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Abstract
Biosurfactants are tensio-active, amphipathic biomolecules, which can reduce the surface tension of 
liquids. Synthetic surfactants are predominantly toxic, resistant to degradation, and exhibit narrow 
range of activity, whereas surface-active biosurfactants are non-toxic and biodegradable. Biosurfactants 
from halophilic microorganisms have significant attributes of being able to work under diverse spectrum 
of salt concentration, pH and temperature. This research was focussed on biosurfactant producing 
halophilic organism from a saline lake and the production of biosurfactant. Out of 32 bacterial isolates 
from saline water, and 18 bacterial isolates from saline soil, only the isolates growing on inorganic salt 
media amended by adding 3% NaCl and 1% Kerosene as carbon source and an inducer and passing 
the two stages of screening; SH-6 isolate was found to be a relatively better isolate (oil displacement 
zone = 2.96 ± 0.05 cm, E24= 64.66  ± 0.57%, 47.33 ± 0.57% reduction in surface tension). Using 16S rRNA 
technique along with the phylogenetic analysis, a moderate halophilic strain SH-6 (optimum growth 
at 3% NaCl) was identified to be Pseudomonas aeruginosa (NCBI Accession number PP567277). Acid 
precipitation along with solvent-based extraction (using non-polar Chloroform and polar Methanol) 
was adopted to obtain biosurfactant with a resultant yield of 0.31 ± 0.01 g %. With Rhamnolipid R-90 
(90% pure) as a standard reference and using primary chromatographic characterization like Column 
and Thin Layer chromatography, followed by HPLC and HPTLC the biosurfactant was found to be similar 
to Rhamnolipid. There is a future prospect to optimize Rhamnolipid production and investigate the 
applications in bioremediation, agriculture.
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INTRODUCTION 

 Synthetic substances that can reduce 
the tensio-active force at the surface of liquids 
are surfactants.1 They can form self-assembled 
clusters known as micelles in a system composed 
of water or oil and have an immense role in the 
decontamination of contaminated sites. Chemical 
surfactants are synthetic in nature, whereas 
biosurfactants are synthesized by living organisms 
using a variety of agricultural and other raw 
materials. Synthetic surfactants are toxic, non-
biodegradable and limited in their action in terms 
of temperature and pH, whereas biosurfactants 
are relatively less toxic and biodegradable. 
Biosurfactants are biological entities with a domain 
having an affinity for water and a domain that 
repels water, and the capability to exert action 
on the surface. They could either be prepared 
and secreted or could exist being section of the 
cytoplasmic membrane by many living organisms 
which includes bacteria, fungi and yeasts.2,3 
Biosurfactants are secondary metabolites and 
are significant to the organism synthesizing them, 
they regulate the route of nutrient transport; 
monitor the host-microbe interaction and quorum 
sensing mechanisms.4 Biosurfactants like chemical 
surfactants decrease the tensio-active force at the 
surface of liquids and are commercially significant. 
 Biosurfactants possess both water-
attracting and repelling functional groups in 
their structure, this aspect implies there exist 
two different synthetic pathways for each group. 
The water-repelling structural domain may be a 
fatty acid with a hydroxy group whereas water-
attracting structural part may be an alcohol, 
a carboxylic acid group, carbohydrate group, 
phosphate group, amino acid or a cyclic peptide. 
 For the biosynthesis of amphiphilic 
biosurfactants, four principal possibilities have 
been stated5:
1. De novo mode of biosynthesis via independent 

pathways for both the water-attracting and 
water-repelling moieties.

2. De novo mode of biosynthesis for the 
hydrophilic moiety, whereas inducible mode 
for the biosynthesis of the hydrophobic 
moiety.

3. De novo mode of biosynthesis for the water-
repelling moiety, whereas the substrate 

governs the formation of the water-attracting 
moiety.

4. Carbon substrate that is incorporated in the 
media governs the synthesis of both the 
residues.

 The lipid composition of halophiles is 
unique with respect to phytanyl glycerol which 
may influence tensio-active force at the surface. 
With respect to organism’s nature, salinity can 
influence biosurfactant. For moderate halophilic 
organisms, optimum concentration of salt can 
stabilize the biosurfactant, facilitating its secretion 
and enhancing the surface activity. In the current 
scenario of global industrialization, chemicals have 
gained dominance in life. Sustainable development 
in its real sense is to be assessed and emphasized. 
There are several technical and chemical-based 
techniques for remediation of a contaminated site, 
but every technique has its merits and demerits.6 
In most of the cases, the conditions at the polluted 
sites are saline and require a safer eco-friendly 
approach for remediation. Similarly, the mundane 
methods adopted for extraction and processing of 
oil from natural resources are also required to be 
reviewed and investigated to search for a relatively 
better sustainable method. 
 There has been research on biosurfactants 
from bacterial and fungal organisms, but relatively 
less research has been done for halophilic 
organisms. Relatively lesser investigation has been 
undertaken on biosurfactant production from 
halophiles, their optimization, characterization 
and applications. Halophiles are living organisms 
that require saline conditions for the optimum 
growth. They have evolved to balance the external 
osmotic pressure and resist the denaturing impact 
of salts.7 Slight halophiles can grow with 1-3% 
concentration of sodium chloride (NaCl), whereas 
halophiles that are moderate exhibit growth in an 
optimum manner between 3-15% concentration 
of NaCl and extreme halophilic microbial cells 
exhibit better growth in a condition with greater 
than 15% NaCl.8 Hence, there is a need to explore 
saline contaminated habitats for halophilic 
organisms capable of producing biosurfactants 
hypothesizing on their ability to perform under 
higher levels of salinity, temperature and pH which 
are predominant at contaminated sites. In this 
research, an attempt was made to enrich water 
and soil samples from saline contaminated lake 
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ecosystem, isolate, screen biosurfactant producing 
halophilic organisms, produce and characterize 
the biosurfactant. Phospholipids, glycolipids 
and lipopeptides possess lower molecular 
mass. Higher molecular weight biosurfactants 
encompass proteins, polysaccharides with a 
bound lipid, polysaccharides having hydrophilic 
and hydrophobic parts,  proteins with a 
bound lipid or unique combination of these 
biopolymers.9 Halophilic biosurfactants have 
immense applications in diverse domains, 
which includes augmented extraction of oil and 
bioremediation, cosmetics, food bioprocessing, 
agriculture and pharmaceuticals.10 Investigation 
of kinetic parameters and modelling of production 
parameters would enable to explore the strategies 
for economically viable production process of 
biosurfactant.11

MATERIALS AND METHODS

Enrichment of halophilic organisms from 
contaminated saline lake water and soil samples
 To obtain halophilic biosurfactant 
producing organisms, first halophilic organisms 
were enriched and isolated, followed by 
enrichment and screening of biosurfactant 
producers. The emphasis was on contaminated 
saline lake ecosystems. Sterile containers were 
used to collect saline lake water samples and soil 
samples in its vicinity. Samples of water were 
collected in sterile glassware and greasy sticky 
soil samples near the track of salt trollies were 
collected in sterile bottles and petri-dishes. A 
total of 20 samples (including water and soil) were 
taken from diverse locations of Sambhar Lake, near 
Sambhar salt works, Rajasthan, India.12

 The following broth media with slight 
modifications were amended with 3% NaCl (3-
5% NaCl for moderate halophile).13 A pH meter 
monitored the medium’s pH (Contech instruments 
Ltd. Mumbai). Broth was subjected to agitation 
using a shaker (Classic Scientific) 100 (rpm) at  
37 °C for a duration of 7 days.
 The pH value at the beginning was set 
at 7.2 for the following media, incubated for a 
duration of 1 week at a temperature of 37 °C. 
1. Sterile Nutrient broth (NB)
2. Sterile Sehgal-Gibbons (SG) broth14,15

3. Sterile Halophilic broth14-16

4. Sterile Zobell broth pH 7.617

 A 1 mL volume of saline lake water 
sample was aseptically inoculated into 100 mL of 
above-mentioned media and kept on a shaker (100 
rpm) at 37 °C for 7 days. Similarly, a suspension 
consisting of 1 g of soil and 10 mL saline was 
subjected to vortex for a minute, and 1 mL of the 
supernatant was inoculated into 100 mL of above-
mentioned media. After 7 days of incubation, 
second round of enrichment was undertaken with 
10 mL inoculum aseptically transferred to the 
fresh sterile broth respectively.14,15 Procedure was 
repeated until satisfactory growth was obtained.
 After the second round of enrichment 
in above mentioned media the broth sample 
was subjected to serial 10-fold dilution up to 
10-10 using sterile saline pH (7.4) and 0.1 mL was 
plated on respective solid media with the similar 
composition. Along with serial dilution, direct 
isolation by T-streak method was also performed 
to get isolated colonies. The incubation of plates 
was undertaken at a temperature value of 37 °C, 
for a duration of 7 days for bacteria and number 
of isolates were obtained. 
 These different types of halophilic 
organisms may or  may not  synthes ize 
biosurfactants, so now they were subjected to 
enrichment in inorganic mineral salt media seeded 
with NaCl and an inducer. Various types of mineral 
salt media were evaluated.18 N-MSM19 was found 
to be relatively better and had relatively lesser 
precipitate formation.

Enrichment and isolation of the biosurfactant 
producing halophilic microorganisms
 From enrichment experiments for 
moderate halophiles, bacterial isolates were 
obtained. Halophiles were enriched in sterile 
Bushnell-Haas N-MSM which was amended with 
3% NaCl, and a hydrocarbon inducer in the form 
of 1% (v/v) Kerosene.19 With an objective to supply 
minimum carbon in the initial stages for survival 
0.1% glucose was added.17

 Different inducers like Kerosene, Coconut 
oil, Olive oil and Diesel were also evaluated. The 
different types of oils were initially sterilized by dry-
heat method at 140 °C for 1 h for three consecutive 
days. After 7 days of incubation, second round of 
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enrichment was undertaken with 10 mL inoculum 
aseptically transferred to the new sterile broth 
respectively. Broth was observed for turbidity 
and foam formation, which served as primary 
indicators for biosurfactant production. After the 
second round of enrichment, the bacterial broth 
sample was subjected to serial 10-fold dilution 
up to 10-10 using sterile saline pH-7.4 and 0.1 mL 
was streaked on sterile solid media with similar 
conditions. Direct isolation by T-streak approach 
was also undertaken to obtain isolated colonies. 
The duration of incubation of plates was of 7 days 
at a temperature value of 37 °C and number of 
prospective producers of biosurfactant isolates 
were counted. Those isolates that were able to 
grow on inorganic mineral salt media amended 
with 3% NaCl and 1% Kerosene inducer, were 
selected for further screening.

Initial screening of the capability of the isolate 
for utilization of a hydrocarbon inducer 
Preparation of inoculum for the screening tests
 From the initial moderately halophilic 
isolates, bacterial isolates were able to grow on 
N-MSM.19 They were prospective biosurfactant 
producing moderately halophilic organisms. 
Different types of colonies exhibiting different 
morphological features were selected for further 
investigation. For preservation of cultures, sterile 
Nutrient Agar (Himedia, Mumbai) slants with 3% 
NaCl were used and stored at 4 °C.
 To prepare an inoculum to seed the 
production flask, each isolate was inoculated in 
50 mL of Luria Bertani medium incubated for 18 
h until a cell density of 0.5 O.D.600 nm was obtained 
using the McFarland standard. A 2 mL of seed 
inoculum was aseptically inoculated into 100 mL 
of a modified N-MSM.
 After 7 days-time period, the Erlenmeyer 
flask was observed for initial changes like turbidity 
(indicating growth) and foam formation (indicating 
emulsification of inducer) both changes served 
as primary indicators of biosurfactant formation. 
In this initial enrichment, the purpose was to 
enrich hydrocarbon degraders, with this intention 
no other carbon source was additionally added 
and hydrocarbon served as sole source of 
carbon as well as an inducer. Enriched broth was 
centrifuged at 10,000 g for a duration of 20 min 
and further screening procedures were employed 

to investigate the biosurfactant producing ability 
using the supernatant.
 The shortlisted bacterial isolates were 
also sub-cultured on sterile NA slants with 3% NaCl 
and stored at 4 °C.

Methods adopted for screening of biosurfactant 
producers
Inoculum for screening tests
 In this research, bacterial isolates 
maintained on NA slants were sub-cultured and 
a homogenous suspension was used for various 
screening tests.

Initial validation of the screening methods
 With an objective to validate the 
screening results, initially all the primary level 
tests for stage I screening were performed using 
an abiotic positive control in the form of 0.1% 
standard synthetic anionic detergent Sodium 
Dodecyl Sulphate (SDS). Distilled water served as 
a negative control. All observations were taken 
in triplicates. The experimental values were 
calculated as an average with standard deviation 
(SD). For data analysis and validation, analysis of 
variance (ANOVA) test for a single factor was used 
to calculate the p-value. Different tests parameters 
were assessed as the dependent variables and the 
bacterial isolates were independent variables. 
 Also in the initial screening, after 
the validation, along with the isolates two 
biosurfactant producing standard strains (SS1) 
Bacillus sp. MTCC 2473 (SS2) and Pseudomonas 
aeruginosa MTCC 10636 (SS2) were procured from 
CSIR Institute of Microbial Technology, Chandigarh, 
India, assessed simultaneously and served as biotic 
positive controls.

Stage I screening
Tilted glass slide (TGS) test
 Each isolate was initially subjected to a 
tilted glass slide test where a colony of an isolate 
was brought in contact with saline sample at one 
border of a sterile slide, and the saline drop was 
observed, if it begins dipping down it could be 
considered as a positive result.20

Haemolytic test
 Each isolate was investigated for 
biosurfactant production by inoculating the 
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suspension of the isolate from NA slant on sterile 
superimposed blood agar media (SIBA). After 
incubation for 24 h at 37 °C if the colony had 
clearance in its vicinity, it indicated haemolysis of 
the red-blood cell further indicating biosurfactant 
production.21,22

Parafilm M test
 Each isolate was subjected to an initial 
rapid primary screening step for the producer of 
biosurfactant. The supernatant drop was bought 
in contact with a Parafilm M sheet and compared 
with a drop of water placed on the same sheet, 
if its diameter is greater than water, it could be 
considered as a positive result.23 The diameter of 
the drop (cm) could be taken.

Lipolytic test
 For this test, sterile Gorodkowa’s 
Tributyrin media was utilized to assess lipase 
activity of the isolates. Each isolate was cultivated 
at a temperature of 30 °C for 24-48 h. Plates were 
assessed for a clearance in the vicinity of the 
growth.24

Oil-drop-collapse method
 To perform this test, 2 µL of machine oil 
was loaded in one well on the 96 well microtiter 
plate and permitted to equilibrate for 1 h at  
30 °C. After this step, the well with a 5 µL drop 
of supernatant was observed for 1 min to know 
whether the drop remains intact or collapses.25 
If oil drop changes to a flat drop it could be 
considered as an indicative of biosurfactant 
production. If the drop remains intact as it is i.e. 
beaded, then it could be considered as a negative 
result. Collapse of the drop is indicative of a 
positive test.26

 With an objective to tabulate the results, 
the observations were noted as ‘+’ to ‘+++’ 
indicating partial to complete oil spreading; where 
‘+++’ indicates flat drop after 1 min, ‘++’ indicates 
relatively less flat drop after 1 min, and ‘+’ indicates 
relatively negligible flat drop as compared to the 
negative control.

Oil displacement test
 This test was performed in a petri dish 
containing distilled water (50 mL). For this test, 
20 µL Soybean oil mixed with basic fuchsin (just to 

make the observation clear and visible) was added, 
followed by adding the culture suspension (10 µL) 
on oil layer. Diameter of oil displacement zone was 
evaluated.27

Stage II screening
CTAB agar method
 In order to perform the test, the initial 
media N-MSM was amended with Cetyl trimethyl 
ammonium bromide CTAB (0.2 g/L), to this 
Methylene blue stain was added (0.005 g/L).19 
Plates were incubated and observed for blue 
concentric rings in the vicinity of a colony after 48-
72 h at 37 °C. The bluish halo could be considered 
as an indicator of an anionic surfactant.28

BATH test
For this test the prospective isolates were 
cultivated in modified N-MSM in the presence 
of an inducer. After the appearance of visible 
turbidity, broth was centrifuged for 10 min at 
10,000 g and the pellet was obtained. After giving 
saline washings, the cell suspension was utilized 
for the BATH test. Cell suspension with a volume 
of 2 mL was treated with n-hexane (100 µL) and 
the preparation was vortexed for a minute and 
allowed to settle under static conditions at 30 °C 
for 1 h. After the duration of 1 h two layers were 
formed, and the aqueous layer was pooled. Using 
spectrophotometer in visible range, the factor 
evaluated was absorbance at a wavelength of 
600 nm. In order to estimate the percentage of 
the hydrophobicity the ratio of the absorbance 
of suspension after and before incubation was 
subtracted from 1 and multiplied by 100.29 

Measurement of emulsification index
 For this test, a volume of 2 mL of Kerosene 
and 2 mL of filtrate was mixed and vortexed 
for a minute. It was observed for formation of 
an emulsion and its maintenance for 24 h. For 
calculation purpose, emulsion height was divided 
by the mixture’s complete height and the answer 
obtained was multiplied by 100.30

Determination of surface tension
 Evaluation of surface tension at periodic 
intervals is crucial in biosurfactant investigation.31 
Isolates were cultured in N-MSM amended 
with an appropriate inducer and incubated on 
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the shaker (150 rpm) at 37 °C for 5 days. As a 
control for comparison, uninoculated N-MSM 
with oil as abiotic control was maintained for 
initial measurement. Du-Nouy ring Tensiometer 
(manufactured by Ganga Scientific, Kolkata), 
was subjected to calibration using distilled water 
(72 dynes/cm) and used for measurement.32 
The decrease in surface tension was noted and 
calculated as a percentage decrease.
 After the screening steps, the isolate/s 
showing the highest emulsification index, and 
reduced tensio-active force of mineral salt 
medium were chosen for identification studies 
and production of biosurfactant.
 The above tests were conducted for all 
the isolates, and it was noted that HB-1, HB-26, SH-
6, SH-7 along with few others performed relatively 
better, out of these isolates SH-6 consistently 
maintained good results so henceforth the 
promising isolate SH-6 was investigated further.

Identification of the promising biosurfactant 
producer
Gram staining
 The bacterial isolate was subjected to 
Gram staining and the smear was observed under 
oil-immersion lens (100X).

Identification of the biosurfactant producing 
isolate
Sequencing analysis of 16S rRNA gene
 Along with morphological and biochemical 
preliminary analysis, the further steps of the 
identification of the bacterial isolate SH-6 were 
done using partial sequencing of the 16S rRNA 
gene at HiMedia laboratories Pvt. Ltd., Thane.
 The uncontaminated QC passed culture 
plate was used for colony PCR. The genomic DNA 
was isolated as per the standard protocol and 
processed further. Molecular Biology grade water 
(50 µL) was used as suspending medium for 1-2 
well-isolated colonies selected from the plate and 
subjected to proper mixing, followed by incubation 
for 10 min at 95 °C and a brief centrifugation. The 
supernatant thus obtained was used as a PCR 
template using 16S universal primers:
 16S universal primers used for bacterial 
isolate SH6 16S rRNA gene amplification33:
 Primer working from forward: 16S27F 
(5'-CCAGAGTTTGATCMTGGCTCAG-3')

 Primer working from reverse: 16S1492R 
(5'-TACGGYTACCTTGTTACGACTT-3') 
 PCR products were further purified by 
salt precipitation and analysed using agarose gel 
in order to assess PCR amplicons along with 500 
bp of DNA ladder Using the approach of BDT v3.1 
chemistry, purified amplicons were evaluated 
by cycle sequencing and then subjected to 
sequencing on genetic analyzer (ABI 3500 XL). With 
an objective to generate good quality base reads 
covering the target, internal primers were also 
incorporated to obtain near full-length sequence. 
BLASTN search algorithm was used for assessment 
of sequences against the microbial nucleotide 
sequence databases.
 BLAST analys is  was undertaken. 
Sequences of 16S rRNA in the form of the .ab1 
trace files obtained from the sequencer were 
manually customized, changed into a readable file 
based on format of FASTA and then assembled into 
a sequence in a contiguous manner. After these 
modifications the files were exported as a FASTA 
file. Different software’s like Chromaslite and 
MEGA (Molecular Evolutionary Genetic Analysis) 
were explored for initial sequence-based data. For 
bacterial isolate, the SILVA database v138.1 was 
employed for database search of the assembled 
consensus sequence34 using the BLAST tool.35

 The FASTA format of the sequence was 
accepted by BLASTN program. Later an appropriate 
bacterial and archaeal 16S rRNA database was 
selected in order to search for homology for 
the given sequence. The steps enabled in the 
identification of the species. Multiple sequence 
alignment was undertaken. Along with MEGA 
other software like CLUSTALW was also explored, 
since it is always better to validate output using 
two or more tools. The obtained 16S rRNA 
gene sequence was considered for the multiple 
sequence alignment by the CLUSTALW program. 
For the Phylogenetic analysis from the database, 
highest similarity 1000 hits from the beginning 
were obtained. From a source consisting of 
different taxa, ten neighbour sequences exhibiting 
close similarity were aligned using MUSCLE aligner.

Production of biosurfactant
Inoculum preparation
 For bacterial isolate seed inoculum, 18-
20 h saline culture suspension of Pseudomonas 
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aeruginosa SH-6 was prepared. Density of the 
inoculum was set at 0.5 O.D.600 nm using McFarland 
standard. From the culture 2% v/v inoculum was 
used to inoculate 100 mL sterile modified N-MSM19 

amended with 3% NaCl and 1% Kerosene. 

Extraction and estimation of biomass
 The bacterial isolate was cultivated for 
6 days in the respective Mineral basal media i.e. 
N-MSM at 37 °C for Pseudomonas aeruginosa 
SH-6 to facilitate the production of biosurfactant. 
The flasks were incubated on shaker at 100 rpm. 
After incubation and centrifugation of production 
broth at 10,000 g for 15 min, cell pellets and crude 
biosurfactant supernatant were obtained. The 
supernatant was used to extract the biosurfactant 
by the technique with the use of an acid to facilitate 
precipitation and use of solvent to facilitate 
extraction. The suspended pellets were further 
separated by centrifugation. A temperature of 
50 °C for a duration of 24-48 h was employed for 
drying of cell pellet. This process was continued till 
a stable reading of the dry weight was obtained.36

Method for extraction of biosurfactant 
 The bacter ia l  b iosurfactant  was 
synthesized using N-MSM and different solvents 
in combination and different proportions were 
evaluated to obtain the best possible extraction. 
Taking cognizance of green chemicals and with a 
purpose to investigate alternative solvents, we 
evaluated different solvents such as non-polar 
Chloroform and polar Methanol in the ratio of 
2:1,37 solvents such as Chloroform and Ethanol 
in the ratio of 2:1,38,39 solvent system comprising 
of Chloroform, Methanol and Water in the ratio 
of 10:05:07,40 Acetone-based precipitation at a 
low temperature,41 chilled Ethyl acetate42,43 and 
Dichloromethane.44

Recovery of the biosurfactant
 After the respective incubation in 
the mineral media, the production media was 
centrifuged at a high speed 10,000 g for 15 min. As 
per the situation, the culture broth was processed 
either in fat tubes or Eppendorf tubes. For 
Eppendorf tubes cooling microfuge was operated 
at 10,000 g for 15 min. Initial weight of the fat tube 
or the Eppendorf tube was determined and used in 

biomass and biosurfactant dry weight calculations. 
Wherever applicable sterility was maintained 
throughout the biosurfactant extraction process. 
Broth was made cell-free, and it was acidified (pH 
2.0). For the purpose of lowering the pH 6N HCl 
was used, the acidified broth was refrigerated 
for 18 h at 4 °C. Post cold treatment, broth was 
centrifuged for 15 min at 10,000 g, 0.1 NaHCO3 
was used as a dissolving media for the precipitate 
and subjected to solvent extraction using organic 
solvents i.e. Chloroform:Methanol (2:1) and 
subjected to thorough mixing using a separatory 
funnel and the phases separated were stabilized. 
Multiple cycles of extraction were undertaken and 
at each step the pooled fractions from the organic 
phase were dried for evaporation of traces of 
solvents at 50 °C, and contents were subjected to 
treatment with water and again re-extracted using 
a solvent mixture. The objective behind this step 
was to purify the residue to a considerable degree. 
The organic layer had concentrated biosurfactant. 
With an objective to concentrate biosurfactant 
and recover solvents, rotary evaporator device 
was employed. Biosurfactant mass obtained was 
treated with n-Hexane in order to eliminate the 
unused oil.45 Crude viscous biosurfactant was 
treated at 50 °C for a duration of 24 h to obtain a 
dried mass of biosurfactant.46

 After the downstream processing of the 
biosurfactant from the broth, the residue obtained 
was subjected to Column chromatography to obtain 
different fractions, which were then subjected to 
Thin-layer chromatography (TLC). Presence of 
biosurfactant in the sample on comparing with 
the standard reference Rhamnolipid R-90 (90% 
pure, AGAE) helped in the confirmation of the 
biosurfactant. 

Characterization of biosurfactant
Initial detection of biosurfactant components 
using chromatography
 Biosurfactant residue was dissolved in 
organic solvent and centrifuged at 10000 g for 5 
min to collect the organic phase to retrieve solid 
crude residue for column chromatography. As 
per the literature47,48 rhamnolipids obtained from 
Pseudomonas species consists of congeners, and 
there could be different homologues present. 
Hence, column chromatography helped in 
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separating mono-rhamnolipids, di-rhamnolipids 
present, if any. Later the fractions obtained 
were combined for further analysis as per the 
requirement.

Column chromatography
 F o r  s i l i c a  g e l - b a s e d  c o l u m n 
chromatography, chloroform was used as the 
dissolving medium for the residue. Loading of 
sample was undertaken from the column top. 
Washings were given to the column with 100% 
chloroform with an objective to eliminate any 
impurities, neutral lipids present if any. An attempt 
was made to gradually proceed from non-polar to 
polar in terms of the polarity of the mobile phases, 
hence initially a mixture of non-polar chloroform 
and polar methanol was adopted, and the ratio of 
these solvents was changed in the sequential order 
from 2:1 to 1:1 and finally to 1:2 (v/v) respectively. 
Fractions of 10 mL were collected in dilution tubes 
and were subjected to TLC to check the presence 
of congeners of rhamnolipids. A solvent system 
comprising of chloroform, methanol and water 
(65:7:2) was used for TLC.49 The first ones to elute 
from the column could be mono-rhamnolipids 
followed by di-rhamnolipids. The fractions were 
then combined and validated by TLC, HPLC and 
HPTLC analysis. 

Thin-layer chromatography
 Aluminium plates that were pre-coated 
with Silica gel (G60, F254, Merck Germany 
6x3 cm) were utilized. Sample preparation 
was done by dissolving 0.1 g of the partially 
purified biosurfactant in 1 mL of analytical grade 
methanol. A 10 µL volume of the sample was 
spotted twice with intermittent drying, at a point 
which was on the reference line at a distance of 
2 cm away from the plate’s bottom. In a similar 
manner, different plates were prepared to detect 
lipids, carbohydrates and amino acids. With 
an objective to detect carbohydrates, another 
plate was prepared for specific detection of 
sugars using Rhamnose (1%) prepared in distilled 
water, as a standard. For mobile phase, solvents 
i.e. Chloroform:Methanol:Acetic acid [65:10:4 
(v/v/v)] were used.50 Proper precautions were 
taken to maintain the saturation of the vapour 
phases. Mobile phase was permitted to run till 
75% of the plate and the developed plates were 

air-dried before detecting various components. 
Lipids were detected with the help of iodine 
vapour.51 A 1% Ninhydrin reagent prepared in 
acetone was sprayed to detect amino acid groups. 
Different reagents relevant to carbohydrates were 
used. Molish’s reagent (consisted of 5-8 drops of 
concentrated H2SO4 added to 10% α-Naphthol 
solution made in 96% ethanol)52 and Anthrone 
reagent (obtained by adding 1 g of Anthrone 
prepared in 5 mL of H2S04 to 95 mL Ethanol) was 
used to detect carbohydrates.53 Plates were then 
subjected to a temperature of 100 °C and observed 
until the appearance of definite spots. With an 
objective to detect carbohydrates and sugars 
respectively, the plates were assessed for pale 
violet and yellow spots. Brownish yellow spots 
for lipids and purple spots for amino acids were 
checked. The Rf value of sugars was calculated for 
further studies.

HPLC analysis of biosurfactants
 HPLC analysis of the biosurfactant 
was undertaken at  Nat ional  Faci l i ty  of 
Biopharmaceuticals (NFB) at G. N. Khalsa College, 
Matunga Mumbai. The biosurfactant sample was 
subjected to derivatization so to generate phenacyl 
esters. The biosurfactant obtained after processing 
and purification was dissolved in 100% Acetonitrile 
having 2-bromoacetophenone and triethylamine 
in the molar ratio (1:4:2). The mixture was then 
kept in a Sonicator for 1 h at 60 °C. In this system 
p-bromophenacyl esters were then injected into 
the column of HPLC for the qualitative detection 
of Rhamnolipid. As a standard, Rhamnolipid R-90 
was used, and the test samples were diluted 1:20 
in 10% Acetonitrile. The mobile phase consisted 
of a gradient having phase A: Water and phase 
B: Acetonitrile, 10% to 60% of mobile phase B. A 
reverse phase C18 column having a dimension 150 
x 4.6 mm at 40 °C was used. A sample volume of 20 
µL was injected with a flowrate was 0.8 mL/min, a 
runtime of 30 min wavelength and was evaluated 
at 272 nm.3

Separation of components of biosurfactant and 
confirmation of results of TLC by HPTLC
 Biosurfactant obtained after acid 
precipitation and solvent extraction was dried 
and used for chromatographic analysis. An amount 
of 0.1 g was dissolved in HPTLC grade Methanol 
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(1 mL) used as a solvent and its components were 
used for analysis in automated HPTLC system 
(CAMAG, Switzerland) at Anchrom Laboratory, 
Mulund (East) Mumbai. Earlier attempts were 
also made by dissolving test sample in HPTLC 
grade Chloroform. A 200.0 x 100.0 mm plate 
(1.05554.0001) (Merck Darmstadt, Germany) 
with silica gel 60 F254 was a stationary phase. The 
test samples (5,10,15 µL) were spotted on this 
plate using an automated sampler (LINOMAT V 
A, S/N: 080222). The developing solvent system 
used as a mobile phase comprised of Chloroform: 
Methanol:Water (6.5:2.5:0.4 v/v).50 Mobile phase 
saturated the CAMAG twin trough glass tank 
(TTC 20 x 10) in 20 minutes. Different sample 
volumes comprising of standard Rhamnolipid (1 
mg/mL) along with samples (SH-6 glycerol based 
rhamnolipid, SH-6 glucose-based rhamnolipid and 
HF-1 olive oil-based rhamnolipid-fungal isolate) in 
the range of 2-15 µL were applied with the help of 
micro syringe using a Linomat V band spotter from 
CAMAG Switzerland. Solvent phase was allowed to 
run up to 70.0 mm length of the solvent front and 
plates were kept at room temperature for 3 min 
for air-drying. An automatic developing chamber 
was used for the development of plates It was 
then derivatized using Naphthol reagent (2.5 g of 
Naphthol was weighed and taken in 500 mL glass 
beaker, to this 12.5 mL of concentrated sulphuric 
acid was added and 238 mL of 95% ethanol was 
added) and the spots were detected after heating 
for 2 min at 105 °C. Plates were then scanned using 
a scanner (4A, S/N:170422), evaluated using TLC 
visualizer (2, S/N:290203) under visible, UV (254 
and 366 nm) light and there was a provision for 
image documentation.54

RESULTS AND DISCUSSION

Enrichment and isolation of halophilic organisms 
 Water and soil samples from various 
saline lake locations were collected in sterile 
dilution tubes, petri dishes and screw-capped 
bottles. Wherever applicable cross-contamination 
was avoided. Along with the saline lake water 
samples, soil samples were also considered 
because researchers have recommended that the 
soil with organic content could be a potent source 
of biosurfactant producers.55 The samples were 
processed for the enrichment of the organisms. 

The incubation period facilitated the enrichment 
of some promising halophilic organisms. Different 
media were initially employed for the enrichment 
and the purpose was to enrich the organisms 
so that at least they could tolerate 3% NaCl, as 
this would qualify the isolates to be moderately 
halophilic.8

 From the saline water samples, 32 
whereas from soil samples 18 isolates were 
obtained. These were obtained from media 
amended with 3% NaCl such as Nutrient agar, 
Sehgal-gibbons agar, Halophilic agar, and Zobell 
marine agar.

Enrichment and isolation of the biosurfactant 
producing halophilic microorganisms
 All the moderate halophilic bacteria 
isolates obtained on enrichment, were able to 
grow in N-MSM inorganic mineral salt media. 
There was turbidity in the broth with growth 
and foam formation as shown in Figure 1. Foam 
formation indicated emulsification of the inducer 
Kerosene. Comparative observations of shake 
flasks used for biosurfactant production indicated 
that, foam formation along with turbidity were 
relatively lesser in the shake flask containing 
Coconut oil, Olive oil and Diesel respectively. 
The emulsification index value with kerosene 
(64.66 ± 0.57) was higher than that of Coconut 
oil (61 ± 1.73) Olive oil (62.33 ± 0.57) and Diesel 

Table 1. Tilted glass slide test

Isolate Observation

SH-6 +
SS-1 (biotic positive control) +
SS-2 (biotic positive control) +

Key: + indicates a positive test; - indicates a negative test

Table 2. Haemolytic test

Isolate Observation

SH-6 ++
SS-1 (biotic positive control) +++
SS-2 (biotic positive control) ++

Key: ++  clear zone of haemolysis would be less than 1 cm.
+++ clear zone would be greater than 1 cm and less than 3 cm.
- indicates a negative test indicating absence of haemolysis
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(63.66 ± 0.57). In another research, based on 
tolerance to Kerosene, good emulsification was 
observed for Pseudomonas sp. that could degrade 
kerosene along with biosurfactant production 
as a secondary metabolite.56 Perhaps because 
the initial source of the saline lake water sample 
was contaminated and had traces of oil leaked 
by trollies for crude salt transport, there could 
be a possibility of the presence of hydrocarbon 
degraders. In the initial enrichment step, readily 
utilizable carbon source glucose was kept at a 
very low concentration just to provide enough 
energy source for survival. Later, only kerosene was 

available, and it could serve as source of energy 
and carbon inducing biosurfactant synthesis. Foam 
formation is observed during the production of 
biosurfactants, and attempts are being made to 
reduce the foam so as to reduce the downstream 
processing expenses.57 There was no other carbon 
source added to N-MSM. This indicated their 
potential to synthesize biosurfactant which was 
assessed in the double screening. Foaming was 
also observed in the production of rhamnolipid, 
and foam fractionation method was adopted by 
using a combination of product removal at that 
place with a pre-purification step.58

Screening of isolates hydrocarbon utilization
 The results were compared with biotic 
positive controls of cultures known to produce 
biosurfactant: (SS1) Bacillus sp. MTCC 2473, and 
(SS2) Pseudomonas aeruginosa MTCC 10636. 

Stage I screening
Tilted glass slide (TGS) test
 Isolates that exhibited the dipping of the 
liquid were selected for further screening. Results 
are shown in Table 1. In similar research, the tilted 
glass test was used to assess various organisms and 
marine Acinetobacter species. They had observed 
that tilted glass slide test in combination with 
other tests could serve in the screening of the 
biosurfactant producers.20

 
Haemolytic test
 Researchers in their review have 
mentioned haemolytic test as a significant 

Figure 1. Foam formation in N-MSM production media 
for biosurfactant

Figure 2. SIBA plate with a growth of SH-6 and a zone 
of clearance surrounding the growth

Figure 3. Parafilm-M test showing the collapse of the 
drop against the intact drop of water as a negative 
control
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preliminary test.59,60 Like our research, the 
researchers could isolate a variety of haemolytic 
positive isolates such as Serratia sp., Bacillus 
sp.20,61 However, we cannot rely totally on the 
haemolytic tests as the zone of clearance on SIBA-
Super imposed blood agar could be due to other 
factors like virulence factor haemolysin or due to 
divalent ions. Hence, it is better to supplement 
the haemolytic test with other tests. Figure 2 
consists of the SIBA plate with the growth of SH-
6. Observations for the haemolytic activity are 
mentioned in the Table 2.

Parafilm M test
  After taking a drop on the Parafilm-M 
paper strip the drop diameter was evaluated for 
isolates as shown in Table 3 and Figure 3. Similar 
investigation was undertaken for the screening 
tests for the heavy metal tolerant biosurfactant 
producing isolates from Egyptian soil. In their 
research most of the isolates had a diameter in the 
range of 0.4-0.7 cm. Our isolates also exhibited a 
similar response which in turn corroborates the 
data in the literature.23 One-way ANOVA-based 
analysis with the p-value of 0.005 which is less 
than 0.05 implies significant findings. Calculated 
F-value was 14 that was higher than the F critical 

Table 3. Parafilm-M test

Isolate Diameter of 
 the group (cm)

SH-6 0.6 ± 0
SS-1 (biotic positive control) 0.57 ± 0.01
SS-2 (biotic positive control) 0.61 ± 0.01

Note: (p-value = 0.005, F = 14, n = 3)

Table 4. Lipolytic test 

Isolate Observation

SH-6 ++
SS-1 (biotic positive control) ++
SS-2 (biotic positive control) ++

Key: ++ indicates a prominent zone of clearance
+ indicates a weaker zone of clearance

Figure 4. Oil displacement test
Figure 5. Bluish halo around the well indicating the 
presence of a biosurfactant

Table 5. Drop collapse test 

Isolate Observation

SH-6 ++
SS-1 (biotic positive control) ++
SS-2 (biotic positive control) ++

Key: ++ indicates relatively less flat drop after 1 min

Table 6. Oil displacement test 

Isolate Diameter of 
 clearance 
 zone (cm)

SH-6 2.96 ± 0.05
SS-1 (biotic positive control) 2.9 ± 0.17
SS-2 (biotic positive control) 2.36 ± 0.3

Note: (p-value = 0.02, F = 7.684, n = 3)
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value 5.143, indicating significant differences in 
means.

Lipolytic test
 The isolates growing on Gorodkowa’s 
Tributyrin agar were evaluated for a zone of 
clearance. The results are shown in Table 4. Lipase 
test could be considered as a significant aspect. 
As per the literature, lipase production has been 
associated with glycolipids and lipopeptides.62

 Oil-drop-collapse method: This test 
has been employed by other researchers as well 
for the screening of biosurfactant producers.22,63 
Drop-collapse test would be positive for the 
isolates which synthesize higher extracellular 
biosurfactant. The results are shown in Table 
5. As per the literature, the isolates positive for 
the oil-drop collapse test could be further tested 
for surface tension.26 Keeping this aspect into 
consideration the isolates were further evaluated 
by employing relatively better and more reliable 
sensitive test such as Oil displacement test as 
mentioned in Table 6.

 Oil displacement test: Displacement 
of oil is connected with biosurfactant activity.64 
Oil displacement is a more sensitive technique 
to screen producers of biosurfactant than other 
methods adopted for the same.65 It works on the 
principle that biosurfactants alter the contact 
angle manifesting at the oil-water interface, 
exerting surface pressure and eventually leading to 
the displacement of the oil drops66 as mentioned 
in Table 6 and Figure 4. One-way ANOVA-based 
analysis with 0.02 as p-value implies important 
findings. Calculated F value was 7.684 that was 
higher than the F critical value 5.143, indicating 
significant differences in means.

Stage II screening
CTAB agar method
 The isolates were assessed for the 
appearance of bluish halo surrounding the 
growth. Formation of blue colour indicates 
biosurfactant production. Glycolipids can react 
with the bromide salt found in CTAB and form 
a blue complex with methylene blue leading to 

Table 7. CTAB agar test 

Isolate Diameter of 
 halo zone (mm)

SH-6 17.66 ± 0.57
SS-1 (biotic positive control) 15.33 ± 0.57
SS-2 (biotic positive control) 17.33 ± 1.15

Note: (p-value = 0.02, F = 7.166, n = 3)

Table 8. BATH test 

Isolate % hydrophobicity

SH-6 61.58 ± 0.8
SS-1 (biotic positive control) 56.91 ± 0.62
SS-2 (biotic positive control) 60.33 ± 0.57

Note: (p-value = 0.0003, F = 38.196, n = 3)

Figure 6. Emulsification test Figure 7. Gram staining of the isolate
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an ion pair that is not soluble.67 Test has been 
employed for Pseudomonas species68 as well as 
the Bacillus species. The results are shown in Table 
7 and Figure 5. On the basis of one-way ANOVA, 
p-value was found to be 0.02 which is lesser than 
0.05 indicating crucial findings. Calculated F value 
was 7.166 that was higher than the F critical value 
5.143, indicating significant differences in means. 

BATH test
 The response to the BATH test indicates 
the hydrophobicity of biosurfactants. The method 
of BATH was employed by another researcher. SH-6 
isolate has been responding consistently good in 
the tests performed till this stage as depicted in 
Table 8. Data was validated using one-way ANOVA 
and the p-value was calculated to be 0.0003. 
Calculated F value was 38.196 that was higher 
than the F critical value 5.143, indicating significant 
differences in means.

Measurement of emulsification index
 The results are shown in Table 9 and 
Figure 6. Hydrocarbon emulsification basically 
enhances bioavailability. This serves as an indirect 
test but significantly helpful as it is biosurfactant 
dependent variable.61

 Using one-way ANOVA, p-value was 
calculated to be 0.009 highlighting the reliability 
of the observations. Calculated F-value was 11.4 
that was higher than the F critical value 5.143, 
indicating significant differences in means.
 Emulsification feature could be considered 
as stable if E24 is more than 50%. Considering 
the aspects mentioned by other researchers as 
quoted, it appears SH-06 bacterial isolate could 
exhibit a considerable degree of stable response.

Determination of surface tension
 If a microorganism decreases the 
medium’s tension-active force to a value less than 
40 mN/m, it could be an important indicator for 
the synthesis of biosurfactants.69,70 They could be 
considered useful in a variety of bioremediation 
related processes. At the interfacial zone, 
biosurfactants induce the formation of the micelles 
which eventually increases solubility of poorly 
soluble compounds in water.71

 Table 10 consists of the findings of 
the surface tension reduction in comparison 

Figure 8. Phylogenetic tree for Pseudomonas aeruginosa SH-6

Table 9. Emulsification index 

Isolate  % E24

SH-6 64.66 ± 0.57
SS-1 (biotic positive control) 62 ± 1
SS-2 (biotic positive control) 64.33 ± 0.57

Note: (p-value = 0.009, F = 11.4, n = 3)



  www.microbiologyjournal.org1062Journal of Pure and Applied Microbiology

Khan & Jain | J Pure Appl Microbiol. 2025;19(2):1049-1070. https://doi.org/10.22207/JPAM.19.2.09

with other strains of Pseudomonas aeruginosa 
synthesizing biosurfactants. Values of surface 
tension reduction reported in literature are 
reasonably closer to the findings in this research. 
Carbon to nitrogen ratio, pH, temperature and 
other physico-chemical conditions influences 
the biosurfactant production. The percentage 
reduction is mentioned in Table 11. 
 One-way ANOVA-based analysis with 
a lower p-value of 0.008 substantiates the 
observations. Calculated F value was 11.909 
that was higher than the F critical value 5.143, 
indicating significant differences in means.

Identification of the promising biosurfactant 
producer
Gram staining
 The isolate SH-6 was found to be Gram 
negative rod in staining as shown in Figure 7. Table 
12 consists of the colony characteristics of the 

isolate SH-06 on Nutrient agar media amended 
with 3% NaCl. 

16S rRNA gene sequencing analysis
 Analysis of the pure isolate was 
undertaken at the Hi-Media Laboratory, Thane. 
When the isolate SH-06 was subject to 16S 
rRNA gene analysis, the amplicon was retrieved, 
and Sanger sequencing machine was used for 
sequencing. Bacterial isolate SH-06 was subjected 
to phylogenetic analysis and identified to be 
Pseudomonas aeruginosa. On further analysis 
with BLASTN algorithm, the respective sequence 
files were uploaded on the NCBI portal. GenBank 
Accession number was obtained as PP567277. 
Phylogenetic tree was constructed as shown in 
Figure 8 using neighbour-joining algorithm using 
1000 iterations, to observe for the evolutionary 
relationships of SH-6 with other Pseudomonas 
strains. The isolate SH-6 exhibited a close 

Figure 9. Pale honey coloured dried biosurfactant in a 
petri dish Figure 10. Solvents used for the recovery of biosurfactant

Table 10. Comparative analysis of surface tension 
reduction values

No. Initial value of Final value of Ref.
 surface tension  surface tension
 (mN/m) of sample (mN/m) of sample 
  after biosurfactant 
  production

1. 64 34 Current 
   study
2. 72 35.26 72
3. 66 30 ± 0.65 73
4. 64 30 74

Table 11. Determination of surface tension

Isolate Percent reduction 
 in surface tension

SH-6 47.33 ± 0.57
SS-1 (biotic positive control) 52.08 ± 1.8
SS-2 (biotic positive control) 48.95 ± 0.9

Note: (p-value = 0.008, F = 11.90, n = 3)
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evolutionary relationship with Pseudomonas 
aeruginosa (ASRA01000067) and hence identified 
as Pseudomonas aeruginosa.

Production of biosurfactant
 The method adopted for development 
of inoculum differs from cell to cell and the 
parameters to be assessed. Luria Bertani broth was 
used for inoculum development for seeding the 
production media. Another research mentioned 
substrate in the form of waste engine oil for 
biological remediation of contaminated soil and 
commercial synthesis of biosurfactant.75 Another 
research highlighted the potential of valorization 
of waste engine oil with an objective to facilitate 
a circular bioeconomical concept of biosurfactant 
production by assessing the rates of aeration and 
agitation in a fed-batch fermentation mode.76 
Scientific investigation highlighted the possibility 
to adopt the approach of free and immobilized 

cell system using waste engine oil in order to 
synthesize biosurfactant,77 wherein using GC-
MS it was observed that immobilized strain of 
Pseudomonas aeruginosa exhibited a relatively 
better potential as compared to free cells.76

Extraction and estimation of biomass
 The biomass was obtained after the 
harvesting of the production broth. Biosurfactant 
was derived from the supernatant. Cell pellet was 
subjected to drying yielding a dry weight of 0.41 ± 
0.01 g %.

Extraction and recovery of biosurfactant
 Different solvents were assessed in 
combination taking into consideration the 
proper balance of the polarity of the system. A 
comparative analysis of the solvent extraction 
methods as shown in Table 13, highlights the 

Table 12. Colony characteristics of SH-06 

Colony Observed 
characteristics  result

Colony size 2 mm
Shape Slight elliptical
Colour Greenish blue
Margin Entire
Elevation Flat
Motility Motile
Consistency Butyrous
Opacity Translucent

Figure 11. TLC plate showing the spots indicating (a) yellow for sugar and (b) brown for lipid

Table 13. Comparative analysis of solvent extraction 
methods

Solvent system Average Yield 
 (g %) ± SD

Chloroform:Methanol (2:1) 0.3 ± 0
Chloroform:Ethanol (2:1) 0.26 ± 0.01
Chloroform:Methanol:Water  0.25 ± 0.03
(10:5:7)
Cold Dichloromethane 0.25 ± 0
Cold Acetone precipitation 0.23 ± 0.02
Chilled Ethyl acetate  0.27 ± 0.01

Note: (p-value = 0.003, F = 6.430, n = 3)
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(a) 

Figure 12. (a) HPLC chromatogram of test sample; (b) HPLC chromatogram of the standard Rhamnolipid

yield of biosurfactant obtained along with the 
percentage purity of the solvents used in the 
extraction process. From the Table 13, it is evident 
that the average yield is highest 0.3 ± 0 g % with 
Chloroform:Methanol in the ratio (2:1) used for 
extraction. Possible reason could be due to the 
provision of both non-polar (chloroform) and polar 
(methanol) phases ensuring proper extraction, 
owing to the fact that biosurfactant consists of 
hydrophilic and hydrophobic domains. One-way 
ANOVA -based analysis with the p-value of 0.003 

implies the importance of the findings. Calculated 
F value was 6.430 that was higher than the F critical 
value 3.105, indicating significant differences in 
means.
 The dried honey coloured biosurfactant 
was obtained in the study by employing a 
combination of Chloroform:Methanol (2:1) as 
shown in Figure 9. The yield of biosurfactant 
obtained using Chloroform:Methanol (2:1) 
combination was 0.31 ± 0.01 g % which was 
relatively better than the other combinations as 
shown in Figure 10.

(b)
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 When the supernatant was subjected to 
acid precipitation and solvent extraction a viscous 
pale honey coloured biosurfactant was obtained. 
The initial yield of the biosurfactant was 0.31 ± 
0.01 g %. Phosphate buffer pH 7.0, was used to 
reconstitute the biosurfactant and was preserved 
in it.

Characterization of biosurfactant
 Initial  detection of biosurfactant 
components using Column chromatography and 
thin layer chromatography (TLC)47

Column chromatography
 Fractions of 10 mL were collected in 
dilution tubes and were evaluated by TLC. Column 
chromatography could facilitate separation of 
different congeners of rhamnolipids with different 
number of rhamnose units. Fractions collected 
from column were validated by TLC analysis. 

Thin-layer chromatography
 Column chromatography fractions on 
analysis by TLC exhibited the presence of congeners 
of rhamnolipids. When fractions collected from 
column chromatography were subjected to TLC 
analysis, initial fractions (the first ones to elute) 

contained mono-rhamnolipids, whereas the 
fractions collected later contained di-rhamnolipids. 
As in the initial stages for enrichment kerosene was 
used as an inducer for biosurfactant synthesis, 
mono-rhamnolipids were relatively more than di-
rhamnolipids.78 These findings were in alignment 
with the observations from another research 
on the assessment of antimicrobial potential 
of congeners of rhamnolipids.79 Different spots 
(yellow and brown in colour) were observed when 
the plate was sprayed with reagent for sugars and 
lipids respectively. There was no visible spot for 
amino acid. Glycolipid nature of the biosurfactant 
could be deduced from these findings and could 
be Rhamnolipid, as the standard used for TLC was 
0.1% Rhamnose and the spot was in alignment 
with the test sample spot. TLC plates are shown 
in the Figure 11 (a and b). The glycolipid Rf value 
of 0.74 for test and 0.75 for standard Rhamnolipid 
are in close agreement with the findings in a paper 
for TLC of Rhamnolipids using a similar solvent 
system.80 The lower ones were di-rhamnolipids 
and the upper spots were mono-rhamnolipids. 
These findings were in alignment with the research 
conducted with Pseudomonas aeruginosa KT1115 
for di-rhamnolipid wherein the researchers tried 
TLC to assess the mono and di-rhamnolipid types 

Figure 13. HPTLC chromatogram (Track Details: Track-1,6 & 11: Glycerol based Rhamnolipid with volume 5,10 and 
15 µL, Track-2,7 & 12: Glucose based Rhamnolipid with volume 5,10 and 15 µL, Track -3,8 & 13: Olive oil based 
Rhamnolipid with volume 5,10 and 15 µL, Track-4,5,9,10,14 & 15: Rhamnolipid standard with volume. 2,3,4,5, and 
6 µL respectively)
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of biosurfactants and separate them.81 Mono-
rhamnolipids could be employed when there 
is relatively greater degree of hydrophobicity 
required as observed in the case of solubilization of 
hydrophobic substances; whereas di-rhamnolipids 
are suitable for emulsification-based applications 
due to their enhanced polar attributes.82

HPLC analysis of biosurfactants
 HPLC analysis revealed the presence of 
Rhamnolipid in test sample. Retention peak of the 
test sample T1 at 21.417 min was in agreement 
and very close to the standard Rhamnolipid R-90 
(AGAE) with a retention time at 21.441 min. 
The chromatograms as depicted in the Figure  
12 (a and b) for the test and the standard samples 
confirm the presence of the Rhamnolipid. Our 
findings corroborate the findings in research, 
that stated that the p-bromophenacyl esters of 
Rhamnolipids were separated using reverse phase 
HPLC within 25 min.3

Separation of components of biosurfactant and 
confirmation of results of TLC by HPTLC
 HPTLC analysis validated the findings of 
TLC and detected the presence of Rhamnolipid in 
the test samples. Different sugar based (Glucose 
and Glycerol) rhamnolipids were assessed and 
Rhamnolipid was detected in both the samples, 
as two major bands at Rf: 0.36 and Rf: 0.56 
after derivatization with Naphthol reagent. In 
Rhamnolipid standard track with 90% purity 
(AGAE) 5 bands were detected at different Rf 
values: 0.15, 0.21, 0.36, 0.41 and 0.56 respectively. 
Band at Rf: 0.36 and 0.56 from Rhamnolipid 
standard were considered as the major bands. 
Band at Rf: 0.36 and 0.56 similar to Rhamnolipid 
were detected in both the test samples for SH-6 
bacterial isolate i.e. SH-6 Glucose and Glycerol-
based test samples as shown in the Figure 13. HF-1 
Olive oil-based sample was for a fungal isolate. In 
similar research for HPTLC for rhamnolipids, the 
researched found 4 peaks, out of which 2 peaks 
were considered as major homologues based on 
area percentages.83

CONCLUSION

 Emphasis was on the enrichment, 
isolation, screening of biosurfactant synthesizing 

halophilic organisms. The enrichment was 
undertaken first for the halophilic organisms and 
from them the biosurfactant producers were 
obtained by enrichment in inorganic mineral salt 
media N-MSM amended with 3% NaCl and 1% 
inducer Kerosene. There was no other carbon 
source added to N-MSM broth. Two stages of 
screening allowed the selection of the most 
suitable isolates, since only one screening test 
would not be sufficient to assess and validate 
the potential to synthesize biosurfactant. A 
moderate halophilic Pseudomonas aeruginosa 
SH-6 exhibiting optimum growth at 3% NaCl was 
obtained. It could synthesize Rhamnolipid (0.31 ± 
0.01 g %), the presence of which was confirmed 
by TLC, HPLC and HPTLC.

Future prospects
 Taking a cognizance of the production 
cost, there is immense scope to investigate 
the physico-chemical parameters governing 
Rhamnolipid production that would help in the 
production optimization. Based on the principle of 
OFAT (One Factor At a Time) various parameters 
could be optimized. Findings from OFAT could be 
considered for Plackett-Burman based screening 
of significant variables followed by further 
optimization using response surface methodology. 
There is immense potential for further research 
on strain improvement to enhance the yield of 
Rhamnolipid using appropriate genetic engineering 
techniques. Various other extremophilic organisms 
could be investigated to obtain biosurfactant 
producers. Use of biosurfactants in agriculture, 
medicine and environment could be investigated.
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