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Abstract

This study aimed to estimate the antimicrobial efficiency and stability of the crude bacteriocin produced by dadih’s LAB against
Erwinia carotovora under different pH, temperature, and enzymatic treatments. Twelve strains of LAB were isolated from the
dadih including four strains were Leuconostoc sp. and eight were Streptococcus sp. The antimicrobial effects of bacteriocins from
the genus Streptococcus sp. against Erwinia carotovora were higher than the genus Leuconostoc sp. The isolated bacteriocins
showed potential stability indifferent pH (3 to 11) and temperature conditions (30 to 121 ‘C). Six of nine bacteriocins included
Enterococcus faecalis subsp. liquefaciens R-19, R-55, R-32, Streptococcus lactis subsp. diacetylactis R-41, R-43, and Leuconostoc
paramesenteroides R-45 induced the highest stability under different temperatures and pH. Analysis of the 16s rDNA of isolates
R-43 and R-55 showed that these bacteria belong to Enterococcus hirae and Pediococcus pentosaceous, respectively. The treatment
with amylase, proteinase K, and trypsin revealed that R-43 and R-55 probably belong to the group Ila classification of bacteriocins
(Antilisteria-Pediocin-like bacteriocins). It could be concluded that dadih’s LAB is a promising source for bacteriocins used safely
in the bio-preservatives of the food products under different storage conditions.

Keywords: lactic acid bacteria; Erwinia carotovora; bacteriocin; bio-preservative; antimicrobial activity.

Practical Application: Bacteriosin could be used as natural preservative for foods.

1 Introduction

Foremost, the application of technology in the agricultural
and the processing of food products is conducted to produce
fresh, nutritious, and safe food. Nevertheless, the development
of advanced methods and technology to provide fresh products
from vegetables or fruits still encounter significant economic
losses due to microbial spoilage and pathogen. The Food and
Agriculture Organization (FAO) 2016 estimated the total global
production of 1.07 billion tons of fresh vegetables and 865 million
tons of fresh fruits. Unfortunately, more than 50% of the losses
of fruits and vegetables even before they reach the consumers
(Elik et al., 2019). Fruits and vegetables are usually infected
through surface injuries during or after harvesting, and several
fungal and bacterial colonizations occur (Elik et al., 2019).

Erwinia carotovora is a gram-negative pathogenic bacterium
with rod-shaped cells that usually attack various types of vegetables
and fruits. These bacteria can induce a decay of agricultural
products in the field, in storage, or during transportation and
causes several common problems in vegetables or fruits. Vegetables
and fruits are contaminated by bacteria, mostly through water
after irrigation or heavy rains (Muimba-Kankolongo, 2018).
For instance, E. carotovora is responsible for tomato damage
during transportation or storage, and soft rot and blackleg
disease in potatoes (Blancard, 2012). These bacteria are degrading

the cell wall of the host plant, then colonizing the intercellular
spaces and delivering robust molecules. They are known as
Avirulence effectors (Avr) through a type III secretion system
(Aizawa, 2014). The blackleg disease is primarily caused by E.
carotovora subsp. atroseptica, E. carotovora subsp. carotovora.
However, E. carotovora subsp. carotovora is considerably the
most ubiquitous and have a rapid rate of growth in contaminated
potato (De Boer et al., 1996).

The application of bio-preservation and antimicrobial
compounds has been part of human life since the rise of human
civilization. There is sufficient evidence to believe that human
has profited from the bio-preservation of fermented food
products such as bacteriocin from dadih’s LAB (Pato et al., 2020).
Bacteriocins are common antimicrobial peptides produced by
different microorganisms. Almost all bacterial species have the
ability for the production of bacteriocins as a part of the defending
molecules. LAB can produce several organic substances accountable
to the sensory and preservation attributes. The preservative
characteristics of LAB are mainly based on antimicrobial
metabolites, including organic antifungal peptides, hydrogen
peroxide, acids, reuterin, diacetyl, and bacteriocins (Heredia-
Castro et al., 2015). Bacteriocins are peptides synthesized by
ribosomes with antimicrobial properties produced by different
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LAB (Lactobacillus, Lactococcus, Streptococcus, Pediococcus,
Leuconostoc, and Enterococcus).

Bacteriocins synthesized by LAB showed great interest
because of their practical use as bio preservatives in the food
industry. The application of bacteriocins as a food preservative
has increased, due to their safety and stability in the variants of
pH and temperature. The bacteriocins are efficacious against
Gram (+) and Gram (-) bacteria. For instance, Clostridium
tyrobutyricum, Staphylococcus aureus, Listeria monocytogenes,
Listeria innocua, Escherichia coli, Bacillus cereus, Salmonella
typhimurium, Campylobacter jejuni and Helicobacter pylori NCIPD
230 (Heredia-Castro et al., 2015). However, only Pediococcus
acidilactici (podocin PA-1) and Lactococcus lactis (nisin) are
permitted and approved as food preservatives. The composition
of proteins, lipids, manufacturing process, enzymatic degradation,
additives present, and pH are the significant factors affecting the
effectiveness of bacteriocin in different food systems. This work
aimed to estimate the antibacterial properties of bacteriocin
synthesized by LAB isolated from dadih’s against E. carotovora
under different conditions.

2 Materials and methods
2.1 Activation of the LAB and E.carotovora

The active culture was conducted by mixing 0.1 mL of the
dadih’s LAB culture in a test tube containing 5 mL of MRS (De
Man, Rogosa, and Sharpe) broth, and the mixture was shaken and
incubated for 18 hat 37 °C. All isolates of LAB were identified by
API50 CH for their morphological and biochemical properties
including the Gram-reaction, motility, spore formation, oxidase,
and catalase production (Hosono et al., 1989). The isolates
which showed Gram-positive, oxidase, and catalase-negative
were considered LAB and were used for further studies.
The pathogenic bacteria were activated by the inculcation of
0.1 mL of the bacterial sample into 5 mL of the nutrient broth,
shaken, and incubated at 37 °C for 18 h.

2.2 Determination of the antimicrobial activity of LAB in
vitro

The antimicrobial activity of LAB isolated from dadih’s was
determined using the paper disk diffusion method reported
by Syukur et al. (2014). The cultures of dadil’'s LAB have been
incubated aerobically for 24 h at 37 °C. However, E. carotovora
was grown in nutrient broth and incubated for 24 h at 37 °C
then 100 pL were placed and spread on the surface of MRS agar.
A sterile paper disc (6 mm) was immersed into the supernatants
of LAB, and a sterile MRS broth was used as a negative control.
The discs were placed on the surface of MRS agar plates that
were seeded previously with E. carotovora. Then, all plates were
incubated for 24 h at 37 °C, and the diameter of the zone of
growth inhibition was measured.

2.3 Preparation and purification of crude bacteriocin

The preparation and purification of the crude bacteriocin
were carried out as described in detail in our previous work
(Pato et al., 2022).

2.4 Bacteriocin characterization

Effect of pH

The effect of pH on bacteriocin was carried out by the
addition of 0.5 mL of purified bacteriocin to 4.5 mL of nutrient
broth with different pH values (3, 5,7, 9, and 11) then incubated
for 30 min at 30 °C. Each sample with a different pH value was
examined against the indicator of bacteria by the agar diffusion
method suggested by Syukur et al. (2014).

2.5 Effect of temperature

One-half ml of purified bacteriocin was added to nutrient
broth (4.5 mL) in test tubes, and the tubes and overlaid with
paraffin oil to prevent evaporation before heating for 10 min
at 30, 50, 70, 90, 100, and 121 °C. The preparations containing
0.5 mL bacteriocin and 4.5 mL nutrient broth were plugged
carefully using non-absorbent cotton, coated with aluminum
foil, and kept in the autoclave for 10 min at 121 °C to evaluate
its activity at very high autoclaving (Syukur et al., 2014).

2.6 Effect of enzymes treatments

The effect of enzymes treatment on crude bacteriocin activity
was carried out according to Zhou et al. (2014). In brief, the
bacteriocin was treated with 5 mg/mL amylase, 5 mg/mL trypsin,
and 5 mg/mL proteinase while 0.5M, pH 7.0 phosphate buffer
was used as a control. Additionally, the agar diffusion method
was carried out to study the effect of enzymes treatment on the
activity of bacteriocin according to Syukur et al. (2014) using the
above preparations against E. carotovora as an indicator bacteria.

2.7 Production of bacteriocin

Crude bacteriocin synthesized by different strains of LAB
was propagation in 1000 mL MRS broth seeded with a 10%
inoculum of overnight culture before being incubated for 24 h
at 37 °C. Then the whole broth for each strain was centrifuged
for 15 min at 10,000 x g, and the cell-free supernatants were
collected. The supernatants were saturated with ammonium
sulfate (70%) and kept at 4 °C for the precipitation of proteins.
The ammonium sulfate-saturated supernatant was centrifuged
(10,000 x g at 4 °C for 30 min), and bacteriocin was collected
(Ogunbanwo et al., 2003; Sankar et al., 2012).

2.8 Identification of bacterial isolate
Isolation of bacterial genome DNA

Isolation of DNA of Streptococcus faecalis subsp. liquefaciens
(R-55) and Streptococcus lactis subsp. diacetylactis (R-43), was
performed using the GES method (Pitcher et al., 1989). The DNA
was prepared by the use of three other reagents (0.25 mL cold
7.5 mol/l ammonium acetate, 0.5 ml chloroform and 2-pentanol
(24: 1) mixture, and 0.54 volumes of cold 2-propanol) and one
high-speed centrifugation step. This method was applied to
both Gram-negative and Gram-positive bacteria. It eliminated
endogenous nuclease activity and avoided the need for phenol,
RNase, and protease treatments. The DNA was of high purity
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high molecular mass and double-stranded. The isolated DNA
was stored in 1.5 mL microtubes at -20 °C.

2.9 Amplification and sequence analysis using 16S rDNA
gene

PCR amplification on 16S rDNA was carried out using Primer
27 F: 5-AGA GTT TGA TCCTGG CTC AG - 3’ and Primer
1492 R: 5- GGT TACCTT GTT ACG ACT T - 3’ (O'Donnell,
1993; White et al., 1990). PCR product purification was carried
out using the polyethylene glycol (PEG) precipitation method
(Hiraishi et al., 1995) and continued with a sequencing cycle.
For performed sequencing of 16S rDNA, the primer used was
Primer 27 F: 5 - AGA GTT TGA TCC TGG CTC AG - 3 and
1492 R: 5 - GGT TAC CTTGTT ACG ACT T-3’ The results
of these sequencing cycles were re-purified by the ethanol
purification method.

The process of DNA sequencing was done by ABI PRISM
3130 Genetic Analyzer (Applied Biosystems). The results of
subsequent determination of DNA base sequence were reducing
DNA baser program. Furthermore, the matching process was
done by selecting the menu Alignment with Bio Edit (National
Library of Medicine, 2021). Matching results were used to
search for the DNA base sequence of genes that are similar
or similar to DNA base sequence data for genes from an
international gene bank database through the National Center
for Biotechnology Information (NCBI) with the BLAST method.
Based on phylogenetic trees, the DNA sequence was used as a
data reference. DNA sequence data can be retrieved from the
international database software NCBI. The selected bacterial DNA
sequence was stored as Phylogenetic and molecular evolutionary
analyses were conducted using MEGA version X (Stecher et al.,
2020) and followed by the neighbor-joining method suggested
by Saitou & Nei (1987).

2.10 Statistical analysis

The data obtained from this study were tabulated, calculated
the mean and standard error values of three experiments were
calculated using Microsoft Excel®. One way analysis variance
(ANOVA) was performed using PASW-Statistics18-SPSS software
(Hong Kong) to determine statistically significant difference
(95% confidence interval) among experimental variables.

3 Results and discussion

Twelve strains of LAB were isolated from the dadih and were
identified by the API 50 CH methods as Leu. paramesenteroides
(R-8), St. cremoris (R-14), St. faecalis subsp. Liquefaciens (R-19),
St. lactis subsp. diacetylactis (R- 22), Leu. paramesenteroides
(R-31), St. faecalis subsp. liquefaciens (R-32), St. lactis subsp.
diacetylactis (R-41), St. lactis subsp. diacetylactis (R-43), Leu.
paramesenteroides (R-45), Leu. paramesenteroides (R-49),
St. faecalis subsp. liquefaciens (R-55) and St. faecalis subsp.
liquefaciens (R-56).

The antimicrobial effects of the isolated strains of LABs were
evaluated against the pathogenic E. carotovora, gram-negative
(-) bacteria. It is well documented that LABs can produce
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inhibitory substances such as bacteriocins, organic acids, and
H,0, in the growth media. The antibacterial property of the
bacteriocins synthesized by these twelve isolated strains against
E. carotovora is presented in Figure 1. These results indicated that
all the isolated strains inhibited E. carotovora growth by various
degrees. Moreover, the strains from the genus Streptococcus sp.
displayed a noticeable inhibitory effect against E. carotovora
growth compared with the genus Leuconostoc sp. Additionally,
the bacteriocin from the genus St. faecalis subs. liquefaciens (R-
55) exhibited the maximum inhibition zone; whereas, the genus
Leu. paramesenteroides (R-8) showed the minimum activities
against E. carotovora. In our previous work, we showed that
bacteriocin from Leu. paramesenteroides exhibited minimal
antimicrobial effects against Listeria monocytogenes (Pato et al.,
2020). Moreover, Nes et al. (2007) stated that the Streptococcal
isolates have high-frequency peptide bacteriocin as manifested
by the genome sequencing of Streptococcus from the 45 fully
sequenced gram-positive (+) genomes studied. These authors
found that 80% of the double-glycine GG motif candidate
peptides were referred to as Streptococcal genomes.

A previous study reported that the GG motif in Gram-positive
bacteria plays a crucial role in the synthesis of many peptides
implicated in quorum sensing and bacteriocin production
(Dirix et al. 2004). Hence, the antimicrobial stability of the nine
bacteriocins from St. faecalis subsp. liquefaciens (R-19), St. lactis
subsp. diacetylactis (R-22), St. faecalis subsp. liquefaciens (R-32),
St. lactis subsp. diacetylactis (R-41), St. lactis subsp. diacetylactis
(R-43), Leu. paramesenteroides (R-45), Leu. paramesenteroides
(R-49), St. faecalis subsp. liquefaciens (R-55) and St. faecalis subsp.
liquefaciens (R-56) was further evaluated against E. carotovora
at different levels of pH (Figure 2). The results also showed that
the antimicrobial property of bacteriocin against E. carotovora
at different pH levels mostly remained stable at low pH (acidic)
conditions. But, some bacteriocins lost the antimicrobial effect
under neutral and alkalic conditions (> pH 7). Moreover, the
strains R-22, R-49, and R-56 completely lost their antimicrobial
property when the pH of the supernatants was set at pH 7 to
11; however, the other strains showed potential activity and
increased the inhibition zone compared to the control condition
by increasing pH (Figure 2).

Additionally, 6 of 9 bacteriocins induced the highest
antimicrobial effect against E. carotovora in the wide pH level

4.00
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1.00 ' I
0.00

R-8 R-14 R-19 R-22 R-31 R-32 R-41 R-43 R-45 R-49 R-55 R-56

Inhibition zone (mm)

Figure 1. Antimicrobial activity of cell-free supernatant from dadih’s
lactic acid bacteria against Erwinia carotovora.



Bacteriocin from LAB as a potintial food bio preservative

condition (pH 3 - 11) including R-55, R-32, R-19, R-41, R-43,
and R-45. These bacteriocins were also stable in various pH
conditions against Listeria monocytogenes, as reported in our

Tnhibition zone (nm)
o
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Figure 2. The sensitivity of antimicrobial activity of supernatant of
dadih’s LAB against E. carotovora at a different pH level.

previous study (Pato et al., 2020). In this concern, Abanoz &
Kunduhoglu (2018) suggested that bacteriocins that are stable over
wide ranges of pH have a crucial advantage as bio-preservatives
in food products and fermented foods. Consequently, the
bacteriocins synthesized by isolates R-55, R-32, R-19, R-41, R-43,
and R-45 are considered promising bio preservatives in foods.

It was reported that the production of bacteriocins depends
on the growth conditions including medium composition,
pH, temperature, water activity, and others (Nes et al., 2007).
In this study, the stability of the bacteriocin and supernatant of
the six promising isolates against E. carotovora was evaluated
under various temperatures (30, 50, 70, 90, 100, and 121 °C)
for 10 min. The results presented in Figure 3 suggested that
crude bacteriocins and supernatants isolated from St. faecalis
subsp. liquefaciens R-19 (Figure 3A), R-32 (Figure 3B), St.
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Figure 3. Effect of temperatures on the sensitivity of antimicrobial activity of crude bacteriocin and supernatant from dadih’s LAB against E.
carotovora; (A) St. faecalis subsp. liquefaciens R-19; (B) St. faecalis subsp. liquefaciens R-32; (C) St. lactis subsp. diacetylactis R-41; (D) St. lactis
subsp. diacetylactis R-43; (E) Leu. paramesenteroides R-45 and (F) St. faecalis subsp. liquefaciens R-55.
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lactis subsp. diacetylactis R-41 (Figure 3C), R-43 (Figure 3D),
Leu. paramesenteroides R-45 (Figure 3E) and Liquefaciens
R-55 (Figure 3F), were stable and not influenced by heating
at 30 — 100 °C since the inhibitory effect against E. carotovora
was not significantly changed. However, the exposure to heat
at 121 °C diminished the inhibitory effect of all tested samples
by about 64% for crude bacteriocin and around 20% for the
supernatant. According to these results, the inhibitory activity of
the supernatant of 6 isolates was more stable and more effective
and the inhibitory activity of the supernatant was 65% higher
than the crude bacteriocin. Interestingly, the data presented in
Figures 3A and 3E indicated that the supernatant of St. faecalis
subsp. liquefaciens R-19 and Leu. paramesenteroides R-45 showed
the best antimicrobial stability against E. carotovora under 90, 100,
and 121 °C, as well as at room temperature (30 °C). The results
also suggested that these strains are suitable bio-preservatives
for fresh fruits and vegetables, ready-to-eat products, or food
process products under different storage conditions.

A previous report revealed that proteolytic enzymes and
high lipids composition reduces the antimicrobial effectiveness
of bacteriocin (Bogsan et al., 2015). The effects of enzymes
(amylase, proteinase K, and trypsin) on the antimicrobial
activities of bacteriocin compared to the control condition
(samples without enzymes treatment) at different temperatures
are shown in Figure 4. These results revealed that treatment with
these proteolytic enzymes (proteinase K and trypsin) resulted
in a complete loss of the antimicrobial effect of the bacteriocin
synthesized by St. faecalis subsp. liquefaciens R-55, R-32, R-19, St.
lactis subsp.diacetylactis R-41, R-43, and Leu. paramesenteroides
R-45. The loss of the antimicrobial property of the bacteriocin
is related to the proteinaceous part of the bacteriocin molecule

Inhibition zone (nx
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Figure 4. Effect of enzyme treatments on the antimicrobial activity of
crude bacteriocin from Dadih’s LAB against E. Carotovora.

and confirmed the proteinaceous nature of the inhibitory
substances (Heredia-Castro et al., 2015). The determination of
the proteinaceous nature of the inhibitory substances confirmed
that these six isolates produce bacteriocin-like substances (BLS)
as suggested by Heredia-Castro et al. (2015).

Furthermore, treatment with amylase enhanced the antimicrobial
activity for crude bacteriocin isolated from all strains except that
isolated from St. lactis subsp. diacetylactis R-43 and St. faecalis
subsp. liquefaciens R-55 induced less antimicrobial effect than
the control (Figure 4). The decrease of antimicrobial activity of
bacteriocin from R-43 and R-55 suggested that this bacteriocin
is glycoproteins (carbohydrate moiety), which require both
the glyco and the protein portion of the molecule to induce its
activity. These results also indicated that these bacteriocins may
be classified as group IV which contains lipids and carbohydrates
in their molecular structure (Heredia-Castro et al., 2015). Several
glycoprotein bacteriocins sensitive to amylase were isolated
such as Enterococcus faecium DBI1, Lactobacillus Brevis DFOI,
leuconocins produced by Leuconostoc paramesenteroides, and
carnosum 54 produced by Leuconostoc carnosum (Heredia-
Castro et al., 2015).

The 16S rDNA gene is a gene that is generally the target of
several amplifications for DNA sequence analysis. This technique
also has high discriminatory power with 100% type ability and
good reproducibility. Similarity scores <97% represent that

Enterococcus hirae strain 708

94%

Enterococcus hirae strain 13162
94%

per strain 1931

per strain 2397

94%

R-55

Figure 5. Evolutionary relationships of isolate R-43 and R-55 regarding
bacterial strains in Genebank NCBI by using the neighbor-joining method.

Table 1. Data collection results of bacterial isolate R-43 and R-55 based on 16S rDNA sequence analysis.

Sample Sequence Nearest bacterial taxon results from BLAST homology in NCBI
code code
R-55 Contig-R55  Pediococcus pentosaceus strain 239716S ribosomal RNA Gene (Accessionno: MT604839.1) [ Homologi: 100.00%; Max
score: 2582; Total score: 2582; Querycoverage: 100%; E value: 0.0; Max identities: 1398/1398 (100%) ; Gaps 0/1398(0%)]
Pediococcus pentosaceus strain 1931168 ribosomal RNA Gene (Accessionno: MT597748.1) [ Homologi: 100.00%; Max
score: 2582; Total score: 2582; Querycoverage: 100%; E value: 0.0; Max identities: 1398/1398(100%); Gaps0/1398(0%)]
R-43 Contig-R43  Enterococcus hirae strain 708 chromosome, complete genome (Accessionno: CP055232.E) [Homologi: 100.00%; Max

score: 2604; Total score: 15618; Querycoverage: 100%; E-value: 0.0; Max identities: 1410/1410(100%); Gaps 0/1410(0%)]

Enterococcus hirae strain 13152 chromosome (Accessionno: CP055230.1) [Homologi: 100.00%; Max score: 2604; Total
score: 15618; Querycoverage: 100%; E value: 0.0; Max identities: 1410/1410 (100%); Gaps 0/1410(0%)]
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these isolates represent a new species, whereas >97% can also
specify a new species or as an alternative to a new cluster in a
previous taxonomic (Janda & Abbott, 2007). The identification
of a new bacterial strain is still unknown regarding the genetic
information and its position in the taxonomy based on sequence
analysis of 16S rRNA. However, Janda & Abbott, (2007) stated
that the isolates with at least 99% or >99.5% similarities should
be identified as strains or species similar to that referenced by
the Gene bank.

The results of the analysis of the 16S rDNA gene of the
two isolates (R-55 and R-43) were uploaded into the database
Genebank (www.ncbi.nlm.nih.gov/BLAST) and analyzed for
sequence homology with species of reference. Based on the
identification of these isolates with 16S rDNA gene analysis, 1 of
2 isolates belong to species Pediococcus pentosaceus (similarity
level 100%) homology with P. pentosaceus strain 23971 and strain
1931, while another isolate was identified as Enterococcus hirae
(similarity level 100%) homology with E. hirae strain 708 and
strain 13152 (Table 1).

In this research, the bacteriocin synthesized by isolate
R-43 was identified as Enterococcus hirae (Figure 5). The enterocins
are the bacteriocins synthesized by the genus Enterococcus
spp with potent applications in food, human, and veterinary
medicine (Nes et al., 2014; Rehaiem et al., 2016). Studies of
these bacteriocins synthesized by E. hirae are still limited due
to most of the enterocins commonly produced by E. faecium
and E. faecalis (Cavicchioli et al., 2019). Enterocins produced
by E. hirae be belongs to class Ila: Anti-listeria-Pediocin-like
bacteriocins (Nes et al., 2014). Sdnchez et al. (2007) indicated
that the bacteriocin synthesized by E. hirae DCH5 isolated
from the mallard ducks inhibits the diversified number of food
spoilage and food-borne pathogenic bacteria, for instance,
C. botulinum, L. monocytogenes, S. aureus, and E. carotovora
reported in this research.

Asaresult of the 16S rDNA analysis sequence of isolate R-55,
the isolate is identified as Pediococcus pentosaceous (Figure 5).
Among these known Pediococcus strains, P. pentosaceus can
synthesize bacteriocin (pediocin) used as culture or their products
as bio-preservatives in several foods. Additionally, P. pentosaceus
are used in the fermentation of silage, dough, and fruit juices
(Papagianni & Anastasiadou, 2009). Rodriguez et al. (2002)
reported that pediocin PA-1, an antimicrobial peptide synthesized
by Pediococcus acidilactici PAC 1.0, showed particularly strong
activity against L. monocytogenes, a food-borne pathogen of
particular concern among the food industries. Pediocin is an
extensively studied class Ila bacteriocin (Antilisteria-Pediocin-like
bacteriocins), and is well-characterized as a food bio-preservative.
Pediocin GS4 also is a novel bacteriocin synthesized by P
pentosaceus GS4, MTCC 12683 (Ghosh et al., 2019). The optimum
antibacterial properties of pediocin GS4 were achieved at 50 °C
and pH 5.0 and 7.0, did not denature by the treatment of lysozyme
or amylase treatment and were inactive in the organic solvents.

4 Conclusion

In the current study, 12 strains of dadih’s LAB can synthesize
bacteriocin with potential antimicrobial properties against E.

caratovora. The inhibition zone of bacteriocin from the genus
Streptococcus ssp. gave an excellent ability to suppress the growth
of E. carotovora. The antimicrobial effects of St. faecalis subsp.
liquefaciens R-55, R-32, R-19, St. lactis subsp. diacetylactis R-41,
R-43, and Leu. paramesenteroides R-45 bacteriocins showed
high stability against E. carotovora under different pH (3-11).
The supernatant of the isolated LAB was more stable under
various temperature conditions (30-121 °C) compared to the
crude bacteriocin. Analysis of the 16S rDNA of isolates R-43 and
R-55 showed that these bacteria belong to Enterococcus hirae
(R-43) and Pediococcus pentosaceous (R-55), while amylase,
proteinase K and trypsin analysis revealed that bacteriocin
produced by R-43 and R-55 probably belongs to group Ila.
Additionally, dadih showed a promising source for the isolation
of LAB has stable antimicrobial effects against Erwinia caratovora
under different conditions, and can be used effectively as bio
preservative for food products.

Conflict of interest

The authors declare no conflicts of interest.

Acknowledgements

The research was funded by the Directorate of Research and
Community Service, Ministry for Research, Technology and
Higher Education of the Republic of Indonesia with Contract
Number: 774/UN.19.5.1.3/PT.01.03/2019.

References

Abanoz, H. S., & Kunduhoglu, B. (2018). Antimicrobial activity of a
bacteriocin produced by enterococcus faecalis kt11 against some
pathogens and antibiotic-resistant bacteria. Korean Journal for
Food Science of Animal Resources, 38(5), 1064-1079. http://dx.doi.
org/10.5851/kosfa.2018.e40. PMid:30479512.

Aizawa, S. 1. (2014). Pectobacterium carotovorum: subpolar hyper-
flagellation. In S. I. Aizawa (Ed.), The flagellar world: electron
microscopic images of bacterial flagella and related surface structures
(pp. 58-59). Oxford: Academic Press. http://dx.doi.org/10.1016/
B978-0-12-417234-0.00018-9.

Blancard, D. (2012). Principal characteristics of pathogenic agents
and methods of control. In D. Blancard (Ed.), Tomato disease (pp.
413-650). Oxford: Academic Press. https://doi.org/10.1016/B978-
0-12-387737-6.50003-0.

Bogsan, C. S., Nero, L. A., & Todorov, S. D. (2015). From traditional
knowledge to an innovative approach for bio-preservation in
food by using lactic acid bacteria. In M.-T. Liong (Ed.), Beneficial
microorganisms in food and nutraceuticals (1* ed., 290 p.). Cham:
Springer International Publishing. http://dx.doi.org/10.1007/978-
3-319-23177-8_1.

Cavicchioli, V. Q., Todorov, S. D., Iliev, I, Ivanova, 1., Drider, D., & Nero,
L. A. (2019). Physiological and molecular insights of bacteriocin
production by Enterococcus hirae ST57 ACC from Brazilian artisanal
cheese. Brazilian Journal of Microbiology, 50(2), 369-377. http://
dx.doi.org/10.1007/s42770-019-00068-4. PMid:30852798.

De Boer, S. H., Slack, S. A., van den Bovenkamp, G. W., & Mastenbroek,
I. (1996). A role for pathogen indexing procedures in potato
certification. Advances in Botanical Research, 23, 217-242. http://
dx.doi.org/10.1016/50065-2296(08)60107-X.

Food Sci. Technol, Campinas, 42, 11922, 2022


https://doi.org/10.5851/kosfa.2018.e40
https://doi.org/10.5851/kosfa.2018.e40
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30479512&dopt=Abstract
https://doi.org/10.1007/978-3-319-23177-8_1
https://doi.org/10.1007/978-3-319-23177-8_1
https://doi.org/10.1007/s42770-019-00068-4
https://doi.org/10.1007/s42770-019-00068-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30852798&dopt=Abstract
https://doi.org/10.1016/S0065-2296(08)60107-X
https://doi.org/10.1016/S0065-2296(08)60107-X

Pato et al.

Dirix, G., Monsieurs, P., Marchal, K., Vanderleyden, J., & Michiels, J.
(2004). Screening genomes of Gram-positive bacteria for double-
glycine-motif-containing peptides. Microbiology, 150(5), 1121-1126.
http://dx.doi.org/10.1099/mic.0.27040-0. PMid:15133070.

Elik, A., Kogak, D, Istanbully, Y., Aysar, N., Yavuz, A., & Gogiis, F. (2019).
Strategies to reduce post-harvest losses for fruits and vegetables.
International Journal of Scientific and Technology Research, 5(3),
29-39. http://dx.doi.org/10.7176/JSTR/5-3-04.

Ghosh, B., Sukumar, G., & Ghosh, A. R. (2019). Purification and
characterization of pediocin from probiotic Pediococcus pentosaceus
GS4, MTCC 12683. Folia Microbiologica, 64(6), 765-778. http://
dx.doi.org/10.1007/512223-019-00689-0. PMid:30796707.

Heredia-Castro, P. Y., Méndez-Romero, J. 1., Hernandez-Mendoza,
A., Acedo-Félix, E., Gonzilez-Cordova, A. E, & Vallejo-Cordoba,
B. (2015). Antimicrobial activity and partial characterization of
bacteriocin-like inhibitory substances produced by Lactobacillus
spp. isolated from artisanal Mexican cheese. Journal of Dairy Science,
98(12), 8285-8293. http://dx.doi.org/10.3168/jds.2015-10104.
PMid:26476937.

Hiraishi, A., Kamagata, Y., & Nakamura, K. (1995). Polymerase chain
reaction amplification and restriction fragment length polymorphism
analysis of 16S rRNA genes from methanogens. Journal of Bioscience
and Bioengineering, 79, 523-529.

Hosono, A., Wardojo, R., & Otani, H. (1989). Microbial flora in
“dadih’, a traditional fermented milk in Indonesia. Lebens-Wissen
Und-Technol, 22, 20-24.

Janda, J. M., & Abbott, S. L. (2007). Minireview 16S rRNA gene
sequencing for bacterial identification in the diagnostic laboratory:
pluses, perils, and pitfalls. Journal of Clinical Microbiology, 45(9),
2761-2764. http://dx.doi.org/10.1128/JCM.01228-07. PMid:17626177.

Muimba-Kankolongo, A. (2018). Vegetable production. In A. Muimba-
Kankolongo (Ed.), Food crop production by smallholder farmers in
Southern Africa (pp. 205-274). Oxford: Academic Press. https://doi.
org/10.1016/B978-0-12-814383-4.00011-6.

National Library of Medicine (2021). Basic Local Alignment Search Tool
(BLAST). Retrieved from nih.gov.

Nes, 1. E, Diep, D. B., & Holo, H. (2007). Bacteriocin diversity in
Streptococcus and Enterococcus. Journal of Bacteriology, 189(4),
1189-1198. http://dx.doi.org/10.1128/JB.01254-06. PMid:17098898.

Nes, I. E, Diep, D. B., & Ike, Y. (2014). Enterococcal bacteriocins and
antimicrobial proteins that contribute to niche Control. In M. S.
Gilmore, D. B. Clewell, Y. Ike & N. Shankar (Eds.), Enterococci:
from commensals to leading causes of drug resistant infection. Boston:
Massachusetts Eye and Ear Infirmary.

O’Donnell, K. (1993). Fusarium and its near relatives. In D. R. Reynolds
& J. W. Taylor (Eds.), The fungal holomorph: mitotic, meiotic and
pleomorphic speciation in fungal systenatics (pp. 225-233). Wallingford:
CAB International.

Ogunbanwo, S. T., Sanni, A. I, & Onilude, A. A. (2003). Characterization
of bacteriocin produced by Lactobacillus plantarum F1 and Lactobacillus
brevis OG1. African Journal of Biotechnology, 2(8), 223-235.

Papagianni, M., & Anastasiadou, S. (2009). Pediocins: the bacteriocins
of pediococci. Sources, production, properties and applications.
Microbial Cell Factories, 8(3), 3. http://dx.doi.org/10.1186/1475-
2859-8-3. PMid:19133115.

Food Sci. Technol, Campinas, 42, e11922, 2022

Pato, U, Yusuf, Y., Fitriani, S., Jonnadi, N. N., Sri Wahyuni, M., Feruni,
J. A., & Jaswir, I. (2020). Inhibitory activity of crude bacteriocin
produced by lactic acid bacteria isolated from dadih against Listeria
monocytogenes. Biodiversitas Journal of Biological Diversity, 21(4),
1295-1302. http://dx.doi.org/10.13057/biodiv/d210404.

Pato, U, Riftyan, E., Ayu, D. F, Jonnaidi, N. N., Wahyuni, S. W,,
Feruni, J. A., Abdel-Wahhab, M. A. (2022). Antibacterial efficacy
of lactic acid bacteria and bacteriocin isolated from dadih’s against
Staphylococcus aureus. Food Science and Technology, 42, 1-6. https://
doi.org/10.1590/fst.27121.

Pitcher, D. G., Saunders, N. A., & Owen, R. . (1989). Rapid extraction
of bacterial genomic DNA with guanidium thiocyanate. Letters in
Applied Microbiology, 8(4), 151-156. http://dx.doi.org/10.1111/j.1472-
765X.1989.tb00262.x.

Rehaiem, A., Fhoula, L., Slim, A. F,, Ben Boubaker, I. B., Chihi, A. B., &
Ouzari, H. I. (2016). Prevalence, acquired antibiotic resistance and
bacteriocin production of Enterococcus spp. isolated from tunisian
fermented food products. Food Control, 63, 259-266. http://dx.doi.
org/10.1016/j.foodcont.2015.11.034.

Rodriguez, J. M., Martinez, M. 1., & Kok, J. (2002). Pediocin PA-1,
a wide-spectrum bacteriocin from lactic acid bacteria. Critical
Reviews in Food Science and Nutrition, 42(2), 91-121. http://dx.doi.
0rg/10.1080/10408690290825475. PMid:11934133.

Saitou, N., & Nei, M. (1987). The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Molecular Biology
and Evolution, 4(4), 406-425. PMid:3447015.

Sénchez, J., Diep, D. B, Herranz, C., Nes, I. E, Cintas, L. M., & Hernandez,
P. E. (2007). Amino acid and nucleotide sequence, adjacent genes,
and heterologous expression of hiracin JM79, a sec-dependent
bacteriocin produced by Enterococcus hirae DCHS5, isolated from
Mallard ducks (Anas platyrhynchos). FEMS Microbiology Letters,
270(2), 227-236. http://dx.doi.org/10.1111/j.1574-6968.2007.00673.x.
PMid:17326750.

Sankar, N. R., Priyanka, V. D., Reddy, P. S., Rajanikanth, P., Kumar,
V. K., & Indira, M. (2012). Purification and characterization of
bacteriocin produced by lactobacillus plantarum isolated from cow
milk. International Journal of Microbiology Research, 3(2), 133-137.

Stecher, G., Tamura, K., & Kumar, S. (2020). Molecular evolutionary
genetics analysis (MEGA) for macOS. Molecular Biology and
Evolution, 37(4), 1237-1239. http://dx.doi.org/10.1093/molbev/
msz312. PMid:31904846.

Syukur, S., Fachrial, E., & Jamsari, A. (2014). Isolation, antimicrobial
activity and protein bacteriocin characterization of lactic acid
bacteria isolated from Dadih in Solok, West Sumatera, Indonesia.
Research Journal of Pharmaceutical, Biological and Chemical Sciences,
5(6), 1096-1104.

White, T. J., Bruns, T., Lee, S., & Taylor, J. (1990). Amplification and
direct sequencing of fungal ribosimal RNA genes for phylogenetics.
In M. A. Innis, D. H. Gelfand, J. J. Sninsky & T. J. White (Eds.), PCR
protocols: a guide to methods and applications (No. 2, pp. 315-322).
St. Louis: Elsevier.

Zhou, E, Zhao, H., Bai, E, Piotr, D., Liu, Y., & Zhang, B. (2014). Purification
and characterisation of the bacteriocin produced by Lactobacillus
plantarum, isolated from Chinese pickle. Czech Journal of Food
Sciences, 32(5),430-436. http://dx.doi.org/10.17221/270/2013-CJFS.


https://doi.org/10.13057/biodiv/d210404
https://doi.org/10.1111/j.1472-765X.1989.tb00262.x
https://doi.org/10.1111/j.1472-765X.1989.tb00262.x
https://doi.org/10.1016/j.foodcont.2015.11.034
https://doi.org/10.1016/j.foodcont.2015.11.034
https://doi.org/10.1080/10408690290825475
https://doi.org/10.1080/10408690290825475
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11934133&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3447015&dopt=Abstract
https://doi.org/10.1111/j.1574-6968.2007.00673.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17326750&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17326750&dopt=Abstract
https://doi.org/10.1093/molbev/msz312
https://doi.org/10.1093/molbev/msz312
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31904846&dopt=Abstract
https://doi.org/10.17221/270/2013-CJFS
https://doi.org/10.1099/mic.0.27040-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15133070&dopt=Abstract
https://doi.org/10.1007/s12223-019-00689-0
https://doi.org/10.1007/s12223-019-00689-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30796707&dopt=Abstract
https://doi.org/10.3168/jds.2015-10104
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26476937&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26476937&dopt=Abstract
https://doi.org/10.1128/JCM.01228-07
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17626177&dopt=Abstract
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://doi.org/10.1128/JB.01254-06
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17098898&dopt=Abstract
https://doi.org/10.1186/1475-2859-8-3
https://doi.org/10.1186/1475-2859-8-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19133115&dopt=Abstract

