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Abstract—Bacteriocins produced by a number of lactic acid bacteria (LAB) comprise a variety of antimicro-
bial proteins that may be used as antibiotic alternative in food preservation. The present study aimed to isolate
and characterize LAB-derived bacteriocin-like substances (BLS) from local fermented foods. A total of
twenty-one bacterial strains were isolated and subjected to an antibacterial assay. Five isolates designated as
AB1, AB2, AK1, AK2, AnK1 showed inhibitory activity against selected indicator organisms and were sub-
jected to further characterization. Upon BLAST analysis of the 16S rRNA gene sequences, the isolates
showed close relationship to Lactobacillus plantarum with similarity ranging from 91 to 97%. Moreover, the
antibacterial metabolite production of the isolates was observed to peak on the 5th to 7th day of incubation.
Since AnK 1 showed the highest zone of inhibition among 5 isolates, it was selected for characterization of the
BLS isolated by ammonium sulfate precipitation and anion exchange chromatography. The sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) showed that the AnK1-BLS had a single band and
a molecular weight around 15 kDa, and a total protein concentration of 7.06 ug/mL. Interestingly, AnK1-
BLS had a broad antimicrobial spectrum on both gram-negative and gram-positive food-borne pathogens,
including Escherichia coli, Salmonella enterica, Pseudomonas aeruginosa, and Bacillus subtilis. Moreover, the
purified AnK1-BLS exhibited good thermal stability when heated at 80—121°C. Likewise, its inhibitory activ-
ity was not affected by pH in the range of 3.0 to 6.5, with maximum activity recorded at pH 3.0. The results
suggest that AnK1-BLS may have application prospects in the food industry. Further studies on the complete

protein characterization of AnK1-BLS is recommended to fully harness its capabilities.
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Food-borne pathogenic bacteria are responsible
for numerous illnesses and mortalities worldwide.
Food spoilage caused by microorganisms results in
substantial economic losses (Bintsis, 2017; Gram
et al., 2002). Currently, antibiotics and chemical pre-
servatives are commonly used to inhibit or kill these
pathogens. However, some chemically synthesized
preservatives may have toxicity and can accumulate in
the human body, causing severe harm to human
health. Furthermore, overuse of these antibiotics leads
to the development of drug resistance among patho-
genic bacteria. Therefore, there is a continuous
requirement to find natural, safe, and efficient antimi-
crobial agents for the food and medical industry. In
recent years, the potential of bacteriocins has attracted
significant attention in food preservation because of its
GRAS (Generally Recognized as Safe) status. Bacte-

riocins are ribosomally synthesized peptides or pro-
teins with antibacterial activity toward strains within
the same species or across different genera (De Vuyst
and Leroy, 2007; Silva et al., 2018).

In the Philippines, fermentation processes
employed in producing indigenous fermented foods
often rely on the natural microflora of the raw material
and the surrounding environment. The procedure is
hand down from one generation to the next. Because
traditional food fermentation industries are com-
monly home-based and highly reliant on indigenous
materials without the benefit of using commercial
starter cultures, microbial assemblages are unique and
highly variable. Hence, discovering elite and novel
organisms, products, and interactions is likely.

Various microorganisms are involved in standard
food fermentation processes, including lactic acid
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bacteria (LAB). LAB is a group of gram-positive, non-
spore-forming bacteria, either microaerophilic or
anaerobic, which lack the cytochrome system and do
not produce catalase (Cintas et al., 2001; Mokoena
et al., 2021). LAB-derived bacteriocins may be used as
food preservatives due to such features as their protein
nature, with proteases inactivating them in the gastro-
intestinal tract. They are generally non-immunogenic
and heat-resistant, maintaining antimicrobial activity
even after pasteurization and sterilization. These elite
characteristics make the studied LAB-derived bacte-
riocin a promising candidate to replace chemical pre-
servatives (Gao et al., 2010; Todorov et al., 2022). The
goal of the present work was to screen and partially
identify the bacteriocin-like producing LAB isolated
from fermented foods. as well as, to purify and par-
tially characterize the bacteriocin-like substance
(BLS), which would provide insights into its potential
use as a preservative in the food industry.

MATERIALS AND METHODS

Collection of samples and isolation of LAB-like
strains. The samples of Fermented food (buro, kimchi,
soya milk, tofu, bagoong, and fermented shrimp or
“alamang”) were collected from the local market and
brought to the laboratory. To isolate LAB, 10 g of each
sample was mixed thoroughly in 90 mL distilled water,
and 100 pL was spread plated on MRS agar. The plates
were incubated for 24 h at room temperature in both
oxic and anoxic conditions. After incubation, the col-
onies were picked out from the plates according to
their morphology. Gram-positive and catalase-nega-
tive isolates were then streaked an MRS agar slant and
stored. Glycerol stocks were also prepared for long-
term storage of the bacteria. Test pathogenic bacteria
(E. coli BIOTECH 1634, P. aeruginosa BIOTECH
1335, and B. subtilis BIOTECH 1056) were provided
by the Philippine National Collection of Microorgan-
isms (PNCM) based at University of the Philippines.
Meanwhile, S. enterica JCM 1651 was obtained from
the Japan Collection of Microorganisms.

Preliminary screening of antibacterial activity using
the agar plug method. The antimicrobial activity of
putative LAB isolates was determined by the agar plug
diffusion method (Elleuch et al., 2010; Ortlieb et al.,
2021) with some modifications. Briefly, LAB isolates
were streaked on MRS agar plates and incubated for
seven days. After incubation, an agar plot was cut using
one-mL sterile tips and placed on the agar surface of
an MHA plate previously inoculated with the test
pathogenic bacteria. The plates were incubated at
37°C for 12 h. The zone of inhibition around the wells
indicated antibacterial activity of the putative LAB
isolates.

Antibacterial metabolite production. To determine
the highest peak of metabolite production, the LAB
isolates were subjected to a prolonged incubation
period via liquid-state fermentation. Thereafter, their
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antibacterial activity was assessed using an agar-well
assay (Reeves, 1989). Initially, the isolates were grown
in MRS broth at 37°C for 3, 5, 7, and 10 days. The cell-
free culture supernatant (CFS) was obtained by cen-
trifugation at 14000 g for 10 min. The test pathogenic
bacteria were cultivated in nutrient broth to the loga-
rithmic phase and were used as indicator strains.
Plates were prepared by spreading the indicator bacte-
rium (1.5 x 108 CFU/mL) onto MHA agar, slotting
wells using 1 mL sterile tips, and then 100 uL of LAB
CFS was added to the well and subsequently incubated
for 12 h at 37°C. The zones of clearance around wells
were measured to evaluate the antibacterial activity of
the putative LAB isolates.

Partial identification using 16S rRNA gene
sequencing. The genomic DNA of putative LAB iso-
lates was extracted using the Wizard® Genomic DNA
Purification Kit (Promega, United States). PCR was
performed using the universal primers 27F
(5-AGAGTTTGATCMTGGCTCAG-3) and 149R
(5-TACGGCTACCTTGTTACGAC-3). The PCR
program used was as follows: initial denaturation of
95°C for 3 min, followed by 35 cycles of denaturation
at 95°C for 1 min, annealing of 55°C for 30 s, and a
primer extension step at 68°C for 1 min and 30 s, and
a final extension at 68°C for 5 min. To visualize and
assess the quality of the extracted DNA, 2 uL of each
reaction was subjected to gel electrophoresis on a 1%
agarose gel in 0.5% Tris-Acetate-EDTA (TAE) buffer
at 60 V for 30 min, and DNA bands were visualized in
Chemidoc.

The amplified DNA samples were sent to Macro-
gen Inc. (Seoul, South Korea) for double-pass
sequencing using the forward and reverse primers used
for amplification. The raw sequences were obtained
from the sequencing facility. The evaluation of the
sequences and elimination of the poor-quality base
calls were done wusing BioEdit Software
(www.bioedit.software.informer.com). After quality
control, the cleaned sequences were subjected to
nucleotide BLAST (BLASTn) analysis using default
parameters at http://blast.ncbi.nlm.nih.gov/Blast.cgi
to determine the putative identity of the isolates.

Extraction of BLS by ammonium sulfate precipita-
tion. The isolate with the greatest zone of clearance
diameter was selected for further BLS extraction and
characterization. The crude extract of BLS was
obtained using ammonium sulfate precipitation
(Guangfu Technology Development Co., Ltd., Tian-
jin, China). The culture of the LAB isolate was inocu-
lated into MRS broth and cultivated anaerobically for
7 days. Cells were removed by centrifugation at
12000 g for 15 min at 4°C to obtain the supernatant.
Ammonium sulfate was added to the supernatant to a
final concentration of 80%, and then mixed overnight
at 4°C. The precipitate was collected by centrifugation
at 12000 g at 4°C for 15 min. The precipitate was then
resuspended in 0.01 M phosphate buffer saline (PBS),
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Table 1. BLAST hits of the LAB isolates

INOVEIJAS et al.

LAB isolate Description
AB1 Lactobacillus plantarum
AB2 Lactobacillus plantarum
AK1 Lactobacillus plantarum
AK2 Lactobacillus plantarum
AnK Lactobacillus plantarum

Percent identity Accession no.
96.15% 115605.1
96.84% 115605.1
91.21% 104573.1
97.71% 104573.1
95.02% 104573.1

and dialyzed using a membrane with a molecular
weight cut off of 12000 Da to remove the excess salt
from the protein solution (Ahmad and Rasool, 2003;
Saleem et al., 2009).

Purification and SDS-PAGE. The dialyzed ammo-
nium sulfate precipitate was purified via anion
exchange chromatography using the AKTA purifier
system.

Bradford assay. Total protein concentration was
determined using the method described by Bradford
(1976). About 20 uL of the sample was added to 1 mL
of Coomassie blue reagent and was mixed thoroughly.
The absorbance of the mixture was read at 595 nm.
The bovine serum albumin was used as standard.

Thermal and pH stability of the activity of BLS. To
evaluate the thermal stability, 1 mL aliquot of BLS was
exposed to the temperatures of 80, 100, and 121°C,
respectively, for 15 min (Wang et al., 2018). The anti-
bacterial activity was then tested using the agar-well
diffusion method against E. co/i BIOTECH 1634 and
compared to non-exposed BLS as a control. The sen-
sitivity of the BLS activity at different pH values was
estimated by adjusting the pH from 2.0 to 9.0 with
1.0 M HCl or 1.0 M NaOH. After 1 h of incubation at
37°C, the antibacterial activity was tested as described
earlier and compared to pH 6.4 as a control.

Statistical analysis. All experiments were per-
formed in triplicate. The data were analyzed using
ANOVA and post-Hoc test with Star 2.0 (Interna-
tional Rice Research Institute, IRRI). All results
were presented as mean * standard deviations (SD),
and p-value < 0.05 was considered statistically signifi-
cant.

RESULTS AND DISCUSSION

Isolation of LAB-like strains and preliminary
screening for antibacterial activity. A total of twenty-
one (21) LAB-like strains were isolated from fer-
mented foods such as kimchi, “buro,” soya milk, tofu,
and “alamang.” Ten (10) bacterial isolates came from
the aerobic set-up, and eleven (11) from the anaerobic
set-up. To initially characterize the isolated bacteria,
morphological and cultural characteristics were deter-
mined. Cell shape, cell and colony morphology, cata-
lase and gram-stain reaction were used to identify and
isolate strains of LAB (El-shenawy et al., 2017). Two

dominant morphologies were observed: (i) rod-
shaped, gram-positive, entire margin, round white
colony, catalase-negative and (ii) short rod, gram-
positive, round off-white colony, entire margin, nega-
tive catalase reaction.

Preliminary screening revealed that among the
21 bacterial isolates, only 5, namely, AKIl, AK2,
AnK1, AB1, AB2, exhibited antibacterial activities
against such pathogenic bacteria as E. coli BIOTECH
1634, S. enterica JCM 1651, and P. aeruginosa B10O-
TECH 1335. This variation on morphology and anti-
bacterial activity evidences the diverse ecology of
LABEs isolated in this study. Further investigations on
microbial diversity is required to fully characterize the
LAB community in local fermented foods.

Antibacterial metabolite production of the isolates.
An increasing trend in the production of antibacterial
metabolites was also observed for the five putative
LAB isolates starting from the fifth day and peaking on
the seventh day of incubation (Fig. 1). A slight
decrease in the activity of the antimicrobial metabo-
lites was observed in all isolates on the tenth day.
Among the 5 LAB isolates, isolate AnK1 from kimchi
showed the highest zones of inhibition against the four
indicator organisms.

In contrast to the findings of this investigation,
Hassan et al. (2021) observed inhibitory effects of
L. heblviticus against S. aureus within 24 h of incuba-
tion. Similarly, another study showed that L. sakei dis-
played the largest inhibition zone against E. coli after
48 h of incubation. Moreover, Wang et al. (2018)
found that L. plantarum LPL-1 exhibited heightened
efficacy against Listeria monocytogenes 54002 at the
32-h mark of incubation. Likewise, Lei et al. (2019)
reported that L. plantarum strain zrx03 demonstrated
a zone of inhibition measuring 13.83 = 0.47 mm
against E. coli JM109 after just 18 h of incubation.
Thus, this study represents the first instance of an
extended incubation period lasting up to 10 days.

Partial identity of isolates using 16S rRNA gene
sequencing. Our results indicated that AB1 and AB2
isolated from buro were similar to L. plantarum
(Accession no. 115605.1) with >96% similarity. Mean-
while, the isolates AK1, AK2, and AnK1 obtained
from kimchi exhibited >91% homology with L. plan-
tarum (Accession no. 04573.1).
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Fig. 1. Assessment of metabolite production by bacterial isolates during long-term cultivation using the agar-well assay against
E. coli BIOTECH 1634 (a), S. enterica JCM 1651 (b), P. aeruginosa BIOTECH 1335 (c), and B. subtilis (d). The BLS are repre-
sented by numbers, AnK1 (7), AB1 (2), AB2 (3), AK2 (4), AK1 (5), and AnT (6).

Purification and molecular characteristics of AnK1-
BLS. Since isolate AnK1 formed the largest zone of
inhibition, it was selected for further BLS extraction
and characterization. The results showed a significant
difference in the inhibitory activity of precipitated and
cell-free supernatant against all indicator organisms
(Table 2). The precipitated AnK1-BLS displayed the
strongest antibacterial activity against E. coli BIO-

TECH 1634 with an inhibition zone diameter of
25.08 £ 1.37 mm. This illustrates that 80% ammo-
nium sulfate could be used as a crude method for BLS
purification, consistent with the results from other
research groups (Lu et al., 2014b).

As shown on Fig. 2, an elution volume of 58 to
80 shows proteins with a low affinity with DEAE col-
umn resin. Meanwhile, the absorbance peak between

Table 2. Antibacterial activity of precipitated AnK1-BLS against food-borne pathogens using agar-well assay after 12 h of

incubation
Diameter of inhibition zone, mm
Treatment E. coli S. enterica P. aeruginosa B subtilis
BIOTECH 1634 JCM 1651 BIOTECH 1335 ’

BLS 25.08 £ 1.37° 23.70 £ 2.37° 14.57 + 0.83° 17.83 £ 0.21°
CFS 21.03 £+ 0.83¢ 21.33 + 1.15° 12.67 £ 1.15° 14.10 £ 0.80°¢
Negative control 6.00 £ 0.00¢ 6.00 + 0.00¢ 6.00 £ 0.009 6.00 + 0.00¢
Positive control 36.23 £+ 1.81° 35.40 £ 0.722 35.37 £ 1.782 32.70 £+ 1.402

The data presented are the mean and standard deviation (mean + SD); the same superscript indices in the columns indicate that the
values are not significantly different from each other at 95% level of confidence.

MICROBIOLOGY Vol.93 No.4 2024
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Fig. 2. Anion exchange chromatography curve of AnK1-BLS, UV ([), Fraction (2).

140 and 180 nm exhibited the protein successively
eluted with NaCl attached to DEAE column showing
high affinity. Further assessment of the collected frac-
tions was conducted using the agar well method to val-
idate the antibacterial efficacy of AnK1-BLS follow-
ing extraction and purification. As depicted in Table 3,
the eluate containing AnKI1-BLS maintained its
inhibitory activity against indicator organisms even
after extraction and purification. The largest inhibi-
tion zone with a mean diameter of 13.27 mm was
observed for F. coli BIOTECH 1634.

Nonetheless, despite achieving a high degree of
purification, the inhibitory potency of purified AnK1-
BLS somewhat declined. This phenomenon aligns
with findings by Wen et al. (2016), who observed a
decrease in the inhibitory effects of purified bacterio-

cins, namely plantaricin K25 and lactocin MM4, pos-
sibly due to suboptimal culture media optimization.
Enhanced comprehension of metabolite production
in these bacteria necessitates optimization of the cul-
ture medium and growth conditions. Furthermore,
genetic engineering involvement in bacteriocin-pro-
ducing strains could lead to heightened bacteriocin
expression (Garsa et al., 2014).

Interestingly, this study indicates that the
decreased antibacterial activity of AnK1-BLS did not
compromise its purity. Likewise, the purified AnK1-
BLS was active against gram-negative bacteria,
including E. coli, S. enterica, and P. aeruginosa. Today,
the only known bacteriocin approved for food usage is
nisin which only inhibits gram-positive bacteria (Alva-
rez-Sieiro et al., 2016). Hence, the purified AnK1-

Table 3. Antibacterial activity of the purified AnK1-BLS against food-borne pathogens using agar well assay after 12 h of

incubation
Diameter of inhibition zone, mm
Treatment E. coli S. enterica P. aeruginosa B subtilis
BIOTECH 1634 JCM 1651 BIOTECH 1335 )

Eluate 13.27 £ 1.16° 11.50 + 1.80° 7.67 £ 1.15° 10.67 + 1.53°
‘Wash 6.00 + 0.00°¢ 6.00 + 0.00° 6.00 £ 0.00° 6.00 + 0.00°
Negative control 6.00 £ 0.004 6.00 £ 0.004 6.00 £ 0.004 6.00 £ 0.004
Positive control 31.03 £ 1.122 36.50 £ 0.872 38.33 £ 1.042 37.33 £1.042

The data presented are the mean and standard deviation (mean + SD); the same superscript indices in the columns indicate that the
values are not significantly different from each other at 95% level of confidence.

MICROBIOLOGY Vol. 93 No.4 2024
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Fig. 3. SDS-PAGE gel and molecular weight of the AnK1-BLS.

BLS can be a potential source of natural and high-effi-
cacy preservatives, which can be exploited by the food
industry.

Figure 3 shows a single band, indicating that the
resultant BLS is a single active peptide responsible for
the antibacterial activity. Approximately, the molecu-
lar weight of the BLS was found to be around 15 kDa
which conformed to molecular mass characteristics of
class Il bacteriocin. However, the detected molecular
size for BLS was slightly larger than for most bacterio-
cins previously described for the genus Lactobacillus
(De Vuyst and Vandamme, 1994). Nevertheless, Mar-
tinez et al. (2013) reported a similar molecular weight

Table 4. Heat sensitivity of the antibacterial property of
AnK1-BLS against E. coli BIOTECH 1634 after 12 h of
incubation

Treatment Zone of inhibition

(mean mm * SD)
80°C 21.63 £2.32°
100°C 14.40 + 1.97°¢
121°C 15.00 £+ 2.67¢
Untreated (37°C) 22.77 £2.10°
Negative control 6.00 £ 0.004
Positive control 31.17 £ 1.16*

The data presented are the mean and standard deviation (mean +
SD); the same superscript indices in the columns indicate that the
values are not significantly different from each other at 95% level
of confidence.

MICROBIOLOGY Vol.93 No.4 2024

of a bacteriocin produced by L. plantarum ST71KM.
Bacteriocin produced by L. plantarum ST23LD was
estimated to be within approximate sizes of 3.0 and
15.0 kDa (Todorov and Dicks, 2015). The total
amount of pure protein was also estimated by Bradford
assay. After the purification, the final protein content
was 7.06 ug/mlL.

Thermal and pH stability of the activity of AnK1-
BLS. The influence of heat treatment on the antibac-
terial activity of AnK1-BLS is shown in Table 4. The
results revealed that the inhibitory activity of BLS,
when incubated at 80°C, was not significantly differ-
ent from that of untreated BLS. However, the activity
was significantly reduced when heated at 100 to 121°C.
Nevertheless, the inhibitory activity was not com-
pletely lost. This indicates that AnK1 is a heat-stable
protein, possibly due to its amino acid composition.
According to Van et al. (1999), bacteriocins from lactic
acid bacteria have high glycine content and high
hydrophobicity, which possibly explains their heat
resistance. Abo-Amer (2017) and Fatima and
Mebrouk (2013) have reported similar results in their
studies, highlighting the functionality of L. plantarum
bacteriocin in food preservation procedures due to its
high temperature tolerance.

Similar studies pointed out that bacteriocins pro-
duced by Lactobacillus have high-temperature resis-
tance. For example, the good thermal stability was
observed for the bacteriocins produced by L. casei
(Park et al., 2003) and L. paracasei (Lie et al., 2011).
These characteristics support the previous claim
that the purified BLS belongs to class Il bacteriocin.
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Class II bacteriocins are heat-stable and non-lantibi-
otic peptides commonly stabilized by disulfide
bridges. N-terminal modifications are also known in
some class II bacteriocins (Kleerebezem et al., 1997).
Hence, the BLS produced by L. plantarum may con-
stitute an advantage for potential use as a biopreserva-
tive in combination with thermal processing in order
to preserve food products.

Furthermore, its inhibitory activity was not
affected by pH ranges from 3 up to 6.5, with maximum
activity recorded at pH 3 (Table 5). This corresponds
with the findings of Fatima and Mebrouk (2013),
where the bacteriocin synthesized by L. plantarum had
maximum activity at acidic pH. Additionally, studies
reported that neutral and alkaline conditions readily
inactivate most bacteriocins, including nisin, plantari-
cin JLA-9 produced by L. plantarum JLA-9 (Zhao
et al., 2016), and bacteriocin R1333 (Todorov et al.,
2011). Following exposure to alkaline conditions at
pH 8-9, the AnK1-BLS did not show any activity.
Sankar et al., (2012) reported the same results, where
bacteriocin maintained only partial antibacterial
activity when the pH was changed from basic to acid.

Additionally, Zapata etal. (2009) reported that
L. plantarum LPBMI10 bacteriocin had a maximum
activity at pH 4.0, which decreased sharply at pH val-
ues higher than 5.0. Nevertheless, these results differ
from those for the L. plantarum ST23LD, ST341LD,
bacST202Ch, bacST216Ch, and ST71KS bacterio-
cins, which have shown stability between pH 2.0 up to
12.0 (Todorov et al., 2010; Martinez et al., 2013). Dif-
ferent results were also indicated by ST28MS and
ST26MS from L. plantarum that showed a 50%
decrease in the antimicrobial activity at pH values
lower than 4.0 (Todorov et al., 2005b).

To conclude, this study provides information on
the antimicrobial activity of LAB-BLS from local fer-
mented foods. Based on the results, five isolates coded
as ABI, AB2, AK1, AK2, AnK1 have exhibited anti-
bacterial activity against prominent food-borne
pathogens. Analysis of the 16S rRNA gene sequences
revealed that the isolates were homologous to Lacto-
bacillus plantarum. The highest metabolite production
of the isolates was recorded on the 7th day of the incu-
bation where AnK 1 showed the highest zone of inhibi-
tion.

The bacteriocin-like substance produced by isolate
AnK1 possesses a single band with a molecular weight
of 15 kDa and total protein content of 7.06 ug/mL. At
80°C, the antibacterial activity of the purified AnK1-
BLS is comparable to the results for 30°C. Increasing
the temperature to 100 and 121°C decreases its anti-
bacterial activity. At acidic pH levels ranging from 2 to
6.5, it shows high antibacterial activities, while none at
alkaline condition ranging from pH 8 to 9. These
results suggest that AnK1-BLS may have application
prospects in the food industry. The conduct of studies
on the complete protein characterization of AnK1-

INOVEIJAS et al.

Table 5. Effect of different pH on the inhibitory activity of
AnKI1-BLS against E. coli BIOTECH 1634 after 12 h of
incubation

Zone of inhibition

Treatment
(mean mm * SD)

pH2 14.00 + 0.46%°
pH 3 14.13 £ 0.42?
pH 4 12.23 £ 0.55¢
pH5 10.80 + 0.859
pH 8 6.00 £ 0.00°
pHO9 6.00 = 0.00°

Control (pH 6.4) 12.57 £ 0.78%¢

The data presented are the mean and standard deviation (mean +
SD); the same superscript indices in the columns indicate that the
values are not significantly different from each other at 95% level
of confidence.

BLS may be conducted to comprehensively describe
its antimicrobial spectrum and fully harness its capa-
bilities.
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