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Abstract
The use of microorganisms for the remediation of petroleum hydrocarbons contaminated environments 
has been shown to be more suitable and convenient alternative to other approaches. In this study, 
degradation of aliphatic fractions of Bonny light crude oil by five bacteria: Bacillus cereus ATCC 14579, 
Campylobacter hominis ATCC BAA-381, Dyadobacter koreensis NBRC 101116, Micrococcus luteus Sn1-1 
and Pseudomonas aeruginosa aab51a04 isolated from bitumen-contaminated surface water in Agbabu, 
Ondo State (E04048-491 and N06034-361) was investigated. The residual aliphatic hydrocarbons after 
degradation were estimated by Gas chromatography/Mass Spectroscopy analysis. The GC-MS analyses 
revealed that D. koreensis had the best degrading ability; it reduced 57% of the total detectable aliphatic 
compounds in the crude oil while Campylobacter hominis had the least percentage reduction (28%). P. 
aeruginosa, B. cereus and Micrococcus luteus had 42%, 38% and 35% percentage reduction respectively. 
However, crude oil treated with the combination of the five bacteria resulted in 70% reduction of the 
total detectable aliphatics thus revealing better degradative performance than individual species.
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INTRODUCTION
 Crude oil  is composed of several 
compounds, such as aliphatic, aromatic and 
polyaromatic hydrocarbons (PAH), sulfur, oxygen 
and nitrogen containing compounds. The 
processing of crude oil to usable products is 
usually accompanied with environmental pollution 
problems (Okerentugba and Ezeronye, 2003).
 This has immensely contributed to the 
pollution of soil and water (Tri, 2002). Petroleum 
contaminated soil contains various hazardous 
materials such as aromatic hydrocarbons and 
polycyclic aromatic hydrocarbons which are 
potentially toxic, mutagenic and carcinogenic. 
Several approaches such as physical, chemical 
and biological techniques have been developed 
to unravel the problem of petroleum pollution. 
As a result of the drawbacks associated with the 
physicochemical approach, biological alter-natives 
have received more attention over time. (Okoh, 
2006).
  Bioremediation, an alternative clean 
up technology is based on the acceleration 
and enhancement of the natural processes 
of biodegradation through the selection, 
concentration, and acclimation of micro-organisms 
to degrade many toxic hydrocarbons during a short 
period of time (Islas-Garcia et al., 2015).
 The use of microorganisms for the 
degradation of petroleum and its products in the 
environment has been proven as an efficient, 
cost-effective, flexible and environmentally sound 
treatment (Margesin and Schinner, 2001). Agbabu 
is a village of about 8, 611 inhabitants in Ondo 
State, south-west, Nigeria which has the largest 
deposit of bitumen and heavy oil. High levels 
of aliphatic hydrocarbons, polycyclic aromatic 
hydrocarbons and polychlorinated biphenyls in 
the bitumen deposit impacted area have been 
reported by Fagbote and Olanipekun (2010b). 
Pollution of water with hydrocarbon wastes 
enhances indigenous microbial populations, which 
are capable of utilizing the hydrocarbon substrates 
as their sole carbon and energy sources thereby 
degrading the contaminants. This study therefore 
aims at evaluating the degradative capabilities 
of bacteria indigenous to this bitumen deposit 
impacted area.

MATERIALS AND METHODS
Source of isolates
 Five hydrocarbon degrading bacteria 
isolates from our previous research identified via 
16S rRNA sequencing were used for this study. 
They are Bacillus cereus ATCC 14579, Campylo-
bacter hominis ATCC BAA-381, Dyadobacter 
koreensis NBRC 101116, Micrococcus luteus 
Sn1-1 and Pseudomonas aeruginosa aab51a04 
(Olowomofe et al., 2018).
Degradative Potentials of Single and Mixed 
Bacteria on Crude oil 
 The strains previously stored on slant 
were re-plated on nutrient agar plates before 
being inoculated into nutrient broth and incubated 
overnight. The isolates, singly and in consortium 
were inoculated in mineral salt medium [0.2g of 
KCl, 6g of Na2HPO4, 2.8g of NaH2PO4, 0.1g of MgS04 
and 5g of NaCl] containing 2% v/v crude-oil. The set 
up was incubated at 30oC for 21days. The optical 
density (OD 600nm) was measured at seven days 
intervals using spectrophotometer (JENWAY6705) 
while the residual crude oil was also extracted at 
seven days intervals for analysis (Malik and Ahmed, 
2012).
Residual Crude oil extraction
 Residual oil was extracted by liquid-
liquid extraction as described (Minai-Tehrani and 
Herfatmanesh, (2007). The inoculated samples 
were mixed vigorously with 50ml hexane: 
dichloromethane (1:1) in a separating funnel. The 
mixture was allowed to separate into different 
fractions, and the oil fraction was carefully 
collected. The organic layer was separated from 
the aqueous layer by allowing the funnel with its 
content to settle on the retort stand rack before 
being emptied into a 250ml borosilicate beaker.
Total Aliphatic Hydrocarbon separation
 The extract was fractionated by liquid-
solid chromatography using a column packed 
with activated silica gel G-60. The column was 
sequentially eluted with hexane: dichloro-methane 
(1:1) to yield fractions containing aliphatic 
hydrocarbons. The mixture was concentrated to 
1.0ml by stream of the nitrogen gas before the 
gas chromatography analysis (Minai-Tehrani and 
Herfatmanesh, 2007).
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Gas chromatography analysis
 The aliphatic and aromatic fractions were 
analyzed as described by the EPA Method 1655 
(EPA, 2011). One micro litre (1µL) was injected 
into Gas Chromatography column through the 
injection port. Nitrogen was used as a carrier 
gas and a constant flow rate of 2ml/min was set. 
Injector and detector temperatures were 250oC 
and 350oC respectively. The column temperature 
was programmed at an initial temperature of 70oC; 
this was held for 2 min, and then ramped at 10oC/
min to 320oC and held for 10 min.
Statistical Analysis
 Microsoft excel and Chi- square of the 
Statistical Procedure for Social Science version 
22.0 (SPSS, Chicago, IL, USA) were used for the 
data analysis.

RESULTS
 Degradation studies were carried out with 
five hydrocarbon- degrading bacteria recovered 
from Agbabu bitumen deposit, Ondo State in our 
previously reported investigation and the result 
of the gas chromatography analysis is presented 
below:
 The concentration of aliphatic compounds 
present in the n-hexane extract of residual crude 
oil from Bacillus cereus culture fluid is presented 
in Fig. 2. Twenty-two aliphatic compounds 
were detected at different concentrations in 

the control sample; C18 (Octadecane) had the 
highest concentration of 123215.0 ppm while 
C30 (Tricontane) had the lowest concentration of 
5030.3 ppm. Reduction in the concentrations of 
the entire aliphatic compound was observed on 
the 7th day, though statistical analysis revealed 
that there was no significant difference between 
their concentrations at control and day 7. As 
the incubation period increased to 14 day, 
concentrations of 55% of the aliphatic compounds 
reduced further while the remaining 45% had 
increase in their concentrations. Further reduction 
in their concentrations was observed at day 21 
except for C9 Nonane, C11 Undecane, C12 Dodecane, 
C15 Pentadecane, C18 Octadecane, C21 Henicosane, 
C22 Docosane, C25 Pentacosane and C28 Octacosane 
whose concentrations increased.
 Pseudomonas aeruginosa was found 
to degrade most of the aliphatic compounds in 
the residual crude oil samples with observed 
reduction of the peaks eluted in the chromatogram 
as shown in Fig.3. There was reduction in all the 
aliphatic compounds on the 7th day of incubation 
while fourteen out of the twenty-two aliphatic 
compounds detected in the control sample 
further reduced in concentrations after 14 days 
but there was noticeable increase by the 21st 
day. The analysis of variance however revealed 
that there was no significant difference in their 
concentrations at control, day 7, 14 and 21.

Fig. 1. Map showing location of sample collection
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Fig. 2. Concentrations of Aliphatic compounds in residual 
crude oil from Bacillus cereus culture fluid.

Fig. 3. Concentrations of Aliphatic compounds in residual 
crude oil from Pseudomonas aeruginosa culture fluid.

Fig. 4. Concentrations of Aliphatic compounds in 
residual crude oil from Dyadobacter koreensis culture 
fluid.

 In Fig. 4, the concentration of residual 
aliphatic components of the degraded crude 
oil by Dyadobacter koreensis is presented 
following GC analysis. Statistical analysis showed 
significant reduction in the concentrations of all 
the detectable aliphatic compounds after 7 days. 
Further decrease in their concentrations was 
observed as concentrations of about 68% of the 
aliphatic compounds reduced till after 14 days and 
later increased as the incubation time increased to 
21 days while the remaining 32% had increase in 
their concentrations after the 7th day till 21 days.  
 F i g .  5  s h ows  t h e  co n c e nt rat i o n s 
of aliphatic compounds in residual crude oil 
from Campylobacter hominis culture fluid. 
Concentrations of all the aliphatic hydrocarbons 
also reduced significantly by the 7th day of 
incubation with a further decrease observed till 
day 14 except for C11 (Undecane)C14 (Tetradecane), 
C15 (Pentadecane), C26 (Hexacosane) and C27 
(Heptacosane) which increased. However, most 
of the compounds had their concentrations 

reduced till day 21 except C9 (Nonane) C14 
(Tetradecane), C15 (Pentadecane), C18 (Octadecane), 
C23 (Tricosane) and C25 Pentacosane where increase 
in concentration was reported.
 Fig. 6 shows the concentration of aliphatic 
compounds in residual crude oil from Micrococcus 
luteus culture fluid. The highest reduction in the 
concentrations of all the aliphatic hydrocarbons 
was observed on the 7th day of incubation. 
As the incubation period increased, their 
concentrations increased. Further reduction in 
their concentrations was observed on day 14 
except C10 (Decane) C11 (Undecane) C12 (Dodecane) 
C13 (Tridecane) C14 (Tetradecane) C15 (Pentadecane) 
C22 (Docosane) C23 (Tricosane) C24 (Tetracosane) C26 
(Hexacosane)  and C28 (Octacosane). Likewise, on 
day 21,  concentrations of aliphatic compounds 
reduced significantly as compared with that of 
the control except C9 (Nonane) C16 (Hexadecane) 
C18 (Octadecane) C19 (Nonadecane) C20 (Eicosane) 
and C21(Henicosane) which had increased 
concentrations.

Fig. 5. Concentrations of aliphatic compounds in residual 
crude oil from Campylobacter hominis culture fluid
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Fig. 6. Concentrations of Aliphatic compounds in residual 
crude oil from Micrococcus luteus culture fluid

Fig. 7. Interpretation of gas chromatographic of 
n-hexane extract of residual crude oil from Bacteria 
Consortium (Bacillus cereus, Dyadobacter koreensis and 
Pseudomonas aeruginosa, Campylobacter hominis and 
Micrococcus luteus) culture fluid

 Inoculation of consortium led to significant 
reduction in the concentrations of aliphatic 
compounds in the crude oil. Concentrations of all 
the aliphatic compounds were significantly reduced 
on the 7th day of incubation.  Further reduction of 
these compounds was observed on day 14 except 
C12 (Dodecane) ,C13 (Tridecane) , C14 (Tetradecane) 
, C16 (Hexadecane) , C19 (Nonadecane) , C22 
(Docosane),  C24 (Tetracosane), C25 (Pentacosane)  
and C26 (Hexacosane) which had increased 
concentration. On day 21, concentrations of  C13 
(Tridecane), C16 (Hexadecane),  C18 (Octadecane),  
C19 (Nonadecane),  C24 (Tetracosane),   C25 
(Pentacosane),  C26 (Hexacosane), C29 (Nonacosane) 
and  C30 (Tricontane) reduced while concentrations 
of C9 (Nonane) C10 (Decane), C11 (Undecane), C12 
(Dodecane C14 (Tetradecane) C15 (Pentadecane) C17 
(Heptadecane) C20 (Eicosane)  C21 (Henicosane)C22 
(Docosane) C23 (Tricosane) C27 (Heptacosane) C28 
(Octacosane) increased (Fig. 7). 

DISCUSSION
 Petroleum and petro-chemical products 
are known as major source of environmental 
pollution in the recent decades (EPA, 2013). 
Hazardous impact of these pollutants in terrestrial 
and aquatic habitats cannot be overemphasized. 
However, the use of auto-chthonous microbes 
indigenous to hydrocarbon-polluted niches for 
bioremediation of these pollutants has been 
broadly recognized as an efficient technique to 
combat this challenge. (Brooijmans et al., 2009; 
Gopalakrishnan and Divya, 2014; Esedafe et al., 
2015). The organisms are known for their ability 
to remove these toxic compounds from the 
environment through production of inducible 
enzymes, mutations and acquisition of hereditary 
materials from closely related populations within 
the hydrocarbon-challenged community (Joshi 
and Pandey, 2011; Olanipekun et al., 2012). This 
study evaluated the degradative activities of some 
bacteria from bitumen polluted surface water. 
 The bacteria were screened down to 
five isolates based on their abilities to maintain 
steady growth in crude oil supplemented medium, 
as determined by their optical densities and 
growth rates. The GC/MS analyses revealed 
different concentrations of aliphatic components 
from C9 to C30. The major constituent of crude 
oil is the aliphatic fraction which contains 
linear, branched and cyclic carbons (Mishra et 
al., 2001; Bhattacharya et al., 2003; Jain et al., 
2005). As indicated in the GC fingerprints of B. 
cereus treated sample, visible reduction in the 
peaks and concentrations of these compounds 
shows the organism was able to mineralize the 
aliphatic fractions of the crude oil. The pattern of 
degradation showed that this organism degraded 
the lower and higher hydrocarbon chains better 
than those of the middle carbons. This agreed with 
previous findings that microorganisms metabolized 
the lower and higher hydrocarbon chains before 
the middle chains during hydrocarbon degradation 
(Bello, 2007; Malik and Ahmed, 2012; Al-Sulami 
et al., 2014). Reduction in concentrations of all 
aliphatic compounds after 7 days indicated that the 
organism was utilizing these compounds for its cell 
metabolism. However, increase in concentrations 
of some of the compounds on day 14 and day 
21 could have resulted from higher aliphatic 
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compounds degraded to lower compounds, 
thereby increasing the concentration of such lower 
hydrocarbon chains. 
 Pseudomonas aeruginosa followed 
the same degradation pattern as B. cereus 
but higher reduction in the concentration of 
the aliphatic components of the crude oil was 
observed. Previous findings have emphasized 
the prevalence of Pseudomonas species in hydro-
carbon contaminated environments and reported 
their catabolic competence and genetic agility. 
Pseudomonas is known to have great affinity for 
linear and cyclic hydrocarbons. (Vankateswaran 
et al., 1995; Nojiri et al., 1999; Obayori et al., 
2008). Significant reduction in the concentrations 
of aliphatic compounds in D. koreensis treated 
sample showed that the organism possessed 
the ability to use the aliphatic components of 
the crude oil for growth and metabolism. This 
organism appeared the best out of the three 
hydrocarbon degrading bacteria studied due to 
its ability to reduce significant amount (57%) of 
the aliphatic compounds compared to the other 
two organisms. Although the genus Dyadobacter 
have been isolated from hydrocarbon polluted 
environment, no study has established its crude 
oil degrading ability. The catabolic versatility of 
this organism could be attributed to long term 
exposure to the pollutants, which resulted in 
stimulation of suitable degradative genes.
 Bacterial Consortium which combined 
the five hydrocarbon degrading bacteria reduced 
70% of all the aliphatic compounds in the crude 
oil after 14 days. The degradative potential of 
the consortium was much higher than when 
the organisms were inoculated singly. There has 
been perception that a single organism could not 
metabolize wide range of hydrocarbon substrates 
(Adebusoye et al., 2007). This has led to the 
affirmation that microbial conglomerate displayed 
better degradative proficiency than pure culture 
strains (Leahy & Colwell, 1990; Adebusoye et al., 
2007). Tao et al. (2017) also reported that a defined 
co-culture of an indigenous bacterial consortium 
and exogenous Bacillus subtilis effectively speed 
up the degradation of crude oil.
 It has also been reported that degradation 
of complex hydrocarbons, such as crude oil requires 
diverse microbial populations with extensive 

enzymatic capacities. Such mixed cultures display 
metabolic flexibility and dominance compared to 
pure cultures (Leahy and Colwell, 1990; Hamme et 
al., 2000; Juckpech et al., 2012). Thus, a microbial 
consortium which contains a mixture of microbes 
that produce appropriate enzymes for degradative 
pathways is considered to be well suitable for the 
degradation of hydrocarbons. 
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