

 


Isolation and Characterization of Bacteria with Potential as Hydrocarbon Component Degraders from Bitumen-Contaminated Soil 
ABSTRACT 

Petroleum hydrocarbons are considered the main energy source and provide raw materials for many industries. There are always environmental problems in places where exploration activities take place, due majorly to spillage. Hydrocarbon contamination poses a significant ecological and health threat in the environment. In this work, bacterial isolates capable of degrading crude oil were isolated from bitumen contaminated soil in Agbabu community Ondo State. Isolation of the hydrocarbon degrading bacteria was carried out on modified minimal salt medium (MSM), with crude oil as the sole carbon source. Isolated bacteria were characterized by biochemical and molecular methods. Biodegradation experiment was carried out using different concentrations of crude oil (10%, 20%, and 30%) in broth. Residual oil was analyzed using gravimetric method and gas chromatography mass spectrometry (GC-MS). Thirty-three (33) bacteria with the ability to use bitumen as sole carbon source were isolated. The six best hydrocarbon degrading bacteria were characterized by 16SrRNA, as Rossellomorea aquimaris, Stutzerimonas stutzeri, Pseudomonas sp1, Pseudomonas sp2, Pseudomonas cironellolis and Kocuria indica. The crude oil degrading ability of the six bacterial characterized showed that the highest degrading activity was observed in Rossellomorea aquimaris at 99%, for 10% concentration of crude oil, while the lowest degrading activity was observed in Kocuria indica at 6% for 30% of crude oil. The chromatograph spectra of the crude oil supplemented broth of the bacteria isolates showed different fractions from C10 to C40 interspersed with Pristane and Phytane at different quantities degraded. In conclusion, the six bacteria isolates have the ability to biodegrade crude oil at different concentrations.  These bacteria could be of huge benefits for land reclamation.
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1.1
INTRODUCTION

Petroleum hydrocarbons (PHs) remain the dominant energy source for automotive and household applications and serve as critical raw materials across various industrial sectors. However, their widespread use and frequent mishandling have led to significant environmental concerns. Accidental and illegal discharges of petroleum and its derivatives, especially into marine ecosystems, pose a severe threat to biodiversity and ecological stability (Virjani & Upasani, 2016). These compounds are recognized for their toxicity and have been classified as priority pollutants due to their persistence and potential to bioaccumulate (Koshlaf et al., 201). It is estimated that between 1.7 and 8.8 million metric tonnes of oil are released into the environment annually from both natural and anthropogenic sources (Sihag, 2014).
The extensive exploration and exploitation of petroleum resources have resulted in significant environmental contamination, particularly in oil-rich regions such as the Niger Delta and adjacent areas in Nigeria. Among these, Agbabu in Ondo State stands out due to its naturally occurring bitumen deposits, which are frequently accompanied by crude oil contamination of the surrounding soil and water systems (Olalekan et al., 2022). These hydrocarbon pollutants pose serious ecological and public health risks due to their toxicity, persistence, and potential to bioaccumulate (Oni et al., 2021).
Phytane in oils is assumed to be mainly a diagenetic product of the phytol side-chain of the ubiquitous plant pigment, chlorophyll. Pristane may be derived from several sources in addition to phytol. Isoprenoids containing fewer than 19 carbons are rare in the biomass and consequently are derivatives of pristane, phytane, or higher molecular weight compounds (Uzoegbu et al., 2023).
Bioremediation, the use of microorganisms to degrade or transform hazardous contaminants into less toxic forms, has gained prominence as a sustainable and cost-effective strategy for the restoration of petroleum-polluted environments (Varjani and Gnansounou, 2022). Indigenous microbial communities, particularly bacteria, have demonstrated the metabolic versatility required to degrade complex hydrocarbons, making them ideal candidates for in-situ remediation efforts. The isolation of such organisms from polluted habitats increases the likelihood of identifying strains with robust degradative capabilities and environmental adaptability (Adebusoye et al., 2023).

Bitumen-contaminated soils offer a unique niche for the evolution and selection of hydrocarbon-degrading bacteria. These microbial populations often develop specific enzymatic pathways, such as alkane monooxygenases and ring-hydroxylating dioxygenases, enabling them to utilize crude oil constituents as carbon and energy sources (Nayariseri  et al., 2025). Investigating the microbial diversity and functional potential in these environments not only aids in developing bioremediation strategies but also enhances our understanding of microbial ecology in extreme conditions.

Despite the ecological significance of Agbabu and its potential for microbial bioprospecting, limited studies have focused on the isolation and functional characterization of indigenous crude oil-degrading bacteria in this region. This study aims to isolate, identify, and characterize bacterial strains from bitumen-contaminated soils in Agbabu community, with a focus on evaluating their crude oil biodegradation potential. Oil exploration in Nigeria has severally lead to environmental contamination which persist in the soil and water bodies, needing means of remediation. Such findings could provide essential microbial resources for site-specific bioremediation and contribute to the growing body of knowledge on hydrocarbonoclastic bacteria in tropical environments.

2.0
Materials and Methods

2.1
Collection of Samples
The bitumen-contaminated soil sample was collected from a contaminated field in the Agbabu community of Ondo State and crude oil were collected from the Warri refinery in Delta State; the samples were transported to the Microbiology laboratory, Department of Pure and Applied Biology, Ladoke Akintola University of Technology, Ogbomoso, Oyo State, Nigeria.

2.2
Isolation of Bacteria
Ten grams of the soil sample was introduced into 100 ml of peptone broth and incubated at 30°C for 24 hrs. Fifty microliter of the broth was then introduced onto the minimal salt medium (MSM) agar using spread plate method; after the introduction of 1 ml petrol, the plates were incubated at 30°C for 7 days. Bacterial colonies that were able to utilize petrol as their sole carbon source grew on the plates and were streaked on new nutrient agar plates to get pure colonies.

2.3
Pre-Hydrocarbon Biodegradation Experiment

The growth ability of bacteria was first determined at two different bitumen concentrations of 10% and 20% in mineral salt medium (MSM), by measuring optical densities on days 7 and 14 of the experimental set-up. The turbidity was measured using a Spectrophotometer (Spectrum Lab23A) at 600 nm. Six isolates with highest growth in these two concentrations of bitumen were selected for further biodegradation experiments.

2.4
Molecular Characterization of Bacterial Isolates
Molecular characterization of the bacterial isolates was carried out, using the 16S rRNA (Lemos et al., 2006) with U27F- 5 ´-AGAGTTTGATCCTGGCTCAG-3´ and U1492R-5 ´-GGTTACCTTGTTACGACTT-3 ´ universal primers. The DNA extraction was done with the Zymo DNA isolation kit (California, USA), following the manufacturer’s instructions.

2.5
Hydrocarbon Biodegradation Experiment 

The hydrocarbon degradation assay was carried out in the MSM as adopted by Ayandele (2012). Pure cultures of bacterial isolates were inoculated into 200mls Nutrient broth and incubated for 72 hours. The optical density (OD) of each was determined using a spectrophotometer, (Spectrum Lab23) and the cell concentration of each isolate was calculated using a cell concentration calculator. Each bacterial culture (1.12 x 108 cells) was inoculated into 100 ml of mineral salt medium supplemented with 10%, 20%, and 30% crude oil (v/v); the biodegradation experiment was set up for 28 days. Samples were taken at 7-day intervals to check for the pH of the medium, bacterial growth (determined by the OD of medium at 600 nm) and residual oil.

2.6
Determination of pH, bacterial growth and residual oil
The pH of the MSM containing the bacterial isolates was determined in triplicate for 7, 14, 21, and 28 days with a pH meter (PHS-550). Ziengiang, Technology China which was calibrated to neutral (7) before use. Bacterial growth was determined by measuring the optical densities at different days mentioned above; with the use of a Spectrophotometer (Spectrum Lab23A) at 600 nm. Residual oil determination was carried out using the gravimetric method, as reported by Ayandele et al. (2012).

The rate of degradation of petroleum hydrocarbon was calculated using the following equation: 

Percentage of hydrocarbon degraded= 
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2.7
Gas Chromatography Mass Spectrometry (GC-MS) Analysis of Residual oil
The GC system (Agilent Technologies 7890A model) used for the analysis was equipped with Mass Spectrometer Detection 5975C (VLMSD) and injector (Auto) 7683B series. 
2.8
Data Analysis

Data obtained were subjected to analysis of variance (ANOVA) and means were separated by means of Duncan’s Multiple Range Test (ƿ≤0.05), using SPSS version 24.
3.0
Results and Discussion

Table 1 shows the 33 bacteria isolated from the samples, with their abilities to utilize bitumen as the sole carbon source. The OD for the 33 isolates ranged between 0.001 and 0.184 for 20 % bitumen supplementation and between 0.001 and 0.241 for 10 %. The Average OD of isolate LA11 at 20 % bitumen was 0.156, that of 6CB was 0.182, for LA1PA it was 0.158, 0.165 for 4B1P, 0.184 for 4B1A and 0.177 for LB1P. Among the selected isolates, 4B1P exhibited the highest growth rate at both 20% and 30% crude oil concentrations, suggesting strong adaptability and metabolic efficiency in hydrocarbon-rich environments. In contrast, LBIP showed the lowest growth rate under the same conditions, indicating a relatively limited capacity for crude oil degradation. These findings are consistent with those reported by Alwasify and Ahmed (2014), who observed that Pseudomonas aeruginosa, Bacillus subtilis, and Acinetobacter lwoffi achieved the greatest reduction in the weight percentage of total paraffins and unresolved complex mixtures (UCM) during crude oil biodegradation. The authors further noted that the extent of hydrocarbon degradation increased with prolonged incubation, highlighting the importance of time-dependent metabolic activity in bioremediation processes.
Table 1: Ability of Isolates to Utilize Bitumen as Sole Carbon Source

	Isolate Laboratory Code
	Average O. D. (10 %)
	Average O. D. (20 %)

	4B2B
	0.241
	0.008

	8AA2B
	0.006
	0.003

	8AA2
	0.004
	0.021

	4B3
	0.001
	0.028

	LD11B 
	0.065
	0.015

	8AA2A
	0.005
	0.002

	4BPB3
	0.059
	0.001

	6E2B
	0.134
	0.076

	LA11
	0.164
	0.156

	8AA1A
	0.106
	0.032

	8AA1B
	0.038
	0.032

	LE1P5
	0.113
	0.118

	LC3C2
	0.012
	0.032

	LD1P1
	0.004
	0.027

	4B2A
	0.078
	0.033

	LE1P7
	0.117
	0.016

	6E1A
	0.033
	0.039

	LA12
	0.092
	0.055

	6E2A
	0.021
	0.001

	6C1
	0.077
	0.121

	4CP2
	0.057
	0.049

	LB1P5
	0.102
	0.141

	6CB
	0.121
	0.182

	LB1PA
	0.094
	0.158

	LC1PC6
	0.217
	0.130

	LB1PB5
	0.151
	0.123

	4B1B
	0.136
	0.126

	LC3C2A
	0.111
	0.089

	LD15B
	0.105
	0.150

	4B1P
	0.185
	0.165

	4B1A
	0.147
	0.184

	LC3C2C
	0.140
	0.118

	LB1P
	0.180
	0.177


The six isolates selected for further study were Rossellomorea aquimaris (LB1P), Kocuria indica (LB1PA), Pseudomonas citronellolis (4B1A), Pseudomonas sp. 2 (6CB), Pseudomonas sp. 1 (4B1P) and Stutzerimonas stutzeri (LA11). The 16S rRNA gene sequencing results of the isolates BLAST on the National center for biotechnology information (NCBI) website and their ascension numbers are presented on Table 2. The six bacteria were selected based on their ability to degrade bitumen. Molecular characterization was carried out and they were identified as Rossellomorea aquimari, Stutzerimonas stutzeri, Pseudomonas sp.1, Pseudomonas sp. 2, Stutzerimonas citronellolis and Kocuria indica with three species of Pseudomonas, one species of Stutzerimonas, Rossellomorea and Kocuria; this is in agreement with the work of Olabemiwo et al. (2014), who isolated six different species of Pseudomonas from bituminous soil in Agbabu community as well as some Bacillus species. This result also agrees with that of Kojouri and Ardestani (2019) wherein the authors reported three Bacillus species and three Pseudomonas species alongside some other bacterial species. The phylogenetic relatedness of the bacteria isolated with bacteria deposited in the Genbank revealed that Rossellomorea aquimaris (LBIP) with accession number MZ317551 had resemblance with Baccilus subtilis. Pseudomonas citronellolis (4B1A) had 100% close resemblance to Pseudomonas stutzeria and Pseudomonas sp. in the GenBank. Kocuria indica (LB1PA) MZ317556 (Table 2) has resemblance to Kocuria rhizophilia, and Kocuria virians (Fig. 1). 
Table 2: Identification of Hydrocarbon degrading Bacteria with their Ascension numbers
	Isolates Code
	Isolate identification
	Accession Number

	LBIP                                  
	Rosellomorea aquimaris
	MZ317551

	LA11
	Stutzerimonas stutzeri
	MZ317552

	4BIP
	Pseudomonas sp. 1
	MZ317553

	6CB
	Pseudomonas sp. 2
	MZ317554

	4B1A
	Pseudomonas citronellolis
	MZ317555

	4BIPA
	Kocuria indica
	MZ317556
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Figure 1: Phylogenetic Relationships of isolated bacteria from bitumen contaminated soil samples

The pH values observed for the bacteria growth media during the degradation experiments ranged between 6.0 and 6.7 (Fig. 2a-2c), indicating a moderately acidic to near-neutral environment. This observation is consistent for all the isolates, suggesting a shared physiological preference among the bacteria for growth in environments with low acidic to neutral pH levels. This pH range falls within the generally accepted optimum for most mesophilic and heterotrophic bacteria, which typically grow best in the pH range of 6.0 to 8.0 (Madigan et al., 2009). The pH range agrees with Nanekar et al. (2024) who isolated petrol degrading Pseudomonas chengduensis and Pseudomonas donghensis whose optimum pH was 7.
Pseudomonas sp. 1 exhibited the highest growth rate at both 20% and 30% crude oil concentrations, suggesting strong adaptability and metabolic efficiency in hydrocarbon-rich environments (Figure 3a-3c). In contrast, Rosellomorea aquimaris showed the lowest growth rate under the same conditions, indicating a relatively limited capacity for crude oil degradation. These findings are consistent with those reported by Obiajulu  et al 2022  who observed  That Pseudomonas aeruginosa strain W11 and Pseudomonas protegens strain P7 were isolated and identified using molecular methods. Isolates N4, N3 and W13 showed higher % total petroleum hydrocarbon (TPH) degradation of 79.26%, 78.96% and 78.69% respectively than W15, P7, W8 and W11 with % TPH degradation of 68.96%, 62.14%, 59.75% and 59.00% respectively. W13 showed the fastest degradation rate with 78.72% within the first 14 days of incubation; The authors further noted that the extent of hydrocarbon degradation increased with prolonged incubation, highlighting the importance of time-dependent metabolic activity in bioremediation processes.

All the six isolates degraded crude oil (Table 3), suggesting that they may have similar genes that encodes for hydrocarbon degradation. This is in line with the work of Olukunle (2019), who reported that Baccilus sp. and Pseudomonas sp. isolated from crude oil contaminated site showed different degrading abilities at varying hydrocarbon concentrations. Bacillus genus has also been reported as a hydrocarbon degrading bacteria in studies with degrading efficiency of 83.4% anthracene by Bacillus sp. SBER3 after six days of incubation (Wang et al., 2021). Moscosso et al. (2012) reported that Pseudomonas stutzeri CECT 930 was selected for aerobically degrading an aqueous effluent containing phenanthrene (PHE). Maximum PHE degradation of 90% was obtained both at flask and stirred tank bioreactor scale. 
The degradation pattern observed also aligns with the metabolic capabilities of hydrocarbonoclastic bacteria, including members of the Pseudomonas, Alcanivorax, and Rosellomorea genera. Recent work by Huang et al. (20245 highlighted the potential of Rosellomorea spp. in marine and estuarine environments, where they contribute to hydrocarbon transformation, albeit at slower rates compared to faster-growing genera like Pseudomonas. Stutzerimonas stutzeri, Pseudomonas sp. 1 and Pseudomonas sp. 2, and Pseudomonas Citronellolis showed biodegradation efficiency of 99, 93.90 and 97% at 10% crude oil concentration. This agrees with the work done by Liu et al. (2022), who isolated crude oil degrading Pseudomonas aeruginosa with 100% degrading efficiency.
The residual oil profiles observed in this study exhibit classical pattern of microbial hydrocarbon degradation, characterized by the preferential depletion of straight-chain (n-alkane) hydrocarbons over branched alkanes and isoprenoids. This trend reflects the enzymatic specificity of many hydrocarbon-degrading bacteria, which typically exhibit higher affinity for linear alkanes due to the simplicity of β-oxidation pathways (Varjani et al., 2017). Notably, short-chain alkanes such as n-C₁₀ showed a marked reduction, while branched hydrocarbons such as pristane and phytane persisted to a greater extent across all treatments. These observations are consistent with the findings of Reza et al. (2023), who demonstrated that n-alkanes (C₁₀–C₂₀) are among the most bioavailable and rapidly degraded fractions in crude oil, whereas branched isoprenoids resist microbial attack due to steric hindrance and enzymatic limitations.
The GC-MS results showed that the isolates were able to degrade the total hydrocarbons present in crude oil at different concentrations as Rosellomorea aquimaris was observed to degrade 99% and 89% and 85% of 10% and 20% and 30% of crude oil respectfully thus showing higher degrading ability, while all Pseudomonas sp. isolated also displays high degrading ability to utilize crude oil (Table 4).

Interestingly, an increase in the concentration of certain residual compounds at higher crude oil loadings (e.g., 30%) was noted, which may indicate substrate inhibition or toxic effects resulting from excessive hydrocarbon concentrations. This phenomenon has been described in by  Mohammed et al. (2023), who noted that high petroleum loads (>25%) can lead to membrane disruption, reduced oxygen availability, and inhibition of catabolic enzyme systems, thereby impairing bacterial growth and metabolic efficiency. Such stress responses can lead to the accumulation of partially degraded intermediates and an overall decline in biodegradation rates.

The consistent presence and gradual elution of pristane and phytane throughout the incubation period further confirm their stability and utility as internal markers. These isoprenoids are commonly used in geochemical and bioremediation studies to assess degradation progress and calculate diagnostic ratios such as Pr/n-C₁₇ and Ph/n-C₁₈ (Liu et al., 2022). The persistence of these compounds, even under active degradation conditions, reinforces their value in tracking the extent of biotransformation in crude oil-contaminated systems. Overall, the GC-MS results showed the hydrocarbon-degrading potential of the six bacteria isolates with evidence of substantial degradation of short- and mid-chain alkanes, particularly at lower oil concentrations. The persistence of branched isoprenoids like Pristane and Phytane across treatments indicates their role as reliable biomarkers in biodegradation studies. These findings support the application of the isolates in bioremediation of crude oil-contaminated environments, especially where fraction-specific degradation is critical.

[image: image3.jpg]PH at 10% Crude oil

BACTERIA ISOLATES

= Oth day.
" 7th day

= 14th day
" 21stday
= 28th day




 

 Figure: 2a Change in pH of culture of bacteria isolates on 10% Crude oil
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Figure 2b: Change in pH of culture of bacteria isolates on 20% Crude oil
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                Figure 2c: Change in pH of culture of bacteria isolates on 30% Crude oil
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                   Figure 3a: Growth bacterial isolates on 10% crude oil supplemented broth
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                     Figure 3b: Growth bacterial isolates on 20% crude oil supplemented broth
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Figure 3c: Growth bacterial isolates on 30% crude oil supplemented broth

Table 3: Crude oil degradation rate as measured by Gravimetric Method at different incubation days

	Concentration
	Bacteria Isolates
	Day 0
	Day 7

(%)
	Day 14

(%)
	Day 21 

(%)
	Day 28

(%)

	10% crude oil
	Rossellomorea aquimaris
	100.0
	86.00±0.58ab
	85.10±1.05c
	87.20±0.95b
	92.16±1.10c

	
	Stutzerimonas stutzeri
	100.0
	86.20±0.06ab
	85.50±0.10c
	84.67±0.58a
	90.17±0.11b

	
	Pseudomonas sp1
	100.0
	86.10±0.61ab
	86.90±0.00d
	88.60±0.90c
	86.41±0.01a

	
	Pseudomonas sp2
	100.0
	86.80±0.06ab
	83.60±0.10b
	84.60±.0.10a
	85.41±1.10a

	
	Pseudomonas citronellolis
	100.0
	96.10±0.52c
	82.00±1.00a
	86.60±0.90b
	86.25±1.05a

	
	Kocuria indica
	100.0
	84.80±0.58a
	84.40±0.10bc
	86.70±0.10b
	84.75±1.05a

	20% crude oil
	Rossellomorea aquimaris
	100.0
	85.97±0.55ab
	84.70±0.10bc
	85.50±0.10d
	85.22±0.00c

	
	Stutzerimonas stutzeri
	100.0
	86.40±1.21b
	85.20±0.10c
	83.60±0.10b
	84.00±0.00ab

	
	Pseudomonas sp1
	100.0
	86.10±1.05b
	82.00±1.00a
	74.13±0.91a
	92.83±0.95e

	
	Pseudomonas sp2
	100.0
	86.80±0.00b
	84.10±0.05b
	85.10±0.10cd
	84.70±0.56bc

	
	Pseudomonas citronellolis
	100.0
	96.10±0.10c
	84.00±0.00b
	83.50±0.10b
	83.66±0.06a

	
	Kocuria indica
	100.0
	84.80±0.10a
	84.00±1.00b
	84.60±0.10c
	88.40±0.00d

	30% crude oil
	Rossellomorea aquimaris
	100.0
	82.60±1.05d
	79.60±1.00a
	84.20±0.00b
	87.50±0.10c

	
	Stutzerimonas stutzeri
	100.0
	83.00±1.00d
	83.40±1.56b
	79.50±0.10a
	84.20±1.15b

	
	Pseudomonas sp.1
	100.0
	90.00±1.00e
	88.30±0.10d
	80.00±0.00a
	84.30±0.10b

	
	Pseudomonas sp.2
	100.0
	80.50±0.10d
	80.90±0.00a
	86.20±0.95c
	81.20±2.10a

	
	Pseudomonas citronellolis
	100.0
	78.50±0.90b
	85.60±0.10c
	84.10±0.00b
	87.33±0.21c

	
	Kocuria indica
	100.0
	72.37±1.15a
	84.70±1.00bc
	80.10±0.69a
	84.30±0.00b


Table 4: Biodegradation abilities of bacterial isolates as revealed by GC-MS Analysis of the residual oil

	Bacterial Isolates 
	Different Concentration of Crude oil

	
	10%
	20%
	30%

	Rossellomorea aquimaris
	99%
	89%
	85%

	Stutzerimonas stutzeri
	97% 
	82%
	66%

	Pseudomonas sp. 1 
	93%
	82%
	75%

	Pseudomonas sp. 1 
	90%
	86%
	57%

	Pseudomonas citronellolis
	97%
	92%
	28%

	Kocuria indica
	61%
	10%
	6%


Conclusion

The six best hydrocarbon degrading bacteria were characterized by 16S rRNA, as Rossellomorea aquimaris, Stutzerimonas stutzeri, Pseudomonas sp. 1, Pseudomonas sp. 2, Pseudomonas cironellolis and Kocuria indica. These bacterial obtained from bitumen-contaminated soil in the Agbabu community, Ondo State, demonstrated the ability to degrade crude oil at varying concentrations (10%, 20%, and 30%). The highest degrading activity was observed in Rossellomorea aquimaris at 99%, for 10% concentration of crude oil, while the lowest degrading activity was observed in Kocuria indica at 6% for 30% of crude oil. The findings highlight the significant role of these microorganisms in petroleum hydrocarbon degradation.
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