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ABSTRACT 

Biosurfactants are molecules with significant interfacial activity properties produced by microorganisms. Aiming to reduce 
production costs, this research investigated the synthesis of a bioemulsifier by Yarrowia lipolytica using only corn steep liquor as 
a culture medium. The concentration of 20 g/L of corn steep liquor without the addition of ammonium sulfate proved to be most 
effective, achieving an emulsification index of 73% in 48 hours. However, with the increase in the concentration of corn steep 
liquor, the formation of an emulsion was observed at the begining, before inoculation. These results show that it is possible to 
obtain high emulsifying activity with Y. lipolytica in a more economical way using only this agro-industrial residue. 
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1 INTRODUCTION 

Biological surfactants are amphiphilic compounds that encompass a wide array of surface-active molecules synthesized by a 

variety of microorganisms¹. For instance, they are found in the food industry, agriculture, detergent and cosmetics formulation, as 

well as tertiary oil recovery. Similar to chemical surfactants, biosurfactants reduce the interfacial and surface tension of immiscible 

solutions. However, they offer several advantages, including low toxicity, high biodegradability, effectiveness under extreme 

conditions, and the ability to be regenerated and reused.1,2 

The raw material used for bioconversion represents 50% of the final product cost. Thus, for biological surfactants to become 

economically more attractive than synthetic ones, alternative substrates have been investigated, especially agro-industrial 

residues³. Among these, corn steep liquor (CSL) demonstrated excellent performance in the production of bioemulsifier by 

Yarrowia lipolytica4. This by-product, obtained during corn starch processing, is used in rural feed and as a nutrient source in 

industrial fermentation processes due to its rich composition of carbohydrates, proteins and lipids5. 

In the last years, Y. lipolytica has been widely utilized in various studies, not only due to its simple cultivation method and ease of 

genetic manipulation, but also for its ability to consume and ferment different carbon sources to synthesize industrially important 

metabolites. This strictly aerobic yeast is considered non-pathogenic and classified as biologically safe (GRAS – Generally 

Recognized as Safe) by the United States Food and Drug Administration (FDA)6,7.  

In this context, the present study aimed to analyze the production of bioemulsifier by the yeast Yarrowia lipolytica IMUFRJ 50682 

with an increase in the concentration of CSL in the culture medium. 

2 MATERIAL & METHODS 

Materials and microorganism: A wild type strain of Yarrowia lipolytica (IMUFRJ 50682) was employed and kept at 4ºC on YPD-

agar medium (w/p: yeast extract, 1.0%; peptone, 2.0%%; glucose, 2.0%; agar, 4.0%). For the biosurfactant production test, media 

containing Corn Steep Liquor (CSL) at different concentrations were used. CSL, a by-product of the corn wet-milling process, is 

rich in organic acids, amino acids, vitamins, and sugars, making it a valuable and cost-effective nutrient source for fermentation 

and biosurfactant production5. 

Biosurfactant production: Yarrowia lipolytica cells (IMUFRJ 50682) were transferred to 500 mL shake flasks containing 200 mL of 

YPD medium (w/p: yeast extract, 1.0%; peptone, 2.0%%; glucose) and cultivated at 28 ºC in a rotary shaker at 160 rpm. After 72 

h of cultivation, these cells were centrifuged (2,000 g) in a sufficient amount to inoculate 1 mg of the dry weight of cells per mL of 

biosurfactant production medium. Biosurfactant production carried out in 1000 mL Erlenmeyer flasks containing 500 mL of 
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production medium with CSL at different concentrations: 5.0 g/L, 10 g/L, 20 g/L, and 30 g/L, with and without ammonium sulfate 

(10 g/L), in duplicate. The flasks were incubated for 72 h at 28 °C and 250 rpm. Samples were collected at 24 h intervals, 

centrifuged (2,000 g) and stored at -20°C for the analytical procedures. 

 

Analytical methods: Cell concentration was followed by optical density (OD) measurements at 570 nm and the values were 

converted to g dry weight (d.w.) cells/L using the equation OD*dilution*0,4945 to monitor cell growth. The pH of the cell-free 

samples was determined by a pH meter (DIGIMED DM-22), calibrated with standard buffer solutions (pH 4.1 and 6.8). The 

Emulsification Index (EI) of cell-free samples was determined by adding 1 mL of hexadecane with an equivalent volume of the 

sample, followed by vortex-mixing this mixture for 2 min and leaving it to stand for 24 hours. The EI is given as the percentage of 

height of the emulsified layer (cm) divided by the total height of the liquid column (cm)8.  

3 RESULTS & DISCUSSION 

Cell growth, pH profile and Emulsification index during Y. lipolytica cultivation with CSL in the presence and absence of amonium 

sulfate is shown in Figures 1, 2 and 3, respectively. Results showed that CSL did not promote significant growth for Y. lipolytica 

cells, with only one condition showing a double of its initial concentration (Figure 1d). The presence of amonium sulfate, which 

was tested to increase the nitrogen source concentration, was also indeficient for cell growth, except for the medium with 10 g/L 

CSL (Figure 1b). However, pH values exhibited a consistent change across all samples over time, ranging from ±4 to ±7 within 

the first 24 hours, as depicted in Figure 2. This observation suggests dynamic metabolic activity within the culture medium, which 

may have implications for bioprocess optimization. 

 

 

Figure 1 Cell growth during Y. lipolytica cultivation at 28°C and 250 rpm in 1L-Erlenmeyer flasks with 200 mL of medium containing (a) 5 g/L 
corn steep liquor (CSL), (b) 10 g/L CSL, (c) 20 g/L CSL and (d) 30 g/L CSL. 
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Figure 2 pH during Y. lipolytica cultivation at 28°C and 250 rpm in 1L-Erlenmeyer flasks with 200 mL of medium containing (a) 5 g/L corn steep 
liquor (CSL), (b) 10 g/L CSL, (c) 20 g/L CSL and (d) 30 g/L CSL. 

 

 

Figure 3 Emusulfication index during Y. lipolytica cultivation at 28°C and 250 rpm in 1L-Erlenmeyer flasks with 200 mL of medium containing (a) 
5 g/L corn steep liquor (CSL), (b) 10 g/L CSL, (c) 20 g/L CSL and (d) 30 g/L CSL. 
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Regarding the emulsification index (EI), Figure 3c demonstrates that the medium containing 20 g/L of corn steep liquor without 

ammonium sulfate recorded the highest EI (73.30%) in 48 hours. However, some samples exhibited high EI before cell addition 

to the medium, especially those containing ammonium sulfate. This suggests that the residue may contain some unidentified 

emulsifying molecule. 

With the increase in concentration to 30 g/L, inconsistent and incompatible values were observed compared to the other samples. 

This may have been due to greater precipitation of CSL in the medium, resulting from the elevated concentration. Additionally, 

the EI also shows a high EI before inoculation. Therefore, the best condition for biosurfactant production would be the medium 

with 20 g/L of CSL without ammonium sulfate. 

 

4 CONCLUSION 

The results obtained in this study indicate that, despite the limited cell growth observed in all tested media, bioemulsifier production 

was viable, with the medium containing 20 g/L of corn steep liquor without the addition of ammonium sulfate, registering the 

highest emulsification index (EI) within 48 hours. However, it is crucial to further investigate the emulsification mechanism 

observed before cell addition to the medium, especially in samples containing ammonium sulfate. This observation suggests the 

presence of unidentified emulsifying molecules in the residue itself, which may have important implications for understanding the 

interaction between Y. lipolytica and this by-product. In summary, this study highlights the importance of using agro-industrial 

residues as a nutrient source for bioemulsifier production, demonstrating not only the economic viability of this approach but also 

its potential to promote environmental sustainability in the biotechnological industry. 
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