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Abstract

The bacterial population in soybean tempeh can be affected by many factors such as
hygiene and preparation procedure of the soybean. In this study, we investigate the effect
of different tempeh starter culture on the bacterial profile in comparison to other factors.
The bacterial profile of five commercial tempeh made with different processing
techniques and three samples made with different starter culture were analyzed using
quantitative polymerase chain reaction (QPCR). The phylum Verrucomicrobia was only
detected in commercial tempeh from unstandardized home-scale industries. Bacteroidetes
were present in commercial tempeh and samples made with starter that contains cassava-
based materials. Commercial tempeh from standardized medium-scale industries contains
fewer total bacteria than those from home-scale industries. The addition of starter culture
for tempeh production can increase the number of total bacteria compared to uninoculated
soybeans. However, there was no difference in total bacterial amount between starter
culture variation. Bacterial profiles of all samples were dominated by Firmicutes except
tempeh with the starter culture Cap Jago that is dominated by Gammaproteobacteria. This
study showed that although the type of starter culture did not significantly contribute to
total bacteria in tempeh, it can influence the bacterial profile of the product on phylum
level.

1. Introduction

Tempeh is an Indonesian traditional food made from

soaking process and acidifying the soybeans thus
inhibiting the growth of unwanted microorganisms

the fermentation of soybeans by mold as a starter culture,
specifically Rhizopus microsporus var. oligosporus.
Fungal growth during fermentation results in a network
of mycelia that will bind soybeans into a cohesive cake-
like structure. Unlike other soybean-based foods such as
tofu, the soybeans in tempeh remain whole resulting in a
uniquely textural and nutritional qualities (Shurtleff and
Aoyagi, 1985). In general, there are five main steps
involved in the tempeh production process, namely
cooking of soybeans, soaking in water, dehulling, starter
culture inoculation and incubation (Efriwati et al., 2013;
Seumahu et al., 2013).

Although mold acts as the main fermenting
microorganism  in  tempeh  production,  other
microorganisms such as bacteria and yeast are also
present and grow during production. Some of these
bacteria play a major role in tempeh production for
example during the soaking process. Endophytic lactic
acid bacteria (LAB) in soybeans will grow during the
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(Nurdini et al., 2015). Variation of the bacterial
population in tempeh is also known to affect the
nutritional and sensory characteristic of tempeh. Bacteria
can influence the amount of bioactive peptide in tempeh
such as bacteriocin produced by LAB (Moreno et al.,
2002). Barus et al. (2008) reported how bitter taste in
tempeh is affected by the number of proteolytic bacteria
in the product. The bacterial activity can also influence
the concentration of micronutrient in tempeh such as
Citrobacter freundii and Klebsiella pneumoniae that
produce vitamin B12 during the fermentation process
(Keuth and Bisping, 1994). The bacterial population in
tempeh has also been reported to affect the functionality
of the product as immunostimulant (Soka et al., 2014).

Considering the role of bacteria in tempeh,
modulation of the bacterial population in the product is
an approach that can be explored to develop tempeh with
desired functionality and sensory profile. One possible
way of modulation bacterial population in tempeh is by
modifying the production process. For example, the use
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of two-staged cooking process where soybeans are
cooked for the second time after the soaking process
(Kustyawati, 2009; Seumahu et al, 2013). This
modification is aimed to reduce the total number of
bacteria in the product to comply with the microbial
safety standard set by the Indonesian National Standard
(SNI 3144:2015). The two-staged cooking process is
often employed by medium to large-scale producer with
the standardized procedure, yet it is still an uncommon
practice in Indonesia with only one in five producers
using the method (Barus et al, 2008). However, the
effectiveness of the two-staged cooking method in the
modulation of the bacterial population in tempeh is still
an ongoing debate especially on what extent it can
reduce the number of bacteria (Mulyowidarso et al.,
1989; Radita et al., 2018). It is agreed upon that bacterial
population in tempeh is influenced by many micro
factors that could be difficult to control (Seumahu et al.,
2013; Nugraini et al., 2016; Radita et al., 2017).

Another possible approach for the modification of
bacterial profile is by using a specific starter culture for
fermentation. Tempeh starter culture, or known as ragi
tempeh, consists of Rhizopus spores as the main
component mixed with carbohydrate derived from the
fungal growth medium such as rice flour (Moreno et al.,
2002). However, bacteria have been reported to be
present in starter culture such as Firmicutes that is
detected in commercial starter Raprima that is commonly
used by producers in Indonesia (Efriwati et al., 2013;
Radita et al., 2018). Several producers also use self-
made traditional starters made from cassava byproduct
called onggok starter. It not uncommon for producers to
mix commercial starter with their self-made starter to
produce tempeh with desirable sensory property
(Shurtleff and Aoyagi, 1985; Seumahu et al., 2013).
Previous studies reported that the effect of starter culture
on bacterial diversity was insignificant compared to the
effect of the soaking process (Radita et al, 2017).
However, so far there have been no reports investigating
the bacterial population between tempeh made with a
different starter culture.

In this study, we investigated the factors in the
tempeh production process that could influence the
bacterial population in tempeh. By using quantitative
polymerase chain reaction (qPCR), we profiled the
bacterial population from five commercial tempeh made
with different production techniques and three lab-made
tempeh made with a different starter culture. The aim of
this study was to see how far starter culture can influence
bacterial population profile in tempeh especially
compared to other factors such as sanitation and the
cooking process.
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2. Materials and methods
2.1 Materials

Full-fat yellow-seeded soybeans were used for
tempeh fermentation and purchased from Pasar Modern
Intermoda BSD (Tangerang, West Java). Three starter
cultures were used in this experiment, namely the
commercial starter Raprima (RP; PT. Aneka Fermentasi
Industri, Bandung, Indonesia) and Cap Jago (JG; UD.
Jaya Mulya, Kediri, Indonesia) and traditionally
manufactured onggok-based starter from cassava cake
(OG) acquired from a traditional producer in Cisauk,
Banten, Indonesia. Uninoculated soybeans (NF) were
used as control. Commercial tempeh samples were
purchased from producers in Bogor (EMP, WIJB and
RTI), Jakarta (JKT) and Surabaya (HNA). EMP, WJ]B
and JKT were categorized as home-scale industry
products as they were produced by traditional producers
with uncontrolled condition and production process.
Additionally, EMP and JKT were produced using
onggok-based starter instead of commercial starter
Raprima like the other commercial samples. The
producers of RTI and HNA have established proper
hygiene, controlled production condition and
standardized instruments and therefore both samples can
be categorized as standardized industry products. The
production of RTI and HNA also involves secondary
soaking to wash the soybeans. All samples were stored
and transported in an icebox prior to analysis. Figure 1
summarizes the different production methods involved in
the preparation of each tempeh sample. Pure cultures of
Escherichia coli, Staphylococcus aureus and Salmonella
enterica ATCC 51741 grown overnight in Luria broth at
37°C were used as standards for qPCR.

2.2 Tempeh fermentation

Tempeh was prepared based on the procedure
described by Kustyawati (2009). Soybeans were soaked
overnight in sterile distilled water at room temperature.
Afterwards, the beans were dehulled and cooked at 30
mins. The cooked soybeans were cooled to room
temperature and divided to four experimental groups,
each group weighing 500 g. Starter culture (0.2% w/w)
was added to the soybeans and mixed thoroughly. The
inoculated soybeans were packed inside a perforated
plastic bag and incubated at 30°C for 48 hrs.

2.3 Total bacterial DNA isolation

Total bacterial genomes from tempeh samples were
isolated based on the method described by Seumahu et
al. (2013) with modifications. Phosphate buffer saline
(PBS) pH 7.4 (150 mL) was added to 50 g of diced
tempeh and the mixture was homogenized. The
suspension was centrifuged at 1000 x g for 10 mins. The
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Figure 1. Process flow of different major steps in the manufacturing methods used to produce tempeh samples

supernatant was collected and centrifuged at 10000 x g
for 10 mins. Bacterial DNA was extracted from the
pellets using ZymoBIOMICS™ DNA Miniprep Kit
(Zymo Research, Orange, CA, USA). The genomic DNA
isolate was visualized using agarose gel (1% w/v)
electrophoresis for confirmation and stored at -20°C.

2.4 Preparation for gPCR standard curve

Standard curve was constructed from pure culture as
described by Soka et al. (2014). Bacterial genomes of E.
coli, S. aureus and S. enterica ATCC 51741 were
isolated using Wizard® Genomic DNA Purification Kit
(Promega, Madison, WI, USA) each representing total
bacteria,  Firmicutes and  Gammaproteobacteria,
respectively. The isolates were amplified using
polymerase chain reaction (PCR). The PCR mix
consisted of 1 uL. of DNA template, 1 pL of each primer
(10 pmol.uL™") (Table 1), 10 pL of GoTaq Green®
Master Mix (Promega) and nuclease-free water (NFW)
for the total volume of 20 pL. The PCR reaction

conditions were 94°C for 3 mins; 30 cycles of 94°C for
45 s, 55 — 57°C (Table 1) for 1 min and 72°C for 30 s;
and 72°C for 7 mins. The amplicons were purified using
Solg™ Gel and PCR Purification Kit (SolGent, Daejeon,
South Korea). The concentration of the amplicons was
determined by spectrophotometry. The amplicons were
diluted tenfold to seven standard concentrations between
10> - 10" DNA copy per reaction.

2.5 Determination of phyla diversity in tempeh

Phyla diversity of tempeh samples was determined
through the amplification of marker gene associated with
specific bacterial phylum using ProFlex™ PCR System
(Thermo Fisher Scientific, Waltham, MA, USA). The
isolates were amplified using polymerase chain reaction
(PCR). The PCR mix consisted of 1 pL of DNA
template, 1 pL of each primer (10 pmol.uL™") (Table 1),
10 pL of GoTaq Green® Master Mix (Promega) and
NFW for the total volume of 20 puL. The PCR reaction
conditions were 94°C for 3 min; 30 cycles of 94°C for 45

Table 1. Primers for the amplification of group specific 16s rRNA gene

Target bacterial . N . Annealing
group Primer Sequence (5°-37) Size (bp) temperature (°C) References
Uni | bacter Eub338F ACTCCTACGGGAGGCAGCAG 220 57 Soka et al.
niversal pacteria
v Eub5I1SR ATTACCGCGGCTGCTGG (2014)
o Firm934F GGAGYATGTGGTTTAATTCGAAGCA Guo et al.
Firmicutes . 126 56.5
Firm1060R AGCTGACGACAACCATGCAC (2008)
proteobacteria y1202R  CGTAAGGGCCATGATG et al. (2016)
) Bac960F GTTTAATTCGATGATACGCGAG Yang et al.
Bacteroidetes 122 55
Bacl100R TTAASCCGACACCTCACGG (2015)
.. Verll65F TCAKGTCAGTATGGCCCTTAT Yang et al.
Verrucomicrobia 97 55
Verl263R  CAGTTTTYAGGATTTCCTCCGCC (2015)
Tenericut Ten662F ATGTGTAGCGGTAAAATGCGTAA 200 s Yang et al.
Nneri
enericutes Ten862R CMTACTTGCGTACGTACTACT (2015)
Act664F TGTAGCGGTGGAATGCGC
Actinobacteria ¢ 277 54 Yang et al.
Act941R AATTAAGCCACATGCTCCGCT , (2015)
e[ssl‘\] JDU—A 1 00 "O"‘l ThC Auﬂl\)lb. Pu‘thth ‘Uy R_yuu_yc L_yau RCDUUILCD
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sec, 55— 57°C (Table 1) for 1 min and 7 °C for 30 s; and
72°C for 7 mins. The amplicons were visualized using
agarose gel (1.5% w/v) electrophoresis and the size of
amplicons was determined using the marker GENESTA
100 bp DNA Ladder (Geneall, Lisbon, Portugal). The
presence of bacterial phylum was confirmed based on the
presence of amplicon band with the correct size. The
experiment was carried out as independent replicates.

2.6 Bacterial quantification with gPCR

The number of total bacteria, Firmicutes and
Gammaproteobacteria in  tempeh samples was
determined based on qPCR analysis. The amplification
and detection were performed using iQ5 Multicolor Real
-Time PCR Detection System (Bio-Rad, Palo Alto, CA,
USA). The PCR reaction mix consisted of 10 pL Solg™
Real-Time PCR Smart Mix (SolGent), 1 pL DNA
template, 1 uL of each primer (10 pmol.uL™") (Table 1)
and NFW for the total volume of 20 pL. The PCR
reaction conditions were 94°C for 5 mins; 40 cycles of
94°C for 20 s, 55 — 57°C (Table 1) for 20 s and 72°C for
50 s; and 72°C for 15 s. Each sample was amplified in
triplicate.

Amplicons of 16s rRNA gene using group-specific
primer were used to generate standard curve. qPCR
reading showed linearity between C, value and log of
DNA copy number (R* > 0.99). The concentration of a
certain bacterial group in the sample was determined
based on the C; value and regression equation generated
from the standard Significant statistical
differences between the bacterial population of lab-made
tempeh samples and uninoculated soybeans (NF) were
determined based on paired-samples #--test (p<0.05)
using SPSS Statistics 22.0 software (IBM, Armonk, NY,
USA).

curve.

3. Results and discussion

3.1 Physical characteristics of tempeh made with
different starter culture

In this experiment, we prepared tempeh with three
different starter culture. The lab-made samples used in
this experiment were from the same batch of yellow-
seeded soybeans and underwent the same production
process. Difference between the samples only came up
after the addition of starter culture ensuring that variation
was solely due to the role of starter culture during
fermentation.

RP and JG were made with commercial Raprima and
Cap Jago starters respectively and OG was made using
cassava-based onggok starter. RP and OG had similar
physical characteristic with a solid texture and white
mycelia that completely covered the soybeans. SNI
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3144:2015 required the following characteristics for
commercial tempeh: mycelia that cover space in-between
soybeans, the mycelial network that strongly binds the
soybeans and the texture of soybeans remains whole and
unbroken when tempeh is cut. RP and OG had fulfilled
those criteria required by SNI 3144:2015. On the other
hand, JG had less mycelium network with the product
still having the yellowish color of the soybeans. This was
due to the characteristic of Cap Jago starter that has been
reported to take a longer time to form a mycelium
network resulting in tempeh with less cohesive structure
(Amaliyah et al, 2018). However, other than the
difference of mycelium density, we did not find other
physical difference between the three samples. We also
prepared soybeans that undergo the same production
process as the tempeh samples but without the addition
of starter culture (coded as NF). The soybeans of NF
retained their shape and structure but moister and
covered with thin slime indicating bacterial growth.
These bacteria are most likely a mixture of endophytic
bacteria and contaminants from the environment. Several
exopolysaccharide-producing bacteria such as Bacillus
are known as endophytes in soybeans (Zhang et al,
2012; Lopes et al., 2016). The layer of slime found on
NF was likely exopolysaccharides produced by these
bacteria.

3.2 Diversity of bacterial population in tempeh

Phylum diversity in tempeh samples was determined
based on the amplification of 16s rRNA encoding
sequence with six phylum-specific primers. In general,
Table 2 shows that the bacterial population in
commercial tempeh was more diverse compared to lab-
made samples. It also showed that Firmicutes,
Gammaproteobacteria and Actinobacteria were the phyla
that are consistently present in all tempeh samples. The
three phyla have been reported to be the dominant
bacterial phyla in tempeh with Firmicutes being the most
dominant followed with Gammaproteobacteria and
Actinobacteria (Radita et al, 2018; Nur et al., 2020).
Lactic acid bacteria (LAB) belong the phylum
Firmicutes and they are the dominant group of bacteria
in tempeh due to their role in the acidification of
soybeans during the soaking process (Nurdini er al.,
2015). The low pH of the soybeans could help to inhibit
the growth of unwanted microorganisms such as spoilage
bacteria. The phylum Gammaproteobacteria is the
second most abundant group in tempeh and it is mostly
present in the product causing spoilage (Nout et al.,
1987; Ashenafi and Busse, 1989). However, several
Gammaproteobacteria species such as Klebsiella
pneumoniae and Citrobacter freundii play a major role in
the production of vitamin B12 in tempeh (Keuth and
Bisping, 1994). The phylum Actinobacteria is also

© 2021 The Authors. Published by Rynnye Lyan Resources
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Table 2. Bacterial phylum profile in tempeh samples based on amplification of phylum-specific 16s rRNA-gene sequence

Detection by PCR
Samples I{)mver;al Firmicutes Gamma Actinobacteria Bacteroidetes Verrucomicrobia Tenericutes
acteria proteobacteria

Commercial tempeh

WJB + + + + + + -
EMP + + + + + + -
JKT + + + + + - -
RTI + + + n N i )
HNA + + + + + - -
Lab-made tempeh

RP + + + + - - -
G + + + + + - -
0G + + + + + - -
NF + + + + - - -

another subdominant group in tempeh but present in less
number compared to Firmicutes and
Gammaproteobacteria (Radita ef al., 2018). Unlike the
other two phyla, there have been not many reports on the
specific role of Actinobacteria in tempeh. Altogether,
bacteria from the three phyla constitute the majority of
lipolytic bacteria in tempeh and play a role in flavor
production (Nur et al., 2020). Their activity leads to the
breakdown of soybean lipid into short chain fatty acid
thus influencing the formation of aroma compounds.

Bacteroidetes were present in all commercial
samples but in lab-made samples were only detected in
JG and OG. Yulandi ef al. (2020) studied commercial
tempeh that was also used in this experiment, namely
EMP and WIJB, and reported the abundant presence of
Bacteroidetes in those products. However, Radita et al.
(2018) reported little presence of Bacteroidetes in the
same products indicating the fluctuation of bacterial
profile, especially when focusing on minor groups. This
might explain why Bacteroidetes were not detected in RP
despite being present in JG and OG. The bacterial
number could be too low for PCR-based detection.
Verrucomicrobia were undetected in lab-made samples
and most commercial tempeh except EMP and WJB. As
far as we know, there has been no prior reports regarding
the presence of Verrucomicrobia in tempeh. Our finding
was first to show that the phylum could present in
tempeh specifically those made in traditional home-scale
industries (EMP and WIJB). The species Akkermansia
muciniphila, a member of Verrucomicrobia, is an
important part of human gut microbiota and plays an
important role in the intestinal immune system (Derrien
et al., 2011). There have been reports that tempeh
consumption could increase the number of A.
muciniphila in the intestines (Stephanie ef al., 2017).
Therefore, the detection of Verrucomicrobia in
traditional tempeh should not come of a surprise
considering that the phylum is known to be promoted by
tempeh consumption. The phylum Tenericutes has been
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reported in fermented foods such as Chinese fermented
mung beans (Chao et al, 2013) and Korean fermented
anchovy sauce (Jung et al., 2016) but they have not been
reported to be found in tempeh. This report also showed
the absence of Tenericutes in all commercial and lab-
made samples.

The composition of starter culture could also explain
the less diverse bacterial profile in RP compared to OG
and JG. Raprima consisted of a mixture of rice flour and
fungal spores. The mixture was processed in a
standardized and hygienic condition thus minimizing
bacterial contamination (Bintari et al., 2009). Cap Jago
contained the same materials as Raprima but with the
addition of tapioca flour derived from cassava (Amaliyah
et al, 2018). Bacteroidetes have been reported to be
associated with cassava and its derivates (Gao et al.,
2012; Sarr et al., 2017) which explain its presence in JG.
OG was prepared using onggok-based starter, which is a
traditional starter made from cassava press cake, a
byproduct of tapioca production. In the production of
onggok--based starter, the culture of Rhizopus sp. is
mixed with cassava cake and warm water before the
mixture is dried (Owens, 2014; Tamam et al., 2019).
This traditional process could result in more bacterial
contamination compared to commercial starters such as
Raprima. From comparing the composition of the three
starters, it would be tempting to hypothesize that the
presence of cassava-based material in starter culture
could promote the growth of Bacteroidetes. However, a
further investigation would be necessary to see whether
the composition of starter culture could be used for the
modulation of bacterial profile in tempeh.

3.3 Starter culture provided minimal contribution to the
number of total bacteria in tempeh

The number of total bacteria in tempeh was
determined based on qPCR of universal 16s rRNA
encoding gene. Bacterial number was expressed as the
logarithmic value of copy numbers per g sample (log Q g

© 2021 The Authors. Published by Rynnye Lyan Resources
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). Figure 2 shows the varying degree of total bacteria in
commercial tempeh. WJB had the highest number of
total bacteria at 6.22£0.05 log Q g while the lowest was
seen in HNA at 4.23+0.08 log Q g”'. Samples collected
from home-scale industry (WJB, EMP and JKT) had
higher number of total bacteria compared to samples
from standardized industry (RTI and HNA). The later
production process also involves secondary soaking step
to wash the soybeans. This implied that production
condition and general hygiene play a major role in
determining the number of total bacteria in tempeh. On
the other hand, second-stage cooking and starter culture
might not significantly influence total bacterial
population. WIB was produced using Raprima starter
culture and involved two-stage cooking, like RTI and
HNA, but its number of total bacteria was higher than
EMP and JKT. EMP and JKT were produced with the
same procedure but the total number of bacteria in EMP
was higher than JKT. Radita et al. (2018) reported that
two-stage cooking could decrease the total number of
bacteria, but our finding seemed to indicate that this
influence could be mitigated by poor hygiene of the
production facility. Overall, our data support other
reports that emphasized the effect of hygiene and
sanitation in tempeh industry on total bacterial
population (Mulyowidarso et al., 1989; Efriwati et al.,
2013; Nur et al., 2020).

6d ™ L
—E—
5 4
- —E
(=] 4
g
231
—
2 4
1 4
o]
WJB EMP JKT RTI HNA
Samples

Figure 2. Total bacterial number in five commercial tempeh
based on qPCR. Bars represent mean values (expressed as log
copy number per gram total weight of the sample log Q g™)
from three replicates of measurement. Error bars represent the
standard error of mean.

Unlike commercial tempeh, total bacteria in lab-
made tempeh were less varied between one and another
as shown in Figure 3. OG had the highest total number of
bacteria at 6.36£0.11 log Q g™' and JG was the lowest at
5.81£0.05 log Q g'. This indicated that the type of
starter culture used for fermentation did not influence the
total number of bacteria in the product. However, the
number of total bacteria in all three lab-made tempeh
was statistically higher (p<0.05) than fermented
soybeans treated without the addition of starter culture
(NF) at 5.04+0.03 log Q g”'. This finding showed that the
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addition of starter culture contributed to the total number
of bacteria although it did not matter which type of
starter culture that is being added. Radita et al. (2017)
also reported the presence of a significant number of
bacteria in commercial starter culture which might
explain how the addition of starter culture would
increase the number of total bacteria. It should also be
noted that the number of total bacteria of lab-made
tempeh in this experiment was higher than commercial
tempeh. This could be due to the production process of
lab-made tempeh that involved one-stage cooking similar
to that of EMP and manual dehulling of the soybeans.
The higher number of total bacteria in OG was related to
the production method of onggok--based starter. The
starter production did not involve sterilization step of
cassava cake and Rhizopus fungal spore mixture. Instead,
the mixture was only washed with warm water thus
providing an ideal condition for bacterial proliferation
(Owens, 2014; Tamam et al., 2019).

7 - *
* * =z
6 =
5 4
Ey
a
g3
—
2 4
1 4
0 T T
RP JG 0G NF
Samples

Figure 3. Total bacterial number in lab-made tempeh samples
based on qPCR. RP: tempeh fermented with commercial
starter Raprima; JG: tempeh fermented with commercial
starter Cap Jago; OG: tempeh fermented with traditional
cassava-based onggok starter; NF: uninoculated cooked
soybeans. Bars represent mean values (expressed as log copy
number per gram total weight of the sample log Q g) from
three replicates of measurement. Error bars represent the
standard error of mean. Asterisk indicates significant
difference (p<0.05) between sample and NF.

3.4 Starter culture can influence bacterial phylum profile
of soybean tempeh

In this study, we focused on the ratio of Firmicutes
and Gammaproteobacteria considering both phyla make
up the majority of the bacterial population in tempeh.
The number of Firmicutes and Gammaproteobacteria in
tempeh samples was determined based on qPCR with
primers that amplify regions of 16s rRNA encoding gene
that are specific to both phyla. Figure 4A shows that the
ratio of Gammaproteobacteria and Firmicutes in
commercial tempeh did not differ between one another.
Firmicutes dominated the bacterial profile with at least
80% share. The dominance of Firmicutes could be said

© 2021 The Authors. Published by Rynnye Lyan Resources



Pramudito et al. / Food Research 5 (1) (2021) 380 - 389

to be unaffected by the variation of the production
method of commercial tempeh. It should be noted that
tempeh produced by standardized industries (RTI and
HNA) showed the lower share of Firmicutes at around
80% compared to tempeh from home-scale industries
(WIJB, EMP and JKT) at around 90%. The share of
Firmicutes was also slightly lower in WJB than JKT and
EMP. The result seemed to indicate that the two-stage
cooking process used in RTI, HNA and WJB can
contribute to the higher proportion of
Gammaproteobacteria than one-stage cooking process.

A

WFirmicutes OGammaproteobacteria

100% 1
90% A
80% A
70% A
60% A
50% A
40% A
30% A
20% A
10% A
0% - T T T T
JKT WJB RTI EMP HNA

100% ~
90% A
80% A
70% A
60% A
50% A
40% A
30% A
20%

0% 4 r .

Bacterial composition

vy

Bacterial composition

10%

B

RP JG oG NF
Samples

Figure 4. Ratio of Firmicutes and Gammaproteobacteria in A)
commercial samples (B) lab-made tempeh made with
different starter culture RP (JG and OG) and uninoculated
soybeans.

The dominance of Firmicutes in JKT and EMP could
also be explained by the onggok-based starter used in
their production. The same dominance of profile could
also be seen in lab-made OG that used onggok-based
starter (see Figure 4B). The abundance of Firmicutes in
tempeh made with onggok-based starter could be due to
the presence of endospore-forming bacteria such as those
from the genus Bacillus. B. subtilis has been detected in
cassava industry byproducts such as wastewater and
processing effluent (Nitschke and Pastore, 2004;
Nitschke and Pastore, 2006). Melo et al. (2009) reported
the presence of B. pumilus as an endophyte in cassava
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plants. These bacteria can form endospores that can
withstand the drying process involved in onggok
production. The bacterial endospores could be inoculated
onto the soybeans along with Rhizopus spores thus
leading to an increase in the number of Firmicutes.

Figure 4B indicates that different starter culture
could affect bacterial composition in tempeh. RP and OG
showed a similar profile with that of commercial samples
with Firmicutes making up 80% of the ratio. This result
matched our expectation considering that both starter
cultures were also used to produce commercial samples
(WIJB, RTI and HNA) studied in this report. However,
the profile of tempeh made with Cap Jago starter (JG)
was dominated Gammaproteobacteria at around 75%.
The bacterial profile of JG did not follow the same pre-
established knowledge of Firmicutes domination in
tempeh as shown by commercial samples and lab-made
RP and OG. In fact, the bacterial profile of JG was more
similar to NF that was also dominated by
Gammaproteobacteria. The bacterial profile of NF was
as expected considering that the bacterial growth on the
uninoculated soybeans could be more due to spoilage
microorganisms that mostly belong to the phylum
Gammaproteobacteria. The dominance of
Gammaproteobacteria in NF is supported by Radita et al.
(2017) that reported that more than 70% of bacterial
composition in uninoculated soybeans consisted of
bacteria from the phylum Proteobacteria.

The similarity of bacterial profile in JG with NF
showed that the starter culture Cap Jago might promote
the growth of Gammaproteobacteria, possibly spoilage
microorganism, better than Firmicutes. This could be
explained by the slow growth of Rhizopus in Cap Jago
starter. In other starters like Raprima and onggok-based
starter, fungal growth leads to competition between
bacteria and Rhizopus even in the early stage of
fermentation. Moreover, it has been reported that
Rhizopus  oligosporus can produce antibacterial
secondary metabolite when grown in soybeans or soy-
based medium (McCue et al., 2004). This could further
contribute to the inhibition of bacterial growth during
tempeh fermentation. The slow growth of Rhizopus in
Cap Jago starter causes bacterial growth to be
uninhibited, especially spoilage bacteria.
Gammaproteobacteria such as E. coli and Salmonella
tend to have shorter doubling time than Firmicutes
(Gibson et al., 2018) which allows them easily to
overtake the growth of the later when grown in a
condition without competition from fungi.

As far as we know, we are the first to report tempeh
(JG) with the bacterial profile that is dominated by
another bacterial group than Firmicutes. The starter
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culture Cap Jago is a regional product from Kediri, East
Java that is more commonly utilized by producers around
that specific area. At the time of the writing of this
article, there had been very limited reports on the
microbiological profile of Cap Jago and therefore we
hope this finding would spark an interest in further
investigation of underreported starter culture like Cap
Jago.

Bacterial population profile in tempeh can affect
various characteristics of the product, but starter culture
is rarely considered as a factor that might also influence
the bacterial population in tempeh. Radita et al. (2017)
reported that bacterial population is more affected by the
soaking process compared to the application of starter
culture. This was based on how the bacterial profile in
tempeh was very similar to the bacterial profile of water
used for soaking while they did not find any similarity
with the starter culture. It should be considered that they
did not investigate the bacterial profile between tempeh
made with different starter culture. So far, our finding
was the first that reported how the variation of starter
culture might be an important variable that can alter
bacterial composition in tempeh. Considering how
bacterial population can influence the characteristic and
nutritional content in tempeh, optimization of starter
culture might be a possible alternative approach for the
development of tempeh product with certain
functionality.

4. Conclusion

We found that the type of starter culture can
influence the bacterial phylum profile in soybean
tempeh. This influence can be seen in the difference of
phylum diversity and the ratio of Firmicutes and
Gammaproteobacteria populations between lab-made
tempeh fermented with different starter cultures. On the
other hand, the influence of starter culture on the total
bacterial population in soybean tempeh was negligible
especially compared to other parameters such as
soybeans cooking method and hygiene of the facility.
Nevertheless, we found that the type of starter culture is
not a factor that simply can be ignored when it comes to
its effect on bacterial population soybean tempeh. Our
report only focused on phylum diversity and ratio of two
dominant phyla, Firmicutes and Gammaproteobacteria.
More information could be discovered through in-depth
population study focusing on the lower level of bacterial
taxonomy such as on class and family level.
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