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Abstract. Biosurfactants are one of the promising biotechnological 
products applied in agriculture. Their use, however, is currently far from 
economically viable, due to the expensive feedstock for the growth of 
microorganisms. The solution to this problem can be to reduce the cost of 
production by using organic waste as a nutrient substrate. In this study, oil-
containing wastes were considered as substrates - waste frying sunflower 
oil and petroleum-contaminated soil. At the first stage of research, we 

screened native waste microorganisms capable of synthesizing 
biosurfactants. As a result of the study, strains with the ability to form 
biosurfactants were isolated. Six strains (A, B, C, D, E, F) were isolated 
from waste frying sunflower oil, two strains (A1, B1) were isolated from 
petroleum-contaminated soil. The highest yield of biosurfactants is typical 
for strains A and A1 - 0.429 and 0.502 mg ml-1, while the best ratio of 
biosurfactant mass to cell biomass is typical for strains A1 and E - 0.9 and 

0.6. The most effective producer of biosurfactants turned out to be strain E 

with an emulsifying activity of E24 equal to 80% and a surface tension of 
the culture liquid of 27.1 mN m-1.  

1 Introduction 

Currently, biosurfactants are attracting more and more attention due to their promising 

qualities and possible breadth of application. The ability of biosurfactants to change the 
surface tension of water, the presence among them of substances with fungicidal properties, 

high biodegradability and safety for the environment allows them to be used in agriculture 

as adjuvants and fungicides. It is known that microorganisms of the genus Bacillus form 

biosurfactants that can suppress the growth of both pathogenic fungi and bacteria [1]. Thus, 

Bacillus mojavensis is an endophyte that synthesizes biosurfactants that enhance bacterial 

immunity and inhibit the growth of fungi of the Fusarium genus [2]. Bacteria of the genus 

Pseudomonas are capable of destroying fungal mycelium using rhamnolipids due to their 

amphiphilic nature, integrating into plasma membranes [3]. The emulsifying ability of 
biosurfactants and their ability to reduce the surface tension between water and oil, 

remaining in a wide range of pH and salinity, allow us to explore the possibility of their use 

in the field of increasing oil production of high-viscosity oils instead of chemical 

surfactants [4]. 
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The successful use of biosurfactants largely depends on the economic balance between 

the costs of their production and the benefits of using them. In this connection, attention is 

drawn to the search for cheap raw materials for their production, which can be organic 

waste [5]. 

In addition, the use of organic waste as a raw material for biotechnological production 

makes it possible to contribute to solving the problem of waste disposal and recycling. 

These wastes can include both agricultural waste (rapeseed cake, sunflower cake, potato 

peels), food waste (vegetable oils, alcohol and dairy waste) and industrial waste (oil 
industry waste, sewage sludge, grease trap waste) [6]. The use of these wastes to obtain 

biosurfactants allows them to be safely disposed of, while some of them are difficult to 

process by other methods. 

A variety of microorganisms produce biosurfactants of various chemical compositions. 

The nature and amount of biosurfactant produced depends both on the site where the 

microorganism was isolated and on the nutrient substrates available for their growth [7]. 

There are many microorganisms isolated from contaminated soils, sewage and sewage, 

industrial and agro-industrial waste. These microorganisms have the ability to grow on 
substrates that are considered potentially harmful to other non-producing microorganisms 

[8]. Thus, Chebbi et al. (2017) found a strain of Pseudomonas aeruginosa from motor oil-

contaminated soil, Liu et al. (2016) isolated fungi of the species Wickerhamiella 

domercqiae from rice straw waste, Singh et al. (2019) isolated bacteria of the genera 

Stenotrophomonas sp. and Brevisbacillus brevis from textile sludge [9-11]. 

Depending on the type of raw material, the obtained biosurfactant may have a certain 

structure and, accordingly, properties [12]. For example, Mouafo et al. (2018) noted that, 

depending on the substrate, Lactobacillus synthesizes either glycolipids (on a medium with 
glycerol) or glycoproteins (sugarcane molasses) [13]. Haba et al. (2000) note that the 

surface tension of Candida is also dependent on nutrient substrates, with sunflower oil 

causing a more effective reduction in surface tension than olive oil [14]. 

Some authors note that oil substrates allow the synthesis of surfactants more intensively 

[15]. Therefore, our main goal is to consider organic waste for the production of 

biosurfactants as an environmentally friendly and cost-effective raw material. The first 

stage of this work was the screening of native microorganisms of oily waste. In this work, 

studies were carried out on the isolation of microorganisms capable of forming 
biosurfactants from waste frying sunflower oil and petroleum-contaminated soil.  

2 Materials and methods  

2.1 Enrichment and isolation of pure strain  

Soil artificially contaminated with used waste frying sunflower oil and petroleum-

contaminated soil were used as inoculum for enrichment culture in mineral media (MMA). 

The microorganisms were enriched in a 250 ml Erlenmeyer flask containing 100 ml of a 
sterilized mineral medium to which glycerol was added. The flasks were incubated for 5 

days at 28°C and 120 rpm, and then the mixed culture was transferred to Petri dishes. Eight 
single colonies were selected and seeded onto new Petri dishes.  

2.2 Production and Extraction of biosurfactant.  

Isolates were cultivated in glycerol nitrate medium at 28 °C and 120 rpm for 5 days. The 
concentration of crude glycerol in the medium was 40 g L−1. The medium except crude 
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glycerol contained (g L−1): NaNO3 (4.0), K2HPO4•3H2O (4.0), KH2PO4 (3.0), MgSO4•7H2O 

(0.5), KCl (0.5), NaCl (0.5), CaCl2•2H2O (0.2). 

The cells were removed from the culture by centrifugation at 5000 rpm for 20 minutes, 

the resulting cell pellet was dried in an oven at 105°C overnight. Dry cell biomass was 
determined gravimetrically. For the extraction of biosurfactant, the cell-free supernatant 

was acidified to pH 2 using 6N HCl, then stored at 4°C overnight and centrifuged at 5000 
rpm and 4°C for 20 min. The precipitate was purified by dissolving in a CHCl3:CH3OH 

(2:1, v/v) mixture followed by rotary evaporating under vacuum. The crude biosurfactant 
was quantified gravimetrically. 

2.3 Biosurfactant Efficacy Evaluation  

Evaluation of the effectiveness of the biosurfactant was carried out on a cell-free 

supernatant obtained at the previous stages. The surface tension was measured using a K20 

tensiometer (KRUSS, Germany) using the Du Nouy ring method at room temperature. The 

emulsification test was done as follows: 5 mL of cell-free supernatant and 5 mL of 

petroleum were added in test tubes followed by rapid vigorous vortexing for 2 min. The 

emulsifying layer was evaluated after 24 hours. By adopting the formula given below the 

E24% was calculated. 

 
E24% = (Height of the emulsified layer/total height of liquid column) × 100% (1) 

3 Results and Discussions 

In the course of the work, screening of microorganisms of organic waste was carried out, 

for which waste frying sunflower oil and petroleum-contaminated soil were used. Six 

different strains (A, B, C, D, E, F) were isolated from waste frying sunflower oil, and 2 

strains were isolated from petroleum-contaminated soil (A1, B1). The isolated strains were 

cultivated on a medium with glycerol under equal conditions to select the most effective 
producers of biosurfactants. 

At the first stage of the work, an assessment was made of the mass of isolated 

biosurfactants, as well as its ratio with the total cell biomass (Fig. 1). 

  
a b 

Fig. 1. Weight of isolated biosurfactants (a) and ratio of biosurfactants to cell weight (b) 

, 011 (2023)BIO Web of Conferences

CIBTA-II-2023
https://doi.org/10.1051/bioconf/2023710110303 71

3



 

It can be noted that the highest production of biosurfactants was noted for strain A1 − 
0.502 mg ml-1, as well as strain A − 0.429 mg ml-1 (Fig. 1a). This yield of the product is 

comparable to the other research, so Nayarisseri et al. (2018) obtain the yield of the 

biosurfactant of the Bacillus subtilis strain within 0.324 g l-1 [16]. The lowest yield was 

noted for strains F and E – 0.09 and 0.06 mg ml-1, respectively. The low yield of 

biosurfactants of these strains may indicate their inability to produce biosurfactants, but 

additional selection of the medium for their cultivation may also be required. 
The ratio of the mass of obtained biosurfactants to cell biomass (g biosurfactant/g 

biomass) was also calculated (Fig. 1b). The highest yield was noted for strains A1 and E, 

0.9 and 0.6, respectively. The lowest yield was noted for strains D and B1, 0.07 and 0.08, 

respectively. It can be noted that, according to the research data, the biosurfactant yield for 

most of the strains we isolated is effective. For example, Vedaraman et al. (2011) describes 

the yield of Bacillus subtilis surfactin in terms of biomass − 0.23 [8]. 
The ability to change the surface tension of water and the emulsifying ability are 

indicators of the effectiveness of biosurfactants, which in turn depends on the amount of 
biosurfactants produced and their chemical nature. For which, at the next stage, the 

emulsifying activity and changes in surface tension in the cell-free culture fluid were 

evaluated (Fig. 2 a-b). 

 
 

a b 
Fig. 2. Emulsifying activity (a) and surface tension of culture liquid (b) 

 

It was noted that according to the results of the E24 test, strain E has the highest 
emulsifying activity − 83% (Fig. 2a). Strains F and A1 show a minimum emulsifying 
activity of 0 and 5%. It is known that the biosurfactant is considered effective at E24 more 

than 50%, which suggests that the E strain is effective [17]. 

An assessment of the surface tension in the culture liquid showed (Fig. 2b) that the most 

effective biosurfactant is the one synthesized by strain E – 27.1 mN m-1. Strains F and A1 

show the least efficiency − 67.9 and 68.1 mN m-1, the values of which are close to those of 

the control sample − distilled water (72 mN m-1). The remaining strains show 

approximately equal surface tension in the range from 53.5 to 60.3 mN m-1. According to 
the other research data, it can be argued that strain E effectively reduces surface tension 

relative to other effective strains [18]. Numerous works also confirm the successful use of 

oily wastes, such as waste frying sunflower oil and used motor oil, as substrates for 

obtaining biosurfactants [5]. 
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4 Conclusion 

In the course of this study, microorganisms with the ability to synthesize biosurfactants 

were isolated from oil-containing organic waste. Six strains were isolated from waste frying 

sunflower oil, two strains were isolated from petroleum-contaminated soil. The highest 

yield of biosurfactants is typical for strains A and A1 − 0.429 and 0.502 mg ml-1, while the 

best ratio of biosurfactant mass to cell biomass is typical for strains A1 and E − 0.9 and 0.6. 
Strain E, isolated from waste frying sunflower oil, turned out to be the most effective 

producer of biosurfactants; its emulsifying activity is 80%, and the surface tension of the 
culture liquid is 27.1 mN m-1. Obviously, this strain deserves additional attention as the 

most promising, since even at low yields, and, accordingly, at a low concentration of the 

target component in the culture medium, it showed the highest performance. Strain E will 

be further investigated to improve the yield of biosurfactants on various media and under 

various cultivation conditions. However, other strains also require additional research and 

cultivation on other substrates, including organic waste. 
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