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Abstract

Engine oil is considered as one of the most important classes of environmental contaminant. Removal
of dumped waste engine oil is a challenging task because of its persistent nature in the ecosystem.
Biodegradation of used engine oil with microbial consortium offers a very promising approach in terms
of cost-effectiveness and elimination of secondary pollutants. This study investigates the efficiency of a
formulated bacterial consortium in engine oil biodegradation. Four novel bacterial isolates Enterobacter
aerogenes, Raoultella sp, Bacillus megaterium and Bacillus cereus were selected by soil enrichment
technique. The newly isolated bacterial strain was identified by 16s rDNA sequencing as Bacillus cereus
strain VCRC B540. Individual cultures degrade 5 ml of used engine oil in 15 days. A polyurethane
bioreactor adsorbed with the formulated bacterial consortium was very effective in degrading 75 %
of used engine oil at a pH 7 within 10 days. Degradation of used engine by the bacterial strains was
analyzed by Fourier Transform Infrared Spectroscopy (FT/IR). Based on the available information, this
is the first report discussing the engine oil biodegradation potential of a polyurethane bioreactor and
the efficiency of the formulated consortium can be used for the better removal of used engine oil from
contaminated sites and different effluents.
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INTRODUCTION

Engine oils are mixture of lubricant oil and
additives. Lubricating oil is a petroleum product
contains long chain saturated hydrocarbons,
carcinogenic polycyclic aromatic hydrocarbons and
cyclicalkanes. The increased transportation causes
an increase demand for engine oil. One billion
gallons of waste engine oil are generated during
recent years from automobile and mechanical
workshops. A few of this amount is recycled and
most is disposed off by dumping®. The illegal
dumping of used engine oil will leads to dangerous
environmental pollution and become potential
threat to human, animals and other vegetation’s.
Therefore, there is a need for appropriate
recycling of dumped engine oil to avoid the
dangerous threats towards the environment.
Many mechanical methods are used now days to
remove the dumped engine oil. But these methods
are not so much efficient. These methods do not
remove the waste but relocate the problems.

Biodegradation is the most suitable
method of choice due to its cost effectiveness
and wide acceptability. Biodegradation process
uses the application of microorganisms and their
enzymes to remove the pollutants completely.
Biodegradation exploit the degradative capacity
of microorganisms to transform toxic pollutants to
less toxic components. Such efforts would depend
on the availability of petrophilic microorganisms
with capacity to degrade the broad array of
components in the contaminant. Many research
works reported the presence of engine oil and
waste engine oil degrading strains of genera such
as Acinetobacter, Achromobacter, Arthrobacter,
Flavobacterium, and Pseudomonas®>*>%’, Ahda et
al.,® reported the isolation of 13 bacterial strains
which have the capacity to degrade lubricant
oil and the isolate D4 showed the maximum
degradation efficiency. Parikh et al.,® isolated
Pseudomonas aeruginosa DP-1 which showed 68
% engine oil degradation capacity in 32 days of
incubation.

Individual strains are capable of degrading
only some components present in used engine oil.
So formulate consortium is better for the effective
removal of different components in engine oil. So
the present study focused on the formulation of a
bacterial consortium for the effective removal of
used engine oil and also focused on the application

of a polyurethane based bioreactor for the
degradation of engine oil in a better way.

MATERIALS AND METHODS
Soil sample

Soil sample contaminated with used
engine oil was collected from automobile garage
located near Edathala, Ernakulam, Kerala. The
sample was collected from a depth of 15 cm after
removing the surface layer and transferred to the
laboratory and kept at 4°C until for the isolation.
The soil sample was blackish in color.
Composition of medium

Defined mineral salt (MS) medium with
1g KH,PO,, 1g (NH,),SO,, 0.5 g Mg SO,.7H,0 and
0.001g CaCl, in 1 litre of the distilled water was
used as the basal medium. 1000 ml of MS medium
with 5 ml of used engine oil (UEQ) as the only sole
carbon source at a pH of 7 was used as the sample
in the present study. The engine oil was used only
after filtration to remove impurities. The medium
was sterilized at 121°C for 20 min and the oil was
added after sterilization.
Isolation of UEO degrading bacterial strains

UEO degrading bacteria were isolated
from oil contaminated soil by an enrichment culture
technique using UEO as the only carbon source.
BTXP degrading bacterial strains Enterobacter
aerogenes SBS1: KC758848, Raoultella sp.
SBS2: KC758849 and Bacillus megaterium SBS3:
KC758850 isolated during previous study was used
as the primary members during biodegradation
studies 10. 1g of oil contaminated soil was added
to sterile MS medium and supplemented with 250
pl of UEO in 250 ml Erlenmeyer flask. The sample
was incubated at 37°C for 5 days at 150 rpm. Later
1 ml of enriched media was transferred into freshly
prepared MS medium with 500 pl UEO. Incubate
the medium for another 5 days at the same
condition. The same procedure was repeated with
1 ml UEO. After these three successive transfers,
collect the pellets from the medium and plated
onto sterile mineral salt oil medium with 1 ml UEO.
The plates were incubated at 37 °C. The bacterial
colonies able to grow by utilizing UEO as carbon
source were selected and used for the degradation
studies.
Screening of UEO degrading bacterial strains

Screening of UEO degrading bacterial
isolates were done on the basis of bacterial growth
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in 100 ml MS-oil medium with 3 ml used engine
oil and FT/IR analysis. The bacterial growth was
evaluated by measuring the optical density at 540
nm using UV-Visible spectroscopy. Un-inoculated
MS-oil medium was used as a blank to adjust the
spectrophotometer reading to zero. The strain
which shown superior growth after 10 days of
incubation and structural changes in FT/IR spectra
were selected for the formulation of bacterial
consortium for the better degradation of used
engine oil from the medium.
Biodegradation studies

5 ml of used engine oil was added
to 1000 ml MS medium and inoculated with
individual isolates with 0.5 OD concentrations
at 540 nm. The biodegradation was continued
for about 15 days and removed the cells by
centrifugation at 10,000 rpm for 10 minutes. The
supernatant was subjected to FT/IR for the analysis
of biodegradation efficiency of individual bacterial
isolates.
Identification of selected bacterial strain

Identification of isolated strain screened
through soil enrichment technique was done
mainly through 16S rDNA sequencing analysis
using the forward primer sequence (5"-AGA GTT
TGA TCM TGGCTC-3") and the reverse sequence
(5"-AAG GAGGTG WTC CAR CC-3")*°. PCR products
were sequenced at Scigenome labs, Pvt Ltd,
Cochin, Kerala.
Phylogenetic analysis of UEO degrading bacterial
strains

Sequences of UEO degrading isolates
were aligned and phylogenetic analysis was
performed using Clustal-Omega programe.
Microbial consortia formulation

One loopful of Enterobacter aerogene,
Raoultella sp, Bacillus megaterium and the
selected bacterial strain through soil enrichment
was individually inoculated to 50 ml of nutrient
medium supplemented with 3 ml of used engine
oil were incubated overnight at 37°C at 150 rpm.
From the culture the cells were harvested by
centrifugation. The pellets were collected and
suspended in physiological saline (0.85% NaCl) to
obtain the inoculum of 1.0D concentration at 540
nm. The microbial consortium for biodegradation
studies was formulated by mixing equal proportions
ie, 5 ml of each culture.

Bioreactor based biodegradation studies

The laboratory scale bioreactor
constructed using polyurethane (PU) tubular coil
and a peristaltic pump for previous biodegradation
studies was used for the present study. The
polyurethane based bioreactor was selected
because of its better mechanical strength to
microbial growth and with respect to its possible
industrial applications. The specification of PU coil
was with 8 mm internal diameter, 5 m total length
and 120-125 ml working volume (Fig.1). A steel
wire having 6 m length and 4 mm thickness inserted
in to the PU tubular coil. One end of the wire was
sharpened and crooked to rub the smooth inner
surface of the PU coil. The other end of this steel
wire was connected to a power tool and rotated
the wire through the inner surface of the PU coil to
make scratches. The saline suspension of bacterial
consortium was passed through the reactor and
flow rate through the reactor was controlled by
the peristaltic pump (Pharmacia). The conical
flask containing bacterial-saline suspension was
placed on the top and further connected to the
inlet of peristaltic pump with a sterile tube. When
the pump was switched-on the bacterial-saline
suspension was driven through the sterile tube
towards the inlet of the pump. The output of the
peristaltic pump connected to the PU coil inlet.
The suspension was driven through the pump to
the PU coil unit at the selected flow rate of 1 ml/
min for the adsorption of the consortium onto
the rough inner surface of the PU coil. 1000 ml
of mineral salt medium with 10 ml UEO was run
through the consortium adsorbed PU coil at a
speed of 1 ml/min for the bacterial degradation
of used engine oil present in the medium. Further
the output of the PU coil unit was connected
to a conical flask for the collection of bacterial
treated sample completely. After collection, the
treated sample was again run through the coil
and the process was repeated for 10 days. After
10 days, biodegraded sample was centrifuged at
10,000 rpm for the removal of bacterial cells. The
supernatant was extracted with diethyl ether. After
extraction the supernatant was subjected to FT/
IR for the analysis of biodegradation efficiency of
formulated bacterial consortium.
Biodegradation analysis of UEO

The biodegradation efficiency of
constructed bioreactor was studied by calculating
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the percentage reduction of engine oil present in
the medium and was done spectroscopically. The
control sample and the biodegraded samples at
different time intervals of incubation ie., 2,4,6,8
and 10 days were scanned between 200-800 nm
using Hitachi spectrophotometer. The % removal
of BTXP at different flow rates were calculated as,

% removal of BTXP = [Initial OD at 391 nm -
Final OD at 391nm / Initial OD at 391 nm] X 100

where the Amax of control MS-UEO
medium was used as the initial OD.

RESULT AND DISCUSSION

Biodegradation is the process in which
different types of microorganisms convert the
toxic pollutants to simple less toxic components
that are eco-friendly in nature®. Many studies
12131415 revealed the participation of bacteria in
the degradation of components present in used
engine oil.
Isolation and screening of oil degrading bacteria

The bacterial strains were selected based
on their capability to grow on used engine oil and
used it as the energy and carbon source. Four
bacterial strains were isolated and from these
only one strain (Sample 4) was selected as the
potent degrader of UEO for further studies. The
selected strain showed superior growth in MS-oil
medium (Fig. 2) and the degradation capacity of
the selected strain was confirmed by FT/IR analysis.
The bacterial strains Enterobacter aerogenes,
Raoultella sp. and Bacillus megaterium were
also showed superior growth in oil containing
media and the degradation capacities were
confirmed through FT/IR analysis. As shown in Fig.
2 the bacterial isolates Enterobacter aerogenes,
Raoultella sp, Bacillus megaterium and Sample
4 showed superior growth. The OD at 540 nm
of these four isolates was 0.44, 0.441, 0.443 and
0.445 respectively.
Biodegradation studies

Many researchers revealed that microbial
inoculum with particular cell densities were
essential for the success of biodegradation of
toxic chemicals. In this study a standardized
inoculum with 0.5 absorbance at 540 nm was used
successfully to determine the effectiveness of each
strain during biodegradation.

During the biodegradation of used engine
oil using bacterial consortium, the determination
of individual compound degradation is essential.
When compared with the un-inoculated control
engine oil sample (Fig. 3) FT/IR analysis of the
mineral salt engine oil medium individually
inoculated with Enterobacter aerogenes,
Raoultella sp, Bacillus megaterium and Sample 4
(Fig. 4(A-D) showed slight shift or disappearance
of specific bands represents the components in
engine oil within 15 days. These changes indicated
the structural changes in the functional groups of
different components presents in used engine oil
and the shift or disappearance of corresponding
vibrations indicated the participation of individual
bacterial strains on the degradation of used engine
oil.

Fig. 1. Working condition of PU based bioreactor
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Fig. 2. Growth potential of the selected bacterial
strains
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Identification of selected bacterial strain

The bacterial strain showed superior
growth in MS-Oil medium and effective degradation
od used engine oil was sent to Scigenome labs, Pvt
Ltd, Cochin, Kerala, to amplify and sequence 16S
rDNA gene for identification using the forward
primer sequence (5-AGA GTT TGA TCM TGG
CTC-3") and the reverse sequence (5-AAG GAG
GTG WTC CAR CC-3°). The final concentration of
the reagents was 1 mM MgCl2, 200 uM dNTP, 100
pmol primers and 50 ng DNA'¢. Polymerase Chain
Reaction (PCR) was carried out in MycyclerTM (Bio-
Rad, USA) with the following PCR Cycle: one cycle
at 94°C for 2 min, followed by 35 cycles at 94°C for
1 min, 55°C for 1 min, 72°C for 2 min, followed by
final 2 minincubation at 72°Cand the PCR products
were sequenced. The sequence similarity was
analysed by sequences available in the National
Center for Biotechnology Information (NCBI)
database using BLAST (Basic Local Alignment
Search Tool) analysis and the strain was identified
on the basis of the best match in the database. The
1500 bp amplicon in 1% agarose was identified as
Bacillus cereus.
Phylogenetic analysis of UEO degrading strains

Genetic diversity among the UEO
degrading strains were studied using 16S rDNA
sequences and the sequence obtained for sample
4ie, Bacillus cereus was compared with the highest
score reference sequences from the NCBI GenBank
database. The phylogenetic tree was constructed
for illustrating the possible relationships among
the four isolates (Fig. 5). Phylogenetic analysis
was conducted in Clustal-Omega programe. The
isolates Bacillus megaterium and Bacillus cereus
were clustered together with high similarities and
the isolates Enterobacter aerogenes and Raoultella
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Fig. 3. FT/IR of un-inoculated Mineral salt-used engine
oil (MS-OIL) medium

sp were clustered together.
Biodegradation efficiency of bioreactor

The UV-Vis spectroscopic analysis
indicated that the control MS-UEO medium
showed maximum absorbance of 2.88 at 391
nm, which considered as the initial OD for
calculating the % degradation of engine oil. The
decrease in the absorbance at 391 nm with
different incubation time indicated the progressive
degradation of engine oil present in the medium
(Table 1). A significant decrease was occurring after
10 days of incubation and the % degradation of
engine oil was calculated as 75.312.

The ether extracted supernatant of
treated Mineral Salt oil medium using the
consortium adsorbed PU based bioreactor was
analysed by FT/IR after 10 days of incubation
period (Fig. 6). When compared with the FT/IR
spectrum of uninoculated control medium (Fig.
3), the FT/IR spectrum of treated sample showed
the absence of many of the peaks present in the
control sample. It also showed the decrease in the
sharpness of peak at 3448.46 cm™ indicating the
presence of peptide component resulting from
N-H stretching and between 1700-1400 cm™ range
shows the stretching of C=C. The reduction in peak
sharpness is a strong indication for degradation,
as it shows significant reduction in aliphatic
compounds present in the used engine oil.

FT/IR spectroscopy can be a very useful
preliminary analytical technique in distinguishing
the degradation efficiency of microorganisms. So
the present study selects FT/IR as an appropriate
approach to detect the biodegradation efficiency of
bacterial strains as individuals and as consortium.
Bacterial degradation of used engine oil has been
shown to occur by the attack on the aliphatic
and aromatic functional groups present in the
oil. The present study reported the effective
degradation of used engine oil from the medium
using a consortium adsorbed PU based bioreactor
within 10 days. The structural novelty of the lab
scale bioreactor helps the researches to do the
biodegradation studies with in a small space
and exhibit low and fast rate removal of toxic oil
contents from the polluted sites.

Many researchers reported the isolation
of microorganisms for the biodegradation of
components in used engine oil. The engine oil
degradation ability of 18 fungal isolates was
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reported by Husaini et al.,"”. Penicillium species
(P1) completely degrades the n-alkanes in the used
motor oil after 2 months of incubation. Su et al.,
8 demonstrated the motor-oil-degrading potential
of an indigenous Pseudomonas aeruginosa SU-1
bacterial strain was found to have the capacity
to degrade engine oil effectively. Bhattacharya
et al.,’ reported that a newly isolated
Ochrobactrum sp. C1 could grow with waste
lubricants. An efficient bacterial consortium A2457:
encompassing Stenotrophomonas maltophilia,
Bacillus pumilus, and B. cereus was formulated by
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Larik et al.,* for the degradation of used engine
oil. Salam 7 established the extensive degradation
ability of aromatic, aliphatic and branched alkane
components of two Pseudomonas aeruginosa
strains RM1 and SK1 on waste engine oil.
Researchers usually suggested the application of
microbial consortium for the complete degradation
of different components since the constituents of
engine oil differ in their solubility, volatility, and
susceptibility to biodegradation, and in contrast,
the essential sets of enzymes cannot be present
in a single microbial strain.
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Fig. 4 (A-D). FT/IR spectra of biodegraded used engine oil by individual isolates. A: Enterobacter aerogenes,

B: Raoultella sp, C: Bacillus megaterium, D: Bacillus cereus
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Table 1. Percentage degradation of used engine oil with consortium adsorbed bioreactor at different

incubation time

Wave length Ohr 2 days 4 days 6 days 8 days 10 days
391 nm
Absorption at 391 nm 2.88 2.537 2.115 1.512 0.917 0.711
% degradation of used engine oil 11.909 26.562 47.50 68.159 75.312
E aerogenes 0.00776
Raouftella 0.00917
; B.0.03%
| B.megaterium 0.05307

Fig. 5. Phylogenetic tree expressing the relationships among UEO degrading isolates based on the 16S rDNA

sequences
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Fig. 6. FT/IR spectra of biodegraded used engine oil
by formulated bacterial consortium adsorbed PU

Additional investigation through scanning
electron microscopy will gives more information’s
about the adsorption capacity of the bacterial
consortium onto the inner surface of PU coil.
Further molecular studies along with GC-MS
(Gas chromatography—Mass spectrometry) and
NMR (Nuclear magnetic resonance spectroscopy)
analysis of the metabolites may throw light into
the actual pathway followed for the degradation
of used engine oil.

CONCLUSION

Biodegradation of engine oil with multi-
components was studied by using individual pure
cultures and bacterial consortium formulated with
four bacterial strains Enterobacter aerogenes,
Raoultella sp, Bacillus megaterium and Bacillus

cereus. The results showed that the polyurethane
based bioreactor adsorbed with formulated
consortium is more effective in the biodegradation
of used engine oil and is occur within 10 days.
Therefore, the lab scale bioreactor and the
formulated bacterial consortium used in this study
could be relevant in the abatement of environment
that may be contaminated with engine oil.
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