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ABSTRACT

The present work was aimed to isolate efficient hydrocarbon degrading and biosurfactant producing bacteria
strain from oil contaminated site. Biosurfactant are low molecular surface active compounds involved in
the degradation of hydrocarbons. Biosurfactant activity of isolated strain were detected by using different
screening method. The study showed that efficient biosurfactant producing bacteria were identified as
Arthrobacter globiformis. More over, crude oil degradation as consortium degraded more effectively than
individual strain.
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Introduction

Pollution causes adverse change in natural environ-
ment it can be take place in the form of energy or
chemical substances. One of the environmental pol-
lution such as petroleum derived product (hydro-
carbon) is one of the main cause of global contami-
nation. Petroleum is used as a conventional energy
source even though it cause global environmental
pollution. Petroleum also known as crude oil is a
multifarious mixture of many petroleum hydrocar-
bon of which Polycyclic Aromatic Hydrocarbons
(PAH) is a major fraction which is toxic, mutagenic
and carcinogenic in nature. Oil spillage may arise
either accidentally (or) operationally during produc-
tion, transportation, storage, processing (or) when
used at sea or on land. Oil released into the environ-
ment production affects many plants and humans.

The recovery of spilled crude oil can be achieved
by physical and chemical method but it can remove

oil spillage of about 10 - 15%. Some common meth-
ods are used for soil remediation but it is expensive
and lead to incomplete decomposition of contamina-
tion. To overcome these problems microbial
bioremediation is the only way to preserve our na-
ture. Bioremediation is a microbial processes to de-
grade and detoxify environmental contaminants is a
cost effective, eco- friendly method in which highly
hazardous oily materials are easily converted into
harmless end product by using suitable microbial
strain.

Biosurfactant are surface active compounds of
heterogenous groups of surface active molecules
produced by microorganism which either adhere to
cell surface or are extracted extracellularly in the
growth medium (Fietcher et al., 1992; Cameotra et
al., 1998).

Biosurfactant are commonly employed in crude
oil recovery (Banat et al., 2010) hydrocarbon degra-
dation in soil (Nitschke et al., 2011). In some of the
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studies reported that immobilized cells compared
with free living bacteria more effective, have longer
shelf life, lower cost price and higher crude oil de-
grading activity in various areas. Accordingly, the
aim of this study is to isolate bacterial strain capable
of producing biosurfactant and to obtain potential
hydrocarbon degrader.

Materials and Methods

Sterilization

Glass ware and media were sterilized in autoclave at
121°C with 15 lbs pressure for 20 mins. Sample col-
lection Sea water and soil sediment was collected
from oil contaminated site from Ennore sea. Soil was
collected in sterile ziplock bag and labelled. Sea wa-
ter was collected in sterile bottle and both were
brought to the laboratory and stored at 4 ºC till fur-
ther analysis (Deepti Gulati et al., 2017).

Isolation, identification and screening of
biosurfactant producing bacteria

The oil degrading bacteria was isolated by enrich-
ment technique. Bushnell Hass agar with 1.0% crude
oil were prepared. 1g of soil sediment was weighed
aseptically and 1ml of oil contaminated sea water
was taken and both were added separately to the
test tubes containing 9 ml of sterile saline. Serial di-
lutions of samples were prepared. 0.1 ml of each di-
lution was plated on duplicate BH agar plates using
spread plate method. The petri plates were then in-
cubated at 37 ºC for 72 hours. The colonies obtained
on plates were marked and numbered. They were
then streaked onto BH agar plates for purification
and identification. Bacterial pure culture was main-
tained on BH agar slant and broth, stored at 4 ºC and
sub cultured every month (Deepti Gulati et al., 2017).

The isolated colonies were identified by following
preliminary tests and biochemical tests. Preliminary
tests such as Grams staining and motility test. . Bio-
chemical test such as Indole, Methyl red-Voges
Proskeur (MR-VP) test, Citrate utilization test, Cata-
lase test, Oxidase test, Urease test, Hydrogen sul-
phide production test and starch hydrolysis test
were carried out for the identification. Organisms
were identified according to the Bergey’s Manual of
systematic bacteriology.

16SrRNA Sequence Analysis

From the isolate genomic DNA was isolated and

obtained genomic DNA was estimated using Nano
Drop 2000 spectrophotometer. Polymerase chain
reaction was performed using the taq DNA poly-
merase with isolated genomic DNA as the template.
Universal 16S rRNA primers were used for amplifi-
cation. PCR amplicons were electrophorsed on 1.2%
agarose gel and visualized with ethidium bromide
and sequenced with both forward and reverse prim-
ers. Sequence aligned using CLUSTRAL Omega
software. Coding sequence was searched in data-
base with BLAST.

Screening Isolates for Biosurfactant Production

Mineral salt medium (MSM)broth was prepared
and autoclaved for 121°C at 15 lbs for 15 mins. In-
oculum was inoculated into 100 ml MSM broth with
10 ml of crude oil as carbon source and incubated at
37 °C for 5 days. After 5 days of incubation culture
was centrifuged at 8000 rpm for 15mins at 4 °C. Su-
pernatant was used for screening of biosurfactant
production by different methods (Asia Fadhile
Almansoory et al., 2014)

Drop Collapse Test

2 µl of crude oil was added to 96 well micro plate
and left for 1 hour to equilibrate at 37 °C. 5 µl of cul-
ture supernatant was added to the well. Shape of
drop was observed after 1 minute. Collapsed drop
indicates positive result for the presence of
biosurfactant. Distilled water was used as control
(Deepti Gulati et al., 2017)

Oil Spreading Method

50 ml of distilled water was filled in sterile
petriplate. On to the water surface, 20 µl of crude oil
and 10 µl of culture supernatant were added.
Apperance of Clear zone indicates positive result.
Distilled water was used as control. (Deepti Gulati et
al., 2017).

Emulsification Index (E 24 )

E 24 of culture was determined by adding 4ml of
crude oil and 4ml of supernatant were added into
test tube. Test tube was vortexed for 2 minutes and
emulsion activity was observed after 24 hours. Per-
centage of E 24 were calculated as Height of emul-
sion layer (in cm) divided by total height (in cm) ,
multiplied by 100. Results were compared with 1%
SDS as control (Deepti Gulati et al., 2017).
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Blood Hemolysis Test

Nutrient agar was prepared and sterilized for 121 °C
at 15 lbs for 15 minutes. Then allow the media to
cool at 50 °C. Nutrient agar was supplemented with
5% blood and poured into sterile petriplate. After
solidification, 50 µl of supernatant were added and
incubated at 37 °C for 48- 72 hr. Clear zone sur-
rounding culture supernatant indicated the presence
of biosurfactant producing organisms (Asia Fadhile
Almansoory et al., 2014).

Extraction of Biosurfactant

After screening for biosurfactant producing bacteria,
selected isolates were used for the extraction of
Biosurfactants. Culture was inoculated into 100 ml
of MSM broth with 10% crude oil and incubated for
days at 37 °C. After incubation, centrifugation was
done at 8000 rpm for 15 min at 4 °C. Supernatant
was taken and pH was adjusted to 2, using 1N HCL.
Then equal volume of Chloroform and methanol
were added. This mixture were shaken well for mix-
ing and left overnight for evaporation. White col-
ored sediment was obtained as Biosurfactant.

Dry weight of biosurfactant were calculated by
using formula Dry weight of biosurfactants = weight
of the plate after drying with biosurfactant – weight
of the empty plate (Asia Fadhile Almansoory et al.,
2014).

Characterization of Biosurfactants

Chemical nature of produced biosurfactant by iso-
lates were identified by performing Thin layer chro-
matography. A drop of biosurfactant extract was
spotted in TLC plate. TLC tank were filled with
Chloroform: methanol: water (65: 15:2) it were used
as solvent. Anthrone reagent were sprayed to detect
lipopeptide biosurfactant as red spots. Ninhydrin
reagent was sprayed to detect glycolipid as yellow
spot. (Ali Ebadi et al., 2017).

Biodegradation of Crude Oil

100 ml sea water was added in conical flask and
kept for sterilization for 121 °C at 15 lbs for 15 min-
utes. After sterilization 1ml of crude oil and 1 ml of
culture were added. 0.1g of Hexachloroethane was
added as internal standard and incubated for 7 days
in shaker condition. 100 ml sea water was taken in
conical flask and sterilize for 121 °C at 15 lbs for 15
min after sterilization, 1 ml crude oil and 0.1g of
hexachloroethane were added and used as control.

Gravimetric Analysis

Gravimetric analysis is used to study the efficiency
of oil degradation. After 7 days, the flask was taken
out and the bacterial activities are stopped by add-
ing 1% 1N Hcl. For extraction of crude oil, 50 ml of
culture broth was mixed with 20 ml of petroleum
ether: acetone(1:1) in a separating funnel and was
shaken vigorously to get a single emulsified layer.
Acetone was then added to it and shaken gently to
break the emulsification, which is resulted in three
layers. Top layer was mixed with petroleum ether,
oil and acetone; clumping cells makes the middle
layer and bottom aqueous layer contains acetone,
water and biosurfactant insoluble form. The petro-
leum ether and acetone were evaporated on a water
bath. The gravimetric estimation of residual oil left
after biodegradation was made by weighing in a
tarred beaker.

The percentage of degradation was calculated as

Weight of residual oil = weight of beaker containing
extracted oil – weight of empty beaker. Amount of
crude oil degraded = weight of oil added – weight of
residual oil.

%Degradation = Amount of oil degraded media x
100.

Gas Chromatography - Mass Spectroscopy
Analysis

It is an analytical method that combines the feature
of Gas chromatography and mass spectrometry to
identify the different compounds present in test
sample. Degraded compound can be identified by
GC-MS analysis of sample. GC-MS equipped with
RTX -5 capillary column (30 long, 0.25 mm) internal
diameter and highly pure nitrogen constituted the
carrier gas. Sample was then analysed and com-
pared with standard graphs.

Results

Table 1. Identification of Biosurfactant producer

Isolate Name of the organism

A1 Arthrobacter gloformis
A2 Stenotrophomonas maltophilia
A3 Pseudomonas stutzeri
A4 Pseudomonas luteola
A5 Escherichia coli
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PURE CULTURE

16S rRNA SEQUENCE ANALYSIS

Table 1.2. Screening of Biosurfactant producer

Isolate Drop collapse Oil spreading Emulsification Blood Starch
test method (cm) index (E24) hemolysis hydrolysis

(Extent of
displacement)

A1 Positive 7.5 cm (+++) 93.4% 3.3cm Presence of zone
A2 Positive 5.0 cm (++) 89.6% 3.1cm Presence of zone
A3 Positive 4.3 cm (+) 53.5% 2.1 cm Presence of zone
A4 Positive 6.0 cm (++) 66.6% 2.0cm Presence of zone
A5 Positive 5.0 cm (+) 52.9% 2.8cm Presence of zone

+++ (Bigger displacement), ++ (medium displacement), +(smaller displacement)

Results

The given bacterial sample was identified as a strain
of pseudomonas luteola.

Drop Collapse Test
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BLOOD HEMOLYSIS TEST

GC-MS ANALYSIS OF CRUDE OIL DEGRADA-
TION USING BACTERIAL CONSORTIUM

A1 A2 A3 A4

Thin Layer Chromatography

Thin layer chromatography was performed all the
five isolates shows yellow colour spot after spraying
with ninhydrin reagent. It indicates presence of gly-
colipid.

A1 A2 A3 A4 A5

Table 1.3. Gravimetric Analysis
Degradation efficiency after 7 days was checked

S. Organisms Dry weight Breaker Final Weight of Percentage
No. of breaker containing weight residaual

extracted oil oil (1 ml)

1 Arthrobacterglobiformis 61.43 62.22 0.79 1 79%
2 Consortium 67.4 68.25 0.85 1 85%
3 Control 66.22 66.70 0.45 1 48%

GC-MS RESULT FOR CONTROL

Discussion

This study was designed to isolate biosurfactant
producing bacteria from oil contaminated soil sedi-
ment and sea water. Soil sediment and sea water
were collected from Ennore sea. Sample were seri-
ally diluted and spread plated in Bushnell Hass
medium with 1% crude oil as carbon source. 5 iso-
lates were obtained and they were identified by
MALTI –TOF. 5 isolates are Pseudomonas stutzeri,
Pseudomonas luteola, Arthrobacter globiformis,
Stenotrophomonas maltophilia, Escherichia coli were
identified as Gram negative bacilli. After isolation
the starch hydrolysis test was performed in order to

STARCH HYDROLYSIS TEST

Graphical Representation of GC – MS

GC-MS Analysis of Crude Oil Degradation Using
Arthrobacter globiformis.

A1 A2 A3 A4

A5



1764 Eco. Env. & Cons. 28 (4) : 2022

determine the ability of organisms to breakdown
complex polysaccharide such as starch. On charac-
terization, 5 isolates produced biosurfactants after
screening. Most of the researchers have used 2 to 3
screening methods before selecting biosurfactants
producers. According to Yousef et al. (2004) single
method is not suitable to identify all type of
biosurfactants. Various methods are required for
effective screening of biosurfactants producers.
Drop collapse method were used and all the five iso-
late isolate showed positive result (Table 1) . Drop
collapse method for screening of biosurfactant pro-
ducers were used by many workers. Husain et al.
(2008) found that drop collapse test was not able to
reliably detect low concentration of biosurfactants.
Oil spreading method– all the five isolates showed
positive result. Among 5, Arthrobacter globiformis
showed maximum extent of displacement (Table
1.1).

Morikawa et al. reported that the area of oil dis-
placed circle was measured as activity of
biosurfactant. Varjani et al. reported score ranging
“+” to “+++” partial to complete displacement of
crude oil. Emulsification index test, 5 isolates
showed emulsification index ranging from 50% to
90%. Arthrobacter globiformis showing emulsification
index more than 90%. (Table 1). In Blood haemolysis

test all the five isolates are haemolytic and presence
of zone with varying diameter were observed.
Among 5, Arthrobacter globiformis showed maximum
diameter (3.3 cm) (Table 1). Mullaigain et al recom-
mended the blood agar method as a preliminary
screening method. After extraction of biosurfactant,
dryweight of biosurfactants were calculated. Analy-
sis of component of biosurfactant by thin layer chro-
matography were done. Thin layer chromatography
result suggest that the biosurfactant contain protein,
carbohydrate as well as lipid. All the isolate shows
yellow colour spots after spraying with Ninhydrin
reagent. So the biosurfactant is qualitatively identi-
fied as Glycolipid in nature. After screening potent
biosurfactants producing bacteria were identified as
Arthrobacter globiformis. Arthrobacter globiformis is
considered as a efficient biosurfactant producer af-
ter biodegradation As all the 5 isolates produce
biosurfactant after biodegradation as Consortium
for 7 days. For both the above organisms percentage
of biodegradation of crude oil by gravimetric analy-
sis were determined after 7 days of incubation. It
was found that Arthrobacter globiformis degraded
79 % and in consortium 85% was degraded. Similar
to my result Muthusamy sathishkumar et al. (2008)
illustrated that microbial consortium degraded
maximum at 1% crude oil concentration than indi-

Table 1.4.2. List of compounds identified in sterile crude oil (using bacterial consortium)

Compound name RT Molecular formula Molecular weight Peak area (%)

Dodecane, 1-fluoro 3.368 C
12

H
25

F 188.32 g/mol 57.1
Nonane, 4,5 dimethyl 3.475 C11H24 156.31 g/mol 57.1
Tridecane, 6-methyl 3.495 C14H30 198.39 g/mol 71.1
Dodecyl propylcarbonate 3.644 C16H32O2 272.423 Da 105
Nonane,2,2,4,4,6,8,8- hetamethyl 3.718 C16H34 226.44 g/mol 57.1

Table 1.4.3. List of compounds identified in sterile crude oil (control) by GC-MS

Compound name RT Molecular formula Molecular weight Peak area (%)

Nonane 4,5 dimethyl 4.101 C11H24 156.31 g/mol 57.1
Benzene 1,4 diethyl 4.173 C10H14 134.22 57.1
Nonane, 5 propyl 4.98 C12 H26 170.33 g/ml 57.1
Benzene 1,2,3,5 - tetramethyl 4. 751 C10H14 134.22 g/mol 119.1
Phosphorochloric acid, dipentyl ester 4.412 C18H24O4

-2 304.4 g/mol 117.1

Table 1.4.1

Compound Name RT Molecular Formula Molecular Weight Peak Area (%)

Nonane 4, 5 dimethyl 4.099 C11H24 156.31 g/mol 57.1
Octane 3,3 -dimethyl 4.131 C10H22 142.28 g/mol 71.1
Nonane, 5 2 methylpropyl 4.219 C13H28 184.36 g/mol 57.1
1, 3, 8 p - Menthatriene 4.367 C10H14 134.22 g/mol 119.1
Ethane, hexachloro 4.423 C2Cl6 236.74 g/mol 201.1
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vidual strain. Raed S. Al – Wasify et al. (2014) dem-
onstrated that individual bacterial strain showed
lesser degradation than mixed bacterial consortium.
The ability of biodegradation is better when micro-
bial consortium is used. Al–Saleh et al. (2009) re-
ported that individual strain degraded only limited
range of hydrocarbon substrates and crude oil is
made up of mixture of compounds, so for biodegra-
dation as consortium degraded wide range of hy-
drocarbons than individual strain. Final degradation
of crude oil after 7 days were checked by GC-MS
analysis.

Arthrobacter globiformis degraded 414 com-
pounds, consortium shows 251 compounds has de-
graded and in control 413 compounds were identi-
fied. As a result biosurfactant producing bacteria as
a consortium degraded more complex compounds
into simple compounds.

Conclusion

In the present study, 5 bacterial cultures were iso-
lated from crude oil contaminated soil. Biosurfactant
producing bacteria in environmental cleaning is a
major role as revealed from present study. All the 5
isolate produced biosurfactant exhibited emulsifica-
tion activity.

Among 5 isolates Arthrobacter gloformis showed
high emulsification activity more than 90%. The po-
tent biosurfactant producer Arthrobacter gloformis was
selected for crude oil degradation for 7 days. Crude
oil degradation as consortium was checked for 7
days. Final degradation of crude oil were checked for
both by GC-MS analysis. Thus, consortium degraded
crude oil more effectively than individual strain. Bac-
terial culture as consortium has potential application
in environment biotechnologies.
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