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ABSTRACT

Biodegradation of  multi-component  used engine oil was  studied  by  both  pure  and
consortium cultures. Three bacterial isolates capable of utilizing used engine-oil as a carbon source were
isolated from contaminated soils using the enrichment technique. Three isolates were identified as
Serratia marcescens (Accession No: HM998315), Pseudomonas aeruginosa and Bacillus licheniformis 
based on biochemical tests and 16S rRNA sequencing. The gravimetric analysis revealed that
Pseudomonas aeruginosa and a consortium of the isolates were capable of utilizing 81% and 90% of
used engine oil, respectively under laboratory conditions at 30°C and 160 rpm with Bushnell-Haas media
in a 4 weeks period. An increase in oil degradation is correlated to an increase in cell number
indicating that the bacterial isolates were responsible for the oil degradation. The optimal temperatures
at which biodegradation occurred at 30–37°C. The preference of nitrogen sources and minimal salts were
different for different bacterial isolates. 
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Introduction

Biodegradation of complex hydrocarbons;
particularly pollutants that are made up of many
different compounds, such as crude oil or
petroleum; usually requires the cooperation of
more than one single species. Individual
microorganisms can metabolize only a limited
range of hydrocarbon substrates, so the mixed
cultures with overall broad enzymatic capacities
are required to increase the rate of petroleum
biodegradation. Several microbial populations have
been detected in petroleum-contaminated soils or
water. This phenomenon, strongly suggests that

each strain or genera has its role in hydrocarbon
transformation processes. 

Large amounts of lubricating oils, composing
long-chain saturated hydrocarbons (base oil) and
additives are used in car engines. 

The main components of the base oil are
cyclic alkanes (c-alkanes). Long-chain hydrocarbons
and c-alkanes are known as recalcitrant to
microbial degradation. 

The base oil contains C16-C36 hydrocarbons,
and more than 75% c-alkanes. 

The rings number of c-alkanes in the base oil
is from 1 to 3 and any ring contains 5 or 6
members. 
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Most of the c-alkanes in the base oil have
long alkyl side chains.Susceptibility of a
hydrocarbon to microbial degradation varies with
type and size of the hydrocarbon molecule.
Alkanes of intermediate chain length (C10–C24)
are often degraded rapidly, while very long chain
alkanes are increasingly resistant to microbial
degradation [12]. Used motor oil contains more
metals and heavy polycyclic aromatic hydrocarbons
(PAHs) that would contribute to chronic hazards
including mutagenicity and carcinogenicity [11,7,5]. 
Prolonged exposure and high oil concentration
may cause the development of liver or kidney
disease, possible damage to the bone marrow and
an increased risk of cancer [22, 23, 13]. 

The illegal dumping of used engine oil is an
environmental hazard with global ramification.Most
mechanical methods to reduce hydrocarbon
pollution is expensive, time consuming and
depends mainly on excavating of these soil,
treating in separate area or better treatment
facilities. These treatments include for example
incineration and/or burial in secure landfills
[24,25]. These are effective treatments but after
burning, this soil looses most of its nutritional
value and structure. These methods do not remove
the contamination but only relocate the problem
[13]. 

Bioremediation processes have been shown to
be effective methods that stimulate the
biodegradation of contaminated soil [21,24] and
may restore contaminated soils through the broad
biodegradat ive  capabi l i t ies  evolved  by
microorganisms towards undesirable organic
compounds [1]. In this communication report
isolation of indigenous bacteria from oil
contaminated soil of Pudukkottai region of India,
characterization of bacteria and degradation of
used engine oil components were investigated.

Materials and methods

Isolation and Identification of Oil Degrading
Bacteria:

Bushnell-Haas (BH) medium (2) was used as
the enrichment media with 10% (v/v) used engine
oil, as the sole carbon source to isolate engine
oil–degrading bacteria. 10 g of the contaminated
soil, collected from local auto mobile workshops
of Pudukkottai, Tamilnadu, South India, was
added and incubated at 30°C at 170 rpm. After
1 week, 1 ml of enriched media was transferred
into freshly prepared enrichment media and
incubated at the same conditions as described
above. Serial dilutions (1/10) from the third
enrichment process were plated out onto BH agar
plates, which were covered with 100 μl of used

engine oil and incubated at 30°C. The single
colonies were streaked onto nutrient agar plates,
incubated at 30°C overnight, and stored at 4°C
until further use. The oil-degrading isolates were
identified by gram stain, biochemical test [3] and
confirmed by 16S rRNA sequencing [18].
Alignment of 16S rRNA gene sequence of these
isolates were done with BLAST search of the
National Centre for Biotechnology Information
(NCBI).For long term preservation, the bacterial
isolates were stored in 40% glycerol at -70°C.

Restriction Fragment Length Polymorphism (RFLP)
Analysis: 

The partial 16S rRNA gene fragments were
amplified directly from the overnight-grown LB
cultures with the same primers used for 16S
rRNA sequencing. PCR conditions are as follows:
1 cycle of 3 min at 95 °C; 40 cycles of 95 °C
for 30 s, 55 °C for 30 s, and 72°C for 1 min;
and a final extension step of 72 °C for 5 min.
Then, those PCR products were digested
separately with three restriction endonucleases,
AluI, HaeIII and MspI  at 37 °C for 2 h. The
digests were electrophoresed and documented.
Strains were categorized according to their distinct
RFLPs.

Characterization of the Growth Patterns:

A single colony of the isolate was inoculated
into 10 ml nutrient broth (Merck) at 30°C
overnight. The overnight culture was centrifuged
for 15 min at 3500 rpm. The cell pellet was
washed twice and was resuspended with BH
medium until OD600 was equivalent to 1.One ml
of bacterial inoculum (1 OD600 equivalent) was
transferred into 100 ml BH medium with 5 ml
(5%) used engine oil and was incubated at 30°C
at 160 rpm. A control devoid of the bacterial
isolate was prepared for each set of experiments.
All experiments were performed in duplicate.
Different nitrogen sources (Ammonium nitrate,
Sodium nitrate, Sodium nitrite and Urea), different
pH’s [5,7,9] and temperatures (25, 30 and37°C)
were used to test the optimal conditions of each
isolate. The growth patterns were obtained by
measuring the optical density at 600 nm and total
viable counts (cfu/ml) of the isolates were
determined by the spread plate technique after the
incubation of the nutrient agar plates at 30°C for
24 h. 

Determination of Used Engine Oil Degradation:

Conical flasks were pre – weighed in grams
prior to gravimetric analysis [5]. 
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For gravimetric analysis of used engine oil
degraded, performed with modifications according
to Marquez – Rocha et al. [19], the aqueous
culture phase was dispensed into 500 ml Schott
bottles and the organic hydrocarbon phase (engine
o i l ) ,  w a s  e x t r a c t e d  w i t h  5 0  ml  o f
dichloromethane, an organic solvent. The organic
phase was then filtered through 10g of sodium
sulfate, collected in the pre – weighed flasks and
left overnight in the fume cupboard to enable
evaporation of the organic solvent. Combined
weight of the pre – weighed flask and oil was
recorded and the pre – weight subtracted to
ascertain the weight of the oil remaining. This
remaining oil was then subtracted from the
control and multiplied by 100 to attain the
percentage of oil degraded. An  average was
used for each duplicate. The samples were   also 
 analyzed   by  GC-FID.

Result and discussion

Twenty five bacterial strains, capable of
utilizing used engine oil as a carbon source were
isolated from the contaminated soils. Three
isolates with best oil degradation ability were
identified as Serratia marcescens PDKT-
1(Accession No: HM 998315), Pseudomonas
aeruginosa PDKT-2 and Bacillus licheniformis
PDKT-5 using the biochemical tests and
confirmed by16s r-RNA sequencing.  The genetic
diversity assessment by RFLP shows genetic
similarity between the isolates were varied
(Figure2,3&4). Figure.7 shows the percentage of
engine oil remaining by different isolates over a 

period of four weeks. The results indicate all
three isolates are capable of utilize engine oil as
the nutrient source. Pseudomonas aeruginosa was
found to be the best oil degrading isolate in this
study with 81% degradation after 30 days
incubation period while 72% and 60% degradation
were observed using Serratia marcescens and
Bacillus licheniformis respectively, under the
standard assay conditions. 

All three isolates utilized engine oil as a sole
carbon source with higher degradation rate. The
peak reduction is a strong reason for degradation,
as it shows a significant reduction in aliphatic
compounds under equal condition. The most
significant reduction is related to the sample
seeded by the consortium culture (Figure.6), which
could degrade 90% of aliphatic compounds during
30 days. More reduction of the hydrocarbons was
seen with Pseudomonas aeruginosa. (Figure.5),
among 3 pure cultures that were investigated. It
is obvious that consortium cultures are more
effective. Also, the biodegradation of short- and
middle-chain aliphatic compounds were more
extensive, compared to the long chain
hydrocarbons.The discovery of Pseudomonas was
not surprising based on their frequency in the soil
as well as their frequent biodegradability. More
reduction of engine oil hydrocarbons by
Pseudomonas sp was reported by Shojaosadati, et
al., 2008. Nevertheless, isolation and apparently a
good growth on hydrocarbon substrates as
surprising for Serratia marcescens. This bacteria
has been not previously considered be a strong
hydrocarbon degrader. It has showed very good
crude oil and gasoline degradability [3,8].

Fig. 1: PCR products of rRNA gene cluster.

Fig.2: Restriction fragment length polymorphism of 16srdna gene cluster using ALU-I.
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Fig. 3: Restriction fragment length polymorphism of 16s rRNA gene cluster  using MSP-I.

Fig. 4: Restriction fragment length polymorphism of 16s rRNA gene cluster  using HAE-III.

Fig. 5: GC-FID Chromatogram of Control (1), Treated – PDKT-1(2),PDKT-2(3) and PDKT-5(4) after
4 weeks.
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Fig. 6: GC-FID Chromatogram of Treated sample(5) by bacterial consortium.

Fig. 7: The percentage of engine oil  remaining by each isolate and Consortium over a period of four
weeks.

Fig. 8: Effectof pH on growth of bacterial isolates.

Fig. 9: Effectof Temperature on the growth of bacterial isolates.
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Fig. 10: Effectof Nitrogen sources on  growth of bacterial isolates.

The presence of Bacillus sp  in engine oil
contaminated sites was reported by Udeani et al.,
2008. Mandri and Lin, [15] reported that there
was an increase in cell number of B.
stearothemophilus during the degradation process
demonstrating the ability of utilizing engine oil as
energy source for this organism supports the
present study results. The consortia proved  to be
a better degrader compared to individual isolate
with degradation rates of 90% in 4 weeks.
Different nutrients sources and environmental
conditions such as pH and temperature were
substituted in the growth pattern assay (Figure.8
&9 ). The results showed that, Serratia marcesens
isolated in this study utilized NH3NO4 in engine
oil degradation metabolic mechanism. The addition
of urea or nitrite reduced the cell growth. P.
aeruginosa and Bacillus sp on another hand, were
capable of utilizing different nitrogen sources
including nitrite (Figure.10). However, individual
organisms often prefer to metabolize a limited
range of  hydrocarbon subs t ra tes  [19] .
Consequently, a mixed population of bacteria and
fungi is usually required to provide all metabolic
capabilities for complete degradation of complex
mixture of hydrocarbons [14]. Microorganisms able
to degrade organic pollutants in culture are failed
to function when inoculated into natural
environment, so further research is required in
this field. These results showed that each member
in a microbial community has a significant role
and may be dependent on the presence of the
other species or strains for surviving. Furthermore,
this study has demonstrated a very good
biodegradation capability of engine oil
hydrocarbons by bacterial consortium.
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