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OLLUTANTS in the soil can have serious environmental and health consequences in the

surrounding. Soil pollution caused by mining, transportation, and petroleum, particularly oil, is a
major problem in the twenty-first century because of the harmful repercussions. Oil contamination,
primarily caused by petroleum oil, poses a significant global issue causing bacteria to thrive in oil-
contaminated environments. A study isolated fourteen culturable strains of oil-utilising bacteria from
pumping stations in Khartoum, Sudan, using enrichment culture techniques. These isolates were
isolated from the soil contaminated with crude oil for initial identification. Morphological and
biochemical analysis of pure cultures of bacterial isolates revealed that the isolates belong to 9 well
known oil-degrading bacterial genera viz. Bacillus, Citrobacter, Enterobacter, Klebsiella, Kocuria,
Micrococcus, and Staphylococcus from 3 orders and 3 classes within three phyla (Proteobacteria,
Firmicutes, and Actinobacteria). The growth rate of isolates in MSM containing crude oil was
assessed using an Apel spectrophotometer model PD-303 at OD620. Five bacterial strains identified
as Kocuria sp. (Isolate No 14; PS2), Bacillus lentus (Isolate No 13; PS1), Citrobacter diversus
(Isolate No 12; PS2), Bacillus mycoides (Isolate No 11; PS1), and Bacillus sp (Isolate No 10; PS1)
capable of utilising hydrocarbons were selected to construct a consortium for further study. The
findings of this study showed that isolates from seven genera found in the contaminated sites had
exceptional potential for use in biotechnological processes like hydrocarbon-polluted site
bioremediation. These isolates will also help to maintain a sustainable environment. As a result, this
study indicated that these bacteria could have promising applications in hydrocarbon bioremediation.
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1. Introduction

In addition to complex chemical molecules like aliphatic and aromatic hydrocarbons, petroleum is a viscous
liquid that also contains mineral components. Crude oil has C,y-Cyg hydrocarbons, while gasoline contains Cg-
Cyo hydrocarbons (Wu et al., 2013; Kuppusamy et al., 2020). Growing global industrialization and urbanization
have led to a major increase in the consumption of crude oil and its byproducts in recent decades. During the
extraction, shipping, processing, and use stages, petroleum leaks into the soil are all but inevitable and are
usually brought on by inadequate management, insufficient combustion, old pipeline cracks, and unforeseen
accidents. Although oil is an essential energy source, over drilling can lead to oil spills that contaminate soil,
harming ecosystems and public health (Xu et al., 2018; Tahir et al., 2024). Petroleum pollution in soil can have a
serious negative impact on the environment and human health in the surrounding area because of how harmful
petroleum and its byproducts are. In the twenty-first century, soil contamination from mining, transportation, and
petroleum especially oil is a serious problem because of its detrimental effects (Mambwe et al., 2021; Lv et al.,
2022). As cities continue to expand and civilization advances, the environmental harm caused by petroleum
hydrocarbons has increased to the point that it requires quick rehabilitation. A diverse range of environmental
microbes can break down petroleum hydrocarbons, producing energy and carbon. Many times, using
microorganisms with specific characteristics is part of the biological treatments used to restore oil-damaged
areas (Aziz et al., 2024).

contaminated areas endanger the environment and human health, limiting urban development and economic
progress. Petroleum components in oilcontaminated locations degrade slowly, which damages neighbouring
species. Petroleum aromatics are difficult to remove from soil because of their complicated molecular structure.
Compounds having a high carbon count, insoluble in water, and toxicity are difficult to remove. Urgent research
is required for cost-effective and efficient remediation solutions to enable sustainable soil usage for food
production and healthy living environments (Lv et al., 2022). One of the biggest challenges that oil refineries
confront is the correct management and disposal of oily sludge as a hazardous waste. The Khartoum Refinery is
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no exception. Extreme caution must be used to avoid these oily wastes from entering and damaging the
environment. Bioremediation, which employs certain microbes, is an effective technique for cleaning up
contaminated environments. The bacterial strains successfully decomposed petroleum oil, showing the
possibility of bioremediation in polluted locations (Varjani and Upasani, 2016; Varjani, 2017; Ranjani et al.,
2024; Tahir et al., 2024).

Bioremediation is a successful strategy for cleaning up contaminated regions by utilizing the inherent capacity to
degrade toxic organic compounds, thereby regenerating the ecosystem (Ishaya et al., 2023). Numerous studies
have shown that petroleum hydrocarbons may be broken down and used as the main source of carbon and energy
by a variety of microorganisms (Panda et al., 2013, Dwivedi et al., 2019; Kumari et al., 2020;; Augustine, 2023;
Ahirwar and Dehariya, 2013; Muthukumar et al., 2022; Wang et al., 2011). From diverse oil-contaminated
natural settings, more than 200 species of hydrocarbon-degrading microbes have been found (Nwaogu et al.,
2008; Musa, 2019; Wang et al., 2020; Aqeel et al., 2021; Issa et al., 2023; Aladwan et al., 2024; Tahir et al.,
2024).

Many hydrocarbon-degrading bacteria have been isolated from soil (Hamzah et al., 2010; Sun, et al., 2018;
Obafemi, et al., 2018; Ra, et al., 2019; Soltanighias, et al., 2019; Chikere, et al., 2020; EI-Shennawy, 2022; Atai
et al., 2023) including crude oil contaminated sites (Nadarajah et al., 2002; Okoh, 2003), refined petroleum
products polluted sites (Kebria et al., 2009; and Eze & Eze, 2010) and sludge (Wang et al., 2011; Panda et al.,
2013; Ahirwar and Dehariya, 2013; Lima et al., 2019). The exploration of unique bacterial genera and novel
isolates effective in hydrocarbon degradation reveals several promising candidates. Among these, the
Rhodococcus gingshengii GOMB?7 strain stands out for its ability to degrade long-chain alkanes under
microaerobic conditions, a novel capability within its genus. This strain, isolated from the Gulf of Mexico,
demonstrates potential for energy-efficient bioremediation in low-oxygen environments (Juarez et al., 2023).
Fictibacillus phosphorivorans RP3 is a novel strain identified for its ability to degrade kerosene and diesel,
achieving over 90% degradation efficiency. This strain also produces biosurfactants, which enhance its
hydrocarbon degradation capabilities by increasing the bioavailability of hydrophobic compounds (Pandey et al.,
2021). While these strains and genera show promise, the effectiveness of bioremediation can be influenced by
environmental conditions and the specific hydrocarbons present. The adaptability of indigenous strains, such as
Bacillus sp. SEA18 and Serratia sp. Tan611, underscores the importance of local microbial communities in
bioremediation efforts (Swetha et al., 2020; Semai et al., 2021). Abd El-Hafez (2014) suggested that Bacillus
megaterium sp. can be useful for the remediation of hydrocarbons and heavy metal contaminated soils.

This research aims to isolate and identify several hydrocarbon-utilizing bacteria from Sudan's crude oil polluted
soils.

2. Materials and Methods

2.1. Soil sample collection

Random samples from crude-oil contaminated soil at depths of 0-20 cm were obtained from the following
locations:

(i) Soil contaminated with crude oil from petrol filling stationl in Khartoum south (15.44404,32.83877).

(ii) Soil contaminated with crude oil from petrol filling station 2 in Khartoum north (16.654048,33.442155).

The soil samples were carefully mixed, and all stones and debris were eliminated. After that, they were taken to
the lab, put through a 2 mm sieve, and stored at 4°C in a refrigerator for analysis.

2.2. The composition of Medium

Mineral salt medium (MSM) was utilized as the enrichment medium, 1% (v/v) Heglig Nile Blend (HNB) crude
oil as sole carbon source for isolation of hydrocarbon-utilising bacteria. The investigation was conducted using
the MSM Zajic and Supplisson, (1972) combination. Khartoum Oil Refinery at Algaili provided the HNB crude
oil. MSM was used to cultivate the isolated bacteria. The pH of the medium was adjusted to 7.4 using 6 N
hydrochloric acid or 1 N sodium hydroxide.

2.3. Isolation and enrichment of pure cultures of crude oil-utilising/ bacteria

Bacterial strains that use hydrocarbons were identified and purified using the following enrichment method: 99
mL of Zajic and Supplisson's (1972) MSM, which included 1% crude oil as the only carbon source, was used to
suspend 1 g of contaminated soil in a 250 mL conical flask. For seven days, the flasks were shaken occasionally
while being incubated at 35°C +2°C with periodic shaking for seven days. Serial dilutions were carried out for all
samples. Zajic and Supplisson's (1972) MSM agar, which contained 1% crude oil as the only carbon source, was
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covered with one milliliter of each dilution. Plates were incubated at 35 degrees Celsius for three to seven days.
Colonies of oil-using bacteria were chosen at random and purified by repeatedly streaking them over nutrient
agar plates until pure colonies were formed. For testing purposes, the purified isolates were subcultured every 30
days onto nutrient agar slants, which were stored in a refrigerator at 4°C.

2.4. Characterization and identification of isolated bacteria

Using the methods described by Cheesbrough (1991), pure bacterial isolates were examined visually,
microscopically, and biochemically. Standard taxonomic references such Bergey's Manual of Determinative
Bacteriology (Buchanan and Gibbons, 1974), The Prokaryotes (Dworkin et al., 2006), and Bergey's Manual of
Systematic Bacteriology (De Vos et al., 2009) were used to identify the isolated bacterial strains.

2.5.Morphological and microscopic characteristics of the bacterial isolates

The pure isolates were grown on nutrient agar medium. Shape, color, surface elevation, margin, transparency,
pigmentation, opacity, and appearance of colonies examined using the same method described by Cheesbrough
(1991). Two tests were performed on each bacterial isolate: endospore staining and Gram staining, which
differentiates between Gram-positive and Gram-negative bacteria. Fresh, pure bacterial isolates were used in
each assay. All isolates were subjected to Gram staining using the protocol outlined by Cappuccino and Sherman
(1996).

2.6. Biochemical characteristics of the bacterial isolates

Oxidase, hydrogen sulfide generation, urease, indole, methyl red, nitrate reduction and Voges-Proskauer
reactions, citrate utilization test, oxidative fermentation, catalase, and starch hydrolysis were among the
biochemical tests conducted (Cheesbrough 1991).

2.7. Determination of bacterial growth by measuring turbidity of the culture broth

According to Rahman et al. (2002), the optical density of the liquid medium was measured at 620 nm using an
Apel spectrophotometer model PD-303 in order to track the bacterial growth of each isolate. A conical flask with
100 mL of sterile MSM broth and 1 mL of crude oil as the sole carbon source was filled with a loopful of each
bacterial isolate's overnight culture (18 hours). For three weeks, the flasks were kept in an incubator set at 35°C
to track the growth of bacteria. To identify turbidity brought on by bacterial growth, the optical density was
measured at 620 nm at the conclusion of the incubation period.

Bacterial growth was classified as:-

(i) excellent (OD620=0.81-2.0, indicated by ++++) or high (OD620=0.61-0.80, designated by +++), suggesting
strong utilization ability.

(iii) Bacterial growth is moderate (OD620 = 0.41-0.60), as shown by the ++ symbol, suggesting moderate
utilising ability.

(iv) Bacteria with limited growth (OD620 = < 0.40) are marked by +, suggesting low utilisation ability.

(v) no growth (-).

3. Results

3.1. Oil-utilising bacteria isolation

The hydrocarbon-utilising bacteria were isolated using MS (Mineral Salt) medium supplemented with Heglig
Nile Blend (HNB) crude oil (1%). We observed bacterial growth on the medium after four days of incubation at
35°C. Using the streak plate approach, colonies were then divided according to their morphological
characteristics, all experimental steps was summarized in Figure 1. Fourteen isolates, referred to originally as
Isolate-1, Isolate-2, Isolate-3, Isolate-4 Isolate-5, Isolate-6, Isolate-7, Isolate-8, Isolate-9, Isolate-10, Isolate-11,
Isolate-12, Isolate-13, and Isolate-14, were shown to be viable candidates for use in bioremediation (Table 1).
Given that the isolates were cultivated on media containing just burned Heglig Nile Blend (HNB) crude oil as a
carbon source for their survival, development, and reproduction, it may be assumed that these isolates can absorb
these substances as food and nourishment and can subsequently degrade them.
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Fig. 1 Experiment processes of isolation, purification and identification of crude oil-utilizing bacteria fron oil
contaminated soil.

Table 1: Growth performance of the fourteen identified strains measured at an optical density of 620 nm (OD620) in
mineral salt medium (MSM) containing 1% crude oil.

Represented No.  Bacterial strains Source of isolate  ODgy, Bacteria Growth
1 Bacillus brevis PS2 0.206 +
2 Bacillus firmus PS1 0.378 +
3 Micrococcus roseus PS2 0.448 ++
4 Bacillus megaterium PS1 0.503 ++
5 Staphylococcus sp. PS1 0.539 ++
6 Bacillus amyloliquefaciens PS1 0.567 ++
7 Klebsiella oxytoca PS1 0.567 ++
8 Enterobacter ashuriae pPSs2 0.580 ++
9 Enterobacter sp. PS1 0.588 ++
10 Bacillus sp. PS1 0.654 +++
11 Bacillus mycoides PS1 0.670 +++
12 Citrobacter diversus pPs2 0.680 +++
13 Bacillus lentus ps1 0.684 +++
14 Kocuria sp. PS2 0.878 +++

PS1: the first petrol station; PS2: the second petrol station The data shows the averages that were taken after
seven days of incubation.

3.2 Morphological characterization

Table 2 shows colony morphological characteristics such as shape, colour, surface elevation, margin,
transparency, pigmentation, opacity, and appearance as described in Cheesbrough (1991). The colour and colony
form of the bacteria allowed for a partial identification. Twenty-four hours later, the streaking results were seen.
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Fourteen distinct colonies have been identified based on their morphology. The first group of isolates (1, 4, 6, 8,
9, 10, 12, and 13) comprised cream-colored colonies, while the second group (2, 5, 7, and 11) consisted of small
white colonies. The third isolate, number 3, was a pink-colored colony, and isolate number 14 was an orange-
colored colony.

Table 2: The morphological and cultural traits of the bacterial strains that were separated from various
environments.

Represented Source of Form Colour  Surface Elevation Margin Opaque Pigmen  Appearance
No. isolate

2 PS1 Circular White  Smooth  Raised Undulate Opaque Non Shine
13 PS1 Circular Cream  Smooth  Raised Serrate Opaque Non Non
5 PS1 Circular White  Granular Raised Entire Opaque Non Non
11 PS1 Rhizoid White  Granular Umbonate Lobate Opaque Non Non
6 PS1 Circular Cream  Smooth  Raised Entire Transparent  Non Shine
9 PS1 Circular Cream  Smooth  Raised Serrate Transparent  Non Shine
7 PS1 Circular White  Smooth  Convex Entire Opaque Non Non
4 PS1 Circular Cream  Smooth  Flat Entire Transparent  Non Shine
10 PS1 Circular Cream  Smooth  Raised Entire Transparent  Non Shine
8 PS2 Circular Cream  Smooth  Flat Entire Transparent  Non Shine
12 PS2 Circular Cream  Smooth  Convex Entire Opaque Pigmen Non
3 PS2 Circular  Pink Smooth  Raised Entire Opaque Pigmen  Shine
14 PS2 Circular Orange Smooth  Raised Entire Opaque Pigmen  Shine
1 PS2 Circular Cream  Smooth  Raised Entire Opaque Non Non

PS1: petrol stationl; PS2: petrol station2.

Table 3 displays endospore staining according to Cappuccino and Sherman'’s (1996) instructions as well as Gram
staining to distinguish between Gram-positive and Gram-negative bacteria. The isolates numbers (1,2,4,6,10,11
and 13) are gramme positive, rod-shaped bacteria and endospore positive according to endospore staining except
isolate number 10 is endospore negative. The isolates numbers (7,8,9 and 12) are gramme negative, short-rod-
shaped bacteria. and endospore negative according to endospore staining. The isolates numbers (3,5, and 14) are
Gram positive, cocci shaped bacteria according to Gram staining and endospore negative according to endospore
staining. They are motile, according to a motility test.

Table 3: Microscopic and staining characteristics of bacterial strains isolated from the two hydrocarbon polluted

habitats.
Isolatetete No Source of isolate Cell shape Gram stain Endospore stain Genus

2 GPS 2.4 Rod Positive + Bacillus

13 GPS 2.9 Rod Positive + Bacillus

5 GPS 2.10 Cocci Positive - Staphylococcus

11 GPS 2.13 Rod Positive + Bacillus
GPS 2.14 Rod Positive + Bacillus

GPS 2.15 Short rod Negative - Enterobacter

7 GPS 2.16 Short rod Negative - Klebsiella
GPS 2.17 Rod Positive + Bacillus

10 GPS 2.19 Rod Positive - Bacillus

8 SHS 3.3 Short rod Negative - Enterobacter

12 SHS 3.5 Short rod Negative - Citrobacter

3 SHS 3.21 Cocci Positive - Micrococcus

14 SHS 3.25 Cocci Positive - Kocuria

1 SHS 3.27 Rod Positive + Bacillus

PS1: petrol stationl; PS2: petrol station2

3.3 Biochemical characterization

Table 4 shows the biochemical tests such as oxidase, oxidation fermentation, catalase, hydrogen sulphide
production, nitrate reduction, urease, methyl red, indole and VVoges-Proskauer reactions, citrate utilization test,
and starch hydrolysis were carried out as described by Cheesbrough (1991). The fifteen bacterial isolates'
biochemical tests findings were performed as described by Cheesbrough (1991).
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Table 4: Biochemical characteristics of bacterial strains isolated from the three hydrocarbon polluted habitats.
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2 PS1 K A + + - + - - + + + - + o+
13 PS1 A A + - - + — — + + + o+ + o+
5 PS1 K A +++ = - + — _ + + + 4+ + o+
11 PS1 K A + - + + - - + + + - + o+
6 PS1 K A + + - + — + +++  + + + + o+
9 PS1 A A + - - + - - + - + o+ + o+
PS1 K A +H+ - - - + + + - + o+ + o+
4 PS1 K A ++ — - + — - + + + - + +
10 PS1 K A — — - + — — — + + + + o+
8 PS2 A A ++ - - + - - + + + 4+ + o+
12 PS2 A A + - - + - + + + + o+ + o+
3 PS2 K K - - - + - - - + + o+ + o+
14 PS2 A A — — - + — - + + - = + o+
1 PS2 K A - - - + - - + + — +weak  + +

PS1: petrol stationl; PS2: petrol station2; K: alkali (-); A: acid (+).

3.4. Growth profile of isolated bacterial strains

In MSM containing 1 percent crude oil, the isolates' growth rate was assessed using the Apel spectrophotometer
model PD-303, as described by Rahman et al. (2002). The strains isolated from contaminated soils (petrol filling
stationl and petrol filling station 2) are shown in Fig. 2 with their growth rates. Out of all the isolates, the
bacteria isolated from PS2 soil showed the greatest capacity to proliferate in the medium that included crude oil.
The highest growth rate was observed in PSN14, identified as Kocuria sp. (shown in Fig. 2), while PSN12,
identified as Citrobacter diversus, displayed the second highest growth rate. PSN8, identified as Enterobacter
ashburiae, exhibited a moderate growth rate, and PSN3, identified as Micrococcus roseus, showed the second
moderate growth rate. Additionally, PSS13 (Bacillus lentus), PSS11 (Bacillus mycoides), and PSS10 (Bacillus
sp.), isolated from petroleum station one samples, also demonstrated significant growth rates. Moderate growth
rates were observed in PSS9, identified as Enterobacter sp., PSS7, identified as Klebsiella oxytoca, PSS6,
identified as Bacillus amyloliquefaciens, PSS5, identified as Staphylococcus sp., and PSS4, identified as Bacillus
megaterium. In contrast, other strains, such as PSS2 and PSN1, identified as Bacillus firmus and Bacillus brevis
respectively, exhibited the lowest growth rates in oil-containing media (Fig. 2).

Several of the bacterial taxa that were isolated and identified in this study have also been found as effective
hydrocarbon degraders and biosurfactant producers in marine environments. These consist of Kocuria sp.,
Bacillus lentus, Citrobacter diversus, Bacillus mycoides, Bacillus sp. Enterobacter sp., Enterobacter asburiae,
Klebsiella oxytoca, Bacillus amyloliquefaciens, Staphylococcus sp., Bacillus megaterium, Micrococcus roseus,
Bacillus firmus, and Bacillus brevis [Al-Mailem et al., 2017; Erdogmus et al., 2013; Zenati et al., 2018;
Gutierrez et al., 2020; Neifar et al., 2019; Abbas, et al., 2022; and El-Shennawy, 2022).
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Fig 2. Oil degrading ability as measured by optical density at 620 nm due to turbidity.
4. Discussion

Crude oil degrading bacteria in natural habitats

Hydrocarbon degrading bacteria occur in natural habitats. According to Atlas (1995) the proportion of their
population in hydrocarbon—contaminated environments is about 10% of the total bacterial population. Similarly,
Rhykerd et al. (1999) reported that up to 10% of culturable organisms in unpolluted soil have been found to
grow on and degrade hydrocarbons. Hydrocarbon degraders are widely spread in polluted soil where their
numbers increase rapidly reaching 90% in extreme cases (Atlas and Bartha, 1992; Boboye et al., 2010). Since the
survival of the inoculated acclimatized oil degrading bacteria is a key deciding factor on which the success of
bioremediation depends, all bacteria in the present study were isolated from petroleum contaminated soils from
gas petrol stations in Khartoum. The use of indigenous acclimatized bacteria as source of inoculum is in
conformity with the procedure of Jasmine and Mukherji (2014). It is widely recognized that introduction of
mixed indigenous consortia of hydrocarbon degraders to hydrocarbon polluted sites would be advantageous to
effectively degrade all the hydrocarbons in crude oil (Atlas, 1995; Atlas and Bartha, 1992; Jasmine and
Mukherji, 2014). The bacteria in this investigation were isolated from soil samples that had petroleum
hydrocarbon contamination. To assess the degrading efficacy of the isolated bacteria, we employed burned
Heglig Nile Blend (HNB) crude oil as their only carbon source in our experiment. These isolates have the
capacity to break down Heglig Nile Blend (HNB) crude oil, but how well they do so depend on the biological,
chemical, and physical factors.

The isolates were characterized morphologically and biochemically using the taxonomic scheme of Bergey’s
Manual of Determinative Bacteriology (Tables 2, 3 and 4) to identify them. The findings of morphological tests
show that every isolated bacterium was gramme negative, motile, and cocci shaped. The isolates can detoxify
hydrogen peroxide and use citrate as a carbon source, according to biochemical studies. A sugar utilisation test
also verified that they could use a variety of carbohydrates as a source of nutrients, including lactose, sucrose,
and glucose. Each isolate ferment lactose. They can hydrolyze starch and urea as well. The bacteria listed in
Table 1 were also identified as hydrocarbon-utilising microorganisms by several workers (Tahir et al., 2024,
Musa, 2019; Wang et al., 2020; Ageel et al., 2021; Issa et al., 2023; Aladwan et al., 2024; Hassanshahian et al.,
2014).

A total of fourteen bacterial isolates were shown to grow on SMS supplemented with crude oil as sole source of
carbon. Ten isolates were precisely identified to named species while four were identified to the genus level.
Morphological and biochemical analysis of pure cultures of bacterial isolates revealed that the isolates belong to
nine well known oil-utilising bacterial genera viz. Bacillus, Enterobacter, Klebsiella, Kocuria, Micrococcus, and
Staphylococcus from three orders and three classes within three phyla (Proteobacteria, Firmicutes, and
Actinobacteria). Most of them were frequently reported to possess high potentials to biodegrade total petroleum
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hydrocarbons (Erdogmus et al., 2013). The hydrocarbon-utilising abilities of bacteria and their development in
MSM was evaluated by measuring the light transmittance in liquid medium spectrophotometrically based on the
increase of bacteria in the liquid broth. Spectrophotometric reading results (OD620 nm) of the reproduction
abilities of the fourteen bacteria isolated during the present study are given in Figure 1. Figure 1 shows oil-
utilising ability as measured by optical density at 620 nm due to turbidity. As can be seen in the Figure, the best
results were obtained from isolates: Kocuria sp. (Isolate No 14; PS2), Bacillus lentus (Isolate No 13; PS1),
Citrobacter diversus (Isolate No 12; PS2), Bacillus mycoides (Isolate No 11; PS1), and Bacillus sp (Isolate No
10; PS1). In concordance with the current study (Afifi et al., 2015), indigenous bacteria (Pseudomonas stutzeri
and Klebsiella pneumoniae strain) were extracted from petroleum effluent generated in the Abadan refinery,
Iran, utilizing a mineral-based medium. Indigenous bacteria were evaluated based on their capacity for the
diminution of total petroleum hydrocarbons.

Analogous findings were documented by (Hamzah et al., 2010) who extracted four species of bacteria,
Acinetobacter Iwoffii, Aeromonas hydrophila, Pseudomonas aeruginosa, and P. putida, from soil tainted with
hydrocarbons. The isolates were examined for their capability to biodegrade petroleum hydrocarbons by
cultivating in Minimal Salts Medium (MSM) augmented with two varieties of crude oil, either Sumandak or
South Azngsi at a 1% (v/v) concentration. Several of the bacterial taxa that were isolated and identified in this
study have also been found as effective hydrocarbon degraders and biosurfactant producers in marine
environments. These consist of Kocuria sp., Bacillus lentus, Citrobacter diversus, Bacillus mycoides, Bacillus
sp. Enterobacter sp., Enterobacter asburiae, Klebsiella oxytoca, Bacillus amyloliquefaciens, Staphylococcus sp.,
Bacillus megaterium, Micrococcus roseus, Bacillus firmus, and Bacillus brevis [Al-Mailem et al., 2017;
Erdogmus et al., 2013; Zenati et al., 2018; Gutierrez et al., 2020; Neifar et al., 2019; Abbas, et al., 2022; El-
Shennawy, et al., 2022; Mussa, et al., 2024, Shalaby, et al., 2024].

5. Conclusion

In this investigation, the enrichment methodology was employed to isolate fourteen hydrocarbon-degrading
bacterial strains from fuel stations utilizing crude oil as the sole carbon substrate. The five bacterial strains
exhibiting the most optimal growth in crude oil are suggested for evaluation in subsequent studies prior to
application in the field. Bacillus lentus, Bacillus mycoides, and Bacillus sp. were extracted from crude oil-
contaminated soil of a PS1: Petrol Station 1, while Kocuria sp. and Citrobacter diversus were procured from
crude oil-contaminated soil of a PS2: Petrol Station 2. It is proposed that bacterial strains can be applied in situ
landfarming remediation of oil-polluted locations to diminish pollutants’ concentrations to acceptable levels. The
16 s rRNA technique, biosurfactants, and biodegraded hydrocarbons of the isolates will be performed in future
studies to identify the differences between these isolates and those published in the literature and other isolates
obtained during this study.
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