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Abstract— Biosurfactants are a group of heterogenous metabolites synthesized by a variety of 

microorganisms. They exhibit the properties of the surface tension reduction, emulsion stabilization, promote 

foaming, and specific activity at extreme temperatures, pH, and salinity. A bacterial strain was screened for 

its biosurfactant production in 250 ml MSM broth with crude oil as an inducer for 5 days. The screening 

activity performed by (i) drop collapse test, (ii) oil displacement test, (iii) emulsification index proved the 

presence of biosurfactant. TLC and FTIR analysis confirmed that the biosurfactant produced by the selected 

bacterial isolate is a rhamnolipid. The potential isolate was identified by 16S rRNA gene sequencing analysis 

and it was identified as Pseudomonas aeruginosa. 
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I. INTRODUCTION 

Biosurfactants are biologically derived surface-active 

substances that are primarily produced as secondary 

metabolites by filamentous fungus, yeast, and bacteria. Due 

to their special amphiphilic composition, which combines 

hydrophobic and hydrophilic parts, which increases the 

bioavailability of water and lowers the surface tension. This 

provides emulsification activity (Nayarisseri et al., 2018; 

Meliani and Bensoltane, 2014). The diverse structure of 

biosurfactants results from their different microbial origin, 

the substrate on which they are grown and cultivation 

conditions used (Santos et al., 2016). In recent years, there 

has been a substantial increase in the production of 

biosurfactants and their commercialization (Henkel and 

Hausmann, 2019). 

     Some properties of biosurfactants that make them unique 

from chemical surfactants include: reduction of surface and 

interfacial tension, low toxicity, high biodegradability, 

emulsification, selective performance, specific activity, 

possibility of production from cheap raw materials, 

antimicrobial properties, easier production and more variety 

(De Giani et al., 2021; Bagheri et al., 2013).  

     There are basically five classes of biosurfactants: (i) 

glycolipids, (ii) phospholipids and fatty acids, (iii) 

lipopeptides and lipoproteins, (iv) polymeric surfactants 

and (v) specific biosurfactants (Desai and Banat, 1997; 

Varjani and Upasani, 2017). The biosurfactant production is 

an important survival strategy by different microorganisms 

as it helps in uptake of hydrophobic substrates for surface-

associated modes of motility (Chrzanowski et al., 2012). 

Pseudomonas aeruginosa is the preferred microorganism 

for the production of rhamnolipid type of biosurfactant 

utilizing glycerol, mannitol, fructose, glucose, and 

vegetable oils (Koch et al., 1991; Santos et al., 2002). 

Rhamnolipids are one of the most important glycolipid 

biosurfactants, which are produced by two bacterial species 

of Pseudomonas aeruginosa and Burkholderia (Fracchia et 

al., 2012).  

     Rhamnolipid has a high emulsion capacity and is often 

used in the pharmaceutical and environmental industries 

such as increasing oil recovery and bioremediation 
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(Suhandono et al., 2021). Pseudomonas species are the 

largest producers of rhamnolipids. They produce two 

different types of rhamnolipids that differ in the number of 

rhamnose sugars. Mono-rhamnolipids and di-rhamnolipids 

are the main rhamnolipids. These molecules have high 

surface activity and are used in various medical fields as 

antifungal, antibacterial and antiviral materials (Kaskatepe 

et al., 2015). Microorganisms especially bacteria represent 

an excellent source of biosurfactants, so that the isolation 

and characterization of the emulsifying capacity of 

biosurfactant molecules represents an important step for 

their future application in the areas of biotechnology (Singh 

et al., 2019; Volkering et al., 1997). 

     The present study involves: Screening, production and 

characterization of biosurfactant from P. aeruginosa BS1 

using crude oil. 

 

II. MATERIALS AND METHODS 

2.1 Screening of biosurfactant producing bacteria  

A bacterial strain belonging to Pseudomonas aeruginosa 

was procured from the preserved culture collection of Disha 

Life Sciences Pvt. Ltd. It was then screened for 

biosurfactant production in Minimal Salt Medium (MSM) 

(g/L) as described by Ohadi et al., (2017) with some 

modifications: MgSO4, 0.1; KH2PO4, 0.5; NH4Cl, 0.01; 

FeSO4.7H2O, 0.001; NaHCO3, 1; and K2HPO4, 0.5, pH 7.0 

with 0.1% crude oil (as an inducer) by the following 

methods. 

2.1.1 Drop collapse test 

Drop collapse test, as described by Jain et al., (1991), was 

performed to screen the biosurfactant production. Crude oil 

was applied to the solid glass surface of a microscope glass 

slide and 250 μL of the supernatant was placed on the oil-

coated surface and drop size was observed after 1 min with 

the help of a magnifying glass. The result was considered to 

be positive when the diameter of the drop was increased by 

1 mm from that which was produced by distilled water that 

was taken as the negative control (Youssef et al., 2004). 

2.1.2 Oil displacement test  

In oil displacement test (Safary et al., 2010), 40 μl of crude 

oil was placed to the surface of 40 ml of distilled water in a 

petri dish forming thin oil layer on it. After that, 10 μl of 

culture supernatant was gently placed on the centre of the 

oil layer. Clear zone formation by displacing oil indicates 

the presence of biosurfactant. The diameter of the clear zone 

on the oil surface was visualized under visible light and 

measured after 30 seconds, which was correlated to the 

surfactant activity, also known as an oil displacement 

activity.  

2.1.3 Emulsification index (%EI)  

Emulsion activity of the culture supernatant was detected by 

addition of 2 mL of crude oil to the equal volume of cell-

free supernatant, mixed with a vortex for 2 min and allowed 

to stand for 24 hours at 35 ± 2 °C. The emulsification 

activity was observed after 24 h and it was calculated using 

the following formula (Khan et al., 2017):  

EI24 (%) =
𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑚𝑢𝑙𝑠𝑖𝑓𝑖𝑒𝑑 𝑙𝑎𝑦𝑒𝑟

𝑇𝑜𝑡𝑎𝑙 ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑖𝑞𝑢𝑖𝑑 𝑙𝑎𝑦𝑒𝑟

× 100 

2.2 Production and extraction 

The production and extraction of biosurfactant was carried 

out according to Abbasi et al., (2012) with some 

modifications. The culture was inoculated in 300 ml Luria 

Bertini (LB) broth to which 2% (v/v) of crude oil was added. 

The culture was incubated at 37 °C for 5 days at 120 rpm 

with shaking conditions. After incubation, cells were 

removed from the culture broth by centrifugation at 

10,000×g for 15 min at 4 °C. The cell free supernatant was 

acidified with 6 N HCL to pH 2 and stored overnight at 4 

°C to enhance the precipitation of biosurfactant. The 

resulted precipitate was separated by centrifugation 

(15,000×g, 15 min, 4 °C) and extracted several times with 

ethyl acetate at room temperature. The solvent was 

completely evaporated by drying at room temperature. The 

crude biosurfactant was obtained as a viscous brown- 

coloured substance. 

2.3 Identification of biosurfactant by TLC and FTIR 

The rhamnolipids extracted were analysed by thin-layer 

chromatography (TLC) according to (Bhat et al., 2015) with 

few modifications. The TLC was carried out on silica 60 gel 

aluminium sheets (Loba, Mumbai, India) using the solvent 

system CHCl3/CH3OH/CH3COOH (81:17:2). When the 

solvent reached the top, the plate was removed and allowed 

to air dry. The plate was then kept in iodine vapour chamber 

for development of yellow spot to check the presence of 

lipids in biosurfactant.  

The partially purified biosurfactant was characterized by 

Bruker Alpha II Fourier Transform Infrared 

spectrophotometer (FTIR) spectroscopy to find out 

functional groups. The range of spectra used was 4,000 cm−1 

– 400 cm−1. 

2.4 Quantitative assay of carbohydrate  

Phenol sulfuric acid method is used for detection of 

rhamnose-sugar(carbohydrate) in biosurfactant. The 

concentration of carbohydrates was determined by 

comparing it with D-glucose as a standard. The basic 

protocol of DuBois et al., (1956) was followed, with the 

modifications indicated below. The biosurfactant (10 μL) 

and phenol solution (80 μl) were taken and then 1 ml of 
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concentrated sulfuric acid was added slowly down the side 

of the tube. The tube was then incubated for 30 s at room 

temperature. The absorbance was read at 490 nm using 

distilled water as blank in a Double Beam 

Spectrophotometer (Systronics, Ahmedabad, India). 

2.5 Identification of biosurfactant producing bacteria  

Strain BS1 was identified by 16S rRNA gene sequence 

analysis. The molecular identification was carried out by 

amplification, sequencing and analysis of conserved 16S 

rRNA region. Genomic DNA was isolated from the pure 

culture and the quality of DNA was checked by gel 

electrophoresis on a 1% agarose gel. The PCR was 

performed using universal primers. The PCR products were 

sequenced and the obtained sequences were compared with 

the known ones in the National Centre for Biological 

Information (NCBI) database using Basic Local Alignment 

Search Tool (BLAST) and accession number was obtained 

by submission to NCBI GenBank. 

 

 

 

2.6 Rhamnolipid producing gene screening by PCR 

The PCR was carried out according to Pacwa-Płociniczak et 

al., (2014) with a few changes. The primers rhlA and rhlB 

were used to detect potential rhamnolipid synthesis by the 

BS1 strain. The PCR was run with a mixture containing 1 

μl of the DNA template, 0.2 μM of each primer, 10× 

reaction buffer, 1.5 mM of MgCl2, 200 μM of dNTP and 1 

U of Taq DNA polymerase in a Thermal Cycler. PCR 

amplification was carried out as follows- denaturation at 95 

°C for 3 min, and 30 cycles of 60 s, followed by annealing 

for 1 min at 56 °C and an extension step of 1.5 min at 72 °C 

and a final extension step of 10 min at 72 °C. The 

experiment included a control reaction mixture without 

added DNA. 

 

III. RESULTS AND DISCUSSION  

3.1 Screening of isolate for biosurfactant production 

Sample (5 ml) was withdrawn at regular intervals (24 h) 

from the flask containing 250 ml MSM broth for 5 days to 

perform the screening tests. The results obtained after the 

screening tests are as follows: 

Table 1: Screening of biosurfactant 

Time (h)  Screening Test  

Drop  

Collapse Test 

       Oil displacement 

       Test (mm) 

Emulsification index 

(%) 

24  + 20 mm 40% 

48  + 22 mm 48% 

72  + 25 mm 52% 

96  + 28 mm 60% 

120  + 30 mm 72% 

 

From the results obtained, it can be seen that the 

bacterial isolate gave positive results for the drop collapse 

test. Production of biosurfactant decreases the surface 

tension of the supernatant and as a result, the shape of the 

test droplet was larger as compared to the control (distilled 

water) as shown in Fig. 1(a). Oil displacement test is 

considered positive when a clear zone is formed as oil gets 

displaced by the presence of biosurfactant as depicted in 

Fig. 1(b). However, the extent of oil displacement differed 

considerably. There was a gradual increase in oil 

displacement activity from 20 mm to 30 mm at the end of 5 

days. Pseudomonas aeruginosa ATCC-10145 a highly 

positive strain showed 8.0 cm of oil displacement (El-

Sheshtawy and Doheim, 2014). Thavasi et al., (2011) 

reported positive biosurfactant producing bacteria using 

drop collapsed and oil displacement test, among which 

many isolates belonged to Pseudomonas sp. 

Higher biosurfactant concentration in the culture 

medium was related to high emulsion capacity. The 

emulsification activity of biosurfactant also increased 

during incubation period. It was 40% after 24 hours and it 

reached 72% at the end of 120 hours. In the current study, 

crude oil was used but according to the previous works, 

Pseudomonas rhamnolipids can effectively emulsify and 

stabilize emulsions with various types of hydrocarbons and 

oils such as linseed oil, almond oil, mineral oil (Benincasa 

et al., 2004), diesel (Haba et al., 2003; Wei et al., 2005), 

kerosene, n-alkanes, aromatic compounds, coconut oil, and 

olive oil (Patel and Desai, 1997). Rahman et al., (2002) 

reported results for two P. aeruginosa strains. The strains 

showed emulsification index from 25% to 90% for oily 

phases diesel and kerosene. 
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Fig. 1: Screening of biosurfactant production by Pseudomonas aeruginosa BS1 (A) Drop collapse test; (B) Oil displacement 

test; (C) Emulsification Index 

 

3.2 Characterization of produced biosurfactant 

Results of TLC showed yellow spots indicating the presence 

of lipids in the structure of produced biosurfactant. TLC of 

partially purified rhamnolipids recovered from cell-free 

supernatant of P. aeruginosa revealed three different spots 

with different Rf (retention factor) values. The first major 

spot (Rf = 0.69) was a mono-rhamnolipid whereas the 

second spot (Rf = 0.43) and third spot (Rf = 0.40) confirmed 

the presence of di-rhamnolipids. These results are as per the 

findings of Abdel-Mawgoud et al., (2007), where crude 

biosurfactant extract of P. aeruginosa BS20 showed two 

main spots with Rf values 0.4 and 0.68 representing di-

rhamnolipids and mono-rhamnolipids respectively. Another 

study done by Thio et al., (2022) on Pseudomonas sp. 

showed two spots with Rf values of 0.68 and 0.38 during 

TLC which confirmed the lipid nature of biosurfactant. 

 

Fig. 2: Thin Layer Chromatography (TLC) of partially 

purified biosurfactant 

 

The partially purified sample biosurfactant was checked for 

functional group by using FTIR. The prominent peak was 

found at 3382 cm-1 vibrations which indicates stretching for 

–CH and –CH2. The strong stretching of C=O of the 

carbonyl group was observed at 1636 cm-1. The FTIR 

spectra of biosurfactants from P. aeruginosa BS1 also 

revealed the presence of lipid moiety in the purified 

glycolipids showing peaks at 1014 cm-1 (Moussa et al., 

2014). Similarly, the biosurfactant showed an intensity band 

at 1636 cm-1 indicated bending of the hydroxyl (-OH) 

group, which reflects the presence of the carboxylic acid 

functional group in the compound (Figure 3). 

 

Fig. 3: FTIR of partially purified biosurfactant 

 

3.3 Quantitative analysis for carbohydrate 

The concentration of carbohydrate was 5.52 mg/ml as per 

the carbohydrate standard curve and O.D. taken at 490 nm. 

Abbasi et al., (2013) followed the same procedure and the 

biosurfactant obtained had 32% (w/w) carbohydrate 

content. 

3.4 Identification of biosurfactant producing bacteria 

After gene sequencing analysis, the obtained sequence was 

found to be Pseudomonas aeruginosa BS1 and accession no 

OQ568205.1 was obtained by submission of sequence to 

NCBI GenBank. 

3.5 Rhamnolipid producing gene screening by PCR 

The whole DNA was screened for presence of biosurfactant 

producing gene RhlA and RhlB by using PCR technique. 

The results of Gel electrophoresis showed the presence of 
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RhlB near 232 bp having in the genome which also indicates 

biosurfactant production property in bacteria. 

 

Fig. 3: Native-PAGE of RhlA and RhlB gene after PCR 

screening 

 

IV. CONCLUSION  

The present study was aimed at screening, production and 

characterization of a biosurfactant producing bacterial 

strain. Biosurfactant producing bacteria Pseudomonas 

aeruginosa was a potent producer which was confirmed by 

all major screening tests. Characterization of produced 

biosurfactant showed rhamnolipid nature based on TLC and 

FTIR results. More targeted studies to develop methods to 

scale up production of rhamnolipid biosurfactant and also 

explore new renewable resources as substrate for the 

bacterial strain for higher and efficient rhamnolipid 

production can be a way forward. 
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