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ABSTRACT
Aims: Tempeh is a soy-based traditional food fermented by Rhizopus oligosporus. Although this mold is the main
microorganism responsible for tempeh fermentation, various unknown bacteria presence in tempeh could enhance
tempeh’s nutritional value. This study is aimed to examine the identity of bacteria in tempeh bacterial community by
combining metagenomics analysis and culturable technique.
Methodology and results: Samples were obtained from a tempeh producer which consists of raw soybeans, fresh
water used to soak the beans, soaking water after the beans were soaked for 18 h, dehulled-soybean before inoculation,
starter culture, and fresh tempeh. All samples were plated onto Enterobacteriaceae and Lactic Acid Bacteria agar media,
and the total DNA was extracted for metagenomics analysis based on 16S rRNA gene cloning and High-Throughput
Sequencing (HTS). Metagenomic analysis indicated that Firmicutes and Proteobacteria were the predominant and subdominant bacteria, respectively, while the culturable technique showed Proteobacteria were the predominant bacteria.
Firmicutes species detected in tempeh were similar to the ones in the soaking water, which were populated by
Lactobacillus. However, another predominant bacteria from tempeh, Enterococcus, was similar to minor population of
Enterococcus detected in dehulled-soybean before inoculation. Based on the cloned 16S rRNA genes, we observed L.
agilis, L. fermentum, and E. cecorum as the predominant bacteria in tempeh. The starter culture, which was dominated
by Clostridium, did not alter bacterial community in tempeh, since its proportion was only 2.7% in tempeh clean reads.
Conclusion, significance and impact of study: The dominant bacteria in tempeh was Lactobacillus from Firmicutes.
The bacterial community in tempeh was not affected by the starter culture used, but mainly because of the soybean
soaking process.
Keywords: tempeh, starter culture, bacterial community, high-throughput sequencing

INTRODUCTION
Tempeh is an emblematic traditional Indonesian food that
has been consumed worldwide. In Indonesia, tempeh is
routinely consumed by lower-income people due to its
economic value. Approximately 27 different types of
tempeh are made with various legumes, including
soybean, velvet bean, winged bean, mung bean, fava
bean, grains and coconut pressed cake (Shurtleff and
Aoyagi, 1979), yet soybean-based tempeh is the most
popular type of tempeh among Indonesians. Tempeh is
also popular among vegans due to its beneficial
properties, such as high content of vitamin B 12,
bioavailable and bioactive aglycones, calcium, and lower
phytic acid level than its raw ingredient. Those traits are
mostly generated by various microbial activities in tempeh
(Murakami et al., 1984; Sutardi and Buckle 1985; Keuth

and Bisping, 1993; Tsangalis et al., 2002; Haron et al.,
2010; Haron et al., 2011). Furthermore, tempeh also
contains a high amount of lactic acid bacterium, which
can increase its nutritional value (Soka et al., 2014).
Tempeh fermentation is comprised of two stages,
including lactic acid fermentation during the preparatory
soaking of soybeans by naturally-occuring microbiota and
a fungal solid state fermentation stage by Rhizopus
oligosporus (Nout and Kiers, 2005; Barus et al., 2008;
Seumahu et al., 2012; Efriwati et al., 2013). Rhizopus
oligosporus was inoculated onto cooked dehulledsoybeans. Aside from the presence of mold, lactic acid
bacteria and Enterobacteriaceae were reported as a
colony forming unit (CFU) (Nurdini et al., 2015). However,
information about its role in the bacterial communities’
formation in tempeh is still limited. During the soaking
process, in which acidification occurred, the bacterial
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population was dominated by 106-109 CFU/g of lactic acid
bacteria (Moreno et al., 2002; Efriwati et al., 2013). This
process was preferable, since it can increase the shelf life
of tempeh and its safety by reducing the number of
pathogenic bacteria in the fermentation product (Nout and
Rombouts, 1990; Mulyowidarso et al., 1990; Nurdini et al.,
2015). Tempeh fermentation occurs in an uncontrolled
environment, which applied to its raw material (soybean,
water), starter culture (laru) and environmental conditions
(temperature, humidity). Those uncontrolled conditions
could affect the microbial community in tempeh, which
could consequently influence the quality of tempeh (Barus
et al., 2008).
Asides from the general methods, some tempeh
producers employ modified methods and starter cultures
which are unique from producer to another (Barus et al.,
2008; Efriwati et al., 2013). Barus et al. (2008) reported
that four out of five tempeh producers in Bogor,
Indonesia, employ one-time boiling of soybean, such as
EMP tempeh producer. Another considerable interest in
tempeh EMP is the adulteration of commercial starter
culture with cassava solid waste (onggok), namely laru
onggok, in 1:10 ratio. Microbiological studies employing
culturable approaches to study microbial community in
tempeh EMP have been reported before (Barus et al.,
2008; Efriwati et al., 2013; Nurdini et al., 2015), however,
the results of these studies were still preliminary, partial
and can sometimes be contradictory. Therefore, bacterial
communities and dynamics in tempeh were not clearly
understood. Recently, the retrieval and sequence analysis
of 16S rRNA gene has become a standard approach for
the investigation of microbial diversity in food ecosystems
in addition to conventional culturable approaches
(Hugenholtz et al., 1998). Culture-independent technique
could be used to examine unculturable bacteria without
creating a bias, since the data produced using the
culturable technique may underestimate microbial
diversity (Ampe et al., 1999; Kakirde et al., 2010). In the
present paper, we applied high-throughput sequencing
(HTS), which has been used for metagenomics studies in
other fermented foods, including Italian salami (Polka et
al., 2015), wine (Bokulich et al., 2013), and artisan
cheese (Bokulich and Mills, 2013). In addition, HTS was
used to determine the succession of bacterial community
during the fermentation process.
MATERIALS AND METHODS
Sampling and sample for analysis
Samples used for this research were obtained from the
EMP tempeh producer in Bogor, Indonesia (Barus et al.,
2008; Efriwati et al., 2013). Sample were taken from three
different steps in tempeh production, which include raw
soybeans (SS), fresh water used to soak the bean (FW),
soaking water after the beans were soaked for 18 h (SW),
soybean before inoculated (BI), starter culture (SC), and
fresh tempeh (FT).

Total bacterial count analysis
One gram of SC was inoculated into 25 g sterile soakedsoybean in a 250 mL Erlenmeyer flask. Incubation for 2
days was done at room temperature (27-29 °C) before
doing the serial dilution. Approximately, 25 g of each SS,
BI, SC, FT, or 25 mL of FW and SW was added into 225
mL 0.85% (w/v) NaCl (Merck, USA). The serial dilution
was made for each sample. From each dilution, a 100 μL
aliquot of suspension was spread on Eosin Methylene
Blue Agar (EMB) (Merck, USA) to determine the total
count of Enterobacteriaceae and on Man-Rogosa and
Sharpe Agar (MRSA) (Merck, USA) with 0.2% of sodium
azide (Plengvidhya et al., 2007) for enumeration of lactic
acid bacteria. Each analysis was done in two replicates
and the plates were incubated at 30 °C for 3-5 days to
allow Enterobacteriaceae growth or 5-7 days to allow
lactic acid bacteria growth.
DNA extraction for metagenomics analysis
One gram of SC was inoculated into 25 g sterile soakedsoybean in a 250 mL Erlenmeyer flask and incubated in
30 °C for 48 h to make a sterile tempeh. A hundred grams
of sterile tempeh, BI, and FT were homogenized
separately in 300 mL of PBS (phosphate buffer saline) for
1 min, following the procedure described in a previous
study (Seumahu et al., 2012). Approximately, 25 g of SS
samples were soaked into 225 mL sterile water for 24 h in
the shaker. A 1000 mL of soaking water of SS, FW, and
300 mL of SW, were then extracted using PowerWater
Microbial DNA Isolation-Kit (MOBIO, USA) according to
the protocol described by the manufacturers. DNA
products were visualized by electrophoresis using 1%
(w/v) agarose gel before being used for the next step of
analysis.
PCR amplification for 16S rRNA gene
Dominant colonies formed in EMB and MRSA agar were
collected for further identification. Each DNA extraction
from dominant colonies and metagenomics analysis were
amplified by PCR using universal primers: B27F and
U1492R (Lane, 1991). The PCR reaction contained 25 µL
of final solution consisting of: 12.5 µL of EmeraldAmp
MAX PCR Master Mix (TaKaRa, Japan), 1 µL of 10 pmol
of each primer, and 1 µL of DNA extraction. Amplification
by PCR comprised 30 cycles of 94 °C for 30 sec, 58 °C
for 30 sec, 72 °C for 1 min 30 sec; and continued with 72
°C for 2 min. The PCR products were visualized on 1%
agarose gel (w/v). Sequencing was carried out by Eurofin
Genomics (Japan).
Cloned 16S rRNA gene analysis
Cloning of 16S rRNA gene was conducted according to
Sakai and Kurosawa (2016). Briefly, the 16S rRNA gene
fragments for metagenomic analysis obtained by PCR
were cloned into pT7 Blue T-Vector (Novagen, Germany).
The recombinant plasmid was transformed into
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Escherichia coli DH5α plated onto Luria-Bertani (LB)
plates including 100 µg/mL ampicillin (Wako, Japan) and
40 µg/mL X-gal (TaKaRa, Japan). The inserted 16S rRNA
gene in the plasmid was amplified by PCR using 1 µL of
the culture as a template with the primers T7P-F and
T7U-R. PCR reactions were as followed: 94 °C for 3 min;
35 cycles 94 °C for 30 sec, 51 °C for 30 sec, 72 °C for 2
min; followed by 72 °C for 5 min. PCR products were
sequenced employing a custom service provided by
Eurofin Genomics (Japan) (Nishiyama et al., 2013; Sakai
and Kurosawa, 2016). All cloned 16S rRNA gene
sequences were checked for chimeric sequences using
GENETYX ver. 11.0.1 software homology search
program (Japan). Sequences with similarity of 98% and
above were grouped together as one phylotype
(Watanabe et al., 2008). Sequence of representative
clones were
submitted
to
BLASTN
database
(http://www.ncbi.nlm.nih.gov/BLAST/)
and
EzTaxon
server 2.1 (http://eztaxon-e.ezbiocloud.net) (Kim et al.,
2012).

reference OTU-picking pipeline with UCLUST-reference
against the Greengenes 16S rRNA gene database,
clustered at 97% pairwise identity. From this alignment,
chimeric sequences were identified and removed with
QIIME. Sequences failing alignment or identified as
chimera were removed prior to downstream analysis
(Bokulich and Mills, 2013). Shannon-Wiener index (H’),
Simpson index (D), and the Equitability (E) were
calculated to describe the diversity of community,
similarity between species, and relative importance of
each OTU within the entire assemblages. H’ was
calculated as follows: H’ = -Σ (pi) (Ln pi) where pi is the
relative abundance of fragment i. D was measured based
on equation: D = Σ ni(ni-1)/N(N-1), where ni was the
relative abundance of fragment i and N was the total
sequence from all OTU. Meanwhile, E was calculated by
the following equation: E = H’/Hmax where Hmax = Ln S
(Pangastuti et al., 2010).

High-throughput sequencing analysis

High-throughput analysis

For amplification of the V4 domain in bacterial 16S rRNA,
we used primers: 515F and 806R modified to contain
MiSeq Illumina adapter region. PCR reaction were
conducted using TaKaRa ExTaq HS (TaKaRa, Japan) 94
°C for 2 min followed by 20 cycles of 94 °C for 30 sec, 50
°C for 30 sec, 72 °C for 30 sec, and a final extension of
72 °C for 5 min. The PCR products were purified with
AMPure XP beads (Belkman Counter, Japan) and further
used as templates for tailed-PCR using primers: 15index2 and 17-index1. PCR reactions in this step were as
follows: 94 °C for 2 min, followed by 8 cycles of 94 °C for
30 sec, 55 °C for 30 sec, 72 °C for 30 sec, and final
extension of 72 °C for 5 min. Sequencing of the PCR
products was done using custom service provided by
Bioengineering Lab (Japan) and Fastmac (Japan).

A total of 1,099,495 total reads were obtained from six
samples taken from EMP producer. 13.9% of the reads
discarded based on several factors: quality (length,
homopolymers and ambiguous base), miss-amplified taxa
(chloroplast, mitochondria and unassigned kingdom) and
chimera formation. As a result, 946,094 clean reads of
340 bp length on average were retained and analyzed.
Each sample harbored different total reads (Table 1).
Enriched SC and FT samples covered the highest total
reads among them. The statistical bacterial diversities for
each sample were calculated, and diversity parameters
were presented in Table 1. Shannon-Wiener Index shows
the species diversity, while Simpson Index gives the
probability that any two individuals are different species.
Based on these indices, the bacterial community was less
diverse in SW and SC, indicating that less species of
bacteria were present. Equitability indices also showed
that SW and SC had a lower value than other samples.
This indicates that the quantity distribution of each
species was not equal, and only one or two taxa qualified
as the dominant species.

Data analysis
Raw fastq files were de-multiplexed, quality filtered, and
analyzed with QIIME 1.6.0. Bacterial 16S rRNA gene
sequence were clustered with the QIIME subsampled

RESULTS AND DISCUSSION

Table 1: Number of bacterial 16S rRNA gene sequences, operational taxonomic unit (OTUs); and diversity estimation.
Shannon-Wiener
Index (H')
SS
67,371
58,939
640
2.146
FW
67,599
58,436
1,650
2.717
SW
60,534
54,370
413
0.445
BI
54,492
50,873
723
2.309
SC
423,929
361,984
1,137
1.097
FT
425,570
361,492
1,002
2.108
Note: SS, soybeans; FW, fresh water used to soak the bean; SW, soaking water
BI, soybeans before inoculated; SC, starter culture; FT, fresh tempeh.
Samples

Total Reads

Clean Reads

Total OTUs
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Simpson Index Equitability
(D)
Index (E)
0.841
0.332
0.823
0.367
0.145
0.074
0.819
0.351
0.390
0.156
0.763
0.305
after the beans were soaked for 18 h;
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Bacterial communities structure from EMP tempeh
producer
Bacterial community composition of tempeh production
might be contributed by many factors, including raw
material, water source, environmental conditions, and
traditional tools of manufacture (Jung et al., 2013). In this
study, we examined bacterial communities in raw material
used for tempeh production, including soybean and
starter culture, and also the water source. Taxonomical
assignment for all sequences derived in this study was
carried out in QIIME, which is based on alignments with
the GreenGenes database. Obtained results consisted of
kingdom, phylum, class, order, family and genus level.
Additional information about species level was done by
employing the 16S rRNA gene cloning as discussed in
the subsequent section. The predominant phyla of SS,
SW, SC, and FT were composed of Firmicutes with
different proportions (Figure 1). Other samples, FW and
BI were populated by Proteobacteria with 88% and 69%
abundance, respectively. With Firmicutes proportion
nearly 100%, indicating that SW and SC only had one
predominant phylum, unlike SS or FT that also consisted
of 27% and 8% of Proteobacteria abundance,
respectively. To our knowledge, tempeh is the only moldfermented food product which bears Firmicutes as its
predominant bacteria (Tamang et al., 2016). Another
sample, FW, used for soaking and washing dehulledsoybean, and BI, dehulled-soybean ready for inoculation,
was populated by Proteobacteria, with Firmicutes only as
a sub-dominant phylum. Rarer phyla acquired from FT
were Actinobacteria and Bacteroidetes, which was further
categorized as “Others”, as its abundance in total reads
were less than 1%.

Figure 1: Bacterial phyla in samples collected from EMP
tempeh producer. Relative abundance of each phylum
was defined as the percentage of the same phylum to the
corresponding total 16S rRNA gene sequences for each
sample. Phyla that were acquired at less than 1% in
samples were grouped as “Others”. SS: soybeans, FW:
fresh water used to soak the bean, SW: soaking water
after the beans were soaked for 18 h, BI: soybeans
before inoculated, SC: starter culture, FT: fresh tempeh.

The most abundant (> 1% in at least one sample)
bacterial order found throughout tempeh production is
shown in Figure 2, while the major genus composition is
shown in Figure 3. At the order level, a total of 202 order
were classified and 14, 106, 22, 23, 19 and 18 were
detected from tempeh production such as SS, FW, SW,
BI, SC, and FT, respectively. Lactobacillales, which
belongs to the Firmicutes, was the predominant order in
three samples, SS, SW, and FT, with each sample
proportion being 60%, 100%, and 88%, respectively. The
dominant orders from Proteobacteria found in FT were
Sphingomonadales and Enterobacteriales (Figure 2).
Relative abundance of each order in FT were 2.8% and
3.9% respectively. But in term of their relative abundance
in Proteobacteria, each order were 37% and 52.5%,
respectively. Sphingomonadales contained one dominant
genera, i.e. Novosphingobium (Figure 3). However,
Enterobacteriales, in which Klebsiella pneumoniae
belongs to (Keuth and Bisping, 1993), can be
differentiated only up to the family level, which is
Enterobacteriaceae. The low discriminatory power might
be due to the short length of sequence (340 bp)
associated with the HTS technique employed in this study
(Humblot and Guyot, 2009). Bifidobacteriales was also
detected in BI and FT, although its abundance in both
samples was less than 1%. Members of the
Bifidobacteriales are known as probiotic bacteria which
can transform biologically inactive isoflavone found in
soybean into bioavailable and bioactive aglycones
(Kailasapathy and Chin, 2000; Tsangalis et al., 2002;
Atkinson et al., 2005).

Figure 2: Major bacterial orders attained from EMP
tempeh producer. Relative abundance of each order was
defined as the percentage of the same order to the
corresponding total 16S rRNA gene sequences for each
sample. Order that were detected at less than 1% in all
samples were grouped as “Others”. SS: soybeans, FW:
fresh water used to soak the bean, SW: soaking water
after the beans were soaked for 18 h, BI: soybeans
before inoculated, SC: starter culture, FT: fresh tempeh.
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A majority of the genera identified in the six samples
were mostly composed of species from the
Lactobacilalles genera, i.e. Enterococcus, Lactobacillus,
Lactococcus, Leuconostoc, Streptococcus and Weissella.
Enterococcus and Lactobacillus were the vast majority of
FT sample, with 46.3% and 41.5% abundance,
respectively, while the other genera proportion was less
than 3%, including Novosphingobium as the next subdominant genus in FT. Lactobacillus was also the major
genus in SW with 98% abundance, confirming its role as
an organic acid producer in the spontaneous fermentation
that occurred during the soybean soaking process (Barus
et al., 2008; Efriwati et al., 2013). In the following step, BI,
the Lactobacillus population was decreased by 3.5%
before they re-increased post Rhizopus oligosporus
fermentation. This reduction might be caused by
dehulled-soaked soybean and washing process
afterwards, which eliminated most of the Lactobacillus
population and shifted the bacterial community into the
environmental
bacteria,
Novosphingobium
and
Acetobacter (Figure 3). Therefore, Lactobacillus which
existed in FT might survive through dehulling and
washing processes, since its number was increased in
FT.

Figure 3: Predominant bacterial genera attained from
EMP tempeh producer. Relative abundance of each
genus was defined as the percentage of the same genus
to the corresponding total 16S rRNA gene sequences for
each sample. SS: soybeans, FW: fresh water used to
soak the bean, SW: soaking water after the beans were
soaked for 18 h, BI: soybeans before inoculated, SC:
starter culture, FT: fresh tempeh.
Other than Lactobacillus, Enterococcus was the
dominant bacterial group detected in FT. Unlike
Lactobacillus, Enterococcus was not detected in SW. It
was detected in BI samples with 1.3% proportion before
becoming the predominant bacteria in FT. Enterococcus
availability in tempeh sample had been reported in the
previous study, but its position as the dominant bacteria
was not described (Moreno et al., 2002; Mo et al., 2013).

Since Enterococcus was detected in BI and not in SW, a
possible source for this bacterial group was from the
process in between, dehulling and washing with FW. This
bacterium may only grow in condition suitable for tempeh
fermentation, but remained dormant in the water.
However, BI is critical for the establishment of
Enterococcus as a predominant member of the bacterial
population
during
tempeh
fermentation.
Some
Enterococcus species can produce bacteriocin, which
might extend tempeh shelf life (Moreno et al., 2002;
Giraffa, 2014). A previous study reported that
Enterococcus together with lactic acid bacteria may play
major roles in protein degradation, flavor formation, and
acid production in the ripening process of meju, a
fermented soybean paste from Korea (Jeong et al., 2014).
Therefore, this bacteria might also contribute to the bitter
taste formation in tempeh made by EMP producer, in
addition to Bacillus (Barus et al., 2008).
The dominant genera in FW sample were
Hydrogenophaga and Janthinobacterium, members of
Burkholderiales, with 45.2% and 35% abundance,
respectively.
Though
dominant,
their
presence
disappeared in the subsequent step of tempeh
production, i.e. SW, BI, and FT. FW was used to soak the
soybean overnight and to wash dehulled soybeans, prior
to inoculation with SC. The loss of Burkholderiales and
several other orders (i.e. Neisseriales, Pseudomonadales,
and Rhodocyclales) from FW in SW was possibly due to
acidification by lactic acid fermentation during the
soybean soaking process. Lactic acid fermentation
produces organic acid and antimicrobial compounds that
may inhibit the growth of pathogen and spoilage bacteria,
which plays a role in ensuring the safety of fermentation
products (Mulyowidarso et al., 1990). Tempeh
fermentation that is done without the soaking process
often fails due to this reason. Two other orders,
Sphingomonadales and Lactobacillales, were also found
in FW, with 8.9% and 2.3% abundance, respectively.
Unlike Lactobacillales as the dominant order in SW,
Sphingomonadales was found in a BI sample with
Novosphingobium (46.6%) and Acetobacter (24.7%) as
its dominant genera. But, their respective dominance was
decreased by 58% and 27.5% after two days incubation
in FT. Novosphingobium are often associated with the
biodegradation of aromatic compounds, which frequently
are isolated from aquatic environments (Vaz-Moreira et
al., 2011). Therefore, Novosphingobium in BI was
presumably coming from FW used for washing the
soybean. On the other hand, Acetobacter presumably
originated from the environment where the tempeh
production was occurring. In another food fermentation
study, Acetobacter was indigenous acetic acid bacteria
which responsible for the fermentation of vinegar (Wu et
al., 2010).
Not only in FT and SW, Lactobacillales was also
present in SS. However, its predominant genera was
different than in FT and SW. Dominant genera obtained
from SS were Streptococcus and Lactococcus, with 39%
and 22% abundance, followed by Pseudomonas and
Clostridium, with 21% and 16% abundance, respectively.

284

Malays. J. Microbiol. Vol 13(4) December 2017, pp. 280-288

Throughout the boiling and soaking process, the
population of Pseudomonas altogether with the
Streptococcus and Lactococcus decreased in FT sample,
even though their 16S rRNA gene sequences can still be
retrieved from FT in lower numbers (< 1.5%). On the
other hand, Clostridium was the only genus in SS and its
population was increased in FT, despite the relative
abundance was showed otherwise (Figure 3).
The starter culture used by EMP tempeh producer is
laru onggok (SC). It is made from cassava solid waste
(onggok) which inoculated by commercial starter culture
(Raprima brand). Its bacterial community was greatly
influenced by onggok, since Raprima starter culture itself
was not dominated by Clostridium (data not shown).
Clostridiales was the dominant order found in SC
(99.2%). Clostridium was the major genus existing in SC,
yet its abundance was decreased to 96.9% in FT,
suggesting that the bacteria in SC did not survive post
inoculation to BI due to the aerobic fermentation
processes. Solely, lactic acid bacteria, mostly those
belonging to the Lactobacillus genus, were detected in
laru onggok by traditional culturable technique (Nurdini et
al., 2015).

Cloned 16S rRNA gene analysis
To obtain a complete identification of species involved in
tempeh production, cloned 16S rRNA gene analysis was
conducted on all samples. A total of 135 clones were
obtained from the EMP tempeh producer. Similar to HTS
results, SS, SW, SC and FT harbored Firmicutes as the
dominant bacteria, while FW and BI were populated by
Proteobacteria (Table 2). As observed in previous
section, the dominant genera detected in SS, SW, SC
and FT were different, even though we observed a similar
phylum in those samples, Firmicutes. Weissella cibaria
and Streptococcus lutetiensis were the dominant bacteria
in SS, while the same species were not detected in both
SW and FT. The dominant bacteria detected in SW,
Lactobacillus agilis and L. fermentum, also existed in FT
samples. This indicates that Lactobacillus in tempeh were
probably originating from the soaking process.
Meanwhile, bacteria detected in SC was Clostridium
beijerinckii. This bacterium is rarely found in the starter
culture where its fermented product’s bacterial community
is lactic acid bacteria (Leroy and De Vuyst, 2004).
Usually, Clostridium is found in fermented fish products,
such as ngari (Devi et al., 2015) and balacan
(Salampessy et al., 2010).

Table 2: Cloned bacterial 16S rRNA gene sequences during tempeh production.
Percentage
of
similarity (%)
Weissella cibaria
100
Streptococcus lutetiensis
100
SS
Clostridium diolis
100
Lactococcus lactis
99
Uncultured Tepidimonas sp.
97
FW
Duganella sp.
99
Lactobacillus delbrueckii
100
SW
Lactobacillus agilis
99
Lactobacillus fermentum
99
Clostridium beijerinckii
99
SC
Weissella confusa
100
Sphingomonas sp.
100
Acetobacter cibinongensis
99
BI
Leuconostoc pseudomesenteroides
99
Lactococcus hircilactis
99
Enterococcus cecorum
99
FT
Lactobacillus agilis
99
Lactobacillus fermentum
99
Note: SS, soybeans; FW, fresh water used to soak the bean; SW, soaking
BI, soybeans before inoculated; SC, starter culture; FT, fresh tempeh.
Sample

Culturable
bacteria

Species

Enterobacteriaceae

and

lactic

acid

The numbers of culturable Enterobacteriaceae and lactic
acid bacteria colonies on the plate during tempeh
processing were varied from one stage to another (Figure
4). Inconsistent to the HTS results, the results of
culturable technique demonstrated that FT was
dominated by Enterobacteriaceae (Proteobacteria).

Phylum
Firmicutes
Firmicutes
Firmicutes
Firmicutes
Proteobacteria
Proteobacteria
Firmicutes
Firmicutes
Firmicutes
Firmicutes
Firmicutes
Proteobacteria
Proteobacteria
Firmicutes
Firmicutes
Firmicutes
Firmicutes
Firmicutes
water after the beans

Accession number
KC110687
AF429763
AJ458418
AB100804
HF912322
AM389091
AB680073
AB911458
KF149390
LC071789
KT260733
AB6967751
AB9064051
LT2235931
NR136465
AB932534
M58803
AP008937
were soaked for 18 h;

During tempeh fermentation, lactic acid bacteria had been
always
present
in
higher
numbers
than
Enterobacteriaceae, but not in the resulting FT. Lactic
acid bacteria were already detected and higher than
Enterobacteriaceae as early as in the raw material used,
i.e. SS, and they could be identified in almost every step
during tempeh production. However, its number was
considerably decreased in FT (3.3 × 106 CFU/g to 6.4 ×
104 CFU/g) compared to Enterobacteriaceae. SC also
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harbored lactic acid bacteria (4.0 × 104 CFU/g), and thus
may contribute to the total amount of this bacterial group
in FT. The dominant culturable lactic acid bacterium in FT
was L. fermentum, which is similar to the results obtained
from cloned 16S rRNA gene analysis. The abundance of
lactic acid bacteria in Indonesian soybean was higher
than the previous report that detected lactic acid bacteria
in Malaysian soybean (less than 102 CFU/g) (Moreno et
al., 2002). The starter culture used in EMP tempeh
production was laru onggok. Previous study reported that
laru onggok contained 3.9 log CFU/g of lactic acid
bacteria, while onggok itself contained 2.2 log CFU/g
(Nurdini et al., 2015). With the same method, we reported
that the predominant lactic acid bacterium detected in the
starter culture was Weissella confusa. However, our HTS
analysis showed that Weissella was the sub-dominant
bacteria (1.5%), after Clostridium (Figure 3). Thus,
culturable technique could generate bias if we did not
combine with metagenome analysis, since Clostridium, as
the dominant bacteria in SC, would not grow well under
semi-anaerobic condition use in this study.

this method is not suitable for studying the composition of
microbial community as a whole.
As opposed to what was reported based on HTS
analysis,
the
maximum
number
of
culturable
Enterobacteriaceae found in the final product of
fermentation was 2.54 × 107 CFU/g, higher than
culturable lactic acid bacterium, thus Enterobacteriaceae
were the predominant bacteria in FT. Similar with the
previous finding, dominant Enterobacteriaceae detected
in FT was K. pneumoniae (Barus et al., 2008) and K.
variicola. Those bacteria were failed to be detected by
HTS analysis. It might be due to the short length of 16S
rRNA gene sequence generated.
Previous study reported that laru onggok contained
1.6 log CFU/g Enterobacteriaceae (Nurdini et al., 2015),
though our culturable technique and HTS analysis failed
to detect any Enterobacteriaceae in SC. Such
discrepancies may arise of the difference in
environmental conditions in which the fermentation and
starter culture production occurred. Tempeh starter
culture is fermented in the open air, where other microbes
could easily be exposed to the processes. Therefore,
tempeh starter culture produced from different batches
may yield different composition of microbial communities.
Random analysis of 16S rRNA library might be too
tedious for the examination of the entire composition of
microbial communities, but it may still be useful to detect
some predominant bacteria in tempeh. Therefore, HTS
was preferable to study bacterial communities in tempeh
samples, since it could detect minor populations
(Kiyohara et al., 2012) and thus could reveal deeper
information on tempeh bacterial diversity.
ACKNOWLEDGEMENT

Figure 4: Abundance of total culturable bacterial
population in various stages of tempeh fermentation. SS,
soybeans; FW, fresh water used to soak the bean; SW,
soaking water after the beans were soaked for 18 h; BI,
soybeans before inoculated; SC, starter culture; FT, fresh
tempeh.
FT contained culturable Proteobacteria with
Firmicutes as the sub-dominant bacterial group, while
HTS analysis showed the opposite. This contrasting
results indicated that the culturable technique was biased
in the observation of bacterial community in tempeh.
Thus, the result obtained by culturable technique did not
reflect the real microbial communities and thus it is not
preferable to be used to study the composition of
microbial community (Aslam et al., 2010). By culturable
technique, previous study also reported that the the
dominant bacteria in EMP tempeh belong to the
Proteobacteria group, i.e. Klebsiella pneumoniae and
Acetobacter indonesiensis; and the Bacteroidetes group,
i.e.
Flavobacterium sp. (Barus et al., 2008). The
culturable technique may be better for investigating the
viable cells among the microbial communities in food
fermentation. In addition, it also could be used to detect
any desirable bacteria such as K. pneumoniae that
cannot be observed by metagenomics analysis. However,

This work was supported by Program Magister Doktor
Sarjana Unggul (PMDSU) bagi Dosen Perguruan Tinggi,
2014, and Peningkatan Kualitas Publikasi Internasional
(PKPI) 2015-2016 from Ministry of Education and
Research, Republic of Indonesia. We also acknowledge
the Laboratory of Extremophiles, Department of Science
and Engineering for Sustainable Innovation, Faculty of
Science and Engineering, Soka University in Japan, for
providing laboratory facilities.
REFERENCES
Ampe, F., Omar, N. B. and Guyot, J. P. (1999). Cultureindependent quantification of physiologically active
microbial group in Mexican pozol, a lactic acid
fermented dough, using rRNA-targeted oligonucleotide
probes. Journal of Applied Microbiology 87, 131-140.
Aslam, Z., Yasir, M., Khaliq, A., Matsui, K. and Chung,
Y. R. (2010). Mini review: Too much bacteria still
unculturable. Biosciences 45, 600-609.
Atkinson, C., Frankenfeld, C. L. and Lampe, J. F. W.
(2005). Gut bacterial metabolism of the soy isoflavone
daidzein: Exploring the relevance to human health.
Experimental Biology and Medicine 230(3), 155-170.

286

Malays. J. Microbiol. Vol 13(4) December 2017, pp. 280-288

Barus, T., Suwanto, A., Wahyudi, A. T. and Wijaya, H.
(2008). Role of bacteria in tempeh bitter taste
formation: Microbiological and molecular biological
analysis based on 16S rRNA gene. Microbiology
Indonesia 2, 17-21.
Bokulich, N. A., Joseph, M. L., Allen, G., Benson, A. K.
and Mills, D. A. (2013). Next-generation sequencing
reveals significant bacterial diversity of botrytized wine.
PLOS one 7(5), e36357.
Bokulich, N. A. and Mills, D. A. (2013). Facility-specific
“house” microbiome drives microbial landscape of
artisan cheese making plants. Applied and
Environmental Microbiology 79(17), 5214-5223.
Devi, K. R., Deka, M., Jeyaram, K. (2015). Bacterial
dynamics during yearlong spontaneous fermentation
for production of ngari, a dry fermented fish product of
Northeast India. International Journal of Food
Microbiology 199, 62-71.
Efriwati, Suwanto, A., Rahayu, G. and Nuraida, L.
(2013). Population dynamics of yeasts and lactic acid
bacteria (LAB) during tempeh production. HAYATI
Journal of Biosciences 20(2), 57-64.
Giraffa, G. (2014). Encyclopedia of Food Microbiology.
Academic Press, Oxford. pp. 674-679.
Haron, H., Shahar, S., O’Brien, K. O., Ismail, A.,
Kamaruddin, N. and Rahman, S. A. (2010).
Absorption of calcium from milk and tempeh
consumed by postmenopausal Malay women using
the dual stable isotope technique. International Journal
of Food Science and Nutrition 61, 125-137.
Haron, H., Ismail, A., Shahar, S., Azlan, A. and Peng, L.
S. (2011). Apparent bioavailability of isoflavones in
urinary excretions of postmenopausal Malay women
consuming tempeh compared with milk. International
Journal of Food Science and Nutrition 62(6), 642-650.
Hugenholtz, P., Goebbel, B. M. and Pace, N. R. (1998).
Impact of culture-independent studies on the emerging
phylogenetic view of bacterial diversity. Journal of
Bacteriology 180, 4765-4774.
Humblot, C. and Guyot, J. P. (2009). Pyrosequencing of
tagged 16S rRNA gene amplicons for rapid
deciphering of the microbiomes of fermented foods
such as pearl millet slurries. Applied and
Environmental Microbiology 75(13), 4354-4361.
Jeong, D. F. W., Kim, H. R., Jung, G., Han, S., Kim, C.
T. and Lee, J. H. (2014). Bacterial community
migration in the ripening of Doenjang, a traditional
Korean fermented soybean food. Journal of
Microbiology and Biotechnology 24(5), 648-660.
Jung, J. Y., Lee, S. H., Lee, H. J. and Jeon, C. O.
(2013). Microbial succession and metabolite changes
during fermentation of saeu-jeot: Traditional Korean
salted seafood. Food Microbiology 34(2), 360-368.
Kailasapathy, K. and Chin, J. (2000). Survival and
therapeutic potential of probiotic organisms with
reference
to
Lactobacillus
acidophilus
and
Bifidobacterium spp. Immunology and Cell Biology
78(1), 80-88.
Kakirde, K. S., Parsley, L. C. and Liles, M. R. (2010).
Size does matter: Application-driven approaches for

soil metagenomics. Soil Biology and Biochemistry 21,
1-13.
Keuth, S. and Bisping, B. (1993). Formation of vitamins
by pure culture of tempeh molds and bacteria during
the tempeh solid substrate fermentation. Journal of
Applied Bacteriology 75, 427-434.
Kim, B., Seo, W. T., Kim, M. G., Yun, H. D. and Cho, K.
M. (2012). Metagenomics lactic acid bacterial diversity
during Mulkimchi fermentation based on 16S rRNA
sequence. Journal of the Korean Society for Applied
Biological Chemistry 55(6), 787-792.
Kiyohara, M., Koyanagi, T., Matsui, H., Yamamoto, K.,
Take, H., Katsuyama, Y., Tsuji, A., Miyamae, H.,
Kondo, T., Nakamura, S., Katayama, T. and
Kumagai, H. (2012). Changes in microbiota
population during fermentation of Narezushi as
revealed by pyrosequencing analysis. Bioscience,
Biotechnology, and Biochemistry 76(1), 48-52.
Lane, D. J. (1991). 16S/23S rRNA sequencing. Nucleic
Acid Techniques in Bacterial Systematics 125-175.
Leroy, F. and De Vuyst, L. (2004). Lactic acid bacteria as
functional starter cultures for the food fermentation
industry. Trend in Food Science & Technology, 15(2),
67-68.
Mo, H., Susanna, K., Vieno, P., Yang, Z., Mark, G. S.,
Jean-Paul, V., Judith, W. R. and Nout, M. J. R.
(2013). Effect of soybean processing on content and
bioaccessibility of folate, vitamin B12, and isoflavone
in tofu and tempe. Food Chemistry 141, 2418-2425.
Moreno, M. F., Leisner, J. J., Tee, L. K., Ley, C., Radu,
S., Rusul, G., Vancanneyt, M. and De Vuyst, L.
(2002). Microbial analysis of Malaysian tempeh and
characterization of two bacteriocins produced by
isolates of Enterococcus faecium. Journal of Applied
Microbiology 92, 789-805.
Mulyowidarso, R. K., Fleet, G. H. and Buckle, K. A.
(1990). Association of bacteria with the fungal
fermentation of soybean tempeh. Journal of Applied
Microbiology 68, 43-47.
Murakami, H., Asakawa, T., Terao, J. and Matsushita,
S. (1984). Antioxidative stability of tempeh and
liberation of isoflavones by fermentation. Agriculture
and Biological Chemistry 48(12), 2971-2975.
Nishiyama, M., Yamamoto, S. and Kurosawa, N.
(2013). Microbial community analysis of a coastal hot
spring in Kagoshima, Japan, using molecular- and
culture-based approaches. Journal of Microbiology
51(4), 413-422.
Nout, M. J. R. and Rombouts, F. M. (1990). Recent
developments in tempeh research. Journal of Applied
Bacteriology 69, 609-633.
Nout, M. J. R. and Kiers, J. I. (2005). Tempe
fermentation, innovation, and functionality: Update into
the third millennium. Applied and Environmental
Microbiology 98, 789-805.
Nurdini, A. L., Nuraida, L., Suwanto, A. and Suliantari.
(2015). Microbial growth dynamics during tempeh
fermentation in two different home industries.
International Food Research Journal 22(4), 16681674.

287

Malays. J. Microbiol. Vol 13(4) December 2017, pp. 280-288

Pangastuti, A., Suwanto, A., Lestari, Y. and
Suhartono, M. T. (2010). Bacterial communities
associated with white shrimp (Litopenaeus vannamei)
larvae at early developmental stages. Biodiversitas
11(2), 65-68.
Plengvidhya, V., Breidt, F. Jr., Zhongjing, L. U. and
Fleming, H. P. (2007). DNA fingerprinting of lactic acid
bacteria in Sauerkraut fermentations. Applied and
Environmental Microbiology 73, 7697-7702.
Polka, J., Rebecchi, A., Pisacane, V. and Morelli, L.
(2015). Bacterial diversity in typical salami at different
ripening stage as revealed by high-throughput
sequencing of 16S rRNA amplicons. Food
Microbiology 46, 342-356.
Sakai, H. D. and Kurosawa, N. (2016). Exploration and
isolation of novel thermophiles in frozen enrichment
cultured derived from a terrestrial acidic hot spring.
Extremophiles 20(2), 207-214.
Salampessy, J., Kailasapathy, K. and Thapa, N. (2010).
Fermented fish products. In: Fermented Foods and
Beverages of the World. Tamang, J. P. and
Kailasapathy, K. (eds.). CRC Press, New York, United
States of America. pp. 289-307.
Seumahu, C. A., Suwanto, A., Rusmana, I. and Solihin,
D. D. (2012). Comparison of DNA extraction methods
for microbial community analysis in Indonesian tempeh
employing amplified ribosomal intergenic spacer
analysis. HAYATI Journal of Biosciences 19(2), 93-98.
Shurtleff, F. W. and Aoyagi, A. (1979). The Book of
Tempeh. Harper & Row Publishers, New York (US).
pp. 145-165.
Soka, S., Suwanto, A., Sajuthi, D. and Rusmana, I.
(2014). Impact of tempeh supplementation on gut
microbiota composition in Sprague-Dawley rats.
Research Journal of Microbiology 9(4), 189-198.
Sutardi and Buckle, K. A. (1985). Reduction in phytic
acid levels in soybeans during tempeh production,
storage, and frying. Journal of Food Science 50(1),
260-263.
Tamang, J. P., Watanabe, K. and Holzapfel, W. H.
(2016). Review: Diversity of microorganisms in global
fermented foods and beverages. Frontiers in
Microbiology 7, 377.
Tsangalis, D., Ashton, J. F., Mcgill, A. E. J. and Shah,
N. P. (2002). Enzymatic transformation of isoflavones
phytoestrogens in soymilk by β-glucosidase-producing
Bifidobacteria. Journal of Food Science 67(8), 31043114.
Vaz-Moreira, I., Nunes, O. C. and Manaia, C. M. (2011).
Diversity and antibiotic resistance patterns of
Sphingomonadaceae isolates from drinking water.
Applied and Environmental Microbiology 77(16), 56975706.
Wu, J., Gullo, M., Chen, F. and Giucidi, P. (2010).
Diversity of Acetobacter pasteurianus strains isolated
from solid-state fermentation of cereal vinegars.
Current Microbiology 60(4), 280-286.
Watanabe, K., Nagao, N., Toda, T. and Kurosawa, N.
(2008).
Changes
in
bacterial
communities

288

accompanied by aggregation in a fed-batch
composting reactor. Current Microbiology 56, 458-467.

