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Abstract 

Background Screening for biosurfactant-producing microbes involves the process of sampling and isolating bacteria 
from various environmental sources. Hydrocarbon-contaminated locations are considered ideal sources for isolating 
bacteria that produce biosurfactants. This is because these microbes have adapted to living in oil-contaminated envi-
ronments and have developed mechanisms to produce biosurfactants as a means of survival. Therefore, screening 
microbes from such locations increases the likelihood of finding bacteria capable of producing biosurfactants.

Results This investigation aimed to isolate bisurfactant-producing bacteria from oil-contaminated soil samples, 
with a particular focus on Pseudomonas aeruginosa. Out of the 10 samples collected, four were confirmed to be P. 
aeruginosa, and all strains showed positive results for antagonistic, hemolytic, and emulsification tests. The strains 
were effective against B. subtilis, S. aureus, and E. coli but less effective against A. hydrophila. The PS10 strain exhibited 
the highest emulsification index, while PS08 showed the lowest. Based on microscopic and biochemical examination, 
P. aeruginosa was identified as the most effective isolate.

Conclusion These findings highlight the potential of P. aeruginosa as a biosurfactant producer for industrial and envi-
ronmental applications. However, further studies are needed to fully understand the biosurfactant production poten-
tial of these strains and to optimize the conditions for biosurfactant production.

Keywords Pseudomonas aeruginosa, Biosurfactant, Antagonistic test, Hemolytic assay, Emulsification index

Background
Oil pollution is a significant and long-standing envi-
ronmental problem that has had adverse effects on the 
planet for many years. Accidental oil releases into the 
environment can have severe consequences on marine 
and coastal ecosystems, as well as on human health and 
the economy. Oil spills can result in wildlife damage, 
habitat destruction, and water contamination, leading to 
long-term environmental impacts [1, 2]. Various sources 

contribute to oil pollution, including offshore drilling, 
fossil fuel combustion, tanker accidents, pipeline leaks, 
and improper disposal of used oil, causing numerous oil 
spills, land contamination, and air pollution [3]. Over 
the past six decades, notable oil spills, such as the Exxon 
Valdez spill in 1989, the Deepwater Horizon spill in 2010, 
and the Wakashio spill in 2020, have drawn attention to 
the devastating consequences of oil pollution and the 
necessity for enhanced prevention, response, and cleanup 
efforts [4].

The use of biosurfactants has been proposed as an 
effective approach to enhance the biodegradation of oil. 
Biosurfactants, which are natural or microbially produced 
surface-active agents, can reduce the interfacial tension 
between water and oil, thereby improving the solubili-
zation and bioavailability of hydrophobic compounds, 
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such as oil, to microorganisms. By enhancing the bio-
availability of oil, biosurfactants can promote the biodeg-
radation of oil by microorganisms [5, 6]. Biosurfactants 
are naturally occurring or microbially produced surface-
active molecules with the ability to decrease the surface 
and interfacial tension between immiscible phases, such 
as water and oil. Various microorganisms, including 
bacteria, fungi, and yeast, are capable of producing bio-
surfactants. These compounds possess unique proper-
ties, such as low toxicity, biodegradability, and substrate 
specificity, making them suitable for diverse applications 
in industries like bioremediation, food, pharmaceuticals, 
and cosmetics [7, 8].

Among the microorganisms, Pseudomonas aeruginosa 
is well known for its ability to produce a wide range of 
biosurfactants, which have potential applications in vari-
ous industries, including oil recovery and soil remedia-
tion [9–12]. P. aeruginosa is a Gram-negative, rod-shaped 
bacterium belonging to the family Pseudomonadaceae 
[13]. In recent years, there has been growing interest in 
extracting biosurfactants from P. aeruginosa inhabiting 
oil-spilled soils due to their potential use in bioremediat-
ing oil-contaminated sites [14, 15]. Several studies have 
focused on the extraction of biosurfactants from P. aer-
uginosa inhabiting oil-spilled soils, involving steps such 
as soil microorganism isolation, cultivation, and bio-
surfactant extraction [16]. Various extraction methods, 
including solvent extraction, precipitation, and chroma-
tography, have been investigated to isolate and purify 
biosurfactants. The extraction yield and purity of the 
biosurfactants can vary significantly depending on the 
extraction method and the specific strain of P. aeruginosa 
used [17–21]. Rhamnolipids, a class of glycolipid biosur-
factants, have been extensively studied, and P. aeruginosa 
is one of the most well-known and widely studied pro-
ducers of rhamnolipids. These biosurfactants consist of 
one or two rhamnose (a sugar) molecules linked to one 
or two β-hydroxy fatty acid molecules through a glyco-
sidic bond. They find numerous applications in industries 
such as pharmaceuticals, cosmetics, and bioremediation 
[22–24].

The objective of this study was to investigate the bio-
surfactant-producing potential of P. aeruginosa isolated 
from oil-spilled soils. The study involved screening soil 
samples, isolating P. aeruginosa strains, and character-
izing the biosurfactants produced by the isolated strains.

Methods
Collection of soil samples
Oil-contaminated soil samples, including petrol, diesel, 
kerosene, etc., were collected from 10 different locations 
in Chennai, India. The soil was collected from the con-
taminated area at a depth of 2–3 inches from the ground 

level using a clean spatula. Subsequently, the soil was 
transferred to a clean plastic cover and immediately pro-
cessed without delay.

Processing of samples
The processing of soil samples to isolate and identify 
microorganisms present in the sample involved the fol-
lowing steps: Five grams of soil were weighed and trans-
ferred to a 250  ml conical flask containing 100  ml of 
distilled water. The flask was then placed on a shaker and 
agitated at 200 rpm for 48 h to ensure thorough mixing 
of the soil. From the resulting mixture, 1  ml was taken 
and serially diluted in distilled water. The pour plate tech-
nique was employed using nutrient agar medium, which 
serves as a solid basal medium supplying the basic car-
bon, nitrogen, and mineral requirements for organism 
growth. The plates were subsequently incubated at 37 °C 
for 24 h and observed for the presence of pigmented col-
onies. The pigmented colonies were then sub-cultured by 
transferring a small portion of the colony onto a new agar 
plate, followed by incubation to obtain a pure culture of 
the microorganism [25–27]. The samples were further 
identified through various biochemical tests and cul-
tural characteristics, which aid in determining the type of 
microorganism present in the sample.

Characterization of biosurfactant‑producing bacterial 
isolates
Gram staining and biochemical tests were conducted on 
the sub-cultured samples to identify the organisms [28, 
29].

Grams staining
To prepare the bacterial culture for examination, a thin 
layer of the culture was spread on a glass slide. Crystal 
violet reagent was applied to the slide and allowed to 
soak in for one minute before being rinsed off with tap 
water. Next, a few drops of Gram’s iodine were added 
to the slide and left for 30 s before being rinsed off. The 
slide was then decolorized using 95% ethanol and gently 
washed again with tap water. Finally, the slide was treated 
with safranin, washed with water, air-dried, and viewed 
under an oil immersion objective. Biosurfactant-produc-
ing bacterial isolates can be classified as either gram-pos-
itive (purple) or gram-negative (pink) depending on the 
colour of the stain retained.

Motility test
To determine the motility of a bacterial culture, the hang-
ing drop method was employed. First, a uniform layer of 
Vaseline was applied to the edges of a cover slip. Next, a 
small drop of the bacterial culture was placed in the cen-
tre of the cover slip. An inverted cavity was then placed 
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over the cover slip with care. The slide was flipped, and 
the hanging drop was observed for motility under a high-
power objective. This test is used to determine if the bac-
terial isolates are motile or non-motile. Motile bacteria 
will move away from the drop, while non-motile bacteria 
will remain in the drop.

Indole test
The Indole test is used to determine if certain bacteria 
can produce Indole, which is a byproduct of tryptophan 
metabolism. Tryptophan is found in the peptones of the 
culture media and is converted by the enzyme tryptopha-
nase into Indole, skatol, and indole acetic acid. Indole 
reacts with aldehydes to produce a red color, indicating 
a positive result. To perform the test, bacteria are grown 
in Tryptophan medium and then tested for the presence 
of Indole using Kovac’s reagent. A loop full of a 24-h 
culture is inoculated into tryptone broth and incubated 
for 24–48 h at 37 °C. Then, 0.20 ml of Kovac’s reagent is 
added, and the color change is observed to determine the 
test result. Biosurfactant-producing bacterial isolates that 
produce indole will turn the reagent red.

Citrate test
The citrate test is a way to check if certain organisms can 
use citrate as their sole carbon source for growth. As they 
grow, they produce acetate and other alkaline carbon-
ates, which cause a change in the colour of the indicator. 
To perform the test, a loop full of a 24-h culture from 
nutrient agar is inoculated onto a citrate agar slant and 
incubated for 24 h at 37 °C. The composition of the agar 
includes sodium chloride, magnesium sulphate, ammo-
nium dihydrogen phosphate, dipotassium phosphate, 
sodium citrate, bromothymol blue, agar, and a pH of 6.9. 
The result of the test is then observed. Biosurfactant-pro-
ducing bacterial isolates that can utilize citrate will turn 
the medium from green to blue.

Urease test
The Urease Test is a diagnostic test used to identify the 
presence of the enzyme urease in a bacterium. To per-
form the test, a medium is prepared with ingredients 
such as peptone, dextrose, sodium chloride, monopotas-
sium phosphate, disodium phosphate, phenol red, and 
agar. The medium is sterilized, and a filter-sterilized 40% 
urea solution is added once the medium has cooled to 
50  °C. A loopful of a 24-h culture from nutrient agar is 
inoculated in the urea agar slant and incubated for 24 h at 
37  °C. The results are then observed. Biosurfactant-pro-
ducing bacterial isolates that produce urease will turn the 
medium from yellow to pink.

Triple sugar iron (TSI) test
The Triple Sugar Iron (TSI) agar test is used to deter-
mine if an organism can utilize glucose, lactose, and 
sucrose sugars. The test medium contains beef extract, 
yeast extract, peptone, sodium chloride, glucose, lac-
tose, sucrose, ferrous ammonium sulphate, sodium 
thiosulfate, phenol red, and agar. Phenol red acts as an 
acid–base indicator, changing the colour of the medium 
from orange-red to yellow in the presence of acids pro-
duced during carbohydrate fermentation. Sodium thi-
osulfate is used as a substrate for hydrogen sulphide 
production, and ferrous sulphate is used to detect this 
colourless end product. Only cultures of organisms pro-
ducing hydrogen sulphide will cause extensive blacken-
ing in the butt due to the precipitation of the insoluble 
ferrous sulphide. To perform the TSI test, a loopful of 
a 24-h culture from nutrient agar is taken and stabbed 
into the centre of the TSI agar butt, then streaked on 
the surface of the slant. The medium is then incu-
bated for 24  h at 37  °C, and the results are observed. 
Biosurfactant-producing bacterial isolates that ferment 
glucose, lactose, and/or sucrose will produce an acid 
that turns the medium yellow. If the bacteria produce 
hydrogen sulphide, it will react with the thiosulfate to 
produce a black precipitate in the medium.

Pigment production test
To analyse the characteristics of a bacterial culture, a 
streaking method was used to transfer the culture onto 
nutrient agar plates. The plates were then observed to 
identify the colony morphology, which refers to the 
shape, size, colour, and texture of the colonies. Addition-
ally, the plates were examined for pigment production, 
which can be an indicator of certain bacterial species or 
metabolic pathways.

Storage of cultures
The culture was sub-cultured twice a week and stored in 
the refrigerator.

Screening for biosurfactants
Screening for biosurfactants was carried out for the iso-
lates that produced a bluish-green pigment in the subcul-
ture and were identified as P. aeruginosa. The screening 
involved various methodologies, which are as follows: 
[30–32].

A Antagonistic test
B Hemolytic test
C Emulsifying test
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Production of biosurfactant
To produce biosurfactant, fermentation was used with 
a mineral salt medium (MSM). The culture sample was 
inoculated in the medium and placed in a shaker at 
200 rpm for 48 h to ensure complete aeration. After fer-
mentation, the broth medium was subjected to tests to 
determine biosurfactant production. The MSM was com-
posed of dipotassium hydrogen phosphate, potassium 
dihydrogen phosphate, magnesium sulphate, ammonium 
sulphate, and glycerol. The amounts of these compo-
nents were 4.8 g/L, 1.5 g/L, 0.5 g/L, 1.0 g/L, and 2 mL/L, 
respectively, with a pH of 7.2.

Antagonistic test
To test the antimicrobial activity of the biosurfactant pro-
duced in the medium, the antagonistic test was performed 
using Bacillus subtilis, Staphylococcus aureus, Aeromonas 
hydrophila, and Escherichia coli. The purpose of this test 
is to determine the potential toxicity of the biosurfactant-
spent medium. The method involves taking 10–20 mL of 
the medium and centrifuging it at 10,000 rpm for 10 min. 
The resulting cell-free supernatant is inoculated as 20 µl 
onto the wells made in the freshly grown cultures of the 
above-mentioned bacteria on Muller Hinton agar plates. 
The plates are then incubated at 37  °C for 24 h, and the 
zones of inhibition are measured.

Hemolytic assay
The hemolytic test is a method used to determine if bac-
teria can produce biosurfactants that can break down red 
blood cells. This is done by streaking the bacterial isolates 
on a fresh agar plate containing human blood and incu-
bating the plate at 37 °C for 24 h. The presence of a beta-
hemolytic band around the bacterial colonies indicates 
that the bacteria are capable of producing biosurfactants 
that can lyse the erythrocytes. After 24 h, the results are 
observed and interpreted.

Emulsification test
The emulsification test is a method used to determine if 
biosurfactants have the ability to mix with and disperse 
hydrocarbons like petrol, kerosene, and diesel. To carry 
out this test, a series of clean test tubes are taken and 
filled with a mixture of kerosene and water in a 1:4 vol-
ume ratio. To each tube, 1 mL of a fermentation medium 
is added along with a control (Tween 80). The setup is 
left undisturbed for 24 h, and the height of the emulsified 
layer is measured and used to calculate the emulsification 
index (E24). The E24 is determined by dividing the height 
of the emulsified layer by the total height of the hydrocar-
bon in the test tube and multiplying the result by 10.

Results
For the present study on the "screening and extraction 
of P. aeruginosa from oil-contaminated soils," 10 oil-
contaminated soil samples were collected from different 
areas, including petrol, diesel, and kerosene (Table 1).

Total viable populations were counted and recorded 
from the 10 oil-contaminated soil samples (Table 2). The 
viable cell counts ranged from 4.1 × 105 to 4.4 × 106 CFU/
gm of soil. These results are consistent with the findings 
of Bodour, Navarro-Noya, and Li [33–35].

Among the 10 samples, all the soil samples produced 
bluish green-colored colonies. Out of these, only 4 sam-
ples were found to be positive for P. aeruginosa based 
on the following cultural characteristics. P. aeruginosa 
is a type of bacteria that produces different coloured 
pigments on nutrient agar, including the well-known 
pyocyanin and fluorescin. Pyocyanin is unique to this 
specific type of bacteria and has the ability to inhibit the 
growth of other bacteria, making P. aeruginosa dominant 

Table 1 Shows the samples collected from different areas

S.no Sample name Area of collection

1 PS01 Mechanic shed (Petrol) West Mambalam

2 PS02 Ration shop (kerosene) Pushpa Nagar

3 PS03 Petrol filling station (Petrol) Ellango Nagar

4 PS04 Mechanic shed (Petrol) Kumaran Colony

5 PS05 Diesel filling station (Diesel) Nungampakam

6 PS06 Ration shop (kerosene) Trust Puram

7 PS07 Vadapalani Bus Depot (Diesel)

8 PS08 Automobile workshop (Diesel) Guindy

9 PS09 Petrol filling station (Petrol) Chetpet

10 PS10 Mechanic shed (Petrol) Anna Nagar

Table 2 Number of total viable bacteria from each of the soil 
sample Pseudomonas aeruginosa strains

S.no Sample number Average number 
of bacteria 
present

1 PSO3 2.6 ×  106

2 PSO4 3.7 ×  106

3 PS08 4.4 ×  106

4 PS010 4.1 ×  105

Non pseudomonas aeruginosa strains

5 PS01 4.0 ×  106

6 PS02 2.9 ×  106

7 PS05 3.9 ×  106

8 PS06 4.2 ×  106

9 PS07 4.1 ×  105

10 PS09 2.8 ×  106
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in mixed populations. On nutrient agar, colonies created 
by this bacteria are large, opaque, and irregular in shape, 
with a distinct musty, earthy odour. They also display an 
iridescent metallic sheen, as shown in Fig. 1. These colo-
nies were sub-cultured for various experiments (Fig.  2). 
The isolated cultures were confirmed using gram stain-
ing, motility tests, and biochemical characteristic features 
(Fig.  3). The isolates were compared with the standard 
strain of P. aeruginosa (ATCC 9027), as shown in Table 3.

After the fermentation period the medium (Fig. 4) was 
used for the following purposes.

Antagonist test
An experiment was conducted to assess the toxicity of a 
fermented medium containing rhamnolipid produced by 
P. aeruginosa. The fermented medium was tested for its 
ability to inhibit the growth of various microorganisms, 

Fig. 1 Colonies of nutrient agar

Fig. 2 Sub cultures (a) Methyl Red

(c) Voges Proskauer

(e) Triple Sugar Iron

(b) Indole

(d) Citrate

(f) Urease
Fig. 3 Biochemical tests

Table 3 Showing the gram staining, motility and biochemical 
test results of 4 isolates compared with the standard strain

GNR: Gram negative rods, MR : Motile rods, (+) : Positive, (-) : Negative, K/K: 
Alkaline slant/Alkaline butt

S.no Test Standard strain 
(atcc 9027)

Isolated sample

1 Gram staining GNR GNR

2 Motility MR MR

3 Indole (−) (−)

4 Citrate utilization ( +) ( +)

5 Urease (−) (−)

6 TSI K/K K/K
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such as B. subtilis, S. aureus, E. coli, and A. hydrophila. 
The results of the experiment showed that the fermented 
medium had a toxic effect and was able to inhibit the 
growth of the tested microorganisms (Fig. 5).

Haemolytic test
To demonstrate the hemolytic activity on blood agar, 
beta hemolysis surrounding the bacterial colonies was 
observed in all 4 samples (Fig. 6).

Emulsification test
The isolated samples were tested for their emulsifying 
activity with petrol, kerosene, and diesel. It was found 
that the E24 value was highest, at 70% with petrol, 62.5% 
with kerosene, and 65% with diesel in the culture samples 

PS10, and lowest in the sample PS08, with 35% emulsi-
fication with petrol, 22.2% with kerosene, and 25% with 
diesel (Table 4).

Out of the ten soil samples, four samples were con-
firmed to be P. aeruginosa. All strains showed positive 
results for antagonistic tests, haemolytic assays, and 
emulsification tests. In general, all strains were effective 
against B. subtilis, S. aureus, and E. coli, but were less 
effective against A. hydrophila. The PS10 strain showed 
the highest emulsification index, while the PS08 strain 
showed the lowest emulsification index. Based on micro-
scopic and biochemical examination, P. aeruginosa was 
determined to be the most effective isolate.

Discussion
The screening of biosurfactant-producing microbes from 
environmental sources, especially hydrocarbon-contam-
inated locations, has gained significant attention due to 
their potential applications in various industries and 
environmental remediation. The extraction of biosur-
factant from P. aeruginosa requires a two-step process, 

Fig. 4 Fermentation medium

Fig. 5 Antagonist test

Fig. 6 Haemolytic activity

Table 4 Showing emulsification index  E24 of the samples with 
kerosene, petrol and diesel

S.no Sample Emulsification index  e24

Kerosene Petrol Diesel

1 Tween 80 90 100 95

2 PS03 24 42.8 38

3 PS04 30 50 40

4 PS08 22.2 35 25

5 PS10 62.5 70 65
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including the cultivation of the bacteria and the extrac-
tion of the biosurfactant. The cultivation of P. aeruginosa 
is typically done in a nutrient-rich medium that allows 
the bacteria to produce and secrete the biosurfactant. 
After cultivation, the biosurfactant can be extracted 
using various methods, including solvent extraction, pre-
cipitation, and centrifugation.

Several studies have reported the successful isolation of 
P. aeruginosa from oil-spilled soils and their subsequent 
use in the production of biosurfactants. For instance, a 
study conducted by Das and Mukherjee [36] reported the 
isolation of P. aeruginosa from crude oil-contaminated 
soil and demonstrated the production of a biosurfactant 
with excellent emulsification activity. Furthermore, 
another study by El-Sheshtawy [37] reported the isolation 
of P. aeruginosa from oil-polluted soil samples and dem-
onstrated the potential application of its biosurfactant 
in the bioremediation of oil-polluted sites. A study con-
ducted by Singh [38] demonstrated the extraction of bio-
surfactant from P. aeruginosa inhabiting oil-spilled soils. 
The researchers used a nutrient-rich medium containing 
peptone, yeast extract, and glucose to culture P. aerugi-
nosa. The bacteria were grown for five days at 30 °C, and 
the biosurfactant was extracted using a solvent extraction 
method with chloroform and methanol. Another study 
by Gupta [39] used a similar method for the extraction of 
biosurfactant from P. aeruginosa. The researchers used a 
nutrient-rich medium containing tryptone, yeast extract, 
and glucose to culture the bacteria, which were grown 
for seven days at 30  °C. The biosurfactant was extracted 
using a precipitation method with ammonium sulfate. P. 
aeruginosa is a well-known bacterial species that has been 
widely studied for its ability to produce biosurfactants and 
degrade hydrocarbons in oil-contaminated environments 
[40]. In the study, we screened ten soil samples for biosur-
factant-producing bacteria, and four were confirmed to 
be P. aeruginosa. The strains exhibited positive results for 
antagonistic, haemolytic, and emulsification tests, indicat-
ing their ability to produce biosurfactants. The results of 
the study are consistent with previous research demon-
strating the potential of P. aeruginosa as a biosurfactant 
producer. P. aeruginosa isolated from oil-contaminated 
soil samples was found to produce biosurfactants with 
excellent emulsification and surface tension reduction 
properties. Another study investigated the antimicrobial 
activity of P. aeruginosa strains isolated from soil and 
found that all strains showed antimicrobial activity against 
at least one of the tested microbial species [41]. This is 
consistent with the findings of this study, where all P. aer-
uginosa strains were effective against B. subtilis, S. aureus, 
and E. coli. Similarly, a study by Banat [16] reported that 
P. aeruginosa was able to produce a biosurfactant with 
strong emulsification and foaming properties.

The effectiveness of P. aeruginosa strains against differ-
ent bacterial species is also noteworthy. The strains were 
effective against B. subtilis, S. aureus, and E. coli, which 
are commonly found in soil environments, but less effec-
tive towards A. hydrophila, which is an aquatic bacterium 
[42]. These results suggest that P. aeruginosa strains may 
be more effective in soil-based bioremediation appli-
cations compared to aquatic environments. The fact 
that P. aeruginosa strains were less effective towards A. 
hydrophila is consistent with previous studies that have 
shown that the effectiveness of biosurfactants produced 
by P. aeruginosa strains can vary depending on the target 
microbe [43]. The emulsification test used in this study 
is a common method for screening biosurfactant-pro-
ducing microbes. Several studies have used this method 
to isolate and identify biosurfactant-producing microbes 
from various sources, including soil contaminated with 
petroleum hydrocarbons [44, 45].

Overall, the results of this study suggest that P. aerugi-
nosa strains isolated from oil-contaminated soil samples 
have the potential to be used as biosurfactant producers 
for various industrial and environmental applications. 
However, further studies are needed to fully under-
stand the biosurfactant production potential of these 
strains and to optimize the conditions for biosurfactant 
production.

Conclusion
This study emphasizes the significance of screening bio-
surfactant-producing microbes from hydrocarbon-con-
taminated locations, given their adaptive mechanisms for 
biosurfactant production. Specifically, our investigation 
focused on isolating biosurfactant-producing bacteria 
from oil-contaminated soil samples, with an emphasis on 
P. aeruginosa. The results revealed that all P. aeruginosa 
strains isolated from the soil samples exhibited positive 
results in antagonistic, haemolytic, and emulsification 
tests, with strain PS10 demonstrating the highest emul-
sification index. These findings underscore the potential 
of P. aeruginosa as a biosurfactant producer for various 
industrial and environmental applications.

Recommendations for future studies
P. aeruginosa is a well-known bacterium in the scien-
tific community and has been widely studied for its 
potential in bioremediation applications. Future stud-
ies should focus on exploring and optimizing the con-
ditions for biosurfactant production by P. aeruginosa 
strains. This includes investigating the effects of differ-
ent carbon sources, nutrient concentrations, pH lev-
els, and temperature on biosurfactant production. By 
optimizing these conditions, we can maximize biosur-
factant yields and enhance the efficiency of production 
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processes. To gain a deeper understanding of biosur-
factant synthesis pathways in P. aeruginosa, future 
studies should employ gene expression analysis tech-
niques. By examining the expression patterns of genes 
involved in biosurfactant production, we can elucidate 
the regulatory mechanisms and identify key genes 
responsible for biosurfactant synthesis. This knowl-
edge can guide further optimization strategies and 
potentially lead to genetic engineering approaches for 
enhanced biosurfactant production. It is crucial to eval-
uate the industrial applications of P. aeruginosa-derived 
biosurfactants. Future studies should investigate their 
effectiveness in various applications, such as enhanced 
oil recovery, environmental remediation, and as green 
alternatives to chemical surfactants. Conducting com-
parative studies with existing commercial surfactants 
can provide insights into the advantages and limita-
tions of P. aeruginosa biosurfactants, paving the way for 
their potential commercialization. Given the potential 
of P. aeruginosa biosurfactants, it is essential to explore 
their effectiveness in the bioremediation of oil spills. 
Future studies should assess their ability to solubilize 
and degrade hydrocarbon pollutants, enhance micro-
bial degradation rates, and promote the removal of oil 
from contaminated environments. This research can 
contribute to the development of efficient and sustain-
able bioremediation strategies. The study highlights 
the importance of exploring microbial diversity in con-
taminated environments for the discovery of new bio-
surfactant-producing bacteria. Future studies should 
continue to investigate diverse habitats and target dif-
ferent oil-contaminated environments to identify novel 
bacterial strains capable of producing biosurfactants. 
This approach can expand our understanding of micro-
bial ecology, promote biodiversity conservation, and 
uncover unique biosurfactant-producing microbes.

Abbreviation
P. aeruginosa  Pseudomonas aeruginosa
B. subtilis   Bacillus subtilis
S. aureus   Staphylococcus aureus
E. coli   Escherichia coli
A. hydrophila  Aeromonas hydrophila
CFU   Colony forming unit
TSI   The Triple Sugar Iron
MSM   Mineral salt medium
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