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Abstract: Oil spillages are so common in many fields which lead to contaminated soil. Soil polluted land filling
contains bacteria that produce a broad spectrum of bio-surfactants. Bio-surfactant as an efficient biological surface-
active agent may provide an alternative solution for the removal of heavy metals from industrial wastes. The bio-
surfactant has more potential efficiency in the process of remedying natural resources. Surfactin, Iturin and
Fengycin are widely studied bio-surfactants. The present study was aimed to isolate and characterize the bio-
surfactant producing bacteria from the soil samples collected from the petrol bunk. Two isolates obtained were
used for the further analysis. Catalase, Lactose fermentation, Citrate utilization tests were positive for isolate 1 and
identified as Staphylococcus sp. Starch hydrolysis, Methyl red test, Catalase, Lactose fermentation, Citrate utilization
tests and Nitrate reduction were positive for isolate 2 and identified as Bacillus sp. The samples were anlayzed for
the Bio-surfactant property using Haemolytic activity, oil drop assay, oil collapse activity and emulsification test.
The functional group was detected using the FTIR analysis. Bacillus sp. strains have more potent biosurfactant
property than Staphylococcus sp. and they act as bio-surfactants in removing the stains. Biochemical
characterization of isolated samples, determination of bio-surfactant producing organism by oil spreading activity,
drop collapse assay, oil spreading activity and biofilm formation were confirmed by Bacillus species bacteria.
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Introduction

Microbes produce active agents known as bio-
amphipathic
(Mannanov and Sattarova, 2001). Bio-surfactants
are glycolipids, Trehalose lipid, Rhamnolipids,
Mannosylerythritol lipid, lipopeptide, BS20
Rhamnolipid, BN56  Trehalose  tetraester

surfactant and are in nature

(Lamichhane et al, 2017). Bio-surfactants are
detergents that breaks hydrocarbons particles and
has antifungal (Besson et al., 1978; Vanittanakom
et al., 1986), antimicrobial, antiviral (Katz and
Demain 1977; Razafindralambo et al., 1998) and
et al, 2010)
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activities. Bio-surfactants are widely used in
petroleum industry, cosmetics,
agents, medicine and bioremediation (Singh et al.,
2008; Bharathi et al, 2016). Nowadays they
replace the chemical surfactants in food and
biomedical industries (Arun et al., 2014; Shah et
al, 2016; Wang et al, 2022). Microbial Bio-
surfactants has biodegradability, biocompatability
and digestibility to eradicate the toxic substances
in the environment (Olivera et al., 2003). Bio-
surfactants synthesized by microorganism are safe
like Lactobacilli and they have emulsifying,
antiadhesive and antimicrobial activities which is
also cost effective (Mohanasundaram et al., 2012;
Vijayakumar and Saravana, 2015). The poly-
anionic Bio-surfactants produced by Acinetobacter
calcoaceticus  RAG-1  are
components that degrades oil known as emulsan
which forms and stabilizes oil-water emulsions
with a wvariety of hydrophobic substrates
(Amiriyan et al, 2004; Mohanasundaram et al,
2019).

antimicrobial

surface  active

The present study was aimed to isolate and
characterize the bio-surfactant producing bacteria
from the soil samples collected from the petrol
bunk. Two isolates obtained were used for the
further analysis.

Materials and Methods
Collection and Isolation of Bacteria:

The soil sample was collected from the petrol
pump near Avadi, during the month of February
2022. The soil samples were collected from 3-6 cm
depth and stored in a sterile container. 1 g of the
soil sample was weighed accurately and serially
diluted to 10! to 10-8 using normal saline and
plated in nutrient agar by spread plate method.
The colonies obtained was preserved in nutrient
agar slant and stored at 4°C until use.

Chemicals:

50 mM Tris buffer, TritonX-100, BBL tm
Trypticase tm Soy Agar, 5% sheep blood, L.B
Medium, Ethanol, Crystal violet stain, Ammonium
sulphate, Dialysis bag, Phosphate buffer, EDTA,

Sodium carbonate and all other chemicals

procured were of analytical grade.
Biochemical Characterization of Microorganisms:

The isolated colony from Nutrient agar was
characterized. Colony morphology, shape, size,
arrangements, motility,
pigmentation of the stains were studied.

opacity, texture and

Acid Precipitation:

The isolated colony from nutrient agar was
inoculated into MR broth, incubated at 37°C for 48
h. Later the broth was centrifuged at 10,956 X g
for 15 min, the supernatant was collected and
subjected to acid precipitation. 6M HCL was added
to the supernatant and kept overnight at pH of 2.0.
After acid precipitation the samples were
centrifuged at 10,956 X g for 15min. The steps
were repeated until the pellet was obtained.
Finally it was washed with sodium hydroxide (pH
11.0) and made to freeze dried overnight, later
extracted using methanol. Then the semisolid
substance was poured into a petri plate and air
dried at room temperature for 24 h and stored at
room temperature.

Screening Of Biosurfactant Activity:
Hemolytic Efficacy:

Hemolytic activity was determined by infusing 2 L
of bacterial culture overnight onto blood agar
plates containing 5% sheep blood and BBL tm
Trypticase tm Soy Agar (TSA II). At 28°C, plates
were incubated for 72 h. During the period of 12-
72 h of incubation, the creation of hollow zones
has been observed. The formation of hollow zones
demonstrated that a bacterial strain has bio-
surfactant characteristics (Hagwell et al., 1992).

Oil Distribution Activity:

In a petri dish containing 25 L of crude oil and 25
ml of distilled water, the added supernatant of a
bacterial culture was cultivated in LB medium for
72 h at 28 °C. If the oil zones begin to vanish as
clearing zones, the cell-free supernatant exhibits
bio-surfactant activity, and distilled water was
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employed for the negative control activity (Hassan
etal.,2014).

Emulsification Process:

Bacterial strains were cultivated in LB broth at
28+ 2°C for 72 h before being incubated at 121°C
for 20 min and centrifuged at 5000 rpm to extract
cell-free culture broth for bio-surfactant activity
testing. In a test tube, 1 ml of cell-free culture
broth and 10 mg of hydrocarbon were mixed for 2
min with 5 ml of 50 mM Tris buffer (pH 8.0). Using
a spectrophotometer, the OD was measured at 610
nm after a 40 min incubation of the emulsion at
room temperature. Positive control was Triton X-
100, while the negative control was the buffer
solution mixed with crude oil (Chowdhury et al,
2015).

Reduced Collapse Test:

The drop collapse test was conducted using the
Maier technique. The wells of a 96-well microplate
were filled with crude oil and left to equilibrate for
24 h. Five microliters of cell-free culture broth
were poured to the oil-coated wells, and the drop
size was measured after 1 min using a microscope.
Biosurfactant activity was measured for diameters
greater than 1 mm, with 1 mg/ml Triton X-100
serving as a control (Aleti et al., 2016).

Biofilm Development:

100 pl of the material was placed overnight in 96
microwell plate-titer plates. The cells were stained
with 1% crystal violet for 45 min and then washed
with 200 pl of 100% ethanol to evaluate biofilm
development (Aleti et al., 2015).

Partial Purification of Enzyme:

Bacillus sp. Bio-surfactant was partly purified
using typical purification techniques, including
ammonium sulphate precipitation, followed by
dialysis, and all processes were performed at
40°C.

Precipitation of Ammonium Sulfate:

On ice, 50% and 70% ammonium sulphate

precipitation was performed on the crude

material. After adding all of the salts, the mixture

was refrigerated at 40 °Cfor about half an hour.
The mixture was centrifuged for 20 min at about
10,000 rpm. The supernatant was discarded, and
the precipitates were suspended in phosphate
buffer, dialyzed, and kept at 40 °Cuntil further use
(Rosenberg et al., 1980).

Thin layer Chromatography:

The dried product (0.1 mg) was dissolved in
methanol (0.1 ml), and 10 pl of this solution was
spotted on a pre-coated silica gel 60 F254 (Merck,
Darmstadt, Germany) and developed with the
mobile phase consisting of chloroform/
methanol/water (65:25:5, v/v/v). The plates were
exposed to 0.2% ninhydrin, air-dried, and viewed
under ultraviolet light.

FTIR Analysis:

Using Fourier Transform Infrared (FTIR)

spectroscopy, the chemical components and
structures of molecules in the partly purified bio-

surfactant were determined.
Deteriorating Property:

The partly purified Bio-surfactant was used to
assess the removal of oil stains from oil-stained
cotton garments (73 cm).

Results and Discussion
Isolation and Biochemical characterization:

Two different bacterial strains were isolated from
the soil sample obtained from the petrol bunk
which was inoculated in nutrient agar. The
isolated two different types of the bacterial strains
were characterized by its shape, margin elevation,
pigmentation and Grams staining (Table 1; Fig. 1).
Biochemical tests such as catalase, lactose
fermentation and citrate utilization tests were
positive for isolate 1 which is Staphylococcus sp.
Methyl

Lactose Fermentation, Citrate utilization tests and

Starch hydrolysis, red test, Catalase,

Nitrate reduction was positive which showed that
Bacillus sp. (Table 2). The
bacterial strains were further screened for bio-

the isolates 2 is

surfactant production on the MR broth.
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Table 1: Morphological characteristics of Strain 1 and Strain 2 on Nutrient Agar

S. No. Appearance Strain 1 Strain 2
1 Shape Clustered Cocci Rod
2 Margin Circular Translucent
3 Elevation Smooth Large
4 Pigmentation Golden yellow White
5 Gram staining Gram Positive Gram Negative
4) (B)
Fig. 1: Staphylococcus sp. (A) and Bacillus sp. (B).
Table 2: Biochemical Characterizations of Staphylococcus sp. and Bacillus sp.
Parameters Staphylococcus sp. Bacillus sp.
Lactose Fermentation Positive Negative
Starch Hydrolysis Negative Positive
Methyl red Negative Positive
Citrate utilization Positive Positive
Nitrate reduction Positive Positive
Motility Non-motile Motile
Catalase Positive Positive
Urease Positive Negative
Haemolytic Activity: sp. and negative for the Staphylococcus sp. The oil

Staphylococcus sp. and Bacillus sp. both showed
Haemolytic activity by forming halo zones of 1cm
around the plates (Fig. 2).

0Oil Spreading Activity:

The polluted engine oil used for the oil spreading
activity has shown the positive result for Bacillus

spreading activity of Bacillus sp. has shown
positive (Fig. 3).

Emulsification activity:

Emulsification assay showed positive for Bacillus

sp. and moderate effect was found in

Staphylococcus sp. (Table 3).
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a. Staphylococcus species b. Bacillus species

Fig. 2: Haemolytic Activity of Staphylococcus sp.& Bacillus sp.

Table 3: Emulsification activity of Staphylococcus sp. and Bacillus sp.

Sample Emulsion Positive Control (0D)| Negative Control
(0D)
A 0.5 2.0 0.3
B 1.3 2.0 0.3

a. Staphylococcus species
Fig. 3: Oil spreading activity of Staphylococcus sp. and Bacillus sp.

Drop collapse assay:

Drop collapse assay contains 5 pl of culture
supernatant which was transferred to 96 well for
1 min. The Bacillus sp. showed the best results as
compared to Staphylococcus sp. (Monteiro et al.,
2002) (Fig. 4).

Biofilm formation:

Biofilm formation was almost similar in both the
samples of Staphylococcus sp. and Bacillus sp. The

Bio-film obtained for the samples is shown in
Figure 5.

b. Bacillus species

Partial Purification:
Ammonium Sulphate Precipitation and Dialysis:

The crude enzyme of Bacillus sp. is partially
and70%
ammonium sulphate precipitation and dialysed.

purified by saturating with 50%

The samples were further used for TLC (Fig. 6).
Thin layer chromatography:

The dialysed content was mixed with equal
volume of ethyl acetate, methanol and ethanol and
loaded in the TLC plate and chromatography was
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Tube 1

Distilled water

Tube 2

Staphylococcus sp. (broth) and
crystal violet

Tube 3

Bacillus sp. (broth) and crystal
violet

Fig. 6: Dialysed sample after Ammonium Sulphate precipitation.

performed. Titron x 100 was a positive control.
Solvent system was Chloroform: methanol: water
in ratio of 65: 25: 5. Chromatogram was sprayed
with distilled water and 0.2% Ninhydrin, air dried
at 40°C and visualized under UV transilluminator.
Results obtained showed the presence of bio-
surfactant compounds as that of positive control

(Fig. 7).
FTIR Spectroscopy:

The functional group detected in the FTIR are
presented in Table 4 and Figure 8. FTIR analysis

was carried out for the Biosurfactant from Bacillus
sp. The results obtained for FTIR ranged from 569
to 3500 cm! wave length.

Destaining Property:

0il stained clothes were made to be specimen for
the run trial of the extracted bio-surfactant. From
the acid precipitation method a dried product is
extracted and applied on clothes to remove oil
stains. The bio-surfactant were applied on the oil
stained cloth and made it dry. After sometimes the
cloth is washed in water flow. Titron x 100 was
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A - Dialysed sample with Methanol

B - Dialysed sample with Ethanol

C - Dialysed sample with Ethyl
acetate

D - Titron x 100

Fig.7: Thin layer chromatography of partially purified bio-surfactant.

Table 4: Functional groups detected using FTIR Analysis of bio-surfactant from Bacillus sp.

BOND TYPE FREQUENCY NATURE
RANGE cm1!
0-H Hydrogen bonding 3200-3600 Variable,
Alcohol’s, Phenols sometimes broad
C=C Alkenes 1610-1680 Variable
C-H Alkanes 1340-1470 Strong
Cc-0 Alcohols,ethers, carboxylic acids, esters 1050-1300 Strong
C-H Alkenes 675-995 Strong
-C=C-H Alkynes 2100-2270 Variable
C-H Alkanes 2850-3000 Stretching
N-O Nitro compound 1556 Stretching
0-H Alcohol 3584-3700 Stretching
C-0-C Alkenes 871.82-671.233 Weak

used as a positive control and normal distilled
negative control. The
biosurfactant acts as an best emulsifier in
removing stains from the cloth stained with oil.
They act efficiently to remove dirt and more
economic (Fig. 9).

water as isolated

The Bacillus and Staphylococcus strains show
the maximum haemolytic activity by creating
hallow zones around the plate (Somasegaran and
Hoben, 1994). Pseudomonas aeruginase produces
rhamnolipid Bio-surfactants (Kaeppeli et al,
1986). Biodegradation of oil, heavy metals,
Polycyclic aromatic hydrocarbons are cleaned up
with the help of bio-surfactant (Haritash and

Kaushik, 2009; Liu et al, 2017; Bharathi et al,
2019). Lipopeptides such as Surfactin, iturin and
fengucin are highly active bio-surfactants (Zhang
et al, 2016). Bacillus subtilis B5-37 strains
produces surfactant which has efficient oil
recovery (Liu et al, 2015). Bio-surfactants are
emulsifiers, foaming agent and detergents. It play
important role in oil recovery since it has the
ability to reduce surface tension of molecules
1998). Simple method for
measuring cell hydrophobicity and to derive

(Volkering et al,

surfactant quality was the emulsification activity
(Djordjevic et al., 2002). Bacterial strains isolated
from the marine Caspian sea CpAl and CpA2
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Fig. 9: Destaining property of partially purified bio-surfactant of Bacillus sp.

emulsifies crude oil within 48 h and 96 h,
respectively and results shows marine bio-
surfactant has the ability to degrades crude oil
(Safary et al., 2010). The maximum drop collapse
activity was observed for strains F2B42 a NH-100
whereas strains of 176’s, 168 and Cc125 shows
negative for drop collapse (Madi and Henis, 1998).

The surfactants are wused to control the

aggregation of fat globules, stabilization of aerated
systems, and improvement of texture and shelf-life
of products (Kachholz and Schlingmann, 1987). In
food industry Bio-surfactants increase the dough
volume, texture and preservation of Bakery
products (Haesendonck and Vanzeveren, 2004).
Bio-surfactants which is used in bioremediation
process has the property to increase the surface
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area of hydrophobic water-insoluble substrates
and increasing the bioavailability of hydrophobic
compounds (Vijayakumar and Saravana, 2015).
Biosurfactant produced by Bacillus sp. is Fungycin.
Lipopeptide has antifungal activity against
filamentous fungi. The Rf value of ethyl acetate
biosurfactant shows similar Rf value of standard
surfactant (Titron x100) (Morikawa et al., 2000).
Bio-surfactant have hemolytic activity (Bicca et al.,
1999; Tabatabaee et al, 2005). Bio-surfactant
produced by the microorganisms isolated from
Iranian oil reservoirs shows that 39 bacterial
strains have beta haemolytic, emulsifying activity
and surface tension reduction to confirm bio-
surfactant (Amiriyan et al., 2004).

Conclusion

Bio-surfactants are widely used in industries,
agriculture and they are more economical. Micro-
organisms are rich in our Ecosystem and are more
potent in removing the harmful components from
the environment which is needed for unique
human life. We can convert the waste materials

obtained from the house-hold into useful

component by using Eco-friendly microbes. They
are cost effective and easy to eradicate harmful
waste from the environment.
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