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Preface

The International Conference Research Collaboration 2023 (ICRC) aimed to promote
cooperation and collaboration between The University of Kitakyushu and other universities,
specifically in Indonesia and Malaysia. This conference marked the third event in a series, with
the first held at Airlangga University on March 5, 2018, and the second conducted online on
April 25-27, 2021. During the conference, the consortium presented and published the research
findings of 147 articles in the areas of environmental management, education, and technology.
Moreover, it provided an opportunity for The University of Kitakyushu to engage with
community members and academics interested in research within these fields.

ICRC 2023 extended an invitation to scholars and researchers to actively participate and
contribute their knowledge and experiences to promote understanding and progress in
environmental and sustainability matters within their respective countries. The conference
provided a hybrid format, allowing participants to choose between attending in person or
joining online. It aimed to foster innovation and exploration within the overarching theme of
"Development of Science and Technology for Solving Environmental Problems.” The
conference focused on several specific subtopics, which include:

1. Water and Wastewater Treatment and Recycling
Environmental Education
Energy Management and Air Pollution Control
Environmental Culture and Conservation
Environmental Health and Sciences
Waste Management and Treatment
Soil and Urban Environment

Noabkown

This year, The University of Kitakyushu, Japan, hosted the third ICRC from June 2-3, 2023,
featuring a hybrid conference format, followed by a workshop and training session in
Kitakyushu, Japan, from June 4-6, 2023. There were 46 participants joining the on-site
conference during the first and second day while the rest, around 265 participants from 78
universities and institutions around the world joining the conference virtually. Almost all the
plenary speakers were attending the virtual session on the first day, while half of the invited
speakers, which also coming from the Japanese industries and practitioners were joining onsite.
Zoom was used as the meeting platform for the online participants.

We have chosen 40 excellent manuscripts to be published in the Earth and Environmental
Science 10P Proceedings. We would like to extend our sincere appreciation to the conference
chairwoman, esteemed keynote speaker, reviewers, parallel session moderators, and all the
participants. We would also like to express our gratitude to 10P for publishing our conference
proceedings. It is our hope that readers will find valuable information and knowledge within
our proceedings. We apologize for any errors identified during the conference or within the
published papers.

Scientific Steering Committee of ICRC 2023

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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Bioremediation of diesel oil: potential use of bacteria
consortium  Lactobacillus fermentum and Clostridium
beijerinckii in degrading Total Petroleum Hydrocarbon (TPH)

Naomi Oshin Laurensa Sipahutar, *Lutfia Rahmiyati, Astri Rinanti, Melati Ferianita
Fachrul, Astari Minarti

Environmental Engineering Department, Faculty of Landscape Architecture and Environmental
Technology, Universitas Trisakti, Jakarta, Indonesia

Mlutfiarahmiyati@trisakti.ac.id

Abstract. Diesel oil is a major petroleum-refined product known as the primary environmental
pollutant due to its toxic complex hydrocarbons and difficulty in decomposing naturally. This
study aims to determine the efficiency of TPH (Total Petroleum Hydrocarbon) removal in the
bioremediation process of diesel oil pollution by utilizing a bacteria consortium of Lactobacillus
fermentum and Clostridium beijerinckii as biocatalysts. The diesel oil degradation test was
conducted on a laboratory scale using Stone Mineral Salt Solution (SMSs) liquid media with a
batch system (limited culture). The temperature was set at 30°C with a rotation speed of 150 rpm
for 10 days. Different treatments of pH (5, 7, 9) and contact time (10, 20, 30 days) were applied
to varied diesel oil concentrations (5, 10, 20%, v/v). The oil components were measured using
Gas Chromatography-Flame lonization Detector. Diesel oil samples were put into SMSs
containing 10% bacterial consortium and 10% NPK fertilizer. The sensitivity test showed that
the bacterial consortium was resistant, proven by the absence of an inhibition zone around the
disc paper area containing diesel oil. The highest TPH removal efficiency found was 97.3% when
5% diesel oil was degraded by the bacterial consortium at pH 7 for 20 days. This study proves
that the bacterial consortium can be recommended in bioremediation to alleviate diesel oil
pollution in the environment.

Keywords: Diesel oil; Bioremediation; Total Petroleum Hydrocarbon (TPH); Lactobacillus
fermentum; Clostridium beijerinckii

1. Introduction

Environmental pollution by petroleum and petroleum-related compounds, especially diesel oil, increases
yearly. Diesel oil pollution is an ecological disaster affecting human social life and has biohazard effects
on the surrounding environment [1]. Diesel oil is an engine fuel that contains hydrocarbons with C
chains ranging from C8-C26 and polyaromatic hydrocarbons (PAHS) [2]. Diesel oil is a marine water
and soil pollutant [3]. Soil contaminated with diesel oil spills affects the soil's ecological environment,
impacting human activities. The environment affected by spills or contamination derived from diesel oil
will experience changes in physical composition and chemical composition that affect the soil's texture
and composition, thereby reducing soil porosity [4-5]. About 1.7 to 8.8 million metric tonnes of
hydrocarbons, including diesel oil, are reported to pollute land and marine areas annually [6]. The
pollution problem by diesel oil can be addressed in several ways, including using physical-chemical
methods (e.g., in situ burning, adsorption, chemical dispersants, soil washing, and sorbents) and

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1
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biological methods. The current waste management technology for this problem is the bioremediation
method [7]. Bioremediation is a detoxification method that aims to reduce pollution levels in recovering
the environment affected by oil contamination [8-11]. In the petroleum bioremediation process, the use
of bacterial consortium can affect the degradation process because each type of bacteria requires a
specific substrate to degrade the petroleum components [12-14]. Some bacteria isolated from diesel oil-
contaminated areas, e.g., Lactobacillus sp., Acinetobacter sp., Vibrio sp., Moraxella sp., and Clostridium
sp., can reduce the content of diesel oil [15-18]. This study aims to determine the growth response of
Lactobacillus fermentum and Clostridium beijerinckii bacterial consortium in environmental conditions
polluted with diesel oil. The optimum condition will be tested using variations in pH and contact time
that obtain the highest TPH (Total Petroleum Hydrocarbon) removal efficiency during the petroleum
degradation process.

2. Materials and Methods

2.1. Diesel Oil Characterisation

The petroleum samples used were tested at the Lemigas ESDM Laboratory, Jakarta, using the
gravimetric method to test Total Petroleum Hydrocarbon (TPH) concentration and Gas
Chromatography-Flame lonisation Detector (GC-FID).

2.2. Bacterial Cultivation and Growth Analysis

The bacterial consortium used in this study was Lactobacillus fermentum and Clostridium beijerinckii.
They were cultivated in SMSs (Stone Mineral Salt Solution) growth media, a liquid media containing
minerals and salts, i.e., 1 g Na;HPO4.7H;0, 2.5 g NH4NOs;, 0.5 g CaCOs, 0.5 g MgS0.4.7H,0, 0.2 g
MnCl.7H20, and 0.5 g KH2PO4. The minerals and salts were dissolved in 1 liter of distilled water and
then sterilized using an autoclave at 121°C for 30 minutes. The bacterial consortium act as a biocatalyst
and was cultivated for 120 hours at 30°C using a shaker incubator with a rotational speed of 150 rpm.
During cultivation, the bacterial consortium was given additional nitrogen source nutrients of 5% liquid
NPK fertilizer. Growth curves were made using Total Plate Count (TPC) by counting the number of
cells every 24 hours for 240 hours. Similarly, the ability of bacteria to reduce the levels of diesel oil
compounds was indicated by the number of living bacteria from the beginning to the end of the study,
which was calculated using the TPC method.

2.3. Sensitivity Test of Bacterial Consortium L. fermentum dan C. beijerinckii on Diesel Oil

The sensitivity test was performed to test the sensitivity or susceptibility of the bacterial consortium to
the pollutant load, i.e., diesel oil. The bacterial consortium was placed in a petri dish containing liquid
NA, then allowed to solidify. Paper discs exposed to diesel oil were placed on the solid NA and were
incubated for 48 hours at 37°C.

2.4. Diesel Oil Degradation Test in SMSs Liquid Media

The diesel oil degradation test was done stepwise in a batch system with SMSs liquid media to find the
optimum conditions for each parameter tested. The variations of each parameter were acidity value (pH)
with variations of 5, 7, 9; contact time with variations of 10, 20, 30 days; and diesel oil concentration
with variations of 5, 10, 20 % v/v. The composition used for pH and contact time optimization was 70%
SMSs media (v/v), 10% NPK fertilizer (v/v), 10% bacterial consortium (v/v), and 10% diesel oil (v/v).
Samples were replicated twice, and each replicate was incubated at 30°C using a shaker incubator with
a rotational speed of 150 rpm. Each sample was tested by Lemigas ESDM Laboratory, Jakarta, to obtain
Total Petroleum Hydrocarbon (TPH) levels. The lowest final TPH level from the variable results of pH,
contact time, and diesel oil concentration will determine the optimum performance conditions of the
bacterial consortium in degrading the TPH content in diesel oil. The formula used to calculate the TPH
removal efficiency is as follows:

% TPH Degradation = 100% x
B
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B is the initial TPH concentration before the degradation test (%), and A is the final TPH concentration
after degradation (%).

3. Result and Discussion

The results of diesel oil characterization from the Lemigas ESDM Laboratory, Jakarta, show results that can be
seen in the gas chromatography - flame ionization detector (GC-FID) analysis in Figure 1 and are classified based
on specific gravity or API gravity were classified by specific gravity or API gravity (Table 1).
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Figure 1. Initial Concentration of Diesel Oil

Based on Figure 1, that diesel oil has a chain of C15-C19 carbon atoms which can be seen from the peaks on
the graph. It can also be seen from the graph that diesel oil is derived from the number of C33 carbon atoms
which may have a low molecular weight that appears at the initial mooring time and is thought to be an
isomer of branched alkanes. The mechanism for the formation of these compounds could not be explained in
this study.

Table 1. Diesel Oil Samples Characteristics.

Parameters Unit Value Methods
Density at 15°C Kg/m? 855,6 ASTM D 4052
API - 33,8 ASTM D 4052
Spesific Gravity at 60/60 °F - 0.8560 ASTM D 4052
TPH % 87,27 Gravimetry

The specific gravity and API values based on preliminary characterization tests were 0.8610 and 32.85.
These characteristics indicate that the diesel oil sample is a medium oil with a range of 31°-58° [19].
Total Petroleum Hydrocarbon (TPH) showed a value of 99.47%. The initial diesel oil characterization
results were used as a reference for the initial TPH concentration before the bacterial consortium
removed diesel oil TPH.

The growth of bacterial consortium L. fermentum and C. beijerinckii in SMSS media with and without
the addition of diesel oil as a contaminant can be seen in Figure 2. The growth of the bacterial consortium
without contaminants lasted for 240 hours. During cultivation, there were 3 growth phases: exponential,
stationary, and death. Cultivation of bacteria without petroleum on SMSs media showed an exponential
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phase that lasted from 0 hours to 144 hours. In this phase, the bacterial consortium began to adapt to the
growth media and experienced a rapid increase in cell number. The bacterial consortium entered the
stationary phase after 144 to 168 hours, characterized by a constant growth in the number of bacterial
cells. After 168 hours, the death phase occurs, characterized by a decrease in the number of bacteria
because the nutrients in the growth medium have begun to decrease; hence, bacterial cell metabolism
also decreases.

Cultivation of bacterial consortium on SMSs media containing petroleum showed an exponential
phase from 0 to 120 hours. The stationary phase occurs after 120 to 168 hours, indicated by the constant
growth of the bacteria. The bacterial consortium began to enter the death phase with a decrease in the
number of cells after 168 hours.
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5,85
5,75

0 24 48 72 96 120 144 168 192 216 240

Log Jumlah Sel (Sel/mL)

Time (hour)
—0— With Diesel Oil ~ —a— Without Diesel Oil

Figure 2. The Growth of Bacterial Consortium in SMSS Media With and Without Diesel Oil

The bacterial consortium added with diesel oil enters the exponential phase faster than bacterial
cultivation in SMSs media without contaminants (Figure 2). The exponential phase starts at hours 72 to
120. A rapid increase in the number of bacteria characterizes the exponential phase. It seems that the
bacterial consortium of L. fermentum and C. beijerinckii could utilize the carbon element in petroleum
as a nutrient source for cell metabolic activities, so bacterial cells divide faster. After hour 120, the
bacteria entered the stationary phase until hour 168, characterized by a constant bacterial growth rate so
that the number of bacterial cells decreased slightly. The availability of macronutrients and
micronutrients that are complete, appropriate, and with the proper ratio is crucial to support bacterial
growth. Bacterial cells' main constituents are carbon, oxygen, hydrogen, and nitrogen. These elements,
primarily carbon, are crucial substrates to produce energy in bacteria so bacterial metabolism can occur
properly [20-21].

Figure 3 shows the results of the sensitivity test of L. fermentum and C. beijerinckii bacteria to
petroleum, where no inhibition zone formed around the disc paper containing petroleum. This result
indicates that both bacteria are resistant or insensitive to petroleum and can grow in environments or
media containing petroleum. Based on these results, the bacterial consortium showed the ability to
degrade the TPH content in petroleum.
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Figure 3. Result of Sensitivity Test of L. fermentum and C. beijerinckii Exposed to Diesel Oil (a) hour
0; (b) hour 24; and (c) hour 48

The resistant nature of C. beijerinckii to petroleum was shown by its ability to utilize hydrocarbons and
cut long C chains to produce shorter C atoms [22]. Meanwhile, the resistant nature of L. fermentum to
petroleum is shown by its ability to bind and detoxify xenobiotic compounds [23-26].

The degradation process lasted 10 days with pH variations of 5, 7, and 9 (Table 2). The lowest removal
efficiency (94.87%) occurred in treatment with pH 5, while the highest removal efficiency (95.77%)
occurred at pH 7. Based on these results, the optimum pH for the degradation process of diesel oil TPH
by a consortium of bacteria L. fermentum and C. beijerinckii occurred at pH 7. This result is supported
by [27], who mentioned that bacteria used for biodegradation generally occur at neutral pH.

Table 2. Degradation of Diesel Oil TPH with Varying pH in SMSs Liquid Media

Initial TPH Final TPH

pH variation concentration Concentration Removal efficiency (%)
(%,; wiw) (%; wiw)

5 87.27 5.10 94.16%

7 87.27 8.18 90.63%

9 87.27 7.98 90.86%

Kontrol 87.27 1.85 97.88%

All pH variations resulted in a removal efficiency higher than 94% (Table 2). A pH value of 8-9.5 can
cause microorganisms to die. Bacteria can grow and develop well in neutral pH conditions. Therefore,
pH will affect the rate of biodegradation reactions influenced by changes in the ion structure on the
active side of the bacterial enzyme work. The acidic pH value can be adjusted to neutral with the addition
of lime to increase the decomposition or degradation of diesel oil twice. This pH adjustment can change
the solubility, bioavailability, form of chemical compounds, and macro and micronutrients.

At to, the initial TPH concentration was 87.27% (w/w), while on days 10, 20, and 30, the TPH
concentration dropped to 5.1% (w/w), 6.1% (w/w) and 7.2% (w/w) respectively (Figure 4). TPH
removal increased with increasing contact time until day 20 and no additional removal until day 30.
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Figure 4. Removal Efficiency of Diesel Oil TPH with Varying Contact Time in SMSs Liquid Media

The removal of diesel oil TPH directly increased with the length of contact time (Figure 4). This result
is also supported by the bacterial growth curve that shows bacterial consortium reached the exponential
phase faster on SMSs media with diesel oil. The nutrients available in the sample at this stage are
complete and suitable to support the growth of the bacterial consortium. The highest removal efficiency
reached 95.48% for 20 days. The research results [28] showed that biostimulation by adding 100 grams
of organic matter resulted in a TPH removal efficiency of 54.43% by a consortium of Pseudomonas sp.
and Bacillus sp. in 14 days. Another study by [29] showed a TPH removal efficiency of 52.9% in 42
days by utilizing a mixed culture of Xylocarpus granatum mangrove sediment bacteria from the Lagoi
area, Riau Islands. Compared to this study's results, using a consortium of Lactobacillus fermentum and
Clostridium beijerinckii bacteria resulted in better TPH removal efficiency of 94.16% in only 10 days.

4. Conclusions

The growth response of the bacterial consortium of L. fermentum and C. beijerinckii showed that the
bacterial culture could grow well in SMSs liquid media containing diesel oil contaminants under
controlled environmental conditions in the pH range of 5 to 7, temperature range of 27-30°C, within 10
to 30 days. Total petroleum hydrocarbon (TPH) removal efficiency reached 94.16% at 30°C and pH 7,
for 10 days. TPH removal progressed along with the consortium's growth by utilizing the carbon source
in the diesel oil sample. The bacterial consortium has the potential as a biodegradator of diesel oil
pollution in the environment.
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Abstract. Diesel oil is a major petroleum-refined product known as the primary environmental
pollutant due to its toxic complex hydrocarbons and difficulty in decomposing naturally. This
study aims to determine the efficiency of TPH (Total Petroleum Hydrocarbon) removal in the
bioremediation process of diesel oil pollution by utilizing a bacteria consortium of Lactobacillus
fermentum and Clostridium beijerinckii as biocatalysts. The diesel oil degradation test was
conducted on a laboratory scale using Stone Mineral Salt Solution (SMSs) liquid media with a
batch system (limited culture). The temperature was set at 30°C with a rotation speed of 150 rpm
for 10 days. Different treatments of pH (5, 7, 9) and contact time (10, 20, 30 days) were applied
to varied diesel oil concentrations (5, 10, 20%, v/v). The oil components were measured using
Gas Chromatography-Flame lonization Detector. Diesel oil samples were put into SMSs
containing 10% bacterial consortium and 10% NPK fertilizer. The sensitivity test showed that
the bacterial consortium was resistant, proven by the absence of an inhibition zone around the
disc paper area containing diesel oil. The highest TPH removal efficiency found was 97.3% when
5% diesel oil was degraded by the bacterial consortium at pH 7 for 20 days. This study proves
that the bacterial consortium can be recommended in bioremediation to alleviate diesel oil
pollution in the environment.

Keywords: Diesel oil; Bioremediation; Total Petroleum Hydrocarbon (TPH); Lactobacillus
fermentum;, Clostridium beijerinckii

1. Introduction

Environmental pollution by petroleum and petroleum-related compounds, especially diesel oil, increases
yearly. Diesel oil pollution is an ecological disaster affecting human social life and has biohazard effects
on the surrounding environment [1]. Diesel oil is an engine fuel that contains hydrocarbons with C
chains ranging from C8-C26 and polyaromatic hydrocarbons (PAHs) [2]. Diesel oil is a marine water
and soil pollutant [3]. Soil contaminated with diesel oil spills affects the soil's ecological environment,
impacting human activities. The environment affected by spills or contamination derived from diesel oil
will experience changes in physical composition and chemical composition that affect the soil's texture
and composition, thereby reducing soil porosity [4-5]. About 1.7 to 8.8 million metric tonnes of
hydrocarbons, including diesel oil, are reported to pollute land and marine areas annually [6]. The
pollution problem by diesel oil can be addressed in several ways, including using physical-chemical
methods (e.g., in situ burning, adsorption, chemical dispersants, soil washing, and sorbents) and

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
(T3 of this work must maintain attribution to the author(s) and the title of the work, joumal citation and DOL.
Published under licence by LOP Publishing Ltd 1
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biological methods. The current waste management technology for this problem is the bioremediation
method [7]. Bioremediation is a detoxification method that aims to reduce pollution levels in recovering
the environment affected by oil contamination [8-11]. In the petroleum bioremediation process, the use
of bacterial consortium can affect the degradation process because each type of bacteria requires a
specific substrate to degrade the petroleum components [ 12-14]. Some bacteria isolated from diesel oil-
contaminated areas, e.g., Lactobacillus sp., Acinetobacter sp., Vibrio sp., Moraxella sp., and Clostridium
sp., can reduce the content of diesel oil [15-18]. This study aims to determine the growth response of
Lactobacillus fermentum and Clostridium beijerinckii bacterial consortium in environmental conditions
polluted with diesel oil. The optimum condition will be tested using variations in pH and contact time
that obtain the highest TPH (Total Petroleum Hydrocarbon) removal efficiency during the petroleum
degradation process.

2. Materials and Methods

2.1. Diesel Oil Characterisation

The petroleum samples used were tested at the Lemigas ESDM Laboratory, Jakarta, using the
gravimetric method to test Total Petroleum Hydrocarbon (TPH) concentration and Gas
Chromatography-Flame Ionisation Detector (GC-FID).

2.2. Bacterial Cultivation and Growth Analysis

The bacterial consortium used in this study was Lactobacillus fermentum and Clostridium beijerinckii.
They were cultivated in SMSs (Stone Mineral Salt Solution) growth media, a liquid media containing
minerals and salts, i.e., | g Na;HPO4..7H,0, 2.5 g NH4NOs, 0.5 g CaCOs, 0.5 g MgS04.7H.0, 0.2 g
MnCl,.7H>0, and 0.5 g KH2PO4 The minerals and salts were dissolved in | liter of distilled water and
then sterilized using an autoclave at 121°C for 30 minutes. The bacterial consortium act as a biocatalyst
and was cultivated for 120 hours at 30°C using a shaker incubator with a rotational speed of 150 rpm.
During cultivation, the bacterial consortium was given additional nitrogen source nutrients of 5% liquid
NPK fertilizer. Growth curves were made using Total Plate Count (TPC) by counting the number of
cells every 24 hours for 240 hours. Similarly, the ability of bacteria to reduce the levels of diesel oil
compounds was indicated by the number of living bacteria from the beginning to the end of the study,
which was calculated using the TPC method.

2.3. Sensitivity Test of Bacterial Consortium L. fermentum dan C. beijerinckii on Diesel Oil

The sensitivity test was performed to test the sensitivity or susceptibility of the bacterial consortium to
the pollutant load, i.e., diesel oil. The bacterial consortium was placed in a petri dish containing liquid
NA, then allowed to solidify. Paper discs exposed to diesel oil were placed on the solid NA and were
incubated for 48 hours at 37°C.

2.4. Diesel Oil Degradation Test in SMSs Liquid Media

The diesel oil degradation test was done stepwise in a batch system with SMSs liquid media to find the
optimum conditions for each parameter tested. The variations of each parameter were acidity value (pH)
with variations of 5, 7, 9; contact time with variations of 10, 20, 30 days; and diesel oil concentration
with variations of 5, 10, 20 % v/v. The composition used for pH and contact time optimization was 70%
SMSs media (v/v), 10% NPK fertilizer (v/v), 10% bacterial consortium (v/v), and 10% diesel oil (v/v).
Samples were replicated twice, and each replicate was incubated at 30°C using a shaker incubator with
a rotational speed of 150 rpm. Each sample was tested by Lemigas ESDM Laboratory, Jakarta, to obtain
Total Petroleum Hydrocarbon (TPH) levels. The lowest final TPH level from the variable results of pH,
contact time, and diesel oil concentration will determine the optimum performance conditions of the
bacterial consortium in degrading the TPH content in diesel oil. The formula used to calculate the TPH
removal efficiency is as follows:

B-A
% TPH Degradation = 100% x
B
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B is the initial TPH concentration before the degradation test (%), and A is the final TPH concentration
after degradation (%).

3. Result and Discussion

The results of diesel oil characterization from the Lemigas ESDM Laboratory, Jakarta, show results that can be
seen in the gas chromatography - flame ionization detector (GC-FID) analysis in Figure 1 and are classified based
on specific gravity or API gravity were classified by specific gravity or API gravity (Table 1).
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Figure 1. Initial Concentration of Diesel Oil

Based on Figure 1, that diesel oil has a chain of C15-C19 carbon atoms which can be seen from the peaks on
the graph. It can also be seen from the graph that diesel oil is derived from the number of C33 carbon atoms
which may have a low molecular weight that appears at the initial mooring time and is thought to be an
isomer of branched alkanes. The mechanism for the formation of these compounds could not be explained in
this study.

Table 1. Diesel Oil Samples Characteristics.

Parameters Unit Value Methods
Density at 15°C Kg/m® 855.6 ASTM D 4052
API - 338 ASTM D 4052
Spesific Gravity at 60/60 °F - 0.8560 ASTM D 4052
TPH Yo 8727 Gravimetry

The specific gravity and API values based on preliminary characterization tests were 0.8610 and 32.85.
These characteristics indicate that the diesel oil sample is a medium oil with a range of 31°-58° [19].
Total Petroleum Hydrocarbon (TPH) showed a value of 99.47%. The initial diesel oil characterization
results were used as a reference for the initial TPH concentration before the bacterial consortium
removed diesel oil TPH.

The growth of bacterial consortium L. fermentum and C. beijerinckii in SMSS media with and without
the addition of diesel oil as a contaminant can be seen in Figure 2. The growth of the bacterial consortium
without contaminants lasted for 240 hours. During cultivation, there were 3 growth phases: exponential,
stationary, and death. Cultivation of bacteria without petroleum on SMSs media showed an exponential
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phase that lasted from 0 hours to 144 hours. In this phase, the bacterial consortium began to adapt to the
growth media and experienced a rapid increase in cell number. The bacterial consortium entered the
stationary phase after 144 to 168 hours, characterized by a constant growth in the number of bacterial
cells. After 168 hours, the death phase occurs, characterized by a decrease in the number of bacteria
because the nutrients in the growth medium have begun to decrease; hence, bacterial cell metabolism
also decreases.

Cultivation of bacterial consortium on SMSs media containing petroleum showed an exponential
phase from 0 to 120 hours. The stationary phase occurs after 120 to 168 hours, indicated by the constant
growth of the bacteria. The bacterial consortium began to enter the death phase with a decrease in the
number of cells after 168 hours.
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Figure 2. The Growth of Bacterial Consortium in SMSS Media With and Without Diesel Qil

The bacterial consortium added with diesel oil enters the exponential phase faster than bacterial
cultivation in SMSs media without contaminants (Figure 2). The exponential phase starts at hours 72 to
120. A rapid increase in the number of bacteria characterizes the exponential phase. It seems that the
bacterial consortium of L. fermentum and C. beijerinckii could utilize the carbon element in petroleum
as a nutrient source for cell metabolic activities, so bacterial cells divide faster. After hour 120, the
bacteria entered the stationary phase until hour 168, characterized by a constant bacterial growth rate so
that the number of bacterial cells decreased slightly. The availability of macronutrients and
micronutrients that are complete, appropriate, and with the proper ratio is crucial to support bacterial
growth. Bacterial cells' main constituents are carbon, oxygen, hydrogen, and nitrogen. These elements,
primarily carbon, are crucial substrates to produce energy in bacteria so bacterial metabolism can occur
properly [20-21].

Figure 3 shows the results of the sensitivity test of L. fermentum and C. beijerinckii bacteria to
petroleum, where no inhibition zone formed around the disc paper containing petroleum. This result
indicates that both bacteria are resistant or insensitive to petroleum and can grow in environments or
media containing petroleum. Based on these results, the bacterial consortium showed the ability to
degrade the TPH content in petroleum.
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Figure 3. Result of Sensitivity Test of L. fermentum and C. beijerinckii Exposed to Diesel Oil (a) hour
0; (b) hour 24; and (c) hour 48

The resistant nature of C. beijerinckii to petroleum was shown by its ability to utilize hydrocarbons and
cut long C chains to produce shorter C atoms [22]. Meanwhile, the resistant nature of L. fermentum to
petroleum is shown by its ability to bind and detoxify xenobiotic compounds[23-26].

The degradation process lasted 10 days with pH variations of 5, 7, and 9 (Table 2). The lowest removal
efficiency (94.87%) occurred in treatment with pH 5, while the highest removal efficiency (95.77%)
occurred at pH 7. Based on these results, the optimum pH for the degradation process of diesel oil TPH
by a consortium of bacteria L. fermentum and C. beijerinckii occurred at pH 7. This result is supported
by [27], who mentioned that bacteria used for biodegradation generally occur at neutral pH.

Table 2. Degradation of Diesel Oil TPH with Varying pH in SMSs Liquid Media

Initial TPH Final TPH

o varigtion concentration Concentration Removal efficiency (%)
(%o: wiw) (%o: wiw)

5 87.27 5.10 94.16%

7 87.27 8.18 90.63%

9 87.27 7.98 90.86%

Kontrol 87.27 1.85 97.88%

All pH variations resulted in a removal efficiency higher than 94% (Table 2). A pH value of 8-9.5 can
cause microorganisms to die. Bacteria can grow and develop well in neutral pH conditions. Therefore,
pH will affect the rate of biodegradation reactions influenced by changes in the ion structure on the
active side of'the bacterial enzyme work. The acidic pH value can be adjusted to neutral with the addition
of lime to increase the decomposition or degradation of diesel oil twice. This pH adjustment can change
the solubility, bioavailability, form of chemical compounds, and macro and micronutrients.

At to, the initial TPH concentration was 87.27% (w/w), while on days 10, 20, and 30, the TPH
concentration dropped to 5.1% (w/w), 6.1% (w/w) and 7.2% (w/w) respectively (Figure 4). TPH
removal increased with increasing contact time until day 20 and no additional removal until day 30.
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Figure 4. Removal Efficiency of Diesel Oil TPH with Varying Contact Time in SMSs Liquid Media

The removal of diesel oil TPH directly increased with the length of contact time (Figure 4). This result
is also supported by the bacterial growth curve that shows bacterial consortium reached the exponential
phase faster on SMSs media with diesel oil. The nutrients available in the sample at this stage are
complete and suitable to support the growth of the bacterial consortium. The highest removal efficiency
reached 95.48% for 20 days. The research results [28] showed that biostimulation by adding 100 grams
of organic matter resulted in a TPH removal efficiency of 54.43% by a consortium of Pseudomonas sp.
and Bacillus sp. in 14 days. Another study by [29] showed a TPH removal efficiency of 52.9% in 42
days by utilizing a mixed culture of Xvlocarpus granatum mangrove sediment bacteria from the Lagoi
area, Riau [slands. Compared to this study's results, using a consortium of Lactobacillus fermentum and
Clostridium beijerinckii bacteria resulted in better TPH removal efficiency of 94.16% in only 10 days.

4. Conclusions

The growth response of the bacterial consortium of L. fermentum and C. beijerinckii showed that the
bacterial culture could grow well in SMSs liquid media containing diesel oil contaminants under
controlled environmental conditions in the pH range of 5 to 7, temperature range of 27-30°C, within 10
to 30 days. Total petroleum hydrocarbon (TPH) removal efficiency reached 94.16% at 30°C and pH 7,
for 10 days. TPH removal progressed along with the consortium's growth by utilizing the carbon source
in the diesel oil sample. The bacterial consortium has the potential as a biodegradator of diesel oil
pollution in the environment.
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