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Abstract: 

This paper deals with the effect of biosurfactants on non-specific soil microorganisms. These 

biosurfactants remains in soils after the remediation flushing as a result of sorption on specific soil 

components. The effect of yeast biosurfactants produced by Yarrowia lipolytica (YL) and Candida 

bombicola (CAN) on soil microorganisms activity was determined. The effect of defined addition of 

BS solution (concentration range between 0 – 2000 mg/L) and the effect of BS remaining after 

remediation procedure was evaluated by the soil dehydrogenase activity test (DHA). It was shown that 

there was a significant stimulative effect on soil microorganisms in both cases. The use of studied 

biosurfactants meets the highest requirements for environmentally friendly remediation technologies. 
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Introduction 

Biosurfactants (BS) are classified according chemical composition and microbial origin. The main 

groups of biosurfactants are glycolipids, lipopeptides and lipoproteins, phospholipids and fatty acids 

and polymeric surfactants. Some representatives of biosurfactants and their producers are as follows: 

glycolipids such rhamnolipids (Pseudomonas aeruginosa), trehalolipids (Rhodoccocus erythropolis) 

and sophorolipids (Candida bombicola, Candida apicola), lipopeptides such viscosin (Pseudomonas 

fluorescens) and carbohydrate-protein-lipid complexes such emulsan (Acinetobacter sp.) (Mulligan, 

2005). 
 

Sophorolipids (SL) are yeast biosurfactants, which are produced by Yarrowia lipolytica (YL) a 

Candida bombicola (CAN). They are compoused of hydrophilic part of sophorose and hydrophobic 

part of fatty acid, which is linked by β-glycosidic bond. The carboxyl end of the fatty acid chain is 

either free, then referred to as acidic or open form of sophorolipid. Combining the carboxyl group with 

a hydroxyl group of sophorose will form a cyclic lactone, then talk about laconic form of sophorolipid 

(Bogaert et al., 2011) 
 

Biosurfactats can be applied in soil remediation technologies as the washing agents. Environmental 

pollutants can be removed from contaminated soils by the solubilization effect. The principle is that 

the water solubility of non-polar contaminant is enhanced as a result of micelle solubilization 

mechanism by the addition of small amount of surfactant (Lai, 2009), (Šír, 2014). A significant part of 

bisurfactant remains in the soil after washing. The aim of this study was to determine the effect of 

biosurfactants on the activity of soil microorganisms and quantify the stimulative or inhibitory effects. 

The test of dehydrogenase activity can be used as indicator of microbiological activity (Chu, 2007), 

(Velmourougane, 2013). 
 

Materials and methods 

Two yeast species (Yarrowia lipolytica and Candida bombicola) were chosen for the production of 

biosurfactants. Production followed these steps: Cultivation was carried out in liquid medium in 

Erlenmayer flask. Flask was placed on a laboratory shaker and shaken at 120 rpm. Decrease of pH 

from 6.5 to 3 occurred during first 48 hours. Adjustment of pH by buffer solution was not applied. 

Cultivation medium was aerated to prevent fermentation process. Cultivation was carried out at room 

temperature 20 – 25 °C. Production medium contained two different source of organic carbon – 
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glucose (10 g/L) and vegetable oil (10 g/L). Other components of the solution were yeast extract, 

peptone and minerals. Oil spreading technique was chosen as the method for the determination of 

biosurfactant in solution. Principle is as follows: 30 mL of distilled water is poured in Petri dish, 15 

µL of oil is dripped in the middle of dish, than 5 mL of sample is dripped on the oil surface. The 

presence of surfactant clears the zone whose diameter is measured. Production process was stopped 

after 144 hours of cultivation, when maximum content of biosurfactant was reached. 
 

Isolation and purification of biosurfactant was carried out as follows: crude production medium 

(volume V = 1000 ml) was exposed to ultrasound in an ultrasonic bath PS04000A (Notus-

POWERSONIC Ltd.) for 20 minutes. Subsequently, this solution was transferred into a separating 

funnel and extracted with ethyl acetate in a volume ratio of 1:1. Ethyl acetate was evaporated in a 

rotary vacuum evaporator RVO 64 and crude product was washed with hexane three times to remove 

residual oil. Purified biosurfaktant was dissolved in distilled water and its basic properties were 

characterized. 
 

Soil for testing of dehydrogenase activity was collected from the field. Contamination of the soil was 

not presented to evaluated the effect of biosurfactant solution on soil under different conditions. Two 

kinds of tests were performed to evaluate the effect of biosurfactant solution on the soil 

microbiological activity. First, 1 ml of biosurfactant solution was added to 1 g of tested soil. Tested 

concentration of BS ranged was between 0 – 2000 mg/L. In the latter case, the column washing tests 

were prepared. Solution of 1000 mg/L of biosurfactant was filtrated through the soil to simulate the 

remediation soil washing. Samples of soil were collected during the test to determine the DHA. 
 

Test is designed to determine the microobiological activity in soils in relation to chemical substances. 

Dehydrogenase are enzymes of the respiratory chain. They play an important role in energy production 

of microorganisms. Dehydrogenase activity can used as indicator of biological redox systems and as a 

measure of microbiological activity. The principle is that artificially added trifenyltetrazolium chloride 

(TTC) is hydrolyzed to trifenylformazan (TPF), which is colored red. Concentration of TPF is 

measured spectrophotometrically at 482 nm after extraction into organic solvent (methanol). Reaction 

is carried out in dark, concentration of TPF is measured after 24 hours. 

 

Results and discussion 

Results of performed tests of dehydrogenase aktivity are shown in Fig. 1 and Fig. 2. 

 

 
 

Fig. 1: Evaluation of biosurfactant stimulative effect in the case of addition of defined amount of 

biosurfactant (YL - Yarrowia lipolytica, CAN - Candida bombicola). 

 



 
 

Fig. 3: Evaluation of biosurfactant stimulative effect in the case of remained biosurfactant after soil 

washing (YL - Yarrowia lipolytica, CAN - Candida bombicola). 
 

Tested soil contained 3,6% of total organic carbon (TOC). Based on the results above it was showed 

that studied biosurfactant had stimulative effect on soil microorganisms. In the case of addition of 

defined amout of biosurfactant: production of TPF was increased 2,6 times in the case of YL solution 

and production of TPF was increased 2.2 times in the case of CAN solution. Production of TPF was 

compered with untreated soil. 

Information about biosurfactant properties in with regard to biodegradation processes can be found in 

available literature (Souza et al., 2014). The addition of bacterial surfactant enhanced biodegradation 

of crude oil by 20% in contaminated soil (Thavasi et al., 2011). Enhanced biodegradation of 

phenanthrene, pyrene and crude oil was proved in media containing bacterial surfactant (Bordoloi et 

al., 2009). 

There is a lack of information about the effect of biosurfactant on soil quality. This is particularly the 

case when contaminants were removed from the soil, but the rest of surfactant is still present in the 

pores and bound by adsorption. The aim of this study was to determine the effect of studied 

biosurfactant on microbial community in uncontaminated soil. In terms of practical use, this study is 

an assessment of the decontamination technology based on soil washing. There is a possibility to 

assess the quality of soil after the soil washing process and compared with other in-situ or ex-situ 

decontamination technologies. Technologies based on chemical oxidation can have negative effects on 

the recovery of soil after remediation procedure. 
 

Conclusions 

Tests of soil dehydrogenase activity were conducted to evaluate the effect of two types of 

biosurfactant on the activity of soil microorganisms. It was shown that both tested biosurfactant 

solutions significantly stimulated soil microbiological activity. The use of biosurfactants meets the 

highest requirements for environmentally friendly remediation technologies. 
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