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INTRODUCTION 
 

Surfactants are surface active compounds that reduce the 
interfacial tension between two liquids or that between a liquid 
and a solid. In this context, bio-surfactants are extracellular 
amphiphilic compounds produced by bacteria, yeast and fungi 
grown on hydrophobic substrates (Mata-Sandoval 
2000; Chen et al., 2007). Microorganisms utilize a variety of 
organic compounds as source of carbon and energy. When the 
carbon source is in insoluble form, like hydrocarbon, 
microorganisms facilitate their diffusion into the cell by 
producing bio-surfactants. Bio-surfactants are diverse in 
chemical composition and its nature and amount depend on the 
type of microbes produced in a particular me
basically classified as glycolipids, lipopeptides, phospholipids, 
neutral lipids or fatty acids and polymeric 
biosurfactants (Cooper and Zajic 1980, Kosaric 1993
recent times, interest in bio-surfactant has increased manifold 
due to its diversity, flexibility and ecofriendly nature (
R. et al 2011). 
 

Bacteria are the main group of biosurfactant
microorganisms, although they are also produced by some 
yeasts and filamentous fungi (Desai et al 1997). Recent studies 
evidenced that among the many classes of biosurfactants, 
lipopeptides surfactant has remarkable biological activities, 
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                             A B S T R A C T  
 

 

In the present research, attempts were made to isolate biosurfactant producing 
using mineral salt media with diesel as sole carbon source and to analyze its antimicrobial 
activity against non- pathogenic strains. Among 16 different strains, the most efficient 
strain namely Strain 21 has remarkably reduced surface tension up 
emulsification index 74.04%. Biosurfactant was extracted using chloroform methanol in 
2:1 ratio and purified using column chromatography. The composition of biosurfactant was 
confirmed as lipopeptide by biochemical and FTIR analysis. Based
molecular characterization, the strain was identified as 
ARCH1802. Antimicrobial effect of biosurfactant synthesized by 
ARCH1802 was confirmed by measuring their zone of inhibition again
pathogenic strains.  

 

 

Surfactants are surface active compounds that reduce the 
interfacial tension between two liquids or that between a liquid 

surfactants are extracellular 
compounds produced by bacteria, yeast and fungi 

Sandoval et al., 1999, 
Microorganisms utilize a variety of 

organic compounds as source of carbon and energy. When the 
insoluble form, like hydrocarbon, 

microorganisms facilitate their diffusion into the cell by 
surfactants are diverse in 

chemical composition and its nature and amount depend on the 
type of microbes produced in a particular media. They are 

glycolipids, lipopeptides, phospholipids, 
neutral lipids or fatty acids and polymeric 

Zajic 1980, Kosaric 1993). In 
surfactant has increased manifold 

diversity, flexibility and ecofriendly nature (Thavasi 

Bacteria are the main group of biosurfactant-producing 
microorganisms, although they are also produced by some 

1997). Recent studies 
that among the many classes of biosurfactants, 

lipopeptides surfactant has remarkable biological activities,  

such as antimicrobial, antitumor, antiviral and antiadhesive 
activities (Banat et al.1995, Peypoux 
 

Hence, in this investigation, indigenous bacteria which 
produce biosurfactant was isolated from petroleum 
contaminated site and screened for its antimicrobial activity. 
Biosurfactant was purified and characterized by biochemical 
and spectral analysis. The bacteria was fu
by biochemical and molecular techniques.
 

MATERIALS AND METHODS
 

Collection of soil sample 
 

Petroleum contaminated soil samples and sludge were 
collected from three different sites (namely S1, S2, S3) of 
refinery area (IOCL, Guwahati), 
collected from surface and sub 
passed through 2mm sieve to remove the surface litter. Then 
the soil samples were stored at 4°c for further laboratory use.
 

Culture media strain isolation 
 

1 g of each soil sample was inoculated in 100ml of Mineral 
Salt Medium (composition : NH
0.5g, K2HPO4 1g, CaCl2 
FeSO4.7H2O 0.1g, Yeast extract 0.1g, Trace element 10
Trace element composition: H3

MnSO4.H2O 0.50g, (NH4)6Mo7

with 2% diesel as the sole carbon source and incubated
in an orbital shaker  at 145 rpm for 72 hours.  1ml from each 
flask was transferred to fresh mineral salt media and 
incubated at the same condition (145 rpm and 37°C) for 72 
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In the present research, attempts were made to isolate biosurfactant producing bacteria 
using mineral salt media with diesel as sole carbon source and to analyze its antimicrobial 

pathogenic strains. Among 16 different strains, the most efficient 
has remarkably reduced surface tension up to 28.7 mN/m and 

emulsification index 74.04%. Biosurfactant was extracted using chloroform methanol in 
2:1 ratio and purified using column chromatography. The composition of biosurfactant was 
confirmed as lipopeptide by biochemical and FTIR analysis. Based on the biochemical and 
molecular characterization, the strain was identified as Pseudomonas aeruginosa 
ARCH1802. Antimicrobial effect of biosurfactant synthesized by Pseudomonas aeruginosa 

was confirmed by measuring their zone of inhibition against four non-

such as antimicrobial, antitumor, antiviral and antiadhesive 
.1995, Peypoux et al. 1999).  

investigation, indigenous bacteria which 
produce biosurfactant was isolated from petroleum 
contaminated site and screened for its antimicrobial activity. 
Biosurfactant was purified and characterized by biochemical 
and spectral analysis. The bacteria was further characterized 
by biochemical and molecular techniques. 

MATERIALS AND METHODS 

Petroleum contaminated soil samples and sludge were 
collected from three different sites (namely S1, S2, S3) of 
refinery area (IOCL, Guwahati), Assam. The samples were 
collected from surface and sub –surface (5-30 mm depth) and 
passed through 2mm sieve to remove the surface litter. Then 
the soil samples were stored at 4°c for further laboratory use. 

 

1 g of each soil sample was inoculated in 100ml of Mineral 
NH4No3 4g,KCl 0.1g, KH2PO4 
 0.1g, MgSO4.7H2O 0.1g, 

O 0.1g, Yeast extract 0.1g, Trace element 10 ml; 

3BO3 0.26g, CuSO4.5H2O 0.50g, 

7O24 0.06g, ZnSO4.7H2O 0.70 g) 
with 2% diesel as the sole carbon source and incubated at 37°C 
in an orbital shaker  at 145 rpm for 72 hours.  1ml from each 
flask was transferred to fresh mineral salt media and 

at the same condition (145 rpm and 37°C) for 72 
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hours (Patwory et al. 2016). The culture from each flask were 
serially diluted up to 10 -6 dilution and inoculated on mineral 
salt agar (Carbon source 2% diesel) plate and incubated at 37° 
C, for 48 hours. Pure and representative colonies were 
transferred to slants for preservation. 
 

Screening of biosurfactant 
 

For screening, a loop full of each strain was inoculated in 5 ml 
nutrient broth and incubated in an orbital shaker incubator at 
145 rpm for 24 hours at 37°c. Each culture was transferred to 
100 ml mineral salt media containing 2% glucose as carbon 
source and were kept in same condition for 72 hours and then 
screened for biosurfactant production. 
 

Drop-Collapse technique 
 

A drop of 15 μl crude oil was placed on the glass slide and 10 
μl aliquot of cell suspension was then applied onto the slide. 
The result was considered to be positive when the diameter of 
the drop was increased by 1mm from the diameter that was 
produced by distilled water (Youssef et al., 2004). 
 

Parafilm M test 
 

The 25 µl of bacterial supernatants was added to the 
hydrophobic surface of parafilm M. The shape of the drop on 
the surface was inspected after 1 min. The diameters of 
droplets were measured and compared with water which was 
used as negative control (Hewald S. et al. 2005; Morita T. et 
al. 2007). 
 

Surface tension measurement 
 

Surface tension of crude biosurfactant was determined by a 
tensiometer with respect to distilled water. If the microbes 
produce biosurfactant in the culture media then surface tension 
of the culture media will be lower than the initial value. The 
reduction in surface tension was measured at every 24 hrs. for 
3 days in the K11 tensiometer (KRUSS, Hamburg, Germany). 
Based on maximum surface tension reduction, the most 
efficient bacterial were isolated.  
 

Emulsification index 
 

The isolated bacteria were checked for their abilities to 
emulsify crude oil or hydrocarbons.  2ml of kerosene were 
added to 2ml of culture supernatant and vortexed at high speed 
for 2 minutes and allowed for 24 hours. E24 was calculated by 
dividing the height of the emulsion layer by the mixture total 
height and then multiplying by 100 (Bodour 2004). 
E24 =Height of emulsion/total height of solution X 100 
 

Identification of potential bacteria 
 

Biosurfactant producing bacteria were further taken for 
biochemical and molecular characterization. For 
morphological and biochemical characterization Grams 
staining, MR, VP, Indole, citrate utilization test was 
performed.  
  

Molecular characterization was performed by 16s RNA 
technique. The genomic DNA was isolated as described by 
Sambrook et al (Sambrook et al 2001). Part of each extracted 
DNA sample was used for 16S rDNA amplification. The 16S 
rDNA was amplified using primer set 1492R (5'-
CCGAATTCGTCGACAACAGAGTTTGATCCTGGCTCAG
3') and 27F(5'CCCGGGATCCAAGCTTACGGCTACCTT 
GTTACGACTT-3)'. The polymerase chain reaction (PCR) 
programmed was set at 30 cycles and the amplification was 

carried out as follows: 92 °C for 2 min, 42 °C for 30 s, 72 °C 
for 4 min and 4 °C incubation at the end of the last cycle. The 
obtained sequences were analyzed by using online databases 
viz. NCBI-BLAST to find the closest match of the contiguous 
sequence.  
 

Extraction and purification of biosurfactant 
 

For extraction 48 hours old culture broth was centrifuged at 
9,000 rpm for 20 min at 4 ° C and cell free supernatant was 
acidified to pH 2.0 with 6N HCl and kept at 4 °C for overnight 
(Nitschke and Pastore 2006). Acidification was followed by 
extraction of crude biosurfactant by chloroform-methanol (2:1) 
for three times. The organic phase was separated, concentrated 
and was further purified on normal phase silica gel column 
chromatography using stepwise elution with methanol and 
chloroform ranging from 1:20 to 1:1 (v/v). Biosurfactant 
containing fractions were combined and dried in a rotary 
evaporator at 40 °C.  
 

Characterization of biosurfactant 
 

The extracted biosurfactant was characterized to determine its 
composition and nature. Both biochemical and spectral 
analyses were carried out to characterize the biosurfactant. 
 

Biochemical analysis 
 

The presence of carbohydrate groups in the biosurfactant 
molecule was assayed by Molisch’s test (Vanavil B et al. 
2013).  3 ml cell free supernatant was mixed with 1 ml of 10% 
α-naphthol and was followed by addition of 1 ml of 
concentrated H2SO4 without disturbing the sample. This is a 

sensitive test for the presence of carbohydrates, based on the 
dehydration of the carbohydrate by sulfuric acid to produce an 
aldehyde, which condenses with two molecules of phenol 
(usually α-naphthol) to give a red- or purple- colored 
compound.  
 

Qualitative analysis of lipid was carried out by emulsion test. 
0.2 g purified biosurfactant was dissolved in 10 ml ethanol in a 
test tube. The mixture was shaken properly to dissolve 
maximum portion of the biosurfactant added to a beaker 
containing distilled H2O. Lipids do not dissolve in water and 

thus it falls out of solution to form an emulsion.  
 

Presence of peptide bond was confirmed biuret test. In the presence of 
peptides, a copper(II) ion forms violet-colored coordination complexes in 
an alkaline solution. 
 

Biosurfactant was treated with an equal volume of 1% strong 
base (sodium or potassium hydroxide) followed by a few drops 
of aqueous copper(II) sulphate (Kalyani A 2014).  
 

Fourier transform infrared spectroscopy (FTIR) 
 

Fourier transform infrared spectroscopy (FT-IR) analysis is 
used to identifying types of chemical bonds (functional 
groups).  Thus, it can be used to elucidate the components of 
an unknown mixture. For FTIR analysis, purified biosurfactant 
was sent to CDRI, Lucknow. 
 

Antimicrobial activity against non -pathogenic strain 
 

The partially purified biosurfactant was tested for its 
antimicrobial activity against four non -pathogenic microbial 
strains by well diffusion method. The antimicrobial activity of 
the biosurfactants was tested against four standard bacteria 
species namely Staphylococcus aureus, Escherichia coli, 
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Enterococcus feacalis and Bacillus cerus strain. An overnight 
nutrient broth culture of each of the four strains was prepared 
and made a lawn culture on nutrient agar plates. Two wells at 
each plate was prepared using a sterile borer. 
biosurfactant dissolved in distilled water (200 μg/ml) used as 
sample and ampicillin (25 μg/ml) used as positive control. The 
wells were inoculated with 20 μl of biosurfactant and 
ampicillin and incubated for 24-48 h and observed for clea
zone formation which indicates the antibacterial activity of the 
biosurfactants. 
 

RESULT 
 

It was observed that 16 bacteria strains were able to grow in 
MSM agar plates using diesel as sole carbon source. Among 
them five strains showed positive result in 
parafilm M test. In the screening process, strain 2
surface tension from 72 to 28.7 mN/m after 48 hours. The 
emulsification index of strain 2 1 was74.04%. The strain was 
identified morphologically as a Gram negative, rod shaped 
bacteria (Fig 1) which showed negative result to indole, methyl 
red, VP test but positive to citrate utilization test (Fig 2). The 
strain was further characterized through 
technique. After sequencing of the 16S rRNA, gene data were 
submitted to the genetic sequence database at the National 
Center for Biotechnology Information (NCBI). The GenBank 
ID (http://www.ncbi.nlm.nih.gov) of these strain is LC377945
which was molecularly identified as Pseudomonas aeruginosa
ARCH1802. 

 

Fig1 Rod shaped Gram negative bacteria

 

Fig 2 Biochemical test showing indole, MR, VP negative and citrate 
utilization test positive 

 

The biosurfactant extracted from Pseudomonas aeruginosa 
ARCH1802 confirms the presence of lipid and protein in 
emulsion test and Biuret test. FTIR analysis of the 
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strain. An overnight 
nutrient broth culture of each of the four strains was prepared 
and made a lawn culture on nutrient agar plates. Two wells at 
each plate was prepared using a sterile borer. Partially purified 
biosurfactant dissolved in distilled water (200 μg/ml) used as 

used as positive control. The 
l of biosurfactant and 

48 h and observed for clear 
zone formation which indicates the antibacterial activity of the 

It was observed that 16 bacteria strains were able to grow in 
MSM agar plates using diesel as sole carbon source. Among 
them five strains showed positive result in drop collapse and 
parafilm M test. In the screening process, strain 21 reduced 
surface tension from 72 to 28.7 mN/m after 48 hours. The 

was74.04%. The strain was 
identified morphologically as a Gram negative, rod shaped 
bacteria (Fig 1) which showed negative result to indole, methyl 
red, VP test but positive to citrate utilization test (Fig 2). The 
strain was further characterized through 16S molecular 

After sequencing of the 16S rRNA, gene data were 
submitted to the genetic sequence database at the National 
Center for Biotechnology Information (NCBI). The GenBank 

) of these strain is LC377945 
Pseudomonas aeruginosa 

 

Rod shaped Gram negative bacteria 

 

negative and citrate 

The biosurfactant extracted from Pseudomonas aeruginosa 
ARCH1802 confirms the presence of lipid and protein in 

FTIR analysis of the 

biosurfactant showed that, wave numbers 3,452 and 
3,000 cm−1(Fig 3) for N–H bonds and amide
presence of amine groups. C–
CH groups observed at wave numbers 2933cm
the presence of alkanes. The appearance of a
signal at 2421-2450 cm−1 may be due to C
wave number 1815 and 1726 cm
stretching. The wave number 1,520
bond) indicated the presence of peptide groups. The wave 
number 1,227 and 1163 cm−1
bonds. High intensity peak in the region of 1
was assigned to O–C–O which extended vibrations of 
carboxylic acids, aldehydes and ketones. The following 
vibrations observed at 800–500
methylene scissoring vibrations. The
the respective wave numbers confirmed the lipopeptide nature 
of the biosurfactant (Ahmed et al
 

Fig 3 FTIR profile
 

Among tested non-pathogenic bacteria, biosurfactant showed 
antimicrobial activity against all four strains. The
zone of inhibition values recorded were
(1.5cm) followed by Escherichia coli
feacalis (1.8 cm), Bacillus cerus
 

Table 1 Zone of inhibition produced by biosurfactant and 
ampicillin against non

 

Strain Biosurfactant(cm)
Staphylococcus aureus 

Escherichia coli 
Enterococcus feacalis 

Bacillus cerus 
 

DISCUSSION 
  

This study revealed the Pseudomonas aeruginosa
produces biosurfactant and it has potentiality to use as 
antimicrobial agent. It is reported that in order to give a 
positive drop collapse test, a surface tension lower than 45 
mN/m is necessary (Viramontes
2 1 reduced surface tension to 
of oil and thus considered to be a good biosurfactant producer. 
It is also reported that emulsification index is another criterion 
to screen potential biosurfactant producers because more than 
one screening method should be included (Satpute 
2008). The FT-IR profile of the biosurfactant showed 
similarity to surfactin, a lipopeptide biosurfactant and other 
lipopeptide biosurfactants like arthrofactin (Morikawa 
1993, Ahmed et al 2015) and thus confirming
nature of a biosurfactant. The lipopeptide nature of 

Isolated From Hydrocarbon 

biosurfactant showed that, wave numbers 3,452 and 
H bonds and amide salt indicated the 

–H bonds of the CH3, CH2 and 
CH groups observed at wave numbers 2933cm−1, confirmed 

The appearance of a weak absorbance 
−1 may be due to C N stretch. The 

1815 and 1726 cm−1 may be due to c=o 
The wave number 1,520 and 1486cm−1 (amide I 

bond) indicated the presence of peptide groups. The wave 
−1 indicated the presence of C–O 

High intensity peak in the region of 1000–1100 cm−1 
O which extended vibrations of 

rboxylic acids, aldehydes and ketones. The following 
500 cm−1 may be indicative of 

methylene scissoring vibrations. The above information from 
numbers confirmed the lipopeptide nature 

et al 2015,Thavsi R et al 2011).  

 
 

FTIR profile of biosurfactant 

pathogenic bacteria, biosurfactant showed 
antimicrobial activity against all four strains. The maximum 
zone of inhibition values recorded were Staphylococcus aureus 

Escherichia coli (2.0 cm,), Enterococcus 
Bacillus cerus (1.8 cm (Table 1). 

Zone of inhibition produced by biosurfactant and 
against non- pathogenic strain 

Biosurfactant(cm) Ampicillin(cm) 
1.5 1.5 
2.0 1.2 
1.8 1.2 
1.8 1.2 

Pseudomonas aeruginosa ARCH1802 
produces biosurfactant and it has potentiality to use as 

It is reported that in order to give a 
positive drop collapse test, a surface tension lower than 45 

(Viramontes-Ramos et al 2010). The strain 
e tension to 28.7 mN/m and collapsed drop 

of oil and thus considered to be a good biosurfactant producer. 
It is also reported that emulsification index is another criterion 
to screen potential biosurfactant producers because more than 

should be included (Satpute et al. 
IR profile of the biosurfactant showed 

similarity to surfactin, a lipopeptide biosurfactant and other 
lipopeptide biosurfactants like arthrofactin (Morikawa et al. 

2015) and thus confirming the lipopeptide 
nature of a biosurfactant. The lipopeptide nature of 
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biosurfactant produced by P. aeruginosa was also reported 
(Thavsi R et al 2011) and their results correlate with peaks 
observed the present study. Based on antimicrobial studies, it 
was observed that the isolated lipopeptide biosurfactant has 
wide antimicrobial activities. 
 

CONCLUSION 
 

From the above investigation, it can be concluded that the 
lipopeptide bisurfactant of indigenous bacterial isolate 
Pseudomonas aeruginosaARCH 1802 used in the study has 
potential antimicrobial activity.  
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