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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.
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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
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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.

6,15
6,05
5,95
5,85

5,75

=
=)
=

48 72 96 120 144 168 192 216 240

Log Jumlah Sel (Sel/mL)

Time (hour)
== With Diesel Oil === Without Diesel Oil

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.

Acknowledgments

The authors thank the Institute for Research and Community Service of Trisakti University, Jakarta,
for funding the data analysis.

References

[1] Nayanaand V. Varghese. Degradation Studies on Diesel Oil Using Bacterial Consortium Isolated
from Qil Polluted Soil. Adcanced Bio Tech, 13 (2), 1-9.

[2] S. Ramasamy and Armumugam Arumugam. (2017). Optimization of Enterobacter
Cloacae(KUU923381) for Diesel Ol Degradation Using Response Surface Methodology (RSM).
Journal of Microbiology, 55 (2), 104-111.

[3] N.Palanisamy, J. Ramya, S. Kumar, N. S. Vasanthi, P. Chandran and SudheerKha. (2014). Diesel
Biodegradation Capacities of Indigenous Bacterial Species Isolated from Diesel Contaminated
Soil. Journal of Environmental Health Science and Engineering , 12(1), 1-8.

[4] 1. W. Farrington. (2014). Oil Pollution in the Marine Environment II: Fates and Effects of Oil
Spills. Environment: Science and Policy for Sustainable Development, 56(4), 16-31.

6




ICRC-2023 10P Publishing

IOP Conf. Series: Earth and Environmental Science 1239 (2023) 012037 doi:10.1088/1755-1315/1239/1/012037

(5]

(6]

[10]

[11]

(12]

[13]

[14]

[15]

Ndimele, A. O. Saba and D. O. Ojo. (2018). Remediation of Crude Oil Spillage," in The Political
Ecology of Oil and Gas Activities in the Nigerian Aquatic Ecosystem, Nigeria. Academic Press,
369-384.

S. Sihag, H. Pathak and a. D. P. Jarol. (2014). Factors Affecting the Rate of Biodegradation of
Polyaromatic Hydrocarbons. International Journal of Pure and Applied Bioscience, 2(3), 185-
202.

Efendi and Indiriati. (2015). Remediasi Tumpahan Minyak Menggunakan Metode Soil Washing
Dengan Optimasi Kondisi Reasi. Jurnal Tehnik Lingkungan, 21 (2), 180-189.

W. Megharaj and Venkateswarlu (2014). Bioremediation. Encyclopedia of Toxicology, 458-489.
D. Nuryana. (2017). Review: Bioremediasi Pencemaran Minyak Bumi. Journal of Earth Energy
Engineering, 6(2), 9-13.

Fachrul, M.F., Rinanti, A., Tazkiaturrizku, T, Salmiati, S., & Sunaryo, T. (2021). Degradation of
Polyethylene Plastic Waste by Indigenous Microbial Consortium and Fungi. Indonesian Journal
of Urban and Environmental Technology, 5(1).

Sunaryo, T., Widyatmoko, H., Rinanti, A. (2018). Chlorpyrifos Removal by Thiobacillus sp. and
Clostridium sp. in Liquid Medium. MATEC Web of Conferences, 197 (13007).

Marsandi and &. Estuningsih. (2016). Asosiasi konsorsium bakteri Pseudomonas
pseudoalcaligenes dan Micrococus luteus dengan lamtoro (Leucaena leucocephala (Lamk.) De
Wit) dalam upaya meningkatkan bioremediasi minyak bumi. Proceeding Biology Education
Conference: Biology, Science, Enviromental, and Learning, 13(1), B07-813.

Rinanti, A. & Purwadi, R. (2019). Increasing carbohydrate and lipid productivity in tropical
microalgae biomass as a sustainable biofuel feed stock. Energy Procedia. 158,1215-1222.
Dwicania, E., Rinanti, A., & Fachrul, M. F., (2019). Biodegradation of LLDPE plastic by mixed
bacteria culture of Pseudomonas aeruginosa and Brevibacterium sp. Journal of Physics:
Conference Series. 1402(022105)

Al-Baldawi, N. Anuar and &. [. Mushrifah. Bioaugmentation for the Enhancement
ofHydrocarbon Phytoremediation by Rhizobacteria Consortium in Pilot Horizontal Subsurface
Flow Constructed Wetlands. International Journal of Environmental Science and Technology,
14(1), 75-84.

Bhasheer, D. Banupriya, M. Thangavel and &. Y. Thangam. (2014). Diversity of Diesel
DegradingBacteria from a Hydrocarbon Contaminated Soil. International Jowrnal of Current
Microbiology and Applied Sciences, 3(11), 363-369.

Hamzah, AmirRabu, R. F. H. R. Azmy and &. N. A. Yussoff. (2010). Isolation and
Characterization of Bacteria Degrading Sumandak and South Andsi Oils. Sains Malaysiana,
39(2), 161-168.

T. Schoch and J. Kunz. (2023). Heterologous l,3-Propanediol Production Using Different
Recombinant Clostridium beijerinckii DSM 6423 Strains. Microorganisms, 11(3),784

V. Nandakumar and J. L. & Jayanthi. (2016). Hydrocarbon Fluid Inclusions, API Gravity of Oil,
Signature Fluorescence Emissions and Emission Ratios: An Example from Mumbai Offshore,
India. Energy and Fuels, 30(5), 3776-3782

G. Gottschalk. (2011). Nutrition of Bacteria. In Clinical Microbiology and Parasitology, 14-19,
W. A. Spinosa, V. dos Santos Junior, D. Galvan, J. L. Fiorio and R. J. H. C. & Gomez. (2015).
Vinegar rice (Oryza sativa L.) produced by a submerged fermentation process from alcoholic
fermented rice. Food Science and Technology (Brazil), 35(1), 196-201.

T. Schoch and T. Baur. (2012). Heterologous 1,3-Propanediol Production Using Different
Recombinant Clostridium beijerinckii DSM 6423 Strains. Microorganisms, 11(3),784.

N. Bhakta, K. Ohnishi, Y. Munekage, K. Iwasaki and M. Q. & Wei. (2012). Characterization of
lactic acid bacteria-based probiotics as potential heavy metal sorbents. Journal of Applied
Microbiology, 112(6), 1193-1206.




ICRC-2023 10P Publishing

IOP Conf. Series: Earth and Environmental Science 1239 (2023) 012037 doi:10.1088/1755-1315/1239/1/012037

[24] R. Mishra, V. Sinha, A. Kannan and R. K. & Upreti. (2012). Reduction of chromium-VI by

[25]

[26]
[27]

(28]

[29]

chromium resistant lactobacilli: A prospective bacterium for bioremediation. Toxicology
International, 19)1), 25-30.

M. Monachese, J. P. Burton and G. & Reid. (2012). Bioremediation and tolerance of humans to
heavy metals through microbial processes: A potential role for probiotics?. Applied and
Environmental Microbiology, 78(18), 6397-6404.

Claus, H. Guillou and S. & Ellero-Simatos. (2016). The gut microbiota: A major player in the
toxicity of environmental pollutants?. Npj Biofilms and Microbiomes, 2(3), 1-12.

D. Puspitasari and &. Khaeruddin. (2016). Kajian Bioremediasi pada Tanah Tercemar Pestisida.
Jurnal Riset Kimia, 2(3), 98-106.

Omoni, C. Aguoru and E. & Edoh. (2015). Biostimulation of Hydrocarbon Utilizing Bacteria in
Soil contaminated with Spent Engine Oil Using Banana and Plantain Agro-wastes. Journal of Soil
Science and Environmental Management, 6(8), 225-233.

Afianti and D. & Febrian. (2020). Potensi Degradasi Minyak oleh Konsorsium Bakteri dari
Sedimen Mangrove Bintan. Prosiding The 11th Industrial Research Workshop and National
Seminar, 725-729.




Bioremediation of diesel oil: potential use of bacteria
consortium Lactobacillus fermentum and Clostridium
beijerinckii in degrading Total Petroleum Hydrocarbon (TPH)

ORIGINALITY REPORT

19. 17 12+ 9

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

1%
* Submitted to Liverpool John Moores University
Student Paper

Exclude quotes Off Exclude matches Off
Exclude bibliography Off



Bioremediation of diesel oil: potential use of bacteria
consortium Lactobacillus fermentum and Clostridium
beijerinckii in degrading Total Petroleum Hydrocarbon (TPH)

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/100

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8




