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Abstract: 

Natural surfactants or biosurfactants are amphiphilic biological compounds, usually 

extracellular, produced by variety of microorganisms from various substances including 

waste materials. There is an increasing interest on this topic because of their unique 

properties such as low toxicity, functionality under extreme conditions, based on renewable 

substances and biologically degradable nature. The diversity of these molecules supports 

them for their potential application in the field of petroleum, medicine, agriculture, food, 

cosmetics etc. They are also effective in curtailing green-house effect by reducing the 

emission of CO2. They can be termed as ‘green’ because of their low toxicity, 

biodegradability and relative stability under a wide range of physicochemical environments. 

In spite of possessing diverse structures and better physicochemical properties than chemical 

surfactants, biosurfactants are not able to compete with their synthetic counterparts because 

of their high production & downstream costs. The commercial realization of these eco-

friendly biomolecules are restricted by low productivity, expensive downstream processing 

and lack of appropriate understanding of the bioreactor systems for their production. But we 

expect that in future better reactor design and product recovery technology would be 

developed and overproducer microbial strain would be screened. Then production cost would 

be decreased and yield would be increased i.e. the production would be both ecologically & 

economically favored. The present review deals with an overall view on biosurfactants, their 

properties, advantages & disadvantages, production, characterization, application along with 

a recommendation for future research. 
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1. Introduction: 

Amphipathic molecules having the ability to form micelles are termed as SURFace ACTive 

AgeNTS or SURFACTANTS. Surface activating ability makes surfactants excellent 

emulsifiers, dispersing and foaming agents [1]. They reduce the surface tension of aqueous 

media (e.g. air-water), and the interfacial tension of liq-liq (e.g. oil-water or water-oil) or liq–

solid (e.g. wetting phenomena) systems. They assist the solubility of polar compounds in 

organic solvents. So surfactants are the active ingredients found in soaps and detergents and 

are commonly used to separate oily stuff from a particular media. Because of having these 

properties, surfactants find application in a variety of industrial process. Surfactants are of 

synthetic or biological origin. Some of the important synthetic surfactants are linear alkyl 

benzenesulphonates, α-olefin sulphonates, alcohol ether sulphates, alcohol sulphates etc. [2]. 

The effectiveness of a surfactant is determined by its efficiency to reduce the surface tension. 

A good surfactant can lower the surface tension of water from 72 to 30mN/m and interfacial 

tension for water against n-hexadecane from 40 to 1mN/m [3]. More efficient surfactants 

have a lower critical micelle concentration (CMC). Surfactants are extensively used for 

industrial, food, agricultural, cosmetics and pharmaceutical application. However most of 

these compounds are of synthetic origin and potentially bring out environmental and 

toxicology problems due to its recalcitrant and persistent nature [4]. So currently, the 

attention is on the alternative environmental friendly process for the production of different 

types of natural-surfactants or biosurfactants. 

 

Biosurfactants are surfactants synthesized by living cells [5]. They possess the characteristic 

property of lowering the surface and interfacial tension using the same mechanisms as 

synthetic surfactants [6]. Emulsification, dispersion, solubilization, foaming, wetting, 

detergent capability and antimicrobial activity in some cases are the major functions of 

biosurfactants [7]. Majority of the biosurfactants are exolipids, although they are cell-bound 

in some examples [5]. Biosurfactants are biologically produced by yeast or bacteria or fungi 

from various substrates like oils, sugars, alkanes and wastes etc. For instance, Pseudomonas 

aeruginosa can produce rhamnolipids from substrates including C11 and C12 alkanes, 

succinate, pyruvate, citrate, fructose, glycerol, olive oil, glucose and manitol [8, 9]. In 

general, the CMCs of the biosurfactants differ from 1 to 200 mg/L and their molecular mass 

from 500 to 1500 Daltons [9]. The first microbial surfactants on the market were 

sophorolipids. Biosurfactants are considered environmentally “friendly” because of their 
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relatively nontoxic and biodegradable nature. Interest on biosurfactants have been 

progressively escalating due to their eco-friendly nature, diversity, possibility of large-scale 

production, selectivity, performance under critical circumstances and their forthcoming 

applications in environmental fortification. In recent years biosurfactants have been 

increasingly attracting the eye of the scientific and industrial community. 

 

2. Biosurfactant Properties: 

 

Surfactants are amphiphiles with both hydrophilic and hydrophobic moieties. This feature 

renders surfactants capable of reducing surface and interfacial tension and forming 

emulsions. Interest in research and application on biosurfactant is progressively increasing 

due to their environmental friendly nature and lower toxicity comparing with synthetic 

surfactant [10]. Diverse functional properties such as emulsification, foaming, wetting, 

cleansing, surface activity, phase separation and reduction in viscosity of crude oil, makes it 

some of the most versatile process chemicals [1]. The activities of biosurfactant depend on 

their concentration until the critical micelle concentration (CMC) is obtained. Above the 

CMC, biosurfactant monomer molecules associate to form micelles, bilayers and vesicles 

(Fig. 1). This property enables biosurfactants to minimize the surface and interfacial tension 

and enhance the solubility and bioavailability of nonpolar organic compounds [11]. The 

CMC is usually used to measure surfactant efficiency. More efficient biosurfactants have 

lower CMC, i.e. less biosurfactant is needed to decrease the surface tension [1]. Hydrophilic-

lipophilic balance (HLB) value is a measure to indicate the type of emulsion (e.g. oil in water 

or water in oil). Emulsifiers with low HLB stabilize water-in-oil emulsion, whereas 

emulsifiers with high HLB do the opposite [12]. According to some investigations, the 

surface activity of biosurfactants is analogous to surface activity of synthetic surfactants. 

Biosurfactants are able to minimize surface tension of water to 29.0mN/m (at the CMC), 

whereas Pluronic F-68 to 42.8, SDS to 28.6 [13].  

The main distinctive features of biosurfactants are:  

2.1. Surface Activity: Surface tension of the Water is 72.75mN/m (at 20oC) and when 

surfactant is added, this surface tension value is lowered. A good biosurfactant can reduce 

surface tension of water from 72 to 35mN/m and the interfacial tension of water against n-

hexadecane from 40 to 1mN/m [3]. Surfactin produced from B. subtilis can lower the surface 
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tension of water to 25mN/m and interfacial tension of water against n-hexadecane to 

<1mN/m [14]. In general, biosurfactants are more efficient and effective and their CMC 

value is about 10–40 times lesser than that of chemically synthetic surfactants [1]. 

 

Fig.1. Relationship between surface tension and biosurfactant concentration & formation of 

micelles 

 

2.2. Emulsification and De-emulsification: Emulsification is dispersion of one liquid into 

another as microscopic droplets leading to the mixing of two immiscible liquids. De-

emulsification process breaks emulsions through the disruption of stable surface between the 

bulk phase and the internal phase. This is important in oil production processes. Stable 

emulsions having lifespan of months and years can be made from biosurfactants [15]. 

Biosurfactants has the ability to stabilize (emulsify) or destabilize (de-emulsify) the emulsion. 

Generally high-molecular-mass biosurfactants are better emulsifiers. Sophorolipids produced 

from T. bombicola have been shown to reduce surface and interfacial tension, but are not 

good emulsifiers [16]. While liposan does not reduce surface tension, but has ability to 
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emulsify edible oils [17]. This property of biosurfactants is especially useful for cosmetics 

and food industry. 

2.3. Biodegradability: Biosurfactants, due to having biological origin, seem to be more 

easily biodegradable than their synthetic counterparts. The biodegradability tests of 

sophorolipids produced by non-pathogenic yeast Candida bombicola, carried out according 

to the OECD Guidelines for Testing of Chemicals (301C Modified MITI Test), showed that 

biodegradation of biosurfactants starts immediately after cultivation whereas synthetic 

surfactants showed no biodegradability after 8 days [18]. Another research indicated that 

rhamnolipid biosurfactants are biodegradable under aerobic and anaerobic conditions, while 

synthetic surfactant Triton X-100 is partially biodegradable under aerobic conditions and 

nonbiodegradable under anaerobic conditions [19]. 

2.4. Temperature, pH and Ionic Strength Tolerance: Biosurfactants are stable at various 

temperature and pH. Lichenysin from B. licheniformis JF-2 is stable up to 50°C, pH of 4.5–

9.0 and at NaCl and Ca concentrations of 50 g/L and 25 g/L respectively [20]. 

 

2.5. Chemical Diversity: The chemical diversity of biosurfactants offers a wide selection of 

surface-active agents with properties that notably commensurate specific application. 

 

3. Advantages and Disadvantages: 

 

3.1. Advantages: 

 

Chemically synthesized surfactants are mainly petroleum based. So they are usually non-

biodegradable thereby remain toxic to the environment. Again, synthetic surfactants may bio-

accumulate and their production processes and by-products can be hazardous to environment. 

Because of increasing awareness on the need to protect this ecosystem, applications of 

surfactants from natural origin are possible alternatives to chemically synthesized ones [21-

25]. 

In contrast to common chemically synthesized surfactants that usually possess alkyl chains of 

ten or more carbon units, many biosurfactants possess surprisingly short alkyl chains. Such 

structures promote the aqueous solubility of these biosurfactants. In spite of their aqueous 

solubility, they can have remarkably low CMCs compared to synthetic surfactants of similar 
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structure. For example, nonionic (i.e., low pH), multicomponent monorhamnolipid mixtures, 

where the heptyl chain congener is most prevalent, have CMC values that range from <1mM 

to ~10mM depending on the ionic strength of solution [26]. As the pH increases, CMC value 

increases and the rhamnolipids become deprotonated. Scientific researchers have shown that 

biosurfactants offer many advantages over their chemical equivalents. 

3.1.1. Biodegradability: Owing to low toxicity, biological origin and simple chemical 

structure, these surface active compounds do not persist in the environment and are degraded 

easily by microorganism. 

 

3.1.2. Biocompatibility and Digestibility: Biological origin offers them inherent feature of 

compatibility, which grants their unabated usage in cosmetics, pharmaceuticals, agricultural 

fields and as functional food additives. 

 

3.1.3. Generally Low Toxicity: Biosurfactant exhibits lower toxicity than the chemically-

derived surfactants. For instance, in naphthalene solubilization tests, glycolipids from 

Rhodococcus species 413A were 50% less toxic than Tween 80 [27]. 

 

3.1.4. Surface and Interface Activity: According to Mulligan, a good surfactant can lower 

surface tension of water from 72 to 35mN/m and the interfacial tension water/hexadecane 

from 40 to 1mN/m [3]. Surfactins are able to lower the surface tension of water to 25mN/m 

and the interfacial tension of water/hexadecane to < 1mN/M [28]. 

 

3.1.5. Availability of Raw Materials: Biosurfactants can be produced from relatively cheap 

raw materials available in abundance. The carbon sources like hydrocarbons, carbohydrates 

to lipids can be used individually or blended with each other [29]. 

 

3.1.6. Acceptable Production Economics: Biosurfactants can also be produced from 

industrial wastes and by-products and this is an advantage for bulk production. 

 

3.1.7. Physical Factors: Many biosurfactants are active at extreme temperatures, pH and 

salinities. 
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3.1.8. Specificity: Biosurfactants being complex organic molecules having specific functional 

groups are often specific in their action. This property renders prime importance in 

detoxification of specific pollutants, development of specific cosmetic, de-emulsification of 

industrial emulsions, different pharmaceutical and food applications. 

3.1.9. Environmental Control: Biosurfactants are effective in controlling oil spills, 

industrial emulsions handling, detoxification & biodegradation of industrial effluents and 

bioremediation of contaminated soil. 

 

The worldwide production of surfactants increased to 17 million metric tons in 2000 

(including soaps) with expected future growth rates of 3-4% per year globally [30]. 

 

3.2. Disadvantages: 

Despite of having numerous advantages, biosurfactants have the following disadvantages too 

[31]. 

3.2.1. Toxicity: Although the biosurfactants are thought to be environmentally friendly, some 

experiments showed that under certain circumstances they can impart toxicity to the 

environment [32].For instance, Hemolytic activity test on human erythrocyte at 37oC of 

Lipopeptide biosurfactants (B.subtiles ATCC 6633) shows ability to rupture erythrocytes 

[33]. Though in comparison with synthetic surfactants (CTAB, TTAB, BC and SDS), the 

effect is lower. Again biosurfactants do not pose harmful effects to kidney, heart, lung, liver 

and interfere in blood coagulation in normal clotting time. So careful and controlled use of 

these interesting surfactants will surely help in the enhanced cleanup of the toxic 

environmental pollutants and provide us a clean environment to live. 

3.2.2. Expensive Large Scale Production: Production of biosurfactants in large scale may 

be expensive. However this problem could be overcome by utilization of waste substrates and 

combating with their polluting effects at the same time which will balance the overall costs. 

 

3.2.3. Difficulty in Obtaining Pure Substances: There is difficulty in obtaining pure 

substances, which has particular importance in food, cosmetic and pharmaceutical 

applications. Multiple consecutive steps required in downstream processing of diluted broths 

may be the cause behind it. 
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3.2.4. Very Low Productivity: Over producing strains of microbes are very rare and those 

found generally display very low productivity.  

3.2.5. Strong Foam Formation: Due to strong foam formation, an improvement in the 

production yield is hampered. Therefore diluted media have to be applied and only 

immobilized systems can provide an increased productivity. 

 

4. Biosurfactant is the “Green” Surfactant: 

Biosrfactants display a lot of advantages over chemically synthesized surfactants. They are 

less toxic, highly effective, and easily biodegradable. So biosurfactants are considered to be 

“green” alternatives to surfactants of synthetic origin [34]. 

5. Biosurfactant Classification: 

Chemically synthesized surfactants are usually classified according to the nature of their 

polar groups (cationic, anionic, zwitterionic and non-ionic). Biosurfactants are generally 

categorized mainly by their chemical structure and microbial origin. Structurally, they are 

amphiphilic containing a hydrophilic moiety (comprising an acid, alcohol, peptide cations, or 

anions, mono-, di- or polysaccharides) and a hydrophobic moiety (made up of unsaturated or 

saturated hydrocarbon chains or fatty acids). The hydrophilic part of biosurfactants is 

responsible for their rate of solubility in water. The lipophilic part is responsible for capillary 

activity. These two parts are joined by ester linkage (including lactones) with organic and 

inorganic acids or amide linkage (single and peptide) or glycosidic linkage (sugar-sugar and 

sugar-hydroxy fatty acids). Rosenberg and Ron classified biosurfactants in two categories 

according to molecular mass [35]. 

i. Low-molecular weight surface active agents: having efficiently lower surface and 

interfacial tension. Major classes include glycolipids, lipopeptides and 

phospholipids. 

ii. High-molecular weight surface active agents:  effective as emulsion-stabilizing 

agents. Major classes include polymeric and particulate surfactants. 

The major types of biosurfactants and their producer are presented in Table 1. (adapted from 

[1]) 
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Biosurfactant Microorganism 

Group Sub-group Class 

 

 

 

 

Low-

molecular 

weight 

surface active 

agents 

 

Glycolipids 

Rhamnolipids P. aeruginosa, Pseudomonas sp. 

Sophorolipids T. bombicola, T. apicola 

Trehalolipids R. erythropolis, Mycobacterium sp. 

Cellobiolipids U. zeae, U. maydis 

Lipopeptides & 

lipoproteins 

Surfactin B. subtilis 

Viscosin P. fluorescens 

Peptide-lipid B. licheniformis 

Fatty acids, 

neutral lipids 

and 

phospholipids 

Fatty acids C. lepus 

Neutral lipids N. erythropolis 

Phospholipids T. thiooxidans 

 

 

High-

molecular 

weight 

surface active 

agents 

 

Polymeric 

surfactants 

Emulsan A. calcoaceticus 

Biodispersan A. calcoaceticus 

Alasan A.radioresistens 

Liposan C. lipolytica 

Particulate 

surfactants 

Vesicles and 

fimbriae 

A. calcoaceticus 

Whole cells Variety of bacteria 

Table 1. Classification of biosurfactant and important types of microbial origin 

6. Biosurfactant Production: 

Many microorganisms, such as bacteria, yeasts, and fungi are able to produce surface-active 

agents during their growth. For instance, 

• Bacteria Producing Biosurfactants: Rhanolipids from Pseudomonas aeruginosa 

and Surfactin from Bacillus Subtilis [5] 

• Yeasts Producing Biosurfactants: Sophorolipids from Torulopsis bombicola and 

Peptidolipid from Candida petrophilum [5] 

• Fungi Producing Biosurfactants: Sophorolipids from Candida batistae and candida 

bombocola [36] 
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In addition to production by growing cells, resting cell systems are also able to produce 

biosurfactants. Fungi yield better amount of biosurfactant when compared to bacteria. 

Presence of rigid cell wall in them may be the reason behind [36]. 

Biosurfactants are biologically produced from various substrates. Its downstream processing 

costs account up to 60% of the total production cost [1].This makes commercial production 

of biosurfactants quite expensive. So now a days, production from inexpensive and waste 

substrates is underlined to overcome expensive production cost. A lot of hazardous and non-

hazardous wastes are generated every year throughout the world. Their proper management 

and utilization is needed badly. So, residues from tropical agronomic crops, residues of the 

fruit processing industries, waste from oil processing mills, residues from the coffee 

processing industry etc. have been reported as substrates for biosurfactant production [37-41]. 

These are explained in details below. 

6.1. Oil Wastes: Oil wastes from vegetable oil refineries and the food industry are being used 

as appropriate substrates for biosurfactant production. Sunflower seed oil and oleic acid can 

be used for the production of rhamnolipids by Thermus thermophilus HB8 [42]. 

Incorporation of these cheaper oils and oil wastes as source in the industrial production media 

might reduce the overall costs of biosurfactant production. 

6.2. Dairy Whey: From 1kg of paneer (cheese) about 6 liters of whey is produced. This whey 

from dairy industries is also a cheap and durable substrate for biosurfactant fermentation. 

Using dairy wastes as substrates, the production of high concentrations of sophorolipids were 

achieved using two-stage cultivation process for the yeast Cryptococcus curvatus ATCC 

20509 [43]. 

6.3. Starchy Waste: Starchy waste materials are also inexpensive raw materials and suitable 

for the production of biosurfactants. Potato processing industry is a major source of starchy 

waste. These wastes are rich source of carbon (in the form of sugars and starch), nitrogen and 

sulfur (from protein), inorganic minerals, trace elements and vitamins. Use of potato effluents 

as substrates for surfactin production was reported by Thompson [44]. 

6.4. Molasses: Molasses are the co-product of sugar industry generated during sugar 

manufacturing from either sugar beet or sugarcane and are rich source of available carbon. 

Patel and Desai treated molasses and corn-steep liquor as the primary source of carbon and 

nitrogen for the production of rhamnolipid biosurfactant using P. aeruginosa GS3 [45]. 
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6.5. Animal Fat: A large quantity of animal fat and tallow can be obtained from meat 

processing industries and can be used for biosurfactant production. Deshpande and Daniels 

treated animal fat for the production of sophorolipids using the yeast, C. bombicola [46]. 

6.6. Soap Stock: Soap stock is a by-product of oil-seed processing industry. It can also be 

used for the production of biosurfactant. P. aeruginosa LB1, isolated from soil contaminated 

by petroleum, could produce surface-active rhamnolipids (RLLBI) by batch fermentation in a 

mineral salts medium with soap stock as the only carbon source [47]. 

 

6.7. Production by Biotransformation: In the last few years, considerable attention has 

been paid toward the production of biosurfactants by biotransformation. The main objective 

is to use microbial fermentation to get different hydrophobic and hydrophilic moieties of 

biosurfactants. They could then be joined by enzymatic treatment to generate commercial 

biosurfactants. These enzyme systems are highly specific and so the reactions can easily be 

carried out at room temperature and pressure. As for example, soybean lecithin can be 

converted to a new biosurfactant by phospholipase D obtained from Streptococcus 

chromofuscus [1]. 

 

7. Factors Affecting Biosurfactant Production: 

The production of biosurfactant not only depends on the producer strain but also on the 

culture conditions. So a lot of parameters affect not only the amount of biosurfactant but also 

the type of product produced [48]. 

7.1. Environmental Factors: To have a large quantity of biosurfactants, it is always essential 

to optimize the bioprocess as the product may be influenced by changes in pH, temperature, 

aeration and agitation speed. 

7.1.1. pH: The effect of pH on the production of biosurfactant was studied by Zinjarde and 

Pant [49]. They reported that product was best when the pH was 8.0 which is the natural pH 

of sea water. 

7.1.2. Temperature: Various microbial processes for the production of biosurfactant are 

dependent on temperature and get affected by a little change. Most of the biosurfactant 

productions reported till now have been performed in the temperature range of 25 to 30˚C [1]. 
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7.1.3. Aeration and Agitation: Both aeration and agitation facilitate the transfer of oxygen 

from the gas phase to the aqueous phase. So these are significant factors that influence the 

production of biosurfactants. It was observed by Adamczak and Bednarski that the best 

production value of the surfactant (45.5g/l) was obtained when the air flow rate was 1vvm 

and the dissolved oxygen concentration was maintained at 50% of saturation [50]. 

7.2. Nutritional Factors: The type, quality and quantity of biosurfactant produced are 

affected and influenced by several nutritional factors. 

7.2.1. Carbon Sources: Carbon sources exhibit a significant role in the growth as well as 

production of biosurfactants by the various microorganisms. Glycerol, glucose, mannitol, 

sodium acetate and ethanol are some of the water-soluble carbon sources whereas n-alkanes, 

olive oil are water-immiscible substrates [1]. 

7.2.2. Nitrogen Sources: Nitrogen is necessary for microbial growth as protein & enzyme 

syntheses depend on it. So nitrogen is important in the biosurfactant production medium. 

Several nitrogen compounds such as yeast extract, ammonium nitrate, ammonium sulphate, 

urea peptone, sodium nitrate, meat and malt extracts have been used for the production of 

biosurfactants. It has been found that yeast extract is the mostly used nitrogen source for 

biosurfactant production. 

7.2.3. C/N and C/P Ratio: Increased productivity of glycolipid (rhamnolipid) is seen at high 

carbon and nitrogen (C/N) ratio and carbon and inorganic phosphorous (C/P) ratio [51-53]. 

7.2.4. Metal Ion Concentration: Metal ions can form important cofactors of many enzymes. 

So, Metal ion concentrations play a very important role in the production of some 

biosurfactants. The overproduction of surfactin biosurfactant occurs in presence of Fe2+ in 

mineral salt medium [54]. 

7.2.5. Incubation Time: Incubation time also have a significant effect on the biosurfactant 

production. Different microbes are able to produce biosurfactants at different intervals of 

time. Using animal fat, the maximum biosurfactant production by Candida bombicola was 

observed after the 68 h of incubation [36]. 

 

7.3. Cultivation Strategies: Cultivation strategies for biosurfactants include shake flask, 

batch, fed-batch, continuous and integrated microbial/enzymatic processes [55]. Most of the 
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studies on this topic involve the optimization of culture conditions in shake flask. Often 

bioreactor is applied in continuous or fed-batch fermentation in the production of 

biosurfactant. One of the main disadvantages for the production in bioreactor is intense foam 

formation caused by the surfactant when the solution is aerated and agitated. Specifically 

with P. aeruginosa, high foam formation is further enhanced by the presence of extracellular 

proteins, which results in increased production cost [56]. 

 

7.4. Downstream Processing: Reduction of downstream costs is an important factor towards 

the establishment of an economic process. It is proposed for some industrial applications that 

downstream costs are liable for approximately 60% of the total production costs [1]. 

Conventional methods for recovery of biosurfactants are acid precipitation, solvent 

extraction, crystallization, ammonium sulfate precipitation and centrifugation [1]. Recent 

methods for biosurfactants recovery are foam fractionation, ultrafiltration and adsorption-

desorption on polystyrene resins and ion exchange chromatography. 

 

7.5. Strain Improvement Strategies: Metabolic and cellular engineering approaches have 

been successfully applied to improve strain performance in several cases. So the integration 

of engineering and biology is profoundly needed in order to obtain high yields and low costs 

on biosurfactant production. 

 

8. Biosurfactant Fermentation and Recovery: 

Operating conditions of the fermentor can affect biosurfactant production. So Control of 

cultural conditions i.e. pH, temperature, agitation, aeration, dilution rate, the concentration of 

metal ions, the nature of the carbon and nitrogen sources are necessary. As for example, the 

production of rhamnolipid by P.aeruginosa is optimal at pH 6.7 and 37
o
C. At higher pH (> 

7.5), production gets ceased. So in order to obtain biosurfactants at large quantities, it is 

essential to optimize the fermentation conditions. 

Recovery of biosurfactant depends mainly on its ionic charge (chromatography), solubility 

(water/organic solvents) and location (intracellular, extracellular, cell bound) [1]. The most 

common biosurfactant recovery techniques are listed in Table 2. (adapted from [1]) 
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Recovery method Biosurfactants recovered 

Solvent extraction Sophorolipids, Liposan, Trehalolipids 

Centrifugation Glycolipids 

Adsorption Lipopeptides, Rhamnolipids, Glycolipids 

Crystallization Glycolipids, Cellobiolipids 

Tangential flow filtration Mixed biosurfactants 

Acid precipitation Surfactin 

Precipitation by acetone Glycolipids, Bioemulsifier 

Ultrafiltration Surfactin, Glycolipids 

Foam separation and precipitation Surfactin 

Diafiltration and precipitation Glycolipids 

Table 2. Different recovery methods and biosurfactants recovered by each method 

9. Biosynthesis and Regulation: 

Biosurfactants are amphipathic i.e. hydrophobic and hydrophilic moieties are present within 

the molecule. This means we have to look on at least two different synthetic paths: one 

leading to the synthesis of hydrophilic and one to the hydrophobic component. The 

hydrophobic moieties are synthesized by simple pathways of lipid metabolism. The 

hydrophilic counterparts exhibit a greater degree of structural complexity. So a wide variety 

of biosynthetic methods are involved in their synthesis [5]. According to Syldatk and 

Wagner, four principle possibilities of biosynthesis of such amphiphilic molecules [1, 5] are 

• Both the hydrophilic and hydrophobic moieties are synthesized de novo by two 

separate pathways. 

• The hydrophilic moiety is synthesized de novo whereas the synthesis of the 

hydrophobic moiety is induced by substrate. 

• The hydrophobic moiety is synthesized de novo whereas the synthesis of the 

hydrophilic moiety is        substrate dependent. 

• The synthesis of both the hydrophobic and hydrophilic moieties depends on the 

substrate used. 
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10. Purification and Structure Elucidation: 

The most significant step next to the production of biosurfactants is their purification from 

the fermentation media so as to make them available to various industrial uses. Several 

methods such as ion exchange, adsorption–desorption, solvent extractions, acid precipitation, 

filtration, centrifugation are known for their purification. Various solvents such as hexane, 

chloroform, ethyl acetate, pentane, methanol etc. are used for the purification of 

biosurfactants [36].  

For the complete Characterization of biosurfactants, several chromatographic and 

spectroscopic techniques are used either individually or in combination. They are TLC, 

HPLC, FTIR, GC-MS, NMR, LC-MS and FAB-MS [36]. Some of these analytical methods 

used for different biosurfactants are shown in Table 3. 

Biosurfactant Analytical method Reference 

Rhamnolipids FTIR, HPLC, TLC [57, 58] 

Sophorolipids FTIR,HPLC [59] 

Trehalolipids HPLC [60] 

Surfactin HPLC [61] 

Phospholipids GC/MS [62] 

Table 3. Biosurfactants and analytical methods used for their characterization 

11. Estimation of Biosurfactant Activity: 

The activities of a biosurfactant can be determined by measuring its ability to change surface 

& interfacial tensions and hydrophilic-lipophilic balance (HLB) [1]. When a surfactant is 

added to a liquid system in a significant amount, a reduction of surface tension is observed up 

to a critical value. Above this surfactant monomers associate readily to form micelles, 

bilayers and vesicle (Fig. 1). This value is known as the critical micelle concentration (CMC) 

[63-65]. Reduction of surface & interfacial tension and critical micelle concentration (CMC) 

values can be measured by tensiometric methods like the Du-Noüy-Ring or Wilhelmi plate 

approach [55].The HLB value offers prediction of surfactant property. When a new surfactant 

is got, it is compared with surfactant of known HLB value to predict its property [5]. The 

HLB value varies between 0 and 20. According to Griffin, the HLB can be calculated as 

following.  
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HLB = 20(MWHP/MWSA)                                                           

MWHP denotes the molecular weight of the hydrophilic part and MWSA denotes the molecular 

weight of the whole surface-active agent. 

The HLB value allows us to predict the surfactant properties of a molecule as shown in Table 

4. [55]. 

Hydrophilic-Lipophilic Balance Value Predicted Property 

0 to 3 Anti-foaming agent 

4 to 6 Water/Oil emulsifier 

7 to 9 Wetting agent 

8 to 18 Oil/Water emulsifier 

13 to 15 Typical detergent 

10 to 18 Solubilizer 

        Table 4. HLB value and representative predicted property of a biosurfactant 

12. Cost Analysis:    

Design and economic evaluation of a process is important before constructing and operating a 

plant and this requires combined knowledge from both scientific and engineering disciplines 

[66]. The overall cost analysis includes the estimation of capital and operating expenditure. 

Based on process economic model developed by Superpro Designer process simulation 

software, the annual operating cost for the production of 90.7 million kg sophorolipid from 

glucose and high oleic sunflower oil was US$268 million with a unit production cost of 

US$2.95/kg. However, this for the same amount of sophorolipid from glucose and oleic acid 

was US$230 million, which resulted in a lesser unit production cost of US$2.54/kg [67]. 

Even though sophorolipid was more expensive than its chemical counterparts, its wider 

application potential will make them more attractive in the surfactant market. 

13. Biosurfactant Application: 

Biosurfactants owing to their unique functional properties have numerous applications in 

several fields. 

13.1. Microbial Enhanced Oil Recovery (MEOR): MEOR is a powerful technique to 

recover oil remaining in reservoirs with low permeability or crude oil with high viscosity. 

Page 16 of 25RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



P a g e  | 17 

 

The remaining oil in the reservoir is often located in locations that are hard to access and the 

oil remains trapped in the pores by capillary pressure [68]. Biosurfactants minimize the 

interfacial tension between oil/water and oil/rock. This diminishes the capillary forces 

restricting oil from moving. Biosurfactants can also bind tightly to the oil-water interface 

thereby forming emulsion. This stabilizes the desorbed oil in water and removes oil along 

with injected water [69]. Bacillus subtilis at 45ºC has good sand-pack oil recovering ability 

[70, 71]. 

13.2. Soil Washing Technology and Bioremediation of Crude Oil-Contaminated 

Environments: Highly hydrophobic contaminants have ability to bind very tightly with soil, 

thereby inaccessible to biodegradation. Surfactants potentially have the ability to promote 

desorption of the contaminants from soil. Biosurfactant like rhamnolipids were effective in 

removing polycyclic aromatic hydrocarbons (PAHs) and pentachlorophenol from soil with 

removal efficiency of 60-80% [72, 73].Crude oils have very low water solubility, high 

adsorption onto soil matrix. Oil-contaminated soil is especially difficult for bioremediation as 

oil excess forms droplets or films on soil particles. It is a powerful obstacle against microbial 

degradation. Biosurfactants are produced to reduce the tension at the hydrocarbon-water 

interface thereby pseudosolubilizing the hydrocarbons and thus increasing mobility, 

bioavailability and consequent biodegradation [74].That’s why biosurfactants are very useful 

for applications in the oil industry and this is reflected in the market, where the large majority 

of biosurfactants produced are for petroleum-related applications [75]. The BS29 

bioemulsions produced from Gordonia sp. are promising washing agents for the 

bioremediation of hydrocarbon-contaminated soils [76]. 

13.3. Metals Remediation: Contamination of soil with heavy metals is very hazardous for 

human and other living organisms in this ecosystem. Due to their exceptionally toxic nature, 

presence of even low concentrations of heavy metals in the soils has been found to have 

serious danger. Several biosurfactant has the ability of metal remediation. Rhamnolipids are 

known to have ability to remove heavy metals [77]. 

13.4. Biomedical Field: The biological surfactants are extensively useful in the biomedical 

grounds. Several biosurfactants have strong antibacterial, antifungal and antivirus activity. 

These surfactants act as anti-adhesive agents to pathogens and so they are useful for treating 

many diseases. So they can be used as therapeutic and probiotic agent [70]. Rhamnolipid 

produced by Pseudomonas aeruginosa, mannosylerythritol lipids from Candida Antarctica, 
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lipopeptides produced by B. subtilis and B. licheniformis have been shown to have 

antimicrobial activities [78]. Iturin, a lipopeptide produced by B. subtilis showed anti-fungal 

activity against the morphology and membrane structure of yeast cells [54]. A rhamnolipid 

mixture obtained from P. aeruginosa AT10 is found to have inhibitory activity against the 

bacteria Escherichia coli, Serratia arcescens, Micrococcus luteus, Alcaligenes faecalis , 

Mycobacterium phlei and Staphylococcus epidermidis and excellent antifungal properties 

against Aspergillus niger, Enicillium crysogenum, Chaetonium globosum, Aureobasidium 

pullulans and the phytopathogenic Rhizoctonia solani and Botrytis cinerea [79]. 

Sophorolipids from C. bombicola has a virucidal activity against the human semen [28]. 

Other advantages and applications of bio-surfactant in medicine are Gene delivery, 

immunomodulation, wound healing, insecticidal, antitumoral activities etc. 

13.5. Agricultural Field: Use of chemicals and pesticides in agricultural field for arthropod 

control often produce undesirable effects. But biosurfactant also shows antimicrobial and 

insecticidal activity. Moreover, no adverse effects on the environments or human beings are 

anticipated from them. Lipopeptide biosurfactants produced by several bacteria show 

insecticidal activity against fruit fly Drosophila melanogaster and hence they can be used as 

biopesticide [3]. In agricultural field, biosurfactants can also be used to obtain good 

wettability and to achieve even distribution of fertilizer in the soil.  

13.6. Laundry Industry: Almost all surfactants that are being used as commercial laundry 

detergents are chemically synthesized and exert toxic effects to fresh water living organisms. 

But biosurfactants are eco-friendly. They also show good emulsion formation capability with 

vegetable oils. Moreover, biosurfactants like CLP (Cyclic Lipopeptide) are stable over a wide 

pH range (7.0 to 12.0) and no loss of their surface-active property occurs when they are 

heated at high temperature [80].Their excellent compatibility and stability favors their 

inclusion in the formulation of laundry detergents. 

13.7. Food Processing Industry: Biosurfactants are also being used in food industries 

generally as food additives (emulsifiers). For instance, fatty acid esters containing glycerol, 

lectin and its derivatives, sorbitan or ethylene glycol and ethoxylated derivatives of 

monoglycerides along with recently synthesized oligopeptide [81].These emulsifiers improve 

the taste, flavor and quality of food-products with minimal health hazards. Their potential 

applications in food industry includes fat stabilization in food oils, defoaming in sugar 
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production, increased solubility in instant drinks and soups, starch complexation in instant 

potatoes and protective coatings for vegetables, fruits etc. 

13.8. Cosmetic Industry: Biosurfactant have found a niche in the health care and cosmetic 

industry due to their skin friendly properties. Sophorolipids can be esterified or blended with 

ethylene oxide and can be used as skin moisturizers. Kao Corporation (www.kao.com/jp/) in 

Tokyo, Japan uses them in the personal care sector. Biosurfactants are used as foaming 

agents, emulsifiers, solubilizers, wetting agents, cleansers, antimicrobial agents, mediators of 

enzyme action, in insect repellents, acne pads, antacids, bath products, anti-dandruff 

products, contact lens solutions, baby products, mascara, lipsticks, toothpaste etc. [82]. 

13.9. Reduction of CO2 Emissions: Atmospheric gases such as CO2, water vapors and 

methane are able to absorb long wave radiation (infra-red) emitted from the earth's surface. 

This aids in heating the earth's surface (Greenhouse effect). Studies have shown that 

biosurfactants a have a role to play in the reduction of CO2 emission. About 1.5 million tons 

of CO2 emissions were avoided in 1998 by the production of oleochemical surfactants [83].  

 

13.10. Other: Others potential applications include ceramics, pulp & paper and metal 

processing, fixing dyes etc. 

14. Limitation for the Commercial Use: 

Because of complexity and high production cost, commercial use of biosurfactants on a large 

scale is limited. Till now, rhamnolipids and surfactin are commercially available. 

Rhamnolipids are produced by a very few number of companies such as AGAE Technologies 

(www.agaetech.com), Jeneil Biosurfactant Company (JBR products) and Rhamnolipid, Inc. 

(http://www.rhamnolipidholdings.com). However, even in these companies, readily available 

products do not always have for sale. One of the reasons of the above fact may be that 

rhamnolipids are the only biosurfactant that has been approved by US Environmental 

Protection Agency for use in pharmaceuticals, cosmetics and food products [84]. 

 

15. Recommendations for Future Research: 

Comparing to synthetic surfactants, biosurfactants possess many industrially attractive 

properties and advantages. Yet, they have not been commercialized extensively due to high 

investment costs. The major operating costs in their production are fermentation and 
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recovery. To overcome this, use of pure carbon sources (such as oleic acid) can be done. But 

use of these pure carbon sources is extremely expensive. Use of low-cost raw materials can 

be a possible solution for this obstacle [39]. Different substances such as vegetable oils, 

animal fat, distillery and dairy wastes, soya molasses, starchy wastes etc. can be used as raw 

materials. Rhamnolipid production from olive oil mill effluent by Pseudomonas spp. is a 

remarkable development in this field [1]. Recent improvement in the production technology 

of biosurfactants has already enabled a 10 to 20-fold increment in productivity, but further 

significant improvements are required. 

Since downstream processing and purification costs are important, advancements are required 

in production of biosurfactant under non-sterile environments. If it is feasible, it could 

significantly curtail the high production costs. If the remediation can be executed in situ, 

production could also be performed in situ .This would be technical & cost effective and less 

labor & transport would be required. So the process would be both ecologically and 

economically favorable. 

Little is known about in situ production of biosurfactant by microbes. Most of the 

productions were done under laboratory conditions. So development is needed in this section. 

 

16. Conclusion: 

In spite of many laboratory based success in biosurfactants production, its production at 

industrial scale remains a challenging issue. The commercial production of any product 

depends on its market demand, ease of availability of raw material and production cost. Low 

productivity, expensive downstream processing and dearth of appropriate understanding of 

the bioreactor systems are the major barrier in the production of biosurfactant. We expect that 

in future super-active microbial strains would be developed using genetic modification for 

their production at industrial level. Invention of modern methods and discovery of more 

reliable sources are also expected in future. So yields would then be increased and production 

costs would be decreased and new biosurfactants will continue to be discovered and 

chemistry of these molecules would be better understood. So the time is not far when the 

biosurfactants will begin to compete favorably with their synthetic equivalents in the 

surfactant industry. Rapidly growing number of publications and patents on the search term  

“biosurfactant” (Fig. 2 ) clearly demonstrate rapidly increasing body of research and interest 

on this topic. 
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Fig. 2. The number of publications and patents obtained from a year wise search for the term 

“biosurfactant” on SciFinder search directory (on 03.06.2015) 
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