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Abstract: Saccharomyces cerevisiae, a widely used and safe yeast in biotechnology, was evaluated 

for its ability to produce an environmentally friendly biosurfactant using various carbon sources. 

This study aimed to compare biosurfactant production from glucose, crude oil, olive oil, and 

cooking oil, addressing the gap in understanding the impact of insoluble carbon sources. Yeast was 

activated in YEPG broth and cultured in modified YEP medium with different carbon sources. The 

biosurfactant activity was assessed through surface tension reduction (ST) and oil spreading 

method (OSM). Results indicated that glucose did not significantly enhance biosurfactant 

production (60mN/m ST, 3mm OSM), while crude oil (50mN/m ST, 45mm OSM), olive oil (53mN/m 

ST, 40mm OSM), and cooking oil (54mN/m ST, 35mm OSM) significantly improved activity. The 

findings demonstrate that insoluble carbon sources are crucial for effective biosurfactant production 

by S. cerevisiae, with crude oil yielding the most active biosurfactant. This research highlights the 

potential of using oils to enhance biosurfactant production, providing insights for industrial 

applications. 
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1. Introduction 

Insoluble oils spills are considered one of the major aquatic environment pollutants. 

Petroleum oils, vegetable oils, and animal fats share common physical properties and 

produce similar environmental effects, these wastes and spills polymerize and solidify 

which leads to oxygen reduction, suffocation and toxicity to aquatic animals and 

organisms [1]. The heavy use and improper disposal of these oily wastes especially the 

frying oils may lead to drainage systems clogging and significant increase in rats and 

vermin proliferation rates that are feeding on these solidified oils [2]. The demands for 

proper and environmental friendly disposal methods of these wastes were solved by 

biodegradation with microorganisms that are able to produce biosurfactants [3]. The 

biosurfactants have both hydrophilic and hydrophobic moieties which give its 

amphipathic structure, these molecules are able to play a key role in emulsification foam 

formation, detergency, and oil dispersion activities, which are desirable traits in different 

industries [4]. Biosurfactants have the capacity to reduce surface and interfacial tensions 

of solutions [5]. Also they increase the bioavailability of substrate to the microorganisms. 

In addition to environmental applications [6], Biosurfactants showed a great result in many 

industries such as medical (antibiotics and pharmaceutical products) [7], food products 
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(additives and salad dressing) [8], oil recovery [9], agriculture (pesticides) [10] and 

cosmetics (makeup removals and skin moisturizers) [11,6]. 

Biosurfactants in the latest century was considered green surfactants i.e environment 

friendly products due to their great properties such as surface activity, stability and 

activity under pH and thermal changes, antiadhesive, biodegradability, low toxicity, 

emulsifying agent, antimicrobial activity, and antioxidant ability [12]. 

The aim of this study, is to produce extracellular biosurfactant by using crude oil, 

olive oil and cooking oil as the carbon source for Saccharomyces cerevisiae which. 

 

2. Materials and Methods 

Yeast yield 

The yeast Saccharomyces cerevisiae was obtained from a previous [13]. The yeast 

was activated by using100ml of YEPG broth medium (20gL-1 glucose, 20gL-1 peptone, 10 

gL-1 yeast extract, pH=5). Culture flasks were incubated at 28⁰C for 3 days. A drop of the 

growth medium examined under microscope to detect any bacterial contamination. 

 

Extracellular biosurfactant production 

A modified YEP medium (20gL-1 peptone, 10 gL-1 yeast extract, pH=5) was used for 

biosurfactant evaluation and carbon sources were added separately as shown in table 1, 

the medium with glucose as carbon source was used as control. Culture flasks were 

incubated at 28⁰C for 1 week in shaker incubator. 

Then the cultures were centrifuged at4000rpm for 15min. Crude extracellular 

biosurfactant was drawn up by micropipette carefully for further testes. 

 

Table 1. carbon sources used in the research 

 

No. Carbon source 

1 Glucose (2%) 

2 Crude oil (2%) 

3 Olive oil (2%) 

4 Cooking oil (2%) 

5 Control (without yeast 

inoculation) 

 

Screening for biosurfactant activity 

 

Oil spreading method 

Two layers of immiscible liquids by pouring 25ml of distil water in a petri-dish 

and10μl of crude oil on the water surface then 10 μl of biosurfactant added to the center of 

the crude oil layer. The clear zone was measured in millimeters [14]. 

Surface tension measurement 

Tenisometer was used to measure the surface tension of solution at room 

temperature by using platinum NOUY ring socked in the surface of 20ml of biosurfactant 

in a clean dry glass vessel, the platinum ring was gradually pulled up and the surface 
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tension was measured in mN/m. Distill water was used as a control and to test the accuracy 

of the device. 

 

3. Results and Discussion 

Pure Saccharomyces cerevisiae was used to produce biosurfactant. Biosurfactant 

production was enhanced by using olive oil, cooking oil and crude oil as carbon source in 

modified YPD broth medium. The screening of biosurfactant production of the cell free 

medium by using glucose as carbon source showed a reduction of the surface tension to 

(60 mN/m) while showed a minimum surface oil spread about (3mm) as compared to the 

biosurfactant produced by using crude oil as carbon source the surface tension reduced to 

(50 mN/m) while showed a great result in spreading the surface oil about (45 mm). The 

surface tension and oil spreading method for control medium (non-inoculated) was (68 

mN/m and 0 mm respectively) as shown in figure 1 and 4. 

 

Figure 1. Biosurfactant screening by Surface tension and crude oil spreading method 

for the medium that contains glucose and crude oil as carbon source. 

 

Olive oil also used as carbon source in the medium which enhanced the production of 

biosurfactant by Saccharomyces cerevisiae, the estimated result of surface tension for the 

cell free medium was reduced to (53mN/m). While, the estimated result of oil spreading 

method for the cell free medium was about (40mm) the result was great as compared to 

the biosurfactant produce form glucose as carbon source which didn’t show a significant 

result as shown in figure 2 and 4. 

 

Figure 2. Biosurfactant screening by Surface tension and oil spreading method for 

the medium that contains glucose and olive oil as carbon source 



 327 
 

  
Central Asian Journal of Medical and Natural Science 2024, 5(3),324 -330.                 https://cajmns.centralasianstudies.org/index.php/CAJMNS 

 

The estimated result of biosurfactant screening by surface tension reduction and oil 

spreading method for the cell free medium that contains cooking oil as carbon source also 

proved the production of biosurfactant the reduction of surface tension was about 

(54mN/m) and surface oil was spread about (35mm). which also showed good results 

when compared to the biosurfactant that was produced by using glucose as carbon source 

as shown in figure 3 and 4. 

 

 

Figure 3. Biosurfactant screening by Surface tension and oil spreading method for the 

medium that contains glucose and cooking oil as carbon source 

 

Figure 4. Oil spreading method of the extracellular biosurfactant produced from S. 

cerevisiae by using different types of carbon sources: 1. Glucose, 2. Crude oil, 3. Olive 

oil and 4. Cooking oil 

 

The production of extracellular biosurfactant was at best rates by using the 

insoluble carbon sources (crude oil, olive oil and cooking oil) respectively were better as 

compared to the medium that contains glucose as carbon source which didn’t show any 

significant results. Oil spreading method was considered the most reliable method for 

screening biosurfactant production as mentioned by (Hussain and Shawkat et al.,2019, 
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Dhivya et al., 2014)[15,16]. Hussain Ali, L., and Shawkat Ali, W. A. used different kind of 

oils which obtained from the local market (olive oil, almond oil, fenugreek oil and castor 

oil) added to mineral salt medium, maximum activity of biosurfactant was obtained by 

OSM was (31 mm in diameter) in the presence of olive oil in the production medium [15]. 

Derguine-Mecheri, L. et al.  Was able to enhance the production of extracellular 

biosurfactant by Rhodotorula sp.YBR by using crude oil as carbon source it was able to 

reduce the surface tension from72 to 35 mN m−1 and used it later to remove oil from 

contaminated sand [17]. Olive oil and cooking oil were reliable substrate due to their low 

cost and good insoluble carbon source to enhance biosurfactant production [18]. While 

during the process of crude oil biodegradation the enhancement of biosurfactant 

production occurs [19,20]. In another study glycerol, soybean oil and diesel oil were used 

to enhance the production of biosurfactant, pH levels and temperatures were optimized to 

increase the production of extracellular biosurfactant. The results that obtained the 

maximum emulsifying production were found in the concentration of 5 g L−1 of glycerol, 

a pH 5.5 and a temperature of 30 °C [21]. Many studies also reported intracellular 

biosurfactant production by Saccharomyces cerevisiae, such as the study of Raham and 

Mahmood 2017 [22]. Intracellular biosurfactant was produced by Saccharomyces 

cerevisiae strains which displace oil about 20 mm by boiling or heat treatment for 30 

minutes. While in another study intracellular biosurfactant was produced by autoclave 

treatment for 20 minutes which displaced oil about 20 mm by Saccharomyces cerevisiae 

that was isolated from vegetables from Iraqi local markets [13]. 

 

4. Conclusion 

In conclusion, this study demonstrated that Saccharomyces cerevisiae can produce 

extracellular biosurfactants with desirable properties when cultivated with various 

insoluble oil-based carbon sources, highlighting the yeast's adaptability and potential for 

biotechnological applications. The results revealed that while glucose was ineffective in 

enhancing biosurfactant production, crude oil significantly outperformed other sources, 

achieving the highest reduction in surface tension and oil spreading efficiency. These 

findings suggest that the insolubility of the carbon source plays a crucial role in activating 

the biosurfactant production pathways in S. cerevisiae. The study underscores the 

potential for utilizing waste oils in sustainable biosurfactant production processes, 

contributing to greener industrial practices. Further research should explore the genetic 

and metabolic mechanisms underlying this enhanced biosurfactant production, as well as 

the scalability and economic feasibility of using different oil substrates in commercial 

applications. 

 

REFERENCES 

[1] D. A. Salam, M. T. Suidan, and A. D. Venosa, "Biodegradation and Toxicity of Vegetable Oils in Contaminated 

Aquatic Environments: Effect of Antioxidants and Oil Composition," *Science of The Total Environment*, vol. 547, pp. 

95-103, 2016. 

 

[2] D. Singh-Ackbarali, R. Maharaj, N. Mohamed, and V. Ramjattan-Harry, "Potential of Used Frying Oil in Paving 

Material: Solution to Environmental Pollution Problem," *Environmental Science and Pollution Research*, vol. 24, pp. 

12220-12226, 2017. 

 

[3] R. N. Montagnolli, J. M. Cruz, J. R. Moraes, C. R. Mendes, G. Dilarri, P. R. M. Lopes, and E. D. Bidoia, "Technical 

Approaches to Evaluate the Surfactant-Enhanced Biodegradation of Biodiesel and Vegetable Oils," *Environmental 

Monitoring and Assessment*, vol. 191, no. 9, 2019. 



 329 
 

  
Central Asian Journal of Medical and Natural Science 2024, 5(3),324 -330.                 https://cajmns.centralasianstudies.org/index.php/CAJMNS 

 

[4] L. A. Sarubbo, M. da Gloria, C. S. Durval, I. J. B. Bezerra, K. G. O. Ribeiro, I. A. Silva, et al., "Biosurfactants: Production, 

Properties, Applications, Trends, and General Perspectives," *Biochemical Engineering Journal*, vol. 181, p. 108377, 

2022. 

 

[5] P. C. Martins and V. G. Martins, "Biosurfactant Production from Industrial Wastes with Potential Removal of 

Insoluble Paint," *International Biodeterioration & Biodegradation*, vol. 127, pp. 10-16, 2018. 

 

[6] P. F. Amaral, M. A. Z. Coelho, I. M. Marrucho, and J. A. Coutinho, "Biosurfactants from Yeasts: Characteristics, 

Production and Application," *Biosurfactants*, pp. 236-249, 2010. 

 

[7] H. Bagheri, A. Mohebbi, F. S. Amani, and M. Naderi, "Application of Low Molecular Weight and High Molecular 

Weight Biosurfactant in Medicine/Biomedical/Pharmaceutical Industries," in *Green Sustainable Process for Chemical 

and Environmental Engineering and Science*, Academic Press, 2022, pp. 1-60. 

 

[8] V. C. Akubude, S. Sule, D. C. Chinweuba, and V. C. Okafor, "Application of Biosurfactant in Food Industry," in 

*Green Sustainable Process for Chemical and Environmental Engineering and Science*, Elsevier, 2021, pp. 109-125. 

 

[9] H. Aboelkhair, P. Diaz, and A. Attia, "Biosurfactant Production Using Egyptian Oil Fields Indigenous Bacteria for 

Microbial Enhanced Oil Recovery," *Journal of Petroleum Science and Engineering*, vol. 208, p. 109601, 2022. 

 

[10] A. Raj, A. Kumar, and J. F. Dames, "Tapping the Role of Microbial Biosurfactants in Pesticide Remediation: An Eco-

Friendly Approach for Environmental Sustainability," *Frontiers in Microbiology*, vol. 12, p. 791723, 2021. 

 

[11] E. B. Marangoni, T. R. Rodrigues, C. Porto, R. T. R. Almeida, M. I. Harris, R. K. R. Oliveira, and J. S. Nakayama, 

"Rhamnolipid: An Eco-and Skin-Friendly Alternative to Synthetic Surfactant," *SOFW Journal (English Version)*, vol. 

147, no. 12, 2021. 

 

[12] T. Mallik and D. Banerjee, "Biosurfactants: The Potential Green Surfactants in the 21st Century," *Journal of 

Advanced Scientific Research*, vol. 13, no. 1, pp. 97-106, 2022. 

 

[13] Z. A. Ibrahim, S. H. Khudheir, and A. A. Hussein, "Isolation, Screening, and Extraction the More Efficient Local 

Yeast Isolates for Biosurfactant Production," in *IOP Conference Series: Earth and Environmental Science*, vol. 779, no. 

1, p. 012098, 2021. 

 

[14] N. N. Mahmood, "Effect of Biosurfactants Purified from Saccharomyces Cerevisiae Against Corynebacterium 

Urealyticum," *Journal of Phar*, vol. 10, no. 3, pp. 481-486, 2018. 

 

[15] L. Hussain Ali and W. A. Shawkat Ali, "Production and Antibacterial Activity of Biosurfactant from Saccharomyces 

Cerevisiae," in *Journal of Physics: Conference Series*, vol. 1234, no. 1, p. 012080, 2019. 

 

[16] H. Dhivya, S. Balaji, and A. Madhan Rand Srv, "Production of Amphiphilic Surfactant Molecule from 

Saccharomyces Cerevisiae Mtcc 181 and its Protagonist in Nanovesicle Synthesis," *International Journal of 

Pharmaceutical Sciences*, vol. 11, pp. 16-23, 2014. 

 



 330 
 

  
Central Asian Journal of Medical and Natural Science 2024, 5(3),324 -330.                 https://cajmns.centralasianstudies.org/index.php/CAJMNS 

[17] L. Derguine-Mecheri, S. Kebbouche-Gana, and D. Djenane, "Biosurfactant Production from Newly Isolated 

Rhodotorula sp. YBR and its Great Potential in Enhanced Removal of Hydrocarbons from Contaminated Soils," *World 

Journal of Microbiology and Biotechnology*, vol. 37, 2021. 

 

[18] M. Abouseoud, R. Maachi, and A. Amrane, "Biosurfactant Production from Olive Oil by Pseudomonas 

Fluorescens," *Communicating Current Research and Educational Topics and Trends in Applied Microbiology*, vol. 1, 

pp. 340-347, 2007. 

 

[19] D. G. Almeida, R. D. S. Silva, H. M. Meira, P. P. F. Brasileiro, E. J. Silva, J. M. Luna, et al., "Production, 

Characterization and Commercial Formulation of a Biosurfactant from Candida Tropicalis UCP0996 and its Application 

in Decontamination of Petroleum Pollutants," *Processes*, vol. 9, no. 5, p. 885, 2021. 

 

[20] T. F. Ferreira, F. F. Martins, C. A. Cayres, P. F. Amaral, D. D. A. Azevedo, and M. A. Z. Coelho, "Biosurfactant 

Production from the Biodegradation of n-Paraffins, Isoprenoids and Aromatic Hydrocarbons from Crude Petroleum by 

Yarrowia Lipolytica IMUFRJ 50682," *Fermentation*, vol. 9, no. 1, p. 21, 2022. 

 

[21] N. E. Kreling, M. Zaparoli, A. C. Margarites, M. T. Friedrich, A. Thomé, and L. M. Colla, "Extracellular 

Biosurfactants from Yeast and Soil–Biodiesel Interactions During Bioremediation," *International Journal of 

Environmental Science and Technology*, vol. 17, pp. 395-408, 2020. 

 

[22] D. H. Raham and N. N. Mahmood, "Isolation of Biosurfactant/Bioemulsifier from Saccharomyces Cerevisiae by 

Different Treatment," *Al-Kufa University Journal for Biology*, vol. 9, no. 3, pp. 22-28, 2017. 


