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Abstract: Biofuels are fuels derived from biomass and consist of biogas, biodiesel and 
bioethanol. Bioethanol is a biofuel whose main ingredients are from plants and generally 
use microorganisms in the fermentation process. One way is to use thermophilic bacteria 
with the advantage of low contamination levels and better product quality. Bacteria that 
exist in nature are not only in a single form but also exist in the form of a consortium in 
which there are beneficial or detrimental bacterial interactions. Favorable bacterial 
interactions indicate that the bacteria are compatible. Using a consortium with compatible 
bacteria gives better results than using a single bacteria. This study aims to determine the 
compatibility and effect of a consortium of thermophilic bacteria from Mudiak Sapan hot 
springs on biofuel yields. This research is a descriptive research. To test the cooperation 
between isolates, a compatibility test was carried out using the disk diffusion method. Then 
the biculture consortium isolates of thermophilic bacteria were fermented in liquid TMM 
medium (Thermophilic Minimum Media) and the bioethanol content was measured using 
a distillation apparatus. The results of this study showed that the six pairs of compatible 
consortium and MS 9-12 consortium produced the highest bioethanol, namely 1.0003%. 
Then the biculture consortium isolates of thermophilic bacteria were fermented in liquid 
TMM medium (Thermophilic Minimum Media) and the bioethanol content was measured 
using a distillation apparatus. The results of this study showed that the six pairs of 
compatible consortium and MS 9-12 consortium produced the highest bioethanol, namely 
1.0003%. Then the biculture consortium isolates of thermophilic bacteria were fermented 
in liquid TMM medium (Thermophilic Minimum Media) and the bioethanol content was 
measured using a distillation apparatus. The results of this study showed that the six pairs 
of compatible consortium and MS 9-12 consortium produced the highest bioethanol, 
namely 1.0003%. 
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Introduction  
 

The production of fuel oil that cannot be met by 
the state is a problem that must be resolved. In addition, 
fuel oil (BBM) is a non-renewable natural resource and 
leaves gas emissions which cause air pollution 
(Mayzuhroh, 2015). Alternative energy solutions to meet 
national energy needs are being developed as a 
substitute for fuels other than petroleum (Winaya et al., 
2002). Alternative energy can be developed through the 
processing of renewable natural resources such as 

biofuels. Biofuel is any solid, liquid or gaseous fuel 
produced from organic materials. Biofuels can be 
produced directly from plants or indirectly from 
industrial, commercial, domestic or agricultural waste 
and waters (Kasim et al., 2013). 

Bioethanol is ethanol whose main ingredients are 
from plants and generally uses a fermentation process 
with the help of microorganisms with characteristics 
such as being volatile, flammable, soluble in water, 
biodegradable, low toxicity and does not cause major air 
pollution when leaked (Novia et al., 2014). The 
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microorganisms used in the manufacture of bioethanol 
are Saccharomyces cerevisiae and Zymomonas mobilis. Both 
of these microorganisms belong to the mesophilic group, 
and have a weakness, namely the growth temperature 
which ranges from 30-370 C. Another weakness is that 
the separation in ethanol requires energy supply 
because the distillation is carried out at a temperature of 
70-800 C, the use of a limited substrate in producing 
ethanol is glucose (Lynd L, 1989). 

To overcome this problem, alternative microbes 
are needed in the production of bioethanol, one of which 
is thermophilic microbes. Thermophilic microorganisms 
are types of microbes that are stable to high 
temperatures (heat) or thermostable. Usually 
thermophilic bacteria can be found in nature in various 
places such as areas of volcanic activity, the seabed 
which has hot springs and hot springs (Fifendy et al., 
2015).  

Other advantages of this thermophilic bacteria 
have a low level of contamination, the resulting product 
is higher, the energy supply for product separation is 
lower. According to research conducted by Scully et al. 
(2015) thermophilic bacteria are more beneficial in 
bioethanol production because thermophilic bacteria are 
able to degrade various kinds of substrates, are able to 
work in a high temperature range, 

Ridha (2022) used 12 monoculture isolates of 
thermophilic bacteria (MS 4, MSS 5, MSS 8, MS 9, MSS 
10, MSS 11, MS 11, MS 12, MSS 15, MS 16, MS 17 and MS 
18) which were fermented and then the result is 
distillation and the bioethanol content is measured. The 
results showed that the monoculture isolate that had the 
potential to produce bioethanol with the highest yield 
was MS 9 isolate with an average bioethanol content of 
1.0001%.  

In nature bacteria are not only in the singular form 
but also exist in mixed forms called consortia. Using a 
consortium of bacteria the results are better than using a 
single isolate. Microbes in a consortium have a great 
opportunity to obtain energy and survive, because they 
can mutually utilize coenzymes excreted by other 
microbes. Notodarmojo (2005) said that several 
advantages of using a microbial consortium are (1) it can 
carry out degradation sequentially, (2) the consortium 
can produce the enzymes or substances needed, (3) it can 
increase the overall rate of substrate degradation. Within 
the consortium, of course, there are interactions between 
microorganisms that are beneficial and detrimental 
(Millati, 2018). 

Compatibility is a collection of two or more 
bacteria that work together to form a community that 
has cooperative, commensal and mutualistic 
relationships. Community members who have 
relationships will associate, so they are more successful 
in degrading chemical compounds than single isolates 

(Jovanita et al., 2022). The use of compatible bacteria 
gives better results than single isolates because the 
enzyme work of each type of bacteria can complement 
each other, so that they can survive using the same 
source of nutrients in culture media (Siahaan et al., 
2013). 

Vinotha's research, (2019) used a new microbial 
consortium to produce bioethanol consisting of 
Pseudomonas aeroginosa, Bacillus clausii, and Enterobactor 
cloacais with orange peel as a substrate. The results of this 
bacterial consortium increased bioethanol production 
effectively with a bioethanol titer yield of 10.91 ± 
0.49(g/l) or 1.32%-1.44% compared to the results of 
monoculture of Pseudomonas aeroginosa bacteria (1.02%-
1, 21%), Bacillus clausii (1.13%-1.15%), and Enterobactor 
cloacais (1.15%-1.26%). 

Research by Scully et al. (2015) used a co-culture 
of Clostridium thermocellum bacteria with a bioethanol 
yield of 4.19 g/l or 2.4%. Meganandi (2016) stated that 
from the results of his research the microorganism that 
produced the highest levels of bioethanol was the 
Saccharomyces cerevisiae – Pichia stipitis consortium where 
the highest bioethanol yield was 2.1% with a consortium 
concentration of 10% and during 24 hour fermentation. 

This study aims to look at the collaboration 
between consortium isolates and the ability of the 
consortium to produce biofuels. Based on the 
background that has been described, the researchers 
decided to conduct research on "The Effect of the 
Thermophilic Bacteria Biculture Consortium from 
Mudiak Sapan Hot Springs on Biofuel Production". 
 

Method 
 

This research is a descriptive research. The 
compatibility test was used to test isolates of 
thermophilic bacteria producing bioethanol using the 
scatter method. Then the consortium isolate was 
fermented in liquid TMM medium and the bioethanol 
content was measured using a distillation apparatus. 
 
Preparation of Liquid TMM Medium 

The medium for growing bioethanol-producing 
thermophilic bacteria uses Thermophilic Minimum 
Media (TMM) medium consisting of 0.01% 
MgSO4.7H2O, 0.1% K2HPO4, 0.1% NaCl, 0.35% 
(NH4)2SO4, 0.05% mold extract, 0.05% peptone, 6% 
glucose (Zilda et al., 2008). Dissolved with distilled 
water up to 1000 ml. Then heated until homogeneous 
and sterilized by autoclave at 1210 C with a pressure of 
15 psi for 15 minutes. 
 
Compatibility Test Thermophilic Bacteria 

Compatibility Test using the Spread Plate 
Method. The compatibility test for thermophilic 
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bacterial isolates MS 9 and MS 12 was carried out by 
taking 5 doses of MS 12 then putting them in a tube 
containing 5 ml of sterile distilled water and adjusting 
the turbidity with Mc Farland scale 1 solution. Then 
pouring it into a petri dish containing NA medium and 
spread with a spreader. Next, 4 pieces of sterile paper 
discs were taken which had previously been dripped 
with 0.1 ml of the MS 9 bacterial suspension. The four 
paper discs were placed in a medium that had been 
inoculated with the MS 12 bacterial suspension and 
incubated for 24 hours in an incubator at a temperature 
of 500 C (Jovanita et al., 2022).  
 
Activation and Fermentation of Thermophilic Bacteria 
Biculture Consortium Isolates 

MS 9, MS 12, MS 18 and MS 17 isolates 5 ose were 
taken each from the slanted agar and put into a test tube 
containing 5 ml of physiological salt (0.85% NaCl) which 
would be equivalent to 0.5 of Mc Farland's solution. 
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 in an incubator at 600 C. 
After 24 hours 0.25 ml of activation medium was taken 
and put into a test tube contains 5 ml of physiological 
salt (0.85% NaCl) and will be compared with 0.5 Mc 
Farland solution. Bacterial suspension taken as much as 
10 ml to make a biculture consortium (MS 9-MS 12; MS 
9-MS 18; MS 9-MS 17; MS 18-MS 17; MS 18-MS 12; and 
MS 17-MS 12) with a ratio of 1:1 then put into 40 ml of 
liquid TMM medium and then incubated in an incubator 
with a temperature of 600 C, pH 8. After completion, 
distillation was carried out with a pycnometer to 
measure the level of bioethanol (Safari et al., 2022; 
Vinotha., 2019). 

 
Result and Discussion 
 
Compatibility Test Thermophilic Bacteria 

Of the six pairs of thermophilic bacterial isolates 
that were tested for compatibility, all isolates showed 
compatible results as indicated by the absence of a clear 
zone (Table 1). 

 
Table 1. Compatibility Test Results for Thermophilic 
Bacteria from Mudiak Sapan Hot Springs 
MS couple Formation of Inhibition Zone Results 

MS 9 and MS 18 - Compatible 
MS 9 and MS 12 - Compatible 
MS 9 and MS 17 - Compatible 
MS 18 and MS 12 - Compatible 
MS 18 and MS 17 - Compatible 
MS 17 and MS 12 - Compatible 

Note: (-) no inhibition zone 
 

 
Figure 1. Bacterial consortium compatibility test 

 

Based on the research that has been done, it can be 
seen that all isolates of thermophilic bacteria are 
compatible or able to work together physiologically 
well. The indicator is the absence of a clear zone after 2 
x 24 hour incubation. 

Bacterial compatibility is an association between 
two species or genera of bacteria that do not mutually 
interfere with one another, but the activities of each 
species or genus are mutually beneficial and share the 
same nutrient sources in the same living medium (Asri 
et al., 2016). In line with the opinion (Prayudyaningsih 
et al. (2015) that not all microorganisms have properties 
that are detrimental to other organisms, but there are 
also bacteria that can be beneficial. The use of compatible 
bacteria gives better results than single isolates because 
the enzyme work of each type of bacteria can 
complement each other, so that they can survive using 
the same source of nutrients in culture media (Siahaan et 
al., 2013). 

Bacteria are said to be synergistic or compatible if 
the interactions between the genus or species of bacteria 
are mutually beneficial and share the same source of 
nutrients in the same living medium. Bacteria are said to 
be antagonistic or incompatible when in activities with 
other organisms they compete with each other for space, 
air, water, food (nutrients) (Rifai et al., 2020). 

The thermophilic bacteria used are bacteria that 
come from water sourcesin South Solok Regency, to be 
precise, the Mudiak Sapan hot springs, Jorong Balun, 
Nagari Pakan Rabaa, Koto Parik Gadang District in 
Ateh. This hot spring has a temperature of 930 C with a 
pH of 8. The degree of acidity (pH) will also affect the 
variant of the isolate because the conditions around the 
hot spring are alkaline, so it is estimated that the isolates 
of thermophilic bacteria are more diverse (I. Irdawati et 
al., 2017).  

According to Sari (2012) hot springs alkaline so 
that it has a high mineral content and allows 
thermophilic microorganisms to live well. This ability is 
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due to a different protein structure than thermophilic 
bacteria so that they can survive extreme temperatures. 
Thermophilic bacteria include bacteria that are amylotic, 
namely bacteria that produce amylase enzymes that can 
degrade starch (F. Irdawati, 2011). 
 

Activation and Fermentation of Thermophilic Bacteria 
Biculture Consortium Isolates 

The bioethanol content of the biculture 
consortium isolates of thermophilic bacteria can be seen 
in (Table 2) which shows that 10 treatments of 
thermophilic bacterial isolates were able to produce 
bioethanol. 

 
Table 2. Average Value of the Biculture Consortium of 
Thermophilic Bacteria from Mudiak Sapan Hot Springs 
Bacterial Isolate Average Content of Bioethanol (%) 

MS 9 0.93 
MS 12 0.43 
MS 18 0.34 
MS 17 0.31 
MS 9-17 0.53 
MS 18-17 0.60 
MS 12-18 0.63 
MS 12-17 0.93 
MS 9-18 0.96 
MS 9-12 1.00 

 
From the research results obtained in Table 2, it is 

known that the MS 9 control produces a high bioethanol 
content of 0.9378%, followed by MS 12 with a yield of 
0.4388% ethanol content. Then MS 9 and MS 12 were 
paired as a biculture consortium to produce twice the 
bioethanol content of the monoculture isolate, namely 
1.0003% because the two paired isolates were the best 
bacterial isolates in producing bioethanol in 
monoculture. Then MS 9 in consortium with MS 18 
produced the second highest bioethanol content of 
0.9612%. This result was lower than the MS 9-12 
consortium because MS 18 in monoculture produced the 
third lowest bioethanol content so that when paired with 
MS 9 which produced the highest bioethanol content MS 
18 affected the results of the biculture consortium. 

Isolate MS 12 which is a monoculture isolate with 
the second highest bioethanol content was consortium 
with MS 17 with the lowest bioethanol content in 
monoculture. This consortium produces the third 
highest bioethanol content of 0.9345%. This shows that 
the MS 12 and MS 17 consortium are compatible and 
able to cooperate physiologically, marked by a doubling 
of the bioethanol yield compared to the monoculture. 
Then MS 12 was consortium with MS 18 to produce a 
bioethanol content of 0.6365%. The results of the 
bioethanol content of the two isolates were double 
compared to the monoculture isolates. Likewise, with 

other biculture consortium isolate pairs, namely and MS 
17-18. 

Furthermore, MS 17, which yielded the lowest 
monoculture content of 0.3121%, was consortium with 
MS 9, whose monoculture produced high levels of 
bioethanol. The MS 9-17 consortium produced the 
lowest bioethanol content among the other consortium 
isolates with a yield of 0.5359%. Based on the results of 
compatibility, the two isolates were compatible, but in 
working together to produce bioethanol MS 17 gave 
unfavorable results to the biculture consortium with MS 
9.  

Bacteria in synergistic consortia have higher 
metabolic activity compared to pure cultures (Deng et 
al., 2016). In line with the opinion of (Prescott et al., 
2002), bacterial consortia formed naturally and 
artificially have the advantage of having complementary 
metabolic functions in an ecosystem. Strengthened by 
the opinion of Siahaan et al. (2013) who said the use of 
microbial consortia tends to give better results than the 
use of a single isolate, because the work of enzymes from 
each type of microbe complements each other to be able 
to survive using the available nutrient sources in the 
media used. 

Enzymes that work in bacterial consortia enable 
cooperation in using available nutrients to survive 
(Komarawidjaja et al., 2009). According to research by 
Widjaja et al. (2016) using a consortium between Pichia 
stipitis and Saccharomyces cerevisiae with a ratio of 1:1 
(one ose each) proved that biculture consortia were 
better than monocultures. Based on the results of 
Irdawati's research (2019) showed that the thermophilic 
bacteria Mudiak Sapan are Bacillus bacteria. Ou et al. 
(2009) suggested that the genus Bacillus is more effective 
in fermenting sugar than yeast. Strengthening the 
opinion of Khasanah (2003) who argued that the use of 
yeast in producing bioethanol is imperfect because not 
all available glucose is converted to ethanol. This is 
because the available glucose will also be used for the 
formation of cell biomass and other by-products such as 
glycerol and succinic acid. 
 

Conclusion  

 
From the results of this study it can be concluded 

that biculture consortium isolates of thermophilic 
bacteria are compatible. Then the optimum biculture 
consortium isolate formulation in producing bioethanol 
is MS 9 with MS 12 with a yield of 1.0003%. 
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