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ABSTRACT:  Hydrocarbon degrading microorganisms play a major role in the environment..  The purpose 

of the present study was to enumerate of Aeromanas sp from oil contaminated soil and to study degrading 

capacity, emulcification activity and production of biosurfactant. The hydrocarbon substrate specificity test 

shown that diesel is also one of the best substrate for growth and emulsification of biosurfactant by Aeromonas. 

Among 6 strains of Aeromonas,  frist strain(A1) shows maximum degradation rate at end of 168 hrs upto19.37% 

followed by other strains, about  75% of diesel was degraded by Aromonas over a period of 7days. 

Emulsification upto 75% by A1 followed by A2(63.75%) ,A3(57.5%), Biosurfactant production by A1 strain 

0.064g/1 followed by other strains it represents a new type of biosurfactant with strong emulsifying ability. 
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I. INTRODUCTION 
 Biodegradation is the partial or complete conversion of the compound of interest to its elements. The 

role of organisms, both micro-and macro-organisms, in biodegradation is complex. It is a function of the 

organism’s presence in an environment, their ecology, their metabolism (enzyme complement and efficiencies), 

growth rate and kinetics (of both growth and metabolism). It has been known for several decades that 

microorganisms possess both aerobic and anaerobic degradation.  Microorganisms are actively involved in the 

degradation of several naturally occuring and toxic substances such as petroleum hydrocarbons, pesticides etc., 

Aerobic biodegradation is the breakdown of organic contaminants by microorganisms when oxygen is present. 

Aerobic bacteria use oxygen as an electron acceptor, and break down organic chemicals into smaller or organic 

compounds, often producing carbon dioxide and water as the final product. Aerobic biodegradation is also 

known as aerobic respiration. Aerobic biodegradation is an important component of the natural attenuation of 

contaminants at many hazardous waste sites. Anaerobic biodegradation is the breakdown of organic 

contaminants by microorganisms when oxygen is not present. Some anaerobic bacteria use nitrate, sulfate, iron, 

manganese, and carbon dioxide as their electron acceptors. And break down organic chemicals into smaller 

compounds, often producing carbon dioxide and methane as the final products.  Anaerobic biodegradation is an 

important components of the natural attenuation of contaminants at many hazardous waste sites.  

 The most striking feature of a survey of the microorganisms involved in biodegradation processes is 

their large numbers, ubiquitous presence and varied capabilities. Rather that list the organisms involved 

(including the bacteria, fungi, actionmycetes, protozoa, etc.) a very brief treatment of the reasons for this 

versatility is given. Microorganisms as a group show a very wide tolerance range for environmental factors – 

very low to very high pH levels, 0
0
C to 80

0
C temperature, of the reasons for this versatility is given. 

 

 Biodegradation of organic compounds is the partial simplification or complete destruction of their 

molecular structure by physiological reactions catalyzed by microorganisms (Alexander, 1981; Atlas and 

Bartha, 1992; Young, 1997). Biodegradation is routinely measured by applying chemical and physiological 

assays to laboratory incubations of flasks containing pure cultures of microorganisms, mixed cultures, or 

environmental samples (e.g. soil, water, sediment, or industrial sludges). Oxygen is one of the most important 

requirements for microbial degradation of hydrocarbons. However, its availability is rarely a rate-limiting factor 

in the biodegradation of marine oil spills. Microorganisms employ oxygen-incorporating enzymes to initiate 

attack on hydrocarbons. Anaerobic degradation of certain hydrocarbons (i.e., degradation in the absence of 

oxygen) also occurs, but usually at negligible rates. Such degradation follows different chemical paths, and its 

ecological significance is generally considered minor. Studies of sediments impacted by the Amoco Cadiz spill 

found that, at best, anaerobic biodegradation is several orders of magnitude slower than aerobic biodegradation 

(Ward et al., 1980).  

 

1.1 Hydrocarbons and its impact on the environment  

 Petroleum hydrocarbons existed long before humans developed the technological ability to retrieve it 

from the earth and use it as a source of energy. Natural seeps with in the ocean floor have been releasing the 
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hydrocarbons for thousands of years creating ecosystems with adaptive microorganisms that utilize petroleum 

effectively. However, the ecological balance in environments that are not adjusted to assimilating large amount 

of spills or released from large quantity transportation and extraction practices. 

 

 Since the mid-1980’s, hydrocarbon contamination has become a critical environmental issue in the 

world due its adverse environmental and health effects. Hence, increasing attention is being given to the study 

and development of techniques for cleaning up this contamination. To understand the potential environmental 

impact that can occur during the oil spill, the molecular components of petroleum hydrocarbons must be 

considered. The natural composition of petroleum diesel is very complex. 

 

Petroleum hydrocarbon continues to be used as the principle source of energy and hence an important 

global environmental pollutant. Apart from accidental contamination of ecosystem, the vast amounts of oil 

sludge generated in refineries from water oil separation system and accumulation of waste oily materials in 

crude oil storage tank bottoms pose great problems because of the expensive disposal methods. (Ferrari et al., 

1996; Vasudevan and Rajaram, 2001). Despite decades of research, successful bioremediation of petroleum 

hydrocarbon contaminated soil remains challenge. 

 

Concentration of inorganic nutrients often limits the biodegradation of petroleum hydrocarbons in 

marine environment. Atlas and Bartha (1972) found that microbial degradation and mineralization were not 

increased by nitrate or phosphate alone but were increased dramatically when nitrate and phosphate were added 

together.  

 

1.2 Distribution of hydrocarbon degrading microorganisms  

It has been known for several years that certain microorganisms are able to degrade petroleum 

hydrocarbons and use them as sole source of carbon and energy for growth. The ability to degrade and/or utilize 

hydrocarbons substrates is exhibited by wide variety of bacterial genera, 25 genera of hydrocarbon degrading 

bacteria (Floodgate, 1984) have been isolated from the marine environment. Similarly 22 genera of hydrocarbon 

degrading bacteria have been reported (Bossert and Bartha, 1984) based on the number of published. 

 

Microbial remediation of toxic hydrocarbon contaminated sites is carried out by a diverse group of 

microorganisms. Study of this diversity at the genetic level is necessary to understand the phylogenetic 

perspective, the mechanism of degradation, and develop novel strategies of treatment. Analysis of 

microorganisms having high specificity for recalcitrant compound. Documentation of this microbial diversity 

from oily sludge/crude oil contaminated sites is essential because they create a major environmental concern and 

these microbes can be used for cleaning up the same (). 

 

Microbial degradation of oil has been shown to occur by attack on aliphatic or light aromatic fractions 

of the oil, with high molecular weight aromatics, resins, and asphaltenes considered to be recalcitrant or 

exhibiting only very low rates of biodegradation (Joseph et al., 1990) Broderick and Coony (1982) reported that 

96% of hydrocarbon utilizing bacteria isolated from freshwater lakes were able to emulsify kerosene, and it has 

been observed that mixed cultures of marine and soil bacteria which effectively degrade crude oil also exhibit 

strong emulsifying activity. Both aerobic and anaerobic  biodegradation have been shown to reduce the 

concentration of several components of petroleum hydrocarbons. Mixed cultures often involve significant 

degradative capabilities because the single strains can complement to one another due to their physiological 

properties. Therefore, some members of the culture might be able to provide important degradative enzymes 

whereas other supply surfactants or growth factors.  
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During oil biodegradation, oil fluid properties change because different classes of compounds in 

petroleum have different susceptibilities to biodegradation. The early stages of oil biodegradation are 

characterized by loss of n-paraffin followed by loss of acyclic isoprenoids. Compared with those compounds 

groups, other compound classes are more resistant to biodegradation. However, even those more resistant 

compound classes are eventually destroyed as biodegradation proceeds. Hydrocarbons are natural products as 

well as pollutants; it is not surprising that hydrocarbon oxidizing bacteria, fungi and algae are distributed widely 

in nature. A typical soil, beach sand or ocean sediment contains 10
4
 to 10

6
 hydrocarbon degrading 

microorganisms per gram of soil (Rosenberg, 1991). 

 

1.3 Characteristics of diesel  

 One can obtain diesel from petroleum, which is sometimes called petrodiesel when there is a need to 

distinguish it from diesel obtained from other sources. As a hydrocarbon mixture, it is obtained in the fractional 

distillation of crude oil between 250
0
C and 350

0
C at atmospheric pressure. Diesel is generally simpler to refine 

than gasoline and often costs less (through price fluctuations often mean that the inverse is true). 

 

 Reducing the level of sulfur in diesel is better for the environment. It allows the use of catalytic diesel 

particulate filters to control diesel particulate emissions, as well as more advanced technologies, such as Nox 

absorbers (still under development), to reduce emissions of nitrogen oxides (Nox). However, lowering sulfur 

also reduces the lubricity of the fuel, meaning that additives must be put into the fuel to help lubricate engines. 

Diesel contains approximately 18% more energy per unit of volume than gasoline, which along with the greater 

efficiency of diesel engines contributes of fuel economy (distance traveled per volume of fuel consumed). In the 

maritime field various grades of diesel fuel are used. 

 

1.4 Role of Aeromonas in the degradation of hydrocarbons 

  Aeromonas is a non motile, gram negative rod shaped bacteria, chemoorganotrophic facultative 

anaerobes demonstrating both respiration and fermentative metabolism. Although it is a pathogen to human as 

well as fish, 29.6% of total population of Aeromonas were reported in soil followed by Pseudomonas and 

Bacillus. 

 

Like Pseudomonas and Bacillus sp. Aeromonas also play a vital role in hydrocarbon degradation and 

production of biosurfactant. The peak growth and biosurfactant production was an the 8
th

 day (Ilori et al., 2005). 

Hydrocarbon degrading microorganisms plays a major role in the environment. Crude oil degrading bacterial 

strains were isolated from refinery oil contaminated soil which includes the Aeromonas sp. the rate of 

degradation at the 8
th

 day 53.55% (Vivekanandhan et al., 1999)      

 

Several studies on production of biosurfactants by Aeromonas sp. were also reported (Desai et al., 1987; Lang et 

al., 1987; Rosenberg, 1986; Wilkinson et al., 1985).  

 

1.5 Biosurfactants 

1.5.1 Classification of biosurfactants 

Biosurfactants can be classified in several broad groups: Glycolipids, lipopeptides, lipopolysaccharides, 

phospholipids, fattyacids, and neutral lipids. The classification of biosurfactants is based on their chemical 

nature. Low molecular weight substances (e.g., rhamnolipid phospholipids, peptides), polymeric materials (e.g., 

proteins, polysaccharides) or particulate compounds (e.g., extracellular vesicles or microbial cells) (Rosenberg, 

1986) 

 

1.5.2 Production of biosurfactants by microorganisms  

Biosurfactants, which are natural emulsifiers of hydrocarbons, are produced by some bacteria, fungi 

and yeast. Biosurfactant is defined as a surface active molecule containing both hydrophobic and hydrophilic 

components which is produced by microorganisms. 

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 thereby 

utilization by microorganism (Gerson, 1993). Surface active biosurfactants are employed for enhanced oil 

recovery (Hart, 1989) and as flocculating agents, as detergents and adhesives (Zajie and Saffens, 1984). 

 

1.5.3 Application of bio-surfactants  

Research in the area of biosurfactants has expanded quite a lot in recent years due to its potential use in 

different areas, such as the food industry; agricultural, pharmaceutical, oil industry, neurochemistry and the 

paper and pulp industry. The development of this line of research is of paramount importance, mainly in view of 
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the present concern with protection of the environment. Therefore, the most significant advantage of microbial 

surfactants over chemical surfactants is its ecological acceptance because of its biodegradability and nontoxic to 

natural environments. The emphasis to date has been on enhanced oil recovery, cleaning oil spills, oil 

emulsification and in breaking industrially derived oil-in-water and water-in-oil emulsions. Dispersion and 

solubilization of organic compounds having low water solubility is an important step in bioremediation. 

Biosurfactants offer potential for dealing with this problem by increasing the dispersion and solubilization of 

organic compounds having limited water solubility. 

Biosurfactants have been used for gene transfection, as ligands for binding immunoglobulins, as 

adjuvants or antigens and also as inhibitor for fibrin clot formation and activators of fibrin clot lysis. 

Biosurfactants have the potential to be used as a preventive strategy to delay the on set of pathogenic biofilm 

growth on catheters and other medical insertional materials, thus lowering the large number of hospital 

infections without the use of synthetic drugs and chemicals. In spite of the immense potential of the 

biosurfactants, their use still remains limited, because of their comparatively high production cost, as well as 

scant information on their toxicity towards human systems. However, it is only a matter of time before the full 

potential of biosurfactants is fully exploited and used in medical science (Karnath et al., 1999). 

 

 

II. IMPORTANCE OF THE PRESENT INVESTIGATION 
Petroleum hydrocarbon continues to be used as the principle source of energy. Wide scale production, 

transport use and disposal and petroleum globally have made it a major containment in both prevalence and 

quantity in the environment. Biosurfactant are a group of surface-active molecules produced mainly by 

hydrocarbon degrading microorganism it can degrade or transform the components of petroleum products. They 

are non-toxic, non–hazardous, Biodegradable and environmentally friendly components. Hence, reclamation of 

petroleum hydrocarbon polluted sites can be carried out by bioremediation, which is can enhance natural 

process of biodegradation using biosurfactant producing and oil degrading bacterial cultures. Bioremediation 

technologies generally aim at providing favourable conditions of certain, temperature and nutrients to enhance 

biological hydrocarbon break down.  

 

Most work on biosurfactant production by microorganisms has been concentrated on the determination 

of the distinct polar moieties used for categorization into classes such as glycolipids and lipoproteins. While 

biosurfactant production by organisms such as Pseudomonas sp. Achinetobacter sp. Bacillus sp. Rhodococcus 

sp. and Arthobacter sp. have been well studied, only a few reports exist on the ability of Aeromonas sp. to the 

best of our knowledge, to produce biosurfactant when grown on hydrocarbon. Among the soil microorganisms 

which includes Bacillus and Pseudomonas, the presence of Aeromonas ranges about 29%. Apart from its 

pathoginicity in humans and fish, its also play a vital role in hydrocarbon degradations.  

 

In the case of above mentioned discussion the present study is designed to carry out the following objectives.  

 

1. To enumerate of Aeromonas sp. from oil contaminated soil.  

2. To study the degradation capacity of Aeromonas sp.  

3. To study the emulsification activity.  

4. To estimate the biosurfactant production. 

 

III. RESULTS AND DISCUSSION 
 Enumeration of bacterial population 

 The total heterotrophic bacterial population (THB) from oil contaminated soil samples was 

enumerated. After the enrichment process, 1ml of enriched culture was serially diluted and plated using pour 

plate technique. The THB population was ranged between 1.6x10
5
 and 3.4x10

6
cfu/g whereas in uncontaminated 

soil, the THB population may vary between 10
7
10

9
cfu/g. This variation is due to the presence of hydrocarbon 

in the contaminated soil.   As per the studies of  Rahman  et al (2003) the size of the microbial population 

decrease is based on the chemical composition of contaminating oil and species of microorganisms present in 

the microbial community of particular ecosystem. Plate counts confirm the presence of a significant number of 

hydrocarbon-oxidizing organisms in soil.  Morphologically different isolates were observed on the nutrient agar 

plates.  

 

                 As it was aimed to work on the degradative potential of Aeromonas species, oxidase and catalase 

positive isolates were subjected to biochemical analysis. Gram-negative rod, motile, urease negative, it utilized 

lysine, citrate and produced gas from glucose. Maltose and lactose were not utilized. The organism reduced 
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nitrate, utilized ornithine, but not sorbitol. It was therefore putatively classified as the species of Aeromonas, 

taken for the present investigation.  

               

In unpolluted ecosystem, hydrocarbon utilizers generally constitute less than 0.1% of the microbial 

community and in oil polluted ecosystems they can constitute upto 100% of the viable microorganisms. The 

microbial populations quantitatively reflect the degree or extent of exposure of that ecosystem to hydrocarbon 

contamination (Atlas 1981, Al- Gounaim et al., 1995). 

 

 The rapidly expanding literature on the oxidation and assimilation of hydrocarbon substrates by soil 

microorganisms attests to the widespread occurrence and ease of isolating these organisms from nature (McClay 

et. al., 2000 and Van Dyke, 1991). Population levels of hydrocarbon utilizers and their population within the 

microbial community appear to be a sensitive index of environmental exposure to hydrocarbons.  

 

Microorganisms are known to attack specific compounds present in crude oil that is a complex mixture 

of saturates, aromatics and polar compounds (Bharathi and Vasudevan, 2001). An effective degradation of crude 

oil would require simultaneous action of several metabolically versatile microorganisms with favorable 

environmental conditions such as pH, temperature and availability of nutrients (Venkateswaran and Harayama, 

1995). An oil spill in the environment leads to an adaptive process and if metabolically active hydrocarbon 

utilizing microorganisms could respond would be reduced considerably. The necessity for seeding with 

complementary population may not be capable of degrading a wide range of potential substrates in a complex 

mixture such as crude oil (Chhatre et al., 1996). 

            

Growth substrate range determination 

 The results of the hydrocarbon substrate specificity test revealed that the organism had good growth on 

diesel as substrate. When no difference was noticed in the turbidity of the test flask and that of the control, it 

was taken as no growth (-), when slight increase in turbidity was noticed, it was taken as poor growth (+). 

Significant increase in turbidity was taken as good growth (++).  

In the present study among six strains of Aeromonas, four strains shows increase in turbidity in the 

presence of diesel as substrate was taken as good growth (++) and two strains shows slight turbidity was taken 

as poor growth (+). Thus the substrate specificity test conclude that diesel also act as best substrates for growth 

of hydrocarbon degraders (Table 1). 

The addition of hydrocarbons to an ecosystem may result in a selective increase in microorganisms 

capable of utilizing the hydrocarbons and those that are capable of utilizing metabolites produced by the 

hydrocarbon-utilisers (Venkateswaran and Harayanma, 1995, Ferrari et al., 1996). The enhancement or 

reduction will depend upon the chemical composition of the contaminating hydrocarbons and on the species of 

microorganisms present within the microbial community of the particular ecosystem (Atlas, 1995). 

The added oil enriched for the species that have inherent petroleum hydrocarbon assimilating potential (Bossert 

and Bartha, 1984), whereas the less adapted species among the total heterotrophic population are gradually 

eliminated, resulting in qualitative shifts in species composition (Amadi, 1990).   

 

Degradation of diesel 

  Hydrocarbon degradation by microbial communities depends on the composition of the community 

and its adaptive response to the presence of petroleum hydrocarbon. The organism used in this study was 

isolated from oil contaminated soil samples from petrol station at Tiruchengode, the organism therefore might 

have had prior exposure to hydrocarbons like diesel, thus it shows good growth in diesel. 

In the present study the bacterial strain Aeromonas developed from oil polluted sites grown well on 

diesel .The rate of degradation is proportional to the bacterial population. The degradation of diesel was 

observed at every 24hrs interval and there was a corresponding increase in the bacterial cell population. The 

degradation of diesel after 24hrs was 2.57% at the end of 168 hrs strain A1 degraded upto 19.37%, shows 

maximum degradation followed by the other strains (Table 2 and Figure 1).  

The rate of microbial degradation of hydrocarbons in soils is affected by several physico-chemical and 

biological parameters including the number and species of microorganisms present, the conditions for microbial 

degradation activity (e.g. presence of nutrient, oxygen, pH and temperature) the quality, quantity and 

bioavailability of the contaminants; and the soil characteristics such as particle size distribution (Margesin and 

Schinner, 1997). 

Isolation of degrading strains was performed with diesel oil, crude oil as  sole carbon source, the result 

showed a reduction of 30% while this value decreased to 0.15% in uncontaminated samples, which includes the 

strains of Aeromonas sp and Pseudomonas vasicularis  (Saagua et al., 2002).   
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 Petrodiesel oil degraders belong to the genera Micrococcus, corynebacterium, Bacillus, Entrobacter, 

Pseudomonas, Alcaligenes, Flavobacterium, Moraxella, Aeromonas, Acinetobacter and Vibrio. The flora 

reflects the normal hetrotropic bacteria present in soil and native genera seem to be crude oil utilisers. Several 

other workers also reported on the above genera as hydrocarbon degrading microorganisms (Atlas 1981, Leahy 

and Colwell 1990, Banat et al ., 2001). 

The rate of hydrocarbon degradation ranged from 0  gg
-1

 to 0.60 gg
-1 

for control oil, 0.05 gg
-1 

to 

1.67gasoline and from 0.12 gg
-1 

diesel oil to 1.31 gg
-1

 for hydrocarbon contaminated soils respectively 

(Obire, 2001). The biodegradability of seven different crude oils was found to be highly dependent on their 

composition and on incubation temperature. At 20
0
C lighter oils had greater abiotic losses and were more 

susceptible to biodegradation than heavier oils (Atals, 1995). 

Chhatre et al., (1996) reported about 60% of degradation of crude oil using semicontinuous crude oil fed reactor 

using a four members consortium. Several other workers (Venkateswaran and Harayama 1995, Lal and Khanna, 

1996, Sugiura et al., 1997) showed that a bacterial consortium was able to degrade 28-51% of saturate and 0-

18% of aromatics present in crude oil or up to 60% crude oil by mixed consortia. The percentage of 

biodegradation was significantly higher than that achieved by individual isolates.  

By the addition of metabolically active hydrocarbon utilizing microorganisms, the lag period before the 

indigenous microbial population respond to the addition of a complex mixture such as diesel oil can be reduced 

considerably (Del’Arco and De Franca, 1999; Bharathi and Vasudevan, 2001). Several other workers (Chhatre 

et al., 1996; Sugiura et al., 1997; Vasudevan and Rajaram, 2001) have described the ability of mixed bacterial 

consortia to degrade 28-51% of saturates and 0-18% of aromatics present in petrodiesel or upto 60% petrodiesel.

 Biostimulation and bioaugmentation on the degradation of total petroleum hydrocarbon (TPH) in soils 

contaminated by diesel oil, showed the greatest degradation upto 72.7% by the number of diesel oil degrading 

microorganisms includes Aeromonas, Bacillus, Acinetobacter (Fatima et al., 2003). 

 

 A survey of soils from the northwest area of Canada for the presence of oil-utilizing microorganisms 

indicated that not all soils have an indigenous population capable of utilizing oil degradation rates of the 

bacterial consortium such as Flavobacterium and Cytophaga (41%), Pseudomonas sp. (34%), Xanthomonas 

(9%), Aeromonas (17%) respectively (Jobson et al., 1972). 

 

Emulsification 

The formation of a water-in-oil mixture. An emulsified mixture of water in oil is commonly called 

mousse. The presence of mousse indicates that a spill has been on the water for some time. 

 The liquid aromatic hydrocarbons were particularly not good substrates for emulsification, however 

diesel was found to be good substrates for emulsification in the present study out of 6 strains of Aeromonos A1, 

A2, A3 shows 75%, 57.5%, 63.75%, respectively found to be good emulsifier (Table 4 and Figure 3).  

 

Rosenberg (1994) suggested that the natural role of emulsions is to enhance the growth of bacteria on petroleum 

hydrocarbons. The ability of the extracellular emulsifying agent of Arthrobacter sp, Aeromonas sp, 

Pseudomonas sp. has been reported (Rosenberg et al., 1979). Emulsification is known to enhance hydrocarbon 

metabolism (Berg et al., 1990; Hommel, 1993). Stability of emulsion in the presence of salt has been reported as 

one of the properties of the biosurfactant produced by Bacillus licheniformis strain (Mclnerney et al., 1990). 

Broderick and Cooney (1982) reported that 96% of hydrocarbon utilizing bacteria isolated from lakes were able 

to emulsify kerosene which effectively activity.  

Rosenberg et al., (1991) reported that the ability of the extracellular emulsifying agent of Arthrobacter 

sp, Aeromonas and Bacillus sp. to emulsify crude oil and fractions of crude oil, is, gas oil was a better substrate 

induced emulsification than kerosene. In fact, emulsions of gas oil were as stable as crude-oil emulsions. Diesel 

light petroleum has yielded emulsions and the emulsions derived from kerosene and gasoline were unstable. 

Pentane and hexane also were not emulsified effectively; however quantitative data for these tow paraffins were 

not obtained because of extensive evaporation during incubation. A higher emulsifying activity has been 

reported that the biosurfactant produced by Pseudomonas.  The emulsions were stable at temperatures ranging 

from 0
0
C

 
to 100

0
C (Rosenberg, 1992). 

Most microbial surfactants are substrate specific, solubilizing or emulsifying different hydrocarbons at 

different rates (Ilori and Amund, 2001). An emulsion is formed when one liquid phase is dispersed as 

microscopic droplets in another liquid continuous phase (Desai and Banat, 1997). Poor emulsification of some 

of the hydrocarbons might be due to the inability of the biosurfactant to stabilize the microscopic droplets. 

Emulsifying biosurfactants that are stable in environments with high pH and salinity would find applications for 

bioremediation of spills at seas. The biosurfactant may also be useful for bioremediation works in hot and 

slightly alkaline environments. 
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 Surface tension measurement 

 Surface tension is a measurement of the cohesive energy present at an interface. The molecules of a 

liquid attract each other. The interactions of a molecule in the bulk of a liquid are balanced by an equal attractive 

force in all directions. 

In the present study, strains of Aeromonas A1, A2, A3, A4, A5, A6 lowered the surface tension of 

water to 30, 25, 28, 22, 20, 25, 20mN/m respectively (Table 5).  Several strains of anaerobic bacteria produce 

biosurfactnats (Grula et al., 1983). However, the observed reduction in surface tension (45 to 50 mN/m) was not 

as large as the observed reduction in surface tension by anaerobic organisms (27 to 50 mN/m) (Cooper, 1986). 

Lowering of surface tension is an important property of hydrocarbon degrading strains which helps in utilization 

of the hydrophobic substrates  (Rahman, 1993) reported a surface tension value of 29.5mN/m with 1% inoculum 

at the stationary phase. The glycerol medium with 10% inoculum produced the lowest surface tension value of 

29.5mN/m. An effective microbially produced surfactant can lower this value to <30dyn/cm (Lang and Wanger, 

1987). The lowest value of surface tension by Bacillus sp. and Aeromonas sp. was reported by (Takeyama and 

Matsunaga, 2002). In a study by Oberbremer and Muller-Hurtig (1989), a positive correlation was obtained 

between reduction in surface tension of the fluid phase in a stirred soil bioreactor and the onset of 

biodegradation of hydrophobic petroleum hydrocarbons. It has also been previously reported that rhamolipid 

can mediate reduction in surface tension (Banat et al., 2000; Noordman et al ., 2000).  

 

Biosurfactant estimation 

Biosurfactants, amphiphilic compounds of microbial origin, have advantages over their chemical 

counterparts in biodegradability and effectiveness at extreme temperature, pH and in having lower toxicity 

(Banat et al., 2000). 

In the present study out of 6 strains of Aeromonas, A1 shows 0.041g/l of biosurfactant production after 

24hrs and at 168 hrs 0.064g/l, A2 shows 0.049g/l at 24hrs and at 168 hrs 0.067g/l, A3 shows 0.043g/l at 24hrs 

and at 168 hrs 0.064g/l, A4 shows 0.038g/l at 24hrs and at 168 hrs 0.056g/l, A5 shows 0.052g/l at 24hrs and at 

168 hrs 0.067g/l, A6 shows 0.034g/l at 24hrs and at 168 hrs 0.049g/l respectively among which the maximum 

biosurfactant production was show by the A1 at 168hours (Table 6 and Figure 4). 

Biosurfactants have been reported to be produced on water soluble compounds such as glucose, 

sucrose, glycerol, or ethanol (Desai and Banat, 1997). Biosrufactant produced from water-soluble substrates 

have been reported to be inferior to that obtained with water immiscible substrates (Syldatk et al., 1985; Robert 

et al., 1989). Such biosurfactants may however be cheaper to produce and useful in food and pharmaceutical 

industries as it will not required extensive purification. Biosurfactants producing microorganisms may play an 

important role in the accelerated bioremediation of hydrocarbon contaminated sites (Banat et al., 2000; 

Rosenberg et al., 1999). Most microbial surfactants are substrate specific, solubilizing or emulsifying different 

hydrocarbons at different rates (Ilori and Amund, 2001). Moreover, use of biosurfactant producing, hydrocarbon 

degrading, microorganisms for bioaugmentation to enhance hydrocarbon degradation offer the advantage of a 

continuous supply of a non-toxic and biodegradable surfactant at a low cost (Moran et al., 2000; Rahman et al., 

2000c). Environmental factors such as pH, salinity and temperature also affects biosurfactants activity. 

Our results indicate that Aeromonas sp. were efficient in biosurfactant production and hydrocarbon 

emulsification. These results suggests that the use of carbon source like diesel for the biosurcatant production, 

could enhance the biosurfactant production and there by these strains may be applied for bioremediation of 

hydrocarbon-contaminated sites and enhanced oil recovery.  

 

4. Figures and Tables 

Optical Density of Aeromonas  growing on Diesel
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Emulsification activity of Aeromonas  on Diesel
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Production of Biosurfactant by Aeromonas
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Table 1. Growth range determination of Aeromonas 

 

 

 

 

 

 

    

 

 

 

Table 2. Degradation of diesel by Aeromonas 
 

 

 

STRAINS TURBIDITY 

Control - 

A1 ++ 

A2 ++ 

A3 ++ 

A4 + 

A5 ++ 

A6 + 

Incubation 

Periods 

(Days) 

Strains /O.D Value 

Control A1 A2 A3 A4 A5 A6 

0 0.000 0.251 0.308 0.203 0.111 0.184 0.114 

1 0.000 0.257 0.313 0.212 0.117 0.193 0.124 

2 0.000 0.264 0.319 0.219 0.121 0.198 0.127 

3 0.000 0.271 0.324 0.222 0.129 0.207 0.131 

4 0.000 0.279 0.329 0.227 0.133 0.216 0.136 

5 0.000 0.284 0.334 0.231 0.139 0.223 0.141 

6 0.000 0.289 0.339 0.237 0.143 0.229 0.146 

7 0.000 0.293 0.342 0.241 0.147 0.234 0.149 
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Table 3. Biomass Production by Aeromonas 

 Incubatio

n Periods (Days) 

Strains/ Biomass 

A1 A2 A3 A4 A5 A6 

2 0.05 0.03 0.05 0.02 0.03 0.02 

4 0.07 0.05 0.06 0.04 0.04 0.03 

6 0.09 0.06 0.08 0.05 0.06 0.04 

 

Table 4. Emulsification activity by Aeromonas 

Strains Hydrocarbon Percent Emulsified  

A1 Diesel  75 

A2 Diesel 57.5 

A3 Diesel 63.75 

A4 Diesel 25 

A5 Diesel 35 

A6 Diesel 18 

 

Table 5. Surface Tension Measurement 

                              

 

 

                                         

                        

 

 

        

                        

Table 6. Estimation of biosurfactant by Aeromonas 

Incubation 

Periods 

(Days) 

Strains/OD Values 

Control A1 A2 A3 A4 A5 A6 

1 0.000 0.041 0.049 0.043 0.038 0.052 0.034 

2 0.000 0.047 0.053 0.047 0.041 0.054 0.036 

3 0.000 0.053 0.057 0.051 0.044 0.058 0.039 

4 0.000 0.057 0.060 0.054 0.047 0.060 0.041 

5 0.000 0.059 0.062 0.057 0.051 0.062 0.044 

6 0.000 0.061 0.064 0.061 0.054 0.064 0.047 

7 0.000 0.064 0.067 0.064 0.056 0.067 0.049 

 

 

IV. CONCLUSION 
The discovery of petroleum brought a lot of relief to the world’s energy requirement because of ease of 

sourcing and conversion. The ease of production, refining and distribution has also brought with it an ever-

increasing problem of environmental pollution. One of the ways through which petroleum pollutants can be 

removed is by solubilization and emulsification. Hydrocarbon oxidizing bacteria, fungi and algae are distributed 

widely in nature. Fertile soil contains significant number of microorganisms that can utilize hydrocarbon as sole 

source of carbon and energy. As a hydrocarbon mixture, diesel is obtained in the fractional distillation of crude 

oil between 250
0
C and 350

0
C at atmospheric pressure. It is generally simpler to refine than gasoline. The 

purpose of present study was to enumerate the diesel degrading Aeromonas and its emulsification activity and 

production of biosurfactant. The organism used in this study was isolated from oil contaminated soil, the 

hydrocarbon substrate specificity test showed that diesel is also one of the best substrate for growth and 

emulsification of biosurfactant by Aeromonas. Among six strains of Aeromonas, first strain shows maximum 

degradation rate and emulsification of biosurfactant. About 75% of diesel was degraded by Aeromonas over a 

period of 7 days. The biosurfactant produced by the diesel degrading Aeromonas sp. represents a new type of 

biosurfactant with strong emulsifying ability. 

 

 

 

Strains Surface tension (mN/m) 

A1 30 

A2 25 

A3 28 

A4 22 

A5 24 

A6 21 
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V. FUTURE PROSPECTS 
 Identification of Aeromonas strains with proper identity and identification of other microbes which are 

inhabited in the same natural environment will rive a clear idea about the microbial diversity in the particular 

automobile service station environment – where petroleum hydrocarbon and detergent levels would be very 

high. Biosrufactant productivity studies, identification and characterization of biosurfactants by TLC and HPLC 

will be highly applicable to understand and interaction between microbes and their environment. Emulsification 

and hydrocarbon degradation studies in the future will give a clear picture about the degradation of petroleum 

compounds by Aeromonas sp. 
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