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Abstract. Mangrove is a unique ecosystem. Only a few studies have
explored the presence of lactic acid bacteria and their roles in man-
grove ecosystems. From mangrove sediments at Logending Beach in
Jawa Tengah (Indonesia), the Lactic Acid Bacteria (LAB) isolates
LG-50, LG-107, and LG-114 were discovered. They produce bacteri-
ocins. This study aimed to determine the characteristics of LAB iso-
lates, antimicrobial activity, and physicochemical properties of bacte-
riocins. LAB isolates were characterized by morphology, physiology,
and biochemistry. The production of bacteriocin was performed by
salting-out method, followed by testing its antimicrobial activity
against pathogenic bacteria. Isolates LG-50, LG-107, and LG-114
are thought to be in the Lactobacillus group. The crude bacteriocin
can inhibit the growth of Gram-positive and negative bacteria. The
average inhibition zones against Escherichia coli and Staphylococcus
aureus were 16.67 mm and 22.17 mm, respectively. The crude bacte-
riocin tested positive for ninhydrin. It confirmed the crude bacterioc-
in was a protein and sensitive to the proteolytic enzyme. SDS-PAGE
analysis presented the molecular weight of crude bacteriocin was 38
kDa. This present study supports the potential use of bacteriocin in
the pharmaceutical and food industries.
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INTRODUCTION

Mangrove is a unique ecosystem be-
cause it has strong interactions with the ocean,
estuaries, rivers, and inland waters. The man-
grove environment protects the shoreline and
helps to prevent erosion (Wickramasinghe et
al., 2009). It accumulates sediments, contam-
inants, and nutrients. Due to this condition,
mangrove ecosystems have high biodiversity,
including flora, fauna, and microorganisms

(Mendes & Tsai, 2014; Martuti et al., 2018).
Haldar & Nazareth (2018) reported the diver-
sity of Gammaproteobacteria, Alphaproteo-
bacteria, Deltaproteobacteria, and Bacilli in
Mandovi and Zuari mangrove sediments.
Microorganisms play an active role in
the ecological cycles that provide resources
to animals and plants in mangrove environ-
ments. Organic matter is commonly found in
soil sediments. They nevertheless lack phos-
phorus and nitrogen, necessitating the par-
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ticipation of microbes in nitrogen fixation,
hydrocarbon decomposition, phosphate sol-
ubilization, sulfate reduction, photosynthetic
assimilation, and enzyme production (Sahoo
& Dhal, 2009; Ismail et al., 2017). Bacteria
from mangrove ecosystems may be biotech-
nologically valuable in addition to their eco-
logical roles. Only a few studies have explored
the presence of lactic acid bacteria and their
roles in mangrove ecosystems. For example,
Thiruneelakandan et al. (2014) succeeded in
isolating lactic acid bacteria that have the po-
tential to produce antimicrobial compounds.

Lactic acid bacteria (LAB) produce
bacteriocins, organic acids, hydrogen perox-
ide, and lactic acid. Bacteriocins are reported
to have an antimicrobial effect against various
bacteria, both pathogenic and non-pathogenic
bacteria (Daba & Elkhateeb, 2020; Da-Costa
et al., 2019; Suardana et al., 2017). Therefore,
the use of bacteriocins can be an alternative
to handling microbial resistance to antibiotic
compounds.

Previous research has succeeded in dis-
covering several isolates of “lactic acid bac-
teria from mangrove sediments at Logend-
ing Beach in Jawa Tengah (Kusharyati et al.,
2021). This present study aimed to determine
the characteristics of LAB isolates from man-
grove sediment, bacteriocin activity as an
antimicrobial against Staphylococcus aureus
and Escherichia coli, and the physicochemi-
cal characteristics of bacteriocins.

MATERIALS AND METHODS

This research was conducted at the Fac-
ulty of Biology and Research Laboratory of
Universitas Jenderal Soedirman Purwokerto
and The Institute of Tropical Diseases of Uni-
versitas Airlangga Surabaya from July — No-
vember 2022. This present study used several
reagents and bacterial growth media, includ-
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ing de Man Rugose Sharpe (MRS) agar, MRS
broth, Mueller Hinton Agar (MHA), Sulfide
Indole Motility (SIM) agar, Nutrient agar,
Nutrient broth, 6 mm paper disc, physiolog-
ical NaCl, crystals violet, Lugol’s iodine, sa-
franin, H202 3%, malachite green, tetrameth-
yl-p-phenylenediamine dihydrochloride,
CaCOs, NaOH, HCI, ammonium sulfate, tet-
racycline, ninhydrin solution, resolving gel,
stalking gel, loading buffer, Coomassie bril-
liant blue, ThermoFisher Protein Standard
3-198 kDa, and phosphate buffer 0.1 M.

LAB Isolate Subculture

LAB isolates were isolated from man-
grove sediments at Logending Beach in
Jawa Tengah, Indonesia. LAB isolates were
grown on deMann Ragosa Sharpe Agar me-
dium (MRSA, Oxoid) supplemented by 1%
CaCO3. The medium was incubated at 37 °C
for 48 hours. A single colony was inoculated
on MRSB liquid media (Oxoid) for further
analysis.

Morphological Characterization

Macromorphological observation: the
observation of colonies was carried out by
observing the shape of the colony, the color,
the edge, the surface, and the elevation of the
single colony.

Micromorphological observation, 1)
Gram staining: the staining result was ob-
served under a light microscope. Gram-pos-
itive bacteria were presented in purple. Cell
shape and cell configurations were regarded
as cellular morphological parameters through-
out the observation; 2) Endospore staining:
LABs do not produce endospores. Vegetative
cells were presented in red; 3) Motility test:
LAB isolates were inoculated on Sulfide In-
dole Motility Agar medium (SIMA, Oxoid)
and then incubated at 37 °C for 48 hours. The
result was declared non-motile when the only
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visible spread was at the puncture site of the
inoculation (Cappuccino & Sherman, 2014).

Physiological Characterization

pH Test: LAB isolates were grown on an
MRSB medium with various pH values (pH 3,
5, 6, and 9), and then incubated at 37 °C for 24
hours. The turbidity of the medium revealed
the colony's growth. Temperature test: LAB
isolates were grown on an MRSB medium
and then incubated at various temperatures
for 24 hours (5 °C, 37 °C, and 45 °C). The
turbidity of the medium revealed the colony's
growth. Salinity testing: LAB isolates were
grown on MRSB medium and supplemented
with various concentrations of NaCl (3%, 5%,
6.5%, and 10%), after which the medium was
incubated for 7 days at 37 °C. The turbidity
of the medium revealed the colony's growth.
Oxygen requirement test: a total of 0.1 ml of
LAB liquid culture was grown on an MRSB
medium and then incubated for 48 hours at
37 °C. The result was declared facultatively
anaerobic when bacteria grew over the entire
surface of the liquid medium (Cappuccino &
Sherman, 2014).

Biochemical Characterization

Catalase test: LAB isolate was smeared
on the glass object and then 3 drops of a 3%
H202 solution were added. The catalase test-
ed positive when air bubbles formed. Oxi-
dase test: LAB isolate was smeared on glass
objects and then covered with grey paper. A
total of 3 drops of the tetramethyl-p-phenyl-
enediamine dihydrochloride reagent were
added to the smeared cells. The oxidase tested
positive when the smeared cells were turning
blue-black. Fermentation type: LAB isolate
was grown on Nutrient Broth (Oxoid) medi-
um containing Durham tubes. The medium
was incubated for 48 hours at 37 °C. Hetero-
fermentative bacteria produce gas, while ho-
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mofermentative bacteria do not produce gas
(Cappuccino & Sherman, 2014).

Production and Extraction of Bacteriocins

LAB isolates were inoculated on 10 mL
of Nutrient Broth medium and then incubat-
ed for 18 hours at 37 °C. A total of 2.5 mL
of LAB liquid culture (aged 18 hours, ~10?
CFU/mL) was inoculated on 250 mL of Nutri-
ent Broth medium and then incubated for 18
hours at 37°C. The liquid culture was centri-
fuged at 5,480 x g for 15 minutes at 4 °C. The
resulting cell-free supernatant (CFS) was sep-
arated using the salting-out method by adding
ammonium sulfate (Kusharyati et al., 2021).
A solution of ammonium sulfate (60%) was
slowly added until homogeneous. The mix-
ture was centrifuged at 5,480 x g for 30 min
at 4 °C. The precipitate was dissolved in a 0.1
M phosphate buffer at pH 5 and then stored as
crude bacteriocin.

Influence of Proteolytic Enzyme

Papain was used to analyze the sensi-
tivity of crude bacteriocin against proteolytic
enzymes (Kusharyati et al., 2021). A total of
200 pl of crude bacteriocin was added, along
with 20 pl of papain enzyme (the pH of the
mixture was adjusted to 7). The mixture was
incubated for 2 hours at 37 °C. A total of 20
ul of the mixture was dripped on disc paper (6
mm in diameter, Oxoid) and placed on Muel-
ler Hinton Agar (Oxo0id) medium overgrown
with indicator bacteria (~10* CFU/ml of
Staphylococcus aureus and Escherichia coli).
The medium was incubated for 24 hours at 37
°C. The active crude bacteriocin produces an
inhibitory zone around the disc paper.

Antimicrobial Assay

The antimicrobial assay was performed
using the disc diffusion method (Hudzicki,
2009). A total of 50 pl of the test compound
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(tetracycline, aquadest, crude bacteriocin +
papain, and crude bacteriocin) was dripped
on disc paper (6 mm in diameter, Oxoid) and
placed on Mueller Hinton Agar media over-
grown with test bacteria (~10* CFU/ml of
Escherichia coli and Staphylococcus aureus).
The medium was incubated for 24 hours at 37
°C. Compounds that have antimicrobial activ-
ity produce an inhibitory zone around the disc
paper. The inhibitory zone was measured by
the following formula:

D (mm) = (D1+D2))/2

Note:

D : total diameter of the inhibitory zone

D1: vertical diameter of the inhibitory zone
D2: horizontal diameter of the inhibitory zone

Ninhydrin Test

A 0.1% solution of ninhydrin was
dripped onto 1 ml of crude bacteriocin and
then heated to a boil. The positive reaction
was characterized by a change in color to pur-
ple (Suardana et al., 2017).

Characterization of Bacteriocin

The SDS-PAGE method was used to
determine the molecular weight of crude bac-
teriocin (Suardana et al., 2017). The discon-
tinuous gel consists of 4% stacking gel and
12.5% separating gel. The gel was put into
the mold, and then we waited until it was sol-
id. A total of 10 pl of crude bacteriocin was
mixed with 30 pl of loading buffer solution
and then heated at 90 °C for 5 minutes. Stan-
dard proteins measuring 3-198 kDa were used
as markers (Thermo Fisher). The running buf-
fer was inserted into the gel. A total of 5 ul
of crude bacteriocin was introduced into the
well. The process took an hour. The gel was
removed and placed in a container containing
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Coomassie Brilliant Blue, then stored at 37 °C
for 24 hours. The determination of the molec-
ular weight of bacteriocin was compared with
marker protein bands.

RESULTS AND DISCUSSION

The LAB isolates from mangrove sedi-
ment at Logending Beach, Kebumen in Jawa
Tengah are suspected to be the Lactobacillus
group, i.e., isolates Logending 50 (LG-50),
Logending 70 (LG-70), and Logending 114
(LG-114). The crude bacteriocins inhibit the
growth of Staphylococcus aureus and Esche-
richia coli in vitro.

Foodborne bacteria are becoming more
resistant to a variety of widely viable anti-
biotics. Many studies have shown that LAB
can inhibit the growth of food pathogens both
in vitro and in vivo (Manzoor et al., 2016).
Among LABs, Lactobacilli and Cocci have
been the most often employed LABs in the
food industries.

Thiruneelakandan et al. (2014) succeed-
ed in isolating Lactobacillus from mangrove
ecosystems. These isolates are reported to
produce bacteriocin against bacteria that cause
seafood spoilage. Similarly, Sukmawati et al.
(2022) isolated Bacillus australimaris from
mangrove ecosystems that can be used as bio-
logical controllers. It can inhibit the growth of
the rice blast pathogenic fungus (Magnaport-
he oryzae). This lactic acid bacterium is found
in fermented foods and can be utilized as a
probiotic (Chen et al., 2019).

LAB produces a variety of metabolites
in addition to bacteriocins, including vitamins,
organic acids, short-chain fatty acids, amines,
and exopolysaccharides. Bacteriocin is gener-
ally recognized as safe. It continues to interest
many researchers because it has beneficial use
in the food and pharmaceutical industries.
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Characterization of LAB isolates

A single colony of LAB isolates has
the characteristics of a shiny smooth colony
surface, circular shape, milky white color,
convex elevation, convex edge, small size,
opaqueness, and no pigment (Figure 1). Based
on Bergey's Manual of Determinative Bacte-
riology, this characteristic has similarities

with the group of Lactobacillus. Micromor-
phological observation confirms that all LAB
isolates are Gram-positive, do not form endo-
spores, and are non-motile (Table 1). Lactoba-
cillus is generally non-motile, although some
Lactobacillus have flagella and exhibit motile
properties (Kajikawa et al., 2016).

Figure 1. Macromorphology (/eft, on MRSA me
phology (right, 1000x magnification on a light micro-
scope). Note: a) Isolate LG-50, b) LG-107, and c) LG-
114.

The growth test results show that all
LAB isolates grow optimally at 37 °C and can
survive at 45 °C. However, LAB isolates can-

Jurnal Biodjati 8(1):151-162, May 2023

not grow at 5 °C (Table 1). Azhara et al. (2022)
reported that LAB growth was optimum at
37 °C and began to occur at 10 °C. LAB iso-

155



Jurnal Biodjati 8(1):151-162, May 2023

JURNAL BI§®D]ATL

http://journal.uinsgd.ac.id/index.php/biodjati

lates can grow on MRSB media with pH 5,
pH 6.5, and pH 9. However, isolates cannot
grow at pH 3. Van-Thuoc et al. (2021) found
that Lactobacillus can live at pH 4—10 and has
an optimum pH of 6-6.5. LAB isolates can
also grow on an MRSB medium containing
3% to 6.5% of NaCl. Similarly, Laily et al.
(2013) reported the growth of Lactobacillus
in the medium containing NaCl in the range
of 3-7%. LAB isolates are facultatively an-
aerobic and homofermentative. Lactic acid
bacteria from the Lactobacillus group are fac-
ultatively anaerobic (Hendarto et al. 2019).
The bacteria can live with or without oxygen.
Homofermentative LAB converts glucose to

Table 1. Phenotypic characterization of LAB isolates

produce lactic acid as the main product (Anin-
dita et al., 2022).

The degree of bacterial inhibition was
not only related to the production of lactic or
acetic acid. “The presence of numerous chem-
icals, such as organic acids, H202, and bacte-
riocin, may be substantially connected to the
antimicrobial capabilities of LABs (Leslie et
al., 2021). The application of the proteolyt-
ic “papain” enzyme to bacteriocin activity
showed that no inhibitory zone was formed
around the disc paper against the indicator
bacteria. It confirms that the antimicrobial
compounds produced by LAB isolates (LG-
50, LG-107, and LG-114) are bacteriocins.

Isolates

Ch t
aracters LG-50

LG-107 LG-114

Macro-morphology

Colony surface Smooth Circular

Colony form Glazed

Colony color Milky White Convex

Colony elevation Flat

Colony edge Small

Colony size Opaque

Colony optics None

Pigmentation

Micromorphology

Grams Positive

Cell shape Bacil

Cell arrangement Strepto

Endospores None

Motility -

Bacterial growth

Temperature 5°C -

Temperature 37°C +

Temperature 45°C +

pH3 -

pHS +

pH 6 +

pH9 +

NaCl 3% +

NaCl 5% +

NaCl 6,5% +

NaCl 10% -

Oxygen requirements Facultative
anaerobic

Kusharyati et al.

Smooth Circular Smooth Circular

Glazed Glazed
Milky White Convex Milky White Convex
Flat Flat

Small Small
Opaque Opaque
None None
Positive Positive
Bacil Bacil
Strepto Strepto
None None

+ +

+ +

+ +

+ +

+ +

+ +

+ +

+ +
Facultative Facultative
anaerobic anaerobic
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Biochemistry

Catalase -

Oxidase +

Fermentation type Homofermentative

Genus’s identification Lactobacillus
based on

Bergey's Manual of

Determinative

Bacteriology

+ +
Homofermentative Homofermentative

Lactobacillus Lactobacillus

Note:
(+): Positive interpretation
(-): Negative interpretation

Bacteriocin Production and its Antimicro-
bial Activity

Bacteriocin is an active protein that is
sensitive to proteolytic enzymes, such as tryp-
sin, pepsin, and papain enzymes. Bacteriocin
contains disulfide bonds. The disulfide bonds
are damaged by proteolytic enzymes, result-
ing in the loss of bacteriocin activity (Paryati
et al., 2022; Sari et al., 2016). It is character-
ized by the loss of inhibitory zones.

The indicator pathogenic bacteria were
Staphylococcus aureus and Escherichia coli.
These bacteria were selected as representing
spoilage bacteria of economic importance in
food and raw material handling. The antimi-
crobial effect of bacteriocin from LAB iso-
lates (LG-50, LG-107, and LG-114) is charac-
terized by the presence of an inhibitory zone
around the disc paper (Figure 2). Lactobacil-
lus plantarum, according to Sari et al. (2016),
can suppress the development of S. aureus,
Salmonella typhi, and E. coli.

Table 2 suggests that bacteriocin pro-
duced a larger inhibitory zone against S. au-
reus than E. coli. Gram-positive bacteria (e.g.,
S. aureus) are generally more sensitive to the
bacteriocin of LAB isolates LG-50, LG-107,
and LG-114 than Gram-negative bacteria
(e.g., E. coli) (Figure 3). The average diame-
ter of the inhibitory zone against S. aureus is
22.17 mm, while that against E. coli is 16.67
mm.

Jurnal Biodjati 8(1):151—162, May 2023

The cell wall of Gram-negative bacteria
consists of lipoproteins, lipopolysaccharides,
and peptidoglycans. “It causes Gram-nega-
tive bacteria more difficult to be penetrated
by antibacterial compounds than Gram-pos-
itive bacteria (Hamidah et al., 2019). There
are few studies on LAB's bacteriocin that is
active against Gram-negative bacteria, thus
the antagonistic action against Gram-nega-
tive bacteria is of special interest. Moreover,
antagonistic activity against Gram-negative
pathogens would enhance its use in food pres-
ervation”.

Characterization of Bacteriocin
The characterization of bacteriocins
was carried out using a ninhydrin test in order
to find out the presence of free amino acids
in certain materials. A ninhydrin test of three
LAB isolates (LG-50, LG-107, and LG-114)
showed the formation of purple color in the
solution. The purple color of the solution is
caused by the reaction between a-amino ac-
ids and ninhydrin. Oxidized ninhydrin com-
pounds cause oxidative decarboxylation of
a-amino acids, forming hydrindantin, CO2,
NH3, and aldehydes (Lestari et al., 2019).
Protein molecular weight testing, also
known as SDS-PAGE, was used to charac-
terize bacteriocins. SDS-PAGE aims to sep-
arate protein molecules based on the size and
shape of their particles. It can determine their
157
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molecular weight. LAB isolates LG-50, LG-
107, and LG-114 have a molecular weight of
38 kDa (Figure 4). It belongs to class III bac-
teriocins. Rachmania et al. (2017) concluded
that class III bacteriocins are generally large,
i.e., more than 30 kDa. The results obtained

on SDS-PAGE electrophoresis showed a
very thin protein band. Bacteriocins, carbon
dioxide, hydrogen peroxide, and diacetyl
(2,3-butanedione) are among the low-molec-
ular-weight compounds found in LAB (Leslie
etal., 2021).

Figure 2. Bacteriocin activity of LAB isolates LG-50 (a), LG-107 (b), and LG-114 (c) against Staphy-
lococcus aureus. Note: (1) positive control (tetracycline); (2) negative control (aquadest); (3)

bacteriocin + papain enzymes; (4) bacteriocin.

Figure 3. Bacteriocin activity of LAB isolates LG-50 (a), LG-107 (b), and LG-114 (c) against Escherichia
coli. Note: (1) positive control (tetracycline); (2) negative control (aquadest); (3) bacteriocin +
papain enzymes; (4) bacteriocin.

Table 2. Bacteriocin activity of LAB isolates against Staphylococcus aureus and Escherichia coli

Diameter of the Inhibitory Zone (mm)

Isolates
Staphylococcus aureus Escherichia coli
LG-50 19 14
LG-107 29 21
LG-114 18.5 15

A thin protein band can be caused by

a low concentration of protein due to pro-

tein degradation (Wardhani et al., 2021). A

decrease in protein solubility can be caused
Kusharyati et al.

by the salting-out process using ammonium
sulfate. The cross-linking of disulfides causes
protein solubility to decrease (Rachmania et
al., 2017).
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Class III bacteriocins have a large mo-
lecular mass. For example, a class III bacte-
riocin, helveticin, is produced by L. helveticus
with a size of >37 kDa (Benitez-Chao et al.,
2021). Bacteriocin of the Lactobacillus group
generally has varied molecular weights rang-
ing from 15 to 40 kDa (Islam et al., 2020).
Similarly, the bacteriocin of L. rhamnosus
IN13 was reported to have a molecular weight
of 35 kDa (Maulidayanti et al., 2019). The

r"'i_‘ - -

— — — —
50 107

bacteriocin of L. plantarum SB7 had a mo-
lecular weight of 48 kDa (Mulyawati et al.,
2019). Bacteriocin of Lactobacillus acidoph-
ilus NX2-6 had a molecular weight of 37.1
kDa (Meng et al., 2021). Meanwhile, Iseppi
et al. (2019) reported a low molecular weight
of bacteriocin produced by several strains of
Lactobacillus. The bacteriocin of L. paracasei
and L. brevis has a low molecular weight of 3
kDa.

KDa
198

62

114

w38

—

CONCLUSION

LAB isolates LG-50, LG-107, and LG-
114 from the mangrove sediments of Logend-
ing Beach, Kebumen in Jawa Tengah had sim-
ilar characteristics to the genus Lactobacillus.
The crude bacteriocin can inhibit the growth
of Escherichia coli and Staphylococcus au-
reus. The average inhibitory zones against .
coli and S. aureus were 16.67 mm and 22.17
mm, respectively.” The molecular weight of
bacteriocin produced by LAB isolates was 38
kDa.

AUTHOR CONTRIBUTION

Conceptualization: D.F.K., H.P. Meth-

Jurnal Biodjati 8(1):151—162, May 2023

odology: D.F.K., H.P. and F.J.A. Investiga-
tion: F.J.A. and A.R. Writing—original draft
preparation: D.F.K., FJ.A. and A.R. Writ-
ing—review and editing: A.R.

ACKNOWLEDGMENTS
The author thanks Universitas Jenderal
Soedirman (Unsoed) for the funding support

through the scheme of Riset Terapan Badan
Layanan Umum (BLU) Unsoed in 2021.

CONFLICT OF INTEREST

The author declares that there was no
conflict of interest in this study.

159



Jurnal Biodjati 8(1):151-162, May 2023

JURNAL BI§®D]ATL

http://journal.uinsgd.ac.id/index.php/biodjati

REFERENCES

Anindita, N. S. (2022). Isolasi dan Identifikasi
Fenotipik Bakteri Asam Laktat (BAL)
Indigenous Asal Air Susu Ibu (ASI).
Jurnal Teknologi Pangan, 5(1), 18-23.
DOI: 10.14710/jtp.v5i1.22289.

Azhara, 1., Rais, M., Sukainah, A., et al.
(2022). Isolasi dan Identifikasi Bakteri
Asam Laktat pada Fermentasi Spontan
Biji Kopi Robusta Asal Bantaeng. Jur-
nal Teknologi Pertanian, 23(1): 49-60.
DOI: 10.21776/ub.jtp.2022.023.01.5.

Benitez-Chao, D. F., Leon-Buitimea, A., Ler-
ma-Escalera,J. A. & Monores-Ra,mirez,
J.R.(2021). Bacteriocins: An Overview
of Antimicrobial, Toxicity, and Biosafe-
ty Assessment by In Vivo Models. Fron-
tier in Microbiology, 12: 630695. DOI:
10.3389/fmicb.2021.630695.

Cappuccino, J. G. & Sherman, N. (2014).
Manual Laboratorium Mikrobiologi
Edisi Kedelapan. Jakarta: EGC.

Chen, W., Zhao, L., Li, H., Dong, Y., Xu, H.,
Guan, Y., Rong, S., Gao, X., Chen, R.,
Li, L. & Xu, Z. (2019). The Isolation
of the Antagonistic Strain Bacillus aus-
tralimaris CQ07 and The Exploration
of The Pathogenic Inhibition Mech-
anism of Magnaporthe oryzae. PloS
One, 14(8), €0220410. DOI: 10.1371/
journal.pone.0220410.

Da Costa, R. J., Voloski, F. L. S., Mondadori,
R. G. Duval, E. H. & Fiorentini, A. M.
(2019). Preservation of Meat Products
with Bacteriocins Produced by Lac-
tic Acid Bacteria Isolated from Meat.
Journal of Food Quality, 1-12. DOI:
10.1155/2019/4726510.

Daba, G. M. & Elkhateeb, W. A. (2020).
Bacteriocins of Lactic Acid Bacteria
as Biotechnological Tools in Food and
Pharmaceuticals: Current Applications

Kusharyati et al.

and Future Prospects. Biocatalysis and
Agricultural Biotechnology, 28, 1-10.
DOI: 10.1016/j.bcab.2020.101750.

Haldar, S. & Nazareth, S. W. (2018). Taxonom-
ic Diversity of Bacteria from Mangrove
Sediments of Goa: A Metagenomic and
Functional Analysis. Biotechnology,
8(10), 1-10. DOI: 10.1007/s13205-018-
1441-6.

Hamidah, M. N., Rianingsih, L. & Romadhon,
R. (2019). Aktivitas Antibakteri Isolat
Bakteri Asam Laktat dari Peda dengan
Jenis Ikan Berbeda terhadap E. coli dan
S. aureus. Jurnal Ilmu dan Teknologi
Perikanan, 1(2), 11-21. DOI: 10.14710/
Jitpi.2019.6742.

Hendarto, D. R., Handayani, A. P., Esterelita,
E. & Handoko, Y. A. (2019). Mekan-
isme Biokimiawi dan Optimalisasi Lac-
tobacillus bulgaricus dan Streptococcus
thermophilus dalam Pengolahan Yo-
ghurt yang Berkualitas. Journal of Sains
Dasar, 8(1), 13-19. DOI: 10.21831/jsd.
v8il.24261.

Hudzicki, J. (2009). Kirby-Bauer Disk Diffu-
sion Susceptibility Test Protocol. Amer-
ican Society for Microbiology 2016.
Retrived from https://asm.org/Proto-
cols/Kirby-Bauer-Disk-Diffusion-Sus-
ceptibility-Test-Pro.

Iseppi, R., Messi, P., Camellini, S. & Sabia, C.
(2019). Bacteriocin Activity of Lacto-
bacillus brevis and Lactobacillus para-
casei ssp. Paracasei. Journal of Medical
Microbiology, 68(9),1359-1366. DOI:
10.1099/jmm.0.001045.

Islam, R., Hossain, M. N., Alam, M. K. &
Uddin, M. E. (2020). Antibacterial
Activity of Lactic Acid Bacteria and
Extraction of Bacteriocin Protein. Ad-
vances in Bioscience and Biotechnolo-
gy, 11, 49-59. https://doi.org/10.4236/
abb.2020.112004.

160



Jurnal Biodjati 8(1):151-162, May 2023

JURNAL BI§®D]ATL

http://journal.uinsgd.ac.id/index.php/biodjati

Ismail, Y. S., Yulvizar, C. & Putriani, P. (2017).
Isolasi, Karakterisasi, dan Uji Aktivitas
Antimikroba Bakteri Asam Laktat dari
Fermentasi Biji Kakao (7Theobroma ca-
cao L.). Jurnal Bioleuser, 1(2): 45-53.
eISSN 2597-6753.

Kajikawa, A., Midorikawa, E., Masuda, K.,
Kondo, K., Irisawa, T., Igimi, S. &
Okada, E. (2016). Characterization of
Flagellins Isolated from a Highly Mo-
tile Strain of Lactobacillus agilis. BMC
Microbiology, 16(1), 1-8. DOI: 0.1186/
s12866-016-0667-x.

Kusharyati, D. F., Oedjijono, Satwika, T. D. &
Rovik, A. (2021). Potential Screening of
Bacteriocinogenic-Lactic Acid Bacteria
from Mangrove Sediment of Logending
Beach for Fisheries Product Preserva-
tion. Journal of Tropical Biodiversity
and Biotechnology, 6. DOI: 10.22146/
jtbb.61927.

Laily, I. N., Utami, R. & Widowati, E. (2013).
Isolasi dan Karakterisasi Bakteri Asam
Laktat Penghasil Riboflavin dari Pro-
duk Fermentasi Sawi Asin. Jurnal Ap-
likasi Teknologi Pangan, 2(4), 179-184.
eISSN: 2460-5921

Leslie, V. A., Alarjani, K. M., Malaisamy, A.
& Balasubramanian, B. (2021). Bacte-
riocin Producing Microbes with Bacte-
ricidal Activity Against Multidrug-Re-
sistant Pathogens. Journal of Infection
and Public Health, 14(12), 1802-1809.
DOI: 0.1016/].jiph.2021.09.029.

Lestari, N.K. L., Suardana, I. W. & Sukrama, I.
D. M. (2019). Karakteristik Fisikokimia
dan Uji Aktivitas Antimikroba Bakter-
iosin dari Isolat Bakteri Asam Laktat
15B Hasil Isolasi Kolon Sapi Bali. Bu-
letin Veteriner Udayana, 11(1), 65-70.
DOI:  10.24843/bulvet.2019.v11.101.
pll.

Manzoor, A., Ul-Haq, 1., Baig, S. Qazi, J. 1. &

Jurnal Biodjati 8(1):151—162, May 2023

Seratlic, S. (2016). Efficacy of Locally
Isolated Lactic Acid Bacteria Against
Antibiotic-Resistant Uropathogens.
Jundishpur Journal of Microbiology, 9,
e18952. DOI: 10.5812/jjm.18952.

Martuti, N. K. T., Susilowati, S. M. E., Sidiq,
W. A. B. N. & Mutiara, D. P. (2018).
Peran Kelompok Masyarakat dalam Re-
habilitasi Ekosistem Mangrove di Pesi-
sir Kota Semarang. Jurnal Wilayah dan
Lingkungan, 6(2): 100-114. https://doi.
org/10.14710/jw1.6.2.100-114.

Maulidayanti, S. & Mubarik, N. R. (2019).
Characterisation of a Bacteriocin Pro-
duced by Lactobacillus rhamnosus
IN13 Isolated from Inasua, a Ferment-
ed Fish Product from Central Maluku,
Indonesia. International Food Research
Journal, 26(5): 1557-1563.

Mendes, L. W. & Tsai, S. M. (2014). Variations
of Bacterial Community Structure and
Composition in Mangrove Sediment at
Different Depths in Southeastern Brazil.
Diversity, 6(4), 827-843. DOI: 10.3390/
d6040827.

Meng, F., Zhu, X., Zhao, H.,Nie, T., Lu, F., Lu,
Z. & Lu, Y. (2021). A Class III Bacteri-
ocin with Broad-Spectrum Antibacterial
Activity from Lactobacillus acidophi-
lus NX2-6 and Its Preservation in Milk
and Cheese. Food Control, 121(1): 1-8.
DOI: 10.1016/j.foodcont.2020.107597.

Mulyawati, A. 1., Ardyati, T. & Jatmiko,
Y. D. (2019). Partial Purification and
Characterization of Bacteriocins from
Lactobacillus plantarum SB7 and Ba-
cillus amyloliquefaciens BC9 Isolat-
ed from Fermented Sumbawa Mare’s
Milk as Food Preservative Candidates.
American Institute of Physics Confer-
ence Proceedings, 2120(1), 1-9. DOI:
10.1063/1.5115747.

Paryati, S. P. Y., Raja, E. N. L. & Andana, P.

161



Jurnal Biodjati 8(1):151-162, May 2023

JURNAL BI§®D]ATL

http://journal.uinsgd.ac.id/index.php/biodjati

(2022). Perbandingan Efektivitas Bakte-
riosin Lactobacillus acidophillus ATCC
4356 dengan Nisin pada Pertumbuhan
Salmonella typhi ATCC 6539. Medika
Kartika: Jurnal Kedokteran dan Kese-
hatan, 5(2), 162-174. DOI: 10.35990/
mk.v5n2.p162-174.

Rachmania, R. A., Wahyudi, P., Wardani, A.
M. & Insani, D. R. (2017). Molecular
Weight Profile of Protease of Pineapple
(Ananas comosus L. Merr) and Papaya
(Carica papaya L.) Using SDS-PAGE
Method. Jurnal Penelitian Kimia,
13(1), 52-65. DOI; 10.20961/alchemy.
v13i1.2540.

Sahoo, K. & Dhal, N. K. (2009). Potential Mi-
crobial Diversity in Mangrove Ecosys-
tem: A Review. Indian Journal of Ma-
rine Sciences, 38(2), 249-256.

Sari, N. P., Sari, R. & Untari, E. K. (2018).
Antibacterial Activity Test of Bacterioc-
in from Lactobacillus brevis, Lactoba-
cillus casei, and Lactobacillus plantar-
um Against Gram-positive Pathogenic
Bacteria. Journal of Tropical Biodiver-
sity and Biotechnology, 3(3), 85-91.
DOI: 10.22146/jtbb.38138.

Suardana, I. W., Septiara, H. K. A. & Suarsana,
I. N. (2017). Karakteristik Fisikokimia
Bakteriosin Asal Bakteri Asam Laktat
Enterococcus durans Hasil Isolasi Ko-
lon Sapi Bali. Buletin Veteriner Udaya-

Kusharyati et al.

na, 9(2),209-215. hDOI: 10.21531/bul-
vet.2017.9.2.209.

Sukmawati, S., Rosalina, F., Sipriyadi, Dewi,
K. N., Yunita, M., Sarhan, A. R. T,
Rahayu, Y. & Kusumawati, E. (2022).
Short Communication: Bacterial Di-
versity of Mangrove Ecosystem in Kl-
awalu Sorong, West Papua, Indonesia.
Biodiversitas, 23, 1427-1432. DOI:
10.13057/biodiv/d230329.

Thiruneelakandan, G., Sesuraj, V. J., Babu,
V. & Snthilkumar, V. (2013). Efficacy
of Preserving Sea Foods Using Marine
Lactobacillus.  Science, Technology,
and Arts Research Journal, 2(4), 10-13.
DOI: 10.4314/star.v2i4.3.

Van-Thuoc, D., Huong, P. T. & Phong, T. H.
(2021). High Lactic Acid Production
by Lactobacillus sp. V156 Isolated
from Vietnamese Fermented Mustard
Green. Vietnam Journal of Science
and Technology, 59(6), 702-713. DOI:
10.15625/2525-2518/59/6/15607.

Wickramasinghe, S., Borin, M., Kotagama,
S. W., Cochard, R., Anceno. A. J. &
Shipin, O. V. (2009). Multi-functional
Pollution Mitigation in A Rehabilitated
Mangrove Conservation Area. Ecologi-
cal Engineering, 35(5), 898-907. DOI:
10.1016/j.ecoleng.2008.12.021.

162



