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Microbial degradation of petroleum hydrocarbons 

is one of the important pathways in the natural decomposition 

process. Four potential oil degrading bacteria were isolated 

from the coastal waters and sediments in Sri Lanka and 

Bacillus cereus, Enterobacter sp., Enterobacter 

ulcerans and Micrococcus sp. by 16S rRNA sequencing. The 

highest degradation percentage of crude oil was detected at 

14 days of incubation by B. cereus (84 %). The remaining 

strains of Enterobacter sp. (80 %), Micrococcus sp. (74 %) 

and E. ulcerans (74 %) were also detected as active degraders. 

The lowest half life time was recorded for Enterobacter sp. 

at 6 days of incubation, while the half life time of B. cereus 

and Micrococcus sp. was 7 days, and 10 days for E. ulcerans. 

The population densities of bacteria were proportional to 

B. cereus, 48 % 

for Enterobacter sp., 38 % for Micrococcus sp., and 38 % 

for E. ulcerans at 14 days of incubation. The FTIR spectrum 

-1) decreased with incubation 

from 0.115 to 0.04 for B. cereus and from 0.115 to 0.08 for 

Enterobacter sp.. The infrared absorption wavelength range 
-1 relevant to deformations of C-H bonds to 

CH
2
, CH

3
, and cyclohexanes decreased from 0.08 to 0.018 in 

B. cereus and from 0.08 to 0.04 for Enterobacter sp.. Among 

the bacterial isolates B. cereus 

.

 Bacillus cereus, crude oil, Enterobacter sp., 

Enterobacter ulcerans, microbial degradation, Micrococcus sp.

INTRODUCTION

In the last few years a large number of ecosystems has 

been changed due to anthropogenic activities. It has been 

estimated that 1.3 million tonnes of petroleum enter the 

marine environment every year (NRC, 2003). Petroleum 

hydrocarbons can contaminate the sediment and aquatic 

environment due to oil spills, urban runoff, wastewater 

treatment plants, etc. (White et al., 2012). Accidental 

release of petroleum products have been recorded time 

to time and cause particular concerns in the environment. 

The hydrocarbons in crude oil contain polyaromatic 

hydrocarbons (PAHs), benzene and its substitutes. 

Cycloalkane rings are highly toxic to biota and 

accumulate through food chains in high concentration 

(Franco et al., 2004). Hydrocarbon components have 

been known as carcinogenic and neurotoxic organic 

pollutants (Admon et al., 2001). Recent studies have 

shown that hydrocarbons contaminate the feathers and 

fur of marine birds and mammals, respectively, resulting 

in the loss of hydrophobic properties leading to death 

of animals from hypothermia, or lethal doses following 

ingestion of oil during preening (Dave & Ghaly, 2011).

 The mechanical and chemical methods that are used 

to remove hydrocarbons from contaminated sites have 

limited effectiveness, and are not accessible to all parts 

of the world due to high operating and material costs. At 

present, physico-chemical processes such as shallow soil 

mining, barriers like boomers, skimmers and adsorbent 

are widely used to remove crude oil from contaminated 

sites (Potter & Morrison, 2008; Nomac & Cleveland, 

2010). Thermal processes such as heat treatment, 

burning (Dave & Ghaly, 2011), photo-remediation, and 

biopolymer shields (Esin & Ayten, 2011) are used as 

well. All of these methods are labour intensive, need 

effectiveness. Bioremediation is one of the most 

promising technologies for the treatment of hydrocarbon 

contaminated sites as it is cost-effective and will lead to 

complete mineralisation of the substrate. Bioremediation 

processes involve microorganisms such as yeast, moulds 
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(Rahaman et al., 2002). Recent studies have recorded the 

use of transgenic organisms for hydrocarbon remediation 

(Hanson et al., 1997). The advantage of using microbes 

ex situ

in-situ

be used to remove pollutants from soil, ground water, 

surface water and other polluted environments (Omotayo 

et al., 2012).

 Hydrocarbon degraders have been isolated and 

characterised from oil contaminated environments, 

and tested for their petroleum degradation potential 

in many countries in the world. Microorganisms, 

namely, Actinobacter sp. and Enterobacter sp. (Hanson 

et al., 1997); Corynebacterium ulcerans, C. amycolatum, 

Bacillus badius and Micrococus varians (Omotayo et al., 

2012); Yokenella spp., Alcaligenes spp., Roseomonas spp., 

Flavobacter spp., Sphingo bacterium spp. and Moraxella 

spp. (Chin et al., 2008) have been found to be involved 

in alkyl aromatic hydrocarbon degradation. Many 

Pseudomonas aeruginosa strains have been recorded to 

possess a strong ability to degrade crude oil and products 

of engine oil, pyrex, etc. (Omatayo et al., 2012). Further, 

in vitro experiments have revealed microbial degradation 

of petroleum hydrocarbons in a polluted tropical stream 

in Lagos by different bacteria species (Admon et al., 

2001). Rahaman et al. (2002) have recorded several 

bacteria species that have primary degradation ability 

of spilled oil in the environment. Floodgate (1984) has 

tested 25 genera of hydrocarbon degrading bacteria and 

25 genera of hydrocarbon degrading fungi, which were 

isolated from marine environments. Rahaman et al. 

petroleum hydrocarbons (TPH) in surface soil have been 

converted to carbondioxide (CO
2
) and water (H

2
O) by 

in situ

in vitro

more effective, less expensive and an easily accessible 

method for the treatment of hydrocarbon contaminated 

sites.

 The present study focused on isolation, 

characterisation and elucidation of degradation kinetics 

of bacteria for crude oil degradation, since very limited 

information is available regarding biodegradation of 

petroleum contaminants in Sri Lanka. According to the 

oil degradation potential of the bacteria Bacillus cereus, 

Enterobacter sp., Micrococcus sp. and E. ulcerans 

isolated from Sri Lanka.

 

Sediment and water samples were randomly collected 

in May and June 2013 from the Colombo Port (60 56’ 

28.74” N, 790

landing site (70 10’ 56.61” N, 790 51’ 25.14” E), and 

Galle Port (60 01’ 56.31” N, 800 13’ 49.99” E) at 10 cm 

depth, into sterile one litre pyrex glass bottles and sterile 

McCartney bottles. The collected samples were stored in 

an ice box and transferred to the laboratory within 8 hrs 

of sampling and stored at 4 °C overnight until analysis. 

Temperature, pH and conductivity were measured at the 

site using a thermometer (model: Philip Haris, England), 

pH meter (model: pH 3110, WT Co., Weilheim, 

Germany), and conductivity meter (model: Cond 3110, 

WT Co., Weilheim, Germany), respectively. Dissolved 

oxygen (DO), nitrate and phosphate were measured 

using standard methods (APHA, 2014).

Sediment solution for the enrichment study was 

prepared by adding 5 g of well mixed sediment samples 

collected in triplicate from each sampling site into 

using sterilised sea water. Water samples were prepared 

by directly adding 100 mL of sea water collected 

Prepared sediment and water samples were inoculated 

with 0.5 mL of crude oil (CEYPETCO, Sri Lanka) and 

incubated at 28 °C for 14 d at 100 rpm. After 14 d of 

isolation and enumeration of bacteria using the pour plate 

method [Lauryl-Bertani (LB) medium: tryptone, 9.1 g; 

sodium chloride, 4.6 g; yeast extract, 4.6 g; agar,13.1 g; 

per litre]. After 3d of incubation, bacterial colonies with 

different morphological characteristics were selected and 

re-suspended in liquid LB medium. Subsequently, pure 

bacterial cultures were sub cultured and stored in agar 

slants at -20 °C in LB-glycerol media for further studies 

(Miyomoto-Shinohara et al., 2000). 

Isolated bacterial strains were grown in liquid LB 

medium as described, and starved overnight in phosphate 

buffer solution (PBS). Then following equalising the 

turbidities of the bacterial strains at A 
590 

= 0.35, 0.5 mL 
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100 rpm. The crude oil concentration of each sample 

was measured by spectrophotometric method (Omotayo 

et al., 2012) at 0, 7 and 14 d intervals at 400 nm. The 

control was treated in the same manner as the experiment 

without bacterial inoculation. Results were used to screen 

potential bacteria for oil degradation.

The bacterial isolates were subjected to Gram stain 

sequence analysis.

All potential oil degrading bacterial isolates were 

tested against 0.01 g/mL concentration of crude oil, and 

subsamples for degradation kinetics were collected at 

2 d intervals for a period of 14 d (Samuel & Oladipupo, 

2012).

 Oil degradation rate (h) of the bacterial isolates was 

calculated according to the equation given bellow,

h= ln (C /C
0  

)/t

where C
0
 and C are the concentrations of crude oil at 

the beginning and at the end of the time interval t, 

respectively (Manage et al., 2000). Half life time was 

calculated as the time taken to degrade 50 % of oil from 

the initial concentration. The degradation of oil was 

et al., 2011) and the 

detected at 2 d intervals. 

The isolated bacterial strains were grown in liquid LB 

medium as described previously and equalised at 590 nm 

(A 
590 

= 0.35). Two millilitres of the sample from each 

isolate was removed and centrifuged at 3000 rpm for 

15 min to collect the bacterial pellet. The pellet was 

suspended in PBS and 2 mL of crude oil was inoculated to 

index (Abbasi & Amiri, 2008). The bacteria inoculated 

tubes were properly vortexed at 2000 rpm for 2 min and 

allowed to stand for 24 hrs at room temperature. The 

period of 14 d (Abbasi & Amiri, 2008) using the equation 

given below.

E
24

 = (height of emulsion/ height of supernatant) × 100

The residual amount of hydrocarbon present in the 

sample was analysed spectrophotometrically at 400 nm 

estimation of residual crude oil by spectrophotometric 

analysis, 10 mL of n-hexane (analytical grade) was 

degradation experiment. The resulting content (hexane 

and sample) was transferred to a separating funnel for 

extraction of the crude oil. The extraction was carried 

out twice to ensure complete recovery of the oil. The 

extracted aliquot was evaporated to dryness in a water 

bath (model: Gemmy, YCW-010E, Taiwan) at 69 °C and 

the residue of the oil was dissolved in 10 mL of hexane 

after which the concentration was detected using a visible 

spectrophotometer (model: Labomed, Inc., USA) at 

400 nm. The crude oil concentration was obtained from 

the standard curve and the actual concentration using the 

dilution factor (Latha & Kalaivani, 2012).

were stimulated by hydrocarbon oil and bioremediation 

treatments, phylogenetic analysis of cloned 16S rRNA 

genes was performed. The phylogenetic relationships of 

the strains B. cereus, Enterobacter sp. and E. ulcerans 

were inferred by parsimony analysis of their 16S 

rRNA sequences together with similar sequences 

assembled with the sequence editor Cluster X and Bio 

edit programme (Juliette et al., 1999). The 16S rRNA  

sequences of B. cereus, Enterobacter sp. and E. ulcerans 

were aligned to the most similar sequences in the 

National Center for Biotechnology Information (NCBI) 

using the align sequence programme. Pre-aligned 

16S rRNA sequences (with their GeneBank accession 

numbers in parentheses), which were obtained from the 

NCBI were used for phylogenetic analysis of Bacillus 

cereus (KF152938), Enterobacter sp. (KM4055978) and 

E. ulcerans (KM504129).

Some physico-chemical parameters of water and sediment 

boat landing sites are given in Table 1. The mean water 
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were detected in both sediment (8.1) and water (7.9) 

from the Colombo Port and an acidic condition (sediment 

= 6.0 and water = 6.1) was recorded in Galle Port. The 

highest dissolved oxygen concentration was detected 

in Galle Port and the lowest was recorded in Negombo 

concentration of water and sediment in the Colombo Port 

was higher than those of the other two sites (Table 1).

Parameters  Sample sources

 Water Sediment Water Sediment Water Sediment

Temperature (°C)    28 ± 0.001    30 ± 0.001    31 ± 0.002    30 ± 0.002    29 ± 0.001    29 ± 0.000

pH   7.9 ± 0.034   8.1 ± 0.032   6.1 ± 0.025   6.0 ± 0.031   6.5 ± 0.037   6.7 ± 0.041

DO (mg/L)   4.8 ± 0.050   4.1 ± 0.067   5.6 ± 0.052   4.8 ± 0.045   4.2 ± 0.046   3.5 ± 0.052

NO
3

- (mg/L)   2.1 ± 0.045   2.3 ± 0.047   0.8 ± 0.048   1.1 ± 0.039   1.6 ± 0.057   1.8 ± 0.045

PO
4

3- (mg/L) 0.35 ± 0.062 0.31 ± 0.067 0.15 ± 0.058 0.09 ± 0.064 0.32 ± 0.071 0.25 ± 0.073

Physico-chemical parameters of water and sediment samples of Colombo, Galle and Negombo sampling sites (values are 

given as mean values of triplicates)

Based on 16S rRNA gene sequence analysis, 

morphological characteristics and biochemical tests, the 

oil degrading bacterial strains 15-N-S, 13-G-S, 26-C-W 

B. cereus (KM504128), 

Enterobacter sp. (KM4055978), E. ulcerans (KM504129) 

and Micrococcus sp., respectively.

The degradation of residual hydrocarbon in the media 

was detected at two day intervals for a period of 14 days. 

 Bioremediation of crude oil by different bacterial isolates; control - black bars, Enterobacter sp. - 

hatched bars, E. ulcerans - white bars, Micrococcus sp. - dotted bars, B. cereus - shaded bars

Degradation percentage of the hydrocarbon varied 

with the species of bacteria. Bacillus cereus recorded 

the highest degradation (84 %) while Enterobacter sp., 

Micrococcus sp. and E. ulcerans showed 80 %, 76 % and 

74 %, respectively (Figure 1).

 Enterobacter sp. showed the lowest half life time of 

6 days of incubation whereas B. cereus and Micrococcus 

sp. showed a half life time of 7 days. A half life time of 

10 days was detected for E. ulcerens. 

 It was detected that both total viable counts (TVC) 

incubation time (Figure 2). The initial concentration 
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Figure 3: FTIR spectrum for crude oil degradation kinetics of (a) Bacillus cereus 
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Sri Lanka is known as one of the worst polluters of the 

Indian Ocean (NCEAS, 2012). Unplanned land use 

practices, release of wastewater to coastal and terrestrial 

environments and shipping activities in the Indian 

Ocean consequently contaminates the ocean water with 

hydrocarbons and inorganic chemicals etc. (MEPA, 

2012).

 The use of conventional methods to remove 

environmental contaminants have resulted in threats to 

aquatic life. Use of bioremediation processes to remove 

environmental contaminants is an eco-friendly method. 

Recent in vitro and in situ studies have revealed that the 

use of microbes for cleaning environmental pollutants is 

accessible in all parts of the world as a cost effective and 

.

 Bioremediation is an environment friendly and cost 

effective method of removing or degrading pollutants 

like hydrocarbons in contaminated environments 

(Omotayo et al., 2012). Bacteria are the most active 

microorganisms in petroleum degradation and they work 

as primary degraders of spilled oil in the environment 

(Rahaman et al., 2002).

 The presence of preferred environmental conditions 

for bacterial growth and reproduction can result in 

(1990) 

pH and 28  °C temperature for the optimal growth and 

 Phylogenetic relationship based on 16S rRNA sequences and the most closely related hydrocarbon degraders 

recorded, which are found from NCBI. 

Figure 4: Phylogenetic relationship based on 16S rRNA sequences and the most closely related 

of bacteria was around 4.0 × 104 CFU/mL and a rapid 

increase in cell densities of the bacteria B. cereus (3.0 

× 105 CFU/mL), Enterobacter sp. (2.0 × 105 CFU/mL), 

Micrococcus sp. (2.0 × 105 CFU/mL) and E. ulcerans (1.0 

× 105 CFU/mL) was recorded after 14 days of incubation. 

sample increased from 18 % to 65 % (B. cereus), 48 % 

(Enterobacter sp.), 38 % (Micrococcus sp.) and 38 % 

(E. ulcerans) following 14 days of incubation. 

 Based on the results of degradation kinetics, 

B. cereus and Enterobacter sp. were selected for FTIR 

analysis. The FTIR spectra revealed that the peak area 
-1) 

B. cereus Enterobacter sp. 

(Figures 3a and 3b). Further, it was detected that the 
-1 

was relevant to deformations of C-H bonds to CH
2
, CH

3
 

B. cereus Enterobacter 

sp. treatment within 10 days of incubation.

The most parsimonious tree generated by Bio-edit for 

B. cereus, Enterobacter sp. and E. ulcerans is shown 

in Figure 4. The genus Enterobacter

proteobacteria and genus Bacillus is 

that there was a close relationship between the genera 

Enterobacter and Bacillus.
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biodegradation of petroleum. In the present study, it was 

detected that water and sediment pH were in the range of 

conditions prevailing in the areas from where the bacteria 

were isolated are favourable for optimal bacterial growth 

and oil degradation.

 Several hydrocarbon degrading bacteria have been 

isolated from sediment and aquatic sources and tested for 

their petroleum degradation potential in many countries 

(Mittal & Singh, 2009). Arthrobacter sp., Burkholder 

sp., Mycobacterium sp., Pseudomonas sp., and Bacillus 

sp. etc. were recorded to be involved in hydrocarbon, 

increased from 0.13 % to 80 % and 100 % (Rahaman 

et al

degraders with varying degradation percentages. 

Among the 60 isolated strains, B. cereus, Micrococcus 

sp., E. ulcerans and Enterobacter

fast growing bacteria in crude oil. Several other studies 

have also reported the above strains as biodegraders of 

oil (Leahy & Colwell, 1990; Banat et al., 2000; Latha & 

Kalaivani, 2012; Omotayo et al., 2012).

 Nwaogu et al. (2008) have reported that after 30 days 

of incubation B. subtilus degrades 65 % of the crude 

oil whereas the present study showed more than 84 % 

degradation by B. cereus after 14 days of incubation 

(Figure 1).

 Bacillus cereus showed the highest population density 

when compared to the other bacterial isolates (Figure 

2a). The cell density increased from 7.0 × 104 CFU/mL  

to 3.0 × 105 CFU/mL when the crude oil concentration 

decreased from 0.01 g/mL to 0.0016 g/mL. Similar 

results have been recorded by Omotayo et al. (2012) 

for Corynebacterium sp., Bacillus sp. and Micrococcus 

sp. However, Omotayo et al. (2012) have recorded 

that the increase of bacterial cell densities during the 

oil bioremediation process was ten times lower than 

the results of the present study. Furthermore, Atlas and 

Hazen (2011) have recorded that the half life time of 

crude oil degradation by B. subtilus was 8 days whereas 

the present study recorded a 7-day half life time for 

B. cereus.

 Bhat et al. (2011) have noted that the bands at 

2925.1 cm-1 and 1027.2 cm-1 indicate the C-H stretching 

in aliphatic region and C-O stretch for primary alcohols, 

respectively. Elena and John (2003) have reported that 
-1 is an indication of C-H 

stretching in aromatic compounds. Thus, the results of 

the present study (Figure 3) suggest that B. cereus and 

Enterobacter sp. prefer both C-H aliphatic and aromatic 

stretches to degrade long chain alkanes in crude oil. The 

by bacteria. This was evident by the decreasing peak area 

with height. 

used to determine the bio surfactant producing activity 

of bacteria (Kishore & Ashisk, 2007). Bio surfactant 

activities indirectly represent the quantity of bio 

surfactant produced and directly involved in the process 

of hydrocarbon removal from the environment through 

increased bioavailability and subsequent biodegradation 

of the hydrocarbons by direct cell contacts (Leahy & 

Colwell, 1990; Banat et al

indices (Figure 2) shown in the study could be attributed 

to the ability of the bacterial isolates to clean up the oil 

effectively.
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