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Abstract The present study was taken up to test the soil sample isolated from
an automobile workshop located at Coimbatore for the presence of biosurfactant
producing bacteria. Ten isolates were initially screened from the soil collected
from the petrochemical exposed site. Isolation was done in the minimal salt
medium, and this was followed by screening for the biosurfactant production through
three different methods, namely emulsification index, oil displacement activity and
hemolytic assay. In comparisonwith all the three screeningmethods, two best isolates
were chosen and was then subjected to mass production in the mineral salt medium
for biosurfactants generation. The isolate identified as Serratia marcescens through
16S rRNA sequencing. Pinkish red-coloured occurrence was observed during the
mass production, which may be possibly due to pigmentation. The extracted biosur-
factants were analyzed with Fourier transform infrared spectroscopy spectra. The
potent nature of the soil collected from the contaminated petrochemical site for the
production of biosurfactants has a remarkable growth prospective, sourcing as a better
replacement to the increasing environmental concern associated with the chemical
surfactants.
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1 Introduction

Biosurfactants refer to any biomolecules which exhibit characteristics like surface-
active and are found to be amphipathic in nature, which can be produced extracel-
lularly by various microbes including bacteria, fungi and yeasts. They form aggre-
gates at the interfaces amid different fluid polarities, wherein decreasing the surface
(Saravanan and Vijayakumar 2012). The unique features of microbial surfactants
include biodegradability, emulsifying and demulsifying ability, wetting and pene-
trating agents, tolerance to temperature, pH, ionic strength, low toxicity and viscosity
reducing agents make them most suitable for remediation of environmental contam-
ination, environmental safety (Akbari et al. 2018) and finds application in food,
pharmaceutical and allied industries (Shekhar et al. 2015; Sharma et al. 2018). Oil
spills and various other hydrocarbon contaminants in the soil and aquatic environ-
ment is becoming a significant focus of attention in the today world. Absorbents and
synthetic organic products like lime, plastic polymers and cellulose-based materials,
polyurethane foams, polypropylene and elastomerswere preferred as the commercial
sorbents in the oil spill cleanup considering the properties of good hydrophobicity,
uptake capacity and oil recovery (Adebajo et al. 2003; Seo et al. 2018), but then it
faced the problems of low degradability comparing to the naturally occurringmineral
and vegetable products (Teas et al. 2001). Such disadvantages has to be mitigated via
microbialy generated surfactants.Microorganisms exposed to oil-contaminated sites,
develop the potential to harness hydrocarbons as carbon and energy for its metabolic
activities. Biosurfactants increase the substrate bioavailability for microorganisms
and interacts with the cell surface, thereby increasing the surface hydrophobicity,
thus allowing substrates to accumulate faster within the bacterial cells (Liu et al.
2017). In comparison with its chemical counterparts, biosurfactants are very partic-
ular, potent and competent under an extensive range of oil and receptacle environ-
ment and may only require meagre quantities. Because of these attributes, they are
preferred in different industrial processes and physicochemical phenomena, wherein
they attribute enhanced solubility, increasedmobility (Pacwa-Płociniczak et al. 2011;
Rufino et al. 2014).Microbial biosurfactant with all these unique properties is consid-
ered to be a best green alternative potent source when comparing to other methods
for clearing oil spills and plays a promising role in bioremediation of hydrocar-
bons contaminated sites, proving to be better than the chemical surfactants in many
aspects including degradability (Sammarco et al. 2013; Matvyeyeva et al. 2014).
Serratia marcescens, which is a gram-negative bacillus, belonging to Enterobacteri-
aceae, is better known for the production of red pigment prodigiosin and biosurfactant
serrawettin (Muthukumar et al. 2016; Sunaga et al. 2016). At the time when the cell
growth rate is sluggish under unfavourable conditions, the pigment biosynthesis has a
role of being the protectivemechanism (Li et al. 2005). Serratia produces chitinolytic
enzymes that have a practical part in the biological degradation of chitin (Someya
et al. 2000) and its related environmental applications along with environmental
protection (Brzezinska et al. 2014). Biosurfactants with the current light of focus are
the potent tool for developing a sustainable environment. This study accounts for
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Fig. 1 Biosurfactant isolation, characterization and possible application

the isolation and screening of biosurfactants producing indigenous bacteria, that has
been identified as Serratia marcescens, isolated from a soil sample collected from
contaminated site identified in Coimbatore district, Tamilnadu, India (Fig. 1).

2 Materials and Method

2.1 Sample Collection

The soil sample was collected from an automobile workshop located at Saravanam-
patti, Coimbatore district and used for further studies.

2.2 Isolation of Bacterial Colonies

Soil sample of 5 g was inoculated in 100 ml of Minimal Salt Medium (MSM) with
the composition containing 1.5 gL−1 of NaNO3, 1 gL−1 of KH2PO4, 1.5 gL−1 of
(NH4)2SO4, 0.5 gL−1 of MgSO4, 0.01 gL−1 of FeSO4 and 0.002 gL−1 of CaCl2
was added along with 3 ml kerosene oil as the carbon source in a 250 ml conical
flask. Incubation carried out for 72 h at a temperature of 30 °C. These samples
serially diluted up to 10¯ 6 dilution. From this, 1 ml of each dilution transferred
to nutrient agar for spread culture, and these plates were at incubated at 37 °C for
about 72 h (Dewaliya and Jasodani 2013). Incubation is followed by single colony
isolation and based on the morphology; ten distinct isolates selected for further
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studies. The selected isolates were screened for biosurfactant production using a
modifiedMineral salt mediumwith trace elements such as FeSO4 0.05 gL−1, H3BO3

0.5 gL−1, MnSO4.4H2O 0.008 gL−1, C2H7NO2 0.05 gL−1 were dissolved in 250 ml
of distilled water to which 1 M phosphate buffer of pH 6.8 of 20 mlL−1 with major
salts such as KNO3 1 gL−1, H14MgO11S 1 gL−1, CaCl2H12O6 0.1 gL−1, kerosene
20 mlL−1 were added and finally made up to 1000 ml. Best screened isolates tested
for biosurfactant production used for further considered for mass production and
subjected to characterization studies. All the experimentswere adequately replicated,
and the result values expressed in average or mean values.

2.3 Screening of Biosurfactant Producing Bacteria

2.3.1 Emulsification Index

Emulsification activity of the biosurfactant was checked, wherein 2 ml of kerosene
oil was added to 1 ml of cellfree extract that had been obtained by centrifugation
(Abd-alridha 2014). This mixture was then vortexed well for about 2–3 min at high
speed. The emulsion activity was observed after 24 h and calculated as Eq. 1.

Emulsion index = (Total height of the emulsion layer/height of the aqueous layer)∗100
(1)

Oil displacement activity is a measure of the ability of the biosurfactants to alter
the contact angle of the oil, which is studied on oil-water interphase. Also, it is a
measure of the reduction of surface tension by the biosurfactant (Freitas et al. 2016).
The oil displacement activity was checked by adding 20 μl of kerosene oil to the
surface of the Petri plate containing 50 ml of distilled water. Upon this 20 μl of
culture supernatant was added to check for the formation of clear zones formed in
the presence of the biosurfactants.

2.4 Blood Hemolysis Activity

The single isolated colonies were streaked on the blood agar plates and incubated
for about 48–72 h under the temperature of 37 °C (Shanks et al. 2012), and then
observed for the type of clear zone based on which the presence of biosurfactant
producing bacteria was determined (Pacwa-Płociniczak et al. 2014).
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2.5 Extraction of Biosurfactant

The extraction of the biosurfactant was done with the initial step of bacterial cell
removal by centrifugation at 12,000 rpm for 20min, the cultured supernatant adjusted
to pH 2.0 with the aid of 0.1 M HCl. The biosurfactants extracted with a solvent
mixture containing chloroformandmethanol in the ratio 2:1v/v in a separation funnel.
After shaken vigorously, and allowed for phase separation, the lower organic phase
concentrated, and anhydrous sodium sulfate added to remove water, and the residue
was dried to obtain biosurfactants (Pacwa-Płociniczak et al. 2011).

2.6 Molecular Characterization of Biosurfactant Producing
Bacteria–16S RRNA Gene Sequencing

The DNA was isolated from the bacterial culture and was used in PCR to amplify
the bacterial 16 s rRNA using 16 s rRNA PCR kit (800). Using the primers from
the kit, amplification of 800 bp amplicon done, and no amplicon was visible in the
negative control. The expected sized amplicon of 800 bp observed in the positive
control. The test amplicon of 800 bp was purified using magnetic beads, and the
product sequenced by Sanger’s method of DNA sequencing. The sequencing results
were assembled and compared with the NCBI database.

2.7 Characterization of Biosurfactants from Serratia
Marcescens Using Thin Layer Chromatography

Silica gel plate prepared on the ratio 1:2, with 1 mm thickness, i.e., 10 g in 20 ml
distilled water which was then allowed it to stay for 30 min. The silica gel plate
was kept in the hot-air oven for 1 h at 100 °C to activate the absorption. Chloroform-
methanol of ratio 85:15 used as the developing solvent. 20μl of biosurfactant spotted
on the silica gel plate (Sivagamasundari and Jeyakumar 2016), andNinhydrin reagent
sprayed. The retention factor Rf (eq. 2), which defined as the distance travelled by
the compound to the distance travelled by the solvent calculated.

Rf = (Distance travelled by the compound/Distancemoved by the solvent front)
(2)
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2.8 Fourier Transform Infrared Spectroscopy

For identifying types of chemical bonds (functional groups), Fourier transform
infrared spectroscopy (FT-IR) analysis used to elucidate some components of an
unknown mixture (Suryawanshi et al. 2014). One milligram of partially purified
biosurfactant was wholly dried and then analyzed in an FTIR (Shimadzu), device
that obtains the spectrum with high S/N ratio 30,000:1, 1-minute accumulation and
a maximum resolution of 0.5 cm−1. All data corrected for the background spectrum.

3 Results and Discussion

Soil samples inoculated in minimal salt medium and serial diluted to obtain bacterial
isolates and subcultured for the isolation of the single colonies, as shown in the Fig. 2.

3.1 Screening of Biosurfactant Producing Bacteria

All the ten isolated strains screened for biosurfactant production. The bacterial
isolates named as PetrochemicalContaminatedBacteria (PCB); PCB1, PCB2, PCB3,
PCB4, PCB5, PCB6, PCB7, PCB8, PCB9 and PCB10. These were subjected to the
following screening assays for the selecting the biosurfactant producing bacterial
isolates.

3.2 Emulsification Index

When kerosene used as the oil source for testing the emulsification activity of isolated
bacteria, positive results were noted and tabulated in Table 1. The emulsification
activity was noted after 24 h and emulsification index was calculated to screen for the

(a) (b)

Fig. 2 a Soil samples from petrochemical contaminated site b Single colony isolation
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Table 1 Screening results for biosurfactant producing bacterial isolates

Sr.
No.

Bacterial
Isolates

Emulsion
height
(cm)

Total
liquid
height
(cm)

Emulsification
index (%)

Oil
displacement
activity

Color
observed
(Hemolysis)

Type of
hemolytic
activity

1 PCB*1 0.20 1.20 16.67 + Green α

Hemolysis

2 PCB2 0.30 1.30 23.00 + Yellow β

Hemolysis

3 PCB3 0.25 1.15 21.74 ++ Green α

Hemolysis

4 PCB4 0.25 1.20 20.83 + Yellow β

Hemolysis

5 PCB5 0.30 1.20 25.00 + Green α

Hemolysis

6 PCB6 0.20 1.25 16.00 + Green α

Hemolysis

7 Serratia
marcescens
(This
study)

0.30 1.40 21.43 ++ Green α

Hemolysis

8 PCB8 0.30 1.20 25.00 + Yellow β

Hemolysis

9 PCB9 0.25 1.35 18.52 + Yellow β

Hemolysis

10 PCB10 0.30 1.40 21.74 ++ Yellow β

Hemolysis

*PCB- Petrol chemical bacteria

biosurfactant producing bacteria among the ten bacterial isolates. Among the studied
strains, the highest emulsification index of 25 obtained in the two isolates, namely
PCB5 and PCB8. It was also noted that the bacterial isolates PCB2, PCB3, PCB7
and PCB10 had emulsification index greater than 20. Similar range of emulsification
index reported in the literature, when tested for seven different isolates of Bacillus
sp., and Actinomyces sp., according to Bento et al. (2005) and Wang et al. (2014).

3.3 Oil Displacement Activity

Oil displacement activity helps in testing the ability of the biosurfactant to alter the
contact angle at the oil-water interface when the supernatant added to the kerosene
oil. Among the obtained results, the isolates namely PCB3, PCB7 andPCB10 showed
good oil displacement activity indicated by ++ within the ten isolated tested for oil



250 V. Vijayalekshmi et al.

Fig. 3 Hemolysis activity of
Serratia marcescens

displacement activity. Rest of the strains only showed partial displacement activity
reported by + as noted in Table 1.

3.4 Blood Hemolysis Activity

Blood hemolysis activity is tested for checking the ability of bacterial colonies to
induce hemolysis when it was grown on blood agar. When the agar under the colony
turns darkish green, α hemolysis is said to occur, and when it turns light yellow
with transparent nature it is noted to be β hemolysis, and γ hemolysis observed with
no change in the agar. All the ten isolates showed positive hemolytic activity in
reference to the results obtained in Table 1. The presence of hemolytic activity in
Serratia marcescens demonstrated via Fig. 3.

Basedon the overall screening results of biosurfactant producingbacterial isolates,
Serratia marcescenswas selected among the ten isolates to narrow down the research
for themass production of biosurfactants with reference to emulsification activity, oil
displacement and hemolytic activity. The screened isolates of Serratia marcescens
and PCB10 were chosen for the mass production of biosurfactants in the mineral salt
mediumwhere the biosurfactants were formed as a separate layer with pigmentation.
Confirmation test for emulsification activity produced good results (Fig. 4).

3.5 Extraction of Biosurfactant

The biosurfactants extracted with a solvent mixture containing chloroform and
methanol in the ratio 2:1v/v in a separation funnel (Sukirtha and Usharani 2013; Yap
et al. 2016). The lower organic phase concentrated, and anhydrous sodium sulphate
added to remove water and dried to obtain biosurfactants as shown in the Fig. 5.
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(b)(a)

Fig. 4 a Mass production in mineral salt medium b Emulsification activity: Serratia marcescens

Fig. 5 a Extraction of
biosurfactants with the
solvents chloroform and
methanol, b Dried
biosurfactants of Serratia
marcescens

(a)     (b)     

3.6 16S RRNA Gene Sequencing

TheDNA isolated from the bacterial culture was used in PCR to amplify the bacterial
16 s rRNA. The molecular analysis for the isolated bacterial strain showed 99%
identity to the sequence of Serratia marcescens. The phylogenetic tree generated for
the isolated bacteria shown in Fig. 5. and 99% identity to the sequence of Serratia
marcescens. Based upon the sequence analyses, the isolate is likely to be Serratia
marcescens. The phylogenetic tree generated for the isolated bacteria provided in
Fig. 6.

3.6.1 Thin Layer Chromatography

The retention factor for the compounds separated, calculated using the Formula (3),
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Fig. 6 Sequence analysis
for the bacterial isolate
Serratia marcescens

Fig. 7 TLC plate visualized
under UV to detect the
separation of compounds for
the biosurfactants obtained
from Serratia marcescens

Rf = Distance travelled by the compound/Distance travelled by the solvent front
(3)

The results of TLC shown in Fig. 7.

3.7 Thin Layer Chromatography

The Rf value of biosurfactant obtained from Serratia marcescens as shown in Fig. 6
established to be 0.76 and 0.96 which was similar to the results reported with a
red pigment isolated from Serratia marcescens (Vora et al. 2014). The quantitative
analysis of the biosurfactant from Serratia marcescens is yet to be done.
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Fig. 8 FTIR spectrum for the partially purified biosurfactant obtained from PCB7 identified as
Serratia marcescens

3.8 Fourier Transform Infrared Spectroscopy

The FTIR studies for the extracted biosurfactant obtained from the bacterial
isolate Serratia marcescens showed C–H stretching bands of –CH2 and –CH3
groups observed in the region 3000–2700 cm−1 in Fig. 8. The deformation vibra-
tions at 1467 and 1379 cm−1 also confirmed the presence of alkyl groups. The
wavenumber 1066.64 cm−1 indicated the presence ofC-Obonds. The peaks observed
at 1066.64 cm−1, 1226.73 cm−1, 1539.2 cm−1, 1645.28 cm−1, 2096.62 cm−1,
2956.87 cm−1, 3286.7 cm−1, 3379.29 cm−1 indicated the presence lipid moieties. In
this, the absorbance of N–H stretching bond at 3132–3379 cm−1 was also observed
(Vigneshwaran et al. 2018).

4 Conclusion

Among the ten bacterial isolates, Serratia marcescens, which was identified through
16 s rRNA sequencing, isolated from the soil sample that was collected from an
automobile workshop located in Coimbatore district showed good activity in oil
displacement, emulsification index proving to be a potent source for biosurfactant
production. This could be further analyzed with the pigmentation studies and could
be used for the potential application of environmental remediation and protection.
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