
 

 

IJAMBR 3 (2015) 89-95    ISSN 2053-1818 
 

  
 

Evaluation of biosurfactant production by 
Aeromonas salmonicida sp. degrading gasoline 

 

Kamal I.*, Blaghen M., Lahlou F. Z. and Hammoumi A. 
 

Laboratory of Microbiology, Pharmacology, Biotechnology and Environment, Faculty of Sciences Ain-Chock, Route El 
Jadida, B. P. 5366, Casablanca, Morocco. 

 

Article History  ABSTRACT 
Received 30 May, 2015 
Received in revised form 22 
July, 2015 
Accepted 28 July, 2015 
 
Keywords:  
Biosurfactants, 
Aeromonas 
salmonicida,  
Gasoline,  
Biodegradability. 
 
Article Type: 

Full Length Research Article 

 Biosurfactants are a structurally diverse group of surface-active molecules, 
synthesized by microorganisms. These products are able to reduce surface and 
interfacial tension with low toxicity and high specificity and biodegradability. In 
this study Aeromonas salmonicida was isolated from the water of lagoon of Mar 
Chica and was evaluated for its power to produce biosurfactants using mineral 
salt medium with gasoline. This strain was found to be an efficient degrader of 
gasoline oil (98%) over a period of seven days. Maximum degradation was 
obtained under optimal conditions (T: 25°C and pH: 7). Production of 
biosurfactants by A. salmonicida was also observed, which was evaluated by 
measuring the emulsification index, then revealed by methylene blue and thin-
layer chromatography (TLC) tests. The presence of biosurfactant confirmed by 
TLC test shows the ability of this strain to produce the compounds that could 
emulsify gasoline (source of hydrocarbons). 
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INTRODUCTION 
 
Biosurfactants are a diverse group of amphiphilic 
biomolecules produced as secondary metabolites from a 
wide variety of microorganisms (Banat et al., 2010). From 
a biotechnology prospective, the production of bio-
surfactants is important owing to their vast applications in 
food, cosmetics, pharmaceuticals, agricultural and 
petrochemical industries (Nguyen et al., 2008; Pruthi and 
Cameotra, 2003; Robert et al., 1989; Abouseoud et al., 
2008).  

Biosurfactants include lipopeptides synthesized by 
many Bacilli and other species, glycolipids synthesized 
by Pseudomonas and Candida species, phospholipids 
synthesized by Thiobacillus thiooxidans, lipopoly-
saccharides complexes synthesized by Acinetobacter 
species, or even the microbial cell surface itself (van 
Dyke et al., 1991; Bodour and Miller-Maier, 2002). 
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Pollution caused by hydrocarbons in terrestrial and 
aquatic environment is a common phenomenon that 
causes significant ecological and social problems 
(Alexander, 1981). Biodegradation plays an important 
role in reducing the effect of hydrocarbons in 
contaminated environments. In fact, hydrocarbons are 
mostly insoluble in water and their bioavailability is 
limited. Therefore free or floating oil spilled in the sea and 
also industrial wastewaters contain oil-in-water 
emulsions, which can lead to severe problems in different 
stages of treatment. They are major contributors to 
localizing the environmental contaminations. In contrast, 
biosurfactants are environmentally compatible and have 
efficient functionality under extreme environmental 
conditions (Dastgheib et al., 2008).  

In recent years, much attention has been directed 
towards biosurfactants. Their unique properties allow 
their use and possible replacement of chemically 
synthesized surfactants in a great number of industrial 
operations (Mulligan, 2009).  

The aim  of  this  study  was  to  evaluate  the  ability  of 



 

 

 
 
 
 
Aeromonas salmonicida isolated from the lagoon of Mar 
Chica to utilize gasoline as the only source of Carbon in 
the medium and to produce biosurfactant. 
 
 

MATERIALS AND METHODS 
 

Microorganism strain 
 

Aeromonas salmonicida was isolated from water samples 
taken from the lagoon of Mar Chica, located in the north-
west Mediterranean coast of Morocco, facing the Alboran 
Sea between Beni Enzar and Kariat Arkmane. 
 
 

Bacterial identification 
 

Identification of bacteria was performed through 
biochemical analysis using the standardized micro-
method API 20E and 20NE (Biomeriaux) and the 
Sequence method (16S rDNA) using GenElute™ 
Bacterial Genomic DNA Kit and ABI 3130xl Genetic 
Analyzer. 
 
 

Preparation of culture medium 
 

The composition of the mineral salt medium (MSM) used 
was: 1.36 g L

-1
 K2HPO4; 0.1 g L

-1
 MgSO4; 0.6 g L

-1
 

SO4(NH4)2; 0.02 g L
-1

CaCL2; 0.5 g L
-1

 NaCL; 1.1 mg L
-1

 
MnSO4; 0.2 mg L

-1
  ZnSO4; 0.2 mg L

-1
  CuSO4; and 0.14 

mg L
-1

 ZnSO4. The pH was adjusted to 7 using 1 M HCl. 
0.1% of commercial oil (gasoline) was added to each 
flask and then inoculated with 1% of A. salmonicida. After 
72 h of incubation at 25°C in a rotary shaker 100 rpm 
(Memmert), absorbance was measured at 600 nm in 
order to evaluate the cellular growth by a 
spectrophotometer (Shimadzu UV-1800). 
 
 

Minimal inhibitory concentration (MIC) 
 

The minimal inhibitory concentration is defined as the 
lowest concentration that causes no visible growth 
(Jennifer, 2001). Tubes containing 5 ml of MSM and 
gasoline at the different concentrations ranged from 0% 
to 4%, and these were investigated to determine the MIC 
after 72 h of incubation. 
 
 

Effect of temperature and pH on bacterial growth 
 

The strain was cultured at different temperatures (20, 25 
and 37°C) and pH (4, 7 and 10) in order to determine the 
optimum conditions of the bacterial growth. 
 
 

Emulsification measurement 
 

The emulsification index was measured using the method 
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described by Copper and Goldenberg (1987). An aliquot 
of gasoline was added to the incubated culture (v: v), 
then vortexed (Biosan) at a high speed (2500 rpm) for 3 
min (Bodour et al., 2004).  

The stability of the emulsion was determined after 24 h 
and emulsification index (E24) was calculated by dividing 
the measured height (he) of the emulsion layer in the test 
tube by the total height (ht) of the mixture multiplied by 
100. 
 

E24 = (he/ht) × 100 
 
 

Biosurfactant detection by methylene blue method 
 

The assay was carried out using the method of Jones 
and Esposito (2000) with some modifications 1 mL of 
MSM culture was vigorously shaken for 30 s with 0.003% 
methylene blue, then an equal amount of chloroform was 
added to the sample. The mixture was left to stand for 20 
min to extract the methylene blue anionic surfactant ion 
pair into chloroform layer.  

At this point, it is necessary to note that all the blue dye 
has migrated into the chloroform layer. The tube was 
centrifuged at 3000 rpm for 5 min. After the extraction 
with chloroform, the absorbance of each sample was 
measured at 625 nm against a reference of pure grade 
chloroform. 
 
 

Extraction of biosurfactant 
 

The biosurfactant was extracted from culture medium 
after cells removal by centrifugation at 12500 rpm for 30 
min. The supernatant pH was adjusted to 2 by the 
addition of HCl (6 M), and an equal volume of ethyl 
acetate was added in a separation funnel. The mixture 
was vigorously shaken for 5 min and allowed to set until 
phase separation. The organic phase was removed and 
the operation was repeated. The organic part was 
collected and water was removed by adding anhydrous 
sodium sulphate then concentrated at 40°C using a rotary 
evaporator.  

The viscous green product obtained was considered 
the crude biosurfactant. For further purification, the crude 
biosurfactant was dissolved in 0.05 M sodium 
bicarbonate (NaHCO3). After filtration, the pH of this 
solution was adjusted to 2 using 6 M HCl, and the 
solution was kept at 4°C for 24 h. The precipitate was 
finally collected by centrifugation at 12500 rpm for 15 min 
and freeze-dried. This is considered the pure product of 
biosurfactant. 

 
 

Thin-layer chromatography 
 

10 ml of purified biosurfactants in ethyl acetate was 
spotted on a silica gel chromatography TLC  plate  (Silica
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Table 1. Minimal inhibitory concentration results. 
 

Concentration of gasoline 0.01% 0.04% 0.1% 0.3% 0.5% 1% 2% 3% 4% 

Aeromonas Salmonicida + + + + + + - - - 
 

-, No growth; +, growth. 

 
 
 
gel 60, Merck, Darm-stadt, Germany). The compounds 
were separated using a mobile phase of methanol/acetic 
acid in the ratio of 80:20 (v/v). For the detection of 
peptides, the dry plates were sprayed with a solution of 
0.25% ninhydrin in acetone and kept at 105°C for 5 min, 
while for the detection of lipids, the plates were treated 
with iodine (Kowall et al., 1998). 
 
 
GC-MS analysis  
 
The sample used was dissolved in acetonitrile (ACN): 
water (1:1, v/v), centrifuged and filtered. Analysis 
instrument was GC-MS using the following protocol: The 
GC-MS unit consisted of a Shimadzu GC-2010 gas 
chromatograph, equipped with BP-5 capillary column 
(30 m × 0.25 mm i.d., film thickness 0.25 µm; SGE, Ltd.), 
and interfaced with a Shimadzu QP2010 Plus mass 
spectrometer (software version 2.50 SU1). Oven 
temperature was programmed, 50-175°C, at 3°C min

-1
, 

subsequently at 15°C min
-1

 up to 280°C, and then held 
isothermal for 10 min; transfer line temperature, 300°C; 
ion source temperature, 220°C; carrier gas, helium, 
adjusted to a linear velocity of 30 cm s

-1
; split ratio, 1:40; 

ionization energy, 70 eV; scan range, 40-400 u; scan 
time, 1 s. Components  identification was carried out by 
comparison of their retention indices relative to C9-C20 
n-alkanes on the BP-5 column, confirmed by comparison 
of recorded mass spectra with those of a computer library 
(Shimadzu corporation library and NIST05 database/ 
ChemStation data system) and by comparing with 
authentic reference compounds whenever possible. 
 
 
RESULTS AND DISCUSSION 
 
API 20 analysis and sequencing method (16S rDNA) 
revealed the presence of A. salmonicida. The effect of 
gasoline concentration on cell growth was revealed on 
Table 1. A. salmonicida increased with increasing 
concentration of gasoline up to 1%. When the 
concentration was above 2% no visible growth was 
noted. These results suggest that 1% is the optimum 
concentration of gasoline for this strain and suggest that 
it has a great utilization ability of gasoline, compared to 
other strains such as Aeromonas spp. where the ability to 
utilize oil was evaluated to 0.5% (Ilori et al., 2005). 

Effect of physicochemical parameters on bacterial 
growth  

 
Broth culture of A. salmonicida showed a maximum 
growth at 25°C (A=0.25) compared to culture inoculated 
at 20°C (A=0.2) where the growth was slower, followed 
by 37°C (A=0.17) as shown in Figure 1. It can be 
concluded that the optimum temperature of A. 
salmonicida is 25°C after 24 h where a stable rate of 
growth was observed. The effect of pH on A. salmonicida 
growth is shown in Figure 2. The highest amount of 
growth was obtained at pH=7 (A=0.3), followed by pH 10 
and pH 4, respectively. After 24 h, the growth amount 
remained stable. This suggests that A. salmonicida may 
decrease with acidic and basic pH. 

 
 
Emulsification index 

 
The increase in emulsification index is correlated with the 
highest growth of the A. salmonicida reached after 24 h. 
Figure 3 shows that E24 reached a value of 55% with the 
studied strain. Similar results were described with 
Pseudomonas aeruginosa (Tabatabaee et al., 2005; 
Lovaglio et al., 2011).  

In fact, several bacterial species have been reported to 
produce the glycolipidic biosurfactants rhamnolipids 
(Abdel-mawgoud et al., 2010).  

These results suggest that there is a production of 
specific biomolecules possessing tension reduction and 
emulsification activation such as biosurfactants 
(Benincasa and Accorsini, 2008). 

 
 
Methylene blue method 

 
This test confirmed the results obtained with E24. 
Methylene blue detection is an efficient method used to 
detect anionic surfactants and the biosurfactants 
produced from microbes reaction with methylene blue to 
form anionic surfactant ion pair (Siegmund and Wagner, 
1991). This was migrated into the chloroform layer and 
confirmed the production of biosurfactants in the 
production medium. The A=0.4 at 625 nm revealed that, 
the strain of A. salmonicida was able to produce 
biosurfactants.
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Figure 1. Effet of temperature on A. salmonicida. 
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Figure 2. Effect of pH on A. salmonicida. 
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Figure 3: Emulsification activity of A. salmonicida. 

 
 
 
Thin-layer chromatography analysis of purified 
biosurfactant 
 
In terms of the results of hydrocarbon degradation and 
cell growth, the biosurfactant partially purified from the 
cultures of biodegradation of hydrocarbon (gasoline) was 
selected and analyzed by thin layer chromatography 
(Figure 4). The biosurfactant have an identical Rf value of 
0.54 and showed positive reaction with spray reagents of 
ninhydrin, indicating the presence of biosurfactants that 
may belong to lipopeptide and consisted of peptide 
moieties.  

Until recently, biosurfactant producers were thought to 
be restricted to contaminated soils where conditions 
would select for microbes with an enhanced ability to use 
hydrocarbons (Rouse et al., 1994).  

However, small levels of biosurfactant production have 
been demonstrated in unimpacted or pristine soils and 
this may be an indication of the other roles that 
biosurfactants play in a soil ecosystem, functioning as 
biocides, fungicides, and nutrient transport molecules 
(Lin, 1996; Banat, 1995a, b; Jennings and Tanner, 1999). 
Therefore, detecting a biosurfactant production by A. 
salmonicida was not necessarily surprising. In fact in 
organic-rich     soils,     microorganisms     tend     to     be 

metabolically stimulated (Brady and Weil, 1999). As 
bacterial metabolism is increased, so must be those 
compounds, such as biosurfactants which aid in 
transporting various nutrients across cell membranes in 
order to support this growth (Lin, 1996; Banat, 1995a, b). 
This may explain why A. salmonicida can be classified as 
biosurfactant producer supported by positive blue 
methylene test, growth with gasoline and E24. 
 
 
GC/MS analysis results 
 
The results of Gas chromatography-Mass spectra of 
Biosurfactant sample of A. salmonicida shown in Figure 5 
elucidate the presence of major product of degradation of 
gasoline (RT=39.9) identified as Bis (2-ethylhexyl) 1,2-
benzenedicarboxylate, which shows that this bacteria can 
degrade gasoline under optimal conditions. 
 
 
Conclusion  
 
In summary, the bacteria isolated from the lagoon of Mar 
Chica are capable of transforming hydrocarbons, and can 
utilize    gasoline    as    carbon    source.    The    optimal  
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Figure 4. TLC of the biosurfactant obtained from; A. salmonicida with gasoline B: biosurfactant. 
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Figure 5. Mass spectrum of sample produced by Aeromonas Salmonicida grown on gasoline. a: control (gasoline +MM); 5: 
MM+gasoline+A. salmonicida after one week. 
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degradation conditions for strain were obtained with pH: 
7, T: 25°C and concentration of 1% of gasoline.  

Our results indicated that the strains possess the 
capability for hydrocarbons degradation under aerobic 
conditions and might be useful in bioremediation, 
particularly in Mediterranean Sea. The strain represents a 
new class of biosurfactant producers and could be a 
potential candidate for the production of biosurfactant 
which could be useful in a variety of biotechnological and 
industrial processes, particularly in the oil industry. 
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