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ABSTRACT 

Microbial biosurfactants play a key role in emulsifying hydrocarbons.  In the 

present study, the diesel oil degrading isolate Acinetobacter sps., succeeded to uptake 

diesel effectively for rapid growth.  A good emulsification activity of up to 65% was seen in 

drop collapsing test by the isolate. Surface tension reduction was also observed which 

indicated that biosurfactant could also enhance the bioavailability of hydrocarbons and 

biodegradation process and such findings were discussed. 
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INTRODUCTION 

Hydrocarbons such as diesel fuel, crude 

oil and petroleum distillates are some of the 

world’s most widely used primary energy and 

fuel resources, due to the energy they produce 

when combusted.Huge quantities of fuel are 

required by power industry, automobiles and 

heat homes and with the number of times each 

gallon of petroleum is stored, transported, or 

transferred,   accidents and leakages are 

inevitable making these hydrocarbons the most 

common global environmental pollutants. Oil 

spills are one of the major risks faced mainly by 

both terrestrial and marine ecosystem. The 

quantity of oil spilled during accidents can 

range from a few hundred tons to several 

hundred thousand tons. 

A source of petroleum and its products 

in the environment includes accidental spills 

and from ruptured oil pipelines. Today the 

international oil and gas-pipelines span several 

million kilometers and this is growing yearly. 

Just like any other technical appliance, 

pipelines are subject to “tear and wear’’, thus 

can fail with time (Belleret al., 1996). Industrial 

and municipal discharges as well as urban run-

offs, atmospheric deposition and natural seeps 

also account for petroleum hydrocarbon 

pollution of the environment. 
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Biodegradation of hydrocarbons 

represents one of the primary mechanisms by 

which petroleum and other hydrocarbon 

pollutants are eliminated from the environment 

(NAS, 1985). Biodegradation make use of 

hydrocarbon utilizing microorganisms like 

bacteria, fungi etc to degrade complex 

hydrocarbons to simpler molecules. The 

hydrocarbon molecules are used to derive 

energy and nutrients. Biodegradation of oil is a 

natural process that occurs slowly over the 

course of weeks, months or years, removes the 

oil spilled from the environment. One of the 

most important characteristics of hydrocarbon-

degrading bacteria is the ability of emulsifying 

hydrocarbons in solution by producing surface-

active agents such as biosurfactants (Bredholtet 

al., 1998). Surfactants are amphipathic 

molecules with both hydrophilic and 

hydrophobic (generally hydrocarbon) moieties 

that partition preferentially at the interface 

between fluid phases with different degrees of 

polarity and hydrogen bonding such as 

oil/water or air/water interfaces. They are 

totally or partially extracellular, that reduces 

surface tensions and interfacial tensions 

between liquids of different polarities 

(Desaiand Banat, 1997). The superior 

properties of biosurfactants include high 

biodegradability; low toxicity, ecological 

acceptability, and production from cheaper 

substrate.Other advantages include selectivity 

and specific activity at extreme temperatures, 

pH and salinity. 

Biosurfactants offer attractive products 

for use in enhanced oil recovery, in cleaning oil 

spills, in oil emulsification and in making 

industrially derived oil-in-oil 

emulsions.Researchers all over the world are in 

continuous search of potential biosurfactants to 

act as biologically active compounds and wide 

applicability in the medical field.Biosurfactants 

also have potential applications in pulp & 

paper, coal, paint and textile processing 

industries 

MATERIALS AND METHODS 

Isolation and Screening of Diesel Oil 

Degrading Bacteria (Hui, 2011) 

Diesel contaminated soil was collected 

from a local garage and surroundings of a petrol 

pump in Coimbatore, Tamil Nadu. Isolation of 

diesel degrading bacteria was carried out using 

serial dilutions technique by agar plate method 

of soil samples on minimal salt agar (MSA) 

medium containing diesel (1%) as sole source 

of carbon and energy. 10 g of soil sample was 

suspended in 100 ml sterile distilled water and 

vortexed for even distribution. Serial dilution 

was carried out up to 10
-4

 before plating. 

Aliquot of 100 µl was platted on MSA plates 

containing diesel. The above plates were then 

incubated at35°C for 7days.Well developed 

isolated colonies were picked and purified by 

repeated sub culturing on nutrient agar medium 

and maintained on nutrient agar slants and 

refrigerated. The isolated colonies were grown 

in nutrient broth for 16–18 hrs at room 

temperature and were used as inoculum at the 

2% (v/v) level for further analysis. The above 
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pure isolates were further screened for their 

diesel degradation ability by growing them on 

the minimal salt broth supplemented with diesel 

(1%) under 35°C for a period of 15 days in a 

shaker incubator. The experiments were carried 

out in 250 ml conical flasks containing 100 ml 

minimal salt medium. The flasks were closely 

monitored daily throughout this period for 

turbidity and floccules formation. 

 Studies on growth and diesel oil degradation 

ability 

The isolate were again inoculated in 

minimal salt broth supplemented with 1% 

diesel and incubated under 35
0
C for 15 days in 

a shaker incubator. During the study period, 

samples were aseptically drawn daily to 

monitor pH and optical density and tabulated. 

Cell optical density was measured by pipetting 

1 ml of culture broth into a 15 ml centrifuge 

tube and centrifuged to harvest the cell pellets. 

The pellets were washed twice with 2 ml sterile 

mineral media and resuspended in sterile 

mineral media. Absorbance was measured at 

600 nm. 

 Screening for biosurfactant production 

 YPG medium brothcontaining yeast 

extract (5g/L, peptone (5g/L) and glucose 15 

g/Lwas prepared. The flasks were sterilized, 

inoculated with the isolate and incubated for 7 

days in shaking condition at room temperature. 

After incubation, the media was centrifuged at 

10,000 rpm for 10 min. to obtain a cell free 

supernatant. The culture supernatant was then 

tested for the presence of biosurfactant. Asingle 

method is not suitable to identify all types of 

biosurfactants. Hence the following screening 

assays were carried out for detecting 

biosurfactant production by isolate (Satputeet 

al., 2006.) 

Drop collapsing assay 

Qualitative drop collapsing assay was 

performed by a modified technique described 

by Boudour and Miller (1998).2 µl of diesel oil 

was added to the 96 well microtitre plates. The 

plates were equilibrated for 1 h at 37
0
C for 

forming a uniform thin coating of oil in the 

well.5µl of culture supernatant was added to the 

surface of the oil. The shape of the drop on oil 

surface was observed after 1 min. Positive 

result was indicated by collapsing of the oil 

drop and that drop remain beaded were scored 

as negative which was examined with distilled 

water as control. 

Emulsification index (EI) 

Emulsification activity was measured 

using two methods: the measurement of optical 

density at 540 nm  and the measurement of 

emulsion stability after 24 hour (emulsification 

index ;E24).In the first method, 2 ml samples of 

cell free supernatant were added to as screw-

capped tubes containing 2 ml distilled water, 

and the solution was mixed with 1 ml of diesel. 

After a vigorous vortex for 2 min, the tubes 

were allowed to sit for 1 hour to separate 

aqueous and oil phase, before measuring the 

absorbance at 540 nm .Aqueous phase was 

removed carefully and OD at 540 nm was 

measured and compared with uninoculated 
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broth used as negative control (Patel and Desai, 

1997). Emulsification activity was defined as 

the measured optical density at 540nm. 

In the second method,a mixture of 6 ml 

of studied hydrocarbon (diesel) and 4 ml of the 

culture supernatant was vortexedat a high speed 

for 2 min. After 24h ,the emulsification index 

(E24) was calculated by measurement of the 

height of the emulsion layer (a),divided by the 

total height (b),multiplied by 100 (Cooper and 

Goldenberg, 1987). 

Surface tension measurement 

Surface tension of biosurfactant 

containing culture supernatant was determined 

by Drop weight method (Kopeckyet al., 1999) 

 Extraction of crude biosurfactant  

The whole cell free culture 

supernatant after the above analysis was then 

acidified to pH 2 with H2SO4 (1 M) and 

subjected to solvent extraction for extraction of 

crude biosurfactant. The biosurfactant was 

extracted using two volumes of 

chloroform/ethanol (2:1) solution in a 

separating funnel. The bottom layer was 

extracted and collected. The solvent was 

removed from the biosurfactant by evaporation 

at temperature below 40
0
C.The resultant 

residue obtained was crude biosurfactant. 

Weight of the biosurfactant was expressed in 

terms of milligrams per milliliter (dry weight 

(Aparnaet al., 2011).                         

Stability testing 

Stability studies of the biosurfactants 

were carried out by modifying the technique by 

Preethi and Nilanjana, 2010.Fresh 24 h culture 

was used for this purpose. Cell free broth was 

obtained by centrifuging the cultures at 5,000 g 

for 20 min.Cell pellets were suspended in saline 

to prepare a suspension. The temperature 

stability of the biosurfactant was tested at 

100
0
C for 10 min. and 4

0
C for 10 min. 

Characterisation of biosurfactant 

 Fourier Transform Infrared 

Spectroscopy (FTIR) is a powerful tool for 

identifying types of chemical bonds in a 

molecule by producing an infrared absorption 

spectrum. Hence this technique was used for 

molecular characterization of obtained 

biosurfactant. The basis for infrared 

spectroscopy is the structural information about 

a compound that can be found from its infrared 

absorption spectrum. The spectral bands were 

taken in mid infrared absorption 4000 to 400 

cm
-1

 with 30 scan speed. The spectrum was 

recorded using ATR (Attenuated Total 

Reflectance). The digitalized spectra were 

processed using OMNIC® soft ware. The 

compounds were identified by comparing the 

data with the standard data. 

RESULTS AND DISCUSSION 

Isolation of diesel degrading bacteria 

was carried out using serial dilutions technique 

by agar plate method of soil samples on 

minimal salt agar (MSA) medium containing 

diesel (1%) as sole source of carbon and energy 

and incubated at 35°C for 7days.Three different 
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isolated colonies (designated as D-1,D-2,D-3) 

were picked and purified. The above pure 

isolates were further screened for their diesel 

degradation ability by growing them on the 

minimal salts broth supplemented with diesel 

(1%) under 35°C for a period of 15 days in a 

shaker incubator. One isolate, labeled as D-1 

that formed floccules within shorter period 

(6
Th

day) in the culture flasks were selected for 

further studies. Other two isolates from 

contaminated soil samples gave very little 

growth (indicated by cloudiness in the media) 

on diesel containing medium with little to no 

floccules formation and were not included in 

further studies. The 1% diesel added to the 

medium might be higher than the tolerance 

level of isolate D-2 and D-3 thus slowing down 

their growth very rapidly when compared to 

isolate D-1.The growth of isolate D-1 in 

minimal salt broth supplemented with 1% 

diesel was studied by monitoring the optical 

density for a period of 15 days. An increase in 

growth rate (0.387-0.534 g/ml) was observed 

during the study period, maximum being 0.534 

g/ml on 7
th

 day of incubation.The culture 

reached stationary phase on 7
th
 day of 

incubation. 

Petrikevichet al., 2003 has shown that 

there is a high correlation between cellular 

growth and diesel assimilation in microbes. 

Generally, the entire carbon source is 

assimilated by the bacterium for growth and 

energy and an increase of CFU ml
-1

 is regarded 

as an indicator of degradation with higher CFU 

ml
-1

 correlating with higher amount of diesel 

being degraded.  

The change of pH during the bacterial 

growth was also monitored. Results from the 

observation indicated that the pH of the control 

medium (with oil but without microbe) was in 

the range 6.88 - 6.91 throughout the length of 

the study. But the medium with D-1possessed 

the lowest pH (pH 6.39) on day 15 as compared 

to the control flask. This observation might be 

due to the production of secondary metabolites 

during the growth. The requirement of neutral 

pH or near neutrality for optimal growth of 

bacteria on diesel is also exhibited by many 

other bacterial strains (Kwapiszet al., 2008). 

The hydrocarbon utilizing bacteria often 

produces surface active substances, such as 

biosurfactants to assist the uptake of 

hydrophobic substance. Studies by various 

researchers have revealed that the presence of 

glucose in the production medium increased the 

biosurfactant production in the culture medium 

(Guerra-Santos et al., 1984). Initial work of this 

study proved that peptone as a nitrogen source 

is an essential component for the growth. Hence 

YPG (Yeast Peptone Glucose) medium 

containing yeast extract (5g/L) ,peptone (5g/L) 

and glucose 15 g/L was used for studying the 

production of biosurfactant. The inoculated 

media was incubated for 7 days in shaking 

condition at room temperature. After 

incubation, the media was centrifuged at 10,000 

rpm for 10 min. to obtain a cell free 

supernatant. The culture supernatant was then 
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tested for the presence of biosurfactant. The 

following screening assays were carried out for 

detecting biosurfactant production. 

Drop collapsing assay is an indicative of 

the surface and wetting activities .The addition 

of culture supernatant on oil coated well lead to 

the formation of flat drops within a minute 

.Hence the isolate was scored as biosurfactant 

producer. The diesel degrading isolate was 

tested for their emulsification activity with 

diesel and kerosene. Water as control showed 

32.05% after 24 h. Emulsification index of the 

culture supernatant was measured for diesel as 

65.51 % after 10 min which remained almost 

stable after 24 h (65.47%) which accounts for 

good emulsification. However culture 

supernatant was unable to emulsify and 

stabilize emulsions with kerosene (23 %) 

(figure-1).These results indicate that the 

biosurfactant produced by the isolates had high 

emulsification specificity toward diesel oil and 

a rather very low efficiency with kerosene. This 

finding suggests that the emulsifier’s activity 

depends on its affinity for specific hydrocarbon 

substrates. 

Similar observation was reported by 

Amiriyanet al., 2004 during their studies on 

bioemulsan production by Iranian oil 

reservoirsmicroorganisms. These results were 

in contradiction to that of Abu et al., 1991.  

Figure 1. Comparison between the emulsification indexes of the samples tested 

 

Most biosurfactants are specific and 

emulsify different substrate differently (Iloriet 

al., 2005).The supernatant obtained on 

centrifugation of the media containing 

biosurfactant emulsified diesel and kerosene. 

Emulsions with diesel were found to be stable 

for 24hrs.But the emulsions with kerosene were 

not stable as emulsification activity reduced 

within 24hrs. 
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Formation of emulsion usually results 

from the dispersion of a liquid phase as 

microscopic droplets in another liquid 

continuous phase (Desai and Banat, 1997). This 

property is especially useful for making 

oil/water emulsions for cosmetics and food. 

Emulsification enhances the biodegradation of 

hydrocarbons by increasing their bioavailability 

to the microorganisms involved in the process. 

Surface tension of biosurfactant 

containing culture supernatant was determined 

by Drop weight method. The measurement was 

repeated twice and an average value of 32.3 

N/m was obtained. The cell free culture 

supernatant from 72 hrs old YPG culture was 

subjected to the biosurfactant extraction using 

techniques by Aparnaet al., 2011.2.45g/L of 

crude biosurfactant was recovered from the 

production medium. The crude material thus 

obtained has a pale white appearance with oily 

texture. During extraction using the separating 

funnels, the bottom layer contained the 

biosurfactant to be extracted, having a clear 

appearance. The top layer contained impurities 

and were discarded, having a cloudy white 

appearance. Stability studies of the 

biosurfactants were carried out by modifying 

the techniques by Preethi and Nilanjana, 2010.  

Table 4.Thermal stability of the biosurfactant 

 

Sample 

 

 

E24, Before treatment 

E24  , After  treatment, 

temperature /time  (°C/min) 

100/10 4/10 

Culture broth 65.51 65.53 65.49 

Cell suspension  

(in saline) 

55.98 61.00 57.3 

 

The biosurfactant property, E24 

showed very slight variation before and after 

exposure to a high temperature (120 
0
C) and 

lower temperature (4
0 

C) for 10 min. The 

retention of over 60% emulsification activity at 

this temperature can be considered as an 

indication that the biosurfactant might be useful 

in extreme environments like temperate marine 

compartments and industrial system where 

temperature extremes are an integral part. 

Similar findings were also reported by Preethi 

and Nilanjana (2010), with the yeast 

Trichosporonasahii, isolated from petroleum 

contaminated soil which was found to be the 

potent producer of sophorolipids form of 

biosurfactant. 

Molecular compositions of crude 

biosurfactants produced were evaluated 

byFourier Transform Infrared Spectroscopy 

(FT-IR) which is a powerful tool for identifying 

types of chemical bonds in a molecule by 

producing an infrared absorption spectrum. FT-

IR is generally used to elucidate some 

components of an unknown mixture. The 

compounds were identified by comparing the 

data with the standard data available at The 
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South India Textile Research Association 

(SITRA), Coimbatore and literature reviews.  

Figure 2 shows the infra red 

spectrum of the isolated biosurfactant. The 

wave number 3241 cm
-1

 indicated the presence 

of amino group. The C-H bond was observed at 

wave number 2958, 2855 and 1410 cm
-1

. The 

wave number 1070 cm
-1

 is because of C-O 

stretching vibrations and the wave number 607 

cm
-1

 is due to O-H bond. The peaks observed 

altogether indicate the presence of lipid and 

protein moieties 

Figure 2. FT-IR spectra of crude biosurfactant 

 

From the FT-IR data obtained and 

literature reviews (Rosenberg et al., 1988; 

Desouky Abdel-El Haleem, 2003) it is evident 

that lipoprotein form of biosurfactant is 

dominant in the isolate. Properties like 

emulsification specificities, antibacterial 

activities, wide temperature stability etc. of the 

lipoprotein produced will definitely show 

potential in all the fields of application. 

CONCLUSION 

Further understanding of the metabolic 

process of this organism on the hydrocarbons 

will increase possibilities of developing models 

and strategies for removing hydrocarbon 

pollutants from oil impacted environment for 

field application and enhancing the growth and 

activity of petroleum degrading bacteria. Better 

analytical techniques can be developed for 

measuring and monitoring effectiveness for 

field validation of laboratory work. Isolated 

strain degraded diesel effectively in shorter 

time. Hence investigation on the ability of the 

isolate to degrade other more recalcitrant 

components of petroleum can also be 

considered under future prospects. 

The degrading ability demonstrated by 

the isolate is a clear indication that they possess 

a gene that is used in hydrocarbon degradation. 

Better understanding of the genetics can be 

helpful for regulation of biodegradation rates in 
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shorter time and commercialization. Moreover, 

the mixed culture (consortium) of petroleum 

degrading bacteria present in hydrocarbon 

contaminated sites can be studied and utilized 

for enhanced bioremediation of polluted sites. 
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