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Pendekatan polifasik merupakan metode yang sangat komprehensif untuk
mengklasifikasikan isolat bakteri ke dalam taksa tertentu. Pendekatan ini
mencakup informasi lengkap yang diperoleh dari karakter morfologi dan biokimia,
serta dilengkapi dengan informasi molekuler seperti pengurutan gen 16S rRNA.
Penelitian ini bertujuan untuk mengidentifikasi spesies BAL (bakteri Asam Laktat)
yang terdapat pada tempoyak dari Sumatera Selatan. Identifikasi BAL dilakukan
dengan mengamati karakter morfologi koloni, morfologi sel, fisiologi biokimia
serta analisis gen 165 rRNA BAL. Karakter fisiologi dan biokimia BAL diamati
melalui uji kebutuhan oksigen, uji motilitas, uji indol, uji katalase, uji MR-VP, uji
sitrat, uji urea, dan uji fermentasi gula. Karakter morfologi, biokimia dan fisiologi
dibandingkan dengan Bergey’s Manual of determinative Bacteriology. Gen 16S

rRNA diamplifikasi menggunakan primer universal 27F (5' AGA GTT TGA TCM TGG
CTCAG 3') dan 1492R (5' TAC GGY TAC CTT GTT ACG ACT T 3'). Urutan DNA dalam
format FASTA dibandingkan dengan database DNA di NCBI melalui software
BLAST. Pohon filogenetik isolat BAL yang diperoleh dikonstruksi menggunakan
metode Maximum likelihood pada MEGA X dengan bootstrap 1000. Penelitian ini
berhasil mengisolasi tiga isolat Bakteri Asam Laktat (BAL) yang diberi kode TP02,
TP07 dan TP08. Berdasarkan pendekatan polifasik, TPO2 terindentifikasi sebagai
Lactobacillus sp, YIT 11469, TPO7 teridentifikasi sebagai Lentilactobacilus kefiri
strain NBRC 15888 dan TPO08 teridentifikasi sebagai Lentilactobacillus buchneri
strain JCM 1115. TP02 dan TPO8 tervalidasi memiliki kasamaan pada tingkat
strain dengan persentase identitas masing-masing sebesar 99,93% dan 99,60%.

[@Xolel

This is an open access article under the CC
BY-SA license.

Copyright © 2024 by Author. Published by
Universitas Pendidikan Ganesha.

ABSTRACT

The polyphasic approach is a comprehensive method for classifying bacterial isolates into specific. It combines
morphological and biochemical data with molecular details, such as 16S rRNA gene sequencing. This study aims to
identify LAB (Lactic Acid Bacteria) species found in tempoyak from South Sumatra. The identification process includes
examining colony morphology, cell morphology, physiology biochemistry, and analyzing the 16S rRNA gene of LAB.
The physiological and biochemical characteristics of LAB were observed through test such as oxygen requirement,
motility, indole, catalase, MR-VP, citrate, urea, and sugar fermentation. The Morphological, biochemical and
physiological characteristics were compared to those in Bergey's Manual of Determinative Bacteriology. The 16S
rRNA gene was amplified 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'). DNA sequences in FASTA format were compared to NCBI DNA database using BLAST
software. A Phylogenetic tree was reconstructed using the Maximum likelihood method in MEGA X with a bootstrap of
1000. This study successfully isolated three LAB, coded as TP02, TP07 and TP08. TP02 was identified as Lactobacillus
sp, YIT 11469, TPO7 as Lentilactobacilus kefiri strain NBRC 15888 and TP08 as Lentilactobacillus buchneri strain JCM
1115. TP02 and TP08 showed strain level similarity with identity percentages of 99.93% and 99.60%, respectively.

1. INTRODUCTION

Mercury In recent decades, probiotic food products have become essential in the human diet.
Probiotic foods are fermented foods containing live microorganisms that provide health benefits (Mohkam
etal, 2022). Due to their potential health benefits, probiotic foods now dominate 60-70% of the functional
food market (Ibrahim et al., 2023). These products contain live microorganisms that colonize the host's
body, providing beneficial effects without being toxic or pathogenic (Mohkam et al., 2019). Lactic Acid
Bacteria (LAB) are among the main microorganisms found in many fermented foods, and they play a key
role in balancing. In South Sumatra, tempoyak is a well-known probiotic food product. It is highly
nutritious, containing carbohydrates, protein, fat, vitamin B1, niacin, sodium, calcium, phosphorus, iron,
potassium, vitamin B2, vitamin C and carotenoids. This rich nutritional profile makes tempoyak a
commercial probiotic food (Anggadhania et al, 2023). The fermentation process of tempoyak occurs
anaerobically, involving LAB (Arina et al., 2014). Various LAB strains are present in tempoyak, including
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Lactobacilus plantarum and Lactobacilus fermentum (Reli et al,, 2017). Research by Erfisa et al. (2022)
identified four species of microflora in tempoyak: P. acidilactici, L. plantarum, L. curvatus, and Leu.
Mesentroides, which play a positive role in tempoyak fermentation. LAB identified so far belong to the
phylum Firmicutes, class Bacilli and order Lactobacillales, with known families including Aerococcaceae,
Enterococcaceae, Carnobacteriaceae, Leuconostocaceae, Streptococcaceae, and Lactobacillaceae (Hasbi et
al, 2024). Certain LAB strains are used as probiotics, either in pure or mixed cultures. Probiotic
microorganisms help maintain intestinal balance and reduce the effects of gastrointestinal disorders such
as antibiotic-associated diarrhea, inflammatory bowel disease, childhood diarrhea, traveler's diarrhea,
lactose intolerance, irritable bowel syndrome, and intestinal diseases caused by Clostridium difficile
(Quinto et al., 2014). The role of LAB in the production of tempoyak is crucial, as it directly impacts the
product’s quality. Therefore, identifying and exploring LAB is essential to ensure the production of high-
quality tempoyak. The importance of probiotic foods, which currently dominate 60-70% of the functional
food market. However, there is a need for deeper understanding of the specific microorganisms,
particularly Lactic Acid Bacteria (LAB), in traditional fermented foods like tempoyak. While tempoyak is a
nutritious probiotic food containing various nutrients, the precise characterization of its microbial
composition remains incomplete. The novelty of this research lies in its comprehensive polyphasic
approach, which combines morphological, physiological, biochemical, and molecular characteristics to
systematically characterize LAB species in tempoyak from South Sumatra. The primary objectives of the
study is to identify LAB species present in tempoyak from South Sumatra use a polyphasic approach to
comprehensively characterize these bacterial isolates.

2. METHOD

This type of research uses a mixed method, which combines qualitative and quantitative methods.
Qualitative methods were used to isolate, purify, and identify the morphology and biochemistry
characters of LAB. Quantitative methods are used to identify LAB molecularly. The equipment used in this
study included test tubes, test tube racks, petri dishes, micropipettes, microtips, Laminar Air Flow,
tweezers, paper discs, incubator, centrifuge, waterbath, magnetic stirrer, spatula, drip pipette, burette,
static Polymerase Chain Reaction (PCR) machine, analytical balance, microscope, glass slide, inoculation
loop, falcon tubes, microtubes, electrophoresis apparatus, gel documentaion system, perforator, vernier
calliper, pH meter, glass jar and spectrophotometer. The materials used include tempoyak from the Musi
Rawas Regency area of South Sumatra Province, durian fruit, distilled water, De Man - Rogosa - Sharpe
(MRS) agar (Merck), MRS broth (Himedia), Kovac's reagent, 3% H202, Gram stain, immersion oil, 70%
alcohol, spritus, methyl red reagent, Barrit A reagent (alpha naphtol), Barrit B reagent (40% KOH), MR-VP
medium (Himedia), SIM (Sulfur Indole Motility) medium (Merck), Simon Citrat medium (Merck), urea
agar medium (Himedia), skim milk agar (Himedia), glucose (Merck), sucrose (Merck), lactose (Merck),
mannitol (Merck), bactopepton (Oxoid), NaCl (Merck), bromothymol blue, 10% trichloroacetate, NaOH,
HCI, KCl, Na;HPO4, KH2PO4, phenolphthalein indicator, oxalic acid, Bovine Serum Albumine (BSA),
Bradford reagent, erythromycin, tetracycline, chloramphenicol, Staphylococcus aureus, Salmonella
typhimurium, Escherichia coli, chicken ileum, Zymo Research kit, EF-Taq PCR kit (SolGent, Korea) and
universal primers 27F (5" AGA GTT TGA TCM TGG CTC AG 3") and 1492R (5' TAC GGY TAC CTT GTT ACG
ACT T 3").

LAB isolates were obtained from tempoyak samples from South Sumatra. LAB isolation was
perfomed using MRS agar media (Merck) incubated at 37°C for 72 hours. The steps included diluting 1
gram of tempoyak in 9 ml of distilled water. Serial dilutions were made from 10-! to 10-¢. The last three
dilution (104, 10-5, 10-¢) were plated on sterile MRS agar media, which had been suplemented with 1 drop
of nystatin. The samples were inoculated using the pour plate method, and the procedure was performed
in duplicate. One milliliter of each dilution (10-4, 10-5, 10-¢) was mixed with MRS agar. The samples and
media were then incubated at 37°C for 72 hours. Colonies that grew on the MRS agar and exhibited
different morphological characteristics were purified using the streak plate method. Pure colonies were
identified by the presence of single colonies along the streak lines. The pure colonies were propagated,
and stock cultures were prepared. The stock cultures will be used for further testing including LAB
identification, screening for the best probiotic candidate and tempoyak quality testing (Nizori et al.,, 2019).
Pure isolates of LAB were identified using a polyphasic approach by analyzing morphological, biochemical,
physiological and molecular characteristics. The morphological characteristics observed included colony
morphology (shape, edge, elevation, size, appearance, optical properties, color) and cell morphology
(shape and Gram properties). The physiological and biochemical characteristics of LAB were examined
through test such as oxygen demand, motility, indole, catalase, MR-VP, citrate, urea, and sugar
fermentation. These characteristics were compared with those in Bergey's Manual of Determinative
Bacteriology (Khushboo, Arun Karnwal, 2020; Soleha & Retnaningrum, 2020). The morphology of LAB
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colonies was observed by streaking purified isolates on MRS agar media in quadrants and incubating them
for 72 hours at 37°C. The observed morphological traits included colony shape, edge, elevation, size,
appearance, optical properties and color (Andhikawati & Permana, 2022). Cell shape and gram
characteristics were observed using the Gram staining method. The glass slide was cleaned using 70%
alcohol and air-dried. One drop of sterile distilled water was placed on the slide, and a loopful of the LAB
isolate was spread across it. The bacterial preparation was stained with Crystal violet for 60 seconds,
rinsed and dried. It was then treated with iodine for 60 seconds, rinsed and dried again. The preparations
was decolorized with 95% alcohol for 30 seconds, rinsed, and stained with safranin for 60 seconds before
being rinsed and dried. The cells were observed under a microscope at 100x magnification with
immersion oil to determined their shape (cocci, rods and spirals). Gram-negative cells appeared red, while
Gram-positive cells appeared purple (Ferdous et al., 2020) Oxygen demand in LAB was determined by
examining their growth in MRS broth. A mixture of 5 grams of MRS broth and 90 ml of distilled water was
homogenized and sterilized in an autoclave for 15 minutes (121°C, 15 psi). One loopful of LAB was
inoculated into the sterile MRS broth and incubated at 37°C for 72 hours). After incubation, the bacterial
growth pattern was observed. Obligate aerobic bacteria grew on the media surface, Facultative anaerobes
grew throughout the media with concentrated growth on the surface, microaerophiles grew just below the
surface, and obligate anaerobes grew at the bottom (Sionek et al., 2024).

The motility test was performed using SIM (Sulfur Indol Motility) and MRS agar media. Each LAB
isolate was inoculated into the agar using a straight needle and incubated for 72 hours at 37°C. Motile LAB
isolates showed spreading from the inoculation point (Rahayu & Setiadi, 2023). The Indole test assessed
the ability of LAB isolates to degrade tryptophan. LAB isolates were inoculated into SIM agar and incubat
at 72 hours at 37°C. After incubation, 10 drops of Kovac’s reagent were added. A red layer on the media
surface indicated a positive result (da Silva et al,, 2020). The catalase test used 3% H:0: reagent. The
cleaned glass slide was covered with 2 drops of 3% H202, and one loopful of LAB isolate was added. The
presence of bubbles indicated a positive test for catalase activity, reflecting the breakdown of hydrogen
peroxide into oxygen and water (Rahayu & Setiadi, 2023). The MR-VP test consisted of two parts: the MR
test, using methyl red, and the VP test, using Barrit A (a-naphtol) and Barrit B (40% KOH) reagents. LAB
isolate were inoculated into 5 ml of MR-VP broth, incubated at 37°C for 72 hours, and tested in duplicate.
In the MR test, a red color indicated positive result. For the VP test, 0.6 ml of Barrit A and 0.2 ml of Barrit B
were added to the broth, and a red color signified a positive result (Lingga et al., 2023). The citrate test
was performed using Simmons Citrate media. Simmons Citrate slant media was made by dissolving 1.2
grams of Simmons Citrate media in 50 ml of distilled water. LAB isolates were inoculated onto Simmons
Citrate slants, and incubated at 37°C for 72 hours. A color change from green to blue indicated a positive
result (Goa et al,, 2022). The urea test used urea agar, prepared by dissolving 1.3 grams of urea agar into
50 ml of distilled water. Distribute into 10 test tubes, each as much as 5 ml. The test tube was tilted to
form a sloping agar. LAB isolates were inoculated on the slanted agar and incubated at 37°C for 72 hours.
A positive result was indicated by a color change from yellow to red, showing the decomposition of urea to
ammonia by the enzyme urease enzyme) (Dahlén et al,, 2018). The sugar fermentation test used media
containing glucose, lactose, mannitol and sucrose. The medium consisted of bactopeptone (10 g/L), NaCl
(5 g/L), 10 g/L sugar (glucose, sucrose, lactose, mannitol) and bromothymol blue. LAB isolate were
inoculated into the sugar media and incubated at 37°C for 72 hours. A positive result was indicated by the
a yellow color, reflecting acid production from fermentation (Hadi et al., 2019; Zamanpour et al., 2023).
Molecular identification was performed by sequencing the 16S rRNA gene. Genomic DNA was isolated and
the was amplified 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'). The PCR reaction mixture consisted of 20 ng of genomic DNA and 30 pl
of EF-Taq PCR kit (SolGent, Korea), following the protocol: pre-denaturation at 95°C for 2 minutes,
denaturation for (35 cycles at 95°C for 1 minute, annealing at 55°C, for 1 minute), elongation at 72°C for 1
minute), and final elongation at 72°C for 10 minutes. PCR products were purified using multiscreen filter
plate (Millipore Corp., Bedford, MA, USA). PCR products were then sequenced (Soleha & Retnaningrum,
2020). The Abl-format DNA sequence were edited using GeneStudio Pro 2.2 and converted to FASTA-
format using ClustalX 2.1, and compared with the DNA database using BLAST. Phylogenetic relationship
were reconstructed using the Maximum likelihood method in MEGA X with 1000 a bootstrap replicates
(Soleha & Retnaningrum, 2020).

3. RESULT AND DISCUSSION

Result
The isolation process resulted in 8 LAB isolates identified at dilution levels of 104, 10->and 10-¢.
These eight isolates were coded as TP01, TP02, TP03, TP04, TPO5, TP06, TP07 and TP08. Isolate TPO1
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was obtained from the 10-¢ dilution series in the second replicate Petri dish, while isolates TP02, TP03,
TP04 and TP0O5 were obtained from the 10-5 dilution series in the first replicate Petri dish. In the 10-*
dilution series of the first replicate Petri dish, isolates TP06 and TP07 were found, and isolate TP08 was
observed in the second replicate Petri dish from the 10-* dilution series. The purification process resulted
in three LAB isolates that were able to grow and thrive on MRS agar media (Figure 1). These purified LAB
isolates were TP02, TP07 and TP08.

Figure 1. Purification of LAB by Streak Plate Method

The identification of TP02, TP07 and TP08 isolates was performed based on colony
morphological, cell morphology, physiological and biochemical characteristics, and molecular analysis on
16S rRNA gene fragments. The colony morphological characteristics observed from the pure colonies of
TP02, TP07 and TPO8 included colony shape, edge, elevation, size, appearance, optical properties and
color. Isolate TP02 exhibited a circular shape, curled edges, convex elevation, medium size, shiny
appearance, opaque optical properties and cream color. Isolate TP07 had cream-colored bacterial colonies
with, opaque optical properties, a shiny appearance, medium size, pulvinate elevation height, curled
edges, and a circular shape. Each of the three isolates showed distinct colony morphological
characteristics (Table 1). The cell morphology of LAB was determined through Gram staining. Microscopic
observation of isolates TP02, TP07 and TP08 showed that the cells of all three LAB isolates were strongly
stained purple and rod-shaped (Table 2).

Table 1. Morphological Characterization of LAB Colonies

Colony Morphology
Isolate cs E H s A oP cC
TPO02 circular curled convex Medium Shiny opaque cream
TPO7 circular curled pulvinate Medium Shiny opaque cream
TP08 irregular ~ undulate convex Medium shiny opaque cream

Description: CS (Colony Shape), E (Edge), H (Height), S (Size), A (Appearance), OP (Optical properties) and
CC (Colony Color).

Table 2. Characterization of LAB cell Morphology

Isolate Cell Morphology
Cell Shape Cell Color Gram properties
TPO02 Rod Purple Positive
TPO7 Rod Purple Positive
TP08 Rod Purple Positive

The physiological and biochemical characteristics of LAB were observed through tests for oxygen
demand, motility, indole production, catalase activity, the MR-VP test, citrate utilization, urea hydrolysis,
and sugar fermentation. These tests are crucial for distinguishing bacterial species. Oxygen demand,
motility, indole, catalase, VP, citrate and urea tests for isolates TP02, TP07 and TP08 yielded negative
results (Table 3). Positive results were observed in the MR test and sugar fermentation test, with the
exception of the mannitol sugar test, where TP02 and TP08 showed negative results. Variations in LAB’s
physiological and biochemical tests results influences species identification (Table 3).
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Table 3. LAB Physiology and Biochemical Tests

Parameters
Isolat Sugar test
e 0: Mo Ind Kat MR VP C(Ct U G S L M
TPO2 Anaerobic - - - + - - - + o+ o+ -
TPO7 Anaerobic - - - + - - - + O+ O+ o+
TP08 Facultative anaerobes - - - + - - - + + o+ -

Description: Mo (Motility), Ind (Indol), Kat (Catalase), Ct (Citrate), U (Urea), G (Glucose), S (Sucrose), L
(Lactose) and M (Mannitol).

Figure 2. LAB Physiology and Biochemical Test on Isolates TP02, TP07 and TP08. Motility test (A); Indole
Test (B); MR Test (C); Catalase Test (D); VP Test (E); Citrate Test (F); Urease Test (G); Sugar Test (H);
Control: Test without Lactic Acid Bacteria Isolate (K); Glucose (G); Sucrose (S), Lactose (L), Mannitol (M)

The results of 16S rRNA gene sequencing for isolates TP02, TP07 and TP08 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)
produced DNA strand approximately 1500 bp in length. The quality of the sequencing results was
validated using the Sequence Scanner application. Sequencing quality was assessed based on the Quality
Value (QV) of pure & mixed bases and the peak intensity of nitrogen bases. The pure base QV measure the
accuracy with which nitrogen bases are identified as adenine (A), guanine (G), thymine (T), or cytosine
(C). The mixed base QV is used to assess the sequencing quality when these bases can not be clearly
distinguished. Based on QV values, the 16S rRNA gene sequencing results for isolates TP02, TP07 and
TP08 showed high quality, with a QV value 2 20. In addition to using the QV value, the quality of the 16S
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rRNA gene sequence can also be assessed by the height and
sequence has an optimal peak (Figure 3).

528

clarity of nitrogen base peak. The gene
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Figure 3. The Quality of 16S rRNA Gene Sequencing Results. A (Quality Value) and B (Nitrogen Base Peak)

Once the 16S rRNA gene sequence has been confirmed

to be of good quality, it is BLASTed using

the tool at https://blast.ncbi.nlm.nih.gov/Blast.cgi. This step compares the 16S rRNA gene sequence from
the research with sequences in GenBank. The BLAST results revealed that the 16S rRNA gene sequence of
isolate TPO2 closely matched the genus Lactobacillus, while the sequence of isolate TP07 and TP08
matched the genus Lentilactobacillus (Table 4). These molecular identification result were consistent with

the findings from phenotypic characterization.

Table 4. BLASTn Results of 16S rRNA Gene Sequences for Isolates TP02, TP07 and TP08

Isolate Co%::?’, %) Id?:/l: )1ty Closest Species Accession
TP02 99 99,93 Lactobacillus buchneri strain DG1 LC094428.1
99 99,93 Lactobacillus sp,YIT 11469 AB462914.1
99 99,88 Lactobacillus buchneri strain TB-H34 AB425940.1
99 99,87 Lactobacillus dextrinicus strain SN5 LN870301.1
99 99,87 Lactobacillus buchneri strain FD2 JN188387.1
TPO7 80 96,22 Lentilactobacilus kefiri strain NBRC 15888 NR_113336.1
80 96,22 Lentilactobacillus parabuchneri strain LMG 11457 NR_114962.1
80 96,22 Lentilactobacillus parabuchneri strain JCM 12493 NR_041293.1
80 96,22 Lentilactobacillus buchneri strain JCM 1115 NR_041293.1
80 96,22 Lentilactobacillus parakefiri strain JCM 8573 NR_112757.1
80 96,08 Lentilactobacilus sunkii strain YIT 11161 NR_041656.1
80 95,95 Lentilactobacilus parakefiri strainNBRC 15890 NR_113819.1
80 96,08 Lentilactobacilus parabuchneri strain DSM 5707 NR_112755.1
80 96,08 Lentilactobacillus kisonensis strain YIT 11168 NR_041658.1
80 95,93 Lentilactobacillus otakiensis strain YIT 11163 NR_041657.1
TPO8 56 99,60 Lentilactobacillus buchneri strain JCM 1115 NR_041293.1
56 98,94 Lentilactobacillus sunkii strain YIT 11161 NR_041656.1
56 98,81 Lentilactobacillus otakiensis strain YIT 11163 NR_041657.1
56 98,87 Lentilactobacillus parakefiri strain NBRC 15890 NR_113819.1
56 99,00 Lentilactobacillus parakefiri strain JCM 8573 NR_112757.1
56 98,61 Lentilactobacillus parabuchneri strain JCM 12493 NR_041294.1
56 98,48 Lentilactobacillus parabuchneri strain LMG 11457 NR_114962.1
56 98,35 Lentilactobacillus rapi strain YIT 11204 NR_041659.1
56 98,54 Lentilactobacillus kefiri strain NBRC 15888 NR_113336.1
56 98,47 Lentilactobacillus parabuchneri strain DSM 5707 NR_112755.1
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The 16S rRNA gene sequences of the species listed in Table 4 were used to create a phylogenetic
tree. The results of the phylogenetic tree construction showed that TP02 was closely related to
Lactobacillus sp, YIT 11469, TP07 was closely related to Lentilactobacillus kefiri strain NBRC 15888 and
TPO08 was closely related to Lentilactobacillus buchneri strain JCM 1115 (Figure 4).

A » {7 LC094428 1 Lactobaciius buchnen stran DG1
_zlf ——— JN188387.1 Lactobacillus buchnen strain FD2
S L ———————— AB425940.1 Lactobacilius buchnen stran TB-H34
") LN870301 1 Lactobaciius dextninicus stran SNS
AB4G24914 1 Lactobaciius sp, YIT 11469

EIP02|

NR 1806381 Lewlactobacillus ensheensis strain HBUASS7009

B __sz{: NR 113819 1 Lentdactobacius parakefin stran NBRC 15890
62 NR 112757 1 Lentiaclobacilus parakefin sirain JCM 8573

» e NR 041293 1 Lentdactobacdius buchnen strain JCM 1115
: NR 041857 1 Lentiactobaciius otaloensis strain YIT 11183

] NR 041656 1 Lentdactobaclus sunki stran YIT 11161

NR 0416581 Lentlactobacilus kisonens:s strain YIT 11168

NR 041294 1 Lentiactobacius parabuchnen strain JCM 12493

% | NR 114962 1 Lentilactobacius parabuchnen stran LMG 11457
—5): NR 112755.1 Lentiactobacius parabuchneri strain DSM 5707

NR 113336 1 Lentiactobacilus kefin stran NBRC 15888

TPO7

AB596941.1 Leuconostoc lactis stran JCM 6123

74
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Figure 4. Phylogenetic Tree of Lactic Acid Bacteria Isolates. A: TP02, B: TP07 and C; TP08

Discussion

The isolation of Lactic Acid Bacteria (LAB) from tempoyak samples collected in South Sumatra
was performed using the pour plate method. The pour plate method is effective for isolating both aerobic
and anaerobic bacteria simultaneously, as Aerobic bacteria grow on the surface of the agar, while
anaerobic bacteria grow within the agar layers (Suradeep & Prathapkumar, 2021). This method is widely
employed across various analyses due to its simplicity, cost-effectiveness and high accuracy. It is
commonly used in the microbiological analysis of food, environmental pollution assessments, as well as in
the cosmetics, pharmaceutical and other industries (Erkmen, 2021). Selection of isolates was based on
distinct morphological characteristics of LAB colonies on the MRS agar surface. Colony morphological
characteristics can be used for simple identification of bacteria (Obioha et al, 2021). Therefore,
morphological characters can be a useful tool for the preliminary identification of bacterial species or
strains. The purity of the 8 isolates from isolation process was confirmed using the streak plate method.
This method is designed to isolate pure colonies from mixed populations by mechanical separation. Pure
colonies are characterized by distinct, separate single colonies growing on the agar surface. Single colony
consist of millions of bacterial cells growing together as a group (Huligere et al,, 2023). Isolates TP01,
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TP03, TP04, TPO5 and TPO6 did not grow during the purification process. The failure of TP01, TP03, TP04,
TPO5 and TPO06 to grow in purification step could be attributed to various physical and chemical factors.
Environmental factors such as pH, temperature, osmotic pressure, oxygen levels and the presence of
heavy metal, as well as micronutrients imbalances (e.g., insufficient or excessive minerals and vitamins),
can inhibit bacterial growth (Maynard & Weinkove, 2020). The purification process obtained three pure
isolates coded as TP02, TP07 and TP08. These three isolates were identified based on colony morphology,
cell morphology, physiology, biochemistry and molecular characteristics. The characteristics of bacterial
colonies and gram properties are the keys to identifying bacteria. Colony morphology and gram properties
can assist in identity bacteria, as different species or strains can exhibits varying morphological trait
(Ferdous et al., 2020). The Gram stain technique aims to classify bacteria based on cell shape and gram
reaction. Gram characteristics are determined by the ability of bacterial cell walls to retain color reagents.
Gram-negative bacteria lose the purple color from crystal violet when treated with an alcohol solution,
and then absorb of safranin, resulting in a red color. In contrast, Gram-positive bacteria retain the purple
color from crystal violet, producing a purple hue (Sianipar et al., 2020). The gram-positive bacterial group
can retain crystal violet because their the bacterial cell wall contains simpler lipids compared to gram-
negative bacteria. As a result, the cell walls of gram-positive bacteria are more easily degraded when
treated with alcohol. The degraded cell wall causes the pore size to shrink, reducing cell permeability, and
making it difficult for to be removed. Consequently, the violet stain remains bound to the cell. In contrast,
gram-negative bacteria lose the crystal violet during the alcohol rinsing process, resulting in a red
appearance after the safranin dye is absorbed at the end of the staining process. Gram-negative bacteria
contain a higher lipid content than gram-positive bacteria (Yanti et al., 2022)

Gram staining shows that isolates TP02, TP07 and TP08 are a group of gram-positive rod-shaped
bacteria (Table 2). This confirms that the isolates belong to the gram-positive bacterial group. These
findings are consistent with the study, which also identified lactic acid bacteria as part of the Gram-
positive bacteria group (Al-Mohammadi et al,, 2021). The gram characteristics and cell shape of isolates
TP02, TP07 and TPO8 are consistent with members of the LAB genera Lactobacillus, Lentilactobacillus and
Bifidobacterium. These genera are gram positive, rod shaped (bacillus), and may appear singly or in chains
(monobacilli, cocobacilli, diplobacilli and streptobacilli). LAB are gram-positive bacteria that are either
round or rod-shaped (monobacilli, cocobacilli, diplobacilli and streptobacilli), non spore forming catalase
negative, and capable of converting carbohydrates into lactic acid (Ramadhanti et al, 2021). Gram-
positive bacteria retain crystal violet dye due to the presence of teichoic acid in their peptidoglycan layer.
The tests used to determine the physiological and biochemical characteristics of three bacterial isolates
were oxygen demand, motility, indole, catalase, MR-VP, citrate, urea, and sugar fermentation tests. The
oxygen demand of LAB isolates TP02, TP07 and TP08 were assessed by observing their growth patterns in
MRS broth media. isolates TP02 and TP07 demonstrated anaerobic growth, as they grew at the bottom of
the MRS broth a region devoid of oxygen (Table 3). Anaerobic bacteria grow and thrive in environments
without oxygen, obtaining energy through fermentation, with-organic compounds serving as the final
electron acceptors (Buckel, 2021).

In contrast, isolate TP08 exhibited growth that extended from just below the surface to the
bottom of the MRS broth indicating that it is facultative anaerobic (Table 3). Facultative anaerobes can
grow in both oxygenated and oxygen-poor environments. In oxygen-rich condition, facultative anaerobes
generate ATP through respiration, while in oxygen-poor conditions, they rely on fermentation for ATP
production. is obtained through the fermentation process. Facultative anaerobic bacteria are highly
adaptable, utilizing oxygen as the final electron acceptor during in the respiration, or organic compounds
during fermentation when oxygen is absent (André et al.,, 2021).

The motility of LAB isolates was observed using the stab method upright MRS agar media. Motility
refers to an organism’s ability to move, which is typically facilitated by the flagellum, a thread-like structur
embedded in the bacterial cell membrane and wall, acting as a locomotor. The motility test aims to assess
the ability of microbes to move, and motility is a crucial parameter in taxonomy, particularly in bacterial
classification (Palma et al,, 2022). The motility ability of the three LAB isolates from tempoyak in South
Sumatra showed that all isolates were non-motile. No blurring or root-like spreading was observed from
the puncture line in the MRS agar media (Figure 2). Root-like growth around the inoculation site typically
indicate bacteria movement, but in this case, the absence of such growth suggests that the bacteria lack
flagella (Zheng et al., 2021). Lactic acid bacteria isolated from kimchi are also non-motile (Ismail et al,,
2023). Non-motile bacteria exhibit limited growth, only occuring around the puncture area created by the
inoculating needle. This motility test result is consistent with the general characteristic of LAB, which are
typically non-motile (Rahayu & Setiadi, 2023). The ability of LAB isolates to produce the enzyme
tryptophanase was assessed using the indole test. Triptopanase is an enzyme capable of hydrolyze the
amino acid tryptophan. As one of the essential amino acids, tryptophan is vital for supporting the growth
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and survival of bacteria. Tryptophan is commonly found in protein sources and is readily utilized by
microorganisms as an energy source (Barik, 2020). The indole test for isolates TP02, TP07 and TP08
showed negative results, indicating that these isolates do not produce the enzyme triptopanase. Negative
results are characterized by the absence of a red ring and the formation of a yellow layer on the surface of
SIM media (Figure 2). The red ring forms due to the reaction between indole in SIM media and p-
dimethylaminobenzaldehyde in Kovac's reagent. The yellow layer indicates that the butanol component of
kovac's reagent did not bind to indole in SIM media, preventing a reaction with p-
dimethylaminobenzaldehyde. The reaction between indole and p-dimethylaminobenzaldehyde form a red
complex that would appear on the surface of SIM media (Walusansa et al., 2022).

The MR test is used to determine a bacterium'’s ability to carry out mixed acid fermentation. The
MR test results show that all three isolates tested positive. Positive results are characterized by a color
change in the media from yellow to red/reddish after the addition of Methyl Red indicator (Figure 2). The
red color in MR test indicates a decrease in the pH of the media due to the production of large amounts of
acid from glucose fermentation (Khushboo & Arun Karnwal, 2020). The MR test on E. coli isolates also
showed positive results, as indicated by the red color change in the media. This occurs because organisms
that performs mixed acid fermentation produce sufficient acid to lower the pH (Asha et al., 2024). The
catalase test aims to determine the activity of the catalase enzyme in hydrolyzing hydrogen peroxide
(Hz202) into water (H20) and oxygen (0z). A positive result is indicated by the formation of air bubbles
while a negative results shows no bubbles (Sianipar et al.,, 2020). The catalase test for isolates TP02, TP07
and TP08 showed negative results when reacting with H202 (Figure 2). These findings suggest that the
three isolates are homofermentative. This is consistent with the research, where a negative catalase test
was indicated by the absence of bubbles after the addition of H202 (Khushboo, Arun Karnwal, 2020; Pei et
al., 2020). The absence of bubbles in the catalase test suggested that the three LAB isolates do not produce
the enzyme catalase, which is required to break down hydrogen peroxide (H202) into water (H20) and
oxygen (02). Lactic acid bacteria are unable to produce the catalase enzyme, which break down H20z,
noted that LAB does not produce catalase, as it only requires minimal oxygen to survive (Bryukhanov et
al, 2022; Lietal,, 2022). LAB are facultative anaerobic bacteria, typically found in diverse habitats such as
the digestive tract of animals and humans, canned foods, dairy products, fermented products, tropical
fruits and vegetables (Coleman et al, 2021). LAB has been widely used as a food preservative,
fermentation culture, and probiotic due to its anti-microbial properties and ability to prevent food
spoilage.

VP (Voges Preskauer) test is used to determine the ability of bacteria to produce neutral end
products from glucose fermentation through the butanediol pathway. According to Windy & Dewi (2023),
the Voges Proskauer test is conducted to assess the ability of certain organisms to form non-acidic or
neutral end products from the organic acids produced during glucose metabolism. The results of the
research on the three bacterial showed negative results (Figure 2), indicated by the absence of color
changes in the media after adding the indicator (Manalu et al.,, 2020). Citrate test assesses the ability of
bacteria to use citrate as the only source of carbon and energy (Medaando et al,, 2024). The citrate test
was conducted by inoculating bacterial isolates onto Simon citrate Agar media, followed by incubation at
379C for 48 hours. The results of the citrate test indicated that all isolates were negative (Figure 2). In
Simon Citrate media, negative results were obtained, as indicated by the media not changing to blue. This
suggests that the bacteria do not utilized citrate as a carbon sources. The citrate test for all isolates was
negative, with no color change observed in the tested media. Citrate is known as a weak organic acid
found in leaves and Citrus plants. These findings are consistent with the results, which also indicated that
LAB from all isolates were unable to use citrate as a source of carbon and energy, as evidenced by the lack
of color change in the test media (Khushboo et al., 2023). The urease test aims to differentiate organisms
based on the ability to hydrolyze urea using the enzyme urease. Isolates TP02, TP07, and TP08 did not
hydrolyze urea at all, indicated by the media remaining yellow (Figure 2). If the urea agar medium turns
pink within 24 hours, it indicates rapid urea hydrolisis and strong urease production (Mekonnen et al,,
2021). If the medium is partially pink within 24 hours, it suggest slow urea hidroysis and weak urea
production. If the medium remains orange or yellow within 24 hours but turns partly pink within 6 days,
this indicates slow urea hydrolisis and weak urease production. If the medium stay orange or yellow
without changing color by the 6th day, it means the organism does not hydrolyze urea and does not
produce urease.

The ability of isolates TP02, TP07 and TP08 to ferment carbohydrates was observed using a sugar
fermentation test. The sugar sources used were glucose, sucrose, lactose and mannitol, representing
monosaccharides, disaccharides and sugar alcohols. Glucose serves as the representative substrate for the
monosaccharide group, sucrose and lactose for the disaccharide group, and mannitol for the sugar alcohol
group. Glucose is particularly important in this test as it is a simple carbohydrate that is readily utilized
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first in the fermentation process (Gunkova et al.,, 2021). Sugar sources are essential for all heterotrophic
organisms, as they are used as substrates in metabolic processes. The metabolism of isolates TP02, TP07,
and TPO8 occurs anaerobically, known as fermentation. Fermentation is a biochemical reaction that
converts glucose into organic acids, carbon dioxide and alcohol. This process involves microorganisms
and uses organic molecules as the final electron acceptor (Darmadi et al., 2020). The growth of TP02,
TP07, and TP08 on mannitol media did not result in gas production in Durham tubes, and the media was
less turbid when compared to the control (Figure 2). These results indicate that the three LAB isolates
have varying abilities to ferment different sugars. The variation in LAB’s ability to ferment sugar is an
important factor in the identification of bacterial species. Different bacterial species have distinct abilities
to ferment specific carbohydrates, while some bacteria can ferment the same carbohydrates, others
cannot (Wang et al., 2021).

The sugar fermentation test showed that not all lactic acid bacteria (LAB) isolates were capable of
utilizing the various sugar provided in the test media (Table 3). Table 3 shows that LAB isolates produced
gas in glucose (G), sucrose (S) and lactose (L) media, making the media much more turbid compared to the
control. This is further supported by the MR test, which demonstrates that LAB isolate are capable of
producing organic acids during the fermentation process. The results of the sugar test are consistent with
the research, which reported that LAB isolates could ferment glucose, lactose, maltose, mannitol, and
sorbitol (Adikari et al., 2021; Medaando et al., 2024). The Universal primers, 27F (5" AGA GTT TGA TCM
TGG CTC AG 3") and 1492R (5' TAC GGY TAC CTT GTT ACG ACT T 3"), are designed to identified bacteria
based on their 16S rRNA gene sequence. The primers produced DNA bands and sequences of 1500 bp,
consistent with findings by (Suphandi et al., 2023). Sequencing quality was assessed based on the Quality
Value (QV) of pure & mixed bases and the peak intensity of nitrogen bases. Based on QV values, the 16S
rRNA gene sequencing results for isolates TP02, TP07 and TP08 showed high quality, with a QV value =
20. Nitrogenous bases with a QV value = 20 have a minimal error rate of just 1% (Gaffar & Sumarlin,
2021). Nitrogenous bases with a QV value = 20 are marked in blue, medium- quality bases are (QV 15-19)
are marked in yellow, and low-quality bases (QV< 15) are marked in red. Based on the figure, the nitrogen
bases from the sequencing results exhibit optimal peaks. The peak indicates the quality of the nitrogen
base. An optimal peak suggests that the sequenced DNA is of high quality. A good peak is characterized by
a symmetrical shape, where peaks are clearly separated and do not overlap (Al-Shuhaib & Hashim, 2023).
In contrast, a less-than-optimal peak is asymmetrical and indicates lower nitrogen base quality. Such
peaks can result from factors like excess samples, sample degradation, or contamination. Nitrogenous
bases with a QV value = 20 have a minimal error rate of just 1%. Nitrogenous bases with a QV value = 20
are marked in blue, medium- quality bases are (QV 15-19) are marked in yellow, and low-quality bases
(QV= 15) are marked in red (Gaffar & Sumarlin, 2021).

Isolate TP02 had a high similarity to Lactobacillus buschneri strain DG1 and Lactobacillus sp, YIT
11469, with similarity identity percentage of 99.93%. Isolate TP07 showed similarity to multiple of 16S
rRNA gene sequence with species Lentilactobacillus species, including L. kefiri strain NBRC 15888, L.
parabuchneri strain LMG 11457, L. parabuchneri strain JCM 12493, L. buchneri strain JCM 1115, L.
parakefiri strain JCM 8573 and L. sunkii strain YIT 11161, with a similarity percentage of 96.22%. Isolate
TPO08 had very high similarity (99,60%) with Lentilactobacillus buchneri strain JCM 1115. This percentage
suggests that TP02 and TPO8 are closely related at the strain level, while isolate TP07 may represent a
new species. A 16S rRNA gene sequence identity percentage greater than > 99.5% is required to identify
isolates at the strain level, while 99% is the threshold for species-level identification (Lin et al,, 2023). A
Percentage identity between 97-99% is used genus-level identification, and a percentage below of 97%
may indicate a potential new bacterial species.

The kinship relationships of isolates TP02, TP07 and TP08 were analyzed using a phylogenetic
tree. The construction of the phylogenetic tree begins with the determination of outgroups, alignment of
sample DNA sequences, and the application of the Maximum Likelihood method using Mega X. The
outgroup chosen for creating the phylogenetic tree is Levilactobacillus enshiensis. This species was
selected because it belongs to the same family as the genera Lactobacillus and Lentilactobacillus. The
selection of an outgroup is a species outside the ingroup that is used to establish the root of the
phylogenetic tree. Outgroups that have a genetic distance too close to the ingroup can reduce the quality
of the resulting phylogenetic tree (Coleman et al.,, 2021). Isolate TP08 has a close evolutionary distance
with the group that includes Lentilactobacillus otakiensis strain YIT 11163 and Lentilactobacillus sunki
strain YIT 11161. This isolate is also closely related to Lentilactobacillus buchneri strain JCM 1115 and the
Lentilactobacillus parakefiri group. Based on the phylogenetic tree analysis, it shows that isolate TP08 has
a very close relationship with Lentilactobacillus buchneri strain JCM 1115. The construction of the
phylogenetic tree shows that isolate TP0O2 has a large evolutionary distance and appears to be closer to
Lactobacillus sp. strain YIT 11469 (bootstrap 88) compared to Lactobacillus buchneri and Levilactobacillus
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enhiensis. Isolate TP0O7 is in a group consisting of Lentilactobacillus parabuchneri and Lentilactobacillus
kefiri. The TPO7 group is far from Leuconostoc lactis strain JCM 6123, indicating a more distant
relationship between the genera Lentilactobacillus and Leuconostoc. TP07 is closely related to
Lentilactobacillus species, especially Lentilactobacillus kefiri with a bootstrap value of 89. A high bootstrap
value (above 70) indicates a strong confidence level in the phylogenetic tree. High bootstrap values can be
used as an indicator of a phylogenetic tree's level of confidence. Phylogenetic trees with a high level of
confidence are those with bootstrap above 70 (Rangkuti et al., 2022).

4. CONCLUSION

This study successfully isolated three strains of Lactic Acid Bacteria (LAB) coded as TP02, TP07
and TP08. Based on a polyphasic approach, TP02 was identified as Lactobacillus sp, YIT 11469, TP07 was
identified as Lentilactobacilus kefiri strain NBRC 15888 and TP08 was identified as Lentilactobacillus
buchneri strain JCM 1115. TP07 has similarities with Lentilactobacilus kefiri strain NBRC 15888 but still
has the potential to be classified as a new species.

5. ACKNOWLEDGE

This research was supported by Bantuan Penelitian Berbasis Standar Biaya Keluaran Universitas
Islam Negeri Raden Fatah Palembang with the Rector’s Decree No. 770 0f 2024. The authors would like to
express their gratitude to Anita Restu Puji Raharjeng for her valuable assistance in proofreading this
manuscript.

6. REFERENCES

Adikari, A. M. M. U,, Priyashantha, H., Disanayaka, J. N. K., Jayatileka, D. V., Kodithuwakku, S. P., Jayatilake, J.
A. M. S, & Vidanarachchi, ]J. K. (2021). Isolation, identification and characterization of
Lactobacillus species diversity from Meekiri: traditional fermented buffalo milk gels in Sri Lanka.
Heliyon, 7(10), e08136. https://doi.org/10.1016/j.heliyon.2021.e08136.

Al-Mohammadi, A. R, Ismaiel, A. A., Ibrahim, R. A., Moustafa, A. H., Zeid, A. A., & Enan, G. (2021). Chemical
constitution and antimicrobial activity of kombucha fermented beverage. Molecules, 26(16), 11-
13. https://doi.org/10.3390/molecules26165026.

Al-Shuhaib, M. B. S., & Hashim, H. 0. (2023). Mastering DNA chromatogram analysis in Sanger sequencing
for reliable clinical analysis. journal of Genetic Engineering and Biotechnology, 21(1).
https://doi.org/10.1186/s43141-023-00587-6.

Andhikawati, A., & Permana, R. (2022). Fermentation Microbials Isolated from Marine: A Review. Asian
Journal of Fisheries and Aquatic Research, 18(3), 27-39.
https://doi.org/10.9734 /ajfar/2022/v18i330443.

André, A. C, Debande, L., & Marteyn, B. S. (2021). The selective advantage of facultative anaerobes relies
on their unique ability to cope with changing oxygen levels during infection. Cellular Microbiology,
23(8), 1-8. https://doi.org/10.1111/cmi.13338.

Anggadhania, L., Setiarto, R. H. B., Yusuf, D., & Anshory, L. (2023). Exploring tempoyak , fermented durian
paste , a traditional Indonesian indigenous fermented food: typical of Malay tribe. Journal of
Ethnic Foods. https://doi.org/10.1186/s42779-023-00206-2.

Arina Aisyah, E. K. dan A. S. (2014). Proksimat Dari Pangan Fermentasi “ Tempoyak ” Pendahuluan Manusia
tidak akan bisa mempertahankan hidup kualitas hidup tanpa adanya pemenuhan pangan .
Pemenuhan terbatas pada tersedianya makanan yang diperlukan , tapi juga pada karbohidrat ,
lemak, protei. 3(2).

Asha, M. N.,, Chowdhury, M. S. R,, Hossain, H., Rahman, M. A., Emon, A. Al, Tanni, F. Y., Islam, M. R., Hossain,
M. M., & Rahman, M. M. (2024). Antibacterial potential of lactic acid bacteria isolated from raw
cow milk in Sylhet district, Bangladesh: A molecular approach. Veterinary Medicine and Science,
10(3), 1-10. https://doi.org/10.1002 /vms3.1463.

Barik, S. (2020). The uniqueness of tryptophan in biology: Properties, metabolism, interactions and
localization in proteins. International Journal of Molecular Sciences, 21(22), 1-22.
https://doi.org/10.3390/ijms21228776.

Bryukhanov, A. L., Klimko, A. I, & Netrusov, A. I. (2022). Antioxidant Properties of Lactic Acid Bacteria.
Microbiology (Russian Federation), 91(5), 463-478.
https://doi.org/10.1134/S0026261722601439.

Siti Soleha / A Polyphasic Approach to the Exploration of Lactic Acid Bacteria from Tempoyak in South Sumatra



Jurnal Sains dan Teknologi, Vol. 13, No. 3, 2024, pp. 523-536 534

Buckel, W. (2021). Energy Conservation in Fermentations of Anaerobic Bacteria. Frontiers in Microbiology,
12(September), 1-16. https://doi.org/10.3389/fmicb.2021.703525.

Coleman, G. A, Davin, A. A,, Mahendrarajah, T. A., Szantho, L. L., Spang, A., Hugenholtz, P., Szollsi, G. J., &
Williams, T. A. (2021). A rooted phylogeny resolves early bacterial evolution. Science, 372(6542),
1-17. https://doi.org/10.1126/science.abe0511.

da Silva, M. ]. C,, Palmeira, S. F., Fortes, K., Nascimento, V. X., de Medeiros, A. S., da Silva, S. ]. C., de Sousa
Alves, M. M., & Sant’Ana, A. E. G. (2020). IAA production ot indigenous isolate ot plant growth
promotmg rhizobactena in the presene e of tryptophan. Australian Journal of Crop Science, 14(3),
537-544. https://doi.org/10.21475/ajcs.20.14.03.p2239.

Dahlén, G., Hassan, H., Blomqvist, S., & Carlén, A. (2018). Rapid urease test (RUT) for evaluation of urease
activity in oral bacteria in vitro and in supragingival dental plaque ex vivo. BMC Oral Health,
18(1), 1-7. https://doi.org/10.1186/s12903-018-0541-3.

Darmadi, N. M., Semara, D. G.,, & Kawan, 1. M. (2020). Tongkol (Euthynnus affinis) fermentation on
organoleptics and its biochemistry. International journal of life sciences, 4(3), 41-49.
https://doi.org/10.29332/ijls.v4n3.503.

Erfisa, W., Arpi, N., & Asmawati, A. (2022). Kajian Literatur Pembuatan Produk Olahan Tempoyak (Durian
Fermentasi). Jurnal IImiah Mahasiswa Pertanian, 7(1), 419-428.
https://doi.org/10.17969/jimfp.v7i1.19162.

Erkmen, O. (2021). Microbiological Analysis of Foods and Food Processing Environments. Academic Press.

Ferdous, T. Al, Khan, M. S. R, & Kabir, S. L. (2020). Isolation, identification and molecular detection of
selected probiotic bacteria from broiler chickens and their related environment. Asian Journal of
Medical and Biological Research, 6(3), 383-399. https://doi.org/10.3329/ajmbr.v6i3.49786.

Gaffar, S., & Sumarlin, S. (2021). Analisis sekuen mtDNA COI Pari Totol Biru yang didaratkan di Tempat
Pendaratan Ikan Kota Tarakan. Jurnal Harpodon Borneo, 13(2), 80-89.
https://doi.org/10.35334 /harpodon.v13i2.1835.

Goa, T. Beyene, G.,, Mekonnen, M., & Gorems, K. (2022). Isolation and Characterization of Lactic Acid
Bacteria from Fermented Milk Produced in Jimma Town, Southwest Ethiopia, and Evaluation of
their Antimicrobial Activity against Selected Pathogenic Bacteria. International Journal of Food
Science, 2022. https://doi.org/10.1155/2022/2076021.

Gunkova, P. I, Buchilina, A. S., Maksimiuk, N. N., Bazarnova, Y. G., & Girel, K. S. (2021). Carbohydrate
Fermentation Test of Lactic Acid Starter Cultures. IOP Conference Series: Earth and Environmental
Science, 852(1). https://doi.org/10.1088/1755-1315/852/1/012035.

Hadi, S. N, Dewi, P. S, & Kartini. (2019). Identification of the ultisol land indigenus bacteria from
Banyumas Regency based on the characteristics of morphology, physiology and biochemistry. IOP
Conference Series: Earth and Environmental Science, 250(1), 12095.
https://doi.org/10.1088/1755-1315/250/1/012095.

Hamida, F.,, Wiryawan, K. G, & Meryandini, A. (2015). Selection of lactic acid bacteria as probiotic
candidate for chicken. Media Peternakan, 38(2), 138-144.
https://doi.org/10.5398 /medpet.2015.38.2.138.

Hasbi, N., Rosyunita, R., Rahim, A. R., Parwata, W. S. S,, Ayunda, R. D., Farras, A., Raihan, A. F., & Billah, M. A.
(2024). Isolasi Dan Identifikasi Bakteri Asam Laktat Asal Feses Bayi Secara Fenotipik. Prosiding
SAINTEK, 6(November 2023), 101-109. https://doi.org/10.29303 /saintek.v6i1.924.

Huligere, S. S., Chandana Kumari, V. B, Alqadi, T., Kumar, S., Cull, C. A,, Amachawadi, R. G., & Ramu, R.
(2023). Isolation and characterization of lactic acid bacteria with potential probiotic activity and
further investigation of their activity by a-amylase and a-glucosidase inhibitions of fermented
batters. Frontiers in Microbiology, 13(January), 1-18.
https://doi.org/10.3389/fmicb.2022.1042263.

Ibrahim, S. A, Yeboah, P. |, Ayivi, R. D, Eddin, A. S., Wijemanna, N. D., Paidari, S., & Bakhshayesh, R. V.
(2023). A review and comparative perspective on health benefits of probiotic and fermented
foods. International Journal of Food Science and Technology, 58(10), 4948-4964.
https://doi.org/10.1111/ijfs.16619.

Ismail, [, Riski, R., & Salsabila, N. (2023). Isolasi, Formulasi, dan Uji Efektivitas Antibakteri Granul Liofilisat
Bakteri Asam Laktat Asal Kimchi terhadap Bakteri Penyebab Diare. PHARMACY: Jurnal Farmasi
Indonesia (Pharmaceutical Journal of Indonesia), 19(1), 171.
https://doi.org/10.30595/pharmacy.v19i1.12842.

Khushboo, Arun Karnwal, and T. M. (2020). Characterization and selection of probiotic lactic acid bacteria
from di erent dietary sources for development of functional foods.

JST. P-ISSN: 2303-3142 E-ISSN: 2548-8570



Jurnal Sains dan Teknologi, Vol. 13, No. 3, 2024, pp. 523-536 535

Khushboo, Karnwal, A., & Malik, T. (2023). Characterization and selection of probiotic lactic acid bacteria
from different dietary sources for development of functional foods. Frontiers in Microbiology, 14.
https://doi.org/10.3389/fmicb.2023.1170725.

Li, ], Wang, B., Chen, J., Du, G., & Fang, F. (2022). Heme Dependent Catalase Conditionally Contributes to
Oxygen Tolerance of Tetragenococcus halophilus Strains Isolated from Soy Sauce Moromi. Applied
Sciences (Switzerland), 12(16). https://doi.org/10.3390/app12168039.

Lin, ]J. N, Lai, C. H,, Yang, C. H., & Huang, Y. H. (2023). Validation of 16S rRNA and Complete rpoB Gene
Sequence Analysis for the Identification of Elizabethkingia Species. International Journal of
Molecular Sciences, 24(16). https://doi.org/10.3390/ijms241613007.

Lingga, R., Adibrata, S., Roanisca, 0., Sipriyadi, Wibowo, R. H., & Arsyadi, A. (2023). Probiotics potential of
lactic acid bacteria isolated from Slender Walking Catfish (Clarias nieuhofii). Biodiversitas, 24(8),
4572-4580. https://doi.org/10.13057 /biodiv/d240839.

Manaluy, R. T., Bahri, S., Melisa, M., & Sarah, S. (2020). Isolasi dan Karakterisasi Bakteri Asam Laktat asal
Feses Manusia sebagai Antibakteri Escherichia coli dan Staphylococcus aureus. Sainstech Farma:
Jurnal IImu Kefarmasian, 13(1), 55-59.

Maynard, C., & Weinkove, D. (2020). Bacteria increase host micronutrient availability: Mechanisms
revealed by studies in C. elegans. Genes and Nutrition, 15(1), 1-11.
https://doi.org/10.1186/s12263-020-00662-4.

Medaando, Rahmawati, & Turnip, M. (2024). Identifikasi Bakteri Asam Laktat Berdasarkan Kemiripan
Fenotipik dari Kulit Nanas Varietas Queen di Kalimantan Barat yang Difermentasi secara Alami.
Life Science, 13(1), 23-34.

Mekonnen, E., Kebede, A., Nigussie, A., Kebede, G., & Tafesse, M. (2021). Isolation and Characterization of
Urease-Producing  Soil  Bacteria.  International  Journal of  Microbiology, 2021.
https://doi.org/10.1155/2021/8888641.

Mohkam, M., Firoozabadj, S. G., Ghasemi, Y., & Gholami, A. (2022). The Probiotic And Nutritional Content Of
Souro , An Iranian Traditional Food. 2-7.

Mohkam, M., Nezafat, N., Berenjian, A., Zamani, M., & Dabbagh, F. (2019). Multifaceted toxin profile of
Bacillus probiotic in newly isolated Bacillus spp . from soil rhizosphere.

Nizori, A, Sukendra, A., & Mursyid, S. (2019). Antimicrobial activity of lactic acid bacteria isolated from
fermented durian flesh (tempoyak) against pathogenic and spoilage bacteria during storage. IOP
Conference Series: Earth and Environmental Science, 347(1). https://doi.org/10.1088/1755-
1315/347/1/012053.

Obioha, P. I, Ouoba, L. L. I, Anyogu, A., Awamaria, B., Atchia, S., Ojimelukwe, P. C., Sutherland, J. P., &
Ghoddusi, H. B. (2021). Identification and characterisation of the lactic acid bacteria associated
with the traditional fermentation of dairy fermented product. Brazilian Journal of Microbiology,
52(2), 869-881. https://doi.org/10.1007 /s42770-021-00461-y.

Palma, V., Gutiérrez, M. S., Vargas, O., Parthasarathy, R., & Navarrete, P. (2022). Methods to Evaluate
Bacterial Motility and Its Role in Bacterial-Host Interactions. Microorganisms, 10(3), 1-14.
https://doi.org/10.3390/microorganisms10030563.

Pei, ], Jin, W,, Abd El-Aty, A. M., Baranenko, D. A., Gou, X., Zhang, H., Geng, |, Jiang, L., Chen, D., & Yue, T.
(2020). Isolation, purification, and structural identification of a new bacteriocin made by
Lactobacillus plantarum found in conventional kombucha. Food Control, 110, 106923.
https://doi.org/10.1016/j.foodcont.2019.106923.

Quinto, E. ], Jiménez, P., Caro, 1., Tejero, ., Mateo, ]., & Girbés, T. (2014). Probiotic Lactic Acid Bacteria: A
Review. Food and Nutrition Sciences, 05(18), 1765-1775.
https://doi.org/10.4236/fns.2014.518190.

Rahayu, H. M., & Setiadi, A. E. (2023). Isolation and Characterization of Indigenous Lactic Acid Bacteria
from Pakatikng Rape, Dayak’s Traditional Fermented Food. Jurnal Penelitian Pendidikan IPA, 9(2),
920-925. https://doi.org/10.29303 /jppipa.v9i2.2801.

Ramadhanti, N., Melia, S., Hellyward, ]., & Purwati, E. (2021). Characteristics of lactic acid bacteria isolated
from palm sugar from West Sumatra, Indonesia and their potential as a probiotic. Biodiversitas,
22(5),2610-2616. https://doi.org/10.13057 /biodiv/d220520.

Rangkuti, A. B, Mawarni, A., & Rangkuti, R. R. (2022). Phylogenetic reconstruction of tree species on the
University of North Sumatra Campus, based on the rbcL gene. IOP Conference Series: Earth and
Environmental Science, 1115(1). https://doi.org/10.1088/1755-1315/1115/1/012030.

Reli, R, Warsiki, E., & Rahayuningsih, M. (2017). Modifikasi Pengolahan Durian Fermentasi (Tempoyak)
Dan Perbaikan Kemasan Untuk Mempertahankan Mutu Dan Memperpanjang Umur Simpan.
Jurnal Teknologi Industri Pertanian, 27(1), 43-54.
https://doi.org/10.24961 /j.tek.ind.pert.2017.27.1.43.

Siti Soleha / A Polyphasic Approach to the Exploration of Lactic Acid Bacteria from Tempoyak in South Sumatra



Jurnal Sains dan Teknologi, Vol. 13, No. 3, 2024, pp. 523-536 536

Sianipar, G. W. S,, Sartini, S., & Riyanto, R. (2020). Isolasi dan Karakteristik Bakteri Endofit pada Akar
Pepaya (Carica papaya L). Jurnal Ilmiah Biologi UMA (JIBIOMA), 2(2), 83-92.
https://doi.org/10.31289 /jibioma.v2i2.312.

Sionek, B. Szydtowska, A. Trzgskowska, M. & Kotozyn-Krajewska, D. (2024). The Impact of
Physicochemical Conditions on Lactic Acid Bacteria Survival in Food Products. Fermentation,
10(6), 1-17. https://doi.org/10.3390/fermentation10060298.

Soleha, S., & Retnaningrum, E. (2020). Screening and molecular identification of lipolytic bacteria from
spent bleaching earth. Biodiversitas, 21(9), 4155-4161.
https://doi.org/10.13057 /biodiv/d210929.

Suphandi, M., Sugata, M., & Tan, T.]. (2023). Aktivitas Antimikroba Bakteri Asam Laktat yang Diisolasi dari
Susu Sapi di Indonesia. Biota: Jurnal Ilmiah Ilmu-llmu Hayati, 8(2), 1-9.
https://doi.org/10.24002/biota.v8i2.6554.

Suradeep Basak & Prathapkumar Halady Shetty. (2021). Conventional Microbial Counting and
Identification Techniques. Techniques to Measure Food Safety and Quality, 66-89.
https://doi.org/10.1007/978-3-030-68636-9_4.

Walusansa, A., Nakavuma, J. L., Asiimwe, S., Ssenku, J. E., Aruhomukama, D., Sekulima, T., Kafeero, H. M,
Anywar, G., Katuura, E., Nabatanzi, A, Musisi, N. L., Tugume, A. K, & Kakudidi, E. K. (2022).
Medically important bacteria isolated from commercial herbal medicines in Kampala city indicate
the need to enhance safety frameworks. Scientific Reports. https://doi.org/10.1038/s41598-022-
21065-y.

Wang, Y, Wuy, ], Lv, M,, Shao, Z., Hungwe, M., Wang, |., Bai, X, Xie, ], Wang, Y., & Geng, W. (2021).
Metabolism Characteristics of Lactic Acid Bacteria and the Expanding Applications in Food Industry
Degradation of Indigestible. 9(May), 1-19. https://doi.org/10.3389 /fbioe.2021.612285.

Windy, W., & Dewi, L. (2023). Detection of Lactic Acid Bacteria (LAB) In Soaking Water of Arabica Coffee
Cherries on Mount Sindoro. Journal of World Science, 2(9), 1375-1386.
https://doi.org/10.58344 /jws.v2i9.409.

Yanti N A, Ardiansyah, K. Y. (2022). Bakteri Asam Laktat dari Buah Mangga Arum Manis (Mangifera Indica
Indica L. Var. Arum Manis). 23(2), 126-131.

Zamanpour, S., Rezvani, R, Isfahani, A. ., & Afshari, A. (2023). Isolation and some basic characteristics of
lactic acid bacteria from beetroot (Beta vulgaris L.) —A preliminary study. Canrea Journal: Food
Technology, Nutritions, and Culinary Journal, 6(1), 42-56.
https://doi.org/10.20956/canrea.v6i1.980.

Zheng, S., Bawazir, M., Dhall, A, Kim, H. E., He, L., Heo, J.,, & Hwang, G. (2021). Implication of Surface
Properties, Bacterial Motility, and Hydrodynamic Conditions on Bacterial Surface Sensing and
Their Initial Adhesion. Frontiers in Bioengineering and Biotechnology, 9(February), 1-22.
https://doi.org/10.3389/fbioe.2021.643722.

JST. P-ISSN: 2303-3142 E-ISSN: 2548-8570



