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Tempeh is the most famous traditional fermented food in Indonesia. Tempeh fermentation consists of two
stages. In the first stage, the acidification of soybeans used bacteria around 24 hours. Lactic acid bacteria are found
in tempeh. Therefore, this study is aimed to investigate the diversity of LAB from tempeh based on 16S rRNA
gene sequences and to study their function in tempeh fermentation. In this study, twenty-two LAB isolates were
obtained from tempeh. The isolates were closely related to Lactobacillus agilis, Lactobacillus fermentum,
Weissella confusa, and Lactobacillus delbrueckii. L. fermentum (13 isolates) were the most abundant in tempeh,
followed by L. agilis (7 isolates). It was found LAB important for the acidification of soybeans which the pH of
soybean soaking water decreased from pH 7 to pH 4.4-4.9.
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Tempe merupakan makanan fermentasi dari kedelai asli dari Indonesia. Tahap pertama dalam fermentasi
tempe di Indonesia merupakan pengasaman kedelai oleh bakteri yang berlangsung sekitar 24 jam. Salah satu jenis
bakteri yang berperan dalam proses pengasaman tersebut adalah bakteri asam laktat (BAL). Oleh karena itu,
penelitian ini bertujuan mengkaji keragaman BAL dari tempe berdasarkan sekuens gen 16S rRNA dan
mendapatkan potensinya dalam menurunkan pH saat perendaman kedelai pada fermentasi tempe. Dalam
penelitian ini, dua puluh dua isolat BAL telah diisolasi dari tempe. Isolat tersebut berkerabat dekat dengan
Lactobacillus fermentum (13 isolat) paling banyak terdapat pada tempe, disusul Lactobacillus agilis (7 isolat), dan

yang lainnya Weissella confusa, dan Lactobacillus delbrueckii. Ditemukan BAL dapat menurunkan pH air

rendaman kedelai dari pH 7 menjadi pH 4,4-4.,9.

Kata kunci: BAL, keanekaragaman, Lactobacillus, tempe, Weissella

Tempeh is the most popular fermented soybean
product in Indonesia as an important source of protein
at low prices for Indonesians. It has been reported that
tempeh reduced the adhesion of ETEC to intestinal
epithelial cells of pig and human origin (Roubos et al.
2009) and showed antibacterial activity against
Bacillus cereus (Roubos et al. 2010). Tempeh can
prevent diarrhea (Roubos-van den Hil et al. 2009) and
anemia (Astuti 1999). Consuming tempeh is good for
the gut microbiota (Stephanie et al. 20170). It has also
been reported that tempeh contains vitamin B12
(Keuth and Bisping 1994) and antioxidant compounds
(Esaki et al. 1996). Anti-nutritional compounds were
found to be lower than soybeans (Hong et al. 2004).
Such beneficial effects of tempeh consumption have
been reported and thus it is widely known as part of the
vegetarian or vegan diet in many countries, including
Japan, the Netherlands, Australia, and the USA
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(Aderibigbe dan Osegboun 2006).

Tempeh fermentation consists of two stages. The
first stage lasts about 24 hours, in which soybean
acidification occurs through bacterial activities.
Throughout this stage, the pH will decrease from 7 to 4
(Barus et al. 2008). This condition is important for the
growth of Rhizopus spp. in the second stage, which
happens + 48 hours. Rhizopus can be obtained from
commercial inoculums or traditional inoculums (Barus
et al. 2019a). One of the most important
microorganisms that mediate acidification is the lactic
acid bacteria (LAB) group, as they produce lactic acid
as their main fermentation product from the culture
medium (Konings ez al. 2000). LAB belongs to a group
of Gram-positive bacteria and they are catalase -
negative. However only little research on LAB
involved in tempeh fermentation has been reported.

Currently, various molecular biology approaches
are available and applied to study bacterial diversity.
Among these molecular methods, the 16S rRNA gene
sequences have been used extensively to study the
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diversity of bacteria in the environment (Pisa et al.
2011; Koike et al. 2003; Barus et al. 2013; Barus et al.
2017). In this study, we explored the diversity of LAB
from tempeh based on the 16S rRNA gene sequences
and then used for the analysis of the role of LAB in
determining the quality of tempeh.

MATERIALS AND METHODS

Isolation of Lactic Acid Bacteria. The sample of
tempeh was collected from the local market in Jakarta,
Lembang, and Tangerang, Indonesia. Aseptically, 5 g of
each sample was added into 45 mL of sterile 0.85%
(w/v) NaCl (Oxoid) solution and mixed thoroughly.
Then, it was made a dilution series of 10-1 to 10-7.
Furthermore, dilutions in the series 10-5-10-7 were
taken as 1 mL in each and directly poured in duplicate on
the de Man Rogosa Sharpe (MRS) agar (Oxoid Ltd,
Basingstoke, UK) with 1% calcium carbonate (CaCO3)
(w/v) and were incubated at 37°C for 48 h (Assohoun-
Djeni etal. 2016; Sirichokchatchawan et al. 2018) under
aerobic conditions. Each olony with a halo zone was
isolated and observed in terms of characters: non-
motile, endospores negative, catalase negative, and
Gram-positive bacteria. Furthermore, fresh overnight
cultures of each isolate were grown in Luria-Bertani
(LB) broth and stored in the freezer at —80 °C in 20%
glycerol for further tests.

Genomic Extraction. LAB isolates were grown for
18 hours at 30°C on Luria-Bertani broth. Cells were
harvested by centrifugation at 12,000 % g for 4 min. The
cell pellet was resuspended in 1 mL of 10 mM Tris—HCI,
pH 8.0, 10 mM EDTA, 100 mM NacCl, 2% (w/ v) SDS,
followed by genomic extraction using the Genomic
DNA Purification Kit (Fermentas®, Lithuania) based
on the manufacturer's protocol. Genomic extracts were
stored in TE 1X buffer (10 mM Tris-Cl pH 8.0, 1 mM
EDTApH 8.0) at-20°C.

Amplification of 16S rDNA. For molecular
identification of LAB isolates based on the 16S rDNA
gene, we amplification of partial 16S rRNA gene was
conducted via the GeneAmp® PCR System 2700
(Applied Biosystems, Carlsbad, CA, USA) using the
universal primer pair 63F (5'-CAG GCC TAA CAC
ATG CAA GTC-3") and 1387R (5-CAG GCC TAA
CAC ATG CAA GTC-3") (Marchesi et al. 1998). The
PCR reaction mixture (25 pL) was prepared as follows:
12.5 puL GoTaq Green (Promega, Madison, USA), 9.5
uL Nuclease Free Water (Promega, Madison, USA), 1
uL of 10 pmol of each primer, and 1 uL. DNA extraction
(£100 ng). PCR conditions were as follows: initial
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denaturation at 95°C for 5 minutes; 30 cycles consisting
of denaturation at 95°C for 1 minute, annealing at 57°C
for 1 minute, extension at 72°C for 1 minute; and post
extension at 72°C for 10 minutes. PCR products were
visualized on 1% (w/v) agarose gel (Promega, Madison,
USA) and then stained with ethidium bromide (Sigma
Aldrich, USA).

Sequence Analysis. PCR products of all LAB
isolates were then partially sequenced using the 63F and
1387R primer at Macrogen Inc., South Korea. DNA
sequences were matched to GenBank through base
using Nucleotide Basic Local Alignment Search Tool
(BLASTN) at the National Biotechnology Information
Center (NCBI) at www.ncbi.nlm.nih.gov to the
database of 16S ribosomal RNA sequences (Bacteria
and Archaea). Phylogenetic tree analysis using
Molecular Evolutionary Genetics Analysis X (MEGA
version X).

Determined pH of Soybeans Soaking Water. The
soybean soaking was done using a method described by
Barus et al. (2019b) with modification. Modification in
terms of replacing chemical acidification using acetic
acid with acidification using the species of lactic acid
bacteria found in this study. Each of the soybeans (80
grams of wet weight) soaked in 240 ml of sterile water
then inoculated with 1.8 mL suspension of each LAB
(10’cells ml') (Keuth and Bisping 1994).

RESULTS

After the purification process, as much as twenty-
two LAB isolates with form halo zone have been
successfully isolated from tempeh samples in the MRS
agar medium supplemented with 1% CaCO3 incubated
at 37°C (Table 1). The genome of 22 LAB isolates and
amplification of 16S rDNA have been successfully
obtained from the isolates. The amplicon of 16S rDNA
sequences using primer pair 63F and 1387R yielded a
single DNA band (1,300 bp) for each isolate (Figure 1
asrepresentative).

BLASTN results of the partial sequence of 16S
rRNA genes (approximately 950 nucleotides) showed
among our isolates with various LAB (Table 1). Seven
isolates similar to Lactobacillus agilis 96%-99%
(TBTEI-TBTE4, TBTEI11-TBTE12, TBTEIS).
Thirteen isolates similar to  Lactobacillus fermentum
97% -100% (TBTES, TBTE7-BTE10, TBTE13-
TBTE17, TBTE19-TBTE21). Two isolates similar to
Weissella confusa 96% (TBTEG6), and Lactobacillus
delbrueckii 98% (TBTE22).

Filogram genetic diversity among LAB isolated
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from tempeh based on the 16S rDNA sequence has
been successfully constructed (Figure 2). The LAB
isolates were divided into four major clusters. The first
and second clusters were related to W. confiisa and L.
delbrueckii, respectively. The third cluster was formed
with L. fermentum, while the fourth cluster was related
to L. agilis (Figure 2).

[
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DISCUSSION

The growth temperature of LAB in the spontaneous
fermentation was reported 35-37°C (Manini ez al. 2016).
All LAB isolates in this study could grow to a
temperature of 37°C. The appearance of halo zones was
due to the dissolution of CaCO, in the MRS agar

= pliliin
- Latren
Lo I R0 N EN I
= Ll
- e

Fig 1 PCR amplification sequences of 16S rDNA sequences of LAB isolates from tempeh using primer 63F

and 1387. Marker: 1 kb DNA lambda ladder.

= neter 1

-Cluster 4

Fig 2 Filogram genetic diversity among LAB isolated from tempeh based on 16S rDNA..
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Table 1 Identity of LAB isolates from tempeh based on 16S rDNA sequences
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Isolate Organism Accession Identity
code number (%)
Jakarta TBTE1 Lactobacillus agilis strain C1-3-2 KP979478.1 98
Jakarta  TBTE2 L. agilis strain AAC59 KY810569.1 99
Jakarta TBTE3 Source AB911458.1 97
Tangerang TBTE4 L. agilis strain M17 KC561119.1 98
Jakarta  TBTE11 L. agilisstrain DSPV009P KU295178.1 99
Jakarta  TBTE12 L. agilisstrain TB-A07 AB425914.1 96
Jakarta  TBTE18 L. agilisstrain DSPV005C GQ231439.1 98
Jakarta TBTES Lactobacillusfermentum strain EIPW-5A KF932274.1 97
Lembang TBTE? L. fermentumstrain SM44 KJ690759.1 98
Jakarta  TBTES8 L. fermentumstrain LAB-21-ITTG KY574532.1 98
Jakarta  TBTE9 L. fermentumstrain IMAU60221 FJ915666.1 98
Jakarta  TBTE10 L. fermentumstrain 10 MF066936.1 99
Jakarta  TBTE13 L. fermentumstrain NL31 KJ958422.1 99
Jakarta  TBTE14 L. fermentumstrain Chchm7.lan (JQ JQ446535.1 97
Jakarta  TBTE15 L. fermentumstrain 6704 KX218444.1 100
Jakarta  TBTE16 L. fermentumstrain KLAB15 KM485578.1 95
Jakarta  TBTE17 L. fermentumstrain KF5 KT159934.1 99
Jakarta  TBTE19 L. fermentumstrain KLDS 1.06 EU419592.1 98
Jakarta  TBTE20 L. fermentumstrain BCS27 EU547298.1 98
Jakarta  TBTE21 L. fermentumstrain SABAS KX599357.1 97
Lembang TBTE6 Weissella confusa strain SL3 KU060304.1 96
Jakarta  TBTE22  Lactobacillusdelbrueckiistrain SMN1-6 KY007528.1 98

medium by acid production (Pisol et al. 2015). All
isolates were negative endospores, non-motile, negative
catalase, and Gram-positive bacteria. The character of
all isolates in this study is in line with the character of
lactic acid bacteria (LAB) were reported by
Nurhikmayani et al. (2019) and Pisol et al. (2015).

The amplicon of 16S rDNA sequences using primer
pair 63F and 1387R yielded a single DNA band (£1,300
bp) for each isolate (Figure 1 as representative). The size
of'this amplicon is in line with Wahyudi ez a/. (2011) and
Barus et al. (2017). BLASTN results of the partial
sequence of 16S rRNA genes (approximately 950
nucleotides) showed among our isolates with various
LAB (Table 1). Schlaberg et al. (2012) explained that
the percentage of similarity of isolates was categorized
in the taxonomic level of the same species, genus,
family if the similarity values were >99%, 97% to
<99%, 95% to <97% respectively.

The 16S rDNA sequence variations can show
evolution among bacterial species because each W.
confuse, L. delbrueckii, L. fermentum and L. agilis
occupy in different clusters. The 16S rRNA gene
sequence is currently the most used in assessing

bacterial diversity in a particular habitat because the 16S
rRNA gene is distributed in all bacteria. (VEétrovsky et
al. 2013). The 16S rDNA sequences also have variable
and conserved regions, and this region reflects the
phylogenetic relationship between species. However,
variations in the 16S rDNA sequence are not enough to
compare bacteria to strain levels. This can be seen in
Figure 2 that each cluster is occupied by bacteria with
different strains. Three strains of W. confusa (Cluster 1),
three strains of L. delbrueckii (Cluster 2), two strains of
L. fermentum (Cluster 3), and three strains of L. agilis
are exactly occupied the same cluster. The results of this
study are in line with those previously reported
(Clarridge et al. 2004; Sapalina et al. 2020).

LAB plays an important role in many fermented
foods in the world. BAL in fermented foods is important
for health (Caggianiello et al. 2016; Choi et al. 2015;
Adeniyi et al. 2015; Nuraida 2015). LAB has been
reported to play a role in determining the quality of
fermented food (Han ef al. 2016; O'sullivan et al. 2002,
Settanni ez al. 2010) and is important as a probiotic for
health (Angmo ef al. 2016; Mokoena et al. 2016; Argyri
et al. 2016). Huang et al. (2018) reported that tempeh
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contains important LAB to prevent diabetes mellitus.

Each of 80 g wet weight of soybeans soaked in 240
mL of sterile water then inoculated with 1.8 mL
suspension of each isolate LAB (10" cell mL"). All the
isolates were added for acidification in soaking
soybeans. It was found that the acidity of soybean
soaking water decreased from pH 7 to pH 4.4 - 4.9. In
this condition, tempeh will be successfully produced in
good quality because this acidic condition is suitable for
the growth of Rhizopus. Barus et al. (2008) reported that
pH 7 of soybean soaking water will drop to around pH 4
after 24 hours. This acidic condition is needed for the
germination of Rhizopus as the main microbe of tempeh.
Medwid et al. (1984) have reported that Rhizopus
olygosporus germinates well under acidic conditions
with pH 4-5.

In tempeh fermentation, acidic conditions can be
made by adding organic acids such as lactic acid (Huang
et al. 2018) or acetic acid (Kartawiria et al. 2018).
However, tempeh fermentation in Indonesia does not
use organic acids but acidic conditions occur naturally
by various types of bacteria. This can cause the quality
of tempeh to be inconsistent and sometime it can cause a
bitter taste of tempe (Barus et al. 2008). Therefore, to get
a consistent quality of tempeh, it is necessary to add a
good selection of microbes to obtain good tempeh
quality. Therefore, LAB can add to create acidifications
in tempeh fermentation. Abundant bacteria have been
reported in tempeh (Barus et al. 2008; Barus et al. 2017;
Barus et al. 2013; Ayu et al. 2014; Efriwati ef al. 2013;
Nurdini ef al. 2015). Therefore, research on the role of
bacteria in tempeh still needs to be continued.

CONFLICT OF INTEREST

The author honestly declare no conflict of interest.
All experiments in this study comply with the
applicable laws of the country in which they are
conducted.

ACKNOWLEDGMENTS

The research funding was obtained from a research
grant from the Faculty of Biotechnology-Atma Jaya
Catholic University of Indonesia, Jakarta

REFERENCES

Adeniyi BA, Adetoye A, Ayeni FA. 2015. Antibacterial
activities of lactic acid bacteria isolated from cow

Microbiol Indones 153

facces against potential enteric pathogens. African
health science. 15(3): 888-895. DOI:
10.4314/ahs.v15i3.24.

Aderibigbe EY, Osegboun AO. 2006. Acceptability of
tempeh among health workers in Ado-Ekiti, Nigeria.
Pak J Nutr. 5:122-24. DOI: 10.3923/pjn.2006.122.124.

Angmo K, Kumari A, Bhalla, TC. 2016. Probiotic
characterization of lactic acid bacteria isolated from
fermented foods and beverage of Ladakh. LWT-food
Science and Technology. 66: 428-435. DOI:
10.1016/5.1wt.2015.10.057.

Assohoun-Djeni NMC, Djeni NT, Messaoudi S, Lhomme E,
Koussemon CM, Ouassa T, Chobert JM, Onno B,
Dousset X. 2016. Biodiversity, dynamics and
antimicrobial activity of lactic acid bacteria involved in
the fermentation of maize flour for doklu production in
Cote d'Ivoire. Food Control. 62: 397-404. DOI:
10.1016/j.foodcont.2015.09.037.

Ayu E, Suwanto A, Barus T. 2014. Klebsiella pneumoniae
from Indonesian tempeh were genetically different
from that of phathogenic isolates. J Microbiol Indones.
8(1):9-15.DOI: 10.5454/mi.8.1.2.

Barus T, Wati L, Melani, Suwanto A, Yogiara. 2017.
Diversity of protease-producing Bacillus spp. from
fresh tempeh Indonesian Based on 16S rRNA Gene
Sequence. HAYATT Journal of Biosciences. 24(1): 35-
40. DOI: https://doi.org/10.4308/hjb.24.1.35.

Barus T, Hanjaya I, Sadeli J, Lay BW, Suwanto A, Yulandi A.
2013. Genetic diversity of Klebsiella spp. isolated from
tempeh based on enterobacterial repetitive intergenic
consensus-polymerase chain reaction (ERIC-PCR).
HAYATI J Biosci. 20(4): 171-176. DOI:
10.4308/hjb.20.4.171.

Barus T, Halim R, Hartanti At, Saputra PK. 2019a. Genetic
diversity of Rhizopus microsporus from traditional
inoculum of tempeh in Indonesia based on ITS
sequences and RAPD marker. Biodiversitas Journal of
Biological Diversity. 20(3):847-52. DOI
https://doi.org/10.13057/biodiv/d200331.

Barus T, Maya F, Hartanti AT. 2019b. The Role of Some
Rhizopus microsporus Strains Originating in
"Traditional Laru" in Determining Tempe Quality.
Journal of Food Technology Applications. 8 (1): 17-22.
DOI: https://doi.org/10.17728/jatp.3761.

Barus T, Suwanto A, Wahyudi AT, Wijaya H. 2008. Role of
bacteria in bitter taste formation: microbiological and
molecular biological analysis based on 16S rRNA gene.
Microbiol Indones. 2:17-21. DOI:10.5454/M1.2.1.4.

Caggianiello G, Kleerebezem M, Spano G. 2016.
Exopolysaccharides produced by lactic acid bacteria:
from health-promoting benefits to stress tolerance
mechanisms. Applied microbiology and
biotechnology. 100(9): 3877-3886. DOI:



154 BARUS ET 4L.

10.1007/s00253-016-7471-2.

Choi HJ, Lee NK, Paik HD. 2015. Health benefits of lactic
acid bacteria isolated from kimchi, with respect to
immunomodulatory effects. Food Science and
Biotechnology. 24(3): 783-789. DOI: 10.1007/s10068-
015-0102-3.

Clarridge JE. 2004. Impact of 16S rRNA gene sequence
analysis for identification of bacteria on clinical
microbiology and infectious diseases. Clinical
microbiology reviews. 17(4): 840-862. doi:
10.1128/CMR.17.4.840-862.2004.

Efriwati, Suwanto, A, Rahayu G, Nuraida L. 2013.
Population dynamics of yeasts and lactic acid bacteria
(LAB) during h production. HAYATTI J Biosci. 20(2):
57-64. https://doi.org/10.4308/hjb.20.2.57.

Esaki HH, Onozaki S, Kawakishi Osawa T. 1996. New
antioxidant isolation from tempe. J. Agric. Food Chem.
44:696-700. https://doi.org/10.1021/j£950454t.

Han X, Yang Z, Jing X, Yu P, Zhang Y, Yi H, Zhang L. 2016.
Improvement of the texture of yogurt by use of
exopolysaccharide producing lactic acid bacteria.
BioMed research international. 16:1-6.  doi:
10.1155/2016/7945675.

Hong KJ, Lee CH, Kim SW. 2004. Aspergillus oryzae GB-
107 fermentation improves nutritional quality of food
soybeans and feed soybeans meals. ] Med Food. 7:430-
36. https://doi.org/10.1089/jmf.2004.7.430.

Huang YC, Wu BH, Chu YL, Chang WC, Wu MC. 2018.
Effects of tempeh fermentation with Lactobacillus
plantarum and on streptozotocin-induced type II
diabetes mellitus in rats. Nutrients. 10(9):1-15. doi:
10.3390/nu10091143.

Kartawiria IS, Gunawan-Puteri MD, Putrianti CS. 2018.
Impact of Concentration of Glucono Delta Lactone
(GDL), Tempe Starter and Soaking Time to Physical
Characteristics of Tempe and Overripe Tempe.
ICoFAB2018 International Conference on Food,
Agriculture and Biotechnology. DOI:
10.14457/MSU.res.2018.32.

Keuth S, Bisping B. 1993. Formation of vitamins by pure
cultures of tempe moulds and bacteria during the tempe
solid substrate fermentation. Journal of Applied
Bacteriology. 75(5): 427-434.

Koike S, Yoshitani S, Kobayashi Y,Tanaka K. 2003.
Phylogenetic analysis of fiber-associated rumen
bacterial community and PCR detection of uncultured
bacteria. FEMS Microbiol Lett. 229 (1) : 23-30.
https://doi.org/10.1016/S0378-1097(03)00760-2.

Konings WN, Kok J, Kuipers OP, Poolman B. 2000. Lactic
acid bacteria: the bugs of the new millennium. Current
Opinion in Microbiology. 3 (3): 276-82. doi:
10.1016/s1369-5274(00)00089-8.

Manini F, Casiraghi MC, Poutanen K, Brasca M, Erba D,

Microbiol Indones

Plummed-Ferrer C. 2016. Characterization of lactic
acid Bacteria isolated from wheat bran sourdough.
LWT Food Sci Technol. 66: 275-283. DOI:
10.1016/j.1wt.2015.10.045.

Marchesi JR, Sato T, Weightman AJ, Martin TA, Fry JC,
Hiom SJ,Wade WG. 1998. Design and evaluation of
useful bacterium-specific PCR primers that amplify
genes coding for bacterial 16S rRNA. Appl Environ
Microbiol. 64:795-99. DOI: 10.1128/AEM.64.2.795-
799.1998.

Medwid RD, Grant DW. 1984. Germination of Rhizopus
oligosporus sporangiospores. Appl Environ Microbiol.
48(6):1067-1071. DOI: 10.1128/AEM.48.6.1067-
1071.1984.

Mokoena MP, Mutanda T, Olaniran AQO. 2016. Perspectives
on the probiotic potential of lactic acid bacteria from
African traditional fermented foods and beverages.
Food & nutrition research. 60(1):1-12. DOI:
10.3402/fnr.v60.29630.

Nuraida L, 2015. A review: Health promoting lactic acid
bacteria in traditional Indonesian fermented foods.
Food Science and Human Wellness. 4(2): 47-55.
https://doi.org/10.1016/j.fshw.2015.06.001.

Nurdini AL, Nuraid L, Suwanto A, Suliantari. 2015.
Microbial growth dynamics during fermentation in
two different home industries. International Food
Research Journal. 22(4):1668-1674.

Nurhikmayani R, Daryono BS, Retnaningrum E. 2019. The
Isolation and molecular identification of antimicrobial-
producing Lactic Acid Bacteria from chao, South
Sulawesi (Indonesia) fermented fish product.
Biodiversitas Journal of Biological Diversity. 20(4):
1063-1068. DOI 10.13057/biodiv/d200418.

O'sullivan L, Ross RP, Hill C. 2002. Potential of bacteriocin-
producing lactic acid bacteria for improvements in food
safety and quality. Biochimie. 84(6): 593-604. DOI:
10.1016/s0300-9084(02)01457-8.

Pisa G, Magnani GS, Weber H, Souza EM, Faoro H,
Monteiro RA, Daros E, Baura V, Bespalhok JP, Pedrosa
FO, Cruz LM. 2011. Diversity of 16S rRNA genes from
bacteria of sugarcane rhizosphere soil. 44(12) :1215-
1221.doi: 10.1590/S0100-879X2011007500148.

Pisol B, Abdullah N, Khalil KA, Nuraida L. 2015. Isolation
and identification of lactic acid bacteria from different
stages of traditional Malaysian tempeh production.
Malaysian Journal of Microbiology. 11(4): 358-364.
doi: 10.29037/digitalpress.22328.

Roubos-van den Hil PJ, Dalmas E, Nout MJ, Abee T. 2010.
Soya bean extracts show antibacterial activity against
Bacillus cereus cells and spores. J Appl Microbiol. 109
(1):137-45.doi: 10.1111/j.1365-2672.2009.04637 .X.

Roubos-van den Hil PJ, Nout MJ, Beumer RR, van der
Meulen J, Zwietering MH. 2009. Fermented soya bean



Volume 14, 2020

extracts reduce adhesion of enterotoxigenic
Escherichia coli to intestinal epithelial cells. J Appl
Microbiol. 106 (3):1207-1216. DOI: 10.1111/5.1365-
2672.2008.04068.x.

Sapalina F, Retnaningrum E. 2020. Molecular
characterization of lactic acid bacteria producing edible
biofilm isolated from kimchi. Biodiversitas Journal of
Biological Diversity. 21(3): 962-968. doi:
10.13057/biodiv/d210315.

Schlaberg R, Simmon KE, Fisher MA. 2012. A systematic
approach for discovering novel, clinically relevant
bacteria. Emerg Infect Dis. 18 (3): 422-430. doi:
10.3201/eid1803.11148]1.

Settanni L, Moschetti G. 2010. Non-starter lactic acid
bacteria used to improve cheese quality and provide
health benefits. Food Microbiology. 27(6): 691-697.
https://doi.org/10.1016/j.fm.2010.05.023.

Sirichokchatchawan W, Pupa P, Praechansri P, Am-in N,
Tanasupawat S, Sonthayanon P, Prapasarakul N. 2018.
Autochthonous lactic acid bacteria isolated from pig

Microbiol Indones 155

faeces in Thailand show probiotic properties and
antibacterial activity against enteric pathogenic
bacteria. Microb Pathog. 119: 208-215. DOI:
10.1016/j.micpath.2018.04.031.

Stephanie S, Ratih Nk, Soka S, Suwanto A. 2017. Effect of
tempeh supplementation on the profiles of human
intestinal immune system and gut microbiota.
Microbiology Indonesia. 11(1): 11-17. DOI:
10.5454/mi.11.1.2.

Vétrovsky T, Baldrian P. 2013. The variability of the 16S
rRNA gene in bacterial genomes and its consequences
for bacterial community analyses. PloS one. 8(2):1-10.
https://doi.org/10.1371/journal.pone.0057923.

Wahyudi AT, Astuti RP, Widyawati A, Meryandini A,
Nawangsih AA. 2011. Characterization of Bacillus sp.
strains isolated from rhizosphere of soybean plants for
their use as potential plant growth for promoting
rhizobacteria. Journal of Microbiology and
Antimicrobials. 3(2), 34-40. doi:
10.1155/2015/901656.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

