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Screening and identification of bacteriocin-producing lactic acid bacteria from

Thai fermented meat products

Watcharacha Krongkeha"

Abstract

Bacteriocins are peptides that inhibit food pathogens and are produced by both gram-positive and gram-
negative bacteria. The objective of this study was to screen, isolate, and identify bacteriocin-producing lactic acid
bacteria (LAB) from Thai fermented meat products. A total of 91 isolates were obtained and screened for bacteriocin
production. Eight isolates exhibited remarkably wide zones of inhibition based on the agar well diffusion technique
against foodborne pathogens, including Listeria monocytogenes, Escherichia coli and Staphylococcus aureus. These
isolates are gram-positive bacteria and rod-shaped, except for NF-11, which is round-shaped. The biocatalytic activity
of these eight isolates was sensitive to proteolytic enzymes. The results of nucleotide sequences of the 16S rRNA
genes revealed that PS-5, PS-7, PS-8 and PJ-5 isolated from Pla-som and Pla-jom were identified as Lactiplantibacillus
pentosus. MU-9, SK-1 and SK-6 isolated from Mum-moo and Sai-krok were identified as Lactiplantibacillus plantarum,
while NF-11 isolated from Nham-pla was identified as Pediococcus pentosaceus. These selected LAB have the
potential to be developed as starter cultures in the fermented food industry.
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Introduction

Nowadays, the food industry is highly
concerned with producing safe food for consumers by
avoiding the addition of residual and toxic chemicals.
Instead, they utilize inhibitors produced by beneficial
microorganisms. Thai fermented food products,
particularly meat-type fermented foods like fermented
pork, sausages, fermented fish, and sour fish, are
highly popular among consumers. In the past, it
was discovered that the fermentation process of
these foods occurred naturally through lactic acid
bacteria (LAB) presented on the raw materials.
Subsequently, further research focused on studying
and selecting potential LAB strains as starter cultures
for the production of fermented food products in
Thailand (Tangwatcharin, Nithisantawakhup, &
Sorapukdee, 2020; Loyda, Wichaporn, Jaranrattanasri,
Tochampa, & Singanusong, 2023).

LAB are gram-positive, nonspore-forming,
catalase-negative, facultative and fastidious
bacteria. LAB possess generally regarded as
safe (GRAS) and qualified presumption of safety
(QPS) status (Barcenilla, Ducic, Lopez, Prieto, &
Alvarez-Ordénez, 2022). LAB play a crucial role
in fermentation resulting in texture and flavor
improvementas well as the preservationand shelf
life extension of food products. Several strains
have been developed as probiotic cultures in the
fermented food industry. These cultures not only

enhance the nutritional value of food products

but also contribute to their pleasant flavor and
texture. Moreover, LAB play a vital role in inhibiting
spoilage and food-borne pathogenic bacteria by
secreting inhibitory compounds such as diacetyl,
organic acids, bacteriocins and bacteriocin-like
inhibitory substances (Mei, Ma, & Xie, 2019;
Kaveh, Hashemi, Abedi, Amiri, & Conte, 2023).
Bacteriocins are defined as antimicrobial
peptides or proteins synthesized by bacterial
ribosomes, with bacteriostatic or bactericidal
effects against closely related bacterial
strains of both gram-negative and gram-positive
bacteria. Several bacteriocin-producing LAB
have been reported including strains from the
genera Lactiplantibacillus (formerly Lactobacillus),
Lactococcus, Enterococcus, and Pediococcus
but LAB used in food fermentation are from the
Lactobacillus and Bifidobacterium genera (Mokoena,
Omatola, & Olaniran, 2021). Itis also well-known
that bacteriocins produced by LAB are able to
inhibit the growth of foodborne pathogens, such
as Listeria monocytogenes, Escherichia coli and
Staphylococcus aureus (Xia et al., 2023; Xin et al.,
2023). Currently, the commercial bacteriocins used
in the food industry include nisin, pediocin and
enterocin (Darbandi et al., 2022). Nonetheless,
discovering novel bacteriocins remains a challenge
for scientists worldwide. It will be possible to

employ them as food preservatives on a greater

scale if they are discovered.
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Thai fermented food has a long history of
preservation. Different strains of LAB are used in the
fermentation process for each type of Thai food.
This results in the possibility of obtaining strains
that have the potential to secrete different types
of bacteriocins (Woraprayote et al., 2023). However,
due to drug resistance identified in some pathogenic
bacteria and their limited effectiveness against
particular strains, the use of commercial bacteriocins
in the food sector is still restricted. Thus, the objectives
of this study were to isolate and identify bacteriocin-
producing LAB from Thai fermented meat products.
These isolated LAB could be considered for
selection as starter cultures, enhancing the quality

and safety of fermentedfoods in the food industry.

Methodology

Isolation of LAB capable of producing bacteriocin

Bacteriocin-producing LAB in fermented
food product samples were isolated by the spread
plate technique using De Man, Rogosa and Sharpe
(MRS) agar containing 0.50% calcium carbonate
(CaCO,) (Krongkeha, 2022). Briefly, twenty-five
grams of the samples were mixed thoroughly with
225 mL of 0.85% sodium chloride (NaCl) solution
and homogenized using a stomacher (BagMixer
400, Interscience, Saint-Nom-la-Bretéche, France).
Homogenates were diluted serially and spread
onto MRS agar medium containing 0.50% calcium

carbonate. The plates were then incubated under

anaerobic condition at 35 °C for 48 h in an anaerobic
jar. Colonies with clear zones were randomly selected
due to the production of organic acids, which
solubilized CaCQO,. The selected colonies were then
stored in 20% glycerol at -20 °C for further study.
Screening of antibacterial agent-producing LAB
LAB capable of producing antibacterial
agents were selected using the agar well diffusion
method. The bacterial cultures were grown in MRS
broth and incubated under anaerobic condition
at 35 °Cfor 48 h. The bacterial cells were centrifuged
at 12,000 rpm for 10 min. The cell-free supernatant
(CFS) was neutralized by adjusting to pH 7.0
with 1 M NaOH and then filtered through a 0.45-
micrometer membrane filter. The agar well diffusion
technique was performed as described by
Ohmomo et al. (1998) with some modifications.
The overnight cultures of foodborne pathogens
including Listeria monocytogenes TISTR 1327,
Escherichia coli TISTR 887, and Staphylococcus
aureus TISTR 517 obtained from stock cultures
of Thailand Institute of Scientific and Technological
Research (TISTR) were inoculated into 100 ml of TSA
soft agar (0.75% agar) to the final concentration of
10" CFU/mI. Then, 15 ml of the mixture was dispensed
into a sterile Petri dish. The plate was then allowed
to solidify at room temperature for 30 min. Agar
wells were punched by using the sterilized 6 mm
cork borer. Then, 70 pl of CFS was added into each
well in duplicate and incubated at 37 °C for 24 h. The
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diameters of the inhibition zone were measured,
with streptomycin at the concentration of 10 pl/ml
used as a positive control (Todorov et al., 2010).

Biocatalytic properties of bacteriocin produced
by LAB

The effect of various enzymes on bacteriocin
was tested by treating cell-free supernatant (CFS)
with proteolytic and other types of enzymes including
catalase, lipase, trypsin, chymotrypsin, and proteinase
K (Sigma, St. Louis, USA) atthe final concentration
of 1 mg/ml. All samples were adjusted to pH 7 except
that treated with pepsin, which was adjusted to
pH 3 and fitered through a membrane filter (0.45 um).
After 3 h of incubation, enzyme activity was stopped
by boiling for 5 min. Then the sample was subjected
to test biocatalytic activity against L. monocytogenes
by agar well diffusion method (Pilasombut et al.,
2005; Hwanhlem, Chobert, & H-Kittikun, 2014).
The activity was represented in arbitrary units per
milliliter (AU/ml) which was calculated as the
ratio of the area of inhibition to the volume of CFS
added to each well (H-Kittikun et al., 2015)
Identification of LAB strains by 16S rRNA gene
sequencing.

Genomic DNA of selected isolates was
extracted using the method of Satomi, Kimura,
Mizoi, Sato, & Fujii (1997). The selected LAB
were cultured in MRS broth and incubated

under anaerobic condition at 35 °C for 18 h.

Bacterial cells were harvested by centrifugation
at 10,000 rpm for 15 min at 4 °C. Polymerase
chain reaction (PCR) was performed using
primers 27F and 1492R, resulting in a PCR
product approximately 1,500 bp in size. The
nucleotide sequencing of the 16S rRNA gene
was determined using the method of Weisburg,
Barns, Pelletier, & Lane (1991). The nucleotide
sequence was compared using local alignment
search of the GenBank database using the
BLAST (Basic Local Alignment Search Tool)
version 2.15.0 program of the National Center
for Biotechnological Information (NCBI) (https://
blast.ncbi.nim.nih.gov/Blast.cgi). The alignment
of nucleotide sequences was checked using
(Hall,

BioEdit version 7.2.5 program 1999).

Phylogenetic tree was created using the
neighbor-joining method with software MEGA
version 7 (Kumar, Stecher, & Tamura, 2016). The
confidence intervals were estimated by a
bootstrap value of 1,000 replicates. Nucleotide
sequences of selected LAB were deposited in
GenBank.
Statistical Analysis

All experiments were carried out in triplicates.
The data were subjected to one-way analysis of
variance (ANOVA) with Tukey's post hoc analysis
using SPSS version 17.0 from IBM differences

were reported at a significance level of p<0.05.
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Results and discussion

Isolation of LAB capable of producing bacteriocin

Total LAB counts of fermented food products
were in the range of 7.10-8.92 log CFU/mI (Table 1).
A total of 91 isolates of LAB were randomly selected
by the appearance of colonies with clear
zones grown on MRS agar containing calcium
carbonate (0.5%). The clear zone formed from
lactic acid produced by LAB reacting with
calcium carbonate in the culture medium.
Therefore, it can be used as an indicator for
selecting LAB (Onda, Yanagida, Tsuji, Ogino, &

Shinohara, 1999). All isolates were found to be

Table 1 Total LAB counts of samples.

gram-positive bacteria. They showed no catalase
and oxidase activity, indicating that the isolated
bacteria were tentatively classified as LAB (Table 2).
These results are compatible with previous reports.
Hwanhlem et al. (2011) found that the numbers
of LAB in Pla-som was about 7.70 log CFU/g.
In addition, Nanasombat, Phunpruch, & Jaichalad
(2012) reported that Pla-jom contained high
numbers of LAB (7 log CFU/mI). However, the
total LAB counts of Nham-moo was about
5 log CFU/g (Pakwan et al., 2020), which differed

from the present study, suggesting a product-

specific microflora.

Thai fermented food

total LAB counts (log CFU/g)

Thai name type of meat and main ingredient
Pla-som fish: salt: cooked rice: garlic 7.93
Pla-jom fish: salt: roasted ground rice: garlic 7.10
Sai-krok minced pork: salt: cooked rice: garlic 8.32
Nham-moo lean minced pork: salt: cooked rice: garlic 8.37
Nham-pla lean minced fish: salt: cooked rice: garlic 8.92
Mum-moo minced pork and liver: salt: roasted rice: garlic 7.26

Table 2 Number of LAB isolates and their indicating physiological characteristics.
samples number of isolate isolate code clear zone gram stain oxidase catalase
Pla-som 20 PS1-20 + + - -
Pla-jom 16 PJ1-16 + + - -
Sai-krok 15 SK1-15 + + - -
Nham-moo 12 NM1-12 + + - -
Nham-pla 18 NF1-18 + + - -
Mum-moo 10 MU1-10 + + - -

+, positive; -, negative.
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Screening of bacteriocin-producing LAB

LAB that can produce bacteriocin were
selected by the agar well diffusion method.
The 91 isolates were tested against foodborne
pathogens including Listeria monocytogenes
TISTR 1327, Escherichia coli TISTR 887, and
Staphylococcus aureus TISTR 517. Streptomycin
was used as a positive control. It was found
that 8 LAB isolates showed bacteriocin activity
against Listeria  monocytogenes TISTR 1327,
Escherichia coli TISTR 887, and Staphylococcus
aureus TISTR 517 (Table 3). Only 5 isolates
(PS-5, PS-7, SK-1, NF-11 and MU-9) exhibited

strong inhibitory activity against all foodborne
pathogens. The highest bacteriocin activity
against L. monocytogenes TISTR 1327 and S.
aureus TISTR 517 was observed in PS-7 isolated
from Pla-som with 10.42+0.56 and 8.13+0.26 mm
diameter, respectively. PJ-5 isolate obtained from
Pla-jom showed the strongest bacteriocin activity
against E. coli TISTR 887 with 8.96+0.10 mm
diameter compared to the standard streptomycin
at the concentration of 10 pl/ml with 15.06+0.04
mm inhibition zone diameter. All LAB isolates
tested for

were selected and biocatalytic

properties of bacteriocin.

Table 3 Diameter of inhibition zone (mm) for bacteriocin-producing LAB isolates against test organisms.

diameter of inhibition zone (mm)

LAB isolate sample source L. monocytogenes E. coli S. aureus
TISTR 1327 TISTR 887 TISTR 517

PS-5 Pla-som 9.83+0.03"" 8.67+0.13° 7.88+0.14°
PS-7 Pla-som 10.42+0.56" 8.92+0.13° 8.13+0.26"
PS-8 Pla-som 9.92+1.10° 7.75+0.27° -

PJ-5 Pla-jom 9.54+0.10' 8.96+0.10° -

SK-1 Sai-krok 8.80£0.21" 6.67+0.13" 7.13+0.14°
SK-6 Sai-krok 10.08+0.13° 8.46+0.46' -
NF-11 Nham-pla 9.2140.19° 8.9240.13° 7.38+0.14°
MU-9 Mum-moo 9.67+0.30° 9.79+0.19" 7.42+0.13°
streptomycin 18.12+0.03° 15.06+0.04° 20.05+0.07"

-, negative

" each value represents the mean + standard deviation of triplicates followed by different letters in the column are

significantly different (p<0.05).
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Biocatalytic properties of bacteriocin produced
by LAB

Protease sensitivity is a key criterion for the
characterization of an inhibitory substance as
bacteriocins (Saraiva et al., 2014). The biocatalytic
activity against indicator bacterial strains of CFS
produced by eight selected LAB isolates was
completely destroyed by all proteolytic enzymes

including trypsin, chymotrypsin, and proteinase K at

the concentration of 1 mg/ml when incubated at
37°C for 2 h (Table 4). These results indicated
that the substances produced by selected LAB
isolates were protein, which was sensitive to the
proteolytic enzymes. Catalase and lipase had no
effect on the bacteriocin. CFS could rules out the
possible role of hydrogen peroxide in bringing
about the inhibition of sensitive bacteria (Huang

et al., 2024; Thuy et al., 2024).

Table 4 Effect of enzymes on antibacterial activity of bacteriocin-producing LAB isolates against

indicator bacteria.

Inhibitory activity (AU/ml)

LAB isolate
catalase lipase tyrypsin chymotrypsin proteinase K

PS-5 1,600 1,600 0 0 0

PS-7 3,200 3,200

PS-8 1,600 1,600 0 0 0

PJ-5 1,600 1,600 0 0 0

SK-1 1,200 1,200 0 0 0

SK-6 3,200 3,200 0 0 0
NF-11 1,200 1,200 0 0 0
MU-9 1,600 1,600 0 0 0

Identification of bacteriocin-producing LAB
Isolates PS-5, PS-7, PS-8, PJ-5, SK-1,

SK-6, and MU-9 were gram-positive rods
with cell arrangement as single and pairs, while
NF-11 was gram-positive cocci arranged in
pairs and tetrads (Figure 1). Based on the
observed cell

morphology, it is tentatively

inferred that these isolates likely belong to

the group of LAB, specifically within the genus

Lactiplantibacillus ~ (formerly  Lactobacillus).

In addition, some isolates may belong to
the genus Pediococcus. Various study on
LAB isolated from Thai fermented meat products
supports this inference, reporting predominant
occurrences of bacteriocin-producing LAB

from the genera Lactococcus (Noonpakdee,
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Santivarangkna, Jumriangrit, Sonomoto, &
Panyim, 2003), Weissella (Woraprayote et al.,
2015), Lactiplantibacillus (formerly Lactobacillus)
(Mettametha, Siripoke, & Swetwiwathana, 2011)
(Surachart,

and Pediococcus Kantachote,

Deachamag, & Wonglapsuwan, 2021). The
genomes of bacteria in the genus Pediococcus
isolated from fermented foods were analyzed
and found that many strains of bacteria have the
potential to produce bacteriocins. Specifically,
Pediococcus pentosaceus was identified as
a producer of both class Il and class Il
bacteriocins, while Pediococcus acidilactici
was found to produce class Il bacteriocins
(Surachart, Kantachote, Deachamag, &
Wonglapsuwan, 2021).

Genotypic characterization of 8 LAB
isolates, namely PS-5, PS-7, PS-8, PJ-5, SK-1,
SK-6, NF-11 and MU-9, revealed 16S rRNA
gene sequences of 1515, 1503, 1529, 1513,
1521, 1498, 1520 and 1526 bp, respectively
(Table 5).

Phylogenetic relationships were

conducted using the maximum composite
likelihood method with E. coli ATCC 11775" as
the outgroup. Based on 16S rRNA gene
sequence and phylogenetic analyses shown
in (Table 5) and (Figure 2), seven isolates
were identified as belonging to the genus

Lentilactobacillus. Isolates PJ-5, PS-5, PS-7

and PS-8 (accession number: PP475799,

PP475800, PP475801 and PP475802) were
identified as closely related to Lactiplantibacillus
pentosus (formerly Lactobacillus pentosus) at 99%
similarity when compared to Lactiplantibacillus
pentosus 124-2". The isolates MU-9, SK-1 and
SK-6 (accession number: PP475797, PP475803,
and PP475804) belonged to Lactiplantibacillus
plantarum (formerly Lactobacillus plantarum),
exhibiting 99% similarity to Lactiplantibacillus
plantarum JCM 1149". Vangpikul, & Itsaranuwat
(2021) also reported that Lactiplantibacillus
plantarum was isolated from Thai traditional
pickles. Lactiplantibacillus plantarum was found
to be the dominant species in fermented
foods and is capable of producing bacteriocin
(Wang et al., 2018; Parlindungan, Lugli, Ventura,
Van Sinderen, & Mahony, 2021). Isolate NF-11
(accession number: PP475798) was classified
as Pediococcus pentosaceus. showing 100%
similarity to Pediococcus pentosaceus DSM
20336" (Figure 3). This is the first report of
Pediococcus  pentosaceus being isolated
from nham-plaa, a traditional Thai fermented
minced fish tightly wrapped with banana leaf.
Pediococcus pentosaceus is considered as a
bacteriocinogenic strain, which can effectively

inhibit a wide range of pathogens (Jiang, Cai,

Lv, & Li, 2021).
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Table 5 Similarity of 16S rRNA gene sequences of eight LAB isolates compared with other related

bacteria from NCBI nucleotide sequence database.

nucleotide sequence comparison

length of identification
LAB isolate length of sequence NCBI
sequence (bp) result closest relative
sequence (bp) homology accession no.

PS-5 1515 Lactiplantibacillus Lactiplantibacillus 1519 99 NR029133
pentosus pentosus 124-2"

PS-7 1503 Lactiplantibacillus Lactiplantibacillus 1519 99 NR029133
pentosus pentosus 124-2"

PS-8 1529 Lactiplantibacillus Lactiplantibacillus 1519 99 NR029133
pentosus pentosus 124-2"

PJ-5 1513 Lactiplantibacillus Lactiplantibacillus 1519 99 NR029133
pentosus pentosus 124-2"

SK-1 1521 Lactiplantibacillus Lactiplantibacillus 1519 99 NR115605
plantarum plantarum JCM 1149"

SK-6 1498 Lactiplantibacillus Lactiplantibacillus 1519 99 NR115605
plantarum plantarum JCM 1149"

NF-11 1520 Pediococcus Pediococcus 1521 100 KX886792

pentosaceus pentosaceus DSM 20336"

MU-9 1526 Lactiplantibacillus Lactiplantibacillus 1519 99 NR115605

plantarum plantarum JCM 1149"
f’, .\‘J#‘é‘*w .',.,r_;’-'¢ .,-\ nﬂ‘
- P lﬁ o 5, 2 1‘*’! v s . ~f " L [‘
» ":“ H %( iz Py f L %

Figure 1 Cell morphology of some LAB isolated from Thai fermented foods; PS-8 (A), SK-1 (B) and

NF-11 (C).
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PS-5 (PP475800)

PJ-5 (PP475799)

PS-7 (PP475801)

83| PS-8 (PP4755802)

Lactiplantibacillus pentosus 124-2T(NR029133)

SK-6 (PP475804)

SK-1 (PP475803)

MU-9 (PP475797)

Lactiplantibacillus plantarum JCM1149T(NR115605)
Lactobacilins koreensis JCM 16448T(LC145563)

36

94~ Lactobacillus brevis ATCC 148697 (NR044704)
Enterococcus faecinm NBRC 100485T(NR113903)
Carnobacterium jeotgali MS3T(NR116460)
Escherichia coli ATCC 117757 (X80725)

0350

Figure 2 Phylogenetic tree of isolates PS-5, PS-7, PS-8, PJ-5, SK-1, SK-6, MU-9 and related taxa
from NCBI database. Scale bar, 0.50 represents substitution per nucleotide position.

Escherichia coli ATCC 11775 (X80725) is presented as an outgroup sequence.

100 |Pediococcus pentosacens DSM 203367 (KX886792)
10| INF-11 (PP475798)
8 Pediococcus acidilactici DSM 20284™ (NR042057)

a0 Lentilactobacillus curieae S11.197 (NR109538)

Lactiplantibacillus plontarum ICM 11497 (NR115605)

98 Lactobacillus koreensis JCM 164487 (LC145563)

23

Lactobacillus brevis ATCC 148697 (NR044704)

Enterococcus faecium NBRC 1004857 (INR113903)
94 o

armobacterium jeotgali MS3T(NR 116460)
FEscherichia coli ATCC 117757 (X80725)

0.020

Figure 3 Phylogenetic tree of isolate NF-11 and related taxa from NCBI database. Scale bar, 0.020
represents substitution per nucleotide position. Escherichia coli ATCC 11775 (X80725) is

presented as outgroup sequence.
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Conclusions

LAB isolated from fermented products are
arich source of bioactive compounds like bacteriocin.
The studies revealed that several screened LAB
isolates showed high inhibitory activity against
test organisms such as Listeria monocytogenes,
Escherichia coli, and Staphylococcus aureus
which are considered as foodborne bacteria.
The biocatalytic activities of CFS were inactivated
by proteolytic enzymes. Based on nucleotide
sequences of the 16S rRNA genes, selected LAB
isolates were identified as Lactiplantibacillus
pentosus, Lactiplantibacillus plantarum, and
Pediococcus pentosaceus. The obtained isolates
may be used as a starter culture to produce
fermented products and also be used as
biopreservative agents in food processing and
preservation. Further studies on the purification
and characterization of bacteriocin produced
from isolated LAB, as well as its mode of action,
would pave the way for the application of

bacteriocin in fermented food products.
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