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ISOLATION, CHARACTERIZATION, AND COMPARATIVE BIODEGRADATION EFFICIENCY OF OIL-DEGRADING BACTERIA FROM OIL-CONTAMINATED ENVIRONMENTS

ABSTRACT
 Soil is an important component of the ecosystem which supports life and provides an avenue for crops to grow. It harbors water bodies, holds important mineral resources, elements and supplements that help plants to grow and flourish. Pollution caused by petroleum hydrocarbons (PHs) and its derivatives significantly affect soil and its properties causing great health risks to animals and humans.  Several remediation methods had been explored and were continuously used to mitigate the effects caused by different pollutants. These methods such as biostimulation and bioaugmentation merely enrich autochthonous microorganisms. However, traditional remediation methods have proven to be inadequate in completely mitigating pollution leading to growing interest in finding strategies more effective and sustainable. This study compares the efficiency of isolated species against different petroleum hydrocarbon products at successive intervals and establishes more efficient degradation specie at each time interval for each product. The present study results revealed that Streptococcus spp was more efficient for petrol and diesel with efficiency degradation of 96.93% and 83.10% respectively. Pseudomonas spp was found to be the most efficient degrader of engine oil with efficiency degradation of 83.56%. The future direction of researches should focus on identifying the functional genes and pathways enabling these bacterial species to perform degradation process coupled with using the current advancements such as nanotechnology, metagenomics, metabolomics, and genetic engineering to improve the efficiency of the degradation process, reducing the time period of the degradation and also reducing the possibility of the production of more harmful/recalcitrant byproducts by the degradation bacteria.
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1. INTRODUCTION
Soil is a complex system of the ecosystem providing a foundation support for plant growth, food and nutritional security for both human and animals, and also serves as a dynamic reflection of the earlier ecological communities [1-3]. Soil has several important functions, including being a reactor, transformer, and integrator of other natural resources, a medium for biomass production, a storage system for heat, water, and nutrients, a buffer against stresses, a filter and detoxification system, a gene reservoir, and a conservator of natural and human heritages [4]. Soil pollution caused by oil, petroleum hydrocarbons (PHs) and its derivatives to be precise, significantly affects soil functions, properties and hydrological processes. In addition to the serious hazard to human health and environmental problems [5], it also reduces the water absorption capacity of the soil leading to reduced availability of water for plants which is indirectly increasing the risk of soil drought [6-7]. Studies on soil contamination by oil reveals increase in water repellency which affects indices and contact angles [8]. The crude oil contamination of sandy loam soil results in significant changes to the physicochemical characteristics of the soil, such as total hydrocarbon content which calls the need for adoption of remediation on crude oil contaminated soils [9].
Bioremediation approach of mitigating the effect caused by oil pollution provides a more efficient substitute of conventional remediation methods with high removal rates of saturated hydrocarbons through adsorption processes and methanogenic biodegradation [10]. Conventional methods such as biostimulation and bioaugmentation are used for mitigating crude oil spillage as they are both cost effective and environment benign [11]. These methods employ the use of living organisms such as bacteria and yeast to convert toxic contaminants like hydrocarbons found crude oil into harmless compounds by degradation mechanisms [12-13]. 
The conventional methods of bioremediation of contaminated environment are strongly limited by low efficiency mainly due to their long degradation time, partial oil removal, and also sometimes dependency on specific environmental conditions. There is also the problem of restricted identification of potential oil degrading species due to the utilization of traditional culturing techniques and lack of versatility of the identified species which all together reduce the efficiency of the bioremediation of contaminated environments. This problems highlight the need for more robust, effective, adaptable strategies for sustainable bioremediation of contaminated environment.
The study aims to offer more sustainable approach to environmental restoration by improving the efficacy and broadening the applicability of bioremediation and at the same time contributing to the advancement of practical knowledge of bioremediation that can inform future research and development in this field.
The current study focused on isolating, characterizing, and comparing the biodegradation efficiency of oil-degrading bacteria from oil-contaminated environments

2. MATERIALS AND METHODS
2.1 Study Area
This study was carried out in Gangrar district of Chittorgarh city in Rajasthan state. The selected places for sample collection include one (1) motor garage and two (2) petrol filling stations where three (3) samples from each location were collected from strategic locations with high oil contamination. 
[bookmark: _Toc76178216][bookmark: _Toc76178282]Gangrar district (Approximately 25°08'N latitude and 74°37'E longitude at approximately 394 meters above sea level) Chittorgarh city of Rajasthan State, India. 
[image: C:\Users\User\Downloads\IMG-20240705-WA0020.jpg]
Figure 1: Map of Rajasthan State showing Gangrar District. 
2.2 Sample collection
In total, eighteen (3) soil samples in triplicate were collected in the study areas. Of these, One (1) sample was taken from a motor garage and two (2) samples were taken from were collected from a Petrol filling station. Soil was aseptically collected from contaminated soil 10cm deep using a sterile container to a total weight of 5g for each sample. The samples were immediately transferred to the laboratory and kept in a cool dry cabinet for storage until analysis.
[bookmark: _Toc76178217][bookmark: _Toc76178283]2.3 Isolation and Characterization of Oil-Degrading Bacteria
[bookmark: _Toc76178218][bookmark: _Toc76178284]The methods soil analysis involved enrichment of microorganisms present in soil sample, screening and isolation of oil degrading bacteria, identification of bacterial isolates and gravimetric analysis to study oil degradation. Initially, enrichment of oil degrading bacteria was done using Bushnell Haas broth and engine oil as the sole carbon source. Then, screening and isolation of oil degrading bacteria was done using Bushnell Haas agar and engine oil as the sole carbon source. Identification of bacterial isolates was performed by various biochemical tests with pure cultures obtained from presumptive colonies. Finally Gravimetric analysis was done to estimate the percentage degradation of oil by bacteria [14].
2.4 Preparation of Media
[bookmark: _Toc76178220][bookmark: _Toc76178286]The culture media used include Bushnell Haas Broth, Bushnell Haas Agar, Nutrient agar, Starch hydrolysis media, Tryptone broth, Carbohydrate utilization media and Methyl red broth. The media were prepared according to the manufacture specification. These media were sterilized in an autoclave at 121ºC for 15minute. 
[bookmark: _Toc76178229][bookmark: _Toc76178295]2.5 Enrichment of microbes
The oil degrading bacteria in the soil samples obtained were enriched using Bushnell Haas broth with engine oil as the sole carbon source placed on a shaker for a period of 5-10 days until degradation and utilization of engine oil was observed by comparing the culture flasks to uninoculated flasks 
[image: C:\Users\Abdullah\Desktop\MEWAR UNIVERSITY\BIOREMEDIATION\Pictures\New folder\Picture2.png]
Fig. 2: Showing Enrichment of bacteria

2.6 Screening of Oil Degrading Bacteria
After the two phases of enrichment, the enriched bacteria was cultivated on Bushnell Haas Agar with engine oil as the sole carbon source. The plates were incubated at 30-35°C until visible colonies were observed.  
 [image: C:\Users\User\Desktop\MEWAR UNIVERSITY\BIOREMEDIATION\Pictures\New folder\IMG_20240812_144748.jpg]
Fig. 3:  Screened oil degrading bacteria
2.7 Isolation of oil degrading bacteria
From the Bushnell Haas Agar, well isolated colonies with distinct characteristics were sub-cultured onto a plate of Nutrient Agar by streaking method. Two isolates were grown and subjected to tests for identification and characterization.
Identification of the bacterial isolates was based on simple staining, gram staining, and motility test followed by biochemical analysis.
[image: C:\Users\Abdullah\Desktop\MEWAR UNIVERSITY\BIOREMEDIATION\Pictures\New folder\Picture1.jpg.png]
Fig. 4: Isolated pure culture of oil degrading bacteria

3. RESULTS AND DISCUSSION
[bookmark: _Toc76178228][bookmark: _Toc76178294]3.1 Results
3.1.1 Identification of bacteria
3.1.1.1 Simple staining
The simple staining results showed that Isolate 1 is a spherical-shaped (cocci) bacteria while Isolate 2 is a rod-shaped (bacilli) bacteria.
3.1.1.2 Gram staining
Based on the results obtained from gram staining of isolates, Isolate 1 was gram positive while Isolate 2 was gram negative.
3.1.1.3 Motility test
Based on motility test was observed to be Isolate 1 was motile, while Isolate 2 was observed as non-motile.
[image: C:\Users\Abdullah\Desktop\MEWAR UNIVERSITY\BIOREMEDIATION\Pictures\New folder\Picture3.png]
Fig. 5: Gram’s staining

3.1.2 BIOCHEMICAL CHARACTERIZATION
	Test 
	Isolate1
	Isolate2

	Catalase
	- 
	+ 

	Indole 
	- 
	- 

	Methyl red
	-
	- 

	Starch hydrolysis
	-
	+

	Glucose Utilization
	+
	+

	Citrate
	-
	+

	Vogues proskauer
	-
	-




3.1.3 Oil Degradation Analysis
The isolated and identified isolates were subjected to oil degradation analysis to estimate the degradation efficiency of each isolate.
[image: C:\Users\User\Desktop\MEWAR UNIVERSITY\BIOREMEDIATION\Pictures\New folder\petrol deg.png]
[image: C:\Users\User\Desktop\MEWAR UNIVERSITY\BIOREMEDIATION\Pictures\engine oil deg1.png] 
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Key: (A)-Before degradation, (B)-After degradation
Fig. 6: Supplemented media during and after degradation analysis

3.1.4 Gravimetric Analysis
After the completion of the degradation period, Gravimetric analysis was carried out to extract and quantify the residual oil remains for the determination of the degradation efficiency among isolates.
[image: C:\Users\User\Desktop\MEWAR UNIVERSITY\BIOREMEDIATION\Pictures\New folder\Gravimetric analysis.png]
Fig. 7: Extraction procedure during gravimetric analysis

During Gravimetric analysis three layers were formed due to separation by miscibility of the solutions: top layer contains the residual oil mixed with acetone and cyclohexane. A beaker was pre-weighed, the two lower layers were collected in a separate beaker and discarded. The upper layer was collected in the pre-weighed beaker passed through sodium anhydrous to remove moisture and placed in water bath to evaporate acetone and cyclohexane. The final residue was weighed to get the final weight of residual oil.
The isolate screened for oil degradation using gravimetric analysis against 2% petrol, diesel and engine oil over different time intervals of 5, 10 and 15 days respectively produce the following results. The degradation efficiency of each isolate is summarized in the tables below
Table 1: Showing percentage of oil degradation of petrol by the two isolates after different intervals of incubation
	Isolate 1

	Incubation time
	Percentage degradation (%)
	Average (%)

	5
	25.45
	25.60
	25.48
	25.51

	10
	43.20
	43.40
	43.51
	43.37

	15
	96.70
	96.99
	97.10
	96.93

	Isolate 2

	5
	22.30
	22.40
	22.62
	22.44

	10 
	27.70
	27.80
	28.08
	27.86

	15
	90.90
	90.80
	90.76
	90.82



Table 2: Showing percentage of oil degradation of diesel by the two isolates after different intervals of incubation
	Isolate 1

	Incubation time
	Percentage degradation (%)
	Average (%)

	5
	10.9
	10.0
	10.6
	10.50

	10
	39.45
	39.20
	39.16
	39.27

	15
	74.90
	74.85
	74.89
	74.88

	Isolate 2

	5
	18.74
	18.70
	18.72
	18.72

	10 
	47.50
	47.45
	47.49
	47.48

	15
	83.00
	84.18
	83.50
	83.56



Table 3: Showing percentage of oil degradation of engine oil by the two isolates after different intervals of incubation
	Isolate 1

	Incubation time
	Percentage degradation (%)
	Average (%)

	5
	40.10
	39.50
	40.13
	39.91

	10
	65.20
	66.05
	65.94
	65.73

	15
	82.90
	83.10
	83.30
	83.10

	Isolate 2

	5
	9.98
	9.70
	9.90
	9.86

	10 
	32.20
	32.57
	32.40
	32.39

	15
	76.70
	76.40
	76.49
	76.53



3.1.5 Efficiency of oil degrading isolates
The efficiency of each isolate in the degradation of oil product at the end each incubation period was measured by quantifying the remaining residue of petroleum product in the medium and it is summarized below.
Table 4: Showing efficiency of oil degradation of the two isolates after 5 days intervals of incubation
	Carbon source
	Streptococcus spp
	Pseudomonas spp

	Petrol
	25.51%
	22.44%

	Engine oil
	10.50%
	18.72%

	Diesel
	39.91%
	9.86%


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At 5 days of incubation and shaking, Streptococcus spp in Diesel recorded the highest degradation with 39.91% while Pseudomonas spp in diesel showed the lowest degradation with 9.86%.


Figure 8: Efficiency of bacterial isolate in oil degradation at day 5

Table 5: Showing efficiency of oil degradation of the two isolates after 10 days intervals of incubation
	Carbon source
	Streptococcus spp
	Pseudomonas spp

	Petrol
	43.37%
	27.86%

	Engine oil
	39.27%
	47.48%

	Diesel
	65.73%
	32.39%



At 10 days of incubation and shaking, Streptococcus spp in Diesel recorded the highest degradation with 65.73% while Pseudomonas spp in petrol showed the lowest degradation with 27.86%.

Figure 9: Efficiency of bacterial isolate in oil degradation at day 10
Table 6: Showing efficiency of oil degradation of the two isolates after 15 days intervals of incubation
	[bookmark: OLE_LINK3]Carbon source
	Streptococcus spp
	Pseudomonas spp

	Petrol
	96.93%
	90.82%

	Engine oil
	74.88%
	83.56%

	Diesel
	83.10%
	76.53%



At 15 days of incubation and shaking, Streptococcus spp in petrol recorded the highest degradation with 96.93%, followed by Pseudomonas spp in petrol with 90.82%, followed by Pseudomonas spp in Engine oil with 83.56%, followed by Streptococcus spp in diesel with 76.53%, the lowest degradation was recorded by Streptococcus spp in engine oil with 74.88%


Figure 10: Efficiency of bacterial isolate in oil degradation at day 15
3.2 DISCUSSION
In the present study, two oil degrading bacteria were isolated, namely Streptococcus spp and Pseudomonas spp. The efficiency of each isolate in its capacity to degrade oil products (petrol, diesel and engine oil) was measured. For petrol degradation, Streptococcus spp was found to be the most efficient degrader of petrol with efficiency degradation of 96.93%. For diesel degradation, Streptococcus spp was found to be the most efficient degrader of diesel with efficiency degradation of 83.10%. For engine oil degradation, Pseudomonas spp was found to be the most efficient degrader of engine oil with efficiency degradation of 83.56%. This result agrees with a research by which reported Pseudomonas aeruginosa as naturally occurring potent engine oil degraders [14]. Another on garage soil showed Pseudomonas aeruginosa as more potent degraders of engine oil due to their complex systems of degradation [15-16]
 A  study in Mamandur revealed Streptococcus spp and Pseudomonas spp as potential degraders of petrol, engine oil and diesel with Streptococcus spp as more efficient degraders of petrol and engine oil, pointing Pseudomonas spp as more efficient degrader of diesel [17].
4 CONCLUSION
4.1 Conclusion
In this study nine (9) soil samples were collected from three (3) different locations of Gangrar, Chittorgarh comprising two (2) filling stations and one (1) motor garage.
The present study revealed that oil degrading bacteria can be cultivated from oil contaminated soil which is the most probable growth environment for these novel microorganisms. Other microorganisms can also be found in these environments along the oil degrading bacteria, probably high resistant species that are able to resist the toxicity and limited resources of the environment.
In conclusion, Streptococcus spp are more efficient petrol and diesel degraders whereas Pseudomonas spp are more efficient engine oil degraders. The degrading efficiency of Streptococcus spp. was 89.6% for petrol, 74.88% for engine oil and 83.10 % for Diesel. The degrading efficiency of Pseudomonas spp. was 90.82% for petrol, 83.56% for engine oil and76.53% for diesel. 
The future direction of researches should focus on identifying the functional genes and pathways and enabling these bacterial species to perform degradation process and using the current advancements such as nanotechnology, metagenomics, metabolomics, and genetic engineering to improve the efficiency of the degradation process, reducing the time period of the degradation and also reducing the possibility of the production of more harmful/recalcitrant byproducts by the degradation bacteria.
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Efficiency at day 5

Streptococcus spp	Petrol	Engine oil	Diesel	0.25509999999999999	0.105	0.39910000000000001	Pseudomonas spp	Petrol	Engine oil	Diesel	0.22439999999999999	0.18720000000000001	9.8599999999999993E-2	



Efficiency at day 10

Streptococcus spp	Petrol	Engine oil	Diesel	0.43369999999999997	0.39269999999999999	0.6573	Pseudomonas spp	Petrol	Engine oil	Diesel	0.27860000000000001	0.4748	0.32390000000000002	



Efficiency at day 15

Streptococcus spp	Petrol	Engine oil	Diesel	0.96930000000000005	0.74880000000000002	0.83099999999999996	Pseudomonas spp	Petrol	Engine oil	Diesel	0.90820000000000001	0.83560000000000001	0.76529999999999998	
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