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ABSTRACT 

Biosurfactants are amphiphilic surface-

active compounds produced by 

microorganisms such as bacteria, yeast, and 

fungi. These molecules possess the unique 

ability to reduce surface and interfacial 

tension between immiscible phases, thereby 

facilitating emulsification and 

solubilization processes. In recent years, 

biosurfactants have attracted significant 

attention as eco-friendly alternatives to 

synthetic surfactants due to their 

biodegradability, low toxicity, and 

effectiveness under extreme environmental 

conditions¹². This review comprehensively 

discusses the classification, production 

methods, physicochemical properties, 

mechanisms of action, and wide-ranging 

industrial applications of biosurfactants. 

Furthermore, current challenges and future 

perspectives for large-scale production and 

commercialization are critically evaluated. 

1. Introduction 

Surfactants are widely used in industrial, 

agricultural, pharmaceutical, and domestic 

applications due to their ability to reduce 

surface and interfacial tension. 

Conventional surfactants are 

predominantly derived from petrochemical 

sources and are often associated with 

environmental concerns such as toxicity, 

persistence, and bioaccumulation³. These 

drawbacks have necessitated the search for 

environmentally sustainable alternatives. 

Biosurfactants, produced by 

microorganisms, have emerged as 

promising substitutes. These biomolecules 

are composed of hydrophilic and 

hydrophobic domains, enabling them to 

interact with both aqueous and non-aqueous 

phases⁴. Microorganisms synthesize 

biosurfactants as secondary metabolites to 

facilitate nutrient uptake, enhance motility, 

and survive in harsh environments. Several 

microbial species are known for 

biosurfactant production, including 

Pseudomonas aeruginosa, Bacillus subtilis, 

and Candida bombicola⁶. Biosurfactants 

exhibit superior properties such as high 

surface activity, biodegradability, low 

toxicity, and stability under extreme 

conditions of pH, temperature, and 

salinity⁷.The growing demand for green 

technologies and sustainable industrial 

processes has intensified research into 

biosurfactants. Despite their advantages, 

challenges such as high production costs 

and low yields limit their widespread 

commercialization. Advances in 

biotechnology and process optimization are 

expected to overcome these limitations⁸. 
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2. Classification of Biosurfactants 

Biosurfactants are classified based on their 

chemical composition, molecular weight, 

and functional properties⁹. 

2.1 Glycolipids 

Glycolipids are among the most extensively 

studied biosurfactants and consist of 

carbohydrate moieties linked to lipid 

chains. Rhamnolipids, produced by 

Pseudomonas aeruginosa, are widely used 

due to their excellent emulsifying and 

surface-active properties¹⁰. These 

compounds consist of one or two rhamnose 

sugar molecules linked to hydroxy fatty 

acid chains. 

Sophorolipids, produced by Candida bomb 

cola, consist of sophorose sugar linked to 

fatty acids and are widely used in cosmetics 

and detergents due to their mild and non-

toxic nature¹¹. Trehalolipids, produced by 

Mycobacterium species, are effective in 

hydrocarbon degradation and are used in 

environmental applications¹². 

2.2 Lipopeptides and Lipoproteins 

Lipopeptides are composed of lipid 

molecules linked to peptide chains. These 

biosurfactants are known for their strong 

surface activity and biological properties. 

Surfactin, produced by Bacillus subtilis, is 

one of the most potent biosurfactants 

known, capable of significantly reducing 

surface tension at low concentrations¹³. 

Other lipopeptides such as iturin and 

fengycin exhibit strong antifungal activity 

and are widely studied for agricultural and 

pharmaceutical applications¹⁴. 

2.3 Phospholipids 

Phospholipids are produced by 

microorganisms growing on hydrocarbon 

substrates. These molecules play a role in 

membrane structure and can act as 

biosurfactants under specific conditions¹⁵. 

2.4 Polymeric Biosurfactants 

Polymeric biosurfactants are high 

molecular weight compounds that function 

primarily as emulsifying agents rather than 

reducing surface tension. Examples include 

emulsan, produced by Acinetobacter 

calcoaceticus, and liposan, produced by 

yeast¹⁶. These compounds are particularly 

useful in stabilizing emulsions in food and 

petroleum industries. 

3. Production of Biosurfactants 

The production of biosurfactants involves 

microbial fermentation processes that can 

be optimized to enhance yield and 

efficiency¹⁷. 

3.1 Microbial Sources 

Biosurfactants are produced by a wide 

range of microorganisms including bacteria 

(Pseudomonas, Bacillus), yeast (Candida, 

Torulopsis), and fungi (Aspergillus)¹⁸. Each 

microorganism produces specific types of 

biosurfactants with distinct properties. 

3.2 Substrates Used 

The choice of substrate plays a crucial role 

in biosurfactant production. Renewable 

substrates such as vegetable oils, molasses, 

and agricultural waste are commonly 

used¹⁹. The use of low-cost substrates 

significantly reduces production costs and 

enhances economic feasibility. 

3.3 Fermentation Techniques 

Two primary fermentation methods are 

used:Submerged fermentation (SmF), 

which is widely used due to better control 

of environmental conditions 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 6, June 2026 | ISSN: 2456-4184 | IJNRD.ORG 

  
 

IJNRD2606370 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

d697 

 Solid-state fermentation (SSF), 

which is more economical but less 

controlled 

Optimization of fermentation conditions is 

essential for maximizing biosurfactant 

yield²⁰. 

3.4 Factors Affecting Production 

Several factors influence biosurfactant 

production, including temperature, pH, 

aeration, and nutrient availability. Carbon 

and nitrogen sources significantly impact 

production yield²¹. Proper optimization of 

these parameters is necessary for efficient 

biosurfactant synthesis. 

4. Mechanism of Action 

Biosurfactants reduce surface and 

interfacial tension by accumulating at the 

interface between immiscible phases²². 

When their concentration exceeds the 

critical micelle concentration (CMC), they 

form micelles that encapsulate hydrophobic 

molecules. 

This mechanism enhances the solubility 

and bioavailability of hydrophobic 

compounds, making biosurfactants highly 

effective in environmental and industrial 

applications²³. They also exhibit properties 

such as emulsification, foaming, wetting, 

and dispersion. 

5. Production of Biosurfactants 

Biosurfactants are produced through 

microbial fermentation processes¹⁴. 

5.1 Microbial Strains 

 Bacteria: Pseudomonas, Bacillus¹⁵ 

 Yeast: Candida 

 Fungi: Aspergillus 

5.2 Substrates 

 Renewable substrates (vegetable 

oils, molasses)¹⁶ 

 Industrial waste (whey, used oil) 

 Cost reduction strategies 

5.3 Fermentation Methods 

 Submerged Fermentation (SmF)¹⁷ 

 Solid-State Fermentation (SSF) 

 Batch vs Continuous processes 

5.4 Process Parameters 

 Temperature optimization¹⁸ 

 pH control 

 Aeration and agitation 

 Nutrient balance (C:N ratio) 

5.5 Scale-Up Considerations 

 Bioreactor design 

 Industrial challenges 

 Yield improvement strategies 

 

Biosurfactants are produced through 

microbial fermentation processes¹⁴. 

Bacteria such as Pseudomonas and Bacillus 

are widely used due to high yield¹⁵. 

4.1 Substrates 

Common substrates include vegetable oils, 

molasses, and industrial waste¹⁶. 

4.2 Fermentation 

Submerged fermentation is most widely 

used, while solid-state fermentation offers 

cost advantages¹⁷. 

4.3 Factors Affecting Production 

Temperature, pH, aeration, and nutrient 

availability influence yield¹⁸. 

6. Downstream Processing 

Downstream processing is a critical stage in 

biosurfactant production that involves 

recovery, purification, and concentration of 

the product after fermentation¹⁹. This step 

significantly impacts the overall production 

cost and product quality. 
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6.1 Recovery Methods 

Common recovery methods include acid 

precipitation, solvent extraction, 

centrifugation, and foam fractionation. 

Acid precipitation is widely used due to its 

simplicity and cost-effectiveness. 

6.2 Purification Techniques 

Purification is carried out using 

chromatography, ultrafiltration, and 

crystallization techniques. These methods 

ensure removal of impurities and improve 

product purity. 

6.3 Challenges 

Major challenges include high processing 

cost, low recovery efficiency, and 

scalability issues. Optimization of recovery 

techniques is essential for industrial 

feasibility. 

7. Physicochemical Characterization 

Characterization of biosurfactants is 

essential to determine their structure, 

composition, and functional properties²⁰. 

7.1 Surface Tension Measurement 

Surface tension reduction is measured using 

tensiometers to evaluate biosurfactant 

efficiency. 

7.2 Critical Micelle Concentration 

(CMC) 

CMC is a key parameter that indicates the 

minimum concentration required for 

micelle formation. 

7.3 Spectroscopic Analysis 

Techniques such as FTIR, NMR, and mass 

spectrometry are used to determine 

chemical structure. 

7.4 Stability Studies 

Biosurfactants are evaluated for stability 

under different pH, temperature, and 

salinity conditions. 

8. Mechanism of Action 

Biosurfactants function by reducing surface 

and interfacial tension between immiscible 

phases²¹. 

8.1 Micelle Formation 

Above the CMC, biosurfactants form 

micelles that encapsulate hydrophobic 

molecules, enhancing their solubility. 

8.2 Emulsification 

They stabilize emulsions by forming a 

protective layer around droplets. 

8.3 Enhanced Bioavailability 

Biosurfactants increase the availability of 

hydrophobic substrates to microorganisms, 

improving biodegradation processes. 

9. Applications 

9.1 Pharmaceutical Applications 

Biosurfactants exhibit antimicrobial, 

antiviral, and anticancer properties²². They 

are used in drug delivery systems to 

enhance solubility and bioavailability. 

9.2 Environmental Applications 

They play a vital role in bioremediation of 

oil spills, heavy metal removal, and soil 

decontamination²³. 

9.3 Food Industry 

Used as emulsifiers, stabilizers, and anti-

staling agents to improve food quality and 

shelf life²⁴. 

9.4 Agriculture 

Act as biopesticides and plant growth 

promoters, contributing to sustainable 

agriculture²⁵. 

9.5 Cosmetics 

Widely used in shampoos, creams, and 

lotions due to their mild and non-toxic 

nature²⁶. 
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10. Advantages 

Biosurfactants offer several advantages 

over synthetic surfactants: 

 Biodegradable 

 Low toxicity 

 Renewable sources 

 Effective under extreme 

conditions²⁷ 

11. Limitations 

Despite their benefits, biosurfactants face 

limitations such as high production cost, 

low yield, and complex purification 

processes²⁸. 

12. Future Prospects 

Advancements in genetic engineering, 

metabolic engineering, and process 

optimization are expected to improve 

biosurfactant production²⁹. Use of low-cost 

substrates and waste materials can further 

enhance economic feasibility. 

13. Conclusion 

Biosurfactants are promising eco-friendly 

alternatives to synthetic surfactants with 

wide-ranging industrial applications³⁰. 

Continued research is essential to overcome 

current limitations and achieve large-scale 

commercialization. 
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