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A B S T R A C T  
Biosurfactants are surface-active biomolecules produced by 
microorganisms that have different applications in many 
environmental problems. This research was aimed to isolate 
biosurfactant producing bacteria and optimize the conditions like 
pH, carbon source and incubation time for maximum biosurfactant 
production. Samples were collected from three points of 
hydrocarbon contaminated soil in Sokoto Metropolis. Primary 
screening test including hemolytic activity, drop collapse 
technique and oil displacement method were performed and 
species with the best results were picked for complementary 
screening test like emulsification activity and foaming activity. The 
viable aerobic heterotrophic bacterial count of all the samples 
ranges from 13.8x107cfu/g to 2.5x107 cfu/g. A total of sixteen 
isolates were identified. During primary and complementary 
screening tests, eight species showed hemolytic activity, five 
species (5) had drop collapsing activity and eight species showed 
oil displacement activity. Optimization studies revealed that 
production of biosurfactant was optimal at pH 6.5, 3% carbon 
source and 96 hours incubation time respectively. Finally, two 
strains Psuedomonas aeruginosa and Bacillus subtilis with a high 
amount of biosurfactant production were identified molecularly 
with their best hit match similarity was source from the GenBank of 
NCBI. Therefore, there is need to use biotechnology approaches 
with a view to improving the performance of bacterial strain. 

 
INTRODUCTION 
Microorganisms produce biosurfactants which are surface 
active agents having both hydrophobic and hydrophilic 
moieties. They are classified as glycolipids, lipopeptides, 
lipoprotein, lipopolysaccharides and phospholipids based 
on the chemical components found in these molecules 
(Ekprasert et al., 2020). Bacteria, yeast and molds 
produced biosurfactants, which are a varied and 

heterogeneous category of microbial compounds with 
wide ranges of applications. 
A number of biosurfactants were studied by many 
researchers but bacterial biosurfactants (rhamnolipid, 
surfactin and licheysin produced from Psuedomonas and 
Bacillus species) were the most- thoroughly investigated 
(Brumano et al., 2016). These microbial compounds are 
very advantageous because of their structural variety, 
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great biodegradability, low environmental effect and 
toxicity, high specificity, stability and activity under harsh 
conditions and have been shown to remove petroleum 
hydrocarbon-contaminated waste stream like soil and 
refinery effluent in addition to many industrial applications 
(Luna et al.,2015). It also have applications in many 
unconventional such as cosmetics, pharmaceuticals, 
petroleum recovery polymerization, foods and 
environmental remediation, as opposed to synthetic 
surfaceactive agents which are used as laundry detergent 
and individual care product (Banat et al., 2010). According 
to Mulligan et al. (2005), biosurfactants are classified into 
six groups based on chemical structure: glycolipids, 
phospholipids, lipopeptides and lipoproteins, fatty acids, 
neutral acids, and polymeric and particulate surfactants. 
As a result of their functional and structural diversity, 
biosurfactants are an attractive group of molecules with 
the potential to be used in numerous biotechnological and 
industrial applications (Packwa & Zhang, 2011).  
Biosurfactants are used for several important roles 
namely, emulsification, dispersal, solubilization, 
mobilization, wetting, surface tension reduction, 
formation of micelles and foam formation due to their 
ability to partition into different interfaces: liquid/solid, 
liquid/gas, liquid/liquid (Satpute et al., 2017). Candida 
bombicola, Candida lipolytica, Candida ishiwadae, 
Candida batistae, Aspergillus ustusare the well-known 
fungi for the production of biosurfactants. The type of 
biosurfactant produced mainly by these strains are 
sophorolipids (Bhardwaj et al., 2013). Biosurfactants are 
having a wide range of applications in the areas of 
bioremediation, food processing and pharmaceutical 
industries (Kaur et al., 2017). Biosurfactants are preferred 
over synthetic surfactants because of their low toxicity, 
biodegradable nature. Biosurfactants are amphiphilic, 
consisting of two parts, a polar (hydrophilic) moiety and a 
non-polar (hydrophobic) group. The hydrophilic group 
consists of mono, oligo, or polysaccharides, peptides or 
proteins while the hydrophobic moiety usually contains 
saturated, unsaturated and hydroxylated fatty acids or 
fatty alcohols (Packwa & Zhang, 2011).  
Hydrocarbons, derived from petroleum products, are 
major environmental pollutants due to industrial activities, 
transportation, and accidental spills. These compounds 
are persistent in the environment, leading to soil 
degradation, loss of fertility, and toxicity to organisms. 
Hydrocarbons can be categorized into alkanes, aromatics, 
asphaltenes, and resins, with varying levels of toxicity and 
biodegradability. The impact of these contaminants 
includes disruption of soil structure, alteration of 
microbial communities, and long-term ecological 
damage. (Elgazali et al., 2023). 
Studies have shown that hydrocarbon pollution is 
particularly severe in oil-producing regions, with long-term 
effects on agricultural productivity and groundwater 

quality. Conventional remediation methods, such as 
incineration and chemical treatment, are often expensive 
and can cause secondary pollution, emphasizing the need 
for sustainable approaches (Liu et al., 2018). 
The aim of this research is to determine the 
physicochemical characteristics, isolate and identified 
bacteria from hydrocarbon contaminated soil. Screen, 
optimize and molecularly identify the biosurfactant 
producing isolates 
 
MATERIALS AND METHODS 
Sample Collection and Sample Preparation 
The sample was collected according to the methods 
described by (Ijah and Antai2003). Two hundred grams 
(200g) of a triplicate from three points (coded A, B and C) 
of hydrocarbon contaminated soil were collected from 
mechanical workshop at Abdullahi Fodio Road Sokoto. All 
the samples were packed in a zip lock bag, labelled and 
transported aseptically to the Microbiology Research 
Laboratory, Usman Danfodiyo University Sokoto for 
analysis. One gram (1g) of each sample were weighed out 
and homogenised into the test tube containing sterile 
distilled water. Sterile syringe was used to pour nine 
millilitres (9ml) of distilled water into seven test tubes each 
sample and autoclaved at 1210C for 15minutes. One ml 
(1ml) of each sample was transferred into a sterilized test 
tubes obtaining dilution factors (101 to 107) for all samples 
(Aminu et al., 2023). 
 
Physicochemical Properties of the soil samples 
Determination of pH 
The soil pH was determined according to the method of 
International Institute of Tropical Agriculture. Twenty (20) 
grams of airdried soil was sieved and placed in 50 ml 
capacity beaker. Twenty (20) millilitres of distilled water 
was added and allowed to stand for 30 minutes, while 
stirring occasionally with a glass rod. The pH meter was 
calibrated with buffer of pH 7.0 before use. The electrode 
of the pH meter inserted into the partly settled suspension 
and the reading on the pH meter were noted and recorded 
accordingly in triplicate and the mean was taken (Premei 
et al., 2020).  
 
Determination of Moisture Content 
An empty crucible was weighed (W0) and 2g of soil was 
added and weighed again (W1). Samples was dried in hot 
air oven at 105 0C until constant weight is achieved (W2). 
Both the container and the dried samples were weighed 
again (Premei et al.,2020). The moisture content were 
calculated as follows  
% 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 =

W1−W2

W1−W2
× 100  (Premei et al., 2020) (1) 

 
Determination of Organic Carbon Content 
One gram of soil sample was weighed in duplicates and 
transferred to 250ml Erlenmeyer flask. Ten millilitres of 
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potassium dichromate solution and 20ml of concentrated 
H 2SO4 were added and the contents of each flask were 
shaken gently until properly mixed. One hundred millilitres 
of distilled water were added and allowed to stand for 30 
minutes. This was followed by adding four drops of methyl 
red indicator and titrating against 0.5N ferrous sulphate 
solution until the colour changed from blue to red 
(Abdallah, and Ibrahim, 2023).  
The percentage carbon were calculated according to the 
formula:  
% Organic Carbon = Me K2Cr2O7 – Me FeSO4 × 100 Weight 
(Wet soil – dry soil)  
 %OC=(M of OC/ TSM) x 100   (2) 
Where M= Mass, TSM = Total Sample Mass 
 
Determination of Nitrogen Content of the Soil 
Total nitrogen were determined by Macro-Kjeldahl 
digestion method of Juo (1979). Five grams of soil samples 
were weighed into a 500ml Macro-Kjeldahl flask and 20ml 
of distilled water were added. The contentwere swirled for 
five minutes and allowed to stand for 30 minutes. One 
tablet of mercury catalyst and 10g of K 2SO4 was added and 
30ml of conc. H 2SO4 was added through an automated 
pipette. The content of the flasks were heated gently in the 
digestion stand. After cooling, 100ml of distilled water 
were added and transferred into another clean macro-
Kjeldahl flask (750ml) and the sand residue washed four 
times with 50mlof distilled water. All the washings were 
transferred into the same flask. Fifty millilitres (50ml) H 
3BO3 indicator solution was added into 500ml Erlenmeyer 
flask, which was placed under the condenser of distillation 
apparatus and 150ml of 10N NaOH were introduce. This 
was followed by distillation. For the condenser to remain 
cool (300C) and prevent frothing, sufficient cold water was 
allowed to flow through the condenser. Ammonium were 
determined in the distillate by treating against 0.01N 
standard H 2SO4 using a 25ml burette graduated at 0.1ml 
interval. The colour changed at the end point from green to 
pink (Juo, 1979). Percentage nitrogen were calculated 
using the formula:  
%𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 =

N×0.014×Vd×10

A×Weight of sample
× 100     (3) 

Where: N = Normality of acid, Vd = Volume of the digest, A 
= Aliquot of digest (Juo, 1979).  
 
Determination of Cation Exchange Capacity 
Twenty millilitres of 0.1 M BaCl2 saturating solution were 
added to 2g of air dried soil in a pre-weighed centrifuge 
tube (plastic) and continuously shaken for 2 hours in a 
thermolyneshaker at 300rpm and at 350C. After shaking, 
the solution was centrifuged (Marathon 3200R, Fisher 
Scientific, USA) at 3000 rpm for 10 minutes and decanted. 
This was followed by equilibrating the soil with three 
successive 20 ml increments of 0.002M BaCl2. Each time 
the solution was sonified using a Vortex mixer (Model 
S8223, Genie, USA) for 30 seconds followed by shaking on 

a thermolyne shaker at 300rpm for 1 hour. The solution 
were centrifuged at 3000 rpm for 10 minutes and the 
supernatant discarded (Abdallah, and Ibrahim, 2023). The 
centrifuge tube plus soil and entrained 0.002M BaCl2 of 
solution were weighed following the last decantation of the 
supernatant. Then, 10 ml of 0.005M MgSO4 reactant 
solution was added to the soil and was gently shaken at 
200 rpm for 1 hour in thermolyne shaker. The exchange 
capacity of the reactant suspension was measured and 
adjusted to the exchange capacity of 0.0015M MgSO4 ionic 
strength reference solution by measuring the conductivity. 
After shaking the samples gently at 200rpm overnight, the 
conductivity of the reactant suspension was adjusted to 
that of the 0.0015 M MgSO4 ionic strength reference 
solution using distilled water. (Abdallah and Ibrahim, 
2023). The centrifuge tubes and contents was weighed to 
determine the volume of MgSO4 or water that needed to be 
added for adjusting the conductivity. This was followed by 
centrifugation at 3000rpm for 10 minutes and decanting 
the supernatant that was retained for analysis. The 
solution was analyzed for magnesium using Perkins Elmer 
Analyst 300 Atomic Absorption Spectrophotometer (Perkin 
Elmer, USA) and the pH was also measured using pH meter 
(SympHony SB20, Mettler Toledo, USA). The CEC were 
calculated from the following equation:  
𝐶𝐸𝐶 𝑖𝑛 𝑚𝑒𝑞/100 𝑔 =

100(0.01−C1V2)

(oven dry weight soil sample in gram)
 (4) 

Where V2 is the volume of final supernatant solution and C1 
is the concentration of Mg in the supernatant, meq= 
(milliequivalents/milliliter) (Abdallah and Ibrahim, 2023).  
 
Determination of Soil Particle Size 
The hydrometer method for the mechanical analysis of 
particle size distribution presented by Ibrahim et al., (2014) 
were used. Air dried soil was sieved using 425µm pore size 
sieve. Fifty one grams (51g) was transferred into 1 liter and 
shaken to mix. Fifty milliliters (50ml) of 5% sodium 
hexametaphosphate were added followed by 100ml of 
distilled water. The soil suspension was stirred thoroughly 
for 15 minutes and transferred into a cylinder containing 
hydrometer. Distilled water was added to the lower blue 
line of the cylinder. The volume changed to 1130ml and the 
hydrometer was removed. The top of the cylinder were 
covered with hand and inverted several times until all soil 
were in suspension. The cylinder were placed on a flat 
surface and time was noted. Hydrometer was placed in the 
suspension and. The suspension was allowed to stand for 
Three (3) hours (Ibrahim et al.,2014). 
 
Microbiological Analysis of the Sample 
Enumeration of Bacterial Loads in the Soil Sample 
A stock solution for serial dilution was made by dispensing 
1 gram of soil into 100ml of distilled water, shaking 
thoroughly, and transferring one (1) ml into a test tube 
containing 9ml of sterile distilled water, subsequently 
making a serial dilution up to 10-7 using spread plate 
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method technique, 0.1ml of suspension from dilution 
factors 10-5,10-6 and 10-7was plated aseptically on 
prepared Nutrient Agar (NA) incubated at 300C for 24 
hours. The plates were determined by multiplying the 
number of counts with the dilution used and expressed as 
colony - forming units per gram (cfu/g) of soil (Premei et al., 
2020). 

 
Identification and Characterization of Bacterial isolates 
Gram’s Staining 
Gram’s staining was carried out as described by Harley 
and Prescott (2002). A Smear of the bacterial isolates were 
made on a clean grease-free glass slide using a drop of 
water. The smear was allowed to air dry and then passed 
over a flame in order to be fixed. After fixing, the smear was 
covered with a primary dye (i.e., crystal violet) for one 
minute until it behead with water. The slides was covered 
with Lugol‟s iodine and washed after one minute. Ethanol 
was used to rapidly decolorize the smear and washed with 
water. Safranin was added and left for 30seconds and later 
washed with water. Back of the slides were cleaned with a 
cotton wool and allowed to air dry. The slides were 
examined using oil immersion objective lens (x100) of the 
microscope. Bluish or purplish colour indicates Gram 
positive while red or pinkish colour indicates Gram 
negative bacteria.  
 
Spore Staining Test 
A smear was made on a slide and heat fixed. Malachite 
green (5%) solution was applied and heated until steam 
rises and allowed to cool, and washed gently with cold 
water. The smear was counterstained with 0.5% safranin 
for 30 seconds and washed with water. The slide was blot 
dried and were examined under oil immersion objective 
lens for the presence of spores. Same procedure were 
applied for the remaining slides. Spores stained green 
while vegetative cells stained red (Cheesbrough, 2006).  
 
Catalase Test 
A drop of 3% (v/v) H 2O2 was placed on a glass slide onto 
which a bacterial colonies were added. Presence of 
catalase were observed by the formation of oxygen 
bubbles (Harley and Prescott, 2002).  
 
Oxidase Test 
An oxidase reagent (1% Tetra-methyl-paraphenylene-
diamine-dihydrochloride) was placed on Whatman paper 
filter and a bacterial colonies was smeared on the paper. 
Presence of the enzyme oxidase was observed by the 
appearance of a purple colour (Cheesbrough, 2006).  
 
Starch Hydrolysis Test 
Cultures of bacteria was grown on starch agar. The 
colonies were flooded with iodine. Clear area observed 

around the isolate indicated positive result (Harley and 
Prescott, 2002).  
 
Urease Production Test 
Slants of urea medium in universal bottles were inoculated 
with a loopful of the isolates by streaking. These were 
incubated at 370C for 4 days and examined daily. Change 
in colouration from pink to red indicated urease positive 
(Cheesbrough, 2006).  
 
Methyl Red Reaction Test 
To a prepared glucose phosphate medium in a test tube, a 
loopful of the isolates were inoculated and incubated at 
370C for 24 hours. To the four-day old culture, drops of 
methyl red solution was added. They were shaken and 
examined. Appearance of red colour at the surface of 
reagent layer showed positive methyl red reaction 
(Cheesbrough, 2006).  
 
Voges-Proskauer test 
To the culture in above, 0.6ml 5% α- napthol solution were 
added and shaken. The test tubes were sloped and 
examined after 15minutes. A red colouration indicated a 
positive VP reaction (Ochei and Kolhatkar, 2000).  
 
Indole Production Test 
A loopful of the isolates were inoculated in a sterile 
nutrient broth. Incubation was done at 37 0C for 48 hours. 
After incubation, 0.5ml Kovac’s reagent were added and 
shaken. These were examined after one minute. A red 
colouration in the reagent layer indicated indole 
production (Cheesbrough, 2006).  
 
Citrate Utilization Test 
To a sterile Simon’s citrate medium, a loopful of 24hour old 
isolates were inoculated aseptically and incubated at 37 
0C for 24hours. The media were examined daily for turbidity 
for a period of 3 days. Turbidity indicated citrate utilization 
(Cheesbrough, 2006).  
 
Motility Test 
This was done as described by Ochei and Kolhatkar (2000). 
A little portion of each isolate was stabbed onto motility 
medium and incubated at 370C for 24 hours. Motility was 
observed by spreading of organisms outwards from the 
stabbed area. 
 
Screening of the Isolates for the Production of 
Biosurfactant 
The isolates were screened for biosurfactant production 
using the following screening tests. 
 
Blood Hemolysis Test 
Freshly prepared blood agar were inoculated with pure 
culture of bacterial isolates and incubated at 30°C for 24 
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hours. According to the clear zone observed, results were 
determined where, α-hemolysis is determined when the 
colony were surrounded by greenish zone, β-hemolysis 
when the colony were surrounded by a clear white zone 
and γhemolysis when there was no change in the medium 
surrounding the colony (El-Shahawy, 2014).  
 
Drop Collapse Test 
Drop collapse test were carried out according to the 
method described by Youssef et al. (2004). Ten microliter 
of cell free supernatant were placed on a grease free 
surface and drops of the cell free supernatant was spread 
or collapsed. The experiment was set up in triplicates. The 
presence of biosurfactant made the cell supernatant to 
collapse and were recorded as a positive. Those cultures 
that gave rounded drops were scored as negative 
indicative of a lack of biosurfactant production.  
 
Oil Displacement Assay 
The oil displacement test was done by adding 50ml of 
distilled water in petri dish followed by addition of 10ml of 
oil to the surface of the water. Then 10ml of the cell culture 
supernatant was dropped on the oil surface. The diameter 
of the clear zone on oil surface were visualized under 
visible light and measure after 30second (Rodrigues et al., 
2006). 
 
Determination of Emulsification Index (E24%) 
Emulsification index of cell free broth were determined by 
adding 2 ml of oil to 2ml cell free broth, mixing with a vortex 
for 2minute, and leaving it undisturbed for 24hours. The 
E24 index is given as percentage of height of emulsified 
layer (mm) divided by total height of the liquid column 
(mm). The total height of liquid, as given by the expression:  
E24 =h emulsion / h total x 100.  
Where: E24 is emulsion index after 24 hours, h emulsion is 
the height of emulsion layer, h total is the total height of the 
liquid (Ibrahim et al., 2013).  
 
Biosurfactant Production 
The mineral salt medium were supplemented with5 ml of 
stock solution of trace element containing g/l: 0.56 H3BO3, 
0.42 CoCl2. 6H2O; 1.0 CuSO4.5H2O, 1.78 MnSO4.4H2O, 
0.39 Na 2MO4.2H2O and 2.32 ZnSO4.7H2O, 1.0 EDTA, 0.004 
NiCl2.6H2O and 0.66 KI. The stock solution were sterilized 
by filtration and added to the medium. The pH of the 
medium was adjusted to 7.2 and sterilized at 121 0C for 15 
min. Isolates were inoculated into flasks (250 ml capacity) 
containing 100 ml of the medium and incubated at 300C for 
7 days (Abouseoud et al., 2008).  
 
 
 
 

Optimization of Biosurfactants Growth Production 
Parameters 
Different parameters that include carbon source that 
include carbon source concentration, pH and incubation 
time were optimized using one factor at a time (OFAT). 
 
Determination of Optimum Carbon Source 
Concentration for Biosurfactant Production 
Different concentrations of diesel 2%, 3% and 4% were 
added to the mineral salt broth in different conical flask 
thereby serving as the production media. The optimal 
concentration of the carbon source for biosurfactant 
production was determined by measuring the quantity of 
biosurfactant produced as described by (Imran et al., 
2012).  
 
Determination of Optimum pH for Biosurfactant 
Production 
The mineral salt media were prepared by using different pH 
and keeping others at constants The pH of the medium was 
adjusted by adding NaOH or HCl (Imran et al., 2012).  
 
Determination of Optimum Incubation Time for 
Biosurfactant Production 
Optimum incubation time for biosurfactant production 
was studied by settling the cultivation at different period of 
time that include 24, 48, 72, 96, 120, 144 and 168 hours. 
The best range incubation period where high production of 
biosurfactant occurred was identified (Khokar et al., 2012).  
Molecular Characterization of the most Potent Bacterial 
Isolates in Biosurfactant Production 
 
Genomic DNA Extraction 
The single pure colonies of the bacterial isolates were 
grown in Luria-Bertani (LB) broth overnight at 280C. Two (2) 
ml of the culture were centrifuged at 5000 rpm for 5 min 
and pellet was suspended in 200 ml of TE buffer in order to 
prevent it from degradation, at pH 8 containing RNase (50 
ng /ml), then 400 ml of lysis buffer will be added followed 
by mixing well and incubation for 15 minute 370C with 
intermittent shaking for every 5 min. Immediately 
chloroform and isomyalcohol in the ratio (24:1) was taken 
and mixed by inversion. The Tubes were centrifuged at 
10000 rpm for 5min, supernatant were transferred 
carefully to another micro-centrifuge tube. To the 
supernatant, 0.1 vol 3 M sodium acetate (pH = 5.2) and 0.6 
vol isopropanol was added, mixed well by inversion and 
kept in the ice for 10 min followed by centrifugation at 1000 
rpm for 10 min. The pellet was washed with 70% ethanol 
with gentle shaking and centrifuged at 10000 rpm for 3 
minute. Supernatant was removed and pellet was air dried. 
Extracted DNA was visualized using 0.8% agarose gel 
electrophoresis and images were documented 
(Balakrishnan et al., 2022). 
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16s rRNA gene PCR Amplification 
Using 16S ribosomal RNA gene specific universal primers 
27F 50-AGA GTT TGA TCC TGG CTC AG-30 and 1492R 50-
GGT TAC CTT GTT ACG ACT T-30 (Sigma), the 16S rRNA 
gene were amplified with 50 ll reaction mixture containing 
1X reaction buffer (10 mMTris [pH 8.3], 50 mMKCl and 1.5 
mM MgCl2), 200 lldNTPs, 0.05 U Taq DNA polymerase 
enzyme (Sigma, USA), 0.5 lM of each primer and 1 ng 
template DNA. The thermal cycling conditions was: 5 
minutes at 94 0C for initial denaturation; 31 cycles of 30 s 
at 95 0C,1 minute at 54 0C, 2 minutes at 740C, and a final 
extension for 5 minutes at 72 0 C. The amplification 
reaction were performed with a thermal cycler (MyCycler, 
Bio-Rad, USA) and the PCR amplicons (approximately 
1500 bp) were resolved by electrophoresis in 1% (w/v) 
agarose gel to confirm the expected size of the product 
(Balakrishnan et al., 2022).  
 
PCR Product Purification 
Isolates producing biosurfactant were purified by two 
procedures- Ammonium sulphate precipitation method 
and ZnCl2 precipitation method. By Ammonium sulphate 
precipitation method: it consists of four steps, ammonium 
sulphate fractionation, chilled acetone, hexane treatment, 
and silica gel column chromatography. By ZnCl2 
precipitation method: 10 ml of the culture supernatants 
was concentrated by ZnCl2 to final concentration of 75 
mm. The precipitated material were dissolved in 10 ml 
Sodium phosphate buffer (pH 6.5), extracted twice with 
equal volumes of diethyl ether. Pooled organic phase was 
evaporated to dryness and pallets was dissolved in 100 μl 
of methanol. Further purification was achieved by 
preparative TLC (Jiraporn and Niran, 2003).  
 
DNA Sequencing of 16S rRNA Gene Fragment 
By using ABI DNA 3730 XL for sequencing sequencer 
(Applied Bio system), the 16S rRNA purified PCR product 
were submitted. Sequencing of the bacterial isolate's 16S 
rRNA gene were carried out in both directions. The 
bacterial species were determined with the obtained 
sequence which was searched for BLAST. The sequences 
were submitted to the NCBI Gen Bank after sequence 
matching percentages and accession numbers were 
obtained (Balakrishnan et al., 2022). 
 
Phylogenetic analysis 
The 16 rRNA gene sequence obtained in this study was 
aligned with the sequences published in National Center 
for Biotechnology Information (NCBI). Aligned sequences 
were edited and phylogenetic tree was constructed using 
MEGA (version 6) software. The phylogenetic tree for 
relationship among strains were constructed by the 
Maximum Likelihood Method with a bootstrap of  500 using 
Kimura-2 parameter (Balakrishnan et al., 2022).  
 

Data Analysis 
All experiments in this study were carried out and studied 
in triplicate and almost all results in this study are 
expressed in a form of mean ± standard deviation. Some 
measures that are commonly used to describe the data set 
in descriptive statististics are measures of central 
tendency which include mean, median and mode, then 
measures of variability such as standard deviation (or 
variance). Bioinformatics tools such as sequence BLAST in 
NCBI, and Mega X were also used in analysing the data 
obtained.  
 
RESULTS AND DISCUSSION 
Physicochemical Characteristics of Hydrocarbon 
Contaminated Soil 
Present the physicochemical properties of soil from three 
hydrocarbon contaminated soil coded A, coded B and 
coded C. The mean of pH of all the samples was slightly 
acidic ranging from (6.95 +0.02 to 6.99 +0.02). Sample C 
were found to have the highest electrical conductivity with 
2.4±0.20 cmol/kg while sample B had the least 
(2.0±0.20cmol/kg). Sample C were recorded with highest 
percentage carbon (1.5±0.15%) while sample A had the 
least (1.2±0.15%). Sample B were also recorded with 
highest percentage of Nitrogen (0.16±0.05%) whereas 
sample A and sample C (0.07±0.05%).  
 
Aerobic Heterotrophic Mean Bacterial Count from the 
Hydrocarbon Contaminated Soil 
Table 2 shows the Bacteriological Counts of Soil Samples 
from the three Sampling Sites, A, B and C Showing both 
mean bacterial colony count for each site, coded B has a 
mean bacterial count of 3.5× 107 cfu/g, coded C has the 
lowest bacterial count of 2.5X 107cfu/g. However, coded A 
shows the highest bacterial count of 13.8X 107cfu/g. 
 
Morphology and Biochemical Characterization of the 
Isolates 
Table 3 presents the results of biochemical identification data 
of various bacterial isolates, showing several key 
characteristic essential for species diffentiation. The shape of 
the bacteria (either rod or cocci) is indicated in the first 
column, the second column showing the gram reaction of the 
isolates and third column showing whether the organism 
produce spores. The table also includes a series of 
biochemical test: catalase, oxidase, methyl red (M- R), voges-
proskauer, indole production, urease, fermentation of 
glucose, lactose and sucrose as well as the hydrogen sulfide 
production and gas production. From the data, it can be seen 
organism like Bacillus subtilis, Bacillus pumilis and 
Staphylococcus epidermidis showsthe distinct biochemical 
reactions such as positive spore formation and certain 
fermentation patterns. In contrast Pseudomonas aeruginosa 
display negative results for spore formation and distinct 
biochemical characteristics including catalase positive and 
specific fermentation profile. 
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Table 1: The Physicochemical Properties of the Soil Collected from Mechanic Workshops Abdullahi Fodio Road Sokoto 
Samples pH EC 

µS/CM 
Ca   
cmol/kg 

Mg   
cmol/kg 

Na  
cmol/kg 

K  
cmol/kg 

CEC  
cmol/kg 

%N %O.C %Sand %Silt %Clay PO4  
mg/kg 

A 6.95 141.8 0.75 1.05 0.48 0.58 2.2 0.07 1.2 91.7 5.9 2.4 0.14 
B 6.96 187.1 0.65 0.55 0.57 0.65 2.0 0.07 1.4 93.7 3.9 2.4 0.15 
C 6.99 67.9 0.55 1.3 0.65 0.88 2.4 0.16 1.5 95.6 4.0 0.4 0.15 
Mean ±  
SD 

6.97 ± 
0.02 

132.27  
± 60.17 

0.65 ±  
0.10 

0.97 ±  
0.38 

0.57 ±  
0.09 

0.70 ± 
0.16 

2.20 ±  
0.20 

0.10 ± 
0.05 

1.37 ± 
0.15 

 93.67± 
1.95 

 4.60 ± 
1.13 

1.73 ± 
1.15 

0.15 ± 
0.01 

Keys: Oc=Organic Carbon , N=Nitrogen, P04 =Phosphate , Na=Sodium, CEC = Cation Exchange Capacity, Ec= Electrical conductivity and %= Percentage  
 
Table 2: Aerobic heterotrophic mean bacterial count from the hydrocarbon contaminated soil 

Sample  Mean of bacterial colony count (cfu/g) 
A 13.8X 107 
B 3.5X 107 
C 2.5X 107 

 
Table 3: Biochemical Characterization of Bacterial IsolatedFrom Hydrocarbon Contaminated Soil 
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Organism Identified 

1 A1 R + + + - + + + + + + - + - - Bacillus pumilus 
2 A2 R + + + - + + + + - + - + - - Bacillus pumilus 
3 A3 R + + + - + + + + + + - + - - Bacillus pumilus 
4 A4 R + - + + - - + + - + - + - - Bacillus pumilus 
5 A5 R - - + + - - - + + + - - - - Psuedomonas aeruginosa 
6 A6 C + + + + - + + + - + - + - - Staphylococcus epidermis 
7 B1 R + + + + - - - - - + - + - - Bacillus subtilis 
8 B2 R - - + + - - - + + + - - - - Psuedomonas aeruginosa 
9 B3 R - - + + - - - + + + - - - - Psuedomonas aeruginosa 
10 B4 R - - + + - - - + + + - - - - Psuedomonas aeruginosa 
11 B5 R - - + + - - - + + + - - - - Psuedomonas aeruginosa 
12 C1 R - - + + - - - + + + - - - - Psuedomonas aeruginosa 
13 C2 R + + + + - - - - - + - + - - Bacillus subtilis 
14 C3 R + + + + - - - - - + - + - - Bacillus subtilis 
15 C4 R + + + + - - - - - + - + - - Bacillus subtilis 
16 C5 R + + + + - - - - - + - + - - Bacillus subtilis 
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Frequency of Occurrence of the Identified Isolate 
Table 4 presents the frequency of occurrence of the 
identified isolates. A total of sixteen (16) bacterial isolates 
with different frequency of occurrence were identified 
from the samples. The four (4) bacterial genera are 
Pseudomonas aeruginosa, Bacillus subtilis, Bacilllus 
pumilus and Sstaphylococcus epidermidis. 
 

Screening of Biosurfactant Production by Bacterial 
Isolates 
All the sixteen (16) bacterial isolates were screened for 
biosurfactant production, eight (8) isolates were positive 
for blood haemolysis, oil displacement assay, five (5) 
isolates were positive on from drop collapse assay and 
three were negative as shows in Table 4.5. 

Table 4: Frequency of Occurrence of the Identified Isolated from Hydrocarbon Contaminated Soil 
S/N Identified isolates  Frequency of occurrence % Frequency of occurrence 
1 Pseudomonas aeruginosa 6 13.1 
2 Bacillus subtilis 5 23.9 
3 Bacillus pumilus 3 30.4 
4 Staphylococcus epidermis 1 32.6 
  16 100 

 
Table 5: Screening of Biosurfactant Production using Bacterial Isolated from Hydrocarbon contaminated soil 

S/N Samples Code  Haemolysis Drop Collapse Oil displacement 
1 A1 + - + 
 A2 + - + 
 A3 + - + 
     
2 B1 + + + 
 B2 + + + 
 B3 + + + 
     
3 C1 + + + 
 C3 + + + 

Keys: + = Positive; -= Negative 
 
The BLAST of Similarity between the Sequence Queried 
and the Biological Sequences within the NCBI Database 
Table 6 presents the results of a BLAST (Basic Local 
Alignment Search Tool) search, indicating the degree of 
similarity between the queried sequence from the sample 
and sequences in the NCBI (National Center for 
Biotechnology Information) database. In this case, the 
sample identified as "C3" has been compared to the 
database, and it shows a similarity of 99.77% with the 
organism Bacillus subtilis. And “B5” showed a similarity of 

99.32% with the organism Pseudomonas aeruginosa. This 
percentage reflects the proportion of sequence identity 
between the queried sequence and the reference 
sequence in the database, signifying a high degree of 
genetic homology. A higher percentage of similarity, in this 
case, suggests that Bacillus subtilis and Pseudomonas 
aeruginosa are the most likely organism in the database 
that aligns with the queried sequence, confirming its 
potential biological identity. 

 
Table 6: The BLAST Results Showing Similarity Between the Sequence Queried and the Biological Sequences Within 
the NCBI Database 

Sample ID Predicted Organism Percentage Similarity (%) Accession Number 
C3 
B5  

Bacillus subtilis  
Pseudomona saeruginosa 

99.77 
99.32 

NR 12116.2 
ON 91428.1 

Key: % = Percentage  
 
Figure 1 shows the percentage emulsification activity by the isolates were by code C1 and C3 had the highest emulsion 
activity (60%) while code A1 with least emulsion activity (42%). 
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Figure 1: Emulsification Index (E1) for the respective isolates 

 
Figure 2 shows the effect of carbon source on the biosufactant that ranges from 2%,3% and 4%. Biosuirfactant increased 
of activity1.4mg/ml at 3% diesal carbon source and biosurfactant decreased at activity 0.6mg/ml. 
 

 
Figure 2: Effect of Carbon Source on the Production of Biosurfactant 

 
Figure 3 show the effect of pH range of 4-7 on biosurfactant production. The result shows that the pH significantly affects 
the biosurfactant production. The maximum pH to produce biosurfactant was observed at pH.6.5. 
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Figure 3: Effect of pH on the Production of Biosurfactant 

 
Figure 4 show the effect of incubation period of 24 t0 168 hours on biosurfactant production. From the result, the optimal 
incubation time was observed at 96 hours. 
 

 
Figure 4: Effect of Incubation Time on the Production of Biosurfactant 

 
Molecular Analysis of the Isolates 
Agarose Gel Image of Bacillus subtilis and 
Psuedomonas aeruginosa 
Figure 1 shows an agarose gel indicating of the 16s target 
region of B5-907R as Psuedomonas aeruginosa and C3-
907R as Bacillus subtilis as heynesii. The anticipated band 
of 1.0kb of 16s gene was successfully amplified as shown 
gel. The band are strong to be purified for sequencing to 
confirm the identity of the isolates in the present research. 
 
 

Phylogenetic Analysis of 16s rRNA of Bacteria 
The evolutionary relationships between different identified 
species. The relationship are based on similarities and 
differences in the evolutionary genetic characteristics of 
the specie and their result from the GenBank of NCBI 
database. Their neighbor joining techniques was used to 
phylogenetic tree using the nearby members found in NCBI 
GenBank. 
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Hits Similarity of Isolates from GenBank of NCBI 
Table 6 presents the BLAST results corresponding to the 
similarity between the queried and the biological 

sequences within the NCBI database. The results show to 
as Bacillus subtilis strain as 907R at 99.77% and B5-907R 
as Psuedomonas aeruginosa at 99.32%. 

 

 
Figure 5: An agarose Gel Indicating the Amplification of the 16s rRNA Gene PCR Typically gives a Product of 
1500 bp, and both Shows B5-907R and C3-907R Show strong bands around the size 
Key: B5=Psuedomonas aeruginosa; C3=Bacillus subtilis; M=DNA Ladder 

 

 
Figure 6: The Neighbour-joining phylogenetic dendrogram based on 16s rRNA gene 
sequences showing the relationship between the isolate Bacillus subtilis strain SPB7 and 
closest taxa from NCBI. Boostrap values are shown at branching point (greater than 50%) 
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Figure 7: The Neighbour-joining phylogenetic dendrogram based on 16s rRNA gene 
sequences showing the relationship between the isolatePsuedomonas aeruginosa 
strain Esp-1 and closest taxa from NCBI. Boostrap values are shown at branching 
point (greater than 50%) 

 
Discussion 
Biosurfactants producing bacteria can be found in various 
environments, although the regions that are impacted by 
hydrophobic pollutants such as petroleum products are 
more yielding than uncontaminated onAes (Soltanighias et 
al.,2017). According to the previous report, 25% of 
microbial communities in hydrocarbon polluted soils 
belong to Biosurfactants producing microorganisms, 
which is relatively high as compared to unpolluted soil with 
the value of 2% (Saimmai et al., 2013). Our results on the 
colony forming units (CFU) of bacteria isolated confirmed 
the presence of Biosurfactant producing bacteria in the oil-
contaminated sites. Previously, Biosurfactant producing 
bacteria were isolated from diverse environments like, 
plant leaf surfaces (Oso et al., 2019), hot springs (Mehetre 
et al., 2019), seawater (Durval et al., 2018), solid waste 
management site contaminated with petroleum 
hydrocarbons (Xia et al. 2019) and chlorination tank (Felix 
et al., 2019). 
In this research, physicochemical properties of soil 
samples collected from hydrocarbon contaminated soil 
provide significant insights into the soil capacity to support 
bacterial communities capable of biosurfactant 
production. The results of pH recorded in this study where 
mainly neutral within range of 6.99, which is typically 
conducive to a wide range of microbial activities, including 

the breakdown of complex organic compounds (Hiltunen 
et al., 2017). Soil Ph influence microbial diversity, 
enzymatic activity and the availability of nutrients, all of 
which play a role in the biodegradation process (Monda et 
al., 2024). This finding is similar to the finding of Kumar et 
al., (2019) who reported that soil with a pH range of 6.5 to 
7.0 promotes microbial communities capable of degrading 
contaminants. The result of electrical conductivity of this 
research ranges from 67.9-187.1. This range is relatively 
similar to the finding of Ejairu and Okiotan, (2022) who had 
the EC that ranged from 122-185. 
In this study, percentage result of sand ranged from 91.7-
95.6 and the result of the percentage of silt and clay from 
this study ranges from 3.9-5.9 and 0.55-0.75 respectively. 
The reason may be the soil of the study area is more of sand 
and silt than in clay in that the soil of the study area is more 
of sand and silt than in clay in percentage. This study 
agreed with the findings of Aminu et al., 2023, whose 
percentage for clay ranges between 0.95 and 1.10 
respectively. 
Furthermore, nitrogen content in the soil ranging from 0.7 
to 0.16% is another important factor influencing microbial 
activity, as nitrogen a key element in protein synthesis and 
overall microbial growth. Although the nitrogen content is 
relatively low, it is still within a range that could support the 
growth of nitrogen fixing bacteria, which may be present in 
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the soil and play a role in enhancing the biodegradation of 
contaminants (Xu et al., 2022). 
 
Bacteriological Analysis of Soil Sample 
Enumeration of Aerobic heterotrophic bacteria from 
hydrocarbon contaminated soil 
Total heterotrophic bacterial count of the soil samples was 
determined and ranged from 2.5 x 107cfu/g to 13.8 x 
107cfu/g (Table 2). This could be attributed to the fact that 
bacteria are abundant in the soil environment among 
which some are capable of producing biosurfactant. This 
result is not similar with that of Ogru, and Olannye, (2021) 
because his bacterial count ranged between 1.0-1.2 x 
106cfu/g. It also disagreed with the results of Fardami et al., 
(2022). As He had the bacterial count that ranged between 
1.10-8.4x 106cfu/g. However, this might be due to 
differences in sample location and physicochemical 
characteristics of hydrocarbon contaminated soil. This 
result corresponds with the results of Aminu et al., 2023 as 
he had the bacterial count that ranged between 3.0 x 
105cfu/g. 
 
Isolation and identification of Aerobic Bacteria from 
Hydrocarbon Contaminated Soil 
This study revealed that, sixteen (16) bacteria were 
isolated and identified from hydrocarbon contaminated 
soil and were identified such as Pseudomonas aeruginosa, 
Bacillus subtilis, Bacillus pumilis and Staphylococcus 
epidermidis. The occurrence of all these isolates in 
hydrocarbon contaminated soil could be attributed to the 
abundance of microorganisms found in soil isolation of 
Pseudomonas aeruginosa is the most predominant in this 
study and it is in agreement with the research conduct by 
Fardami et al., (2022) who reported Pseudomonas 
aeruginosa as good producer of biosurfactant. 
Bacillus subtilis is the second most predominant 
throughout the study. This might be due to the ability of 
Bacillus species to survive in a wide temperature and pH. 
As such its capable of forming an endospore. This agreed 
with the findings of Fardami et al., 2020 who identified and 
reported bacillus species are good producers of 
biosurfactants. Staphylococcus epidermis is the least 
predominant isolate encountered in this study, it 
corroborated with the work of Zhang et al., 2021, who has 
analysis of bacterial abundance in soil.  
 
Screening of the Bacterial Isolates for Biosurfactant 
Production 
Blood haemolysis test was employed from which ten (10) 
out of the sixteen (16) isolates showed positive results. 
This may be due to the fact that many hydrocarbon 
degrading bacteria are capable of producing biosurfactant 
due to the presence of transparent clearing zones in blood 
agar plates. This technique has been used by various 
authors including Habib and Ibrahim (2023) Chigede et al., 

(2023) to screen biosurfactant production using 
haemolysis by bacteria.  
Oil spreading technique, drop collapse and emulsification 
test wofere carried out in this research. Out of sixteen 
isolate. Eight (8) strains had beta-haemolytic activity 
(Table 5), Five (5) were able to collapse oil and eight (8) 
could spread oil. Finally eight (8) isolates were selected for 
complementary techniques after performing primary 
differential tests. These isolates show emulsification 
activity (E24) from 43% to 60% (Fig.1). According to results 
and data analysis, strain B5 and C3 showed the best 
biosurfactant production rate. Oghoje, (2023). Chigede et 
al., (2023) also have advocated the use of these 
techniques for screening microorganisms with potential to 
produce biosurfactants. 
 
Optimization of the Bacterial Isolates for Biosurfactant 
Production. 
The result for the optimization of biosurfactant production 
revealed that the biosurfactant production was optimal at 
3% diesel concentration, pH 6.5 and 96hours incubation 
period. Biosurfactant-producing microorganisms are 
frequently aerobic and as diesel was used in this study, 
higher diesel concentration would invariably produce 
lower biosurfactant. This is due to the fact that high diesel 
concentration creates relatively anoxic condition because 
of the low capacity of oxygen to dissolve in oil which 
restricts the microbial metabolism. To facilitate oxygen 
dissolution, the use of soluble substrate as carbon 
sources have been suggested (Hu et al.,2015).The lower or 
higher pH conditions led to decrease in biosurfactant 
production which might be due to the fact that the pH 
below or above the optimum. This results are in agreement 
with the work of Fardami et al., (2022) who made similar 
observations. 
 
Molecular Characterization of the Most Potent 
Bacterial Isolated from Hydrocarbon Contaminated 
Soil by 16Rrna Analysis 
The most potent bacterial isolates that were found to excel 
in the screening for biosurfactant production in this 
present research were Pseudomonas aeruginosa and 
Bacillussubtilis. The result of hit similarity on BLAST 
confirmed Pseudomonas aeruginosa strain B5 with 
99.32% (See Appendix vii) with accession no. ON 
491428.1and Bacillus subtilis strain C3with 99.77% (See 
Appendix vi) with accession No. NR 112116.2 respectively. 
Molecular identification of Bacillus sp. strain was 
identified by Aminu et al., (2023) as biosurfactant 
producing bacteria. 
 
CONCLUSION 
It can be concluded that the biosufactant produced by 
isolated bacteria from hydrocarbon contaminated soil 
have shown good capabilities for biosurfactant production 
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at different physicochemical conditions. The maximum 
production of biosurfactant occurred at optimum pH, 
carbon source and incubation time used in this study 
revealed that biosurfactant production was optimal at pH 
6.5, 3% carbon concentration and 96hrs incubation period 
respectively. The most potent bacterium species was 
molecularly identified using 16s rRNA belonged to 
Pseudomonas aeruginosa and Bacillus subtilis have a 
great capacity to produce biosurfactants from the 
environment. Therefore, Biosurfactants production 
conditions can greatly improve the bacterial strains for 
large-scale biosurfactant production.  
The research is recommended to manage and enhance 
bacterial activity from hydrocarbon contaminated sites by 
plot a large scale application in bioremediation projects. 
 
REFERENCES 
Abdallah, A. H., and Ibrahim, R. A. (2023). Investigation of 
Physical and Chemical Soil Properties for Two Selected 
Sites in Khartoum State (Umm Dom Island) and River Nile 
State (Al Oteib Area) Sudan. Asian Journal of Research in 
Botany, 9(2), 42-49.  
 
Abo Elsoud, M.M. and Ahmed, M.M. (2021). Classification 
and Production of Microbial Surfactants. In Microbial 
Biosurfactants: Preparation, Properties and Applications 
(pp.65_89). Springer Nature. 
 
Abouseoud, M., Maachi, R., Amrane, A., Boudergua, S. 
&Nabi, A. (2008). Active Glycolipids from Resting Microbial 
Cells. Applied and Environmental Microbiology 48:610-
617. 
 
Al Musawi, T.J., Al- Kahtani, A.A., and Al- Muhtaseb, A.H. 
(2021) Biisurfactant Production From Organic Wastes: A 
Review. Journalof Environmental Management, 286, 
112257 
 
Al-Kindi,A.A. and Abed, R. M. (2016). Bioremediation of 
Petroleum hydrocarbon-Contaminated Soil: A review on 
Principles, Degradation Mechanusms and Advancements. 
Frontier in Environmental Science, 4,1-4.  
 
Alsayegh, A. A. and Al- Wahaibi, Y. M. (2015). 
Biosurfactants: Production, Properties and Applications. 
Journal of Petroleum Science and Engineering, 135, 1-11. 
 
Al-Wahaibi, M.A., Al-Sayegh, A.H., &Al-Tamimi, M. (2014). 
Biosurfactants for oillspill remediation: A reviewJournal of 
Environmental Science and Health, Part A 49 (12), 1333-
1345.  
 
Aminu, A., Usman, M. D., Mohammed, N., Ashafa, M. A., 
Saidu, M., Umar, A., Salim, C. A., Saifullah, G., Shafi'u, A., 
Usman, M., &Ukwaja, V. C. (2023). Identification and 

Screening of Biosurfactant Producing Bacteria from 
Mechanic Workshops Soil in Gusau Metropolis, Nigeria. 
UMYU Scientifica, 2(3), 46-52.  
 
Anjum, F., Gautam, G., Edgard, G., &Negi, S. (2016). 
Biosurfactant Production Through Bacillus sp. MTCC 5877 
and its Multifarious Applications in Food Industry. 
Bioresource Technology, 213, 262-269. 
 
Balakrishnan, S., Arunagirinathan, N., Rameshkumar, M. 
R., Indu, P., Vijaykanth, N., Almaary, K. S., &Chen, T. W. 
(2022). Molecular Characterization of Biosurfactant 
Producing Marine Bacterium Isolated from Hydrocarbon-
Contaminated Soil Using 16S rRNA Gene Sequencing. 
Journal of King Saud University-Science, 34(3), 101871. 
 
Banat, I. M., Franzetti, A., Gandolfi, I., Bestetti, G., 
Martinotti, M.G., Fracchia, L. &Merchant, R. (2010). 
Microbial Biosirfactants Production, Applications and 
Future Potential. Applied Microbiology and Biotechnology, 
87(2), 427-444. 
 
Bazsefidpar, S., Mokhtarani, B., Panahi, R., &Hajfarajollah, 
H. (2019). Over Production of Rhamnolipids by Fed-Batch 
Cultivation of Psuedomonas aeruginosa in Lab- Scale 
Fermenter Under Light DO Control. Biodegradation, 30, 59-
69. 
 
Begum, S., Rath, S.K .and Rath, C.C. (2022). Applications 
of Microbial Communities for the Remediation if 
Industriakdnd Mining Toxic Metal Waste: A Review. 
Geomirobiology Journal, 39 (3-5), 282-293. 
 
Bhardwaj, G., Cameotra S.S. and Chopra, H.K. (2013). 
Biosurfactants from Fungi: A Review. Journal of Petroleum 
and Environmental Biotechnology 4(6):1000160. 
 
Bidja Abena, M.T., Chen, G., Chen, Z., Zheng, X., Li, S., Li, 
T., and Zhong, W. (2020). Microbial Diversity Changes and 
Enrichment of Potential Petroleum Hydrocarbon 
Degraders in Crude Oil- Diesal and Gasoline-Contaminted 
Soil. Biotechnology, 10, 1-15. 
 
Brumano, L.P., Soler, M.F. and da-Silva, S.S. (2016). 
Recent Advances in Sustainable Production and 
Application of Biosurfactants in Brazil and Latin America. 
Industrial Journal of Biotechnology, 12, 31–39.  
 
Cheesbrough, M. (2006). District laboratory practice in 
tropical countries, part 2. Cambridge university press. 
 
Chen, J., Wu, Q., Hua, Y., Chen, J., Zhang, H., &Wang, H. 
(2017). Potential Applications of Biosurfactant 
Rhamnolipids in Agriculture and Biomedicine. Applied 
microbiology and biotechnology, 101 (23), 8309-8319. 



Yabo et al.,  JOSRAR 3(3) MAY-JUN 2026 40-60 
 

54 

 
Chigede, N., Chikwambi, Z., Mpofu, I. D., &Madzimure, J. 
(2023). Isolation and Characterization of Biosurfactant-
Producing Microbes Isolated from the Gastrointestinal 
System of Broiler Birds Fed a Commercial Diet. Animal 
Biotechnology, 1-13. 
 
Christova, N., Tuleva, B., Kril, A., Georgieva, M., 
Konstantinov, S. and Terziyski, I. (2013) Chemical 
Structure and In Vitro Antitumor Activity of Rhamnolipids 
from Pseudomonasaeruginosa BN10. Biotechnology and 
Applied Biochemistry.170:676–89.  
 
Cooper, D.G. and Cavalero, D. A. (2003). The Effect of 
Medium Composition on the Structure and Physical State 
of Sophorolipids Produced by Candida bombicola ATCC 
22214. Journal of Biotechnology.103:31–41.  
 
Das, S. and Rao,K.V.B (2024). A Comprehensive Review of 
Biosurfactant Production and its uses in the 
PharmaceutucalIndustry.Archea Microbiology 206,60. 
 
Da-Silva, V.L., Lovaglio, R.B., Tozzi, H.H., Takaki, M. and 
Contiero, J. (2015). Rhamnolipids: A New Application in 
Seeds Development. Journal of Medical and Biological 
Science Research.1:100 doi.org/10.1007/978-3-319-
26800-2_5. 
 
Desai, J. D., Banthia, N.&Desai, A. J. (2018). Biosurfactants 
from halophilic bacteria: A Review. Bioresource 
Technology, 252, 37-47, 2018. 
 
Dossel J, Meyer-Hoffert U, Schroder JM, Gerstel U. (2012). 
Pseudomonas aeruginosa Derived Rhamnolipids Subvert 
the Host Innate Immune Response Through Manipulation 
of the Human Beta-Defensin-2 Expression. Cellular 
Microbiology.14:1364–75.  
 
Ejairu, K.O., and Okiotor, M.E. (2022). “Effect of Oil Spill on 
Physicochemical Properties of Soil Spilled Sites in Kokori, 
Ethiope East Local Government Area, Delta State, 
Nigeria”. Journal of Applied Sciences and Environmental 
Management. 26 (11) 1869-1872. 
 
Ekambaram, G., Palanisamy, P., Natchimuthu, K., Sunita, 
V., Mukesh, K. A. &Balasubramani, R. (2022). 
Biosurfactants: Potential and Eco- Friendly Material for 
Sustanable Agriculture and Environmental Safety: A 
Review Agronomy12 (3), 662. 
 
Ekprasert, J., Kanakai, S. &Yosprasong, S. (2020). 
Improved biosurfactant production by Enterobacter 
cloacae B14, stability studies, and its antimicrobial 
activity. Polish Journal of Microbiology, 69 (3): 273.  
 

Elgaliza, A., Althalb, H., Elmusrati, I., Ahmed, H.M., & 
Banat, I.M. (2023). Remediation Approaches to Reduce 
Hydrocarbon Contamination in Petrolum-Polluted 
Soil.Microorganism, 11 (10), 2577. 
 
El-Shahawy, M.R. (2014). Biosynthesis of Biosurfactant by 
Egyptian Local Bacterial Isolates Using Different 
Agricultural Wastes. Journal of Nuclear Technology 
Applied Sciences, 2(4), 409-417. 
 
Erum, I., and Ahmed, S. (2013). Biosurfactants: A Review of 
their Potential and Applications. Journal of Basic and 
Applied Sciences, 9, 402-410 
 
Estefania, E., Abel, F., Antoni, S., Xavier, F. &Teresa, G. 
(2022). Microbial Biosurfactants: A Review of Recent 
Environmental Applications. Bioengineered 13 (5), 12365-
12391. 
 
Fardami A.Y., Kawo, A.H., Yahaya, S., Riskuwa-Shehu, 
M.L., Lawal, I. & Ismail, H.Y. (2022). “Isolation and 
Screening of Biosurfactant-Producing Bacteria from 
Hydrocarbon-Contaminated Soil in Kano Metropolis, 
Nigeria” Journal of Biochemistry, Microbiology and 
Biotechnology. 10(1)52-57 
 
Fardami, A.Y., Abubakar, U., Ibrahim, U.B. Dankaka, S.M. 
&Kawo, A.H (2020). “Biosurfactant Production Potential of 
Bacillus Obtained from Dye Effluent” African Journal of 
Microbiology Research. 14 (2), 71-76. 
 
Franzetti, A., Gandolfi, I., Bestetti, G., Smyth, T.J.&Banat, 
I.M. (2010). Production and Applications if Trehalose Lipids 
Biosurfactants. European Journal of Lipid Science and 
Technology, 112 (6), 617-627. 
 
Furuta, A., Ikegami, M., Yaguchi, T., Ito, H., Tanaka, K., 
Nishinari, K.&Nitta, Y. (2023). Transparent 
Thermoreversible Gels of Β-(1→ 6)-Branched Β-(1→ 3)-
Glucan Derived from the Cauliflower Mushroom 
SparassisCrispa. Food Hydrocolloids, 142, 108-766. 
 
Habib, S. A., and Ibrahim, A. (2023). Actinobacter 
Biosurfactants Producer Isolated from Marsh Sediments in 
Iraq. Journal of Survey in Fisheries Sciences, 10(1S), 5133-
5142. 
 
Harley, J.P. and Prescott, L.M. (2002). Laboratory Exercises 
in Microbiology. 5th Edition, McGraw-Hill Companies, New 
York, United State of America.  
 
Harold, J., Benson, A. and Brown,E. (2004). Benson's 
Microbiological Applications: Laboratory Manual in 
General Microbiology. 
 



Yabo et al.,  JOSRAR 3(3) MAY-JUN 2026 40-60 
 

55 

Haruna H.G. (2023).” Determination of Physicochemical 
Properties of Spent Engine Oil Polluted Soils Sites in Bali 
and its Environs, Taraba State, Nigeria” American Journal 
of Food Science and Technology 2(2) 14-17. 
 
Hausmann, R., and Syldatk, C. (2014). Types and 
Classification of Microbial Surfactants. Biosurfactants: 
Production and Utilization—Processes, Technologies, and 
Economics, 159, 1. 
 
Hiltunen, K., Seppälä, J.V., Itävaara, M. &Härkönen, M. 
(2017) The Biodegradation of Lactic Acid-Based Poly 
(ester-urethanes). Journal of Environmental Polymer 
Degradation 5: 167–173. 
 
Hu X., Wang, C. and Wang, P. (2015). Optimization and 
Characterization of Biosurfactant Production from Marine 
Vibrio sp. Strain 3B-2. Frontier of Microbiology. 6:976 
 
Humberto, B.S., Sobrinho-Julaina M., Luna,Raquel D., 
Rufino Ana Lucia F.&Leonie A. (2014). Biosurfactants: 
Classification, Properties and Environmental 
Applications. Biotechnology, 11: 7-8. 
 
Hussain, T., Khan, A.A. and Khan, M.A. (2021). Biocontrol 
of Soil Borne Pathogen of Potato Tuber Caused by 
Rhuzoctoniasolonithrough Biosurfactant based Bacillus 
strain. Journal of Nepal Agricultural Research Council, 7, 
54-66. 
 
Ibrahim, M. L., Ijah, U. J. J., Manga, S. B., Bilbis, L. S.&Umar, 
S. (2013). Production and Partial Characterization of 
Biosurfactant Produced by Crude Oil Degrading Bacteria. 
International Biodeterioration and Biodegradation, 81, 28-
34. 
 
Ibrahim, U.B., Ijah, U.J.J., Riskuwa, M.L. &Manga, S.B. 
(2014). Microbial and Heavy Metals Qualities of 
Agricultural Soil of Tsafe Local Government Area in 
Zamfara State Nigeria. Journal of Zoological and 
Bioscience Research, 1(2):18-30  
 
Ijah, U. J. J., and Antai, S. P. (2003). Removal of Nigerian 
Light Crude Oil in Soil Over a 12-Month Period. 
International Biodeterioration and Biodegradation, 51(2), 
7-9. 
 
Imran, M., Asad, M. J., Hadri, S. H.&Mehmood, S. (2012). 
Production and Industrial Applications of Laccase 
Enzyme. Journal of Cell and Molecular Biology, 10(1), 1-5. 
 
Jiraporn, T.H. and Niran, R. (2003). “Production and 
Characterization of Biosurfactants from 
Bacilluslicheniformis” Bioscience, Biotechnology and 
Biochemistry, 67(6), 1239-1244. 

 
Juo, A.S.R. (1979). Selected Methods for Soil and Plant 
Analysis. International Institute of Tropical Agriculture 
Manual Series (Nigeria). pp136  
 
Kaur, K., Sangwan, S. &Kaur, H. (2017). Biosurfactant 
Production by Yeast Isolated from Hydrocarbon Polluted 
Environment, Environmental Monitory Assessment 
189(12):603. https://doi.org/10.1007/s10661-017-6311  
 
Kaur, S., Singh, S.&Kaur, I. (2021). Biosurfactants: A 
Promising Tool for Drug Delivery. International Journal of 
Pharmaceutics, 596, 117730. 
 
Khokhar, H.S., and Gornall, J. L. (2012). Effect of Process 
Parameters on Quality and Shelf Life of fortified fruit 
beverages. Journal of Food Sciences and Technology 49 
(5), 588. 
 
Kumar, A., Mishra, R., Srivastava, A., Garg, S. K., Singh, V. 
P.&Arora, P. K. (2019). Diversity of Hexavalent Chromium-
Reducing Bacteria and Physicochemical Properties of the 
Kanpur Tannery Wastewater. Environmental Chemistry 
and Ecotoxicology, 5, 205-212. 
 
Liu, W. J., Duan, X. D., Wu, L. P.&Masakorala, K. (2018). 
Biosurfactant Production by Pseudomonas 
aruginosaSNP0614 and its Effect on Biodegradation of 
Petroleum. Applied biochemistry and Microbiology, 54, 
155-162. 
 
Liu, Y., and Li, H. (2022). Biosurfactant Production by 
Acinetobacter Species: A Review. Journal of Environmental 
Science and Health, Part A, 55(12), 1183-1193. 
 
Luna, J.M., Rufino, R.D., Jara, A.M.A.T., Brasileiro, P.P.F. 
&Sarubbo, L.A. (2015). Environmental Applications of the 
Biosurfactant Produces by Candida sphaerica Cultivated 
In Low-Cost Substrates. Colloids And Surfaces: A 
Physicochemical and EngineeringAspects, 480: 413–418.  
 
Mondal, C., Nabarun, M., UrmiMustafi, M.S.B.&Asif, H. 
(2024). Contamination of microplastics in the marine food 
web with special reference to seafood: Present status and 
future concern." In Spatial Modeling of Environmental 
Pollution and Ecologica*l Risk, pp. 175-207. 
 
Mulligan, C.N. (2005). Environmental Applications for 
Biosurfactants. Environmental Pollution, 133: 183–198. 
 
Ng, Y. J., Lim, H.R., Khoo, K.S., Chew, K.W., Chan, D.J.C., 
Bilal, M.&Show, P.L. (2022). Recent Advances of 
Biosurfactants for Waste and Pollution Bioremeduation: 
Substitutions of Petroleum -Based Surfactants. 
Environmental Research, 212,113126. 

https://doi.org/10.1007/s10661-017-6311


Yabo et al.,  JOSRAR 3(3) MAY-JUN 2026 40-60 
 

56 

 
Ochei, J. and Kolhatkar, A. (2000). Medical Laboratory 
Sciences, Theory and Practice. Tata McGraw Hill 
Publishers, New Delhi, India. 
 
Oghoje, S. U. (2023).” Effects of Bioremediation of 
Petroleum Pollution on Soil Physicochemical Properties 
and Metals Bioavailability in South- South Nigeria”. 
Nigerian Journal of Science and Environment 21 (1) 337 – 
357.  
 
Ogru, K.I. and Olannye, P.G. (2021). “Microbial Studies of 
Biosurfactant Producing Bacteria from Crude Oil 
Contaminated Soil” J. Appl. Sci. Environ. Manage. 25 (9) 
1729-1735. 
 
Ogunseitan, A.A. and Ilori, M. O.(2020). Assessment of the 
Impact of Crude Oik Pollution on Soil Microbial 
Communities in a Tropical rainforest ecosystem. Journal of 
Environmental Management, 262, 110204. 
 
Oliveira, A.C., Costa, M.C.&Silva, R.R. (2017). Influence of 
pH on biosurfactant Production by Bacillus subtilis.Journal 
of surfactants and Detergents,2(1), 1-8. 
 
Packwa, X. and Zhang, Y. (2011). Production and 
Characterization ofBiosurfactantsfrom strain X-23. Journal 
of Applied Microbiology,110(1):743-752.  
 
Parisa, M. and Gholamreza, S. (2020). Biosurfactants: 
Properties, Production and Applications. Journal of 
Environmental Chemical Engineering, 8(4),104048. 
 
Premei, S., Inoue, C. &Chien, M.F (2020). “Potential of 
Biosurfactants’ Production on Degrading Heavy Oil by 
Bacterial Consortia Obtained from Tsunami-Induced Oil-
Spilled Beach Areas in Miyagi, Japan”Journal of Marine 
Scienceand Engineering: 8,577. 
 
Prescott, L. M., Harley, J. P.&Klein, D. A. (2002). 
Microbiology. Wm. C. Brown. 
 
Ray, S., Sankhyan, S., Sonkar, M. &Kumar, P. (2023). Role 
of Biosurfactant in the Remediation of Emerging 
Pollutants. 
 
Ribeiro, B. G., De-Veras, B. O., Dos-Santos, Aguiar, J., 
Guerra, J. M. C.&Sarubbo, L. A. (2020). Biosurfactant 
produced by Candida utilis UFPEDA1009 with potential 
application in cookie formulation. Electronic Journal of 
Biotechnology, 46, 14-21. 
 
Rodrigues, L. R., Teixeira, J. A., van der Mei, H. C.&Oliveira, 
R. (2006). Physicochemical and Functional 
Characterization of a Biosurfactant Produced by 

Lactococcuslactis 53. Colloids and Surfaces 
Biointerfaces, 49(1), 79-86. 
 
Ruskana, J., Andrew, M., Bridatti, M., Tsianou, A. 
&Paschalis, A.(2020). Biosurfactants, Natural Alternatives 
to Synthetic Surfactants: Physicochemical Properties and 
Applications.Advances in Colloid and Interface Science, 
volume 275. 
 
Saeki, H., Sasaki, M., Komatsu, K., Miura, A.&Matsuda, H.. 
(2009). Oil Spills remediation by using the Remediation 
Agents JE1058BS that Contains a Biosirfactant Produced 
by Gordonia sp.Strain JE_1058.Bioresource Technology, 
100(2), 572-577. 
 
Saranraj, P., Sayyed, R. Z., Sivasakthivelan, P., Devi, M. D., 
Al Tawaha, A. R. M.&Sivasakthi, S. (2021). Microbial 
Biosurfactants Sources, Classification, Properties and 
Mechanism of Interaction. In Microbial Surfactants (pp. 
243-265).  
 
Satpute, S. K., Banat, I.M., Dhakephalkar, P.K., Banpurkar, 
A.G. &Chopade, B.A. (2017). Biosurfactants, 
Bioemulsifiers and Exopolysaccharides from Marine 
Microorganisms. Biotechnology Advances 28: 436–450.  
 
Sharma, A.K., Sharma, V., Saxena, J., Chandra, R., Alam, A. 
&Prakash, A. (2015). Isplation and Screening of Amylolytic 
Bacteria from Soil.International Journal of Scientific 
Research in Agriculture Sciences, 2 (7) 159- 165.  
 
Shoeb, E., Akhlaq, F., Badar, U., Akhter, J. &Imtiaz, S. 
(2013). Classification and Industrial Applications of 
Biosurfactants. Academic Research International, 
4(3),243. 
 
Ukaegbu, C. I., Shah, S. R., Alara, R. O.&Thonda, O. A. 
(2023). Biosurfactants as Potential Antitumor Agents. In 
Advancements in Biosurfactants Research. (pp. 439-460).  
 
Wang, D., Weijun ,G., Shujun, K. &Tiaojian, X. (2020). 
Estimating off Shore Exposure to Soil Spill Impacts Based 
on a Statistical Forecast Model . Marine Pollution Bulletin, 
156 . 
 
Wei, Y. and Shao, H. (2022). Soil Contamination and 
Conservation. In River Basin Environment: Evaluation , 
Management ans Conservation (pp. 289-309). 
 
Xu, H., Dai, C., Tang, Y., Xu, X., Umego, E. C.&Ma, H. 
(2022). The Selective Breeding and Mutagenesis 
Mechanism of High-yielding Surfactin Bacillus subtilis 
Strains with Atmospheric and Room Temperature Plasma. 
Journal of the Science of Food and Agriculture, 102(5), 
1851-1861. 



Yabo et al.,  JOSRAR 3(3) MAY-JUN 2026 40-60 
 

57 

 
Xu, S., Lehmann, R.G., Miller, J.R. &Chandra, D. (2023) 
Degradation of silicone polymer as influenced  by clay 
minerals. Environmental Science Technology, 32:1199–
1206. 
 
Youssef, N.H., Duncan, K.E., Nagle, D.P., Savage, K.N. 
&Knapp, R.M. (2004). Comparison of Methods in Detection 
of Biosurfactant Production by Diverse Microorganisms. 
Journal of Microbiological Methods 56, 339-347. 

 
Zhang, W., C.A., Kenneth, L., Zhi, C.&Qi, F. (2021). Factors 
Influencing the Fate of Oil Spilled on Shorelines: A Review. 
Environment Chemistry Letters, 19, 1611-1628. 
 
Zhao, L., Li, Y. and Liu, Z. (2021). Impact of Oil Pollution on 
Soil Microbial Communities and their Functional Genes . 
Journal of Hazardous Materials, 402,123506. 

 
APPENDICES 
APPENDIX 1: Drop Collapse of Biosurfactants Produced by Isolates 

 
 
APPENDIX 2: Biosurfactant Production Setup by the Isolates 

 
APPENDIX 3: Foam Activity of Biosurfactants Produced by Isolates 



Yabo et al.,  JOSRAR 3(3) MAY-JUN 2026 40-60 
 

58 

 
 
APPENDIX 4: Oil Displacement Assay by Isolates  

 
 
 
 
 
 
 
 



Yabo et al.,  JOSRAR 3(3) MAY-JUN 2026 40-60 
 

59 

APPENDIX 5: Sequence Prediction Report 
>C3_907R 
CTCCCAGGCGGAGTGCTTATGCGTTAGCTGCAGCACTAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTTTACGGC
GTGGACTACCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTTC
GCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCCCCA
GTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCAATA
ATTCCGGACAACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCA
AGGTACCGCCCTATTCGAACGGTACTTGTTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGCG
TTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGT
GTGGCCGATCACCCTCTCAGGTCGGCTACGCATCGTTGCCTTGGTGAGCCRTTACCTCACCAACTAGCTAATGCGCCGCGG
GTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTTTGAACCATGCGGTTCAAACAACCATCCGGTATTAGCCCCGGTTTC
CCGGAGTTATCCCAGTCTTACAGGCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCAGGGAGCAAGCTCCCA
TCTGTCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCCATGATCAAACTCTAGGKRSGGGTAYCTG
GTTACGTSTTATGGTGTCTTGT 
 
APPENNDIX 6: Sequence Prediction Report 
>B5_907R 
CGSGSGWMTCCCAGGGCGGTCGACTTATCGCGTTAGCTGCGCCACTAAGATCTCAAGGATCCCAACGGCTAGTCKACATCG
TTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGCTCCCCACGCTTTCGCACCTCAGTGTCAGTATCAGTCCAGGTGGT
CGCCTTCGCCACTGGTGTTCCTTCCTATATCTACGCATTTCACCGCTACACAGGAAATTCCACCACCCTCTACCGTACTCTAG
CTCAGTAGTTTTGGATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACATCCAACTTGCTGAACCACCTACGCGCGCTTTACGC
CCAGTAATTCCGATTAACGCTTGCACCCTTCGTATTACCGCGGCTGCTGGCACGAAGTTAGCCGGTGCTTATTCTGTTGGTAAC
GTCAAAACAGCAAGGTATTAACTTACTGCCCTTCCTCCCAACTTAAAGTGCTTTACAATCCGAAGACCTTCTTCACACACGCGG
CATGGCTGGATCAGGCTTTCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCA
GTGTGACTGATCATCCTCTCAGACCAGTTACGGATCGTCGCCTTGGTAGGCCTTTACCCCACCAACTAGCTAATCCGACCTAG
GCTCATCTGATAGCGTGAGGTCCGARGATCCCCCACTTTCTCCCTCAGGACGTATGCGGTATTAGCGCCCGTTTCCGGACGT
TATCCCCCACTACCAGGCAGATTCCTAGGCATTACTCACCCGTCCGCCGCTGAATCCAGGAGCAAGCTCCCTTCATCCGCT
CGACTTGCATGTGTTAGGCCTGCCGCCAGCGTTCAATCTGARGCATGATCAAACTCTAGGRRGGGT 
 
APPENDIX 7: Sequence Prediction Report 
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APPENDIX 8: Sequence Prediction Report 

 
 


