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Abstract
Biosurfactants were found to be a suitable candidate for environment clean-up and as an alternative 
to conventional treatment systems. in the present study, a polyaromatic hydrocarbon degrading 
organism Bacillus halotolerans was screened for its ability to produce biosurfactant during hydrocarbon 
degradation. the bio-surfactant activity of the organism was screened by using various methods like 
oil spreading technique, emulsification assay, foam height analysis and parafilm-M test. the design 
expert software was used to optimize the suitable conditions for the production of biosurfactants. the 
optimum  conditions were determined as pH 6, Chrysene-100 ppm, nitrogen source -1000 ppm and 
at 144 hrs using the design of experiments. the organism showed good oil degradation capacity and 
maximum growth was achieved in 6 days. Biosurfactant obtained from the biodegradation medium 
was confirmed to be lipopeptide using tlC, FtiR and GCMS.
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iNtRODuCtiON

 Surfactants are molecules that modify 
the interfacial properties between two fluids, or 
that between a fluid and a solid. They contain both 
hydrophobic and hydrophilic moieties.1 It serves 
two essential jobs: First, it assists with further 
developing contact with the surface. Furthermore, 
it emulsifies oils and fats. Surfactants can be 
either oil or vegetable-based. The drawbacks 
of utilizing oil-based surfactants are that they 
are produced from a non-renewable source, 
slightly biodegradable, and discharge poisonous 
synthetic compounds when they break down. 
The fundamental benefit of utilizing vegetable-
based surfactants is that they are obtained from 
sustainable sources.2 Surfactant molecules which 
are produced by microorganisms are referred 
as biosurfactants and most of the hydrocarbon 
degraders are found to be biosurfactant 
producers.3 Biosurfactant exhibit lower toxicity 
than the synthetic surfactants.4 Based on the 
microbial source and chemical composition, the 
biosurfactants are classified into four groups: 
they are lipopeptides, phospholipid, polymeric 
surfactants and glycolipids.5,6 Glycolipids are 
carbohydrates linked to lipids by glycosidic bond. 
Examples include trehalose lipids, rhamnolipids 
and sophorolipids.7 These are produced by 
organisms like Pseudomonas spp.8,9 Torulopsis 
spp.10,11 Lipopeptides are molecules containing 
lipids linked to short peptide chains whereas 
in lipopolysaccharides, lipids are attached to 
polysaccharides. Lipopeptides include Surfactin, 
Lichenysin, Iturin and Fengycin. Most of 
these lipopeptides are produced by Bacillus 
subtilis.6,12 Lipopolysaccharides, for example, 
emulsan, is produced by Acinetobacter spp.12 
Polymeric surfactants like nonionic trehalose 
corynomycolates are produced by Rhodococcus, 
Arthrobacter spp. and various Mycobacterium 
spp.13 Among fungi, Candida bombicola,14 Candida 
lipolytica,15 Candida ishiwadae,16 Candida batista,17 
Aspergillus ustus18 and Trichosporon ashii19 are the 
explored ones. Even though glycolipids are the 
major type produced, lipopeptides are the most 
powerful ones.20

 Biosurfactants allow the microbes to 
grow on water-immiscible substrates by lowering 
the substrate tension, thus making the substrates 

readily available for the uptake and metabolism. 
Other physiological roles include antimicrobial 
activity and cell adherence.4 Biosurfactants have 
the properties of frothing, wetting, dropping 
surface tension, settling emulsions and are 
normally non-toxic and biodegradable.21 Their 
applications include cosmetics, pharmaceuticals, 
humectants, petroleum extraction and refining, 
food additives and detergents. The composition 
and the production of biosurfactants depends 
on strain, culture conditions like carbon source, 
nitrogen source, chemical and physiological 
parameters such as temperature, pH, aeration, 
divalent cations etc.22 In spite of all laboratory-
based success in the production of biosurfactants, 
industry level is still challenging because of 
many factors like medium and concentration of 
biosurfactants. In the present study, we aim to 
screen the biosurfactant producing capability of 
the strain isolated from oil contaminated sites 
and to optimize the production process using 
RSM. Our focus is to use Chrysene, a polyaromatic 
hydrocarbon as the major carbon source for the 
production, as there is only limited statistics about 
the compound.

MAteRiAlS AND MetHODS

Bacteria and Culture Condition
 In the present study, Bacillus halotolerans 
(Genbank Accession number MK439524) which 
was isolated from oil contaminated water 
samples was selected for the production of the 
biosurfactant.23 A 24 hour grown culture was used 
as the inoculum for the production process. 

Chemicals and Media
 All the chemicals used in the study were 
purchased from Himedia, except Chrysene (Sigma) 
with a greater than 98.0% analytical standard.

Screening for the Biosurfactant Production
 Minimal salt broth supplemented with 
1% chrysene and 1 ml crude oil at a pH of 7.0 
was used for the initial screening. To that 5 ml of 
24-hour old culture was added and incubated at 
30°C in an orbital shaker (150 rpm) for 5 days. The 
samples were tried for the capacity to deliver of 
biosurfactants by performing following tests:
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Oil Spreading technique
 Oil spreading experiment was performed 
as described by Morikawa et al.24 In this method, 
10μl of kerosene oil was added into a petri dish 
containing 50 ml of distilled water. 10μl of the 
culture filtrate was then dropped onto the middle 
of the oil layer. Formation of a clear zone indicates 
the presence of biosurfactants. The diameter of 
the clear zone is measured after 30 seconds.

emulsification Assay
 Emulsification activity was observed by 
adding equal amounts of kerosene oil and cell 
free supernatant. It was then vortexed for 2 min 
and was left undisturbed for 24 hours. Later the 
emulsification activity was measured using the 
following equation3:
 EI = (Emulsion height)/ (Total height) ×100

Foam Height Analysis
 Foam height was determined by vortexing 
10mL of the cell free supernatant for 10 min and 
left to stand for 2 minutes. Foam height was 
measured and frothing capacity was measured 
using the equation25:
 Foaming = (Foam height)/ (Total height) ×100 

effect of Media on Growth and Biosurfactant 
Production
 A statistical approach, response surface 
method was employed to optimize various 
parameters26 for ensuring better production of the 
surfactant. The parameters selected for the study 
were carbon source, incubation period(days), 
pH, and concentration of nitrogen sources. The 
range for the initial optimization factor taken 
as Table 1. After initial optimization, higher and 
lower levels were taken and those values given 
to design expert software. The experiment was 
designed and conducted as instructed by software, 
Design of Experiments. Four variable arithmetical 
components were inspected at two usually 
separated levels, picked like +1 (high level) and -1 
(low level) in triplicates.

extraction and Characterization of Biosurfactant 
Produced
 For the extraction of biosurfactant, 
inoculum was added into minimal salt media 

optimized as per the statistical method. At the 
end of the incubation period, bacterial pellets 
were removed by centrifugation at 10000 rpm for 
20 min at 4°C (REMI C-24BL cooling centrifuge). 
Concentrated sulphuric acid was added to the 
resulting supernatant and kept at 4°C overnight. 
The centrifugation was repeated and a Grey white 
precipitate was obtained. Further extraction was 
done with 10 mL of chloroform methanol (2: 1 
v/v) and the content was centrifuged at 10000 
rpm for 20 min under cooling condition and the 
resulting pellet was air dried.27 The extracted 
biosurfactant was characterized using thin layer 
chromatography, FTIR and GC–MS.

thin layer Chromatography
 The crude sample was spotted into 
silica gel 60 F254 TLC plates and developed using 
chloroform: methanol: acetic acid (65:15:1) as 
a solvent system. Type of the biosurfactant was 
visualized using various agents, such as 0.2% 
ninhydrin in ethanol for lipopeptide, 1% sulphuric 
acid followed by heating at 110°C for 20 min for 
glycolipids and iodine vapours for lipids. The Rf 
value was calculated using the below formula.28

 Rf = Distance travelled by the sample /
Distance travelled by the solvent front.

Parafilm-M test
 Two ml of the culture filtrate was mixed 
with a few drops of Bromophenol blue indicator. 
10 μl of the sample was dropped onto a parafilm-
sheet with a micropipette and the shape of the 
drop was inspected after 1 min. Phosphate buffer 
of pH 7.0 and Sodium lauryl sulfate and were used 
as positive and negative controls respectively.29

FtiR and GC–MS
 The crude biosurfactant sample was 
subjected to infrared analysis to identify its chemical 

table 1. The range of process parameters for the Design 
of Experiments

Term Parameter Low High 
  Level  Level

A No.of days 72 192
B pH 6 8
C Carbon source (mg/l) 50 100
D Nitrogen source (mg/l) 500 2000
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nature.29 The analysis was carried out using 
Shimadzu IR prestige-21 FTIR Spectrophotometer. 
The spectral data was collected within a range 
of 600 to 4000 cm-1. The obtained spectra were 
further analysed for the presence of various 
functional groups and chemical interactions. The 
methanol extract of the sample was used for the 
GC-MS analysis.30 The sample is injected into 
the instrument (Shimadzu QP2010S), which was 
equipped with a Rxi-5Sil MS column (30 m × 0.25 
mm).

Biodegradation of Crude Oil
 Spectrophotometric method was used to 
assess the efficiency of the organism to degrade 

crude oil. Bacterial cells were inoculated into the 
minimal salt medium (MSM) containing 7% crude 
oil as a sole carbon source. The uninoculated 
medium serves as the negative control. All the 
samples were incubated in an orbital shaker at 
180 rpm and 28°C for 8 days. To determine the 
reduction in the amount of oil, the absorbance of 
the sample was measured at 610 nm in every 24 
hours.31 The sample composition was determined 
using GC-MS.

ReSultS AND DiSCuSSiON

Screening for the Biosurfactant Production
 The organism was screened for the 
production of biosurfactant and the results were 
depicted as given below:

Oil Spreading technique
 Cell free sample was dropped carefully 
on to the middle of the oil layer taken in the Petri 
plate. The organism was able to displace the oil 
and presented a clear zone (Figure 1). Diameter 
of the oil drop was 9mm and later it widened to a 
diameter of 1.3cm. Distilled water and a synthetic 
surfactant Triton X-100 was used as negative 
and positive controls respectively.32 Appearance 

Figure 1. Displacement of oil in spreading assay

Figure 2. emulsification assay Figure 3. Foaming activity of the crude sample
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of a clear zone confirmed the presence of 
biosurfactants.

emulsification Assay
 Production of biosurfactant is also 
confirmed by determining the emulsification 
index and it was found to be 41.05 (Figure 2). 
The value is slightly lower in comparison with 
biosurfactants from Bacillus spp.33 This might be 
due to the difference in the carbon source used 
for the production. The ability of the organism to 
produce biosurfactant was confirmed.

Foaming Activity
 Foaming ability of crude biosurfactant 
was found to be more than 50% and stable for 1 
hour (Figure 3). The foam stability was observed 
continuously at a 5 min interval for 1 hour and after 
1 hour, there was a reduction in the foam height 
by 2%.

Optimization of Biosurfactant Production
 Using the design expert software (version 
11), various experimental combinations were 
found out and performed. The observations were 

table 2. ANOVA analysis

Factors SS df Mean Sq. F-value p-value

Model 4.91 7 0.7015 23.25 < 0.0001
No.of days (A) 0.6170 1 0.6170 20.45 0.0009
pH(B) 3.39 1 3.39 112.27 < 0.0001
Carbon source(C) 0.0054 1 0.0054 0.1790 0.6804
Nitrogen source(D) 0.0414 1 0.0414 1.37 0.2661
AB 0.1521 1 0.1521 5.04 0.0463
AC 0.0135 1 0.0135 0.4460 0.5180
AD 0.6939 1 0.6939 23.00 0.0006
Curvature 0.7912 1 0.7912 26.22 0.0003
Pure Error 0.3319 11 0.0302  
Cor Total 6.03 19

Figure 4. Interaction between (a) No. of days and pH (b) Carbon source and No. of days (c) Nitrogen source and 
No. of days
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recorded as OD at 610 nm. Using this, the most 
suitable condition of the media for the production 
of biosurfactant was determined. All the process 
parameters were studied and optimized using 
RSM. The results of ANOVA for the factorial model 
were shown in Table 2. The model is found to be 
relevant as the F- value is 23.25. There is just a 
0.01% possibility that this large F-value could 
happen because of noise. P< 0.05 demonstrates 
that the factors such as No. of days(A), pH(B), 
combinations such as No. of days and pH (AB) 
and No. of days and nitrogen source (AD) are 

relevant models. The fit analysis shows a value 
of 0.7547 and 0.8964 for predicted and adjusted 
R2 respectively. As the differences between both 
the terms are negligible, the model is significant. 
The signal to noise ratio was found to be 14.345, 
indicating adequate signal and hence the present 
model can be used to explore the design space.
 The coefficient estimates address only 
a normal change in factor esteem when all 
leftover variables are held steady. The catch in a 
symmetrical plan is the general normal reaction of 
the relative multitude of runs. At the point when 

table 3. Signature peaks of lipopeptides 

No. Peaks Functional groups

1. 3290 cm-1 Peptide (O=C-NH)29

2. 2926 cm-1 Aliphatic chain (H-C=C-H)35

3. 1734 cm-1 Esters (RCO2R’)36

4. 1541 cm-1 Carbonyl group (C=O)37

Figure 5. Pareto chart showing interactions between various parameters

Figure 6. Extracted biosurfactant sample

the components are symmetrical the VIFs are 1; 
VIFs more noteworthy than 1 demonstrate multi-
collinearity, the higher the VIF the more extreme 
the connection of variables. VIFs less than 10 are 
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Figure 7. Characterization using TLC

acceptable in most of the cases. The concluding 
equation in terms of coded factors is represented 
as:
 R1=0.7005-0.1964A+0.4601B+0.0184C-
0.0509D-0.0975AB+0.0290 AC+0.2082AD
 The equation based on coded components 
can be utilized to make expectations about the 
reaction for limits of each component. Naturally, 
the undeniable limits of the components are 
coded as +1 and the lower limits are coded as -1. 
The coded condition is helpful for distinguishing 
the overall effect of the variables by looking at 
the factor coefficients. The final equation with 
respect to the real factors can be utilized to foresee 
the reaction of given levels of each factor and is 
represented as:
 R1=0.000867A+0.674625B-0.001817C-
0.000679D-0.001625AB+0.000019AC+4.6277
8E-06-2.60520 
 where A-number of days, B-pH, C- 
chrysene, D- nitrogen source.
 Various factors such as Carbon source, 
combination of no. of days and nitrogen source, 

Figure 8. IR spectrum of extracted surfactant sample
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Figure 9. GC-MS data of the extracted surfactant sample

Figure 10. Growth of bacteria with crude oil as carbon source

no. of days and carbon source shows a positive 
effect as shown in the Figure 4 and 5. By using 
the point prediction, the maximum growth of the 
organism was obtained at pH 8, carbon source 
-75mg/ml, nitrogen source -1250mg/ml and at 72 
hrs.

extraction and Characterization
 The cell free extract was treated 
with concentrated sulphuric acid followed by 
chloroform methanol. The resultant precipitate 

was air dried and preserved for screening  
(Figure 6).
 The TLC plates with the sample after 
treatment with ninhydrin produced a red spot as 
shown in the Figure 7. This confirmed the presence 
of lipopeptides in the extracted biosurfactant. 
The Rf value was found to be 0.54. Most of the 
Bacillus spp., produce lipopeptides belonging to 
the surfactin family. Identical results were reported 
by Joy et al.34 on Bacillus spp. (SB2) which was 
confirmed on TLC.
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 The IR spectra of the biosurfactant sample 
extracted from Bacillus halotolerans is shown in 
Figure 8 and compared with previously reported 
works. The spectrum displays various peaks 
corresponding to different functional groups and 
chemical bonds (Table 3).
 The data is in good correlation with the 
lipopeptide nature of the biosurfactant. Hence it 
can be confirmed that the extracted biosurfactant 

has a similar structure and functional group to 
lipopeptides.
 The biomolecule was further analysed 
for its fatty acid composition using GC-MS and 
revealed that the biosurfactant extracted from B. 
halotolerans was found to be lipopeptide in nature 
(Figure 9). Major peaks were Octacosane (C28H58), 
Nonadecane (C19H40), and Eicosane (C20H42). 
Other components obtained were Tetracosane 

Figure 11. Chromatogram showing the peaks of the crude oil before (top)and after biodegradation (bottom)
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(C24H50), Heneicosane (C21H44), Tricosane (C23H48), 
Nonadecane, 2-methyl (C20H42). Qiao and Shao30 
reported the presence of decanoic compounds in 
lipopeptide surfactants. The composition of the 
lipopeptide molecule depends not only on the 
organism, but is affected by the substrates and 
culture conditions. It was also reported that the 
bioactive molecule produced by B. subtilis was 
reported to be lipopeptide in nature.38 Our earlier 
studies could confirm that Bacillus halotolerans 
is closely related to B. subtilis.23 Further analysis 
is required to identify the type of lipopeptide 
surfactant.
Parafilm-M test
 In the parafilm M test, the drop became 
flat for sample and sodium lauryl sulphate (positive 
control), indicating the presence of biosurfactant. 
But the drop remained dome shaped for the 
phosphate buffer which served as the negative 
control.29

Biosurfactant Mediated Degradation of Crude Oil
 Oil spills are the major routes of 
contamination of water bodies and coastal 
environments. Bioremediation is an appealing 
methodology to remediate these hydrocarbon 
pollutants. A significant challenge with the 
remediation of hydrocarbon molecules is its 
reduced accessibility to the remediating agents. 
The bigger the exterior space of the oil available to 
the remediating agents, the quicker the oil slick can 
be debased. Recent research also confirmed that 
biosurfactants can decrease the interfacial tension 
between the molecules and hence the solubility 
of the hydrocarbon compounds increases.39,40 In 
the present work, growth of the organism was 
monitored at regular intervals over 8 days. The 
highest growth was reached after 72 hrs (Figure 
10). Crude oil was supplemented as the sole 
carbon source. The maximum bacterial growth 
corresponded to highest biosurfactant production 
and crude oil biodegradation.41

 F ro m  t h e  G C - M S  d a t a  va r i o u s 
hydrocarbons ranges from C1 to C70 are present 
in the sample(Figure 11). Hydrocarbons analyzed 
were 3,5-Di-t-butylphenol (C11H13O), Eicosane 
(C20H42), Hexadecane (C16H34), 2-methyloctacosane 
(C29H60), Nonahexacontanoic acid (C69H138O2 , 
2,6,10,15-tetramethyl Heptadecane (C21H44), 

Tritetracontane (C43H88), Eicosane10-methyl 
(C21H44), Sulfurous acid butyl heptadecyl ester 
(C21H44O3S), Pentadecane 2-methyl (C16H34), 
Nonadecane 2-methyl (C20H42) , Diisooctyl 
phthalate (C24H38O4), Eicosane 2-methyl (C21H44), 
1-chloro Heptacosane (C27H55Cl). The data was 
compared with reported crude oil composition. 
Bolade et al.,42 reported the presence of wide 
range of aliphatic and aromatic compounds in 
the crude petroleum sample. This includes BTEX 
(29%), Acyclic hydrocarbons (22%), PAH (18%), 
Cyclic hydrocarbons (17%) and others 14%. None 
of the crude oil components were detected in our 
analysis in its pure form. In the biodegradation 
process, high molecular weight compounds get 
reduced to its low molecular intermediates. As the 
incubation time increases, some of the petroleum 
hydrocarbons converted into either intermediate 
or end products which are considered as secondary 
metabolites.42 Secondary metabolites like Hexane, 
2,3-dimethyl, Heptane, 3-methyl, Cyclohexane, 
1,1-dimethyl, Octane, 2-methyl etc. having 
importance in medicine, dyes and also have 
antimicrobial, anti-fungal properties.43

CONCluSiON

 A chrysene degrading bacterium, Bacillus 
halotolerans was screened for its potential to 
produce biosurfactants. The production medium 
for biosurfactant production was optimized by 
suitable modification in the MS medium through 
RSM approach. The BS production was improved at 
a pH of 8, nitrogen concentration of 1250 mg/mL, 
carbon concentration of 75 mg/mL and incubation 
after 3 days. From the result of characterization, 
we could conclude that the biosurfactant belongs 
to the lipopeptide group. The biosurfactant 
produced was effective in the degradation of 
crude oil hydrocarbons. In the biodegradation 
process some of the petroleum hydrocarbons are 
converted into either intermediate or end products 
which are considered as secondary metabolites. 
Secondary metabolites like Hexane, 2,3- dimethyl, 
Heptane, 3-methyl, Cyclohexane, 1,1-dimethyl, 
Octane, 2-methyl etc. having importance in 
medicine, dyes and also have antimicrobial, anti-
fungal properties.
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