected humans. Several
studies reported that this bacterial pathogen was frequently
associated with food-borne origins including seafood [1]. In
seafood, L. monocytogenes has been commonly reported
from frozen and raw salmon fillets, crab meat, shellfish,
and shrimp [2]. According to the Center for disease control
and prevention (CDC), approximately 1,600 cases of lister-
iosis have been reported yearly until 2015 in the United
States, of which 260 cases resulted in death (https://www.
cdc.gov/). The bacterial pathogen mostly infects adults
aged 65 or older, and pregnant women and their newborns.
Acknowledging the hazardous effect of this pathogen, the
Codex Alimentarius Commission has set a zero count for
products with favorable conditions for the pathogen growth
and 100 CFU g−1 for foods with unfavorable growth environ-
ments [3]. However, achieving a zero count of L. monocyto-
genes is difficult, and remains a challenge because of the
pathogen’s ability to survive and persist even in several
environmental stressors such as low (−0.1 to −0.4°C) and
a high temperature (71°C), low pH, and smoked as well as
brined food products [4].
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Various strategies have been developed to control the
incidence of L. monocytogenes in seafood including che-
micals and bacteriocins [5]. In general, bacteriocins have
gained the most interest due to: being considered as nat-
ural biopreservatives that are generally recognized as
safe (GRAS) substances, especially bacteriocins produced
by lactic acid bacteria (LAB). They are inactive and non-
toxic to eukaryote cells, pH and heat tolerant, and have
bactericidal activity against bacterial pathogens [6]. Cur-
rently, nisin and a class II bacteriocin (pediocin ALTA
2341®) are bacteriocins that are available commercially
to control L. monocytogenes [7]. However, these bacter-
iocins have been questioned due to their low solubility and
instability in high pH values [8,9]. Accordingly, other stu-
dies confirmed that nisin has been reported to be unable to
inhibit the growth of L. monocytogenes due to its sensitivity
to acidic and basic environments and salinity [10,11]. In
addition, some studies have reported the emergence of
Listeria strains which are resistant to nisin, and some class
II bacteriocins [12]. Thus, new types of bacteriocins with
more stability in different environments are required to
control L. monocytogenes in food products.

This study aimed at screening anti-listerial compounds
from LAB strains isolated from the intestinal tracts of wild
gilt-head seabream (Sparus aurata). The anti-listerial
compound was further characterized by investigating
susceptibility to proteinase K, pH, and heat as well as
determining their molecular size. In addition, the capa-
city of the anti-listerial substances to suppress the growth
or kill L. monocytogenes was studied in experimentally
contaminated salmon fillets.

2 Materials and method

2.1 Isolation of LAB

LAB were isolated from intestinal tracts of gilt-head seab-
reams (Sparus aurata) as previously described by Amin
[13]. Pure bacterial isolates were phenotypically tested,
and only those isolates which were gram-positive, cata-
lase-negative, oxidase-negative, and able to ferment glu-
cose were considered as members of LAB. The purified
LAB were stored in MRS broth (CM0359, Oxoid) supple-
mented with 15% glycerol at −20°C until further use.

Ethical approval: The research related to animal use has
been complied with all the relevant national regulations
and institutional policies for the care and use of animals.

2.2 Preparation of neutralized cell-free
supernatant (CFSn)

CFSn of each LAB was prepared as previously described
by Amin et al. [14]. The sterilized supernatant obtained
from each tested LAB was afterward kept in a refrigerator
(4°C) until further use.

2.3 Preparation of L. monocytogenes
inoculum

L. monocytogenes was obtained from the Microbiology
Laboratory, Faculty of Health Sciences and Community
Care, University of Tasmania, Newnham campus. The iso-
late was originally human isolates (Storage code, respec-
tively) stored as coated beads in a cryogenic freezer at
–80°C. Then, the following steps were performed according
to a protocol described by Amin et al. [14]. Cell concentra-
tion of the targeted pathogen was set at ∼1.0 × 106 CFUml−1

cell concentration for further screening assay.

2.4 Screening for anti-listerial activity

The screening for anti-listerial activity was performed
according to a protocol previously described by Amin
et al. [14]. The CFSn exhibiting the widest clearance
zone was chosen for further assays.

In addition, the activity of anti-listeria was performed
by measuring arbitrary units (AUs) according to a pro-
tocol of Saeed et al. [15] with slight modification. CFSn
from the LAB isolate with the largest inhibition zone was
diluted 1–5 fold with phosphate-buffered saline (PBS, pH
7.2). The anti-listerial activity from each dilution was
determined using the agar well diffusion assay, and an
AU was calculated according to the below formula [15].

/ =
V

DAU ml 1,000 ,

where AU is an arbitrary unit (AUml−1), V is the volume
of CFSn used, and D is the highest dilution that still
inhibited the cell growth of L. monocytogenes.

2.5 Susceptibility of the BLIS to proteinase
K, heat, pH, and storage condition

The susceptibility of anti-listeria compounds to protei-
nase K was evaluated according to a modified protocol
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of Abrams et al. [16] with slight modification. Briefly, the
CFSn solution from the selected LAB was mixed with
proteinase K (Tritirachium, Sigma-Aldrich: 1 mg ml−1

final concentration) for 1 h. The remained anti-listerial
activity was measured by pipetting 200 µl containing ∼
1.0 × 106 CFUml−1 into wells of a 96 well plate, followed
by the addition of 10 µl of proteinase K-treated CFSn.
Each treatment had four replicate wells including a con-
trol which was only the pathogen solution without CFSn
addition. Afterward, the pathogen growth (L. monocyto-
genes) was measured by a microplate reader (Tecan Infi-
nite M200 Pro) at OD600 nm every hour for 15 h.

The effect of temperature on the antimicrobial com-
pound was evaluated according to a modified method by
Vidhyasagar and Jeevaratnam [17]. In brief, the CFSn was
heated for 30min at different temperatures of 30, 50, 80,
and 100°C, or for 15 min at 121°C by autoclaving. In addi-
tion, the effect of pH on CFSn stability was tested by
adjusting the CFSn to pH values of 2, 4, 6, 8, and 10 using
either 1 M hydrochloric acid (HCL) or 1 M NaOH. There-
after, all CFSn were incubated at 37°C for 1 h. Afterward,
the antimicrobial activity of CFSn at different values of
pH and temperatures was evaluated against the food-
borne pathogen using the microtiter plate assay as pre-
viously described.

In addition, the effect of storage conditions on the
antimicrobial compounds was assessed by storing the
CFSn at 4°C and −20°C for 2 weeks. Then, the residual
antimicrobial activity was determined using the micro-
titer plate assay as previously described.

2.5.1 Identification of LAB

Each LAB was sub cultured in MRS agar and a single pure
colony was picked with a micropipette tip as DNA tem-
plate and added into 30 µl of master mix. The master mix
consisted of 4.0 µl of 5× HF buffer, 2 µl of MgCl2, 2.0 µl
of 10 µM deoxynucleotide triphosphate (dNTP), 0.3 µl
of 4 U µl−1 Taq polymerase, and 17 µl of sterilized milliQ
water, and 2.0 µl of 10 µM of each universal forward and
reverse primers. The PCR amplification was performed
using the universal primers: forward primer (27 F), and
reverse primer (1492 R) [18]. DNA amplification was per-
formed in a PCR thermocycler with a protocol previously
described by Amin [13]. PCR products were purified
using Promega DNA purification kit according to the
manufacturer’s protocol, and 15 µl of the purified DNA
fragments (∼50 ng l−1) were sent for sequencing. The

sequenced isolate was aligned to published sequences
using the Basic Local Alignment Search Tool (BLAST) to
find the closest-known species. In addition, a phylogenetic
tree was constructed between the sequenced isolate of
anti-listerial-producing LAB strains and several closest
known species derived from GeneBank databases using
a Joining–neighboring method of Genious software ver-
sion 5.3.6.

2.6 Control of L. monocytogenes in
experimentally contaminated salmon
fillets

Six kilograms of freshly harvested Atlantic salmon (Salmo
salar L.) was purchased from the Van Diemen aquacul-
ture farm and transported in ice within 2 h of the harvest
to the laboratory for fillet processing. The fish was filleted
aseptically and then cut into 50 ± 0.5 g pieces. Then, repli-
cate salmon fillets were immersed into CFSn for 5 s, while
sterile MRS broth was used as the control. Thereafter, each
fillet was inserted into a sterile resealable plastic bag and
sprayed ten times (∼1 ml) with L. monocytogenes inoculum
(∼1.0 × 106 CFUml−1) before storing at 0°C for 6 days.
Enumeration of L. monocytogenes was carried out on day
0, and day 6 by weighing 20 g of salmon fillet andmixing it
with 180ml of bacteriological peptonewater (LP0037, Oxoid),
and homogenizing in a stomacher (Lab Blender400) for 30 s.
Afterward, 5-fold dilutions were made and 0.1ml of appro-
priate dilution was plated in duplicate on Listeria selective
agar (CM0856, Oxoid) with Listeria Selective Supplement
(SR0140, Oxoid). Dark colonies were counted as L. monocyto-
genes after 48h of incubation at 37°C.

2.7 Data analysis

The diameters of clearance zones observed using a well-
diffusion assay from three LAB isolates, and the growth of
L. monocytogenes obtained using a microtiter plate assay
(in terms of OD600nm values) after the CFSn treatments
which were previously treated with heat, pH proteinase
K, and storage temperatures were compared using one-
way analysis of variance (ANOVA), with a Tukey post hoc
test. Viable counts of L. monocytogenes in salmon fillets
at day 0 and day 6 were statistically compared using a
paired sample t-test, both with SPSS software version 22.
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3 Results

3.1 LAB isolation and selection of strains
with anti-listerial activity

A total of 52 bacterial isolates were identified as members
of LAB due to being catalase-negative, oxidase-negative,
gram-positive, rod or cocci in cell shapes, and were able
to ferment glucose. Out of these isolates, three strains
displayed antagonistic activity against L. monocytogenes,
as indicated by >10mmdiameter inhibition zones (Figure 1).

Among these, the strongest anti-listerial activity was
observed from LAB strain MA115, with >400 AUml−1.
Based on the partial sequence of 16S rDNA, LAB strain
MA115 showed 99% similarity to Enterococcus faecium
strain GR7. This bacterial 16S rRNA gene sequence has
been deposited in the National Center for Biotechnology
Information with GenBank accession no: MG461637.1.
Phylogenetic evaluation based on the partial sequence
of the 16S rRNA gene also indicated that the isolate
MA115 was very close to E. faecium GR7 confirming the pre-
vious result obtained from the BLAST function (Figure 2).

3.2 Characterization of anti-listerial
compound

The anti-listerial compounds in the CFSn of E. faecium
MA115 were highly susceptible to proteinase K, (Table 1),
but remained active at wide ranges of pH (2, 4, 6, 8, or

10), indicated by no growth of L. monocytogenes grown
in the microtiter assay for 24 h, Table 1. The high sensi-
tivity of anti-listerial compound in CFSn indicate that
the E. facium MA115 produced bacteiocin-like inhibitory
substance (BLIS). Furthermore, when heated at 30, 50,
80, and 100°C for 30min, or 121°C for 15 min, the BLIS
of E. faecium strain MA115 maintained its anti-listerial
activity, confirmed by no growth of L. monocytogenes in
the microtiter plate assay, Table 1. In addition, the anti-
listerial compound of the BLIS remained stable after
being stored at 4°C for 2 weeks (OD of L. monocytogenes
was 0.16 ± 0.02 at 0 h and 0.14 ± 0.001 after 15 h at room
temperature), Table 1. Another result showed that, the
anti-listerial activity of BLIS decreased after being stored
at −20°C for 2 weeks, indicated by a slight increase in the
OD value of L. monocytogenes (from 0.17 ± 0.01 at 0 h to
0.25 ± 0.01 after 15 h incubation), Table 1. However, the
OD values of L. monocytogenes treated with −20°C −
stored BLIS were still significantly lower compared to
the OD values of L. monocytogenes in the control from
0.17 ± 0.01 at 0 h to 0.45 ± 0.03 after 15 h incubation,
F = 277.8, df = 2.12, and p < 0.001.

3.3 Control of L. monocytogenes in
experimentally contaminated salmon
fillets

The BLIS of E. faeciumMA115 showed bactericidal activity
on L. monocytogenes as indicated by a significant reduction
in the pathogen’s viable cells on salmon fillets after treat-
ment (Figure 3). In the absence of the BLIS, L. monocyto-
geneswas able to survive on the salmon fillets stored at 0°C
for 6 days, indicated by no significant difference in the
number of L. monocytogenes cells (4.27 log units at day 0
and 4.35 log units at day 6 (t = 0.42, df = 3, p = 0.71)).
However, viable cells of L. monocytogenes in the salmon
fillets after 5 s immersion in the neutralized BLIS of E. fae-
ciumMA115 significantly decreased after 6 days (t = 9.95, df
= 3, p = 0.002). The viable cells of L. monocytogenes were
recorded at 4.22 log units at day 0 to only 0.46 log units at
day 6 (0°C). This shows that the BLIS produced by E. fae-
cium was bactericidal to the foodborne pathogen.

4 Discussion

L. monocytogenes is a food-borne pathogen which is very
difficult to control due to its ability to persist and grow in
a wide range of environmental conditions [19]. Some
authors have suggested the use of bacteriocins produced

Ctrl R1 

MA111-R

Ctrl R2 

MA111-R1

MA114-R2

MA115-

MA114-R1

1 

MA115-R2

Figure 1: Inhibition zones of CFSn extracted from three LAB strains
on the surface of MH agar plate layered with L. monocytogenes
using the agar well diffusion assay after incubation at 37°C for 24 h.
The CFSn of three LAB isolates with anti-listerial activity: isolate
MA115, isolate MA114, and isolate MA111, and sterilized MRS broth
as control (Ctrl). R1 and R2 are replicates of each CFSn.
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by LAB to control the growth of the foodborne pathogen
due to them being regarded as natural and safe food pre-
servatives [20]. However, current bacteriocins such as
nisin and pediocin still have some weaknesses [10,12,21];
therefore, the search for new types of bacteriocin is still
needed. The present study screened 52 LAB isolated from
the intestinal tracts of gilt-head seabream for anti-listerial
activity. The results show that 3 out of the 52 LAB dis-
played anti-listerial activity. One of the three isolates,
LAB strain MA115, was selected for further studies as it
exhibited the strongest anti-listerial activity. Based on
phenotypic assays and its 16S rDNA sequence, LAB strain
MA115 was identified as Enterococcus faecium.

E. faecium is a member of LAB commonly found as
part of the intestinal microbiota of animals including

aquatic species [14,22,23]. In addition, many strains of
E. faecium have been reported to have antagonistic activity
against several bacterial pathogens: V. parahaemolyticus,
V. vulnificus, Escherichia coli, and also L. monocytogenes
[24,25]. Other studies have reported that antimicrobial
activity can be in several mechanisms including competi-
tion for nutrients or the production of metabolites such as
ethanol or carbon dioxide organic acids [26], hydrogen
peroxide, and bacteriocins [24,27]. Among these antimi-
crobial substances, bacteriocins gain the most interest
due to several factors including having a narrower spec-
trum of killing activity [28], GRAS substances, inactive
and nontoxic to eukaryote cells, and being pH and heat
tolerance [6]. The antagonistic activity of lactic and acetic
acids has been ruled out because the CFSn was neutralized

Figure 2: Phylogenetic tree of anti-listeria compound producing E. faecium MA115 isolated from the gastrointestinal tract of gilthead
seabream. Bracket (NR_...) after the species name is the accession number in the gene bank.
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for the antimicrobial assay in our study. And the antagonistic
activity of hydrogen peroxide (H2O2) is excluded because the
CFSn was collected from anaerobic culture conditions. The

remaining possibility is the presence of BLIS, indicated by
sensitivity to proteinase K.

Numerous studies have reported the capacity of E. fae-
cium to produce diverse bacteriocins such as Enterocin A
and B [24], Enterocin 3Da and 3Dab, Enterocin P [25], and
Bacteriocin T8 [29]. Bacteriocins produced by E. faecium are
generally grouped into class II bacteriocins, non-lantibiotics
due to these common characteristics: having a small mole-
cular size (3–8 kDa), being heat stable, and having a narrow
range of the inhibitory spectrum [29]. This study shows that
the BLIS produced by this new strain of E. faecium appeared
to be very stable under a wide range of environmental
conditions including, a wide range of pH (2–10), heat
(30–121°C), and storage condition (4°C). The stability of
this BLIS in high pH appeared to be better than one of
current commercial bacteriocin (nisin), which has been
reported to have low solubility and less stability in pH
value of above 5 and high temperatures [8,9]. Based on
these parameters especially heat stability, the BLIS could
be a class II bacteriocin. However, further studies to char-
acterize the BLIS are still required.

According to Valenzuela et al. [30], the use of bacter-
iocins produced by enterococci for biocontrol of L. mono-
cytogenes in seafood and processed products has become
increasingly popular in the last few decades. A study by
de Carvalho et al. [20] confirmed that a class II bacter-
iocin synthesized by E. faecium was more effective in
killing L. monocytogenes than other control agents including
NaNO3. In addition, BLIS produced by Lactobacillus pen-
tosus 39 was reported to reduce the viable count of L. mono-
cytogenes on fresh salmon fillets after being incubated at 4°C
for 6 days, from ∼5.8 log units to ∼4.8 log units [31]. The anti-
listerial activity of BLIS in our study appeared to be much
stronger than in these previous studies. As the consumer
demands for more “natural” preservatives of foods are
increasing, this BLIS is worth further study as an alternative
for food biopreservatives, especially in controlling L. mono-
cytogenes in salmon fillets.

Other studies have described bacteriocins as being
limited by short activity in foods [31]. The reason for
inactivation of bacteriocin activity was explained as due
to: (1) the degradation of bacteriocin by endogenous pro-
teases in the food matrix [32], or (2) being absorbed by
the meat and fat particles which lead to the inactivation
of bacteriocin [33,34]. The application of pentocin 31-1
produced by L. pentosus 31-1 had decreased viable counts
of L. monocytogenes to only ∼1 log unit for 6 days, and the
viable counts of the pathogens increased afterward. In
addition, Katla et al. [35] reported low activity of sakacin
P when applied to control L. monocytogenes in chicken cold
cuts. In contradiction, the present study demonstrated the

Table 1: Effect of proteinase K, pH, and temperatures on the anti-
listeria activity of BLIS produced by E. faecium MA115

Treatments and incubation time Anti-listeria activity

Proteinase K/1 h —
pH
• 2/1 h ++
• 4/1 h ++
• 6/1 h ++
• 8/1 h ++
• 10/1 h ++
High temperatures
• 30°C/30min ++
• 50°C/30min ++
• 80°C/30min ++
• 100°C/30min ++
• 121°C/15 min ++
Low temperatures
• −4°C/14 days ++
• −20°C/14 days +

− anti-listeria activity was completely inactivated. ++ anti-listeria
activity remained stable indicated by no growth of L. monocyto-
genes after being treated with the BLIS. + BLIS activity decreased
slightly, indicated by the increase in OD value at 600 nm which
represents the growth of L. monocytogenes. However, the growth
of the pathogen was still significantly lower than the growth in the
control (p < 0.05).

Figure 3: Viability of L. monocytogenes in Atlantic salmon fillets after
immersion in BLIS liquid and stored at 0°C. B0 was salmon fillets
immersed in BLIS, inoculated with L. monocytogenes, and incubated
at 0°C, C0 was a control in which the salmon fillets were immersed
in sterile MRS broth prior to inoculation. ** represents a significant
difference between TVC at day 0 and after 6 days stored at 0°C
(p < 0.05).

6  Muhamad Amin et al.



bactericidal activity of BLIS synthesized by E. faecium
MA115 remains stable over the 6-day incubation period,
which was a promising result for food biopreservative
candidates.

Acknowledging various foodborne pathogens such
as L. monocytogenes will be still considered a major pro-
blem in many food products including seafood or dairy
products in the future, natural techniques such as the use
of bacteriocins will still gain considerable interest in food
preservatives. Many researchers nowadays keep searching
for specific bacteriocins from LAB groups from diverse
sources including animals [24,36], vegetables [37], and
dairy products [38]. Various types of bacteriocins have
also been found in a wide range of LAB members. Some
of those bacteriocins are very stable at a wide range of
environmental conditions including temperature, pH, and
enzymes. Future studies would be to find the best method
on how these bacteriocins could keep their bactericidal
activity stable in food products. A recent paper byMalheiros
et al. [39], for instance, encapsulated bacteriocin-A pro-
duced by E. faecium using liposomal nanovesicles to sup-
press the growth of L. monocytogenes in goat milk. These
types of studies are performed due to many bacteriocins
showing antagonistic activities by in vitro assays show no
activity when applied in food due to being degraded by
endogenous proteases in the food matrix [32], or being
absorbed by food particles [33,34].

The BLIS of E. faecium MA115 showed bactericidal
activity on L. monocytogenes as indicated by a significant
reduction in the pathogen’s viable cells on salmon fillets
after treatment (Figure 3). In the absence of the BLIS, L.
monocytogenes was able to survive on the salmon fillets
stored at 0°C for 6 days, indicated by no significant differ-
ence in the number of viable cells (4.27 log units at day 0
and 4.35 log units at day 6 (t = 0.42, df = 3, p = 0.71)).
However, viable cells of L. monocytogenes in the salmon
fillets after 5 s immersion in the neutralized BLIS of E. fae-
cium MA115 significantly decreased after 6 days (t = 9.95,
df = 3, p = 0.002). The viable cells of L. monocytogeneswere
recorded at 4.22 log units at day 0 to only 0.46 log units on
day 6 (0°C). This shows that the BLIS produced by E. fae-
cium was bactericidal to the foodborne pathogen.

5 Conclusion

Members of LAB are potential sources to find natural
biopreservatives. The BLIS produced by E. faecium strain
MA115 obtained in the present study could be a good
candidate for seafood biopreservatives, especially to
control L. monocytogenes in seafood due to exhibiting

a strong antimicrobial activity against the foodborne pathogen
by in vitro test. However, more studies are still required to
characterize this BLIS and to develop it as a food biopreserva-
tive as the consumer demands for more “natural” preserva-
tives of foods are increasing.
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