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Abstract: The fermentation process results in the presence of lactic acid bacteria (LAB). Traditional
fermented buffalo milk from the Indonesian province of West Sumatra is known as dadih. Bacteriocins
are naturally occurring antimicrobial peptides that can be produced by LAB. These bacteriocins have
the potential to be used as natural preservatives. This research was conducted with the intention
of isolating and partially characterizing a bacteriocin that was generated by Lactobacillus pentosus
124-2 that was isolated from dadih. Using MRS agar media and 16sRNA, the LAB that was found in
dadih was successfully isolated. Bacteriocins were produced using media consisting of MRS broth.
After the bacteriocins were obtained, they were subjected to a series of purification processes, one of
which included ammonium sulfate (70%) followed by gel filtration chromatography for additional
purification. According to the findings, the strain of LAB that was discovered in the dadih was
Lactobacillus pentosus 124-2. The specific activity of the bacteriocins rose, allowing for the effective
completion of the purification process. The pure bacteriocins had the greatest specific activity values,
at 60.59 AU/mg, while the yield values were 0.41% and 3.15-fold. Bacteriocins in their purest
form were able to inhibit the growth of Salmonella species as well as Staphylococcus aureus. The
characterization results included partial bacteriocins that were resistant to pH 2, 4, and 6; antibacterial
activity that was was stable at a temperature range of 25 °C to 121 °C; and resistance to the addition
of 2%, 4%, and 6% salt concentrations. Microbial stability against the addition of surfactants EDTA,
SDS, and Tween 80 was also obtained. In light of these findings, a bacteriocin derived from L. pentosus
possesses the possible ability to be utilized in the food business as a biopreservative.
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1. Introduction

Foodborne illnesses are caused by consuming food that is contaminated by the pres-
ence of bacteria, viruses, or parasites that have entered the body [1]. Preservatives are
used for heating and drying, but they can reduce the quality and change the texture of
the food [2]. The shelf life of foods is currently being extended by the use of preservative
chemicals, many of which are dangerous. Such chemicals are especially dangerous in
non-food groups. In addition, some people think that these chemicals are not good for
health because they can cause diseases, such as cancer. These drawbacks have triggered
the discovery and development of natural preservatives [3].

A biopreservative involves the use of microorganisms or natural products [3]. Biop-
reservative substances such as lactic acid bacteria (LAB), which have antibacterial prop-
erties, have long been used [1]. However, during the process of using biopreservatives,
changes in the taste, texture, and odor of a product take place, so the use of lactic acid
bacteria as a biological preservative has been limited. It can safely extend the shelf life of
food without causing health effects and it can produce other compounds with antibacterial
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properties, specifically other bacteria, so research regarding the isolation and potency of
LAB is currently underway.

Bacteriocins are antibacterial peptides that have received GRAS (generally recognized
as safe) status from the FDA, so it is safe to use them as biological preservatives [4].
Bacteriocins, as biological preservatives, can be used to control microbial contaminants in
foods, but their commercial potential is limited and their costs are relatively high. Bacterial
production in Indonesia requires much more exploration and innovation. Among the efforts
undertaken to explore the production of bacteria is the production of bacteria from food.
Bacteria-producing LAB, such as Lactobacillus pentosus, have been found in some fermented
foods. The bacterium L. pentosus can be isolated from fermented products such as dadih,
which is made from the milk of buffalo that are native to West Sumatra, Indonesia [5].

The bacterium L. pentosus was isolated from the feces of healthy infants and showed
potent antibacterial activity and probiotic compounds [6]. The newly studied dadih bacteri-
ocin L. pentosus is a crude bacteriocin, showing antibacterial activity against Salmonella sp.,
Escherichia coli, and Staphylococcus aureus [7].

A purification process can increase the specific activity of bacteriocins, so that the
resulting activity is purely that of bacteriocins and is safer for consumption because it
reduces other components that are not safe to eat or are of non-food grade [8,9]. In addition,
to determine the activity of pure bacteriocin, it is necessary to test the antimicrobial activity
against indicator bacteria [8,10]. A partial bacteriocin characterization was carried out to
determine the characteristics of partial bacteriocins through testing on pH, temperature,
surfactant, and salt. A food test can predict the properties of bacteriocins at the level of
partial purification for application. Exploration and purification of bacteriocins from food
will always present new alternatives, so characterization is carried out.

In this study, L. pentosus was isolated from fermented buffalo milk. The bacteriocin
was produced in three steps: the production of crude bacteriocin, the partial purification
by ammonium sulfate precipitation, and the purification by gel filtration chromatography
with Sephadex LH-20. The antibacterial activity, specific activity, and molecular weight of
bacteriocins were determined. In addition, the effects of temperature, pH, surfactants, and
salt were also considered to determine the stability of bacteriocin.

2. Materials and Methods
2.1. Bacterial Indicator Strains and Media

Salmonella sp. and Staphylococcus aureus were used as the indicator strains. They were
grown in NA medium at 37 °C.

2.2. Isolation and Screening of Bacteriocin-Producing Strain

The isolation of bacteriocin candidates was carried out in several stages, including the
activation of LAB isolates, the isolation of bacteriocins from LAB culture, and purification.
The isolation process uses a dilution method and is modified in the multilevel dilution sec-
tion [11]. In this study, the dilution process was carried out by adding 1 g of a dadih sample
into a test tube containing 9 mL of 0.85% NaCl solution. The solution was homogenized
by the vortex. Bacterial isolation was carried out using the enrichment method, in which
50 uL of the dilution results from 1073 to 10~8 were taken and inoculated into sterile Petri
dishes containing MRS agar media which was added with 1% CaCOj in duplicate. The
isolates were incubated at 37 °C for 48 h to obtain LAB colonies.

2.3. Identification of LABs by Sequencing of 165-rDNA

The isolate with the highest antibacterial activity against Salmonella sp. and Staphylo-
coccus aureus was also identified using 165 rRNA sequence analysis. This DNA was used as
a template to amplify the 165 rRNA gene through polymerase chain reaction (PCR) using
universal primers (27F: 5-AGA GTT TGA TCM TGG CTC AG-3' and 1492R 5’ -TAC GGY
TAC CTT GTT ACG ACT T-3'). Homology searches against NCBI databases were con-
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ducted using the BLASTN program. Phylogenetic analysis was performed using Megall
(MEGA Software, Philadelphia, PA, USA) with the neighbor-joining method.

2.4. Production of Crude Bacteriocin

Crude bacteriocin production was carried out by the reactivation of isolates, which
were refreshed on MRSB media to obtain cell-free supernatant (CFS). LAB culture isolates
(10%) were grown in MRSB media and incubated for 18 h at 37 °C. LAB liquid cultures were
centrifuged at 6000 rpm for 10 min at 4 °C, followed by sterile filtration using a millipore
0.22 pm PVDF. Cell-free supernatant was neutralized by adding 1 N NaOH to pH 6.5 [10].

2.5. Purification of Bacteriocin

The cell-free supernatant was then precipitated with ammonium sulfate (70%) at
4 °C[12]. The mixture was separated at 6000 rpm for 1 h using centrifugation. The product
was obtained as a pellet. The pellet obtained was then separated and dissolved in a
phosphate buffer. The dissolved pellets were then purified by gel filtration chromatography
using a column measuring 2.5 x 50 cm (Sephadex LH-20; Cytiva, Uppsala, Sweden) as a
steady phase and 80% of methanol and 20% of water as a mobile phase. Sephadex LH-20
was weighed and added with 80% of methanol and 20% of water, then stirred slowly and
put into the column. The eluent was slowly added and collected in a beaker glass until the
Sephadex expanded and solidified. After that, the bacteriocin sample was added to the
column through the column walls while eluting with solvent. The eluent was collected in a
vial and marked with the first fraction. The eluent was collected every 1 mL until the last
clear eluent was reached. The active fraction was collected in vials every 1 mL and tested
by the paper disc diffusion method to get the best fraction [13]. The best fraction was tested
for its protein content and its molecular weight was identified.

2.6. Antibacterial Activity of Bacteriocin

The antibacterial activity of bacteriocin against indicator bacteria was indicated by the
formation of a clear zone around the disc paper; it was expressed in arbitrary units per mL
(AU/mL) [13]. The total bacteriocin activity (AU) was obtained from the product of the
bacteriocin activity (mm?/mL) and the sample volume (mL). Total protein was obtained
from the product of the sample volume (mL) and the protein concentration measured
by the Bradford method (mg/mL). Specific activity was calculated by dividing the total
bacteriocin activity (AU) by the total protein (mg). Each stage of purification had a different
recovery value obtained from the difference between the total activity after purification
and the total activity before purification, multiplied by 100 [14]. The level of purification of
bacteriocins was obtained from the difference between the specific activity after purification
and the specific activity before purification [15].

2.7. Determination of Protein

The determination of protein content was carried out using the Bradford method.
A protein standard curve was produced from bovine serum albumin (BSA), which was
dissolved in distilled water in concentrations of 0 pg/mL, 2.5 ug/mlL, 5 ug/mL, 7.5 ug/mL,
10 pg/mL, and 12.5 pg/mL; 0.1 mL of each concentration was then added to 5 mL of
Bradford’s reagent, homogenized, and incubated for 15 min at room temperature. The ab-
sorbance was measured using a spectrophotometer with a wavelength of 595 nm. Samples
of crude bacteriocin, partial bacteriocin, and pure bacteriocin were measured for protein
concentration by adding 5 mL of Bradford’s reagent to 0.1 mL of sample, homogenized,
and incubated for 15 min at room temperature. The absorbance was measured using a
spectrophotometer at a wavelength of 595 nm. The absorbance was entered in a linear
regression curve from the protein standard curve [16].
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2.8. Determination of the Molecular Weight

The SDS-PAGE concentration of 12% determined the molecular weight of bacteriocin.
Electrophoresis was carried out at 150 volts until the tracer dye reached the gel’s bottom.
After the electrophoresis process was completed, the gel was stained with Coomassie
brilliant blue. Then, the stain was removed by washing for 24 h using a mixture of acetic
acid, methyl alcohol, and water. Molecular weight was determined by SDS-PAGE protein
molecular weight pre-stained markers [17].

2.9. Partial Characterization

Characterization was carried out on partial bacteriocins with resistance to different
conditions including temperature, pH, salt, and surfactant. The bacteriocin activity was
tested for temperature resistance in several treatments: 25 °C, 37 °C, 45 °C, 60 °C, and 80 °C
for 30 min and a temperature of 121 °C for 15 min. pH variations were 2, 4, 6 and 9. Tests of
resistance to salt concentrations were carried out by looking at the activity of bacteriocins
in different concentrations of NaCl, which were 2%, 4%, and 6% concentrations. Then, the
stability activity of bacteriocins was tested against the addition of surfactant, EDTA, SDS,
and Tween 80 [9]. At the end of the test, bacteriocin stability was tested for antimicrobial
activity using the disc method.

2.10. Antimicrobial Activity Test

Antimicrobial activity testing was carried out using the paper disc diffusion method
or the Kirby-Bauer method. The solid MHA media in the petri-dish was given indicator
bacteria that had been inoculated into NaCl 0.85%. The bacteriocin samples were dropped
onto sterile 6 mm paper disks and then placed on solid MHA media containing indicator
bacteria and incubated at 37 °C for 24 h. Antimicrobial activity was indicated by the
formation of a clear zone around the disc which was then measured with a caliper in
millimeters (mm) [18].

3. Results
3.1. Isolation and Screening of Bacteriocin-Producing Strain

At the stage of isolation of bacteriocin-producing bacteria from dadih can be seen in
Table 1, there were five isolates that were identified by colony morphology: shape, border,
color, elevation, and Gram-staining with 3% H202 and catalase test.

Table 1. Identification qualitative and morphology isolate.

Qualitative Morphology
Isolat
sotate 2 Catalase Test b Gram Stain Cell Shape Form Edge Elevation Color

DSK 1 (-) (+) Bacilli Round Slippery Convex Milky White
DSK 2 (-) (+) Bacilli Round Slippery Convex Milky White
DSK 3 (-) (+) Bacilli Round Slippery Raised Milky White
DSK 4 (-) (=) Bacilli Round Slippery Convex Milky White
DSK 5 (=) (-) Bacilli Round Slippery Raised Milky White

2 Positive results in the catalase test were indicated by the presence of air bubbles; negative catalase results (no gas
bubbles) indicated that the isolates did not produce catalase enzymes that convert H,O, into water and oxygen.
b Gram-positive bacteria appear as purple-blue and Gram-negative bacteria stain appear as pink-red.

Based on identification, qualitative and morphology showed that isolates DSK 1,
DSK 2, and DSK 3 have LAB characteristics: a rod shape or a coccobacilli cell shape;
catalase-negative; Gram-positive; non-spore; acid-tolerant; low G + C (guanine + cytosine);
aero-tolerant or anaerobic; and able to ferment sugar into lactic acid [18].

3.2. Candidate for Bacteriocin Production

The isolation process showed that the qualitative identification of isolates DSK 1,
DSK 2, and DSK 3 showed its LAB characteristics. A selection of candidate isolates
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was carried out to determine which isolates would be used as bacteriocin producers.
The selection process was performed by testing the antibacterial activity of liquid LAB
isolates. The paper disc or Kirby—Bauer method was used as the test method. The Kirby-
Bauer method was chosen because it is a rapid, simple, and accurate antimicrobial test
method [19]. Antibacterial activity was determined by measuring the diameter of inhibition.
The diameter of inhibition was measured after subtracting the disc diameter. The results of
the antibacterial activity test are shown in Figure 1.

14
12

10
0

DSK1 DSK2 DSK3

Clear Zone (mm)
N E= [e)} (o]

H Salmonella sp S. aureus

Figure 1. Antibacterial activity of bacteriocin-producing candidates.

Antibacterial activity testing showed that LAB isolates had antibacterial activity against
Gram-negative and Gram-positive bacteria. The selection showed that the DSK1 isolates were
the LAB isolates with the highest antibacterial activity, with 11.5 mm (Salmonella sp.) and 8 mm
(S. aureus) inhibition zones.

3.3. LAB Identification by 165-rDNA Sequencing

The identification method used was 165 rRNA analysis, which identifies bacteria at
the species level based on base pair sequences [20]. Sequence analysis results showed that
the lactic acid bacteria were identified as Lactobacillus pentosus 124-2. Identification was
performed by amplification using primer pairs 785F and 907R. Sequencing results were
processed using BioEdit software, then determined using the basic local alignment finder
(BLAST) program from the National Center for Biotechnology Information. The DSK1
isolate identified as strain L. pentosus 124-2 with an e value of 0.0, a 98% query range, and a
99% identity value.

A phylogenetic analysis was performed to describe the relationships between species
in a branch, such as a tree known as a phylogenetic tree. Phylogenetic analysis uses DNA
or protein molecular data to describe evolutionary relationships between species [21]. A
phylogenetic tree uses the neighbor join method of Molecular Evolutionary Genetic Analy-
sis (MEGA) software, version 11.0. The analysis of the phylogenetic tree was statistically
checked using the bootstrap method. The bootstrap value was used as a reference for the
confidence level—the larger the obtained value, the greater the confidence [22].

Analysis showed (Figure 2) that L. pentosus 124-2 of dadih consisted of three inner
groups and one outer group. The inner group was divided into three branches: clade I, clade
II, and clade III. Group I included five species: L. plantarum NBRC 15891 (NR_113338.1),
L. plantarum subsp. JCM 1149 (LC064896.1), L. plantarum JCM 1149 (NR_115605.1), L. plan-
tarum CIP 103151 (NR_104573.1), and strain L. paraplantarum DSM 10667 (NR_025447.1).
In clade II, the most closely related species were L. plantarum JCM 1149 (NR_117813.1),
L. pentosus JCM 1558 (LC071808.1), and L. plantarum 15891 (NR_112690.1); clade Il included
a species of L. plantarum sp. 22 (NR_042254.1). This species was separate from the other Lac-
tobacillus species but was related to L. plantarum JCM 1149 (NR_117813.1), with a bootstrap
value of 64.
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NR_113338.1 Lactobacillus plantarum strain NBRC 15891

LC064896 Lactobacillus plantarum subsp. Plantarum, strain: JCM 1149

75 NR_115605.1 Lactobacillus plantarum strain JCM 1149

7 NR_104573.1 Lactobacillus plantarum strain CIP 103151

74

NR_025447.Lactobacillus paraplantarum strain DSM 10667
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100
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DSKI

Figure 2. Phylogenetic tree of L. pentosus 124-2.

In the outer group, the known species was DSK 1 L. pentosus 124-2. The outer group is
a group of living things that are considered to be ancestors or ancestors. Ancestor is a term
for species that have undergone speciation events to give rise to offspring species [23]. The
DSK 1 isolate is in the outer group. It could be concluded that the DSK 1 isolate was the
ancestor of nine other species.

3.4. Purification of Bacteriocin

The resulting crude bacteriocin was treated with ammonium sulfate at a concentration
of 70% to precipitate and pellet the peptide, and the pellet was dissolved in buffer and
purified by Sephadex LH-20 gel filtration chromatography to prepare five fractions, coded
F1, F2, F3, F4, and F5. The second fraction, code F2, had the highest level of antibacterial
activity against Salmonella sp. The produced one was 14.375 £ 2.65 mm and S. aureus was
10.375 £ 1.95 mm (Figure 3).

I | | I | I { I |
F1 F2 F3 F4 F5

B Salmonella sp. S.aureus

L
N B O

Clear Zone (mm)
=
o

o N B OO

Figure 3. Antimicrobial activity of purified fraction.

After two purification steps—ammonium sulfate precipitation and gel filtration
chromatography—the L. pentosus bacteriocin was purified 3.15-fold with a yield of 0.41%
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(Table 2). The specific activity of the bacteriocin increased; the most significant value of
specific activity was 60.593 AU/mg, which was produced by the bacteriocin at the final
stage of purification using gel filtration chromatography. In a previous study, pentocin JL-1
was purified by gel filtration chromatography and showed a 25-fold yield value of 11%
with a specific activity of 924 AU/mg [24].

Table 2. The antibacterial activity of bacteriocin against Salmonella sp. and S. aureus.

Protein Total 2 Total b Specific

Purification Stage V?:S € Concentration Protein Activity Activity ‘ (YO;S] d ‘ Pt;i:i(i):ilcda)tion
(ug/mL) (mg) (AU) (AU/mg)
Cell-Free Supernatant (CFS) 1300 51.50 66.95 1609.91 24.05 100 1
Precipitation Ammonium 38 106.63 4,052 78.06 19.27 4.85 0.80
Gel Filtration Chromatography 2 53.83 0.108 6.524 60.59 0.41 3.15

2 Total activity (AU). Activity level (AU/mL) x volume (mL). ® Specific activity (AU/mg) represents total activity
divided by protein concentration. ¢ Yield (%) represents total activity of purified fraction divided by total activity
of crude extract x 100. ¢ Purification fold represents specific activity of purified fraction divided by specific
activity of crude extract activity (AU/mL) x volume (mL).

Bacteriocins purified by gel filtration chromatography were tested for antibacterial
activity by the Kirby-Bauer method and compared to antibiotics (Table 3). In this study,
pure bacteriocins were tested for their ability to inhibit the indicator bacteria Salmonella sp.
and S. aureus.

Table 3. Antimicrobial activity of purified bacteriocin.

Clear Zone (mm)

Sample
Salmonella sp. S. aureus
Bacteriocin L. pentosus 11.79 £ 2.51 9.96 £ 1.31
Antibiotic 30 18

Based on the results, pure bacteriocin formed zones of inhibition against Salmonella sp.
of 11.79 £ 2.51 mm and against Staphylococcus aureus of 9.96 £ 1.31 mm. These results were
lower than those of antibiotics, with a 30 mm zone of inhibition against Salmonella sp. and
an 18 mm zone of inhibition against S. aureus.

3.5. Determination of the Molecular Weight of Bacteriocin L. pentosus

The molecular weight of the bacteriocin was confirmed with the partially purified
bacteriocin, and the second fraction of bacteriocin purified by gel filtration chromatography
showed the greatest antibacterial activity. Two bands of partially purified bacteriocin with
molecular weights of 26.69 kDa and 17.15 kDa were produced, while the pure bacteriocin
had a molecular weight of 17.15 kDa (Figure 4).

Further purification of partially purified bacteriocins was justified because distinct
bands indicated that the protein produced was pure. This result differed from a previous
study, in which the bacteriocin L. pentosus purified by pH adsorption and gel filtration
chromatography using Sephadex G-10 had a molecular weight of 5.59 kDa [25]. This
indicated that different purification methods may produce bacteriocins with different
molecular weights and that any judgment that a bacteriocin is truly pure must be supported
by a specific activity value.

3.6. Partial Characterization of the Isolated Antibacterial Substance

The antibacterial substance isolated from strain 124-2 was highly stable in response to
heat. The effect of pH on antimicrobial activity showed that the antimicrobial retained 100%
of its activity from pH 2 to 6 and decreased at pH 9 (Figure 5A). Based on these values,
it can be concluded that the bacteriocin L. pentosus is constant at temperatures between
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25 °C and 121 °C, with optimal conditions at temperatures between 25 °C and 60 °C. When
applying the L. pentosus-derived bacteriocin, the recommended temperature for optimal
bacteriocin efficacy was below 80 °C (Figure 5B). A bacteriocin activity test was performed
to determine the tolerance of the bacteriocin to salinity. Tests were performed at different
concentrations of NaCl: 2%, 4%, and 6%. The results showed that L. pentosus is tolerant to
salt conditions (Figure 5C). The activity of the compounds increased after treatment with
inhibitors such as SDS, Tween 80, and EDTA (Figure 5D). Relatively small size peptide
molecules with uncomplicated structures (no tertiary structure) were expected to be largely
unaffected by temperature, pH, metal ions, or various inhibitors.

Figure 4. SDS-PAGE result of partial and purified bacteriocin. Lanes A and B: partially purified
bacteriocin with ammonium sulphate has two protein bands. Lanes C and D: purified bacteriocin
with gel filtration chromatography has one protein bands. 1 refers to 26.69 kDa; 2 refers to 17.15 kDa.

25 37 45 60 80 121

Control pH 2 pH 4 pH 6 pH9

N
w
N
w

N
o
»n
o
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o

clear zone (mm) >
Lo
w
"
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I
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(@]

m Salmonellasp ®S. aureus m Salmonellasp M S. aureus
C 25 D 25
£ 20 £ 20
£ £
— 15 ~ 15
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¥ I I I ¥ I I I
“ I
© o
Q2 5 Q9 5
o o
0 0
Control 2% 4% 6% Control EDTA SDS Tween
mSalmonellasp MS. aureus m Salmonellasp M S. aureus

Figure 5. Partial characterization of the isolated antibacterial substance. (A) Effect of pH: the stability
of the antibacterial substance at various pH values was measured after mixing the antibacterial
substance with different pH values (2.0, 4.0, 6.0, and 9.0). (B) Effect of temperature: the antibacterial
activity substance was heated at 25, 37, 45, 60, and 80 °C for 30 min, and at 121 °C for 15 min.
(C) Antimicrobial activity with different salt concentrations (2%, 4%, 6%). (D) Antimicrobial activity
with additional surfactant (EDTA, SDS, and Tween 80).
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4. Discussion

The isolation process of lactobacilli was carried out in a dilution process up to 10-8, a
multi-step dilution method aimed at reducing the colony density on the medium to facilitate
the isolation process [26]. Isolates were grown using MRSA medium supplemented with
1% CaCOj3 and incubated at 37 °C for 48 h. The deMann, Rogosa, and Sharpe agar (MRSA)
was a selective medium for growing lactic acid bacteria. When 1% CaCOj3; was added to the
medium, lactobacillus colonies grew, as indicated by the presence of clear zones around the
colonies [27]. The isolation resulted in five isolates: DSK 1, DSK 2, DSK 3, DSK 4, and DSK 5.

The five isolates were tested for antimicrobial activity and microscopic morphology
to generate BAL candidates for bacteriocin production. The results indicated DSK 1 as
the selected isolate with the highest antibacterial activity. Excessive acidic conditions
cause lipopolysaccharide dissolution, pore formation that impairs energy synthesis and
cell wall permeability, and ultimately leads to pathogen death. DSK 1 is a selected isolate
to be further molecularly identified. A molecularly specific test was targeted to confirm
dadih’s specific strain of bacteria. Dadih products include LABs of various strains. Bacterial
strains common in dadih include Bifidobacterium, Lactobacillus, Lactococcus, Streptococcus,
and Enterococcus [28]. Molecularly, Lactobacillus was considered to determine specific
strains. As a result of analysis, the lactic acid bacterium was found to be the Lactobacillus
pentosus 124-2 strain.

Based on the results, the pure bacteriocin produced by gel filtration chromatography
exhibited higher specific activity than that exhibited in the previous two methods. An increase
in specific activity indicates an increase in bacteriocin purity and a constant value indicates that
the bacteriocin is completely pure [29]. However, the yield values were too low and should
be increased by optimizing production conditions, such as optimizing medium components
and non-culturing conditions. Large-scale production of bacteriocins requires a purification
process that achieves >50% yield at 90-fold purification speed [30]. Some bacteriocins have
similar properties, allowing a comparison of different purification processes.

Antibacterial activity results showed that the bacteriocin L. pentosus was more resistant
to the Gram-negative bacterium Salmonella sp. than to the Gram-positive S. aureus. Based
on comparison, most bacteriocins produced by Lactobacillus species are only good against
Gram-positive bacteria. Bacteriocin-derived L. pentosus was comparable to Nissin, which
can only inhibit Gram-positive bacteria, and to L. plantarum’s bacteriocin, which can fight
both Gram-positive and harmful bacteria, but it was unable to inhibit fungal growth. In
contrast, some L. pentosus bacteriocins have been reported to be able to inhibit fungi such
as Candida albicans, thus providing L. pentosus bacteriocins with the potential for broader
applications [6]. However, bacteriocins have less antibacterial activity than antibiotics, but due
to increasing antibiotic resistance, bacteriocins have yet to be developed and further studied.

Various factors affect the activity of bacteriocins, including temperature, pH, salinity,
and surfactants. Characterization of changes in temperature, pH, concentration of NaCl,
and surfactant type determined the activity potential of a bacteriocin as an antibacterial
agent, its ability to meet the required antibiotic susceptibility pattern, and its inhibitory
activity against pathogenic microorganisms. An evaluation test was developed [31]. The
production of bacteriocins used as natural preservatives requires knowledge of their prop-
erties and viability under certain conditions in order to understand basic information about
the function and specific properties of bacteriocins in their applications.

5. Conclusions

Opverall, this study provides valuable insights into the potential use of the bacteriocin
produced by Lactobacillus pentosus 124-2 as a natural preservative in the food industry.
The purification process was successful in isolating a highly active and stable bacteriocin.
The antibacterial activity of the bacteriocin was demonstrated against several Gram-positive
bacteria, including Staphylococcus aureus. Importantly, the study also showed that increasing
the specific activity of the bacteriocin during purification enhances its antibacterial activity,
suggesting that further optimization of the purification process could improve the efficacy
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of the bacteriocin. Moreover, the partial characterization of the bacteriocin revealed its
stability over a wide range of pH and temperature, tolerance to salt, and stability in the
presence of detergents. This suggests that the bacteriocin may have potential as a natural
preservative in a variety of food products.

In conclusion, the bacteriocin produced by Lactobacillus pentosus 124-2 demonstrated
promising characteristics that make it a potential candidate for use in food preservation.
Further studies are needed to fully understand the mechanisms of action and potential
applications of this bacteriocin in the food industry.

Author Contributions: Conceptualization, T.Y.; data curation, T.Y. and T.R.; formal analysis, A.R.P.
and S.Z.; methodology, PW.H.; software, A.R.P. and S.Z,; validation, Y.C.; investigation, T.R. and
PW.H.; writing—original draft, T.Y. and PW.H.; writing—review and editing: T.Y., AR.P,S.Z,, T.R.
and Y.C; project administration and funding acquisition, H.M. All authors have read and agreed to
the published version of the manuscript.

Funding: This research and the APC were funded by the Universitas Padjadjaran, Indonesia, (Grant
2203/UN6.3.1/PT.00/2022) and by the Ministry of Research, Technology and Higher Education, Indonesia.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: T.Y. extends thanks to the Universitas Padjadjaran, Indonesia, for the funding support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

Ibrahim, S.A.; Ayivi, R.D.; Zimmerman, T.; Siddiqui, S.A.; Altemimi, A.B.; Fidan, H.; Esatbeyoglu, T.; Bakhshayesh, R.V. Lactic
Acid Bacteria as Antimicrobial Agents: Food Safety and Microbial Food Spoilage Prevention. Foods 2021, 10, 3131. [CrossRef]
[PubMed]

Khochamit, N.; Siripornadulsil, S.; Sukon, P.; Siripornadulsil, W. Antibacterial Activity and Genotypic-Phenotypic Characteristics
of Bacteriocin-Producing Bacillus Subtilis KKU213: Potential as a Probiotic Strain. Microbiol. Res. 2015, 170, 36-50. [CrossRef]
[PubMed]

Kumariya, R.; Garsa, A.K,; Rajput, Y.S.; Sood, S.K.; Akhtar, N.; Patel, S. Bacteriocins: Classification, Synthesis, Mechanism of
Action and Resistance Development in Food Spoilage Causing Bacteria. Microb. Pathog. 2019, 128, 171-177. [CrossRef]

Zou, ].; Jiang, H.; Cheng, H.; Fang, ].; Huang, G. Strategies for Screening, Purification and Characterization of Bacteriocins. Int. ].
Biol. Macromol. 2018, 117, 781-789. [CrossRef]

Venema, K.; Surono, L.S. Microbiota Composition of Dadih—A Traditional Fermented Buffalo Milk of West Sumatra. Lett. Appl.
Microbiol. 2019, 68, 234-240. [CrossRef] [PubMed]

Dai, M.; Li, Y.; Xu, L.; Wu, D.; Zhou, Q.; Li, P,; Gu, Q. A Novel Bacteriocin From Lactobacillus Pentosus ZFM94 and Its Antibacterial
Mode of Action. Front. Nutr. 2021, 8, 710862. [CrossRef] [PubMed]

Hayati, F; Yuliana, T.; Rialita, T. Antimicrobial Activity of Bacteriocin like Inhibitory Substance (BLIS) and Lactic Acid Bacteria
(LAB) Isolated from Traditional Fermented Buffalo Milk from West Sumatra, Indonesia. IOP Conf. Ser. Earth Environ. Sci.
2021, 924, 012082. [CrossRef]

Garsa, A K.; Kumariya, R.; Sood, S.K.; Kumar, A.; Kapila, S. Bacteriocin Production and Different Strategies for Their Recovery
and Purification. Probiot. Antimicrob. Proteins 2014, 6, 47-58. [CrossRef] [PubMed]

Adikari, AM.M.U; Priyashantha, H.; Disanayaka, ].N.K,; Jayatileka, D.V.; Kodithuwakku, S.P,; Jayatilake, ].A.M.S.; Vidanarachchi,
J.K. Isolation, Identification and Characterization of Lactobacillus Species Diversity from Meekiri: Traditional Fermented Buffalo
Milk Gels in Sri Lanka. Heliyon 2021, 7, e08136. [CrossRef]

Todorov, S.D.; Popov, I.; Weeks, R.; Chikindas, M.L. Use of Bacteriocins and Bacteriocinogenic Beneficial Organisms in Food
Products: Benefits, Challenges, Concerns. Foods 2022, 11, 3145. [CrossRef]

Ismail, Y.S.; Yulvizar, C.; Mazhitov, B. Characterization of Lactic Acid Bacteria from Local Cows Milk Kefir. IOP Conf. Ser. Earth
Environ. Sci. 2018, 130, 012019. [CrossRef]

Lakshmanan, R.; Kalaimurugan, D.; Sivasankar, P.; Arokiyaraj, S.; Venkatesan, S. Identification and Characterization of Pseu-
domonas Aeruginosa Derived Bacteriocin for Industrial Applications. Int. J. Biol. Macromol. 2020, 165, 2412-2418. [CrossRef]
[PubMed]


http://doi.org/10.3390/foods10123131
http://www.ncbi.nlm.nih.gov/pubmed/34945682
http://doi.org/10.1016/j.micres.2014.09.004
http://www.ncbi.nlm.nih.gov/pubmed/25440998
http://doi.org/10.1016/j.micpath.2019.01.002
http://doi.org/10.1016/j.ijbiomac.2018.05.233
http://doi.org/10.1111/lam.13107
http://www.ncbi.nlm.nih.gov/pubmed/30565283
http://doi.org/10.3389/fnut.2021.710862
http://www.ncbi.nlm.nih.gov/pubmed/34368212
http://doi.org/10.1088/1755-1315/924/1/012082
http://doi.org/10.1007/s12602-013-9153-z
http://www.ncbi.nlm.nih.gov/pubmed/24676767
http://doi.org/10.1016/j.heliyon.2021.e08136
http://doi.org/10.3390/foods11193145
http://doi.org/10.1088/1755-1315/130/1/012019
http://doi.org/10.1016/j.ijbiomac.2020.10.126
http://www.ncbi.nlm.nih.gov/pubmed/33132130

Appl. Sci. 2023,13, 4277 11 of 11

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Feliatra, F.; Muchlisin, Z.A.; Teruna, H.Y.; Utamy, W.R.; Nursyirwani, N.; Dahliaty, A. Potential of Bacteriocins Produced by
Probiotic Bacteria Isolated from Tiger Shrimp and Prawns as Antibacterial to Vibrio, Pseudomonas, and Aeromonas Species on Fish.
F1000Research 2018, 7, 415. [CrossRef] [PubMed]

Tiwari, S.K.; Srivastava, S. Purification and Characterization of Plantaricin LR14: A Novel Bacteriocin Produced by Lactobacillus
plantarum LR /14. Appl. Microbiol. Biotechnol. 2008, 79, 759-767. [CrossRef]

Hata, T.; Tanaka, R.; Ohmomo, S. Isolation and Characterization of Plantarisin Asm1: A New Bacteriocin Produced by Lactobacillus
plantarum ASM1. Int. ]. Food Microbiol. 2010, 137, 94-99. [CrossRef]

Ge, J; Sun, Y,; Xin, X.; Wang, Y.; Ping, W. Purification and Partial Characterization of a Novel Bacteriocin Synthesized by
Lactobacillus paracasei HD1-7 Isolated from Chinese Sauerkraut Juice. Sci. Rep. 2016, 6, 19366. [CrossRef]

Afrin, S.; Hoque, M.A; Sarker, A K.; Satter, M.A.; Bhuiyan, M.N.I. Characterization and Profiling of Bacteriocin-like Substances
Produced by Lactic Acid Bacteria from Cheese Samples. Access Microbiol. 2021, 3, 000234. [CrossRef]

Ramli, S.; Radu, S.; Shaari, K.; Rukayadi, Y. Antibacterial Activity of Ethanolic Extract of Syzygium polyanthum L. (Salam) Leaves
against Foodborne Pathogens and Application as Food Sanitizer. BioMed Res. Int. 2017, 2017, 9024246. [CrossRef]

Mohite, A.M.; Sharma, N.; Aggarwal, S.; Sharma, S. Effect Of Tamarindus Coating on Post-Harvest Quality of Apples and Pears
Stored at Different Conditions. Carpathian J. Food Sci. Technol. 2018, 10, 17-25.

Johnson, ].S.; Spakowicz, D.J.; Hong, B.Y.; Petersen, L.M.; Demkowicz, P.; Chen, L.; Leopold, S.R.; Hanson, B.M.; Agresta, H.O.;
Gerstein, M.; et al. Evaluation of 165 RRNA Gene Sequencing for Species and Strain-Level Microbiome Analysis. Nat. Commun.
2019, 10, 5029. [CrossRef]

St. John, K. Review Paper: The Shape of Phylogenetic Treespace. Syst. Biol. 2017, 66, e83-e94. [CrossRef]

Ye, H.Z,; Ricke, N.D.; Tran, H.K.; Van Voorhis, T. Bootstrap Embedding for Molecules. J. Chem. Theory Comput. 2019, 15, 4497-4506.
[CrossRef] [PubMed]

Telles, G.P.,; Almeida, N.F,; Minghim, R.; Walter, M.E.M.T. Live Phylogeny. ]. Comput. Biol. 2013, 20, 30-37. [CrossRef] [PubMed]
Jiang, H.; Zou, J.; Cheng, H.; Fang, J.; Huang, G. Purification, Characterization, and Mode of Action of Pentocin JL-1, a Novel
Bacteriocin Isolated from Lactobacillus pentosus, against Drug-Resistant Staphylococcus aureus. BioMed Res. Int. 2017, 2017, 7657190.
[CrossRef] [PubMed]

Zhang, J.; Liu, G.; Shang, N.; Cheng, W.; Chen, S.; Li, P. Purification and Partial Amino Acid Sequence of Pentocin 31-1, an
Anti-Listeria Bacteriocin Produced by Lactobacillus pentosus 31-1. ]. Food Prot. 2009, 72, 2524-2529. [CrossRef]

Hennessy, R.C.; Jorgensen, N.O.G.; Scavenius, C.; Enghild, ].J.; Greve-Poulsen, M.; Sgrensen, O.B.; Stougaard, P. A Screening
Method for the Isolation of Bacteria Capable of Degrading Toxic Steroidal Glycoalkaloids Present in Potato. Front. Microbiol. 2018,
9, 2648. [CrossRef] [PubMed]

Renschler, M.A.; Wyatt, A.; Anene, N.; Robinson-Hill, R.; Pickerill, E.S.; Fox, N.E.; Griffith, J.A.; McKillip, J.L. Using Nitrous
Acid-Modified de Man, Rogosa, and Sharpe Medium to Selectively Isolate and Culture Lactic Acid Bacteria from Dairy Foods. J.
Dairy Sci. 2020, 103, 1215-1222. [CrossRef] [PubMed]

Wirawati, C.U.; Sudarwanto, M.B.; Lukman, D.W.; Wientarsih, I.; Srihanto, E.A. Diversity of Lactic Acid Bacteria in Dadih
Produced by Either Back-Slopping or Spontaneous Fermentation from Two Different Regions of West Sumatra, Indonesia. Vet.
World 2019, 12, 823-829. [CrossRef]

Yap, P.G.; Lai, Z.W.; Tan, ].S. Bacteriocins from Lactic Acid Bacteria: Purification Strategies and Applications in Food and Medical
Industries: A Review. Beni-Suef Univ. |. Basic Appl. Sci. 2022, 11, 51. [CrossRef]

Parada, J.L.; Caron, C.R.; Medeiros, A.B.P; Soccol, C.R. Bacteriocins from Lactic Acid Bacteria: Purification, Properties and Use as
Biopreservatives. Braz. Arch. Biol. Technol. 2007, 50, 521-542. [CrossRef]

Mishra, A.; Mohite, A.M.; Sharma, N. Influence of Particle Size on Physical, Mechanical, Thermal, and Morphological Properties
of Tamarind-Fenugreek Mucilage Biodegradable Films. Polym. Bull. 2023, 80, 3119-3133. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.12688/f1000research.13958.1
http://www.ncbi.nlm.nih.gov/pubmed/30363877
http://doi.org/10.1007/s00253-008-1482-6
http://doi.org/10.1016/j.ijfoodmicro.2009.10.021
http://doi.org/10.1038/srep19366
http://doi.org/10.1099/acmi.0.000234
http://doi.org/10.1155/2017/9024246
http://doi.org/10.1038/s41467-019-13036-1
http://doi.org/10.1093/sysbio/syw025
http://doi.org/10.1021/acs.jctc.9b00529
http://www.ncbi.nlm.nih.gov/pubmed/31343878
http://doi.org/10.1089/cmb.2012.0219
http://www.ncbi.nlm.nih.gov/pubmed/23294270
http://doi.org/10.1155/2017/7657190
http://www.ncbi.nlm.nih.gov/pubmed/29333451
http://doi.org/10.4315/0362-028X-72.12.2524
http://doi.org/10.3389/fmicb.2018.02648
http://www.ncbi.nlm.nih.gov/pubmed/30455676
http://doi.org/10.3168/jds.2019-17041
http://www.ncbi.nlm.nih.gov/pubmed/31837787
http://doi.org/10.14202/vetworld.2019.823-829
http://doi.org/10.1186/s43088-022-00227-x
http://doi.org/10.1590/S1516-89132007000300018
http://doi.org/10.1007/s00289-022-04214-1

	Introduction 
	Materials and Methods 
	Bacterial Indicator Strains and Media 
	Isolation and Screening of Bacteriocin-Producing Strain 
	Identification of LABs by Sequencing of 16S-rDNA 
	Production of Crude Bacteriocin 
	Purification of Bacteriocin 
	Antibacterial Activity of Bacteriocin 
	Determination of Protein 
	Determination of the Molecular Weight 
	Partial Characterization 
	Antimicrobial Activity Test 

	Results 
	Isolation and Screening of Bacteriocin-Producing Strain 
	Candidate for Bacteriocin Production 
	LAB Identification by 16S-rDNA Sequencing 
	Purification of Bacteriocin 
	Determination of the Molecular Weight of Bacteriocin L. pentosus 
	Partial Characterization of the Isolated Antibacterial Substance 

	Discussion 
	Conclusions 
	References

