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Abstract

The present study framed to evaluate hydrocarbon degradation efficiency of bacteria isolated from petrol contaminated soil
and its relevance in biogas production. Hydrocarbon degrading bacteria was isolated and selected by using Bushnell-Hass
agar medium and identified as Pseudomonas stutzeri through biochemical analysis and 16S rRNA sequencing, and
consequently obtained the accession number from the Genbank. The influence of various parameters like pH, temperature,
incubation period and hydrocarbon concentration for the optimum degradation of petrol, diesel and crude oil with
Pseudomonas stutzeri was examined during the study. The optimum pH and temperature for degradation of 1%
hydrocarbons was found in the range of 8.0-8.5 and 30-55°C respectively, whereas utmost degradation of 63.5% at pH 8.0
and 65.1% at temperature 30°C was obtained on diesel. The present study was able to prove an incubation period of 7 days
was fine for the degradation of all the three hydrocarbon used, of which greatest degradation of 74.4% was observed on
crude oil. Since the growth of Pseudomonas stutzeri of different hydrocarbon concentration showed high growth occurs at
6% petrol, 4% diesel and 3% crude oil. Biogas production from cow dung with the incorporation of Pseudomonas stutzeri
was able to increase the peak of methane production by 82.02% at 30" day from the peak of methane production of 57.29%
at 45" day in control. Overall, around 24% increased methane production was observed in the treated tank in contrast to the
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control.
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Introduction

The most important energy source used for industrial and
domestic activity since last few decades is petroleum and its
byproducts. A key problem associated with its production and
transportation is it will release toxic compounds to the
environment which may harmful to humans and other living
organisms. Hence attention has been focused on the
environmental problems due to the accidental release of
hydrocarbons from the petroleum industry'. It is necessary to
degrade these toxic substances into non-toxic substances in
order to reduce environmental pollution. Mechanical and
chemical methods were applied for degrading hydrocarbons,
while the most accepted environmentally friendly method is the
microbial degradation because the former two methods release
less toxic compound to the environment besides hydrocarbon
degradation®. Moreover, biodegradation offers environmental
protection by means of degradation of pollutants like
hydrocarbons and at the same time it is relevant for the
degradation of various organic matters in the production of
economically valuable alternative energy source biogas.

Biodegradation is the process in which organic materials having

complex structures being converted to simpler substances in the
presence of microorganisms. During biodegradation of
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hydrocarbon, the microorganisms convert hazardous substances
into non-hazardous substances like nutrients, energy, etc., and
hence this process is also referred to as bioremediation®.
Microorganisms present in the soil, marine and freshwater
habitat has the ability to degrade hydrocarbon promisingly’.
Diverse microorganisms such as bacteria, fungi and protozoa
are capable of hydrocarbon degradation, whereas the earlier
study shows that compare to other organisms, bacteria have the
potential to degrade hydrocarbons effortlessly®. Nevertheless
various strategies could develop to ensure sustainability while
that are restricted in some extent’.

Environmental pollution by oil spills are the significant problem
allied with most of the developing countries. Generally,
hydrocarbon degrading microbes are associated with petroleum
or oil spills contaminated sites®. Different types of bacteria
involved in hydrocarbon degradation include Pseudomonas sp,
Proteus sp and Bacillus sp and fungi include Aspergillus sp.””.
In a recent study, petroleum degrading bacteria were isolated
from cow dung and its activity at different pH, temperature and
petroleum concentration were screened to find out potential
hydrocarbon degrader'®. However, it is crucial to identify
efficient microbial strains from appropriate sources for
bioaugmentation at the current scenario. In the light of the
above aspects, the present study focused on the isolation and
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identification of bacteria from petrol polluted soil, and to assess
its ability to degrade various petroleum products such as petrol,
crude oil and diesel.

It is the time that the depletion of fossil fuels occurs more
rapidly when compared to its production, which point towards
the exploration of sustainable energy resources in most of the
countries''. Conversely, management of solid wastes and
reduction of green house gases are necessary at this juncture'>".
In order to compensate these problems, an alternative energy
source is needed. Biogas production technology ensures energy
conservation in addition to environmental protection by means
of degradation of organic materials'’. Since, biogas is a
renewable energy formed by the anaerobic digestion of organic
matter by the sequential action of various microorganisms'.
There are several strains of bacteria has been used in earlier for
biogas production along with its other degradative applications,
which includes Bacillus, Staphylococcus, Proteus, Micrococcus,
Klebsiella, Alcaligenes, Pseudomonas and
Flavobacterium'®'"'°. Although, degradation potential of each
organism depending upon the ability to utilize various substrates
by producing suitable degradative enzymes. In this context, the
current study also aimed to detect the biogas production
efficiency of bacteria isolated from petrol polluted soil besides
to detect its hydrocarbon degradation potential.

Methodology

The petrol contaminated soil sample was collected from near
petrol bunks in Namakkal District, Tamilnadu and was
aseptically transferred to the laboratory for the isolation of
hydrocarbon utilizing bacteria. One gram of sample was
primarily diluted in 100 ml sterile distilled water. Consequently,
1 ml diluent was serially diluted up to 10 and it was spread
plated on Bushnell-Hass agar plate followed by incubated at
37°C for 5-7 days'’. Preliminary identification of the selected
hydrocarbon degrading bacteria was done on the basis of
morphological (Gram’s staining) and physiological (IMViC,
catalase and oxidase tests) characterization as per Bergey’s
manual.

Molecular identification was performed based on 16S rRNA
sequencing. For sequencing, the genomic DNA from the
bacteria was isolated as per Sambrook et al., 198918, and
amplified with the universal primers such as 16SF
“AGAGTTTGATCMTGGCTCAG” and 16SR “AAGGA
GGTGATCCANCCRCA”. The amplicon was run on agarose
gel along with a marker of 1000 bps, and was then sequenced.
This is followed by sequence similarity search was made by
using the tool BLAST from the server NCBI’. Multiple
sequence alignment of the query sequence along with sequences
of four closely related strains was performed using the program
Clustal W'. Phylogenetic analysis of aligned sequences was
also conducted by means of Neighbor- Joining method through
the software MEGA-4"%",
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The efficacy of various hydrocarbon utilization of the isolate at
four varied environmental conditions such as pH, temperature,
incubation period and hydrocarbon concentrations was
assessed'’. For pH optimization, the isolate was individually
inoculated into separate flasks containing 1% petroleum, 1%
crude oil and 1% diesel incorporated Bushnell-Hass media of
pH ranges 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0 and 9.5 respectively,
and was incubated at 37°C for 7 days. The temperature was
optimized by the same manner, whereas the isolate inoculated
flasks were incubated at different temperature ranges 15°C,
20°C, 25°C, 30°C, 35°C, 40°C, 45°C, 50°C, 55°C, 60°C, 65°C
and 70°C, correspondingly.

Hydrocarbon degradation activity of the isolated strain for
different hydrocarbons was detected through Bushnell-Hass
media. For that, the isolate was individually inoculated on
Bushnell-Hass media incorporated with 1% of three different
hydrocarbons such as petrol, diesel and crude oil and was kept
for 7 days at 37°C for incubation. During the incubation period,
the degradation rate was measured during each day time interval
till 7™ day. This is followed by growth rate of the strain under a
choice of petrol, diesel and crude oil concentration ranges from
1%-7% was studied after 7 days incubation period at 37°C. Oil
gravimetric method was used to find out the efficacy of
hydrocarbon utilization by the isolate after incubation during
optimization of all the four parameters™.

Biogas production potential of isolated strain was studied by
incorporating it into cow dung slurry in biogas production unit.
For this, 20 liters of cow dung slurry were prepared by mixing
cow dung and distilled water in the ratio 1:1 and then filled in a
biogas unit. Followed by inoculum was mixed with cow dung
slurry and then the unit was air tightened. Gas produced during
five different time intervals (10", 20", 30", 40™ and 45" day)
until the 45™ day was collected and analysis of the obtained gas
was performed through GC-MS analysis by using Poropak Q
column®,

Results and Discussion

For successful bioaugmentation and environmental protection, it
is essential to introduce a suitable microorganism that has high
capacity to degrade various hydrocarbons. Earlier studies
showed that few microorganisms isolated from hydrocarbon
polluted sites could survive in high hydrocarbon concentration
and hence they can be used to reduce pollution with
hydrocarbons***. However, in the present study, a prominent
hydrocarbon degrading bacteria was successfully isolated and
selected based on the highest zone of clearance accomplished on
Bushnell-Hass agar medium.

Morphological studies evidenced that the isolate is Gram
negative rod shaped motile bacteria and biochemical analysis
showed positive outcomes for citrate, catalase and oxidase tests
whilst negative results in the case of indole, methyl-red and
Voges-proskaeur tests. Since the results of morphological and
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biochemical studies, it is considered that the isolated strain
belongs to the genera Pseudomonas. Stainer et al reported that
bacteria belong to Pseudomonas sp have various interesting
properties and are proficient for degrading various natural and
synthetic  organic compounds®.  Different strains  of
Pseudomonas sp isolated from hydrocarbon contaminated
environment implies like active degraders of hydrocarbon was
genuinely accounted earlier”*®. However, these physiological
studies as well revealed that the isolate can be used for biogas
production because comparable pathways were also reported
earlier in the case of biogas production®".

Molecular level identification of the organism is important for
the reason that which provide information at genetic level,
which make possible to use them as widely for various
industrial purposes. In the current study, DNA isolated from the
strain was amplified and the amplicon showed a length equating
to 274 base pairs compared to the marker on agarose gel (figure-
1). BLAST analysis of the sequence obtained after 16S rRNA
sequencing confirmed that the exacting organism is
Pseudomonas stutzeri. An accession number JX442201.1
(Pseudomonas stutzeri strain ST-23) has been obtained after
submission of the obtained sequence to NCBI-GENBANK.
Phylogenetic analysis of Pseudomonas stutzeri ST-23 with five
other closely related strains indicated that the targeted strain
belongs to the minor clade and showed close relationship with
the strain Pseudomonas stutzeri A1501. Pseudomonas stutzeri
ST-23 has least divergence with the strains of the same species,
including  Pseudomonas  stutzeri ~CCUG.  Moreover,
Pseudomonas aeruginosa PA38182, Pseudomonas aeruginosa
PAO1 and Pseudoomonas mendocina NK-01 were also arranged

in the respective phylogenetic branch whilst showed
considerable divergence from the targeted strain of
Pseudomonas  stutzeri (figure-2). Lalucat reported that

Pseudomonas stutzeri showed close relationship with the strains
of the same species that appeared as a single cluster in the
phylogenetic trees analyzed, and all Pseudomonas stutzeri
strains were positioned in the same phylogenetic branch while
they were estranged from the other correlated species chosen

. .31
such as Pseudomonas balearica and Pseudomonas mendocina .

An important environmental factor which strongly affects the
growth of microorganism is pH. Hence it is an essential factor
which needs to be maintained for proper hydrocarbon
degradation®. Degradation efficiency of Pseudomonas stutzeri

0.0471

0.4491
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on different hydrocarbons at different pH levels shows that there
is a gradual increase in degradation occurs from the pH 7.0 to
8.5 while the finest pH range of degradation was established as
8.0-8.5. Highest degradation of 63.5% for diesel followed by
57.2% for crude oil was observed at a pH close to 8.0 and
54.6% highest degradation was observed in the case of petrol at
a pH of 8.5 (figure-3). Hence the study recognized that the
growth of Pseudomonas sp decreased in low pH, while
increased subsequently from 7.0 and finally peaked at 8.5. This
is because of low pH of the environment leads to the production
of acidic metabolites such as organic acids, which severely
affects the growth of this organism and hence Pseudomonas sp
tends to be growing at high pH of 8.00 for their proper growth™.
However, it was clear that Pseudomonas stutzeri is vulnerable
for acidogenesis while there has a possibility to use it for other
stages of biogas production.
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Figure-1
Isolated and amplified DNA
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Figure-2
Phylogenetic analysis of Pseudomonas stutzeri strain ST-23
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Hydrocarbon degradation by Pseudomonas stutzeri at different pH

Temperature optimization is essential because which cruelly
affect the growth of microorganisms. The temperature at which
the organism grow well is depending upon the habitat where
they grown™. The competence of Psudomonas stutzeri for
hydrocarbon degradation at different temperature was tested
also provided good results, in which optimum temperature for
degradation was observed in the range 30-50°C. Specifically,
the high range of 65.1% degradation was found for diesel at 30"

C, followed by 59.0% in the case of petrol at 40°C and finally
57.4% for crude oil at 50°C after incubation (figure-4). A
similar study by Joshi and Pandey, indicated that the optimum
temperature for degradation of petroleum hydrocarbon by
Pseudomonas sp is 37°C with an efficiency of 40.01%, which
was relatively lower than the efficiency of Pseudomonas stutzeri
obtained during the present study'’.
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Figure-4

Hydrocarbon degradation by Pseudomonas stutzeri at different temperature
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Hydrocarbon degradation activity is restricted in some groups of
microorganisms and that is mainly depending upon the type and
concentration of hydrocarbons they can able to utilize.
Furthermore, the time duration for the degradation is also
coupled with the activity of microorganism used for the
purpose. Several workers have tested microorganisms in order
to determine its hydrocarbon degradation activity in earlier®.
Among the hydrocarbon degraders, some strains of
Pseudomonas sp were extensively studied previously because of
its higher degradation activity’>*’. Conversely, in the present
study degradation activity of Pseudomonas stutzeri on 1%
hydrocarbon up to 7 days showed that a high degradation rate of
73.4 % on crude oil, 68.2% on petrol and 67.8% on diesel was
observed at 7" day (figure-5). This is higher and promisingly
comparable to the results of Joshi and Pandey, 2011; in which
41.23% degradation was obtained for degradation of toluene
after 7 days incubation’.

Despite the fact that sometimes higher concentration of
hydrocarbon in the environment would cause lethal effects on
microorganisms which also reduce hydrocarbon degradation
rate’®. There were some reports on microbial degradation
showed that better growth occurs at lower concentration ranging
from 0.5-1.5%. Although, the present study concurrent with
those earlier publications and endeavor to determine the
tolerance of Pseudomonas stutzeri at various concentrations of
three different hydrocarbons such as petrol, crude oil and diesel.
Growth of Pseudomonas stutzeri under different hydrocarbon
concentration after seven days showed high growth of 0.940
occurred at 4% diesel, 0.870 at 6% petrol and 0.840 were at 3%
crude oil (figure-6). It was also exposed from the study that the
isolated Pseudomonas stutzeri capable of degrading petrol,
crude oil and diesel effectively.
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Today, the depletion of fossil fuels occurs more rapidly that
mainly enforces the production of biogas as a renewable energy
source from diverse organic compounds’. Various organisms
are capable of degrading these compounds and are ubiquitous in
nature. Few studies reported that some hydrocarbon degraders
are gifted with a property of biogas production. One of the
bacteria capable of degrading hydrocarbon exploited for biogas
production is Pseudomonas aeruginosa, which showed
moderately higher methane production at 30" day®. It has been
seen in the present study that physiological characterization of
Pseudomonas stutzeri proves they can able to carry out some
metabolic pathways competence with the function of
hydrolysers, and hence they might be used for digestion of
organic matters. By considering the above concept, the present
study also wutilized an efficient hydrocarbon degrader
Pseudomonas stutzeri strain ST-23 in order to evaluate its
biogas production efficiency on the potential substrate cow
dung. However, Pseudomonas stutzeri incorporated biogas
production unit provided more biogas compared to that of
control throughout the study period. The results indicated that
consequently methane concentration increased with decreasing
carbon dioxide concentration from the 10" day to 30" day.
Highest methane concentration of 82.02+0.11% was observed at
30™ day in Pseudomonas stutzeri treated biogas plant, whereas
only 46.22+0.86% production rate was observed at 30" day in
control. The concentration of methane was increased to
57.29+0.99% in control, at the same time it was decreased to
57.5120.74 in the case of P. stutzeri treated plant from 30" day
to 45" day (table-1). Hence there is a decrease of highest
production peak to 30" day from 45" day in P. stutzeri treated
plant and as a result about 24% increase in methane production
was observed in it compared to control.
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Figure-5
Degradation of 1% hydrocarbon by Pseudomonas stutzeri at different incubation period
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Growth of Pseudomonas stutzeri on different concentrations of hydrocarbon
Table-1
Biogas characteristics during the experiment
Control
Gas produced
10™ day 20" day 30" day 40™ day 45" day
Methane 10.27 £0.16 33.70 £ 1.39 46.22 £0.86 51.94 £ 1.61 57.29 £ 0.99
Carbon dioxide 65.38 £ 0.04 45.99 £0.43 33.63+0.71 25.30 £0.53 17.89 £ 0.87
Hydrogen sulfide 22.11 £0.89 15.78 £ 0.69 11.33+£0.16 11.51 £ 1.27 10.08 £ 0.49
Others 223 +1.51 4.53+0091 8.81+£0.23 11.25 £ 0.71 14.75 £ 0.62
Pseudomonas stutzeri
Methane 12.17 £ 0.68 42.80 £ 0.34 82.02+0.11 75.86 £0.48 57.51+£0.74
Carbon dioxide 65.17 +1.22 37.82+0.21 9.71 £0.13 13.15 £ 0.30 13.05 £ 1.40
Hydrogen sulfide 20.30 +0.35 1544 £ 1.11 5.52+£0.87 8.72+1.13 21.85+0.78
Others 2.36 £0.59 3.94 +£0.74 2.76 £ 0.66 2.27+0.92 7.58 £0.92
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Conclusion

An efficient strain for the degradation of hydrocarbon was
profitably isolated and identified as a new strain of
Pseudomonas stutzeri, through morphological, biochemical and
taxonomical studies. The degradation activity of Pseudomonas
stutzeri under different environmental parameters such as pH,
temperature, time intervals and various hydrocarbon
concentrations has been studied, which shows better results and
thus this would be the preferable choice for biodegradation of
hydrocarbons or bioaugmentation of hydrocarbon polluted sites
instead of others. Incorporation of Pseudomonas stutzeri into a
biogas production unit containing cow dung as substrate offered
an increase of 24% biogas production on 30" day with a drop of
highest production peak to 30" day from 45" day in contrast to
control. Hence, this study concluded that Pseudomonas stutzeri
would have immense application in both bioremediation of
hydrocarbons as well as biogas production from various organic
compounds through biodegradation and thereby it would be
feasible to diminish global environmental problems and energy
crisis as an eco-friendly manner.
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