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Introduction
Increasing public awareness of environmental pollution influences 

the search and development of technologies that help in clean up of 
organic and inorganic contaminants such as hydrocarbons and metals. 
Petroleum hydrocarbons are an essential raw material in our current 
society, but they also constitute a major environmental pollutant that 
is very difficult to be bioremediated. Crude oils have very low water 
solubility, high adsorption onto soil matrix and present limited rate of 
mass transfer for biodegradation. 

Oil-contaminated soil is especially difficult for bioremediation since 
oil excess forms droplets or films on soil particles, which is a powerful 
barrier against microbial degradation. Bioavailability of contaminants 
in soil to the metabolizing organisms is influenced by factors such as 
desorption, diffusion and dissolution. Biosurfactants are produced 
to decrease the tension at the hydrocarbon-water interface aiming 
to pseudo-solubilize the hydrocarbons, thus increasing mobility, 
bioavailability and consequent biodegradation.

 Several biosurfactant are produced by a diversity of microorganisms 
in order to survive in an oil rich environment, and this adaptation 
process selected for surfactants with highly adaptable phycal-chemical 
properties. Biosurfactants are, therefore, very suitable for applications 
in the oil industry and this is reflected in the market, where the 
large majority of biosurfactants produced are in petroleum-related 
applications.

Surfactant molecules act by reducing interfacial energy (interfacial 
tension) and surface tension through the formation of an ordered 
molecular film at the interface [1].

Biosurfactants can improve the bioavailability of hydrocarbons to 
the microbial cells by increasing the area at the aqueous-hydrocarbon 
interface. This increases the rate of hydrocarbon dissolution and their 
utilization by microorganisms [2].

The main issue which directly influences the efficiency of biological 
treatment is the “bioavailability” of the pollutant. Possible sorption 
of molecules into the soil matrix, formation of non-aqueous phases, 

interactions with organic matter, biotransformation, and contaminant 
aging these naturally occurring processes often result in limited 
bioavailability, thus decreasing the efficiency of bioremediation. The 
most common intended role of biosurfactants is therefore enhancing 
the distribution of contaminants into the aqueous phase and increasing 
their bioavailability.

The success of biosurfactant production not only depends on right 
choice of producer microorganism but also on selection of low cost 
waste material as substrate.  

Frying oil, molasses, whey, starch rich wastes, agricultural and 
industrial wastes are reported as substrate for biosurfactant production.

The Deproteinised Juice (DPJ) is rich in water soluble plant 
nutrients. It contains water soluble carbohydrates, minerals, free 
amino acids etc. DPJ supports to the growth of Rhizoctonia and also 
used for alcohol production by yeast. Screening of DPJ of plant leaves 
for production of biosurfactant by different fungi was carried out. DPJ 
was found supportive for growth and biosurfactant production by 
Rhizopusnigricans. Preliminary chemical analysis of biosurfactant was 
carried out. It was a heteropolymer consisting of protein, carbohydrate 
and lipid. 

The objective of the study was to determine the biosurfactant 
production and its potential use in bioremediation processes, especially 
in the petroleum industry.

A promising method that can improve bioremediation 
effectiveness of hydrocarbon contaminated environments is the use of 
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Abstract
The treatment of environmental pollution by microorganisms is a promising technology. Various genetic 

approaches have been developed and used to optimize the enzymes, metabolic pathways and organisms relevant 
for biodegradation. Naturally occurring microbial activities are and have been the starting point for all biotechnological 
applications. It is therefore necessary to isolate bacterial strains with novel metabolic capabilities and to biochemically 
and genetically elucidate degradative pathways. Microbial biosurfactants are extracellular compounds produced 
by microbes such as bacteria, fungi and actinomycetes when grown in culture medium containing hydrophobic/
hydrophilic substrates. Biosurfactants are surface active molecules having hydrophilic and hydrophobic moieties 
as their constituents which allow them to interact at interfaces and reduce the surface tension. As compared to 
their chemical/synthetic counterparts, biosurfactants have unique properties such as high activity, less/or no toxicity, 
biodegradability and ease of production from renewable resources. There is a useful diversity of biosurfactants due 
to the wide variety of producer microorganisms. Also their chemical compositions and functional properties can be 
strongly influenced by environmental conditions. 
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biosurfactants. They can enhance hydrocarbon bioremediation by two 
mechanisms. The first includes the increase of substrate bioavailability 
for microorganisms, while the other involves interaction with the cell 
surface which increases the hydrophobicity of the surface allowing 
hydrophobic substrates to associate more easily with bacterial cells.

In bioremediation applications biosurfactants play main role 
in promoting the accessibility/bioavailability of the pollutants to 
the microbes involved in biodegradation process. Application of 
biosurfactants in oil biodegradation experiments showed 20-30% 
increase in total degradation. The biosurfactant solution applied to 
the oil field contacts the small pockets of trapped oil and reduces the 
interfacial tension, mobilizes the trapped oil and thus the released oil 
can be recovered more efficiently.

The success of bioremediation is governed by three important 
factors: availability of microbes, accessibility of contaminants and 
a conducive environment. The efficiency of the bioremediation is 
dependent upon the microbial ability to degrade these complex mixtures 
and their rate-limiting kinetics. The intensity of biodegradation is 
influenced by several factors, such as nutrients, oxygen, pH value, 
composition, concentration, and bioavailability of the contaminants, 
chemical and physical characteristics, and the pollution history of the 
contaminated environment.

Materials and Methods
Microorganisms

Hydrocarbon-utilizing fungi were isolate from different soil 
samples and were identified as Aspergillus niger, Aspergillus flavus, 
Rhizopusni gricans.  To confirm their ability to grow on hydrocarbons, 
a few filaments from fungal cultures were transferred in to 100 ml 
Erlenmeyer flasks containing 20 ml liquid medium supplemented with 
2% hexadecane or n-paraffins and kerosene, respectively and cultivated 
at 28°C and 130 rpm. Fungal cultures were maintained on potato 
dextrose agar slants at 4°C.

Medium

Modified GN medium-(glucose-10 gm, KN03-2.5 gm, KH2PO4-1 
gm, MgSO4-0.5 gm in 1000 ml distilled water).

DPJ (Deproteinised leaf juice)

Deproteinised leaf juice was prepared as method described by 
Davys and Pirie and Davys et al. Eucalyptus (Eucalyptus sp. L.), Castor 
(Ricinuscommunis L.), Soyabean (Glycine max L.), and cauliflower 
were used.

Method of inoculation

A loopful of spore suspension was standardize to contain 20-30 
spores per field (10 × 10) was inoculated in 50 ml fermentation medium. 

Incubation

In 250 ml Erlenmeyer flask 50 ml sterilized fermentation medium 
was inoculated with fungal culture and incubated in static and shake 
condition for 7 days.

Assessment of growth

Growth was assessed in terms of dry weight at the end of incubation 
period. (Gravimetric method).

Biosurfactant production

Biosurfactant production was determined by measuring surface 
tension by capillary rise method as described in Physical Chemistry 
Laboratory Manual, 2003.

Screening and identification of biosurfactant-producer

Initially, the screening of biosurfactant production by the isolated 
strain was carried out by oil-displacement test according to the method 
described elsewhere [3]. Further, emulsification activity of the cell-free 
culture supernatant again paraffin oil was carried out as mentioned by 
Paraszkiewicz et al. [4]. To confirm the biosurfactant production from 
the above mentioned tests, surface tension of the culture samples were 
measured by DuNouy Tensiometer (Table 1).

There are at least two ways in which biosurfactants are involved 
in bioremediation: increasing the surface area of hydrophobic water-
insoluble substrates and increasing the bioavailability of hydrophobic 
compounds. Biosurfactants are more effective than chemical surfactants 
in increasing the bioavailability of hydrophobic compounds (Figure 1). 
In addition, they are selective, environmentally friendly, and generally 
less stable than most synthetic surfactants. The high molecular weight 
bioemulsifier Alasan was recently shown to significantly increase the 
rate of biodegradation of several PAHs (Figure 2).

Extraction of biosurfactant

Biosurfactants released by Rhizopus nigricans  at stationary phase 
mixed with 4 ml of water, 5 ml of chloroform and 10ml of methanol. 
After shaking for 5 minutes, the mixture was filtered through Whatman 
filter paper no.1 with slight suction. The residue on the filter paper was 
homogenised with 5 ml of chloroform and filtered once more. The 
residue on the filter paper was dissolved in water and freeze-dried.

For extraction of lipid, two filters were combined, 5 ml of water was 
added and the mixture was shaken thoroughly before separation of layer 
allowed. The upper methanol-water layer was removed by aspiration, 
retoevaporated until an aqueous solution was left and subsequently 
freeze-dried. The lower chloroform layer containing lipid fraction was 
retoevaporated resuspended in chloroform-methanol-water (4:3:1 
vol/vol) and again retoevaporated until a cloudy aqueous emulsion 

DPJ of plants Dry weight Mg/100 ml Emulsion Index
Eucalyptus 347 25.02

Castor 271 15.17
Soybean 282 16.68

Cauliflower 233 11.48
Modified GN medium (control) 330 21.23

Table 1: Growth and emulsification activity of Rhizopusnigricans in DPJ media.
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Figure 1: Effect of pH on growth and biosurfactant production.
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was formed. This emulsion was freeze-dried and stored at -20°C. 
Different concentrations of the biosurfactant in the range of 10-80 
mg/l were prepared from the stock solution of biosurfactant (0.1 g/l) 
in water. CMC was determined by measuring the surface tension of 
the dilutions at room temperature. The CMC was defined by plotting 
the surface tension as a function of biosurfactant concentration. These 
experiments were conducted in three independent experiments. 
The surface tension reaches its minimum value at a concentration of 
biosurfactant called critical micelle concentration (CMC) above which 
the molecules are associated, forming supermolecular structures.

Thin – layer chromatography (TLC)

For TLC, 20 mg of freeze-dried biosurfactant was dissolved in 
mixture of chloroform, methanol and water (1:1:0.3, v/v), while 2 mg of 
the chloroform fraction was dissolved in 1 ml of chloroform. TLC was 
carried out on Silica Gel 60 Plates (0.25 mm thick) with concentration 
zones (Merck) by use of mixture of chloroform, methanol and water 
(65:25:4 v/v) (Figure 3).

Fourier-transform infrared spectroscopy (FT-IR)

Fourier transform infrared spectroscopy (FT-IR) is an analytical 
technique used to identify organic (and in some cases inorganic) 
materials. This technique measures the absorption of various infrared 
light wavelengths by the material of interest. These infrared absorption 
bands identify specific molecular components and structures (Figure 4). 

High performance liquid chromatography (HPLC)

C-18 reversed-phase high performance liquid chromatography 
(HPLC) of biosurfactant sample was carried out on a Perkin Elmer series 
410 HPLC system. Sample was analysed on C-18 column maintained 
at ambient temperature. 20 ml amount was used. Mobile phase used 
was CAN: EtAc (65:35). Flow rate was 1 ml/min. chromatogram was 
detected on detector at 265 nm wavelength. Detailed report of HPLC 
analysis is shown in Figure 5. 

Nuclear magnetic resonance spectroscopy (NMR)

After the hydrolysis of purified biosurfactants (about 100 mg) with 
HCl, the fatty acids were extracted with ether and purified by thin – 
layer chromatography on silica 60 with the solvent system hexane-
ether-acetic acid (90:10:1 [vol/vol/vol]). The fatty acids fraction 
(Rf=0.16) was recovered from the plate, and the sample (6.3 mg) was 
dissolved in 0.7 g of CDCl3. Tetramethylsilane was used as an internal 
standard. 1H-nuclear magnetic resonance (NMR) of this fatty acid was 

analysed by 400-MHz NMR (JNM-GSX-400; JEOL, Tokyo, Japan). The 
intact biosurfactant was also dissolved in dimethylsulfoxide- d6 and 
analysed by 1H-NMR.

Oil-degradation activity of biosurfactant

Natural oil and fats mostly consists of higher fatty acids and esters 
of glycerol. The basic hydrolysis of esters is known as saponification. 
The saponification value indicates about oil degradation. Oils viz., 
coconut, sunflower, castor bean, palm, soyabean and cottonseed oil 
were used. In 100 ml oil sample 10 ml crude biosurfactant solution was 
added and it was kept for 12 hours.

Analytical methods

Protein concentration in the isolated biosurfactant was determined 
by the Lowry method [5] using Bovine serum albumin as a standard. 
Carbohydrates were determined by the phenol-sulphuric method, 
using D-glucose as a standard [6]. The lipid composition of the crude 
biosurfactant was determined according to Manocha et al. [7]. 

Result and Discussion
Growth and optimization studies were carried out. On the basis 

of the growth and emulsification activity of all these isolates were 
measured in static condition and in suspension culture by using 
modified GN-medium. Amongst these isolates Aspergillusniger was 
found suitable for more biosurfactant production. Growth measured 
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Figure 2: Effect of temperature on growth and biosurfactant production.
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was 1.9 g/L and emulsion activity measured was 21.61. Aspergillusniger 
was selected for further studies. Optimum growth and maximum 
activity was measured in GN-medium. 

Aspergillusniger when grown on modified GN- medium with pH 6.5, 
temperature 28°C, on orbital shaker at 120 rpm, on seven days of incubation 
produced 1.9 g/L of growth (dry weight basis) and 21.61 emulsification 
activity. In 1995 reported optimal yields of bioemulsifier are usually 
obtained when carbohydrate and vegetable oil are used as substrate. 
Liposan an extracellular emulsifier synthesized by Candidalipolytica 

was composed of 93% carbohydrate and 7% protein [8]. Other 
polymeric emulsifiers containing proteins carbohydrate and lipids 
were produced by Candidalipolytica when grown in babassu oil [9]. 
Preliminary analysis of the bioemulisifier produced by Aspergillusniger 
in modified GN-medium indicated that it was a hetropolymer, which 
consisted of 19% protein, 25% carbohydrate, and 5.5% lipid.

The chemical nature of biosurfactant produced was detected by 
HPLC, FTIR, IR, NMR and GC/MS. Joachim Vater et al. performed 
reverse phase HPLC to separate the isoforms of the lipopeptide 

 
Figure 4: Fourier-transform infrared spectroscopy.

 

Figure 5: High performance liquid chromatography.
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biosurfactant complexes produced by Bacillus subtilis C-1. They found 
the lipopeptide products in 23 fractions.

The biosurfactant produced by Aspergillus niger was found 
heteropolymer made up of protein, carbohydrate and lipid. TLC 
revealed the presence of glycolipids. FT-IR, HPLC, NMR and GC/
MS analysis indicated presence of Pentadecanecarboxylic acid and 
D-xyletolpenta-acetate in biosurfactant. Further studies are required for 
detailed elucidation of structure and chemical nature of biosurfactant.

Oil degradation activity of biosurfactant was determined in terms 
of saponification value. Biosurfactant have capability of hydrolyzing the 
esters. Increase in saponification value is an indication of degradation 
of oil. Oil degradation activity of biosurfactant was checked against 
six different types of oils. Saponification activity was found most 
against soyabean and cottonseed oil. It indicates oil degradation by 
biosurfactant.

Masaaki Morikawa et al. [10] noted the similar report for 
biosurfactant produced by Arthrobacter sp. Strain MIS38.

A promising method that can improve bioremediation 
effectiveness of hydrocarbon contaminated environments is the use of 
biosurfactants. They can enhance hydrocarbon bioremediation by two 
mechanisms. The first includes the increase of substrate bioavailability 
for microorganisms, while the other involves interaction with the cell 
surface which increases the hydrophobicity of the surface allowing 
hydrophobic substrates to associate more easily with bacterial cells. 
By reducing surface and interfacial tensions, biosurfactants increase 
the surface areas of insoluble compounds leading to increased 
mobility and bioavailability of hydrocarbons [11-13]. In consequence, 
biosurfactants enhance biodegradation and removal of hydrocarbons. 
Addition of biosurfactants can be expected to enhance hydrocarbon 
biodegradation by mobilization, solubilization or emulsification.

Emulsification is a process that forms a liquid, known as an 
emulsion, containing very small droplets of fat or oil suspended in 
a fluid, usually water. The high molecular weight biosurfactants are 
efficient emulsifying agents. They are often applied as an additive 
to stimulate bioremediation and removal of oil substances from 
environments.

The effective microbiological method in bioremediation of 
hydrocarbon polluted sites is the use of biosurfactant producing 
microorganisms without necessarily characterizing the chemical 
structure of the surface active compounds [14]. The cell free culture 
broth containing the biosurfactants can be applied directly or by 
diluting it appropriately to the contaminated site. The other benefit of 
this approach is that the biosurfactants are very stable and effective in 
the culture medium that was used for their synthesis.

Bioremediation usually consists of the application of nitrogenous 
and phosphorous fertilizers, adjusting the pH and water content, if 
necessary, supplying air and often adding bacteria. The addition of 
emulsifiers is advantageous when bacterial growth is slow (e.g. at cold 
temperatures or in the presence of high concentrations of pollutants) 
or when the pollutants consist of compounds that are difficult to 
degrade. Bioemulsifiers can be applied as an additive to stimulate the 
bioremediation process; however, with advanced genetic technologies 
it is expected that the increase in bioemulsifier concentration during 
bioremediation would be achieved by the addition of microorganisms 
that overproduce bioemulsifiers [15].

Biosurfactants are produced by a variety of oil-degrading 
microorganisms. These biosurfactants can be of low molecular weight, 

acting by decreasing the oil–water interfacial tension, or high molecular 
weight and act as biodispersants by preventing coalescence of oil 
drops in water. The high molecular weight bioemulsifiers are hetero-
polysaccharides and the active components are lipids or proteins. 
The activity of bacterial biosurfactants in bioremediation stems 
from their ability to increase the surface area of hydrophobic water-
insoluble substrates and to increase the solubility and bioavailability of 
hydrocarbons [16,17]. They can be added to bioremediation processes 
as purified materials or in the form of bioemulsifier over producing 
micro-organisms. In either case, they can stimulate the growth of oil-
degrading bacteria and improve their ability to utilize hydrocarbons [18]. 
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