[bookmark: _Hlk210314656]Bioprospecting of Indigenous Biosurfactant Bacteria in Cassava Press Water and Garage Soils and Identification of Strains of the Genus Bacillus Sp. by Sanger Sequencing

Abstract: Soil pollution by hydrocarbons is a major environmental problem, particularly in oil-producing countries that are developing. The objective of this work is to carry out the bioprospecting of cassava press water and garage soil substrates with bioremediating power. Thus, apart from the physic-chemical characterization of cassava press water and garage soil substrates, the contents of trace elements such as sodium (Na), potassium (K), calcium (Ca), potassium (P), and magnesium (Mg) were evaluated. These results showed that organic matter (22%) is abundant, moisture (1.05%) is low, and both substrates had an acidic pH (5-6) favorable to the formation of organic acids. In addition, the petroleum hydrocarbon content (TPH = 8.67%) showed a selectivity of microorganisms to grow in polluted soils. The NT2 and VJ5 strains isolated from cassava press water and garage soil, respectively, had similar optical density values (0.20). Finally, the NT2 strain is a Gram-positive bacterium with emulsifying activity (24,67) and its identification by Sanger sequencing revealed that it is the genus Bacillus sp. Cassava press water can be an interesting matrix to be used for the bioremediation of environments polluted by hydrocarbons. 
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1.Introduction
[bookmark: _Hlk214706366]Soil contamination by petroleum hydrocarbons is one of the main causes of environmental problems in the world, due to their wide distribution, persistence but above all their complex composition and toxicity, which causes their accumulation in the environment and affects living beings (Elshafei and Mansour, 2024; Majeed et al., 2025). Côte d’Ivoire is an oil-producing country with a production capacity of about 34 thousand barrels/day in 2021, with most of its production offshore and more than 73% concentrated in Abidjan (“The Report: Cote d’Ivoire - Oxford Business Group,” 2022). The Ivorian oil industry generates environmental impacts on land, particularly around Abidjan and the storage and refining areas causing multiple oil spills (Dongo et al., 2013).  
Activities related to vehicle maintenance, such as the dumping of used oils, lubricants, and chemicals, significantly degrade soil quality and contribute to groundwater contamination (Pichtel, 2016; Madukasi and Agbazue, 2024). To date, several techniques aimed at eliminating hydrocarbons have been the subject of numerous studies to rehabilitate contaminated soils (Elshafei and Mansour, 2024; Mekonnen et al., 2024). Biological treatments are even less exploited by industries, in this case bioremediation aimed at decontaminating these soils (Imam et al., 2021; Chicca et al., 2022). However, the high costs of conventional substras limit their use, particularly in underdeveloped countries, which are very rich in organic waste that is unfortunately not recovered (Nobili et al., 2022; Makut M. D. et al., 2024; Rusănescu et al., 2025). 
As a result, carrying out the bioprospecting of these substrates, particularly those from agricultural or industrial waste, directly affects the sustainable recovery of resources and waste management, which are major environmental issues (Gbilimou et al., 2024). Substrates rich in microorganisms can produce biosurfactants that are eco-friendly, biodegradable, and replace polluting chemical surfactants (Lima et al., 2024). Indeed, biosurfactants can enhance the growth of bacteria on hydrophobic substrates while increasing their bioavailability, specific surface area, apparent solubility (Kubicki et al., 2019; Dias and Nitschke, 2023; Freitas-Silva et al., 2023). In addition, the valorization of alternative substrates and the sustainable production of biosurfactants respond to the ecological transition and the circular economy, two central axes of the journal. 
However, although cassava press water is an abundant source of microorganisms, it has never been used in the remediation of hydrocarbon-contaminated sites. And no study has been carried out in Côte d'Ivoire to enhance the value of the native species they contain compared to garage floors. The objective of this work is therefore to carry out a bioprospection of the bacteria present in cassava press water and garage soils, to evaluate their ability to produce biosurfactants and to identify strains to better understand their potential for the bioremediation of contaminated environments. 

2.Materials and methods
2.1. Sampling site
The water from the cassava press water and garage soils polluted by hydrocarbons of respective coordinates (6°53'03.6"N, 5°14'29.2"W) and (6°48'38.1"N, 5°15'45.3"W) were collected in Yamoussoukro, Côte d'Ivoire presented in Figure 1.

2.2. Characterization of cassava press water (CPW)
The characterization was done by evaluating parameters such as hydrogen potential (pH) by immersing the probe directly in the liquid solution to be analyzed and the reading is done once the value is stable. The pH is measured with a pH meter (BIOBASE pH Meter 210) and is determined according to the standard (ISO-10390, 2005). 
Atomic absorption was achieved using the AAS 20 air-acetylene flame type VARIAN. For this, 1 ml ofHNO3 was used for 1L of water to stabilize the elements and allow the preservation of the samples over a long period of time. Then, the water was filtered and then passed to the ICP MS for the determination of chemical elements such as minerals (Mg, Na, K, Ca, P, Si, etc.)  (Balcaen et al., 2015).

2.3. Characterization of garage soil(GS)
2.3.1. Hydrogen Potential (pH), Dissolved Solids Rate (TDS) and Temperature (T)
For the soil sample, the parameters were determined by measuring a soil suspension in distilled water in the ratio of 1:5 (mass/volume). To do this, 10 g of soil samples were weighed and transferred to a beaker containing 50 ml of distilled water. 
Then the solution is homogenized for 1 hour with a magnetic stirrer (AGIMATIC-E). The solution obtained will be left to rest for 30 minutes so that it settles. After filtration, the pH of the solution is measured with a pH meter (BIOBASE pH Meter 210) according to the standard (ISO-10390, 2005), the dissolved solids rate (TDS) and Temperature (T) are determined according to the standard (ISO-11265, 1994) or NF X 31-113 and is measured with a multi-parameter probe (4510 Conductivity Meter) (Sonia and Mustapha, 2015; Ossai et al., 2020; Elenga-Wilson et al., 2021).

2.3.2. Moisture content (%)
Let m be the mass of the empty and tared capsule and then 2 g of sieved soil are added (m1). Then, the capsule dries at 105°C for 24 hours. Then, the capsule is put into the desiccant until a constant mass (m2) is obtained. The moisture content is calculated according to the following formula 1:
𝑀oisture content(1)

2.3.3.Organic matter content (OM)
The capsule is weighed, and the mass (m') is noted. The organic matter content is assessed by the ignition loss of 2g (m1) of dry sample after heating at 550 °C for 4 hours. After cooling, the capsule is put into the dryer. Let m2 be the constant mass obtained, and the organic matter content is calculated as follows (Eq 2):

(2)

2.3.4. Total petroleum hydrocarbons (TPH) 
[bookmark: _Hlk214707420]Total petroleum hydrocarbons (TPH) were extracted by Soxhlet extraction in accordance with the Environmental Protection Agency's (EPA) Method 3540. It is a continuous liquid-solid extraction using a non-polar solvent under reflux heating. To do this, 5 g of garage soil, placed on a Whatman filter paper, were introduced into a cartridge, then the hexane solvent was added to the balloon. The mixture was brought to a boil for 6 hours. Then, the soils were kiln-dried and weighed until the mass stabilized, while the collected extract was separated from the solvent using a Rotavapor (Pei et al., 2010; Adjiri et al., 2018; Ouédraogo et al., 2020). The rate of extraction of total petroleum hydrocarbons (TPH) from the garage soil was calculated using equation (3).

(3)

2.3.5. Mineral element content
Multi-element analysis was performed using an X-ray fluorescence spectrometer (Niton XLT3) (McIlwaine et al., 2017). Concentrations of the major oxides were determined on a subset of soil samples using an energy dispersive X-ray fluorescence spectrometer (EDXRF), Panalytical's Epsilon 4 model. The measurements were made under an excitation voltage of 14 kV, optimized for oxide detection (Singh and Agrawal, 2012; Silva et al., 2018). 

2.4. Crop status and seeding
Respectively, 1ml of cassava wastewater and 1g of garage soil were transferred to 9ml of sterile peptone water contained in two different tubes. This mixture was homogenized using a vortex stirrer (Scientific Industries Inc for Bender & Hoben, Vortex-Genie, Zurich) for 1 min. Thus, it constitutes the inoculum. The dilution series has been done. The nutrient growth media used in this study are Tryptone Soy Agar (TSA) (Guadie et al., 2017). 

2.6. Transplanting and purification of isolated strains
The microbial strains were isolated in petri dishes containing a sterile nutrient medium and then incubated at room temperature for 24 hours. Colony purification was transplanted to obtain pure isolates (Elenga-Wilson et al., 2021). 

2.7.Isolation of Petroleum Hydrocarbon-Tolerant Bacterial Strains
Native bacteria capable of growing on TSA medium containing 2 to 6% hydrocarbons were diluted in series with sterile saline. Colonies isolated from these communities were kept in nutritious top Agar at 4 °C. The well-developed isolates were liquidated in BH medium, supplemented with the hydrocarbon compound and then inoculated on Petri dishes. Three boxes (replicates) were used for each strain and concentration. The dishes were incubated at 37°C, and the growth was agitated daily for 14 days. 

2.8.Identification of the most promising strain by 16S rRNA sequencing 
2.8.1. Morphological characterization of selected isolates 
After transplanting, the strains from the water from the manioc press and purified garage floors were put into Bushnell Haas (BH) suspensions to make bacterial cultures corresponding to the preculture. This was followed by a study observed under a microscope, which made it possible to detect some characteristics. 

2.8.2. Biosurfactant Production Testing
The emulsifying activity of a biosurfactant was evaluated with 1 mL of a 24-hour culture in a test tube containing 1 mL (v/v) of hydrocarbon. The mixture was vigorously stirred for 3 minutes using a vortex (VELP Scientifica, Italy). The tubes were then incubated at room temperature for 24 hours. The height of the emulsion layer and the total height of the mixture were then measured. The emulsification index (E24%) was calculated using the standard formula:

 (4)

Where He is the height of the emulsion, Ht is the total height of the mixture, and E24% represents the percentage of emulsification after 24 hours(Elenga-Wilson et al., 2021; Ciurko et al., 2022; Simões et al., 2024).

2.8.3.DNA extraction 
DNA was extracted from a pure bacterial culture, cultured for 72 hours in TSB broth at 30 °C, and then centrifuged for 2 minutes. Bacterial lysis was performed according to the manufacturer's instructions, using the GeneJET™ Genomic DNA Purification Kit (Fermentas Life Sciences, UE). The purified DNA obtained was resuspended in 100 μL of TE buffer  (Wilson et al., 2022; Mumtaz et al., 2024). 

2.8.4. PCR Amplification of Bacterial 16S rRNA and Sequencing 
Distinct regions of the 16S rRNA gene were amplified using specific primers (27F and 1492R). And the reaction mixture was composed of 5 μl of DNA, 5 μl of the two specific primers, 25 μl of ultrapure water (H₂O), and 10 μl of Taq polymerase, for a final volume of 50 μl. The PCR products were stained with SYBR Green and then subjected to 2% agarose gel electrophoresis to detect the bands using a fluorometer (Thermo Scientific). DNA sequencing was performed using the ABI Prism BigDye™ Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, USA), according to the manufacturer's instructions (Fouhy et al., 2016a, 2016b). 

[bookmark: _Hlk196910649]3.Results and discussion
[bookmark: _Hlk179192744]3.1. Characterization of the cassava press water
3.1.1. Physico-chemical characterization of the cassava press water (CPW) 
It appears that the water from the cassava press sampled in Yamoussoukro gave pH values ranging from 4 to 5 for all sampling campaigns. This shows that the water in the cassava press is acidic(Olaniyan et al., 2025a; Sama et al., 2025). This result confirms that microorganisms most often grow at pH values equal to 5. This range of values defines the optimal conditions for most natural habitats and represents the range of growth of acidophilic microorganisms as with fungi giving values of up to 3(Gnagne et al., 2016; Yéboué et al., 2017). Also, it has been shown in the literature that cassava is composed of reducing sugars and simple carbohydrates (30 to 35%) formed during the hydrolysis of starch. These sugars can ferment rapidly under the action of lactic acid bacteria or other microorganisms present. (Inyogu James Chukwuemeka et al., 2024; Sanchez-Ledesma et al., 2024). As a result, during the fermentation process of cassava, there is production of organic acids (lactic acid, acetic acid) (Toka et al., 2018)which contributes to the drop in pH, making cassava water very acidic. On the other hand, protein and cyanide levels have a minor effect in lowering the pH in cassava press water (Olaniyan et al., 2025b). 

3.1.2. Mineral element content in the cassava press water (CPW)
The mineral element contents obtained by ICP/MS are presented in Table 1. It appears that the water in the cassava press (CPW) contains trace elements such as sodium (Na), calcium (Ca), potassium (K), etc. which are important for the growth of microorganisms and promote resistance in extreme environments (Sanchez-Ledesma et al., 2024; Olaniyan et al., 2025c). Its results corroborate those obtained by Yéboué et al., 2017, who showed that wastewater from cassava products contains major minerals such as sodium (Na), potassium (K), calcium (Ca), potassium (P), magnesium (Mg) with a high level of K. On the other hand, the trace elements present are Si, Cu, S and Cl having values below the threshold of toxicity of food, so the low content of these minerals does not influence the health of consumers. These sources are essential for the growth of microorganisms and the production of enzymes (Kuppusamy et al., 2017). Comparison of the results obtained shows variations with the results of other studies because of the different varieties of cassava, some of which accumulate more minerals than others. For example, yellow-fleshed varieties often contain more β-carotene and can also have different mineral profiles. Also, the nature of the soil, the geographical origin, and the nature of the soil, including potassium or calcium-rich soils(Alamu et al., 2020, 2022). 

3.2. Characterization of garage soil
3.2.1. Physico-chemical characterization of garage soil
The physicochemical characterization of the garage soil is presented in Table 2. It found that it has an acidic pH, which is considered an important factor in the structure of bacterial communities in contaminated soils (Naz et al., 2022; Ssenku et al., 2022). As a result, microorganisms living in acidic soils often develop resistance mechanisms. However, very low pH thresholds increase the toxicity of certain ions and reduce the availability of essential nutrients, which can impact microbial growth (Kim et al., 2023; Li et al., 2023). Also, the TDS being low, which means that the garage floor has a moderate concentration of dissolved salts and contributes to the growth of microbial communities (Senanayake et al., 2025). The humidity level is very low, which limits the mobility of nutrients and the metabolic activity of microorganisms (Siles and Margesin, 2018). On the other hand, the abundance of organic matter is a source of carbon and energy, promoting microbial degradation (Chen et al., 2020). Enfin, la teneur des hydrocarbures pétroliers montre une sélection de des micro‑organismes capables de dégrader les hydrocarbures en produisant des biosurfactants. Finally, the content of petroleum hydrocarbons shows a selection of microorganisms capable of degrading hydrocarbons by producing biosurfactants. The soil presents a selective environment but conducive to certain specialized populations (Li et al., 2020; Jia et al., 2023). Finally, the results were compared with the work of other researchers, most of whom characterized certain parameters highlighted in this study. 

3.2.2. Mineral Contents in garage soil
The mineral contents assessed by X-ray fluorescence spectroscopy (XRF) are presented in Table 3. It has been shown that this soil contains trace elements in varying proportions. Its minerals are cozymatic cofactors regulating cellular functions. For example, iron (Fe) is very important for respiration and hydrocarbon-degrading enzymes. Magnesium (Mg) counts; it stabilizes DNA (Loutet et al., 2015; Laloo et al., 2025). Finally, minerals found in soil are not only nutrients for plants, but are indispensable for the metabolism, growth, and function of microorganisms, and directly influence the composition and efficiency of microbial communities in bioremediation (Mumtaz et al., 2024; Oro et al., 2024; Pradhan et al., 2025). Comparisons with other studies have made it possible to understand that the greatest variations result both from the impact of human activities and from the natural composition of the soil. On the other hand, the smallest variations depend less on human activities. As a result, garage floors are highly heterogeneous, and trace element mapping is necessary to assess the most contaminated areas. 

3.3. Croissance des micro-organismes sur les milieux de culture
3.3.1. Growth of microorganisms on culture media
3.3.1. Seeding, Transplanting and Purification of Selected Isolates 
Figure 2 shows the microbial flora of the substrates, cassava press water and garage soil on TSA (Tryptone, Soja Agar) nutrient medium. It appears that the substrates chosen are rich in microorganisms. The isolated strains were transplanted and purified on the same nutrient media, so it can be concluded that these substrates contain bacteria  (Mignan, 2013). It has been proven that many lactic acid bacteria belonging to the genera lactobacillus, bacillus, leuconostoc, weissella and enterococcus are often found in the waters of the cassava press, even more so in its by-products such as Attiéké(Toka et al., 2018). Several studies have focused on the presence of strains that develop rapidly in extreme environments and have demonstrated that there are different species of microorganisms in polluted soils, including Bacillus isolated from garage soil samples(Elenga-Wilson et al., 2021; Bayatian et al., 2025). 

3.3.2. Phenotypic Characterization of Isolates
After transplanting, the strains from the cassava press water (CPW) and garage soil (GS) were purified and examined under a microscope, which revealed some of the characteristics described in Table 4. 


3.3.3. Growth kinetics of strains isolated from cassava press water (CPW) and comparison with those of garage soil (SG)
Figure 3 shows the growth kinetics of strain. Twenty strains were isolated from the water of the cassava press (CPW) and the best strain named NT2 was compared with the VJ5 strain isolated from garage soil. These isolated bacterial strains have succeeded in growing on the hydrocarbon-supplemented BH medium. The hydrocarbon control showed a gradual decrease over time and does not reveal any variation, confirming that the activity is related to the biodegradation of hydrocarbons. On the other hand, bacterial growth is minimal from 0 to 4 days corresponding to the parking phase, then from 4 to 8 days, it becomes maximum corresponding to the exponential phase giving 0.20. NT2 and VJ5 inoculum show a strong increase between days 10 and 12, corresponding to a phase of maximum microbial activity on the substrate. After this period, the values decrease, indicating partial depletion of the substrate or a slowdown in microbial activity. These results suggest that NT2 and VJ5 can actively degrade hydrocarbons, unlike controls. Growth of NT2 and VJ5 isolates in hydrocarbon-supplemented BH medium confirmed bacterial activity and their adaptation under extreme conditions (Jesubunmi et al., 2022). 

3.4. Characterization of the best strain isolated from the cassava press water (CPW)
 3.4.1. Gram staining and microscopic observation 
Figure 4 shows after Gram staining and microscopic observation of the NT2 strain isolated from the waters of the cassava press (CPW). It appears that the NT2 strain is a Gram-positive bacterium due to the purple or blue color, which indicates that it retained the purple crystal thanks to their thick layer of peptidoglycan and presented a morphology of bacilli arranged in chains. These results are in agreement with data from the literature confirming that hydrocarbons can be degraded by Gram-positive or negative bacteria (Ławniczak et al., 2020; Rache-Arce et al., 2022). Also, morphological characterization revealed similarities with isolates obtained in marine waters and soils, in this case those from garages(Nkem et al., 2016; Sharuddin et al., 2021; Bekele et al., 2022). 

 3.4.2. Emulsifying activity
Table 5 shows the results of the emulsification test (E24%), performed with a 1:1 ratio. The NT2 Bactrian strain put into Bushnell Haas (BH) medium gave an average level of 24.67± 0.471% after 24 h. These results indicate that NT2 has an emulsification capacity, reflecting a higher production of biosurfactants that can enhance its bioremediation potential. This is because variations in the surface and interfacial tension of hydrocarbon mixtures represent an important criterion for evaluating the activity of biosurfactants during bioremediation.The work of Ali Khan et al. (2017) showed that the bacterial strain BA1 had an emulsification index of up to 48% in the Bushnell Haas broth, forming a stable emulsion at room temperature, which remained unchanged for one month. Elenga et al. (2021) showed that the test to produce biosurfactants using hydrocarbons (crude oil, used oil, diesel) was confirmed by a drop test thus evaluating surfactant activity. The production of biosurfactants depends on temperature and incubation time. The biosurfactants produced have been shown to be precipitable by alcohol, ammonium sulfate, and hydrochloric acid. In addition, 94% of biosurfactants could be extracted using chloroform, indicating their amphiphilic nature and stability against different precipitating agents (Ali Khan et al., 2017; Karlapudi et al., 2018; Elenga-Wilson et al., 2021; Sarubbo et al., 2022). 

3.4.3. Identification of NT2 isolated strain from cassava press water (CPW)
The NT2 strain, isolated from cassava press water, was identified as Bacillus sp. Indeed, confirming the acidity of the environment but also the presence of organic compounds in cassava (sugars, starch, cyanides, minerals). It has been shown that two strains of Bacillus pumilus have been isolated from cassava effluent. A more recent study showed that strains of Bacillus were isolated from cassava residue water (Edore and Dimowo, 2025). It also shows that garage floors contain bacteria of the genus Bacillus that have a high capacity to sporulate in extreme environments. Indeed, bacteria of the genus Bacillus are known for their high environmental resistance thanks to the formation of endospores and their ability to degrade complex organic compounds, including hydrocarbons. They also produce biosurfactants that are important for the emulsification and biodegradation of hydrocarbons. Bacillus strains have been shown to be isolated from oilfield soils and used for the degradation of hydrocarbons (Yessentayeva et al., 2024). D’autres études ont identifié des bactéries productrices de biosurfactants, dont Bacillus, isolées dans un sol riche en hydrocarbures(Guetarni and Alaeddine, 2023). Bacillus strains isolated from cassava press water showed a growth capacity on hydrocarbons comparable to that of strains isolated from garage floors, suggesting their potential for the biodegradation of these compounds in contaminated environments.

4. Challenge and future perspective
Although Bacillus isolates from cassava water and garage soils have shown encouraging growth on hydrocarbons, several points need to be further investigated to confirm their potential for bioremediation. Experiments are needed to assess the strains' resistance to different hydrocarbon concentrations, as well as to variations in pH, temperature and salinity, as well as their ability to produce biosurfactants. Finally, these strains are a promising solution to be tested on contaminated soil or waters on a larger scale to evaluate the effectiveness of in situ bioremediation. 

5.Conclusion
This work made it possible to characterize the collected cassava press water and garage soils. The results show that both substrates have an acidic pH and contain minerals that are essential for the growth of microorganisms. The abundance of organic matter in the garage soil is an important factor, confirming the biodegradation potential of hydrocarbons, while the presence of hydrocarbons promotes the selection of tolerant microorganisms. The growth of isolates on TSA confirmed the bacterial richness of these media, and tolerance tests in hydrocarbon-supplemented BH medium highlighted bacterial activity, showing that these strains can grow under extreme conditions and have emulsifying activity. Identification of the best strain from press water revealed that it belongs to the genus Bacillus, which is generally more abundant in soils than in effluents such as cassava water. These results confirm that press water can be an interesting matrix to be used for bioremediation. 
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TABLESCAPTION
Table1.Mineralcontentincassavapresswater(CPW)
	
	Cu
	Fe
	Zn
	Mn
	Si
	Ca
	Mg
	Na
	K
	Reference

	
MineralContents(mg/l)
	0 .03
	0.42
	0 .24
	0
	1.49
	6.69
	28.84
	41.89
	119.59
	Thisresearch

	
	0 .22
	0 .26
	0.34
	0.16
	-
	41
	54
	0.4
	210
	(Alamuetal.,2020a)

	
	 0.34
	0.87
	 0.78
	0.74
	-
	59.6
	72.2
	1.15
	 430
	(Olaniyan et al., 2025c)




Table2.Physico-chemicalcharacterizationofthegaragesoil(GS)
	Garagesoilparameters

	pH
	TDS(ppm)
	T(°C)
	Moisture content (%)
	Organicmatter(%)
	TPH (%)
	Reference

	6.81±0.01
	0.47±0.05
	24.87±0.09
	1.05±0.09
	22.2±0.71
	8.67±0.64
	Thisresearch

	5.08-5.45
	81.3-210..6
	23.42-27.69
	5-15
	44.7-46.5
	16.5 -20.6
	(Adebayoetal.,2022; Wilsonetal.,2022)



Table3.Mineralcontentsingaragesoil(GS)
	
	Cu
	Fe
	Zn
	Mn
	Si
	Ca
	Mg
	P
	K
	Reference

	Mineral contents (%)
	0.08
	2.46
	0.24
	0.03
	35.01
	2.40
	28.84
	0.01
	2.32
	Thisresearch

	
	0,0009
	0,002
	0,002
	0,001
	1.4
	0,010 
	0,002 
	0.001
	0,002
	(Fou et al., 2022; Wyszkowski and Kordala, 2022; Nwadiogbu et al., 2024)





Table4.Growthofisolatesisolatedfromcassavapresswaterandgaragesoil
	TypicalTests
	Results

	Morphologicalcharacterization
	Bacterialcellshape
	Round,oval,smooth,rough,slimyorslimy


	
	Bacterialcellcolor
	White,beige,yellow,red

	Biochemical
	Aerobic
	Growth


	Physiological
	Optimaltemperature
	37°C(bacteria)



Table5.EmulsifyingactivityofNT2strain
	
	Emulsifyingactivity(E24%)
	Reference

	NT2strain
	24.67±0.471
	Thisresearch

	BA1 Strain
	48
	(Ali Khan et al., 2017)

	M28 Strain
	80
	(Wilson et al., 2022)





FIGURESCAPTION
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Figure1.Collectionofwatersubstratesfromthecassavapressandgaragesoil
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(A):NegativeControl(B) :BacterialgrowthonTSA
Figure2.InoculationandTransplantingofTryptoneSoyAgar(TSA)Isolates



Figure3.GrowthofNT2andVJ5StrainsToleranttoPetroleumHydrocarbons
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Figure4:Microscopic observation of the NT2 strainafter Gram staining





Figure5.PhylogenetictreeoftheNT2strain
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