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ABSTRACT
Pseudomonas aeruginosa isolated from petroleumcontaminated soil of Nsukka, SouthEast Nigeria
produces surfaceactive compounds when grown in different carbon sources tested. The surface
properties of the culture supernatants of the isolate, using watersoluble and waterinsoluble carbon
sources as substrates are described in terms of surface tension and emulsification index. Watersoluble
substrates showed better surface activity than waterinsoluble substrates. The surface tension of the
culture supernatants was lowest with glucose (34.5 dynes/cm) followed by sucrose (38.6 dynes/cm),
glycerol (40.2 dynes/cm), fructose (41.8 dynes/cm), hexadecane (50.4 dynes/cm) and paraffin oil (56.4
dynes/cm). The culture supernatants showed emulsification index of between 52% and 85% and the
emulsion formed remained stable during an extended ageing period of 30 days. The biosurfactants
formed by the isolate retained surface active properties after exposure to high temperature (100 0C), a
wide range of pH (4 – 12) and high salinity (16%).
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1. Introduction
Biosurfactants are a diverse group of surfaceactive chemical compounds that are produced by a wide
variety of microorganisms, which include bacteria, yeasts and filamentous fungi (Abouseoud and
Yataghene, 2008; Mulligan, 2005). Most microbial surfactants are complex molecules, comprising
different structures that include lipopeptides, glycolipids, polysaccharideprotein complex, fatty acids
and phospholipids (Nitschke and Pastore, 2006). The different types of biosurfactants include
lipopeptides synthesized by many species of Bacillus and other species, glycolipids synthesized by
Pseudomonas species and Candida species, phospholipids synthesized by Thiobacillus thiooxidans,
polysaccharidelipid complexes synthesized by Acinetobacter species, or even the microbial cell
surface (Mousa et al., 2006).
Due to their amphiphilic nature in possessing both polar and nonpolar domains, biosurfactants are
able to partition preferentially at the interface between phases of different degrees of polarity and
hydrogen bonding such as wateroil, waterair or solidwater interfaces and are thus able to reduce the
interfacial or surface tension (Banat et al., 2000; Rosenberg and Ron, 1999). These molecules have
tremendous potential for application in the bioremediation of soil and sand (Van Dyke et al., 1991), or
in the cleanup of hydrocarbon contaminated groundwater and enhanced oil recovery (Ron and
Rosenberg, 2001), or wide variety of industrial processes involving emulsification, foaming,
detergency, wetting, dispersing or solubilization (Desai and Banat, 1997). Some biosurfactants are
known to have therapeutic applications as antibiotics and antiviral or antifungal agents (Mousa et al.,
2006).
Currently, almost all the surfactants being produced are chemically derived from petroleum (Banat et
al., 2000). However, production of microbial surfactants through fermentation of nalkanes, sugars
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and other substrates has generated considerable interest because of their many important advantages.
Biosurfactants show many advantages over chemical surfactants as regards biodegradability, low
toxicity, and effectiveness at extreme temperatures, pH, or salinity (AbuRuwaida et al., 1991).
Biosurfactants are attracting attention in recent years because of the several advantages they offer over
chemical surfactants and also their ability to be produced from renewable and cheaper substrates
(Ishigami, 1997).
The objective of this work was to isolate and demonstrate a bacterial species with potential for the
production of extracellular biosurfactant with emulsification and surface tension reduction property.
2. Materials and Methods
2.1 Microorganism and culture conditions
The microorganism used in this study, a strain of Pseudomonas aeruginosa, was isolated from a soil
sample collected from a vehicle mechanic village where the soil usually remains soaked with spilled
petroleum products. Details of the isolation, identification and maintenance of the organism have been
described earlier (Anyanwu et al., 2008). The carbon sources used in the shake flask culture were
fructose, glucose, sucrose, glycerol, hexadecane, and paraffin oil.
Each seed culture was prepared by inoculating a loopful of the stock culture into 20 ml of nutrient
broth, contained within a 200 ml conical flask. This was incubated at 300C and 180 rev/min for 812 h.
An aliquot (1.0 ml) of inoculum was transferred to 250 ml Erlenmeyer flask containing 50 ml of basal
fermentation medium with the following composition (g/l): K2HPO4, 5.0; KH2PO4, 2.0; (NH4)2SO4,
3.0; MgSO4.7H2O, 0.10; FeSO4.7H2O, 0.01; Carbon source, 4.0% (w/v or v/v). The pH of the medium
was adjusted to 7.0. All experiments were carried out in triplicates. The incubation was carried out on
a rotary shaker (Gallenkamp) at 180 rev/min and 300C for 96 h. All chemicals and reagents used were
of analytical grade. Culture samples were taken at the end of the incubation period and analyzed for
pH, biomass, surface tension and emulsification index. Culture supernatant of the broth at zero hour
was considered as the control for each of the carbon source treatments.
2.2 Biomass determination
Biomass was determined by the dry weight method. The culture broth (250 ml) was centrifuged at
10,000 x g for 20 min. The cell pellet obtained was dried overnight at 105 0C and weighed.
2.3 Surface tension measurement
Surface tension was determined by the ring method (Kim et al., 2000) using Du Nouy ring tensiometre
(K6, Kruss, Hamburg, Germany) at room temperature (30 ± 20C) at the end of incubation.
Measurements were made on whole broth and cellfree broth samples after centrifugation.
2.4 Assay of emulsifying activity
The emulsifying activity of the biosurfactants was measured as described by Cooper and Goldenberg
(1987). Briefly, 6.0 ml of kerosene was added to 4.0 ml of the broth supernatant solution from each
carbon source in a graduated test tube and vortexed at high speed for 2 min. This was allowed to stand
for 24 h and the emulsification index (E24) calculated by dividing the measured height of emulsion
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layer by the mixture’s total height and multiplying by 100. Emulsions formed were observed for an
extended period of time for 30 days. Distilled water was used as control.
2.6 Effect of pH on surface activity
The effect of different levels of pH regime on surface tension and emulsifying activity was carried out
by adjusting the pH of the supernatants to various values (4  12) by addition of HCl or NaOH at room
temperature (Zhang and Miller, 1992). The surface tension was determined as earlier described. The
emulsifying activity was measured by vortexing a mixture of the supernatant and kerosene and
measuring the E24.
2.7 Effect of temperature on surface activity
The heat stability of the culture supernatants was studied by heating the supernatants in a boiling water
bath at 1000C for 15 min and cooled to room temperature. The surface tension and emulsifying
activity were, respectively, determined as described earlier.
2.8 Effect of sodium chloride on surface activity
The effect of sodium chloride concentration on biosurfactant activity was determined by adding
different concentrations (0 – 20%, w/v) of NaCl to the biosurfactant solution and allowed to stand for
30 min. The surface activity was determined in terms of surface tension and emulsification index as
described above.
2.9 Statistical analyses
All experimental setups and analyses were performed at least three times with at least two replicates
of each test under each condition. Means and standard errors were calculated for pooled results in all
experiments for each test. Analysis of variance was performed on some of the data obtained to
determine significant differences among the means on the basis of 5% level of significance.
3. Results
The isolated Pseudomonas aeruginosa LS1 produced extracellular surfaceactive compounds when
cultivated in batch cultures on mineral salts medium containing fructose, glucose, sucrose, glycerol, n
hexadecane and paraffin oil as sole carbon sources. The average values of the surface tension,
emulsification index, pH and biomass of the cultures for the different carbon sources at the end of the
cultivation period are shown in Table 1.
The surface tension values of the culture supernatants ranged from 34.5 dynes/cm to 56.4 dynes/cm.
The surface tension values did not show any differences between the whole broth and cellfree broth
samples, respectively. The lowest surface tension value of 34.5 dynes/cm was obtained with glucose
as the carbon source while the highest value of 56.4 dynes/cm was obtained with paraffin oil. The
surface tension values of the controls ranged between 70.6 and 71.1 dynes/cm. There was, therefore, a
significant lowering (p<0.05) of the surface tension of the culture supernatants from their respective
controls. The decrease in surface tension indicated the production of extracellular surfaceactive
compounds by the Pseudomonas aeruginosa LS1 using the different carbon sources.
Table 1: Biosurfactant production by Pseudomonas aeruginosa LS1 with various
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carbon sources.
Carbon source
Fructose
Glucose
Sucrose
Glycerol
nHexadecane
Paraffin oil

Surface
tension
(dynes/cm)
41.8
34.5
38.6
40.2
50.4
56.4

Emulsification
index (%)
68
85
70
68
72
52

Biomass (g/l)

pH

2.4
3.2
3.0
3.5
3.0
2.5

5.5
5.6
5.4
5.6
6.1
6.5

The emulsification activity of the culture supernatants was measured in terms of percent
emulsification and was found to be maximum (85%) with glucose and lowest (52%) with paraffin oil
as carbon source (Table 1). The Pseudomonas aeruginosa LS1 biosurfactants were effective in
producing very good emulsification with kerosene. The emulsions formed were stabilized by the
surfactants and did not revert to separate oil and water phases even after an extended period of
observation of 30 days, whereas no stable emulsions were formed at the zero hour. Table 1 also shows
that the pH of the culture supernatants were all in the acid range, between 5.4 and 6.5.
The effect of pH on the surface tension of the biosurfactants is presented in Figure 1 while Figure 2
shows the effect of pH on the emulsification activity of the biosurfactants. Both the surface tension
and emulsification index were not very sensitive to pH. The surface activity was retained over the pH
range of 4 – 12 with minimal deviation in surface activity.
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Figure 1: Effect of pH on Surface Tension of Culture supernatant
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Figure 2: Effect of pH on Emulsification Index of Culture Supernatant
Thermal stability study of the biosurfactants was done by heating the culture supernatants to 1000C for
10 min and cooling to room temperature. The heating did not cause any significant effect on the
biosurfactant performances. Figures 3 and 4 showed that the surface tension and emulsification
activity were quite stable after exposure to high temperature (1000C).
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Figure 4: Effect of Temperature on Emulsification index
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Figures 5 and 6 indicated that the addition of NaCl in the range of concentrations tested (0 – 20%) had
only a weak effect on surface tension and emulsification index of Pseudomonas aeruginosa LS1
biosurfactants. A significant effect (p< 0.05) was observed at NaCl concentration of 16% and above.
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Figure 5: Effect of NaCl on surface tension
4. Discussion
The Pseudomonas aeruginosa LS1 strain used in the present study produced biosurfactants when
grown in batch culture with fructose, glucose, sucrose, glycerol, hexadecane, and paraffin oil as
carbon and energy sources. The isolate grew on the various carbon sources tested. However, the
biosurfactant production varied as shown by the differences in surface tension values and
emulsification activity. The organism was able to produce extracellular watersoluble biosurfactants
during growth on these substrates. The products were extracellular since the removal of the biomass
did not affect the activity. In a study, Wu and Ju (1998) reported that biosurfactants were either
adhered to, or an integral part of, the cell surface of isolates that only reduced the surface tension in
the presence of cells. Bento et al. (2005) had shown that no substantial emulsification was achieved
with cellfree extracts, indicating that the emulsification activity was not extracellular. Glazyrina et al.
(2008) reported that biosurfactants are present on the cell surface or excreted extracellularly.
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Figure 6: Effect of NaCl on Emulsification activity
It has been reported by Makkar and Cameotra (2002) and Nitschke and Pastore (2006) that microbes
produce biosurfactants, especially during growth on waterimmiscible substrates. This permits the
microorganisms to grow on such substrates by reducing the surface tension thereby making the
hydrophobic substrate more readily available for uptake and metabolism (Calvo et al., 2004). Very
often, the growth of microorganisms on hydrocarbons is accompanied by the emulsification of
insoluble carbon sources in the culture medium and, in most cases, this has been attributed to the
production of emulsifying agents in the presence of these substrates (Kim et al., 2000). However,
Cooper et al. (1981) reported that the addition of a hydrocarbon to culture medium completely
inhibited surfactant production by Bacillus subtilis. Meanwhile, the microorganism used in the present
study, Pseudomonas aeruginosa LS1, utilized both watermiscible and waterimmiscible substrates to
produce biosurfactants. This property confers some advantage on the microorganism as it makes it
more versatile and more ecologically and economically relevant.
It has been demonstrated that some microorganisms which utilize hydrocarbons produce reduced
amounts of biosurfactants when they are growing on watersoluble substrates (Hommel et al., 1987).
This is not in agreement with the results of the present study as glucose appeared as the best substrate
for biosurfactant production by the Pseudomonas aeruginosa LS1. According to Sandrin et al. (1990),
glucose, fructose and sucrose, which are watersoluble substrates, were the best carbon substrates for
the synthesis of biosurfactant by Bacillus subtilis. Ghojavand et al. (2008) showed that surface tension
reduction was not under influence of crude oil as the source of carbon. The production of surface
active substances by the isolates did not necessarily occur in response to the presence of an insoluble
substrate in the growth medium. These results support the conclusion that, in general, bioemulsifiers
are not necessarily produced by microorganisms to facilitate the uptake of an insoluble substrate
(Cooper and Goldenberg, 1987).
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The emulsification properties of Pseudomonas aeruginosa LS1 studied showed that the culture
supernatant of the isolate from different carbon sources formed good, but varied stable emulsions with
kerosene. The emulsifying activity of glucose growth medium was better than all other substrates.
These results show that the isolate produced different amounts of extracellular biosurfactants when it
grew in the presence of different carbon sources. Thus the isolate demonstrated the ability to utilize
different carbon sources to different extent.
Stability studies of the culture supernatants indicated that the surfactant was thermostable as heating
up to 100 0C caused no significant effect on the biosurfactant performances. The surface tension
reduction and emulsification activity were quite stable, despite the high temperature heating.
Abouseoud et al. (2008) had shown that the biosurfactant produced by Pseudomonas fluorescens was
stable even at an autoclaving temperature of 120 0C. Similarly, the biosurfactants produced by
Pseudomonas aeruginosa in the present study were pHstable as a range of pH values (4 – 9) had
minimal effect on the surface activity of the culture supernatants. The activity of the rhamnolipid
produced by Rhodococcus (AbuRuwaida et al., 1991) and surfactin produced by Bacillus subtilis
(Kim et al., 1997) was also pHstable in a wide range from 4 to 11. However, Abousseoud et al.
(2008) had shown that pH increase had a positive effect on surface tension and emulsion stability. The
positive effect could be caused by a better stability of fatty acidssurfactant micelles in presence of
NaOH and the precipitation of secondary metabolites at higher pH values. The addition of sodium
chloride in the range 0 – 20% to the culture supernatants had weak effect on the surface tension and
emulsification index. This finding revealed that the products obtained had a high level of tolerance to
ionic strength. The report is in agreement with the reports of Abouseoud et al. (2008) and Nitschke
and Pastore (2006).
5. Conclusion
The results of the present study showed that the isolated Pseudomonas aeruginosa could produce
extracellular biosurfactants utilizing both hydrocarbons and sugars. The surface tension of the culture
medium was lowered to different extent depending on the carbon source. Glucose was a better carbon
source than all other carbon sources for biosurfactant production. The emulsifying activity of the
biosurfactants revealed that they could be used as emulsion forming agents for hydrocarbons and oils,
giving stable emulsions. The products exhibited a high level of thermal and pH stability and
demonstrated a high level of tolerance to ionic strength. These observations show clear perspectives
for the use of the products in extreme environmental conditions in bioremediation, pharmaceutical
formulations and other industrial fields.
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