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Abstract: Biofuel is an alternative energy to replace fossil fuels. The most popular form
of biofuel today is bioethanol. Biofuels are considered as a suitable alternative to fossil
fuels because they are more environmentally friendly. Production of bioethanol utilizing
thermophilic microoganisms is more profitable because thermophilic microbes generally
have the characteristics of being able to use a variety of substrates, low contamination,
and resistance to high temperatures. The use of microbial consortia tends to give better
results than the use of monoculture isolates to optimize bioethanol yields. The aim of this
study was to determine the compatibility and ability of the best thermophilic bacterial
triculture consortium from the Mudiak Sapan hot springs in producing biofuel. This
research is a descriptive research, to test isolates of a consortium of thermophilic bacteria
that produce bioethanol. The results of this study showed that consortium isolates tended
to give better results than monoculture isolates. The best thermophilic bacterial triculture
consortium from the Mudiak Sapan hot springs in producing biofuels namely MS 12, 17,
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18 produced a bioethanol content of 0.863%.
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Introduction

Energy is needed for human activities, especially
for economic, household, industrial, business and
transportation activities. Most of the energy supply in
the world comes from fossil fuels which are non-
renewable resources. Energy needs are expected to
continue to increase, while the reserves of petroleum
and coal are dwindling. The use of fossil fuels as energy
contributes to excess carbon in the atmosphere, causing
global warming, so there is a need for a supply of
alternative energy other than petroleum and coal
(Setyono, 2019).

Fossil fuels have been used as the main source of
energy for many years, but their use is not renewable
and creates environmental problems. This challenge
makes it possible to replace fossil fuels with
environmentally friendly renewable energy sources

How to Cite:

such as biofuels. Biofuels (Biofuels) are energy produced
by biological processes from the biomass of organisms
such as bacteria, microalgae, and plants (Radionova et
al., 2017). The most popular forms of biofuels today are
bioethanol and biodiesel (Devita, 2015).

Biofuels are produced directly from plants and
microorganisms. Biofuels can be divided into three
generations. The first generation of biofuels was the
production of ethanol from starch of food crops such as
wheat, barley. The second generation of biofuels is the
production of bioethanol and biodiesel from several
types of plant wastes such as straw, grass and wood. The
third generation of biofuels is the production of
bioethanol from microalgae and microorganisms
(Rodionova et al., 2017). Thermophilic microorganisms
for bioethanol production include bacteria and fungi
that are most widely used to produce bioethanol,
namely thermophilic bacteria (Riyanti, 2011).
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Thermophilic microorganisms are microorganisms
that can live at temperatures of 450C-880C.
Thermophilic microorganisms contain heat-resistant
and denaturation-resistant proteins so they can adapt to
extreme temperature environmental conditions (Firliani
et al, 2015). One of the advantages of thermophilic
microorganisms in the industrial world is the
production of bioethanol (Martosuyono & Rogers.,
2005).

The bioethanol production process that utilizes
thermophilic microorganisms has several advantages.
Thermophilic microbes generally have the characteristic
of being able to use a variety of substrates, thermophilic
bacteria are able to survive and develop in high
temperature conditions because the proteins of
thermophilic bacteria are more stable and heat resistant
compared to mesophilic bacteria (Mawati et al., 2021).
High temperature bioprocess offers a reduced risk of
contamination from unwanted microorganisms. Types
of thermophilic bacteria that produce bioethanol
Baccilus sp. , Clostridium sp. (Geraldi et al., 2019).

Thermophilic bacteria can be found in various
places in nature, such as hot springs, areas of volcanic
activity, or on the seabed which has hot springs. One of
the geothermal springs found in West Sumatra is the
Mudiak Sapan hot spring, Jorong Balun, Nagari Pakan
Rabaa, Koto Parik Gadang District in Ateh. This hot
spring has a temperature of 930C with a pH of 8
(Irdawati et al., 2016).

Microorganisms found in nature are not only in
single form but in mixtures. The consortium is a mixture
of microbial populations in the form of communities that
have cooperative, commensal, and mutualistic
relationships. Community members who have a
relationship will associate. The relationship between
consortium bacteria in sufficient substrate conditions
will not interfere with each other, but synergize with
each other so as to produce higher decomposition
efficiency during the processing. The bacterial culture
used as a consortium must be compatible (Asri &
Zulaika, 2016).

Bacterial compatibility is an association between
two genera or certain species of bacteria that do not
interfere with each other, but the activities of each genus
or species are mutually beneficial. The compatibility or
synergism of two or more inoculated bacteria is a very
important factor so that these bacteria can work together
well (Asri & Zulaika, 2016). The bacterial consortium is
said to be compatible if there is no zone of inhibition
between the bacterial isolates (Fitriasari et al., 2020).

The use of a microbial consortium tends to give
better results than the use of a single isolate, because it is
expected that the enzyme work of each type of microbe
can complement each other in order to survive using the
available nutrient sources in the carrier media (Asri &
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Zulaika, 2016). According to Donato et al., (2019)
Clostridium thermocellum and Clostridium
thermolacticum  co-cultures  produced  higher
bioethanol, which was 0.53% compared to Clostridium
thermocellum monoculture, which was 0.38%. In a study
by Vinotha & Umamaheswari (2019) reported that a
consortium of Pseudomonas aeroginosa and Bacillus
clausii bacteria produced 1.32% -1.44% ethanol.

Research conducted by Agusri (2022) used a single
isolate with the thermophilic bacteria MS (Mudiak
Sapan), namely 12 isolates produced the four highest
isolates including MS-9, MS-12, MS-18, MS-17. The
highest yield was MS-9 which produced 1,001%
bioethanol. The four isolates were used in this study as
selected isolates for the consortium's bioethanol
production. The use of a microbial consortium is
expected to provide better results than the use of a single
isolate, because the action of enzymes from each type of
microbe can complement each other (Asri & Zulaika,
2016). Based on the background that has been described,
the researchers decided to conduct research on "The
Ability of the Thermophilic Bacteria Triculture
Consortium from Mudiak Sapan Hot Springs to Produce
Biofuel".

Method

This research is a descriptive study. To test the
isolates of the thermophilic bacteria producing
bioethanol, a compatibility test was carried out using the
disk diffusion method, then the consortium isolates
were fermented with liquid TMM (Thermophilic
Minimum Media) medium and the bioethanol content
was measured using a distillation apparatus.

Preparation of Liquid TMM Medium

The medium for growing bioethanol-producing
thermophilic  bacteria is wusing liquid TMM
(Thermophilic Minimum Media) medium with a
composition of 0.01% MgS04.7H20, 0.1% K2HPO4,
0.35% (NH4)2504, 0.1% NaCl, 0. 05% yeast extract,
0.05% peptone, 6% glucose (Zilda et al.,, 2008). TMM
Dissolved with distilled water up to 1000 ml then heated
until homogeneous and then sterilized in an autoclave
with a temperature of 121°C at a pressure of 15 psi for 15
minutes.

Compatibility Test

Mudiak Sapan (MS) Isolate compatibility test using
the disk diffusion method. The compatibility test of
thermophilic bacterial isolates MS 9 & MS 4 was carried
out by taking 5 oses of MS 9, then putting them into a
test tube containing 5 ml of sterile distilled water and
adjusting the population density to a scale of 1 Mc.

Farland's (population 3x108 cells/mL). 1 mL of isolate
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suspension (1 McFarland's scale) was put into a sterile
petri dish. Then it is poured with NA medium,
homogenized by rotating the petri dish like a figure
eight and allowed to cool down. Next, 4 sheets of sterile
disc paper were taken, placed in a sterile petri dish and
then dripped with 0.1 mL of isolate suspension and
allowed to stand for a while. Then the disc was placed in
the middle of the medium which had been inoculated
with the isolate suspension and incubated for 2 x 24
hours at 500C. The same procedure was carried out for
the other combinations of isolates. Compatible isolates
were indicated by the absence of an inhibition zone
formed, while isolates that were not compatible were
indicated by the presence of an inhibition zone formed
(Jovanita et al., 2022).

Production of Triculture Consortium Isolates

Making consortium isolates with 4 isolates of
thermophilic bacteria MS 9, MS 12, MS 18, and MS 17
isolates were taken as much as 5 ose each from the
slanting agar and put into a test tube containing 5 ml of
0.85% NaCl to the equivalent of McFarland scale of 0.5.
Then 2.5 ml of the bacterial suspension was put into an
Erlenmeyer containing 22.5 ml of liquid TMM medium,
then incubated for 24 hours to be activated in an
incubator at 600C. After 24 hours, 0.25 ml of activation
medium was taken and put into a test tube containing 5
ml of physiological salt (0.85% NaCl) and compared
with 0.5 of Mc Farland's solution. Suspension was taken
as much as 10 ml to make a triculture consortium (MS-
9, MS- 17, MS- 18), (MS- 9, MS- 12, MS-18), (MS- 9, MS-
12, MS-17) , (MS-12, MS- 17, MS- 18) with a ratio of 1:1:1
was put into 40 ml of liquid TMM and then incubated
for 24 hours in an incubator with a temperature of 600C,
pH 8. After completion of fermentation, distillation was
carried out with a pycnometer to measure bioethanol
(Vinota et al., 2019; Safari & Syafaat, 2022).

Result and Discussion

Thermophilic Bacteria Consortium Compatibility Test

Based on research on the compatibility test of the
consortium of thermophilic bacteria in producing
biofuels, it was found that all the isolates of the
consortium synergized with one another, this is
indicated by the absence of clear zones, as shown in table
& Figure 1.

In table 1. It can be seen that the MS 9 & MS 18
consortium onwards have good consortium capabilities
and can produce bioethanol. This is what underlies the
selection of a consortium of thermophilic bacteria that
produce bioethanol.

The compatibility test of the thermophilic bacteria
of the Mudiak Sapan hot springs was carried out with
the aim of obtaining consortium isolates that synergize
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with one another and have the ability to produce
bioethanol. The combination of the bacterial consortium
uses a combination of four isolates that have the ability
to produce bioethanol selected based on the
combination. Incubation was carried out for 2 x 24 hours
and observed the formation of inhibition zones.

Table 1. The results of the MS isolate combination
compatibility test

Test Isolate Compatibility Results
MS 9 & MS 18 + Compatible
MS 9 & MS 12 + Compatible
MS 9 & MS 17 + Compatible
MS12&MS 17 + Compatible
MS12&MS 18 + Compatible
MS17&MS 18 + Compatible
Information:

(+): Compatible
(-): Non Compatible

N

Tidak terdapat

J- zona hambat

Figure 1. Bacterial Consortium Compatibility Test

According to Asri & Zulaika, (2016) bacterial
compatibility is an association between two genera or
species of certain bacteria that do not interfere with each
other, but the activities of each genus or species are
mutually beneficial, and share the same nutritional
sources in different living media. The same. The
bacterial cultures used as a consortium must be
compatible. The existence of compatibility or synergism
of two or more inoculated bacteria is a very important
factor so that these bacteria can work together well.

The mechanism of synergism between isolates in
the consortium is caused by several factors, including:
(1) one member of the genus is able to provide one or
more nutritional factors that cannot be synthesized by
other members of the genus, (2) one member of the
genus is unable to degrade organic matter certain
species will depend on the members of the genus that
are able to provide the results of the degradation of the
organic matter, (3) one member of the genus protects
other members of the genus that are sensitive to certain
organic matter by reducing the concentration of toxic
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organic matter by producing specific or non-specific
protective factors (Deng & Wang, 2016).

Thermophilic Bacteria Triculture Consortium Fermentation
in Bioethanol Production

Research on thermophilic bacterial triculture
consortium fermentation in bioethanol production can
be seen in (Table 2). Triculture consortium isolates of
thermophilic bacteria in the highest bioethanol
production were MS 9, 12, 17 with 1.006% bioethanol
content followed by consortium isolates MS 12, 17, 18
with 0.863% bioethanol content which was higher than
the monoculture isolates. Whereas in the fermentation of
monoculture isolates the lowest was MS 12 with a
bioethanol content of 0.173%.

Tabel 2. Bioethanol Content from Triculture Consortium

Isolates

Bacterial Consortium Isolate Bioethanol Content (%)
MS9 1.002
MS 12 0.173
MS 17 0.518
MS 18 0.630
MS9,12,18 0.203
MS9,17,18 0.448
MS9,12,17 1.006
MS12,17,18 0.863

The results of research regarding the fermentation
of thermophilic bacterial triculture consortium in
bioethanol production are based on (Table 3). Triculture
consortium isolates MS 9, 12, 17 produced the highest
average value of bioethanol content, namely 1.006% and
isolate MS 12 produced the lowest bioethanol content,
namely 0.173%. In accordance with the statement of Asri
& Zulaika., (2016) that consortium isolates are able to
provide better results than monoculture isolates,
because the action of enzymes from each type of microbe
can complement each other. It can be seen that the
synergism of MS 9, 12, 17 is better than other MS isolates
because of the optimal physiological cooperation of the
three isolates resulting in higher bioethanol.

The triculture consortium isolates MS 9, 12, 17
produced higher bioethanol levels than the monoculture
isolates with 1.006% bioethanol content, as well as MS
isolates 12,17,18. Meanwhile, MS isolates 9, 12, 18
produced 0.203% bioethanol content because MS 12,
which had a relatively low bioethanol content, likely
affected the other 2 isolates, resulting in lower
bioethanol levels compared to other triculture
consortium isolates. The most successful bioethanol
fermentation in thermophilic bacterial tricultures were
isolates MS 12,17, 18 with a bioethanol content of 0.863%
because they significantly increased the production of
bioethanol compared to monoculture isolates, after
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consortium they produced two times higher levels of
bioethanol.

Microbes in the consortium have a great
opportunity to gain energy and survive, because they
can mutually utilize coenzymes excreted by other
microbes, besides that other microbes can decompose
substrates that have been previously degraded by a
microbe (Septiningrum, 2011). Firdaus (2018) described
several advantages of using a microbial consortium.
Among them are being able to carry out sequential
degradation, the consortium being able to produce the
enzymes or substances needed, being able to increase the
overall rate of substrate degradation, being able to
facilitate oxidation, because it can find the easiest
thermodynamic pathway.

In Table 2. it can be seen that the monoculture
isolate MS 12 has the lowest bioethanol content. This is
because the monoculture isolate is not optimal in
degrading chemical compounds in bioethanol
production. Jovani & Advinda (2022) emphasized that
consortium members who have relationships will
associate, so they are more successful in degrading
chemical compounds than monoculture isolates.
According to research conducted by Pandebesie &
Kartini (2016) the S. cerevisiae-P. Stypitis produced a
higher ethanol content of 2.1% at the 24th hour of
fermentation. Compared with monoculture S. cerevisiae
0.725%. In a study by Donato et al. (2019) co-cultures of
Clostridium thermocellum and Clostridium
thermolacticum produced higher bioethanol, namely
0.53%, compared to monocultures of Clostridium
thermocellum, which was 0.38%. In Liu et al.'s study,
(2017) co-culture of Aspergillus niger, Trichoderma
reesei, Zymomonas mobilis produced a bioethanol
content of 50%.

According to Bagaskara et al. (2020) bioethanol can
be produced through a fermentation process that utilizes
the help of microorganisms. Microorganisms that are
widely used in the fermentation process are yeast and
bacteria. Currently, Saccharomyces cerevisiae from the
yeast group is used as an ethanol-producing
microorganism. However, Saccharomyces cerevisiae has
several drawbacks, including high biomass production
and inability to produce high concentrations of ethanol.
While thermophilic bacteria have many properties that
make them suitable for bioethanol production. Donato
etal. (2019), suggested that thermophilic bacteria are not
only able to efficiently degrade cellulose and
hemicellulose, but can easily ferment pentose and
hexose sugars produced after polysaccharide hydrolysis
to produce bioethanol. Thermophilic bacteria are able to
survive and develop in high temperature conditions
because the proteins of thermophilic bacteria are more
stable and heat resistant, as well as lower contamination

(Mawati et al., 2021).
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According to Albert et al., (2015) The basic principle
of fermentation is activating certain microbial activities
with the aim of changing the properties of the material
to produce a useful material. This change is due to the
fact that in the fermentation process the number of
microbes is increased and their metabolism in the
material is activated within certain limits. the longer the
fermentation, the lower the glucose level and the higher
the alcohol content because during fermentation the
glucose contained in the substrate (ingredient) will be
converted by enzymes into alcohol and carbon dioxide
(CO2).

Based on research by Martosuyono & Rogers (2005)
to test isolates of thermophilic bacteria that produce
bioethanol grown on solid selective medium TMM
(Thermophilic Minimum Medjia). In addition, TMM can
also be used for fermentation medium with the same
composition without using bakto agar. The composition
of the TMM medium contained 6% glucose, where
glucose was used as a carbon source for the formation of
ethanol in this study. The process of decomposing sugar
by microbial activity in which the chemical bonds of the
carbon chains of glucose and fructose are released one
by one and chemically assembled into ethanol molecules
and carbon dioxide gas and produces heat. The reaction
for the formation of ethanol from glucose is as follows:

CeH1206 — 2C2H50H + 2CO2 + less energy and in an
anaerobic atmosphere.

Conclusion

The thermophilic bacteria consortium isolates from
Mudiak Sapan hot springs are compatible. The best
thermophilic bacterial triculture consortium from
Mudiak Sapan hot springs in producing biofuels,
namely MS 12, 17, 18 with a ratio of 1: 1: 1 produced a
bioethanol content of 0.863%.
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