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Abstract

QOil spills can be hazardous for marine life and can cause
physiological as well as biochemical damage. Biosurfactants are
eco-friendly surface-active compounds, which reduce surface
tension at the interface between oil and water and exhibit
emulsifying activity. Microorganisms producing biosurfactants are
omnipresent and can also be extremophiles. Bushnell and Haas
medium is suitable for isolating biosurfactant producers as it
allows the selection of carbon sources. From six different oil-
contaminated sites, eight morphologically different isolates were
generated. These isolates were screened using various assays
namely, Haemolysis assay, Phenol: Sulphuric acid assay, Microtitre
plate assay, oil displacement assay, emulsification index assay and
drop collapse assay. The isolate CDO3A was selected as a potent
isolate and was identified as Alcaligenes faecalis by 16s-rRNA
sequencing. The biosurfactant produced by the organism was
subjected to FTIR and results indicated that it might contain alcohol
and nitro group along with N-H bend.

Keywords: Biosurfactant, Emulsification Index, Drop collapse assay, oil
spill, FTIR

Introduction

In India, around 84,361,000 metric tons of crude oil are
processed by oil refineries (Petroleum Planning and Analysis
Cell, 2021). The net import of crude oil and its products in India
per year is around 68,708,000 metric tons (Petroleum Planning
and Analysis cell, 2021). Most of this trade is carried out
through ships via sea. An oil spill is defined as the dissemination
of liquid petroleum hydrocarbons in the surroundings due
to human activity or natural disasters. In the last decade,
around 164,000 tonnes of oil were spilt (ITOPF, 2021). Oil
can have detrimental physiological and or biochemical effects
on the living organisms in the sea. Absorption, ingestion or
inhalation of oil can handicap marine organisms. Polyaromatic

hydrocarbons (PAHs) can cause sub-lethal biochemical injury
or even death of fish eggs and larvae (Langangen et al., 2017).
Another aspect of damage is that some of the polynuclear
compounds of petroleum are carcinogenic and are difficult
to undergo bioremediation. Such compounds can come up
the marine food chain and affect fishes that can be used as
feed or food (Charan and Patel, 2017). Biosurfactants are
ecological, biodegradable, less toxic, and active at a wide
range of pH, temperature and salinity. Whereas the chemical
agents used for the treatment of oil spills are perilous to the
environment (Pacwa-Ptociniczak et al., 2011). Biosurfactants
are surface-active compounds produced by microorganisms for
hydrocarbon consumption. (Uzoigwe et al., 2015). Biosurfactant
reduces surface tension at the interface between air and
water and exhibits emulsifying activity (Joshi and Shekhawat,
2014). Thus, the main aim of this research was to isolate
biosurfactant-producing microorganisms and screen them
for their biosurfactant-producing ability.

Material and methods
Chemicals and media

For enrichment and isolation purposes, Bushnell and Haas (BH)
broth was purchased from HiMedia Laboratories Pvt Ltd. The
blood agar base used to check for the haemolysis pattern of
the isolate was also purchased from HiMedia Laboratories Pvt.
Ltd. and human blood for overlaying the media was obtained
from Central Hospital Blood Bank, Ulhasnagar. All the chemicals
required were of analytical grade and were purchased from
Loba Chemie Pvt Ltd.

Sample collection and maintenance
Oil-contaminated soil and water samples were taken from

six different sites, including creeks in and around thane
and different petrol pumps, before the rainy season, as oil-
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contaminated water could wash off due to rain. A total of five
oil-contaminated soil samples were collected, out of which
one was collected from a creek in Dombivli along with a
water sample and the remaining samples were collected from
petrol pumps. Samples were maintained at 4 °C till further
use (Soltanighias et al., 2019). The geographical locations of
sampling sites are listed in Table 1.

Table 1. Details of sampling sites

No. Sampling site name Geographical Co-ordinates Sample

19°13"40.1" N 73° 04" 03.9" E Water
19°13"40.7" N 73°04' 04.2" E Soil
19°14' 18.24" N 73° 7' 354" E Soil
Bharat Petroleum, Dombivli ~ 19°13'2.208" N 73° 7' 7.356" £ Soil
Techno Petrol pump, Dombivli  19°12" 41.112" N 73°6'46.224" E  Soil

1 Retibunder, Dombivli

Retibunder, Dombivli

HP Petrol pump, Kalyan

oUW N

Bharat Petroleum, Dombivi 19°11"12.12" N 73°5'31.632" E Soil

Enrichment and isolation

Enrichment and isolation were executed as described by Ezebuiro
et al. (2019) with slight modification. One gram of soil samples
and 5.0 ml of water samples were used for enrichment purposes.
Enrichment was carried out in 3 stages using Bushnell and Haas
broth. In the first stage, samples were enriched for one week
on an orbital shaker with 0.5% phenol as a carbon source and
3% NaCl at room temperature. From each enriched sample,
1.0 ml was taken as inoculum for second-stage enrichment.
It was carried out in Bushnell and Haas Broth supplemented
with 1.0% phenol and 3.0% NaCl, on an orbital shaker for one
week at room temperature. For the last stage of enrichment,
1.0 ml from the second enriched batch was used as inoculum.
The last stage enrichment was carried out in Bushnell and Haas
broth containing 1% ship crude oil and 3% NaCl for one week
on an orbital shaker at room temperature.

For isolation, a loop full of tertiary enrichment was streaked on
Bushnell and Haas agar (BHA) containing 1.0% crude oil and
3.0% NaCl, which was used to selectively isolate halotolerant
organisms as sea salinity ranges from 3.2 - 3.7 % (Veerlan
et al.,, 2021). The plates were incubated at room temperature
for 48-72 hours.

Extraction of cell-free supernatant (CFS)

The isolated pure colonies were inoculated in fresh sterile
Bushnell and Haas broth containing 1.0% crude oil and 3.0%
NaCl and were incubated at room temperature on an orbital
shaker for 72 hours. The CFS was procured by centrifuging
the contents of the flask at 3000 rpm at 4 °C for 15 minutes
(Abbasi et al., 2012).

Biosurfactants producing microorganisms

Haemolysis assay

For this assay, culture was grown in Bushnell and Haas broth for
3.0 days and was streaked on a Blood agar plate followed by
incubation at RT for 24 hours (Saravanan and Vijayakumar, 2012).

Phenol: Sulphuric confirmatory assay

It is a confirmatory assay for the production of biosurfactants.
The CFS was added to 1.0 ml 5.0% phenol after which 5.0 ml
of con. H,50, was added in a drop-wise manner. The formation
of orange colour indicated a confirmatory positive test (Aziz
etal, 2014).

Micro-titre plate assay

This assay is based on the fact that surfactants present in the
aqueous phase cause optical distortion. For this assay, cell-
free supernatant was taken and 100 ul of it was added to the
well. A sheet of paper with a grid on it was placed below the
Microtitre plate. The image of graph paper was observed for
distortion (Walter et al., 2010).

Drop collapse assay

In this assay, a 96-well microtiter plate was coated with 2.0 ul of
crude oil and was allowed to stand for 24 hours for stabilizing.
Then 5.0 ul of CFS was added to these wells. Then after
1.0 minute the diameter of the drop was measured using
a magnifying glass. Test for production of biosurfactant is
considered positive if the diameter produced is 1.0 mm larger
than the negative control which was distilled water. A positive
standard was placed by preparing 1.0 mg/ml solution of Triton
X-100 (Thavasi et al., 2011).

Oil displacement assay

In this assay, an empty Petri plate was filled with 20 ml of
water. To it, a few drops of oil were over-layered. Then a
drop of CFS was added to its surface and the formation of
a clear zone was observed (Ndibe et al., 2018). Negative
control was set by using a drop of distilled water and
positive control was set by using 1.0 mg/ml solution of
Triton X-100.

Emulsification index assay (E24)

This assay was performed to find out the emulsifying capacity
of the produced biosurfactant. In this assay, 2.0 ml of CFS was
added along with 2.0 ml of oil in a tube. The mixture was
strenuously vortexed for 2.0 minutes and then kept standstill
for 24 hours. Emulsifying capacity was calculated in percentage.

© Marine Biological Association of India

95



Chandan S. Deosthali and Ashish Jain

The height of the emulsified layer (cm) was divided by the total
height of the liquid column (cm) (Rajesh et al., 2013). The DW
was used as negative control and 1.0 mg/ml solution of Triton
X-100 as a positive control. E,,= (Height of emulsion formed/
Total height of solution) x 100

Biochemical identification of the potent
isolate

Gram staining of the most potent isolate was performed with
100x optical zoom. It was followed by standard biochemical
tests. Results procured were cumulatively assessed to find out
bacterial genus in conformity with Bergey's Manual of Systematic
Bacteriology (Singh et al., 2016).

16s rRNA identification

Identification of potent isolate showing promising results
was done using 16s rRNA sequencing method. Isolation of
DNA was performed using EXpure Microbial DNA isolation
kit manufactured by Bogar Bio Bee stores Pvt Ltd. Polymerase
Chain Reaction (PCR) of isolated DNA was carried out using
two primers: F (5" AGAGTTTGATCTGGCTCAG 3°) and R (5
TACGGTACCTTGTTACGACTT 3') (Edwards, 1989). ABI PRISM®
BigDyeTM Terminator Cycle Sequencing Kits with AmpliTag®
DNA polymerase (FS enzyme) (Applied Biosystems) were used
for sequencing reactions. The NCBI blast similarity search
tool was used to blast the 16s rRNA sequence. For multiple
alignments of sequences program MUSCLE 3.7 was used
(Edgar, 2004). The Program Gblocks 0.91b was used to cure
the resulting aligned sequences. The poorly aligned positions
and divergent regions are removed by Gblocks (Talavera and
Castresana, 2007). Finally, the program PhyML 3.0 aLRT was
used for phylogeny analysis and HKY85 as a Substitution
model. For tree rendering, the Tree Dyn program was used
(Dereeper et al., 2008).

Extraction of crude biosurfactant

CDO03A was inoculated in growth media, Bushnell and Haas
broth having 1% ship spent oil and 3% NaCl and was incubated
for 7 days at room temperature on an orbital shaker. After
incubation, the entire content was centrifuged at 12,500
rpm at 4°C for 30 minutes. Then the CFS was collected, and
by using 6N HCl it was acidified up to pH 2 and then it was
kept at 4°C for 24 hours to facilitate precipitation. After 24
hours of incubation, it was centrifuged for 20 min at 4°C and
12,500 rpm. A crude biosurfactant was obtained in the form
of a pellet, which was resuspended in water. pH was raised to
7.5 using TN NaOH solution. This suspension was lyophilized
and then subjected to methanol extraction. The methanol
soluble fragment was transferred to a beaker and was kept

at 379 Cill complete evaporation of the solvent. It was again
subjected to methanol extraction and finally partially purified
biosurfactant was obtained (Das et al., 2008).

Fourier Transform Infrared
Spectroscopy

FTIR analysis of partially purified biosurfactant was employed
to determine the presence of different functional groups. FTIR
analysis was carried out in IRPrestige-21 (Shimadzu). The
background noise was cancelled out using KBr absorbance in
a dry atmosphere and further absorbance of the sample was
taken (Almansoory et al., 2019).

Results

A total of eight physiologically different isolates were
obtained from six different sites screened for the production
of biosurfactants (Table 2). Out of eight isolates, three showed
beta hemolysis, while others showed alpha hemolysis.
However, other than biosurfactants, hemolysis can occur due
to different reasons like the production of hemolysin. Hence,
other tests were also conducted to confirm biosurfactant
production. Phenol: Sulfuric acid test is a confirmatory
test for the production of biosurfactants. Production of
biosurfactant was confirmed by the orange colour which
was formed in every sample. However, the intensity of this
colour varied in samples, which might be due to variation
in concentration of biosurfactant. Micro-titer plate assay is
based on the fact that biosurfactant causes wetting of edges
which leads to distortion of the image. All 8 isolates showed
a distorted image of graph paper placed below the plate. If
a biosurfactant is present in the sample then it reduces the
surface tension between the water and oil layer and enables
the drop to spread more, thus it is called Drop collapse assay.
That is its diameter increases. Positive control of Triton X-100
(1 mg/ml) showed a diameter of 4 mm and negative control
which was distilled water showed a diameter of 1.0 mm.
Out of the eight isolates, two isolates showed a diameter
of 3.0 mm whereas CDO4A showed a diameter of 2.5 mm
and the rest showed diameters of 2.0 mm. The displacement
of oil due to the reduction in surface tension was scored
as shown in Table 2. Isolates CDO3A showed significant oil
displacement as compared to other isolates. The emulsification
of oil means combining it with water so that it can be taken
up by the cell. More is the emulsifying capacity, better the
uptake of oil by organisms. And thus emulsifying capacity
was measured using the method mentioned above. The
emulsification index of positive control, Triton X-100 (1 mg/ml)
was found to be 38.46%. Isolate CDO3A showed the highest
per cent of emulsification which was 44.75%. Isolate
CDO3A was followed by CDO1A and CDO5A showing an
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Table 2. Biosurfactant Screening Assays

Isolate Hemolysis assay Phenol: Sulphuric Acid test Microtitre plate assay Drop collapse test Oil displacement test Emulsification assay
CDO1A POS Distortion 3 mm ++ + 42.42 %
CD02A POS Distortion 2mm + + 39.39 %
CDO3A POS Distortion 3mm ++ + + 44.75 %
CD03B POS Distortion 2mm + + 41.17 %
CDO4A POS Distortion 2.5 mm + + + 41.93 %
CDO5A POS Distortion 2mm + 42.42 %
CDO6A POS Distortion 2mm + 41.93 %
CDO7A POS Distortion 2mm + 38.70 %
Negative control - - No Distortion 1 mm - 0.0 %
Positive control - POS Distortion 4 mm ++ 4+ + + 38.46 %

+: 0k, ++:good, +++: very good, + 4+ +: excellent, +++++: Impressive; POS: formation of orange red colour indicating presence of biosurfactant.

TTable 3. Results of the biochemical test

Test Gram Staining  Motility  Indole MR VP  Citrate  Nitrate Catalase ~ Oxidase  Urease  Lysine Phenylalanine
reduction decarboxylase ~ deaminase
Result Gram-negative ~ + - - + + - + + - - +

emulsification index of 42.42%. CD02A and CDO7A showed  Table 4. Results of Sugar Fermentation test

comparatively less emulsification percentage as compared Sugars Glucose  Fructose  Sucrose  Lactose  Xylose Mannitol
to other isolates, yet it was a bit higher than that obtained
from the positive control.

Results - - - +/- -

Isolate CDO3A was chosen as a potent organism as it showed
the best results among all isolates, and was further selected
for biochemical analysis followed by identification using the
16s rRNA gene sequencing method. By comparing the results

KY818671.1_Alcaligenes_faecalis

l\—- Alcaligenes_faecalis_CD03

of biochemical tests with Bergey's Manual of Systematic KC193057.1_Acligenes,_fascals
Bacteriology-Vol. 2. It was confirmed that the organism CDO3A WE278636.1_Alcaligenes_faecalis
belongs to the genus Alcaligenes. Results of biochemical tests i iTa8217.1 _mocais
are given in Tables 3 and 4. KF712271.1_Acaligenes_tascalls

The base pair length of the PCR product was around 1400 bp.
NCBI BLAST was used to compare the 165 rRNA sequence of Fig. 1.‘Phylogene£ic tree fqr Isolate CDO3A identified as Alcaligenes
CDO03A with a sequence database. Isolate CDO3A was identified faecalrs with 100% similarity

as A. faecalis strain TUTXS-06 with 100% similarity (Fig. 1).
The sequence was submitted in NCBI GenBank and accession
number OL587517 was allotted. T

The FTIR analysis was performed to find out functional groups
present in biosurfactants extracted from CDO3A. Biosurfactant - Yo |
obtained from CDO3A (Fig. 2) showed a broad peak within : T 'y

the range 3000-3500 cm', which indicates the presence of o L Wt AN |
the alcohol (-OH) group. The presence of two sharp peaks at S HTRN
2953 cm and 2926 cm indicated the presence of alkyl chains. -

A sharp peak at 1587 cm, indicates the presence of an N-H !

bend which may appear due to the presence of amine or amide. o e wkme mw e e e o)
Two sharp peaks between 1300 to 1390 cm™ may appear due
to the presence of a nitro group (-NOZ)- Fig. 2. The FTIR analysis of biosurfactant produced by CD0O3A

Tiem
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Discussion

The capability of biosurfactants to enhance the growth
of microbes by increasing the uptake of hydrophobic
substrates makes it a leading light in the field of hydrocarbon
bioremediation (Das and Chandran, 2010). The biodegradable,
least toxic and eco-friendly nature of biosurfactants gives
them an upper edge over chemical biosurfactants (Banat
et al., 2000). The main aim of this research was to isolate
hydrocarbonoclastic microorganisms that could degrade
ship oil and thus can be used for bioremediation of oil
spills. Powthong and Suntornthiticharoen (2018) isolated
biosurfactant-producing bacteria from an agricultural area
in Thailand. Three different isolates FWS41 (2), RSS7 (1) and
VSNYS5 (9) were identified as A. faecalis sub sp. faecalis.
They showed different values for the emulsification index
with diesel oil, 22.2+5.6%, 6.3+3.6% and 1.9%£3.2%
respectively. They also showed promising antimicrobial
results against plant pathogens. Adeleye et al. (2020), used
the co-culture of Pseudomonas aeruginosa and A. faecalis to
check how the rate of bioremediation is affected in presence
of a co-culture system and biostimulants. Uba et al. (2018),
checked the bioremediation activity of A. faecalis isolated
from the contaminated marine environment of the Niger
Delta. A notable correlation was found between biofilm
formation and emulsification activity. Biofilm of A. faecalis
gave an emulsification value of 89.5% in a mixture of xylene,
anthracene and pyrene aromatic hydrocarbons. Adebajo
et al. (2019), isolated A. faecalis from the rhizosphere of
sawdust biochar amended soil and studied the effect of
different extraction mediums on the yield obtained. A. faecalis
showed a 65.9% of emulsification index after 24 hours of
incubation in media containing crude oil. The chloroform/
methanol (2/1) system yielded a maximum amount of dried
biosurfactant followed by acetone, acid preparation and
dichloromethane. Lalevic et al. (2015), also demonstrated
the capability of A. faecalis isolated from oil-polluted
groundwater to degrade crude oil. Results obtained from
FTIR analysis somewhat resembled the results procured by
Bharali et al. (2011), who found alcohol, alkyl, and carbonyl
group in the biosurfactant. Vibrations for the alkyl chain,
-OH group and carbonyl group were also obtained by Tsipa
etal. (2021). Datta et al. (2018), characterized biosurfactants
by FTIR and found a peak representing the Nitro group.

There have been several works done in the field of oil
bioremediation using A. faecalis. Yet a lot of work is to be done
in terms of practical on-field application. Here we presented
how we can isolate biosurfactant-producing bacteria from
different sampling stations and also how to screen them.
Identification of the organism was carried out and its gene
sequence was submitted to NCBI GenBank followed by FTIR

analysis to characterize the functional groups present in
the molecule. The prospect of this research is to carry out
a detailed investigation of biosurfactant molecules and to
find out techniques by which it can be applied on-site for
the bioremediation of oil spilt.

References

Abbasi, H., M. M. Hamedi, T. B. Lotfabad, H. S. Zahiri, H. Sharafi, F. Masoomi and
K. A. Noghabi. 2012. Biosurfactant-producing bacterium, Pseudomonas
aeruginosa MAO1 isolated from spoiled apples: physicochemical and
structural characteristics of isolated biosurfactant. J. Biosci. Bioeng., 113(2):
211-219.

Adebajo, S. 0., A. K. Akintokun, A. E. Ojo, D. M. Egbagbe, P. O. Akintokun and L. O.
Adebajo. 2019. Biosurfactant Production by Rhizospheric Bacteria Isolated from
Biochar Amended Soil Using Different Extraction Solvents. Appl. Environ. Res.,
41(3): 72-82.

Adeleye, 0., M. B. Yerima, M. E. Nkerenwem, V. O. Onokebhagbe, P. G. Shiaka, F. K.
Amoo and A. Aliyu. 2020. Enhanced Degradation of Hydrocarbons in Spent
Engine Oil Contaminated Soil by Pseudomonas aeruginosa and Alcaligenes
faecalis. FUW Trends Sci. Technol. J., 5(2): 437-444.

Almansoory, F, H. A. Hasan, S. R. S. Abdullah, M. Idris, N. Anuar and W. M.
Al-Adiwish. 2019. Biosurfactant produced by the hydrocarbon-degrading
bacteria: Characterization, activity and applications in removing TPH from
contaminated soil. Environ. Technol. Innov., 14: 100347.

Aziz, R.N. N. M., S. M. Balasaheb, P. P. Dixit and A. M. Deshmukh. 2014. Screening
of biosurfactant producing microorganisms from oil contaminated soils of
Osmanabad region, Maharashtra, India. /nt. Sci. J., 1(1): 35-39.

Banat, M., R. S. Makkar and S. S. Cameotra. 2000. Potential commercial applications
of microbial surfactants. Appl. Microbiol. Biotechnol., 53(5): 495-508.

Bharali, P, S. Das, B. K. Konwar and A. J. Thakur. 2011. Crude biosurfactant from
thermophilic Alcaligenes faecalis: Feasibility in petro-spill bioremediation. Int.
Biodeterior. Biodegr, 65(5): 682-690.

Charan, N. and S. Patel. 2017. Isolation of Biosurfactant Producing Organisms from the
Petroleum Contaminated Soil in Gujarat. Int. J. Pure App. Biosci, 5(5): 893-910.

Das, N. and P. Chandran. 2010. Biosurfactant production and diesel oil degradation by
yeast species Trichosporon asahii isolated from petroleum hydrocarbon
contaminated soil. /nt. J. Eng. Sci. Technol., 2(12): 6942—6953.

Das, P, S. Mukherjee and R. Sen. 2008. Antimicrobial potential of a lipopeptide
biosurfactant derived from a marine Bacillus circulans. J. Appl. Microbiol., 104(6):
1675-1684.

Datta, P, P Tiwari and L. M. Pandey. 2018. Isolation and characterization of
biosurfactant producing and oil degrading Bacillus subtilis MG495086 from
formation water of Assam oil reservoir and its suitability for enhanced oil recovery.
Bioresour. Technol., 270: 439-448.

Dereeper, A., V. Guignon, G. Blanc, S. Audic, S. Buffet, F Chevenet and O. Gascuel.
2008. Phylogeny. fr: robust phylogenetic analysis for the non-specialist. Nucleic
Acids Res., 36(suppl_2), W465-W469.

Edgar. R. C. 2004. MUSCLE: multiple sequence alignment with high accuracy and high
throughput. Nucleic Acids Res., 32(5): 1792-1797.

Edwards, U., T. Rogall, H. Blocker, M. Emde and E. C. Béttger. 1989. Isolation and
direct complete nucleotide determination of entire genes. Characterization of a
gene coding for 16S ribosomal RNA. Nucleic Acids Res., 17(19): 7843-7853.

Ezebuiro, V., I. ). Otaraku, B. Oruwari and G. C. Okpokwasili. 2019. Effects of Nitrogen
and Carbon Sources on Biosurfactant Production by Hydrocarbon-utilizing
Stenotrophomonas sp. Microbiology Research Journal International, p. 1-10.

Import/Export: Petroleum Planning and Analysis cell Ministry of Petroleum & Natural
Gas, Government of India https://www.ppac.gov.in/content/212_1_ImportExport.
aspx accessed on 215 November 2021.

ITOPE. (n.d.). Retrieved March 14, 2022, from https://www.itopf.org/knowledge-
resources/data-statistics/statistics/

Joshi, P A. and D. B. Shekhawat. 2014. Screening and isolation of biosurfactant
producing bacteria from petroleum contaminated soil. Euro. J. Exp. Biol., 4(4):
164-169.

Lalevic, B., V. Raicevic, . Atanaskovic, J. Jovic, P. Gkorezis, A. Talaiekhozani and H. A.
Alikhani. 2015. Microbial Degradation of Crude Oil by Bacteria Isolated from Qil-
Polluted Groundwater. The 5th Conference on Application of Chemistry in Novel
Technology December 17, 2015 — Isfahan, Iran. p. 1-6.

Langangen, @., E. Olsen, L. C. Stige, J. Ohlberger, N. A. Yaragina, F. B. Vikebg, B.
Bogstad, N. C. Stenseth and D. @. Hjermann. 2017. The effects of oil spills on
marine fish: Implications of spatial variation in natural mortality. Mar. Pollut. Bull.,
119(1): 102-109.

98

Journal of the Marine Biological Association of India Vol. 64, No.2, Jul-Dec 2022



Ndibe, T 0., W. C. Eugene and J. J. Usman. 2018. Screening of biosurfactant-
producing Bacteria isolated from river Rido, Kaduna, Nigeria. J. Appl. Sci. Environ.
Manag., 22(11): 1855-1861.

Pacwa-Plociniczak, M., G. A. Plaza, Z. Piotrowska-Seget and S. S. Cameotra. 2011.
Environmental applications of biosurfactants: recent advances. Int. J. Mol. Sci.,
12(1): 633-654.

Powthong, P. and P. Suntomnthiticharoen. 2018. Isolation and characterization of
biosurfactant-producing bacteria isolated from agriculture area in Thailand. Bulg.
J. Agric. Sci., 24(4): 623-630.

Petroleum Planning and Analysis cell. 2021. Ministry of Petroleum & Natural Gas,
Government of India https://www.ppac.gov.in/content/ 146 1 Production
Petroleum.aspx accessed on 21 November 2021.

Rajesh Ali, S., B. Ray Chowdhury, P. Mondal and S. Rajak. 2013. Screening and
Characterization of Biosurfactants Producing Microorganism form Natural
Environment (Whey Spilled Soil). J. Nat. Sci. Res., 3(13): 53-58.

Saravanan, V. and S. Vijayakumar. 2012. Isolation and screening of biosurfactant producing
microorganisms from oil contaminated soil. J. Acad. Indus. Res., 1(5): 264-268.
Singh, V., S. Haque, H. Singh, J. Verma, K. Vibha, R. Singh and C. K. M. Tripathi. 2016.
Isolation, screening, and identification of novel isolates of actinomycetes from

India for antimicrobial applications. Front. Microbial., 7:1921.

Soltanighias, T, A. E. Singh, S. K. Satpute, A. G. Banpurkar, A. Koolivand and P. Rahi. 2019.
Assessment of biosurfactant-producing bacteria from oil contaminated soils and their
hydrocarbon degradation potential. £nvironmental Sustainability, 2(3): 285-296.

Biosurfactants producing microorganisms

Talavera, G. and J. Castresana. 2007. Improvement of phylogenies after removing
divergent and ambiguously aligned blocks from protein sequence alignments.
Syst. Biol., 56(4): 564-577.

Thavasi, R., S. Sharma and S. Jayalakshmi. 2011. Evaluation of screening methods for
the isolation of biosurfactant producing marine bacteria. J. Pet. Environ.
Biotechnol., $1(0-2):1-6.

Tsipa, A., K. Stylianou, M. Papalli, E. Papageorgiou, L. Kyriakou, I. Rigopoulos, I.
loannou and E. Pinakoulaki. 2021. Iron-stimulated production and antimicrobial
potential of a novel biosurfactant produced by a drilling waste-degrading
pseudomonas citronellolis strain. Processes, 9 (686): 1-19.

Uba, 0., E. I. Chukwura, E. L. Okoye, A. A. Umebosi, U. F. Agbapulonwu, O. C.
Muogbo, C. L. Okoye, L. O. Oranta, A. M. Odunukwe, C. P. Ndurue and O. S.
Ehirim. 2018. Biofilm and Biosurfactant Mediated Aromatic Hydrocarbons
Degradation by Marine Bacteria Isolated from Contaminated Marine Environments
of Niger Delta. J. Appl. Life Sci. Int., p. 1-17.

Uzoigwe, C., J. G. Burgess, C. J. Ennis and P K. Rahman. 2015. Bioemulsifiers are not
biosurfactants and require different screening approaches. front. Microbiol., 6: 245.

Veerlan, P A., V. F Kanayev and J. R. Morgan. 2021. December 13. Indian Ocean |
History, Map, Depth, Islands, & Facts |Britannica. https://www.britannica.com/
place/Indian-Ocean

Walter, V., C. Syldatk and R. Hausmann. 2010. Screening concepts for the isolation of
biosurfactant producing microorganisms. Biosurfactants, p. 1-13.

© Marine Biological Association of India

99



