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Introduction
Petrochemical hydrocarbons are valuable source of energy 

around the world for our day to day activities and industrial 
developments. Nigerians use petrol as one of its world’s most 
important derived energy source [1]. Nevertheless, civilization 
and activities of petroleum and petroleum associated industries 
in Nigeria and other parts of the world had led to increase in oil 
pollution in our environment. Leaks and accidental spills occur 
regularly during the exploration, production, refining, transport 
and storage of petroleum and petroleum product. The amount of 
natural crude oil seepage was estimated to be 600000 metric tons 
per year with a range of uncertainty of 200000 metric tons per 
year [2]. In this context, pollution is defined as the addition to any 
segment of the environment, any material which has detrimental 
effect on the ecosystem [3].

Crude oil exploration causes great environmental problem 
in Nigeria as a result of oil spillage both onshore and offshore. 
It is known that greater degradation of oil pollutant is carried 
out insitu by a consortium of microorganism and more than 200 
species of bacteria and fungi and even biodegrade hydrocarbons  

 
[4]. The various genera that have been reported to contain 
hydrocarbon degrading species include Pseudomonas spp, Vibrio 
spp, Corynebacterium spp, Arthrobacter spp, Brevibacterium spp, 
Flavobacterium spp, Sporobolomyces spp, Achromobacter spp, 
Bacillus spp, Aeromonas spp, Thiobacillus spp, Lactobacterspp, 
Staphylococcus spp, Penicillium spp and Articulosporiusm spp. 
These organisms has been isolated in large numbers from 
many oil polluted water and soil but are found in less number in 
uncontaminated environment [5].

The process of bioremediation is defined as the use of 
microorganisms to detoxify or remove pollutants [6]. In addition, 
bioremediation technology is believed to be non-invasive and 
relatively cost effective [7]. By nature, populations of micro-
organisms represent one of the primary mechanisms by which 
petroleum and other hydrocarbon pollutants can be removed from 
the environment and are cheaper than other technologies [8]. 
The principle by which a consortium of microorganisms acts to 
bring about the oxidation of complex compound is known as co-
metabolism. This principle is employed by oil companies in Nigeria 
to remediate oil polluted sites in a process known as remediation 
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Abstract	

This study shows the potential of various types of bacterial isolates that utilizes hydrocarbon substrates which enhances the degradation of this 
pollutant in the environment. Soil samples used for this purpose were obtained from oil-producing Ayetoro community in Ilaje Local Government of 
Ondo State, Nigeria. Bacterial isolates were recovered by culturing them on nutrient agar and Mineral Salt Medium (MSM). Of the twenty two (22) 
bacterial isolates, thirteen (13) were Gram positive and nine (9) were Gram negative. The Gram positive bacteria were identified by Gram staining 
and biochemical tests while the Gram negative bacterial isolates were identified with the use of API® identification kit. Five (5) of thebacterial species 
including Micrococcus luteus, Bacillus cereus, Bacillus subtilis, Pseudomonas aeruginosa and Acinetobacterlwoffi exhibited potential to degrade Bonny 
light crude oil by showing visible growth around the oil in MSM using the hole-plate diffusion method. The study also showed microbial growth indicated 
by varying turbidity on MSM broth incorporated with Bonny light oil with optical density range of 0.18-0.85 at 540nm. From this study, Pseudomonas 
aeruginosa showed the highest optical density of 0.76-0.85 and has the greatest potential to degrade hydrocarbon. Thus, these oil-degrading properties 
of the microorganisms informed the choice of this group of organisms for bioremediation of oil-polluted sites.
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by enhanced natural attenuation (RENA). This is because the 
microbial degradative mechanism appears to be some natural 
processes which eliminate the bulk of oil pollutant after initial 
physical and chemical breakdown has occurred. The success of 
oil spill bioremediation depends on one’s ability to establish and 
maintain condition that favors enhanced oil biodegradation rate in 
the contaminated environment [9].

Numerous scientific researchers have unveiled various factors 
that influence the rate of biodegradation. One important requirement 
is the presence of microorganisms with the appropriate metabolic 
capabilities, if these microorganisms are present, then optimal 
rate of growth and hydrocarbon biodegradation can be sustained 
by ensuring that adequate concentration of nutrient and oxygen is 
present and that the pH is between 6 and 9 [10]. The physical and 
chemical characteristics of the oil and the oil surface area are also 
important determinants of bioremediation success. There are two 
main approaches to oil spill bioremediation: Bio-augmentation in 
which known oil degrading bacteria are added to supplement the 
existing microbial population and Bio-stimulation in which the 
growth of indigenous oil degraders is stimulated by the addition 
of nutrient and other growth limiting co-substrate. Nearly all soils 
and sediments have populations of bacteria and other organisms 
capable of degrading petroleum hydrocarbons [11]. And in the 
context of this study, the emphasy is laid on bioremediation 
through the recovery of appropriate bacterial strains as well as 
the possibility of the use for microbially enhanced oil recovery for 
productivity and economic reasons.

Some environmental conditions including temperature and pH 
can enhance oil degradation by microorganisms. The breaking down 
of hydrocarbons by bacteria and fungi at the initial steps include 
the oxidation of the substrates by enzymes oxygenizes in which 
molecular oxygen is required. The oxygen can be depleted based 
on its usage [12]. Degradation also occurs in the absence of oxygen. 
Under anaerobic conditions, some hydrocarbons are degraded 
or transformed. For example, the anaerobic transformation of 
benzene and toluene under methanogenic conditions has been 
characterized as fermentation process in which the substrates 
are partially reduced, yielding carbon dioxide and methane as end 
product [13]. The objective of this study is therefore to isolate and 
identify bacteria which are capable of degrading hydrocarbon from 
oil polluted soil sample from Ayetoro community in Ilaje Local 
Government Area of Ondo state. Similarly, the conditions that 
enhance this degradative process will be beneficial for cleanup 
purpose in oil polluted areas.

Materials and Methods

Study site and sample collection

The soil samples were collected from an oil-polluted land in 
Ayetoro community of Ilaje Local Government Area of Ondo state. 
Sample was collected directly into an aluminum foil paper using 
sterile spatula, and transported immediately to the Microbiology 
laboratory of Adekunle Ajasin University, Akungba-Akoko where 
microbiological analysis was carried out.

Materials and equipment used
The materials including glass wares used for this study were 

adequately sterilized in the hot air oven at 170 ᵒC for two hours 
and allowed to cool before use. Similarly, culture medium such 
as Nutrient agar used was prepared according to manufacturer’s 
instructions while the mineral salt medium (MSM) was constituted 
and prepared in the laboratory. Sterilization of the media was done 
using Autoclave at 15Ibs (121 ᵒC) for 15 minutes.

Preparation of mineral salt medium (MSM)
The mineral salt medium was prepared in the laboratory having 

the following composition; Na2HPO4.7H2O, 64g; KH2PO4, 15g; 
NaCl, 2.5g; NH4Cl, 5.0g; yeast extract; and Agar agar in 1000mls 
of sterile distilled water. Each salt was dissolved in distilled water 
before mixing. The pH of the solution was adjusted to 6.8. The 
medium was then sterilized by Autoclaving at 15Ibs pressure (121 
ᵒC) for 15minutes.

Enumeration and isolation of bacterial population
Total bacterial population in the oil-polluted soil sample was 

enumerated and isolated adopting serial dilution and the standard 
plate counts technique using pour plate method. 10g of the soil 
sample was measured into a conical flask and 90ml of sterile 
distilled water was mixed with the sample. The suspension was 
properly shaken for three hours to homogenize the solution and 
this served as the stock solution. Ten-fold serial dilution of all the 
homogenized mixture was carried out using sterile distilled water 
as diluents. Seven test tubes containing 9ml of distilled water 
was used for the serial dilution. Aliquots of 1ml from 10-5 and 
10-7 dilutions were introduced into duplicated sterile petri dishes 
and 20ml of molten nutrient agar incorporated with nystatin to 
suppress fungal growth, were poured into the plates and swirled 
to allow homogenization. The plates were incubated at 37 ᵒC for 
24 hrs after which colonies on the plates were enumerated and sub 
culturing of bacterial isolates were done to obtain pure culture. 
Bacterial colonies were picked with sterile inoculating loop and 
were streaked on freshly prepared nutrient agar plates. The plates 
were incubated at 37 ᵒC for 24 hrs. Aliquots of 1ml from dilutions 
of 10-5 and 10-7 were also plated in duplicates on Mineral Salt Agar 
using the spread plate technique. Nystatin was added to the Mineral 
Salt Agar to suppress fungal growth. A filter paper saturated with 
sterile crude oil was aseptically placed on the inside of the inverted 
Petri dishes and the culture plates were incubated for 14 days at 
37 ᵒC. Plates yielding colonies were afterwards enumerated for 
bacterial isolates. 

Identification of the bacterial isolates
The bacterial isolates were identified by standard 

microbiological methods. This includes the identification of Gram 
negative bacteria using API® 20E identification kit.

Growth on bonny light oil
Bonny light oil is a high grade of Nigerian crude oil with low 

specific gravity, produced in the Niger Delta basin and named after 
the prolific region around the city of Bonny. The very low sulfur 
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content of Bonny Light crude makes it a highly desired grade for 
its low corrosiveness to refinery infrastructure and the lower 
environmental impact of its byproducts in refinery effluent [14].

Method A
Colonies of the different bacterial isolates were transferred into 

50ml mineral salts medium (MSM), supplemented with 0.05% (v/v) 
bonny light oil sterilized by filtration through 0.45 unit membranes 
(whatmann, USA) and incubated at 28 °C in a water bath shaker 
at 200rpm for 21 days. Bacterial growth was determined at a 7 
day intervals by the physical appearance (i.e. turbidity) and by 
measuring the optical density (O.D.) at 540nm using Spectronic 
colorimeter 20 (Bausch and Lomb Inc., Rochester, NY).

Method B
Growth on Bonny light oil was also determined by the ‘hole-

plate diffusion method’. Twenty milliliters of mineral salts agar 
medium (MSM) were poured into agar plates. Plates were then 
inoculated with the test organisms using a sterile swab. Six (6) mm 
diameter cork borer was used to bore wells on the agar plate and 

50 µl of filter sterilized bonny light oil were placed in the holes. 
Sterile distilled water was used as the control. Agar plates with the 
bacterial isolates were incubated overnight at 28 ᵒC. The results 
were recorded after 48 hrs by the physical appearance.

Assay for petroleum oil degradation
The test was conducted to detect the biodegradation of Bonny 

light oil, by a monooxygenase biodegradation pathway. The test 
is based on the following reactions: The test was performed in 
duplicate at 28 ᵒC in a small test tube containing the following 
components: 20µl of 0.05mol/l2, 6-dichlorophenolindophenol 
(DCPIP), 30µ l0.05mol/l 5-methyl-phenazinium methylsulphate 
(5-MPMS), 25µl of 0.1% (v/v) Bonny light oil, 5µl of 0.15M NAD 
solution and 25µl of broth containing bacterial cells. Color change 
was compared visually with four controls. The first control 
contained no bonny light oil (substrate), the second contained no 
NAD+ and the third contained no cells. A fourth control consisted of 
heat-killed cells (10 min at 90 ᵒC). The reaction was followed for 12 
hours and examined after 1, 2, 6 and12 hrs.

Results and Discussion

Figure 1: Assay for petroleum oil degradation.

This study shows the diversity of microorganisms encountered 
in soil sample obtained from Ayetoro community, which is part of 
Ilaje Local Government that is an oil producing Area of Ondo State, 
Nigeria. The average total bacterial count was 10 x 107cfu/mL. And 
when cultured on Mineral salt medium (MSM), the average count 
was 3 x 107cfu/mL. Out of the twenty-two (22) colonies picked 
at random, (thirteen) 13 were Gram positive while nine (9) were 
Gram negative (Table 1). The high number of bacteria colonies 
recovered from the soil sample was due to the organic matter 
present in the crude oil. This mechanism of oil degradation is as 
shown in Figure 1 based on the ability of these microbes to utilize 

petroleum hydrocarbon components for their metabolic activities 
(Figure 1 & Table 2).

Table 1: The total bacteria count of the soil sample on nutrient 
agar and mineral salt medium.

Culture Medium Total Bacteria Count

Nutrient agar 10 x 107

Mineral Salt Medium (MSM) 3.0 x 107

http://dx.doi.org/10.31031/PPS.2018.01.000525
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 In Table 3, API® identification kit was used for Gram negative 
bacterial isolates confirmation of identity. The prominence of 
bacterial load in this ecological zone might have been due to 
their ability to utilize the organic matter compound present in 
the crude oil as source of carbon and energy for their metabolic 
properties. Bacillussubtilis, Bacilluscereus, Pseudomonasaeruginosa, 
Micrococcus luteus, and Acinetobacter lwoffi obtained in this study 
were able to degrade Bonny light crude oil while others could 
not (Table 3). The frequency of oil-degrading bacteria was higher 

in the soil sample than that of non-oil degrading bacteria. This is 
likely to be as a result of the metabolic ability possessed by these 
oil-degrading bacteria such as Bacillus spp and Pseudomonas 
spp. Which enables the utilization of hydrocarbon present in the 
crude oil as source of carbon and energy [10]? Similarly, the result 
obtained in this study is in conformity with the report of [15], who 
demonstrated that Bacillus spp. and Pseudomonas sp. are of high 
predominance in hydrocarbon polluted soil as a result of their 
ability to utilize it.

Table 3: API ® kit identification codes for the gram negative bacterial isolates.

Isolate Result Code Percentage Probability Probable Bacteria

D3 5215772 82.76% Klebsiellaoxytoca

D5 4256452 99.96% Pseudomonas aeruginosa

D8 7512000 86.20% Escherichia coli

D11 7736473 99.43% Proteus mirabilis

D12 6306033 95.30% Acinetobacter lwoffii

D13 5155324 89.88% Enterobacterfaecalis

D15 7312153 98.64% Serratiamarcescens

D18 4256452 92.64% Pseudomonas aeruginosa

D21 6306042 99.50% Acinetobacter lwoffii

Bacillus spp. produces spores which may shield it from the toxic 
effects of hydrocarbon. Other organisms such as Streptococcus spp., 
Klebsiella spp., Proteus spp., and Escherichiacoli were also present in 
the crude oil polluted soil. Although they may not be able to utilize 
petroleum products, their presence may be due poor hygienic 
practices in the community. Microbial degradation of organic 
contaminants normally occurs as a result of microorganisms using 
the pollutants for their metabolism, growth and reproduction [16].

The frequency of occurrence of bacteria showed that 
Bacillusspp had the highest occurrence (22.7%) followed 
by Micrococcusluteus (13.64%) while Staphylococcusaureus, 

Klebsiellaoxytoca and scherichiacoli were least in occurrence with 
value of 4.55% each. This also corroborates the findings of [17], 
who studied the potential of Pseudomonas sp., Bacillus sp., and 
Proteus sp. isolated from rivers polluted by hydrocarbons and 
refinery effluents to degrade petroleum [18]. The result of this 
investigation showed the occurrence of high numbers of certain 
oil degrading microorganisms from oil polluted environment as 
evidence that these microorganisms are the active degraders of 
such environment [19]. The majority of these organisms isolated 
were Pseudomonas aeruginosa, Bacillus spp, icrococcusluteus and 
Acinetobacter lwoffii and the dominance of these organisms has 
been reported by different researchers as crude oil degraders [5].

Plate 1: API kit and typical result of one of the bacterial isolates (Viz: Acinetobacter lwoffi).

http://dx.doi.org/10.31031/PPS.2018.01.000525
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The growth response of different bacterial isolates on Bonny 
light oil measured as turbidity (O.D. at 540nm) as determined in 
Table 4. Of the twenty-two (22) bacterial isolates, five (5) showed 
growth around wells containing Bonny light oil and further showed 
ability to degrade the oil. The presence of oil-degrading organisms 
shows that they have adapted to Petroleum-contaminated 
environment and it is a clear indication that the indigenous 
microbes were carrying out their metabolic activity. The activities of 
these microorganisms could be responsible for the bioremediation 
of the environment and thus clean these polluted sites [5]. Study of 
microbes that can enhance degradation of environmental pollutants 
will go a long way to curb the menace of environmental toxicology 
and protect human health from the surge of diseases spread (Plate 
1).

Table 4: The oil-degrading bacteria growth indices (optical 
density).

Optical Density at 540nM Bacteria
Day

7 14 21

Micrococcus luteus 0.42 0.55 0.71

Bacillus cereus 0.2 0.36 0.47

Bacillus subtilis 0.5 0.67 0.63

Pseudomonas aeruginosa 0.72 0.82 0.85

Acinetobacter lwoffi 0.18 0.23 0.31

Conclusion
The strength of this study entails wide array of bacterial 

diversity, both Gram positive and Gram negative, that were isolated 
from oil-polluted environment based on their nature to survive 
crude oil pollution. These properties will enhance their versatility 
to be used for cleanup purposes in oil polluted areas. This will 
make crude oil less harmful to plants and animals activities, thus 
keeping our environment relatively safe through bioremediation 
processes. Nevertheless, apart from pollution control through the 
use of microbe’s encountered, further molecular studies to produce 
replicate copies of viable organisms for enhanced petroleum 
recovery purposes is recommended and will be intensified.
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