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A B S T R A C T

With increasing production and consumption of oil, the inevitable spillage of oil presents a signiﬁcant
challenge to protecting the environment and human health. Bioremediation is an effective approach to
address this challenge. In this research, three soil and two wastewater samples contaminated by
petroleum and a sample of crude oil were collected from Bandar Abbas Reﬁnery, Iran. These samples were
used for isolation and identiﬁcation of bacteria, which can be used for cleaning polluted lands. Twelve
strains were isolated and cultured at 28  C standard succinate medium from which carbon or sulfur
resources were eliminated and kerosene was added. Three isolates were selected for identiﬁcation
because of their high growth rate in kerosene tests. The biodegradation activity of these bacteria was
analyzed by gas chromatography. Using biochemical tests, 16S rDNA sequence, and API 20 E kit, it was
revealed that these bacteria belong to Enterobacter cloacae, Enterobacter hormaechei, and Pseudomonas
stutzeri. They were able to degrade 67.43%, 48.48%, and 65.48% of 5% kerosene as carbon source in seven
days, respectively. Pseudomonas stutzeri and Enterobacter hormaechei could respectively degrade 54.14%
and 12.98% of 10% kerosene as sulfur source in seven days. Hence, these bacteria can be considered as
excellent candidates for petroleum biodegradation.
ã 2016 Elsevier Ltd. All rights reserved.

1. Introduction
According to a British Petroleum (BP) statistical review of the
world energy production, global oil production has reached 88673
million tonnes per annum in 2014, an increase of 2.3% compared to
the previous year [1]. The same report states that the global oil
consumption has also increased and reached 92086 t per annum in
2014. These ﬁgures indicate the ever-growing exploitation of this
natural resource in today’s world. Extraction, reﬁning, processing,
and transportation of oil have caused several unwelcomed
consequences including leaks and accidental spills [2]. During
the 2010 Deepwater Horizon accident in Gulf of Mexico it was
estimated that at least 4.9 million barrels of crude oil had spilled
into the environment [3]. These crises are more common in oilproducing countries such as Iran, which has produced an average
of 1.82 million barrels a day of crude oil in the last ﬁve years.
Currently, Iran holds the second place in oil production among
OPEC members behind Saudi Arabia [4]. Crude oil extraction takes
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place in numerous sites in Iran and covers a fairly large
geographical area of the country [5]. Naturally, oil contamination
is a common problem in these areas. These accidents have caused
contaminations to permeate into ground water aquifers and
damaged the farmlands around the area. Crude oil and its
derivatives contain highly toxic chemical compounds such as
benzene, toluene, ethylbenzene, xylenes (BTEX), and naphthalene.
Many of these compounds such as benzene are potentially
mutagenic and carcinogenic for humans [6–8]. Contamination of
soil, surface water, and ground water with oil hydrocarbons causes
extensive damage to the affected ecosystems and can be hazardous
to the health of plants, animals, and humans [6,9].
Currently, oil contamination is removed by three methods:
Physical, Chemical, and Biological [6]. Biological method or
bioremediationuses bacteria, fungi, and some algae to degrade
and remove environmental pollutants. Compared to the other two
methods, bioremediation is more economical, more efﬁcient, and
safer for the environment and human’s health. Another beneﬁt of
bioremediation is that it converts toxic wastes to non-toxic
compounds [6,9,10].
Bacteria are one of the best candidates for bioremediation
because they have biodiversity, variety of catabolic genes and
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enzymes, and vast potential for degradation of harmful contamination [11]. In addition, bacteria can adapt to the environment
through their capability to reclaim cellular membrane in order to
sustain necessary biological functions, release bio-products that
lower the surface tension such as rhamnolipid, and decline
concentration of toxic compounds inside the cells by use of efﬂux
pumps [5,11,12]. The best bioremediation technique is intrinsic
bioremediation because it has minimum intervention in the
environment. In this technique, natural microﬂor as reduce
contamination by themselves and human involvement is limited
to isolating the biodegradation rate of bacteria [10].
Head et al. [13] reviewed several articles and reported that 79
bacterial genera are capable of using hydrocarbons as carbon and
energy sources. The efﬁciency of different bacterial genera in
biodegradation of oil hydrocarbons varies. Various researchers
have shown that particular bacteria isolated from marine environments have a biodegrading capacity from 0.003% to 100% [13,14].
The biodegradation capacity of bacteria isolated from soil ranges
from 0.13% to 50% [14]. The common features of bacteria ideal for
bioremediation of contaminants in all environments are hydrophobicity, ﬂoating behavior, and oil degrading capability [15].
Because of the inﬂuence of environmental factors such as
temperature, humidity, and pH, in the ﬂora of each region [14,16],
the diversity of crude oil and its derivatives, and the variety of
pollution caused by them, examination and identiﬁcation of native
species or strains in each area is essential.
This study had two goals. The ﬁrst goal was to isolate and
characterize oil-degrading bacteria from polluted soil and water
from Bandar Abbas oil reﬁnery, Iran. The second goal was to
identify those bacteria which could grow in high concentrations of
kerosene in medium without carbon or sulfur sources.
2. Materials and methods

All media were sterilized by autoclaving at 120  C for 20 min. In
this study, SSM medium was modiﬁed in order to create a carbonfree medium (SSMc). This was done by removing succinic acid
from the medium. To minimize changes in the sulfur-free SSM
(SSMs), (NH4)2SO4 and MgSO4 were replaced by (NH4)2PO4 and
MgCl2, respectively.
2.2. Isolation of bacteria and culture conditions
To isolate bacteria from soil, wastewater, and crude oil, two
different approaches were utilized.
In the ﬁrst approach, 1 g of each soil sample or 1 ml of each
wastewater sample was added to 10 ml of LB medium. Then, the
combination was transferred into a 50 ml tube and incubated for
one day at 170 rpm in an orbital shaker incubator. After incubation,
the establishment of consortium of bacteria was determined by the
turbidness of the medium. Using MgSO4 (100 mM), a serial dilution
(103–107) was prepared from the consortium of bacteria. Then,
50 ml of each serial dilution was spread on NA plates and incubated
for one day. Finally, the predominant bacteria with different colony
morphologies were selected.
In the second approach, 2.5 ml of each crude oil sample was
added to 25 ml of 2xYT medium and incubated for thirty days at
170 rpm on a rotary shaker incubator. Then, 50 ml of each serial
dilution (103–107), which was prepared from grown bacteria,
was spread on NA plates. Individual colonies were selected after
one day. All selected isolates were stored at 80  C in 20% (v/v)
glycerol. Isolation of all samples was done in 28  C.
2.3. Evaluation of isolates growth in kerosene
The isolates were grown in two concentration of kerosene as
follows:

Three types of samples were selected for this study: Soil, waste
water and crude oil. Soils and waste water samples were collected
from Bandar Abbas Oil Reﬁnery, Bandar Abbas, Iran (27 110 N
56160 E) and crude oil sample was collected from Kharg Oil Well in
2011 (Table 1).
In this research four types of media were used: Nutrient Agar
(NA), Luria Bertani (LB), Yeast Extract Tryptone (2xYT) and
Standard Succinate Medium (SSM). The compositions of these
media are as follows:

2.3.1. Concentration of 2.5% v/v kerosene
The ability of the isolates to grow was tested. Five ml of each
over night culture which was grown in liquid SSM in 28  Cat
170 rpm was used. Each sample was centrifuged for 5 min at
2600g rpm and then, the bacteria pellets were resuspended in
SSMc and transferred to the SSMc plus 2.5% v/v kerosene as the
sole carbon source. The initial optical densities (ODs) of the
bacterial suspensions at 600 nm were from 0.47 to 0.53. The
growth rate of isolate after incubation in 28  C at 170 rpm was
monitored by UV–vis spectrophotometer SP-3000 Plus (Optima
Inc., Tokyo, Japan) every 24 h for 2 days.

 NA: 20 g of nutrient agar powder (Merck, Germany) suspended
in 1 l of distilled water
 LB: Tryptone (10 gl1), yeast extract (5 gl1), NaCl (5 gl1) (pH 7)
 2xYT: Tryptone (16 gl1), yeast extract (10gl1), NaCl (5 gl1) (pH
7)
 SSM: K2HPO4 (6 gl1), KH2PO4 (3 gl1), succinic acid (4 gl1),
(NH4)2SO4 (1 gl1), MgSO4 (0.2 gl1) (pH 7)

2.3.2. Concentration of 20% v/v kerosene
The behavior of bacteria in high concentrations of petroleum
compounds was surveyed. The isolates were cultured in 10 ml
liquid SSM and incubated in 28  C at 170 rpm in an orbital shaker
incubator for overnight. Then, each fresh liquid culture was
inoculated in the modiﬁed SSM medium from which carbon or
sulfur source was removed and 20% v/v kerosene was added so that

2.1. Collected samples and the composition of culture mediums

Table 1
Characteristics of collected samples.
No.

Samples type

Visible Intensity of pollution

1
2
3
4
5
6

The mixture of oily sludge and soil, on which bioremediation process was conducted (BS)
Surface soils contaminated by heavy crude oil (CSs)
Soil in 5 cm depth contaminated by heavy crude oil (CSd)
Wastewater input to the Bandar Abbas reﬁnery water treatment facility (Wi)
Wastewater output from the Bandar Abbas reﬁnery water treatment facility (Wo)
Heavy crude oil (CO)

None
Intense
Little
Intense
None
–
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the initial population of bacteria reaches 3000 to 6000 cfu/ml.
Isolated cultures were incubated at 28  C in a rotary shaker at
170 rpm and the growth rate was monitored by UV–vis spectrophotometer after 18 and 36 h of incubation. In this test, the
negative control was modiﬁed SSM plus inoculum without 20% v/v
kerosene and the positive control was complete SSM for which the
culture described above was performed.
2.4. Biodegradation assays
Gas Chromatography (GC) was used to evaluate the ability of
selected bacteria to break down the kerosene composition. Before
applying GC analysis, selected bacteria were inoculated in 50 ml
tubes containing 25 ml SSM at 170 rpm and at 28  C. Then, the
grown bacteria were centrifuged for 5 min at 2600g. Subsequently,
bacteria pellets were resuspended in 125 ml Erlenmeyer ﬂasks
containing 25 ml of SSMc plus 5% (v/v) kerosene and SSMs plus
10% (v/v) kerosene, respectively. The ﬂasks were kept at the 37  C
for 7 days at 170 rpm in a rotary shaker incubator. Then, the
residual kerosene was extracted using n-hexane. One ml of
extracted sample was injected into GC instrument. All samples
were analyzed using a Varian 3700 Gas Chromatograph (Varian
Inc., California, USA) equipped with Flame-Ionization Detector
(FID) ﬁtted with a 10% SP-2100 on 80/100 SUPELCOPROT column
(Sigma-Aldrich Inc., Pennsylvania, USA). Helium was used as the
carrier gas with a ﬂow rate of 30 ml/min. Injector and Ion detector
temperatures were set at 250  C and 300  C, respectively. The
initial column temperature was set at 50  C for 1 min followed by a
temperature increase of 5  C per minute up to 220  C. The column
temperature was maintained at this level for 10 min. The GC
procedure used in this study was taken from the work of Wongsa
et al. [17]. The identity of the total peaks areas was determined by
Chem Station A.08.03[847] software. The total kerosene biodegradation ability was determined by comparison of the total area of
the control samples graph with the total area of chromatograms
containing selected bacteria.
2.5. Identiﬁcation of selected isolate
The identiﬁcation of selected isolates was achieved by
biochemical characteristics, API tests and using sequence analysis
of 16S rDNA genes as follows:
2.5.1. Phenotypic characterization
Biochemical tests of selected isolates used in this study include:
Gram staining, oxidative-fermentative (O/F) test, oxidasetest,
catalase activity, MacConkey medium and motility test. The API
20E kits (bioMerieux, Marcy l’Etoile, France) were utilized as
described in the manufacturer’s instructions. Then, the data were
expounded by apiwebTM software, available with the API 20E kits.
2.5.2. Genotypic characterization
The second method for identiﬁcation of selected isolates was
based on partial sequencing of the 16S rDNA gene. The bacteria
were grown in 5 ml LB medium at the temperature in which the
bacterium was isolated. The genomic DNA of each culture was
extracted using modiﬁed CTAB method. The cell wall of bacteria
was broken down by using 6 ml lysozyme (30 mg/ml). Then, 15 ml
of SDS 20% and 3 ml of proteinase K (20 mg/ml) were added to the
mixture. This followed by CTAB/NaCl incubation and extraction
with chloroform: isoamyl alcohol (24:1) and phenol:chloroform:
isoamyl alcohol (25:24:1). Partial sequencing of the 16S rDNA gene
of bacteria was ampliﬁed by polymerase chain reaction (PCR) using
fDI forward primer 50 -AGAGTTTGATCCTGGCTCAG-30 and rP2
reverse primer 50 -ACGGCTACCTTGTTACGACT-30 [18]. PCR reactions
in a ﬁnal volume of 30 ml reaction mixture containing 10 mM Tris-
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HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 200 mM dNTP, 0.3 mM each
primer, and 0.5 units of Taq DNA polymerase (CinnaGen, Tehran,
Iran) were carried out under the following conditions: 5 min at
94  C; followed by 30 cycles at 94  C for 30 s, at 62  C for 30 s, at
72  C for 2 min, with a ﬁnal extension for 10 min at 72  C. The PCR
product was separated on 1% agarose gel. After electrophoresis, 16S
rDNA band was puriﬁed from agarose gel by GF-1 Nucleic Acid
Extraction Kits (Vivantis, Selangor DarulEhsan, Malaysia) and
sequenced using sequencing service provided by Bio Basic Inc,
Canada. Nucleotide sequences were investigated by Vector NTI
suite 9 software (Life Technologies Corporation, invitrogenTM,
Grand Island, USA) and analyzed with the BLASTN program from
the National Center for Biotechnology Information (NCBI). The
phylogenetic trees were constructed using the MEGA (Molecular
Evolutionary Genetics Analysis) software package version 5.2.
2.6. Statistical analysis
The experiments were carried out in a completely randomized
design (CRD) with ﬁve replications. The statistical analyses of data
were performed using SAS 9.1.3 software. The mean values were
compared with Duncan test at conﬁdence level of 95%.
3. Results
3.1. Isolation and evaluation of isolates growth in kerosene
3.1.1. Concentration of 2.5% v/v kerosene as the source of carbon
Twelve isolates were isolated from the selected samples. These
isolates were grown in SSMc plus 2.5% v/v kerosene as the carbon
source at 28  C. The OD600 of the bacterial suspensions was
measured to investigate the growth rate of the isolates (Table 2). It
was observed that the bacteria could grow in the SSMc plus 2.5%
v/v kerosene, which indicates that they could use low concentration of kerosene. All isolates continued to grow up to ﬁrst day, but
with different growth rates (Table 2). All isolates that were
obtained from bioremediated soil and CSd3 grew signiﬁcantly
more than others during the ﬁrst day of the experiment, while Wo3
and CSs1 demonstrated the minimum growth rate. After two days,
only Wi2 and Wo3 demonstrated continued growth, while the
growth rate of the other isolates decreased. The results showed
that all isolates could tolerate 2.5% v/v kerosene, and isolates from
bioremediated soil, BS2, BS3, and BS5, were the best ones for
growing in this condition (Table 2).
3.1.2. Concentration of 20% v/v kerosene as the source of carbon
Table 3 shows the OD600 of the isolates in the complete SSM,
modiﬁed SSM without kerosene, and modiﬁed SSM plus 20% v/v
kerosene as the source of carbon after 18 h. The desired result was

Table 2
The OD600 of isolates in carbon-free SSM plus 2.5% v/v kerosene.

BS2
BS3
BS5
CSs1
CSd1
CSd2
CSd3
Wi1
Wi2
Wo2
Wo3
CO1

After 1 day

After 2 days

1.208
1.212
1.061
0.658
0.743
0.84
0.983
0.761
0.846
0.879
0.624
0.737

0.954
1.153
0.744
0.614
0.473
0.576
0.765
0.512
0.903
0.821
0.696
0.619
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Table 3
OD600 of isolates in various mediums considered in replacing concentration of 20%
v/v kerosene as the source of carbon experiment after 18 h.
Isolate
BS2
BS3
BS5
CSs1
CSd1
CSd2
CSd3
Wi1
Wi2
Wo2
Wo3
CO1

SSMC

SSM
a

0.386
0.292a
0.1232a
0.42367a
0.351a
0.1548a
0.607a
0.387a
0.4122a
0.145a
0.20067a
0.125a

SSMC
þk
b

0.00575
0.066b
0.0134b
0.02367b
0.00240b
0.0032b
0.00220c
0.0062c
0.005c
0.01567b
0.032b
0.008b

b

0.014
0.12533b
0.00725b
0.05633b
0.04807b
0.1095a
0.29175b
0.1566b
0.0498b
0.044b
0.04267b
0.0306b

Means in the same row followed by the same letters are not signiﬁcantly different
(P < 0.05), according to Duncan’s test.
SSMC: Carbon-free SSM medium.
SSMC
þk : Carbon-free SSM plus 20% v/v kerosene.

obtained when the growth rate of one isolate, CSd2, in the modiﬁed
SSM plus kerosene was the same as complete SSM and was
signiﬁcantly higher than the bacterial growth in the modiﬁed SSM
without kerosene (Table 3). In addition, CSd3, Wi1, and Wi2
showed higher growth rate in modiﬁed SSM plus 20% v/v kerosene
compared to SSMc, but not as high as in complete SSM. The other
isolates did not show signiﬁcant growth difference between SSMc
and SSMc plus 20% v/v kerosene (Table 3). The results after 36 h
were the same (Table 4). CSd2 had considerable yield and could
grow equally in SSM and SSMc plus 20% v/v kerosene. BS3, CSd1,
CSd3 and Wi1 also grew in carbon-free SSM plus 20% v/v kerosene
but they were not efﬁcient and their growth were signiﬁcantly less
than that in SSM. According to the results of 2.5% and 20% kerosene
tests, isolates CSd2 and BS3 were selected for identiﬁcation and
biodegradation assays by gas chromatography.
3.1.3. Concentration of 20% v/v kerosene as the sole source of sulfur
Table 5 shows the OD600 of isolates in the complete SSM, SSMs
without kerosene, and SSMs plus 20% v/v kerosene as the source
of sulfur after 18 h. All isolates except BS2 could grow in SSMs plus
20% v/v kerosene, but the growth rate of BS3, was more than that in
SSM, although it was not signiﬁcant (Table 5). Some isolates could
also grow in SSMs. After 36 h, all isolates grew in SSMs, but their

Table 4
OD600 of isolates in various mediums considered in replacing concentration of 20%
v/v kerosene as the source of carbon experiment after 36 h.

Table 5
OD600 of isolates in various mediums considered in replacing concentration of 20%
v/v kerosene as the source of sulfur experiment after 18 h.
Isolate
BS2
BS3
BS5
CSs1
CSd1
CSd2
CSd3
Wi1
Wi2
Wo2
Wo3
CO1

SSMS

SSM
a

0.2164
0.1765ab
0.10075b
0.5036a
0.2852a
0.13867a
0.7066a
0.3664a
0.348a
0.14167a
0.17433a
0.3232a

b

0.052
0.13267b
0.12775a
0.132c
0.0894c
0.055b
0.0992c
0.1098b
0.1065b
0.07533b
0.1096b
0.0796c

SSMS
þk
0.085b
0.2772a
0.11325ab
0.3738b
0.1454b
0.13a
0.3224b
0.30425a
0.1766b
0.13567a
0.1446ab
0.204b

Means in the same row followed by the same letters are not signiﬁcantly different
(P < 0.05), according to Duncan’s test.
SSMS: sulfur-free SSM medium.
SSMs
þk : sulfur-free SSM plus 20% v/v kerosene.

growth rates were not the same and BS2 and BS5 had the highest
growth rates (Table 6). BS2 and CSd2 showed the best performance
in modiﬁed SSM with 20% v/v kerosene. BS3, CSs1, CSd3, Wi1, Wo3
and CO1 could grow in SSMs with 20% v/v kerosene more than in
SSMs, but they could not grow as high as they grew in SSM.
According to the results of 20% kerosene tests, isolates BS2, BS3,
and CSd2 were selected for identiﬁcation and biodegradation
assays by gas chromatography.
3.2. Identiﬁcation of isolated bacteria
BS2, BS3 and CSd2 were identiﬁed by biochemical characteristics, API tests, and sequence analysis of 16S rDNA genes.
Biochemical characterizations of these isolates are summarized
in Table 7.
According to API 20 E test the strains BS2 and BS3 were
preliminary identiﬁed as Enterobacter cloacae and Enterobacter
hormaechei, respectively and CSd2 identiﬁed as Pseudomonas sp.
The molecular identiﬁcation was performed by comparing the
sequence of 16S rDNA of isolates with NCBI database. There was
98% similarity between the 16S rDNA gene of BS2 and E. cloacae
(GenBank accession No. Y17665). The 16S rDNA gene of BS3 had
98% similarity with E. hormaechei strain XJUHX-4 (GenBank
accession No. EU239467) and the 16S rDNA gene of CSd2 had

Table 6
OD600 of isolates in various mediums considered in replacing concentration of 20%
v/v kerosene as the source of sulfur experiment after 36 h.

Isolate

SSM

SSMC

SSMC
þk

Isolate

SSM

SSMS

SSMS
þk

BS2
BS3
BS5
CSs1
CSd1
CSd2
CSd3
Wi1
Wi2
Wo2
Wo3
CO1

1.4198a
1.0233a
1.6012a
1.0298a
1.3438a
0.4028a
1.06a
1.1792a
1.0756a
0.854a
1.1243a
1.12240a

0.0336b
0.0264c
0.0386b
0.0238b
0.0118c
0.036b
0.0543c
0.0088c
0.0252b
0.03633b
0.0523b
0.0526b

0.0684b
0.25575b
0.045b
0.04275b
0.234b
0.32333a
0.441b
0.2436b
0.3058b
0.15867b
0.1973b
0.0548b

BS2
BS3
BS5
CSs1
CSd1
CSd2
CSd3
Wi1
Wi2
Wo2
Wo3
CO1

1.125a
1.2134a
1.4622a
1.3016a
1.2168a
0.401a
1.1678a
1.1832a
1.0072a
0.95025a
1.187a
1.3356a

0.723b
0.2202c
0.9342b
0.285c
0.1228b
0.1536b
0.2696c
0.2724c
0.3786b
0.1495b
0.1654c
0.2288c

1.189a
0.4872b
0.8234b
0.5278b
0.219b
0.3416a
0.83b
0.674b
0.3645b
0.25933b
0.3526b
0.583b

Means in the same row followed by the same letters are not signiﬁcantly different
(P < 0.05), according to Duncan’s test.
SSMC: Carbon-free SSM medium.
SSMC
þk : Carbon-free SSM plus 20% v/v kerosene.

Means in the same row followed by the same letters are not signiﬁcantly different
(P < 0.05), according to Duncan’s test.
SSMS: sulfur-free SSM medium
SSMs
þk : sulfur-free SSM plus 20% v/v kerosene
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of 10% kerosene as sulfur source at 28  C during 7 days, respectively
(Supplementary data Fig. 2).

Table 7
Biochemical characterizations of selected isolates.
Isolate

Gram

Aerobic/Anaerobic

oxidase

catalase

motility

BS2
BS3
CSd2

–
–
–

Facultative anaerobic
Facultative anaerobic
Aerobic

–
–
–

+
+
+

+
+
+

99% similarity with Pseudomonas stutzeri strain LS401 (GenBank
accession No. U26417). The 16S rDNA gene nucleotide sequence
determined in this study was submitted to GenBank database
under the accession numbers: KM885186.1 (Enterobacter cloacae),
KM885187.1 (Pseudomonas stutzeri), and KM042120.1 (Enterobacter
hormaechei). The phylogenetic tree, Fig. 1A, shows that the strains
BS2 and BS3 are closely related to genus Enterobacte. The position
of the CSd2 in the phylogenetic tree shows in Fig. 1B was among
neighboring species of the genus Pseudomonas.
3.3. Biodegradation assays
GC analysis conﬁrmed the degradation of kerosene components
after seven days in SSMc and SSMs media containing 5% and 10%
(v/v) kerosene respectively by isolates that were selected
according to the results of their growth in kerosene tests. The
results revealed that P. stutzeri, and E. hormaechei could degrade
65.48% and 48.48% of 5% kerosene as carbon source at 28  C during
7 days, respectively (Supplementary data Fig. 1). E. cloacae, E.
hormaechei and P. stutzeri could degrade 67.43%, 12.98%, and 54.14%

4. Discussion
The culture of microbial community of contaminated soil and
water makes it possible to isolate the bacteria involved in the
kerosene biodegradation. It has been previously shown that
bacteria isolated from petroleum-contaminated samples can be
used for bioremediation [19–22]. There are few reports in the
literature regarding the isolation of bacteria directly from various
oil-contaminated samples. It is far more common to ﬁnd
researches on bacteria from kerosene-contaminated samples.
According to the US Coast Guard Emergency Response Notiﬁcation
System, kerosene is one of the polluters [23] and research on
removing it from environment is important. Because kerosene has
a variety of compounds (alkanes, cycloalkanes, aromatics and
oleﬁnes from approximately C9–C20) [23], it can be named as a
general petroleum derivative.
The samples were collected from a reﬁnery in the city of Bandar
Abbas, Iran, which has a dry hot desert climate with yearly average
high temperature of 32  C and yearly average low temperature of
21  C. The work of previous researchers has shown that physical
factors, especially temperature, play an important role in the
diversity of the microbial ﬂora and their degradation capabilities
[14,24,25]. It has been shown that increasing temperature
increases and accelerates the growth of bacteria that results in
the biodegradation of oil compounds; although the best result
obtain at optimum temperature for bacteria growth [26]. The
degradation by the isolated bacteria was well down at 28  C since

Fig. 1. Phylogenetic tree obtained from16S rDNA gene sequences. Multiple alignments of the sequences were performed with the MUSCLE (MUltiple Sequence Comparison by
Log- Expectation) and maximum likelihood phylogenetic tree was constructed using the MEGA version 5.2. The robustness of the phylogeny was tested by bootstrap analysis
with 500 iterations.
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this temperature is the same as optimum temperature for their
growth.
In this research, 12 isolates were isolated from 6 types of
samples. Since the samples had long-term contamination, it was
expected to ﬁnd degrading bacteria of petroleum compounds at
least in some of them. We obtained isolates that are able to use
kerosene as carbon or sulfur source from contaminated samples.
From our ﬁndings, it was evident that CSd2, BS2 and BS3 were most
effective in utilizing kerosene which are belong to Enterobacter or
Pseudomonas genera. There are some reports to show various
species of these genera are able to biodegrade kerosene [7,27].
Survival of bacteria in media containing kerosene during
degradation period is a key factor in the rate of biodegradation
of hydrocarbons in substrates, because kerosene contains many
toxic compounds such as poly aromatic hydrocarbons (PAHs),
benzene, toluene, and xylene [8]. Since all bacteria were isolated
from contaminated soil or water in this study, they survived and
adapted to oil substrates. It can be one of reasons why these
bacteria can biodegrade kerosene very well.
Previous works in this area were limited to use of low
concentrations of kerosene such as using 0.1% concentration in
the work of Vennila and Kannan [28] and Gouda et al. [23], and 1%
concentration in the work of Bacosa et al. [29] and Wongsa et al.
[11]. In this study, in order to evaluate the degrading ability of the
bacteria, two different concentrations of kerosene (2.5% and 20%)
were used to degrade kerosene. The use of high concentration of
kerosene would allow selecting bacteria that are survive in severe
contamination. In previous experiments, the low concentrations of
oil were used because, when the bacteria cells exposed to high
concentrations the ability of cells for biodegradation decreased. At
high concentration, the oil components may reduce ability of
bacteria to biodegrade oil due to toxic effect on the viability of the
cells [26]. One of the major factors affecting the biodegradation
efﬁciency of oily compounds especially in high oil concentrations is
increasing substrate solubilization by using biosurfactants [7].
Hence, the bacteria are able to degrade high concentration of oil,
probably have excellent ability to biodegrade oily compounds
together with the production of biosurfactants from the contaminants. So, the ability of bacteria isolated in this research to use
high concentration of kerosene, can be pointed to this fact that
these isolates are able to production biosurfactants from kerosene
as well having excellent biodegradation ability. It has been
previously shown that Pseudomonas genus is able to produce
biosurfactants in medium containing oily compounds [30]. It also
showed that E. hormaechei and E. cloacae can be used to produce
biosurfactants for Enhanced Oil Recovery (EOR) [31,32].
In the work of previous researchers such as [33,34] sulfur
compounds were extracted from crude oil and its derivatives, then,
used as contamination source. This is a major drawback of these
isolates considered for bioremediation of oil contaminated soil or
water because of their inability to degrade contaminants in natural
ﬁeld conditions. In the present study, however, selected bacteria
were able to degrade sulfur compounds in contaminated samples
without any puriﬁcation.
The previous studies revealed that the rate of biodegradationis
different for each bacterium. Gouda et al. [23] reported Pseudomonas sp. AP, Pseudomonas sp. CK, and Gordonia sp. DM could degrade
65–85% of 8% kerosene in 21 days. Velayutham et al. [35] showed
that P. stutzeriwas able to degrade 95.1% (100 mg L1) and 99.5%
anthracene (50 mg L1). Compared to the previous studies, the
strains presented here demonstrate the ability to degrade higher
concentration of kerosene in a shorter time. Mojarrad et al. [36]
reported that E. cloacae could degrade 32.24% of 10% kerosene as
sulfur source after 7 days at 37  C. It also showed that E. cloacae can
degrade 67.43% of 10% kerosene as sulfur source at 28  C in 28 days.

It has been reported that this bacteria grew at 20 to 40  C with 30  C
as the optimum growth temperature [37].
On the basis of obtained results, P. stutzeri and E. hormaechei
were selected for biodegradation assays in carbon and sulfur
removal tests by GC. Both bacteria showed better performance in
carbon removal tests than sulfur removal tests. From 0.03 to 7.89
wt.% of oil was allocated to sulfur, and parts of sulfur compounds in
petroleum are connected hydrocarbon skeleton [38]. Low percentage of sulfur compounds in the oil could reduce degradation of
oil in sulfur test. Another reason for reducing the use of petroleum
may be due to the existence of carbon source in sulfur test culture
medium. Further experiments are needed to provide justiﬁcations
for reducing the use of petroleum, which are being conducted by
the research team.
5. Conclusion
In this study, we demonstrated that E. cloacae, E. hormaechei,
and P. stutzeri have the ability to grow in 20% kerosene with no
additional enhancer. They showed great potential of degrading
kerosene in a short time. Therefore, these bacteria are suitable to
be applied in bioremediation process in ﬁeld contaminated with
kerosene. Considering the toxicity and carcinogenic potential to
human, the biodegradation of kerosene utilizing suitable
degraders of this compound is an environment-friendly method
since it contributes to the minimization of process time and
environmental adverse effects.
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