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Abstract

The present study was aimed to screen and characterize the potential Biosurfactant producing
microbes from petrochemical waste samples. The Biosurfactant was isolated from the organism
Pseudomonas aeruginosa and it was identified as Glycolipid by different spectral studies viz., Thin Layer
Chromatography (TLC), Gas Chromatography - Mass Spectrometry (GC-MS) and DNA Sequencing.
Among all the 5 different strains, K, strain was identified as well emulsifying organism, which was produced
Glycolipid as a Biosurfactant. Pseudomonas aeruginosa may play an important role in the natural
degradation of hydrocarbon contaminants in the environment and have potential use in accelerated

bioremediation processes.

Article History
Received : 08.02.2016

Revised : 15.02.2016
Accepted : 19.02.2016

Key words: Biosurfactants, Pseudomonas
aeruginosa, Glycolipid and Bioremediation.

1. Introduction

Biosurfactants  are amphiphilic
compounds, mostly microbial cell surfaces or
excreted extra cellularly and contain hydrophobic
and hydrophilic moieties that reduce surface
tension and interfacial tension between individual
molecules at the surface and interface
respectively. Biosurfactants are produced by
different microorganisms such as bacteria, fungi
and yeast. Biosurfactants have gained importance
in the fields of enhanced oil recovery,
environment bioremediation, food processing and
pharmaceuticals. Surfactants are molecules that
concentrate at interfaces and decrease surface and
interfacial tensions (Rosenberg et al., 1999). The
amphiphiles that form micelles can be potentially
used for surface chemical works are termed as
SURFace ACTive AgeNTS or Surfactants. The
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surfactants find applications in an extremely wide
variety of industrial processes involving
adhesives, emulsification, foaming, flocculating,
wetting and forming agents, detergency,
dispersing or solubilisation, lubricants and
penetrants (Mulligan and Gibbs, 1993).

The total surfactant production has
exceeded 2.5 million tons in 2002 (Deleu and
Paquot, 2004) for many purposes such as
polymers, lubricants and solvents. The
hydrophobic part of the molecule is a long chain
of fatty acids, hydroxyl fatty acids or a-alkyl-p-
hydroxy fatty acids. The water soluble end
(hydrophilic end) can be a carbohydrate, amino
acid, cyclic peptide, phosphate, carboxylic acid or
alcohol. Because of their amphiphilic nature,
surfactants tend to accumulate at interfaces (air-
water and oil-water) and surfaces. As a result,
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surfactants reduce the forces of repulsion between
unlike phases at interfaces or surfaces and allow
the two phases to mix more easily (Bodour and
Miller-Maier, 2002). Due to the presence of
surfactant, less work is required to bring a
molecule to the surface and the surface tension is
reduced. The ability to reduce surface tension is a
major characteristic of surfactant. From the total
surfactants output, about 54 % of them was
consumed as household or laundry detergents,
with only 32 % destined for industrial use
(Cameotra and Makkar, 1998). Physicochemical
behavior, charge-type, solubility and adsorption
behavior are some of the most important selection
criteria  for surfactants (Mulligan, 2004).
Biosurfactant is a structurally diverse group of
surface-active molecule  synthesized by
microorganisms. Their capability of reducing
surface and interfacial tension with low toxicity
and high specificity and biodegradability, lead to
an increasing interest on these microbial products
as alternatives to chemical surfactants (Banat et
al., 2000).

At present, biosurfactants plays an
important  application in  petroleum-related
industries which is use in enhanced oil recovery,
cleaning oil spills, oil-contaminated tanker
cleanup, viscosity control, oil emulsification and
removal of crude oil from sludges (Bertrand et al.,
1994; Daziel et al., 1996). It has been focused here
that improving the method of biosurfactant
production and characterizing the major properties
of the biosurfactant are highly important in the
commercial application of biosurfactant.

2. Materials and Methods

Collection of sample

Soil samples were collected from the
petroleum storage tank at reliance petrol bulk in
Ashok nagar, Chennai. Samples were stored in
mesophilic temperature (25 °C — 40 °C). Five
grams of soil samples were weighed and
inoculated in 50 ml of R,B medium and were
incubated at 25 °C on a shaker at 200 rpm for 72

hours. After incubation, 1 ml of broth was
transferred into sterile petriplate, over that 20 ml
of R,A medium poured. This plate was incubated
at 25 °C for 48 hours. Plate was examined and
preliminary identification of isolates made on the
basis of colony morphologies.

Crude ail

The crude oil samples used in this study
the sample was autoclaved (121 °C, 15 Ibs for 15
minutes) separately in bottles before being added
aseptically to the growth medium.

Growth and Maintenance of Bacterial Isolates
Inoculum Preparation

Pure colony of each bacterial isolates was
transferred aseptically from agar plate into R,B
liquid medium using a sterile wire loop. The
inoculated medium was then incubated at either 37
°C or 45 °C at 200 rpm in orbital shaker until the
culture reached an Optical density (O.D - 600) of
between 0.5 - 0.8, prior to use as inoculums.

Screening of Biosurfactant Producing Bacteria
Blood Hemolysis Test

Fresh cultures from five bacterial isolates
were prepared by streaking on Nutrient Agar and
incubate at 37 °C for 24 hours. The fresh single
colony of cultures was then restreaked on Blood
agar and incubated at 37 °C for 48 - 72 hours. The
bacterial colonies were then observed for the
presence of clear zone of hemolysis around the
colonies on Blood agar. Hemolytic organisms
were sub cultured and used for further studies.
Results were recorded based on the type of clear
zone observed i.e. a-hemolysis when the colony
was surrounded by greenish zone, B-hemolysis
when the colony was surrounded by a clear white
zone and y-hemolysis when there was no change
in the medium surrounding the colony (Saravanan
etal., 2012).

Experiment for biosurfactant production

In this experiment of biosurfactant
production, screened bacterial broths are
inoculated into the mineral salt medium. One ml
of broth cultures were inoculated into the 50 ml
mineral salt medium containing 1 ml of crude oil
as carbon and energy source in 250 ml Erlenmeyer
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flasks. These flasks were incubated for 7 - 9 days
at 25 -30 °C in shaker at 200 rpm. In this
experiment, a control flask used for identify the
level of crude oil degradation. This control flask
was having miner salt medium, crude oil and
without inoculum. The effective isolate was
identified by DNA sequencing (Chandankere et
al., 2013).

Extraction of biosurfactant

After 7 days incubation, bacterial cells
were removed from surfactant containing medium
by centrifugation at 10,000 rpm for 15 minutes.
Bacterial cells were settled down, supernatant
collected from the centrifuge tube. Supernatant
was adjusted to pH of 2.0 by adding 6N HCI for
the precipitation of the biosurfactant and kept at 4
°C overnight. The biosurfactant was extracted with
mixture of chloroform: methanol (2:1 ratio)
solvent systems added to the supernatant
containing tube. The tubes are fitted in rotary
evaporator, sediment crude biosurfactant occur in
the tube (Tabatabaee et al., 2005).

Analytical Methods

Thin Layer Chromatography (TLC)

Preliminary  characterization of the
biosurfactant was done by Thin Layer
Chromatography method. A portion of the crude
biosurfactant was separated on a silica gel plate
using CHCI3:CH30H:H,O (70:10:0.5, v/vivl) as
developing solvent system with different colour
developing reagent. Such colour developing
reagents are

1) Ninhydrin reagent (0.5 g of ninhydrin in
100 ml of anhydrous acetone) was used to
detect lipopeptide biosurfactant as red
spots.

2) Anthrone reagent (1 g of anthrone in 5 ml
of sulfuric acid mixed with 95 ml of
ethanol) to detect glycolipid biosurfactant
as yellow spot.

Gas Chromatography-Mass
(GC-MS)

Biosurfactant  extracted from  well
emulsified flask was rediluted with chloroform

Spectrometry

and the sample was analyzed by GC-MS with the
help of Sophisticated Analytical Instrument
Facility, Indian Institute of Technology, Madras.
The GC-MS reports were recorded.

DNA Extraction

Bacterial cultures were grown in Luria
Bertani Medium at 28 °C for 12 — 13 hrs. Then,
0.5 ml aliquots of cultures were centrifuged at
1000 rpm for 20 min, followed by washing the
pellets with sterile double-distilled water. The
pellets were each suspended in 0.8 ml of sterile
double-distilled water and boiling water for 10
min to obtain the denatured bacterial DNA. After
centrifugation at 3500 rpm for 10 min, 15 pl of the
supernatant was used as template.

PCR Amplification

The 16S rDNA fragments were amplified
with primers which are specific for universally
conserved bacterial 16S rDNA (lwamoto et al.,
2000). Each PCR mixture (total volume, 25 pl)
consisted of 2.5 pl of 10 x PCR buffer, 0.7 pl of
MgCl, (25 mM), 0.5 pl of dNTPs (10 mM for
each), 0.085 pl of each primer (74 AM), 0.2 ul of
Taq polymerase (5 U/ul), 15 pl of the above
template and the adequate amount of sterile
double-distilled water added to reach the desired
volume. A hot start PCR was performed at 95 °C
for 10 min, and touchdown PCR was performed as
follows: the denaturing temperature of each cycle
was carried out at 94 °C for 1 min. The annealing
temperature was initially set at 68 °C and was then
decreased by 0.5 °C every cycle until it reached 58
°C. Twenty additional cycles were carried out at
58 °C. Primer annealing was performed using the
scheme described above for 1 min and primer
extension was carried out at 72 °C for 3 min. The
final extension step was at 72 °C for 10 min.

Sequencing

PCR products were subjected to
electrophoresis on 2 % agarose gel in TBE buffer.
Amplicons were purified using QIA quick PCR
purification kit (QIAGEN) and subjected to cycle
sequencing using ABIPRISM Big Dye Terminator
V3.1 cycle sequencing kit. Post cycle sequencing
purification was done using dye ex 2.0 spin Kit
(Qiagen) and eluted DNA was dried in a vacuum
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centrifuge, resuspended in 20 ul of hi-
diformamide (ABI) and denatured at 94 °C for 2
mins and quenched on ice. Sequencing was
performed on ABI PRISM 310 sequence
alignment and the sequences were compared for
their homology by CLUSTAL W.

3. Results and Discussion

The study was initiated with basic
identification based on cellular and colony
morphologies, followed biochemical
characteristics of these bacteria. This study was
also sought to the preliminary characterization of
the crude biosurfactant produced by means of their
physicochemical  properties.  Characterization
studies included Emulsification activity, Thin
layer  chromatography (TLC) and  Gas
Chromatography - Mass Spectrometry (GC-MS)
analysis.

Analytical Method

Thin Layer Chromatography

Biosurfactant was isolated by acid precipitation
method at pH 2 was identified by TLC method.
From the three different strains (K1, K3 and Ky,), a
drop of samples were placed on the TLC plates.
The glycolipid compound was detected as yellow
spot on the TLC plate after spraying with
Anthrone reagent (Figure - 1). The K, strain was
produced yellow colour spot in the TLC plate.
This indicates the production of biosurfactants.
Remaining two strains were not produced any
colour spots. The results were presented in the
Table - 1. Blood agar lysis was used in this study
since it is widely used to screen for biosurfactant
production and in some cases, it was used as
primary method for screening  purpose
(Yonebayashi et al., 2000; Youssef et al., 2004).
Mulligan et al. (1984) had recommended this
method as a preliminary screening method. In
addition, the hemolytic assay was a simple, fast
and low - cost method for the screening of
biosurfactant producers on solid medium. The
results of the blood hemolysis for the bacterial
isolates were presented in Table - 2.

Figure - 1: Thin Layer Chromatography - K4
strain Produced yellow colour spot

Table - 1: Thin Layer Chromatography

Strains Reaction
K1 No spot
Kz No spot

K4 Yellow colour spot was
appeared (Glycolipid)

Table 2: Results for Blood Hemolysis Test

Strains Response
Ky a —hemolysis
Ks B —hemolysis
K4 B —hemolysis

Gas Chromatography-Mass
(GC-MS)

According to the GC-MS report, 5
components were present in our crude
biosurfactant sample. It was confirmed by 5 peaks
were found in the GC-MS report. More study
requires for the identification of specific molecular
weight of 5 particular components present in the
crude biosurfactant.

Spectrometry

DNA Sequencing

The K, strain was identified as well
emulsifying organism, which was produced
glycolipid as a biosurfactant. This organism was
subjected to DNA Sequencing for organism
identification 16S rRNA sequencing isolates
showed comparative sequences of analysis suggest
that isolates belong to the Pseudomonas group, so
K4 isolate was identified as Pseudomonas
aeruginosa according to the sequencing report.

©2015 Published by JPS Scientific Publications Ltd. All rights reserved



M. Kandavelu /Life Science Archives (LSA), Volume - 2, Issue - 2, Page - 470 to 478, 2016

474

Indian Institute of Technology, Chennai

File: 5

Sample:

Instrument: JEOL GCmate
Inlet: My Inlet

1.04
50000000
45000000~
40000000
35000000
30000000
1.72

25000000
20000000
15000000
10000000

5000000 {

TIC
Scan

Min.1.0

100

1.5 20

File: 5

Sample:

Instrument: JEOL GCmate
Inlet: My Inlet

Sean: 10
TIC: 51146592

W 806710

200

Page 1

Tonization mode: El+

51146592
700
45

600
4.0

400
3.0

500
35

300
25

Indian Institute of Technology, Chennai
Page 1

lonization mode: EI+

RT.: 1.04
#lons: 2649

184550

1264950

bl ||| (bbb

1 1 130 1) 16 17 180 w_|

©2015 Published by JPS Scientific Publications Ltd

. All rights reserved



M. Kandavelu /Life Science Archives (LSA), Volume - 2, Issue - 2, Page - 470 to 478, 2016 475

AB I[ed OciSeq_2_165F_019.ab1 KB 140 KBbep
Blosystems 2_18SF KB_3730_POR7_BDTv3 mob
Signal: G:61 AB2 T80 C:62 AvgSig: 61 C#:19 W.G2 Plate Name:06102010_R T5:39 CRLIS54 QV20+673

bdes e Sa el o e P R e T R R R PN TR AR R TN
TC CCA GGG CC GAGGICG (G AC GGCT GATGCCT#TAGCCT‘GGGAAT CT GCCT GGTAGT GGGGGAT AACGTCCGGAAACG

5 10 15 20 25 30 35 40 45 50 85 80 65 T 75

1000
150 200 2 3 4 L 20 i £ 650
AR oD RRR RN RRRR RN R RN D DR DRRNR RN N AN R m RO RRRR RN ARRRRRRRRRNRRRR RN
GGC GCT AAT ACC GCAT AC GT CCT GAGGGAGAAAGT GGEGGAT CT TCGGACCTCACGCTAT CAGAT GAGCETAGGTCGGATTA
85 % 5 100 105 1o 15 120 125 130 135 40 145 150 155 160

g
Lewaslonns

1050 1100 1 1200 1250 1300 1350 1400 W0 1500 1550 1600 1650 1700 1750 1800 1350 1600 1850

TIRRRE R R R R NN RN RN RN RN RN N a0 SR RN RN R RN RN RN PR R a R R pen RN AnnNg
TAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGAT CCOTAACTGGTCTGAGAGGAT GATCAGTCACACTGGAACT GAGACACE

165 170 175 180 185 130 195 200 205 210 216 220 226 230 2365 240 245

2050 2100 210 200 2250 200 235 240 4% 2500 =0 2600 2050 2700 2750 2800 2850 2600 20%0
IRERR ARRRRRRRE RN RRARENRnnElE BRER R RN R n i n e ae R n RN RNn i N adn i Nnniint
GTGCAGACTCCTACGGGAGGCAGCAGTGGGGAATATT GGACAATGGGCGAAAGCCTGATCCAGCCATGCCGCGTGTGT GAAGAAGE

260 256 260 2665 270 276 280 285 260 208 300 308 310 316 320 326 330

050 3100 310 3200 350 2300 ja=0 o 3450 3500 3550 3600 3650 3700 3780 3800 3850 3500 3050

AB ||ed OciSeq_2_16SF_019.ab1 KB 140 KBbep
B'OSVStemS 2_16SF KB_3730_POP7_BDTv3mob
Signal: G:61 A:82 T:50 C:62 AvgSig: 61 C#:19 W.G3 Plate Name.06102010_R TS:38 CRLI8S4 QV204873

BRRRR R Rn RN AR RN ARRR IRt nninninslimninniin
GGGAGGAAGGGCAGTAAGTTAATACCTTGCTGTTTT GACGTTACCAACAGAATAAGCAC

365 370 s 380 385 390 395 400 405 410 415

(aRR RN AR RARRRRRRRRRRRRRRIRN
|TCTTCGGAYTGTAAAGCACTYTAAGTT

335 340 345 350 355 3860

as0 4100 4150 4200 4250 4300 430 4400 4450 4500 4550 4600 4650 4700 arso 4800 4350 4800 Q30

sinnnnennnanninnoinabinnnonnnnifoobnoiiniinoaininnnnnnufonionndiidonunonnioioinbonnnt
CGGCTAACT'H:GTGCCAGCAGCCGCGGTA&TAC GAAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGEGCGTAGGTE

425 430 435 440 445 450 455 480 465 470 475 430 435 490 495 500

g
Jearalosns

5050 5100 5150 5200 5250 300 5350 400 5450 5500 5550 5600 5650 5700 5750 5800 5350 5800 5850
s RN R RN R RN R B BN RN NN RN R RN NN AN N RN RNt BBl B iR R an BR NN RN Basld
GTTCAGCAAGT TGGATGT GAAATCCCCGGGCTCAACCT GGGAACTBCATCCAAAACTACTGAGCTAGAGTACGGT AGAGGGTC
505 510 515 620 525 630 635 540 545 660 556 560 566 670 575 580 535

g
Liaaalisny

050 o100 0150 6200 0250 200 6250 400 0450 600 050 6000 2050 0700 6750 0800 0350 2900 0970
ssBalasnnnnn il nuennunantnt 0o nnnnnn ol tntonnuant BN N daudNuunnal N0 oaulbalnn
GTGGAATTTCCTGTGT AGCGGTGAAATGCGTAGATAT AGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACT GATAC

590 595 600 605 810 815 820 825 620 835 640 645 850 655 €60 665

©2015 Published by JPS Scientific Publications Ltd. All rights reserved



M. Kandavelu /Life Science Archives (LSA), Volume - 2, Issue - 2, Page - 470 to 478, 2016 476

A Apphed OciSeq_2_16SF_019.ab1 KB 140 KBbep
B

Blosystems 2_165F KB_3730_POP7_BOTV3mob
Signal: G:61 A2 T50 C:62 AvgSig: 61 C#19 W.G3 Plate Name:06102010_R T5:39 CRLIBS4 OV204873
Bl anallna 0 et B B0 R o BRRN Rt wnnnanun BB almulaahonnn 0 o0 wunallilnws
TG ACKCTEAGETGCOARAGCETEGGGAGCARACAEOATTAGATACE CTGGTAGTCCACGCCGTAAACGATGTCGAC
670 €75 630 685 6490 695 700 705 e 7s 720 725 0 735 740

6750 00 &350 3600 3550

] ~-Fn sbma »
c CCTGGGGGAGTACGGCCGC

800 805 810 815

050 8100 150

T.utnenlng
AGCCGTITGGGAT

745 750 755

2050 2100 0% 200 @250 @ 8350 a0 & asmn ®50 650 70 a0 2600 850 800 9950
TN A N e IR R L IR N N T O I B -w. cen_ a0 . s R aull.
AA GGTT AAAACT C AAATGAATTGAC GGGGBGGCCCGCACA AGC GG AGCATG TGGTTTT AAT T CGAAG

820 825 830 835 840 845 850 855 860 865 870 B76 885

4.
=
o5

g

10050 10100 10150 10200 10290 10300 10850 10400 NV;G 10500 10550 10600 10650 10700 107450 10600 10650 10900 10950

= tnm ol -1 T [ ] 1 . b
AR CGCGAAGAACCTTTA CCTGG CC7TGACATGCTG4GAA CTTTT CCAG AG)\TG@AT GGGTGCCC
890 895 900 05 910 916 020 925 930 35 940 a6 960

1080 11100 11150 11200 11250 11300 11350 11400 11450 11500 19550 11600 11850 1700 11750 11800 11650 11900 11950

AB ||ed 0OciSeq_2_16SF_019,eb1 KB 140 KBhep
Blosystems 2_16SF KB_3730_POP7_BDTV3 mob
Signal: G:61 A'S2 T80 C:62 AvgSig: 81 C#:19 W.G3 Plate Name:06102010_R TS:39 CRL:854 OV20+873
e « wnm: M. s u | (WS | (e S e O S e — N
T T E GGG AAR CT CAGAAG A CA 86 T& € TG CAATGRE CCTG T oG TECAS € T CB T& T & & 76 0AG AR

955 960 968 970 975 980 985 990 995 1000 1008 1010

12100 12150 2 0 2350 1400 12850

- s s B W . - m -a A - - omo. P o - www = wullw - w.

TGGTT GGG T AA G TCCcCc 6 TAA CGGA GCG C AT CC T TGG T ccc T AGG TTAA
1020 1025 1030 1035 1040 1045 1050 1055 1060

13050 131000 13150 13200 13250 13300 13350 13400 13450 13500 13550 13600 13580 13700 13750 13800 13850
- - S i - 1 .. - = - - vy 15 e S 2
cC A G CAA €6 T C 6 6 6T6 T G 07 ¥ O T AA GG A G A C TG < <}

14000 14100 14150 14200 14290 14300 W 14400 14250 W50 14550 Wean 14600 14700 uRn 14800 19850 14900 14950

G oA A 86T T Tc

<
[}
>
ar
B
»
»
ol
s}
o
@
»
>

15060 15100 15150 15200 15250 15300 15350 15400 15450 15500 15550 15600 15650 15700 15750 15300 15680

©2015 Published by JPS Scientific Publications Ltd. All rights reserved



M. Kandavelu /Life Science Archives (LSA), Volume - 2, Issue - 2, Page - 470 to 478, 2016 477

Based on the results obtained from the
Blood hemolysis test screening method used in
this study, to select for the most potential bacteria
capable of producing biosurfactant. A qualitative
assay to determine biosurfactant producer was also
developed based on their ability to cause
hemolysis of red blood cells. Screening of
biosurfactant producers via this method was
previously outlined (section 3) that only those
isolates which showed p-hemolysis were
considered to be the potential biosurfactant
producing microbes (Bernheimer and Avigad,
1970; Carrillo et al., 1996). The estimation of this
test was based on the fact that surfactants interact
strongly with cellular membranes and proteins.
Exotoxins called hemolysins cause lysis of the red
blood cells.

4. Conclusion

The isolated strain K4 was produced
glycolipid. It was conformed through Thin Layer
Chromatography method. The Pseudomonas
aeruginosa only produce rhamnolipid such a kind
of glycolipid. So that glycolipid was conformed as
rhamnolipid. The rhamnolipid have higher
biosurfactant activity than surfactin produced by
Bacillus subtilis. Some properties of rhamnolipid
commonly used several applications. It has high
solubility and bioavailability. As rhamnolipid, an
effective biosurfactant, has been reported to
stimulate the biodegradation of hydrocarbon.
Rhamnolipid also act as heavy metal removers.
Pseudomonas aeruginosa may play an important
role in the natural degradation of hydrocarbon
contaminants in the environment and have
potential use in accelerated bioremediation
processes.

5. Reference

1) Banat, I. M., Makkar, R. S. and Cameotra, S.
S. 2000. Potential Commercial Applications

of Microbial Surfactants. Applied
Microbiology and Biotechnology, 53: 495 -
508.

2) Bernheimer, A. W. and Avigad, L. S. 1970.
Nature and Properties of Microbiology.
Cytolytic Agent Produced by Bacillus
subtilis. Journal of General, 61: 361 - 369.

3)

4)

5)

6)

7)

8)

9)

Bertrand, J. C., Bonin, P., Goutex, M. and
Mille, G. 1994. The Potential Application of
Biosurfactant in Combating Hydrocarbon
Pollution in Marine Environments. Research
Microbiology, 145: 53 - 56.

Bodour, A. A. and Miller-Maier, R. M.
2002. Biosurfactants: Types, Screening
Methods and Applications. Encyclopedia of
Environmental Microbiology. Wiley, New
York, 750 - 770.

Cameotra, S. S. and Makkar, R. S. 1998.
Synthesis of Biosurfactants in Extreme
Conditions. Applied Microbiology
Biotechnology, 50: 520 - 529.

Carrillo, P. G., Mardaraz, C., Pitta-Alvarez,
S. J. and Giulietti, A. M. 1996. Isolation and
Selection of Biosurfactant producing
bacteria. World Journal of Microbiology and
Biotechnology, 12: 82 - 84.

Chandankere, R., Jun, Y., Choi, M.M.F.,
Masakorala, K. and Chan, Y. 2013. An
efficient biosurfactant - producing and crude

- oil emulsifying bacterium Bacillus
methylotrophicus USTBa isolated from
petroleum reservoir. Biochemical

Engineering Journal, 74: 46 - 53.

Daziel, E., Paquette, G., Vellemur, R,
Lepins, F. and Bisaillnon, J. 1996.
Biosurfactant  Production by a soil
Pseudomonas strain growing on PAH’s.
Applied and Environmental Microbiology,
62: 1908 - 1912,

Deleu, M. and Paquot, M. 2004. From
Renewable  Vegetables Resources to
Microorganisms: New Trends in Surfactants.
CR Chimie, 7: 641 - 646.

10) Iwamoto, T., Tani, K., Nakamura, K,

Suzuki, Y., Kitagawa, M., Eguchi, M. and
Nasu, M. 2000. Monitoring impact of in situ
biostimulation treatment on groundwater
bacterial community by DGGE. FEMS
Microbiology and Ecology, 32: 129 — 141.

11) Mulligan, C. N., Cooper, D. G. and Neufeld,

R. J. 1984. Selection of Microbes Producing
Biosurfactants in Media without
Hydrocarbons. Journal Fermentation
Technology, 62 (4): 311 - 314.

12) Mulligan, C. N. and Gibbs, B. F. 1993.

Factors Influencing the Economics of

©2015 Published by JPS Scientific Publications Ltd. All rights reserved



M. Kandavelu /Life Science Archives (LSA), Volume - 2, Issue - 2, Page - 470 to 478, 2016 478

Biosurfactants. In: Kosaric, N. (Ed.).
Biosurfactants Production, Properties and
Applications. New York: Marcel Dekker,

Inc., 329 - 371.
13) Mulligan, C. N. 2004. Environmental
Applications for Biosurfactants.

Environmental Pollution, Article in Press.

14) Rosenberg, E. and Ron, E. Z. 1999. High
and low molecular - mass microbial
surfactants. Applied Microbiology and
Biotechnology, 52: 154 - 162.

15) Saravanan, V. and Vijayakumar, S. 2012.
Isolation and screening of biosurfactant
producing Pseudomonas fluorescens from
oil contaminated soil. Journal of Biological
Research, 1 (5): 111 - 116.

16) Tabatabaee, A., Mazaheri Assadi, M.,
Noohi, A. A. and Sajadian, V. A. 2005.
Isolation of Biosurfactant  Producing
Bacteria from Oil Reservoirs. Iranian
Journal of Environmental Health Science
and Engineering, 2: 6 - 12.

17) Yonebayashi, H., Yoshida, S., Ono, K. and
Enomoto, H. 2000. Screening of
Microorganisms for Microbial Enhanced Oil
Recovery Process. Sekiyu Gakkaishi , 43 (1):
59 - 69.

18) Youssef, N. H., Duncan, K. E., Nagle, D. P.,
Savage, K. N. and Knapp, R. M. 2004.
Comparison of methods to detect
biosurfactant  production by  diverse
microorganisms. Journal of Microbiology
Methods, 56: 339 - 347.

©2015 Published by JPS Scientific Publications Ltd. All rights reserved



