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        Abstract  

Bioremediation of petroleum spillovers are considered of great importance due to its 

contaminating effects; composition and availability of the petroleum hydrocarbons are 

important factors that influence degradation rate of these compounds. Based on this, the 

evaluation of active surface molecules produced by microorganisms has been studied. 

Thermophile bacteria isolated from Villapinzón industrial water identify as Geobacillus 

H2OVP3 was evaluated for biosurfactant production in three different types of crude oil: 

heavy, medium and low crude oil obtained from Orinoquía region, Colombia. Microorganisms 

biosurfactant activity on these crude oils was proved by the application of qualitative and 

quantitative tests by which the biosurfactants were characterized.  Biosurfactant obtained 

from heavy crude oil was found in higher concentration compared with the other two 

biosurfactants.  

 

Keywords: Biosurfactant, Geobacillus sp, heavy crude oil, medium crude oil, low crude oil, 

superficial tension. 

 

1. Introduction  

The development of different bioremediation processes has facilitated the degradation of 

different environmental contaminating products such as petroleum hydrocarbons. 

Bioaugmentation, biostimulation and biotransformation are processes that enhance 

degradation of these products because they use microorganism capable of using hydrocarbons 

as energy source; however, composition and availability of these compounds are important 

factors that affect their degradation rate (Hamed, 2013). Hydrocarbons are characterized 

because due to their low solubility, they stay attached to water or soil surfaces; this cause low 

availability of the compound owing to its low dispersion in the surface (Batista, 2006). This is 

why, microorganisms have developed several mechanisms such as the production of active 

molecules, known as biosurfactants which increase availability of different compounds. 

Biosurfactants are amphipathic substances that due to its chemical composition facilitate and 

increase metabolic activity of microorganisms over hydrocarbons (Zheng, 2011). 

Biosurfactants production usually occurs when bacterial colonies reach their stationary phase; 

in it, microorganism growth decreases as a consequence of nutrient reduction. Biosurfactants 

act over   hydrophobic compounds superficial area increasing their availability, in this way, 
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microorganisms can use them for their metabolic activities (Ron, 2002).  This amphipathic 

compounds have been classified in two groups based on their high or low molecular weight. 

Low molecular weight biosurfactants are characterized because they reduce superficial and 

interfacial tension in hydrocarbons compounds. Examples of this type of biosurfactants are 

ramnolipids produced by Pseudomona sp. On the other hand, high molecular weight 

biosurfactants attach strongly to surfaces and have emulsifying activity over them. This group 

is manly composed by polysaccharides, proteins and lypopolisaccharides; examples of this 

type of biosurfactants are surfactin, produced by Bacillus subtilis and liposan, produced by 

Candida lipolytica (Calvo, 2008). Taking into account these characteristics and considering 

biosurfactant applicability in hydrocarbon degradation compounds, the objective of this study 

focuses on evaluating biosurfactant production in different types of crude oil by a native 

isolate of Geobacillus sp. 

 

2. Materials and methods  

This study was accomplished using a Geobacillus sp strain, H20VP3 isolated from industrial 

water found in Villapinzón, Colombia. (Peña,2013)  

2.1 Highest growing temperature determination for Geobacillus strain 

 

In order for determining the maximum growing temperature for Geobacillus H2OVP3 strain, 

several assays were performed. The strain was incubated on Standard Plate Count medium 

(SPC) under different temperatures corresponding to 30°,37°,42° and 46°C for 24 hours.  

 

2.2 Biosurfactant production assays  

 

Once the highest growing temperature for the strain was determined, an assay for inducing the 

production of biosurfactant was developed. An inoculum of the strain was grown overnight on 

Luria Broth medium (LB). Then, 0.5ml and 0.25 ml of the strain were inoculated in 50ml of 

Minimum Salt Medium (MSM) with the following composition (g/L): 

                                                                 .  After that, 0.5 

ml of crude oil previously sterilized under UV for 24 hours was added to the MSM containing 

the strain. The assays were performed by triplicate using three types of crude oil: heavy crude 

oil (16.8 °API) obtained from the station La Gloria in Casanare, Colombia; medium crude oil 

(32.5). obtained from Trinidad, Casanare; and low crude oil(39.3) obtained from Palmarito, 

Casanare. The assays were inoculated for three, two and one week respectively at 42°C.  

As control it was used BSM and crude oil without the microorganism.  
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2.3 Biosurfactant action over the different crude oils  

The action of the different biosurfactants produced using heavy, medium and low crude oil as 

pressures, was evaluated. 200ul of biosurfactant obtained from station La Gloria, Trinidad and 

Palmarito were placed on 40 ml of BSM then, 0.2 ml of each crude oil was added to the assays. 

The trials were done by triplicate for each crude oil and were incubated for 42°C.  

2.4 Determination of biosurfactant production  

Qualitative and quantitative tests were performed for determining biosurfactant production in 

the crude oil assays. The tests were performed for biosurfactant production assays and 

biosurfactant assays for proving its action over different crude oils.  

 

2.4.1 Qualitative tests  

For determining the production of biosurfactant, drop collapsed method was performed 

(Pradhan, 2012). 2ml of water were placed on a petri dish and 2 ml of crude oil were put over 

the water. Then, 100 ul of biosurfactant were dropped over this assembly. The test was made 

for the three different crude oils. As a positive control it was used SDS, cause this is a 

surfactant. 

Another quantitative test was executed for determining the type of biosurfactant that had 

been produced; anionic, cationic or no ionic. It was used an anionic surfactant detecting kit. 

Before it was applied, 20 ml of biosurfactant were lyophilized, the obtained product was 

resuspended in 1 ml of distilled water and at last, 100ul of this solution were diluted on 5ml of 

distilled water. After this, the kit procedure was applied. The test was evaluated in NOVA 6A 

spectroquant. In addition, an estimate number of microorganisms producing each 

biosurfactant concentration was determined.  

 

 

2.4.2 Quantitative assays  

In addition to qualitative test, a quantitative test was used for determining change in 

superficial tension, produced by biosurfactant action under different crude oil pressures. A 

DuNouy ring tensiometer (FISHER surface tensiometer, MODEL 20) was used for carrying out 

the measures.  This tensiometer is based on the force required to take out a ring from a 

surface (Walter, 2010). Measures were taken every day for five weeks and were incubated 

under 42°C.  
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3. Results and discussion  

 

3.1 Highest growing temperature determination for Geobacillus strain 

 

The highest growing temperature determined for Geobacillus H2OVP3 strain was 42°C.  The 

assays performed following this test were incubated taking into account this temperature. 

Considering that Geobacillus sp is a thermophilic microorganism which has been reported to 

optimally grow on a temperature range between 50 and 60°C (Kananaviciute, 2013), the 

evaluated strain should have grown on all of the different temperatures that were proved. 

Despite this, the strain didn’t show any activity at 46°C. Some other factors such as nutrients 

availability and pH, which were not taken into account, should have influenced metabolic 

activity of this strain.  Moreover, it is important to say that the highest growing temperature for 

the strain was also established considering that surface tension is enhanced when increasing 

temperature (Vowell, 2009). This decrease in surface tension occurs because molecules in a 

fluid began to move rapidly causing decreasing intermolecular forces strength (Ramírez, 2013).  

 

3.2  Determination of biosurfactant production  

 

This study was performed taking into account three types of crude oil: heavy (16.8 °API), 

medium (32.5 °API) and low crude oil (39.3 °API). These types of crude oils are classified 

depending on a density measure called API gravity. When a crude oil has a low API gravity, it is 

considered a heavy crude oil, in the same way medium and low crude oils (American Petroleum 

Institute, 2011). A heavy crude oil is characterized because it is highly dense and viscous; in 

addition, it has API gravity between 10°-22.3° (Curtis, 2003). Low crude oils have API gravity 

higher than 33°; present low density, viscosity and due to its chemical composition it is easier 

to degrade (American Petroleum Institute, 2011). Medium crude oils are considered to have 

API gravity between 23° and 32°.  

3.2.1 Biosurfactant production assays 

Based on qualitative tests, it was possible to determine the production of biosurfactant in the 

different assays using crude oil. According to the drop collapse method, the presence of 

biosurfactant was observed when it collapsed in the petri dish containing water and crude oil.  

When biosurfactant is added, the surface tension decreases causing the system to destabilize 

forming a clearing zone (Walter, 2010). As shown in figure 1, Biosurfactant obtained from La 

Gloria showed high crude oil dispersion, compared with that produced by medium and low 

crude oils.   
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Figure 1. Crude oil dispersion produced by (A) biosurfactant obtained from Palmarito, (B) biosurfactant 

obtained from Trinidad, (C) biosurfactant obtained from La Gloria, (D) Control. 

The kit for detecting anionic surfactant allowed identifying the biosurfactants produced as 

anionic surfactants, in the same way, the concentration of biosurfactant could be determined. 

As shown in figure 2, biosurfactant obtained from La Gloria presented the major concentration 

corresponding to 51mg/L, biosurfactant produced by crude oil obtained from Trinidad and 

Palmarito had lower concentrations corresponding to 20mg/L and 35.1mg/L respectively. It is 

important to mention that this concentration was determined using the complete lyophilized 

sample without extracting the biosurfactant.  According to the type of crude and its 

characteristics, it was expected that biosurfactant obtained from La Gloria presented the 

higher concentration among the other two biosurfactants considering that microorganisms in 

La Gloria crude oil were submitted at a bigger pressure. In order for microoganisms start using 

it as a carbon source, a higher concentration of biosurfactant should be produced generating 

an availability of the compound.  It was also expected to have a least concentration of 

biosurfactant in crude oil obtained from Palmarito taking into account that it is a low crude oil. 

Some factors such as temperature and incubation time could have influence the production of 

the biosurfactant on these crude oils. Also, this could happen considering that biosurfactant 

was not centrifuged and separated from cells and salts which could generate an error on the 

measurement.  Likewise, biosurfactant production depends on type of microorganism used, 

chemical composition of the source and environmental conditions (Raiger, 2009).  

 
Figure 2. Biosurfactant concentration obtained from different crude oils of a complete lyophilized sample. 
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An estimated number of microorganisms were determined in order to establish a relation 

between each biosurfactant concentration, and the number of microorganisms that produced 

them. As shown in figure 3, La Gloria crude oil presented less number of microorganisms 

producing a higher biosurfactant concentration. Due to its characteristics, a heavy crude oil 

requires a higher biosurfactant concentration which allows bioavailability of the compound for 

been easily degraded by microorganisms. Having less number of microorganisms in this heavy 

crude oil implies that they need to produce more concentrated biosurfactant for carrying out its 

metabolic processes using crude oil as carbon source. In addition, less microorganism number is 

important considering the application of these biosurfactants in different industries; it will be a 

efficiently producing process obtaining higher concentration of the product, needing less 

amount of source.  

In the other hand, Palmarito and Trinidad crude oil showed a high number of microorganisms 

producing less biosurfactant concentration. This could be explained considering that these crude 

oils are easier to degrade facilitating microorganism’s growth; therefore there is no need to 

produce high biosurfactant concentration.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Estimated number of microorganisms producing each crude oil concentration 
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    3.2.2 Biosurfactant action over different crude oils. 

For biosurfactant action over the different crude oils, drop collapsed method showed dispersion 

of each crude oil using every biosurfactant obtained. However, due to low concentration of the 

biosurfactants, oil assays joined together after the dispersion was produced leaving the assay as 

the control.  

According to anionic kit, biosurfactant concentration was able to be determined in the different 

assays under different crude oil pressures. Concentrations for each assay are shown in Figure 4. 

Palmarito biosurfactant showed the highest concentration when added to Palmarito and La 

Gloria crude oils compared with that of Trinidad and La Gloria biosurfactants. Contrary to this 

result, La Gloria biosurfactant showed the least concentration under Palmarito and La Gloria 

crude oil. It was expected to obtained La Gloria biosurfactant in a higher concentration under 

the three different crude oils taking into account that it had been produced under a heavy crude 

oil. However, experimental mistakes such a lyophilizing process of each biosurfactant assay 

could have affected the concentration measurements because portion of each sample could 

have been lost.  

 

Figure 4. Biosurfactant concentration in different crude oil pressures. 
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3.3 Quantitative assays 

 

Using Fisher DuNuoy tensiometer, made it possible to determined changes in surface 

tension for assays with biosurfactants under different crude oil pressures. According to 

figures 5, 6 and 7, surface tension tends to decrease for each crude oil using each 

biosurfactant. Based on theoretical information, reduction of surface tension is one of the 

main biosurfactant characteristics for increasing compound bioavailability (Calvo, 2008). In 

addition, this decrease on surface tension suggests that the different biosurfactants 

obtained, belong to low molecular weight biosurfactants. Elsewhere, figures show some 

variables surface tension measures which can affect each surface tension behavior 

throughout the different days. These variable measurements can be due to experimental 

mistakes owing to Fisher DuNuoy tensiometer sensibility. In addition, according to Xia et al, 

surface tension reduction is influenced by several factors as biosurfactant concentration 

and temperature; this is why, the lack of complete biosurfactant liophilization process 

could have affected biosurfactant action over crude oils surface tension (Xia, 2011).  

 

 
Figure 5. Change on Palmarito crude oil surface tension. 
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Figure 6. Change on Trinidad crude oil surface tension.  

 

 
       Figure 7. Change on La Gloria crude oil surface tension.  

 

 

 Conclusions  

 Anionic biosurfactant production by Geobacillus H2OVP3 strain was determined on different      

types of crude oils. Biosurfactant obtained from heavy crude oil (16.8 °API) was found in the 

highest concentration which can be explain due to its physical and chemical characteristics, it also 

presented the highest oil dispersion when testing drop collapsed method. In addition, the type of 

crude oil affects biosurfactant concentration as well as microorganism’s metabolic activities for 

producing it. Although biosurfactant production was observed on the three crude oils, based on its 

properties, biosurfactant action over heavy crude oil is important considering the difficulties that it 

presents for its degradation. Measure accuracy can be affected by experimental mistakes such as 

random or systematic.  

As future prospect, it is intended to realize this study modifying temperature in order to 

determine if it has an effect on biosurfactant production.  Likewise, perform biosurfactant 

complete characterization and take this study to field in order to test biosurfactant production and 

at the same time, quantify crude oil degradation.  
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