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ABSTRACT 
 

Biosurfactants are diverse group of surface active compounds synthesized by microorganisms. 
These molecules have gained environmental significance as they are known to increase the 
degradation of pollutants by increasing their bioavailability with high specificity and low toxicity. 
They are preferred over their chemical counterparts because they are biodegradable and non- 
hazardous. Because of these advantages, biosurfactants have also gained importance in other 
industries like oil, agriculture, paint and pharmaceutics. Despite so much of importance and 
demand, large scale production of these compounds is not achieved as yet. This review provides 
the comprehensive overview of the properties, classification and factors limiting the 
commercialization of biosurfactant.  
 

 

Keywords: Biosurfactant; bioremediation; classification; commercialization; pollutant. 
 

1. INTRODUCTION 
 

Industrialization, population growth and 
globalization are accompanied with the 

production of large scale pollutants leading to 
irreparable damage to earth. The pollutants 
produced are either organic or inorganic in 
nature. Various physical and chemical processes 
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are used for their remediation but they don’t 
prove as promising technologies as they involve 
various additional risks incorporating them. 
Since, the growth of pollution is at alarming rate 
there are need of bio-based eco-friendly 
treatments or commonly known as 
“Bioremediation” which are environment friendly, 
cost-effective and provide more promising future. 
Bioremediation techniques involve lowering the 
pollutants level either by involving enzymatic 
alteration to comparative nontoxic compounds or 
by intracellular accumulation. Varieties of 
microbes and their products are reported for 
degradation and detoxification of such pollutants.  
With the help of upcoming technologies they are 
widely used onsite or offsite, in forms of pure 
microbial strains or in microbial consortia.  
 
Disturbing ecosystems by various series of 
courses such as releasing large amount of 
pollutants in the atmosphere, acid rains, oil spills 
etc., proves as a man-made cause of global 
warming. Remediation of contaminated sites is 
attained generally by conventional 
physicochemical methods that helps in removing 
pollutants but during this process basically 
transfer the contaminant from one to other form 
in the environment. During the process they 
produce toxic by-products which in turn simply 
add on the pollutant levels as they can’t be 
completely cleared off the ecosystem.  Here 
biologically derived alternatives prove as 
excellent substitutes among which are 
“Biosurfactant” or “biologically derived 
surfactants”. 
 
Surface active molecules (bio + surfactants) are 
amphiphilic molecules i.e. they have both 
hydrophilic and hydrophobic moieties. The 
hydrophilic region forms the “head” of the 
molecule classifying it to cationic, anionic, 
zwitter-ionic and non-ionic forms while the 
hydrophobic moiety of surfactant forms a “tail” 
consisting of long hydrocarbon chain. This 
diverse structure offers variety of properties such 
as lowering of surface or interfacial tension 
between various liquids, increasing contact area 
of insoluble compounds (e.g. Hydrocarbons) 
improving their bioavailability & mobility thus is 
helping in biodegradation of such compounds. 
Also, they have ability to form micro-emulsions & 
micelles making them industrially useful. 
Biosurfactants thus plays a crucial role in 
bioremediation over their synthetic counterparts 
in environment friendly way with relative low 
toxicity, simple chemical structure, high 
biodegradability and applications in larger 

domains by being highly selective & specific and 
working under variable range of pH, salinity and 
temperature. Biosurfactants are generally 
classified as low molecular weight molecules & 
high molecular weight molecules. The major 
classes of low molecular weight biosurfactants 
include glycolipids, phospholipids and 
lipopeptides which help in lowering surface and 
interfacial tensions while higher molecular weight 
biosurfactants include particulate and polymeric 
surfactants which are effective in providing 
stability by forming emulsions.  Currently, majorly 
biosurfactants are used in petroleum industry for 
clearing oil spills, cleaning of storage tanks, 
microbial enhanced oil recovery etc. 
 
Since the chemically synthesized surfactants 
have a major drawback of toxicity, effectiveness 
and environment compatibility, the exploration of 
surfactants from natural world is currently being 
explored. Biosurfactants are diverse group of 
surface active molecules which are produced by 
microorganisms. Their ability of reducing surface 
tension with high specificity, low toxicity, 
biodegradability and environment friendly nature, 
lead to a keen interest on these microbial 
products as alternatives to chemical surfactants. 
Biosurfactants are even beginning to acquire a 
status as potential performance for their multiple 
roles in degradation

 
[1], enhanced oil recovery 

[2], bioremediation [3]. 
 
Many microorganisms such as bacteria and fungi 
are reported to produce biosurfactants especially 
Acinetobacter spp., Bacillus spp., Candida spp. 
and Pseudomonas spp. [4]. Their vast structural 
diversity, specificity towards broad substrate 
attracts them for variety of industrial applications 
[4,5,6]. In past two decades there are numerous 
reports supporting biosurfactant mediated 
bioremediation. Microorganisms have the genes 
for the degradation of these compounds but the 
major bottleneck in the degradation is their poor 
bioavailability. The chief interest is attracted 
because of their property of increasing 
bioavailability due to enhanced solubilization of 
toxic pollutants such as Poly aromatic 
hydrocarbons (PAHs). The main proposed 
mechanism of action of these biosurfactants 
facilitating biodegradation includes processes 
above and below critical micelle concentration 
(CMC). Process above the critical micelle 
concentration involves solubilization where the 
pollutants are separated from the contaminated 
soil and is attached to hydrophobic part of 
surfactant micelles. At concentration below the 
critical micelle concentration or CMC, individual 
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units of surfactant molecules increases the 
contact angle between the pollutant and soil 
particles thus, promoting the separation of 
pollutant from soil particles and finally displaces it 
from soil. The modern approach lies using the 
combination of surfactants where different types 
of surfactants are intermixed to attain wide-
ranging properties which can’t be attained by 
using single biosurfactant alone. Reports show 
the using of cationic and anionic biosurfactants 
not only facilitate solubilization of the pollutant 
but also increases the efficacy of microorganism 
by increase of bioavailability of pollutant [7,8]. 
 

1.1 Merits of Biosurfactants 
 
Biosurfactants are attracting so much attention 
due to its following properties and at the same 
time has several limitations that restricts its use 
at a commercial scale 
 

• Biodegradability: Biosurfactants are easily 
degraded by various organisms and hence 
don’t possess any risk of pollution in future 

• Low toxicity: Biosurfactants being 
biologically derived are comparatively very 
less toxic than their chemical counterparts  

• Biocompatibility: Biosurfactants are 
specific in action and they can be used 
simultaneously with other chemical 
compounds without hindering their process 

• Availability of raw material: Biosurfactants 
can be generally produced using cheap 
raw materials 

• Acceptable production economics: 
Biosurfactants when needed in bulk 
production, can be produced by cheap 
industrial wastes and by-products 

• Use in environmental remediation: 
Biosurfactants have been reported for 
numerous processes in environmental 
remediation such as oil spill degradation, 
detoxification of certain pollutants and their 
further biodegradation 

• Specificity: Biosurfactants are molecules 
with specific highly functional groups which 
are generally highly specific in action. This 
property makes them highly useful in 
pollution control, emulsification and de-
emulsification of industrial compounds, etc. 

 

1.2 Demerits of Biosurfactants 
 

• Large scale productions of biosurfactants 
are currently very expensive. This problem 

can be overcome by co-production of 
biosurfactants using industrial by-products 
simultaneously [4,5]. 

• Purification of biosurfactants is a major 
hurdle currently. Biosurfactants are 
required in pure form in pharmaceutical, 
cosmetic and food industries. For 
purification there is requirement of 
additional downstream processes which 
simply adds up the manufacturing costs 
[9]. 

• Production yields are comparatively low. 
There is a current requirement for 
overproducing strains to increase the 
productivity [10].  

• Increased biosurfactant productions lead to 
foam formation and hence diluted media is 
to be applied [9]. 

 
2. CLASSIFICATION OF BIO-

SURFACTANTS 
 
Biosurfactants are classified chiefly based on 
their chemical composition. They are amphiphilic 
in nature including a hydrophobic moiety 
consisting of saturated or unsaturated fatty acids 
and hydrophilic moiety which can range from 
mono-, di- or polysaccharides or cationic/anionic 
peptides [11]. Based on these moieties 
biosurfactants are broadly classified as (i) 
glycolipids, (ii) lipopeptides (e.g. Surfactin, 
Liposan), (iii) Fatty acids & phospholipids (e.g. 
corynomycolicacid), (iv) polymeric surfactants 
(e.g. Emulsan, Liposan) and (v) particulate 
biosurfactants (vesicles, whole cells). They are 
also categorized as higher molecular weight 
surfactants (HMW) constituted by 
polysaccharides, lipoproteins & 
lipopolysaccharides and Lower Molecular Weight 
Surfactant (LMW) constituted by various classes 
of glycolipids.  HMW biosurfactants help in 
stabilizing oil-in-water emulsions whereas LMW 
surfactants help in efficiently lowering surface 
and interfacial tensions [12] 
 

2.1 Glycolipids 
 
Glycolipids (e.g. rhamnolipids, sophorolipids, 
trehalose lipids, Mannosylerythritol and 
Cellobiose Lipids) have a carbohydrate moiety 
with a long chain of aliphatic acids or its 
derivatives. They are of different subtypes: 
Rhamnolipids, Trehalolipids, Sophorolipids, 
Mannosylerythritol and Cellobiose Lipids based 
on their chemical composition [4].  
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2.1.1 Rhamnolipids 
 
Among these the Rhamnolipids are the           
best studied and industrially important class        
of biosurfactants mostly obtained from 
Pseudomonas sp [13,14,15,16]. Rhamnolipid are 
of two types  R-1 and R-2 with R-1 containing 
two rhamnose units linked to two â-
hydroxydecanoic acid units by a glycosidic 
linkage. R-2 is similar in structure as R-1 except 
that it contains only one rhamnose unit. 
Furthermore, two more types of Rhamnolipids 
are reported which contain one â-
hydroxydecanoyl moiety with one or two 
rhamnose units,  but may be considered as 
degradation derivatives of types R-1 & R-2 [17]. 
Rhamnolipids show antiviral and antifungal 
properties along with bactericidal properties 
towards gram positive bacteria. Since they have 
effective detergent properties, they are being 
explored rapidly to be produced commercially as 
soil remediation agents. Thermophillic non-
pathogenic bacteria belonging to genera 
Thermus and Meiothermus have wide range of 
Rhamnolipid molecular arrangements where 
mono- & di- Rhamnolipid homologues one or two 
fatty acids.  Myxococcus sp. is also reported to 
produce two unusual Rhamnolipids, 
Myxotyrosides A and B where rhamnose unit is 
linked to tyrosine and C16 fatty acid.  
 

2.1.2 Trehalolipids 
 
Trehalolipid or trehalose lipids are type of 
glycolipid biosurfactants which contain trehalose 
sugar as hydrophilic moiety where two units of 
glucose are linked by glycosidic linkage. They 
are lower molecular weight biosurfactants 
efficient in lowering surface and interfacial 
tensions. These are reported mainly from gram 
positive Actinomyceties bacteria including genera 
of Arthrobacter, Brevibacteria, Corynebacterium, 
Gordonia, Micrococcus, Mycobacterium, 
Nocardia, Rhodococcus etc. [18]. Of these 

trehalose lipids reported, one of the best known 
is ‘cord factor’ found in cell wall of M. 
tuberculosis comprising of trehalosedimycolates. 
The complexity and variability arise due to 
different chain length, cyclopropane rings and 
various oxygenated functional groups leads to 
roughly 500 distinct molecular species making 
this genus highly pathogenic. Rhodococcus 
erythropolis produce different trehalolipids, 
trehalose-6-monocorynomycolates and 
trehalose-6,6’-dicorynomycolates. The only 
trehalolipid reported till date from animal source 
is ‘maradolipids’ which is present  in the larva of 
Caenorhabditis elegans where the trehalose is 
esterified to two C15 –C19 fatty acids.  
 
2.1.3 Sophorolipids  
 
This class includes extracellular glycolipids 
reported to be produced mainly by fungal species 
including Candida apicola, Candida bombicola, 
Candida batistae, Rhodotorula bogoriensis and 
Wickerhaminella domercqiae [18]. Their general 
structure includes a sophorose sugar dimer 
linked to hydroxyl group of a C18 saturated or 
monoenoic fatty acid. The terminal fatty acid 
carboxyl group can in lactonic form (where 6 & 6’ 
hydroxyl groups are acetylated) or in hydrolyzed 
anionic form [19]. Sophorolipid biosurfactants are 
reported to reduce the surface and interfacial 
tensions but have poor emulsification activity. 
Although the clear biological role of sophorolipid 
is not known in yeast species but it is believed 
that they serve as extracellular carbon storage 
along with providing defense against competing 
microorganisms. 
 

2.1.4 Mannosylerythritol lipids and cellobiose 
lipids 

 
Mannosylerythritol lipids are chemically 
composed either of 4-O-β-D-
mannopyranosylerythritol or 1-O-β-D-
mannopyranosylerythritol as hydrophilic head 

 

Table 1. Classification of biosurfactants 
 

Biosurfactant class Microbial source 

Glycolipids  
Rhamnolipids Pseudomonas sp., P. aeruginosa, 
Trehalolipids R. erythropolis, Mycobacterium sp. 
Sophrolipids T. bombicola, T. apicola, T. apicola 
Cellobiolipids U. zeae, U. maydis 

Lipopeptides and lipoproteins B. licheniformis, B. subtilis, S. marcescens, Azospirillum,  
Azotobacter 

Fatty acids and neutral lipids  phospholipids P. spiculisporum 
Polymeric biosurfactants S. cerevisiae, Acinetobacter sp. 
Particulate biosurfactants Acinetobacter sp., Pseudomonas aeruginosa, Pseudomonas 

marginalis 
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group linked to fatty acids and are found in 
various fungal species. Pseudozyma antarctica is 
reported to produce higher yields of extracellular 
mannosylerythritol lipids.  However, these lipids 
were first reported to be found in Ustilago maydis 
and hence named ‘ustilipids’. Here the hydroxyl 
group of both mannose residue are esterified, 2-
hydroxyl group with a c2-c8 fatty acid and 3-
hydroxyl group with a c12 – c20 fatty acid. 
Interestingly, Ustilago maydis also has different 
glycolipid called cellobiose lipid or ustilagic acid 
in which cellobiose disaccharide is linked to 
hydroxyl group of long chain fatty acid di- or 
trihydroxyhexadecanoic acid with a glycosidic 
linkage. Pseudozyma flocculosa which is 
reported fungal biocontrol agent, is also reported 
to have flocculosin (2-(2',4'-diacetoxy-5'-
carboxypentanoyl) octadecylcellobioside) which 
is actually responsible for its antifungal activities.  

 
2.2 Lipopeptides 
 
Lipopeptides are generally isolated from Bacillus 
and Pseudomonas strains and are cyclic in 
structure. Their main constituent is hydrophilic 
peptides which are usually 7 and 10 amino acid 
long linked to hydrophobic fatty acid structures. 
Among them Surfactin is most studied 
heptapeptide lipopeptides attached to 3-hydroxy 
fatty acid within a lactone ring [20]. In both air-
water interface or in aqueous solution surfactin 
folds into a beta-sheet structure hence 
resembling a horse saddle [21]. Also, due to 
presence of two negative charges on aspartate 
and glutamate residues it has unique ability to 
bind with variety of metal ions such as 
magnesium, cobalt, manganese etc. [22]. 
Surfactin is reported as a powerful biosurfactant 
reducing surface tension to 27 mN/m even in low 
concentration (0.005%). The surface active 
properties and solubility of this biosurfactant is 
totally dependent on the orientation of its 
residues. Till now, major application of surfactin 
is seen in the field of biochemical research such 
as blood coagulation inhibitor, preventing protein 
denaturation etc. [23]. In a recent study, Ojeda    
et al. [24] reported production of lipopeptide 
biosurfactant from A. brasilense and A. 
lipoferum.  
 

2.3 Phospholipids and Fatty Acids 
 

Various bacterial and fungal species when 
growing on n-alkanes are reported to produce 
large quantities of fatty acid and phospholipid 
biosurfactants. Acinetobacter sp. HON when 
growing on hexadecane has reported to produce 

phosphatidylethanolamine rich vesicles [25]. 
Also, phosphatidylethanolamine is produced by 
Rhodococcus erythropolis which lowers the 
interfacial tension between water and 
hexadecane when grown on n-alkanes [26]. 
Certain Pseudomonas strains produce viscosin 
which is a peptidolipid proficient of lowering the 
surface tension [27]. 
 

Fatty acids that are produced as a result of 
microbial oxidation from alkane generally have 
surface active ability [28]. Microbes produce 
straight chain and complex fatty acids containing 
alkyl and hydroxyl branches. One such example 
is Corynomucolic acid which is having surfactant 
activity [26]. Most active saturated fatty acids for 
lowering interfacial and surface tensions are in 
range of C12-C14 [12]. Basically, the 
hydrophillic-lipophillic balance (HLB) of fatty 
acids is related to hydrocarbon chain length. 
 

2.4 Polymeric Surfactants 
 

Polymeric surfactants which are best studied 
include emulsan, liposan and other protein-
polysaccharides complexes. Emulsan which is 
generally reported to be produced from 
Acinetobacter calcoaceticus [29] consist of 
trisaccharide backbone of D-galactominouronic 
acid, D-galactosamine and deoxyaminohexose, 
to which C10-C22 chain length fatty acids are 
linked via amide and ester bonds. It has been 
proved as a very effective emulsifying agent 
even at low concentrations (0.001% to 0.01%) 
and powerful emulsion stabilizer [30]. Liposan on 
the other hand is an extracellular emulsifier 
which water soluble and reported to be 
synthesized by Candida lipolytica. It majorly 
contains carbohydrate (~83%) and protein 
(~17%) [31]. 
 

2.5 Particulate Biosurfactants 
 

Gram negative bacterial cell wall contains 
proteins, phospholipid, lipopolysaccharide (LPS) 
and a growing cell secretes these complexes in 
the form of vesicles. These spherical 
extracellular membrane vesicles form micro-
emulsion manifesting the emulsifying activity of 
broad range of aliphatic and aromatic 
hydrocarbon, thus, easing the microbial uptake. 
Vesicles of Acinetobacter sp. strain H01-N is 
composed of LPS, proteins and phospholipids 
[32]. Similarly, surface active particulate 
polymeric biosurfactant PM-factor by 
Pseudomonas marginalis PD 14-B is reported for 
affecting PAH degradation by bacterial cells and 
prevent flocculation [33]. 
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3. ROLE OF BIOSURFACTANTS 
 
Hydrophobic pollutants, due to their insoluble 
nature are difficult to be degraded compounds 
and biosurfactant facilitate their degradation. 
Mode of action of biosurfactant vary depending 
on both the bacterial species producing the 
biosurfactant and the property of the 
biosurfactant but broadly biosurfactant facilitate 
the access of hydrocarbon either by solubilizing 
the substrate and thus increasing the substrate 
bioavailability for microorganisms or by 
increasing the cell hydrophobicity and thus 
allowing bacterial cells to associate more easily 
with these hydrophobic substrates [34]. 
Bioavailability is increased either by 
emulsification or micellar solubilization. During 
emulsification, interfacial tension decreases 
resulting in the formation of small droplets of the 
NAPL particles and the presence of these 
particles in the aqueous layer where as 
solubilization results in the self-aggregation of 
the biosurfactant and partitioning of the pollutant 
in its hydrophobic core.   
 
Biosurfactant’s effectiveness depends upon three 
major features: lowering of surface tension which 
is determined by CMCs, stabilizing emulsions 
and studying hydrophilic lipophilic balance (HLB). 
Activity of a biosurfactant is greatly influenced by 
the concentration of surface-active compounds, 
up until the critical micelle concentration (CMC) 
is attained. Critical micelle concentration (CMC) 
could be defined as the concentration of these 
surface active compounds exceeding 
which micelles form and all extra surfactant 
molecules added to the system go to micelles. 
CMC determines the efficiency of a particular 
surfactant. The biosurfactant which have low 
CMC means that they are required in fewer 
amounts for lowering the surface tension and 
hence are more efficient.  
 
Another feature is hydrophilic lipophilic balance 
(HLB) which determines whether biosurfactant is 
water in oil or oil in water based emulsion. 
Micelle formation plays an important role in 
microemulsion formations which are liquid and 
stable mixtures of oil and water separated by 
aggregates or layer of biosurfactants. These 
microemulsions are characterized as “direct 
microemulsions” where oil is dispersed in water 
while on other hand in “reversed microemulsions” 
water is dispersed in oil [4]. Biosurfactants of 
higher molecular weights which are generally 
termed as “bio-emulsifiers” show remarkable 
ability to stabilize the emulsions of hydrocarbons 

and water which results in increase in contact 
area for bacterial degradation. On the other 
hand, biosurfactants with lower molecular weight 
functions differently. The hydrophobic 
hydrocarbon pollutant partitions with 
biosurfactant micelle above the critical micelle 
concentration (CMC), thus increasing the 
bioavailability of pollutant for microbe to act upon 
it. Low molecular weight surfactants like 
glycolipid are more effective in lowering the 
interfacial tension where as high molecular 
weight surfactants are effective stabilizer of oil in 
water emulsion. It is important to note that 
biosurfactants while being used in environmental 
remediation can not only interact with abiotic 
pollutant particles but can also interact with 
microorganism itself. Though the entire function 
of biosurfactants in bacteria is not fully 
understood but its involvement in various physic-
chemical processes postulates another 
mechanism of hydrocarbon intake which includes 
breaking down of insoluble substrates majorly 
hydrocarbons along with changing cell surface 
hydrophobicity by exposing the different parts of 
cell bound biosurfactants [35,36,37]. Thus, the 
effect of biosurfactant on the degradation rate is 
the result of the unique interactions between 
microbial cells, surfactant molecules and 
hydrophobic substrates. On one hand where the 
pollutant contaminant is degraded with 
mechanism of emulsification and micelle 
formation, certain contaminants are attached to 
bacterial cell surface ultimately leading to change 
in cell membrane composition and its 
hydrophobicity. Zhao et al. [38] reported the 
effect of rhamnolipid on Pseudomonas 
aeruginosa ATCC9027 and Bacillus subtilis 
BUM. It was observed it reduced the CSH of 
Bacillus BUM but significantly increased the CSH 
and enhanced the biodegradation for the 
Pseudomonas strain. Sotirova et al. [39] studied 
the effect of rhamnolipid produced by 
Pseudomonas sp PS – 17 on cell surface 
structure and reported that the biosurfactant 
below CMC affected the OMP composition of the 
Pseudomonas cell and above CMC resulted in 
the reduction of the total LPS component of 22% 
resulting in the increase in the hydrophobicity of 
the cell to 31% adherence. It must be also noted 
that this mechanism can on one hand increase 
the biodegradation of certain poorly soluble 
pollutants while on other hand hinder the 
degradation process in general. 
 

Although the chemical surfactants and 
biosurfactants are both known to increase the 
rate of degradation but their mode of action can 
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be different. Mohanty et al. [40] studied the effect 
of biosurfactant JBR-515 and a chemical 
surfactant Triton X-100 on the degradation of 
NAPLs through B. multivorans and demonstrated 
that biosurfactant enhanced the rate of 
degradation by increasing the bioavailability due 
to micellar solubilization and not emulsification 
whereas Triton X-100 improved the degradation 
rate by emulsifying and supported direct 
interfacial uptake due to changes in the cell 
hydrophobicity. Microorganisms belonging to the 
group of Pseudomonas or Torulopsis sp. 
produce biosurfactant like Rhamnolipid and 
sophorolipid respectively and result in 
emulsification where as Rhododcoccus sp., 
Mycobacterium sp., Arthrobacter sp. synthesize 
cell bound lipopolysaccharide and trehalose [41].    
 
Biosurfactants are generally known to enhance 
degradation of contaminants but at the same 
time there are reports showing no effect or even 
negative impact on the removal of contaminants. 
The inability of the biosurfactant to increase the 
degradation rate has been attributed to 
surfactant toxicity, substrate toxicity due to 
increase in the availability of the substrate, 
unavailability of the substrate due to its 
entrapment into micelle, utilization of 
biosurfactant as a growth substrate and 
interference with membrane uptake process by 
formation of barrier between the microbe and 
organic molecules. The inhibition is similar to that 
of chemical surfactants as seen in Witconol 
SN70 which is an alcoholic ethoxylate surfactant, 
reducing the degradation rate of phenanthrene 
and hexadecane [42]. Similar inhibitory activity 
was seen by other synthetic surfactants such as 
Sodium dodecyl sulfonate, tetra decyl trimethyl 
ammonium bromide, Citrikleen and Tween 20 at 
concentrations more than or equal to CMCs [7]. 

 
4. GENETIC REGULATION OF 

BIOSURFACTANTS 
 
4.1 Genetic Regulation of Rhamnolipid 

Biosurfactants 
 
Rhamnolipids are most studied glycolipid 
biosurfactants composing one or two L-
rhamnose with mono or dimer of β-hydroxy fatty 
acid. Rhamnolipid biosynthesis and gene 
regulation can be understood in three simple 
steps: Biosynthesis of (dTDP)-L-rhamnose via 
rmlBDAC operon, rhamnolipid biosynthesis via 
rhlAB operon and role of quorum sensing and 
other factors in gene regulation of rhlAB operon. 

4.1.1 Biosynthesis of (dTDP)-L-rhamnose 
 

Rhamnose is a hexose sugar is widely found in 
bacteria but is absent in humans. Synthesis of 
deoxy-thymidine di-phospho-L-rhamnose 
involves four sequential steps involving the gene 
products of rmlBDAC operon. The first enzyme 
involved is RmlA EC2.7.7.24 (glucose-1-
phosphate thymidylyltransferase) which is 
responsible for transfer of TMP (thymidyl-
monophosphate) to glucose-1-phosphate 
generating dTDP-glucose. dTDP-glucose is 
oxidized  C4 hydroxyl group of D-glucose 
immediately followed by dehydration by second 
enzyme RmlB EC 4.2.1.46 (dTDP-D-glucose 4,6-
dehydratase) leading to formation of dTDP-4-
keto-6-deoxy-D-glucose [43]. Next step involves 
double epimerization of dTDP-4-keto-6-deoxy-D-
glucose at C3 and C5 positions by RmlC EC 
5.1.3.13 (dTDP-4-keto-6-deoxy-D-glucose 3,5 
epimerase) forming dTDP-4-keto-6-deoxy-L-
mannose which is finally reduced at C4 keto 
group by RmlD EC 1.1.1.133 dTDP-4-keto-6-
deoxy-L-mannose reductase) forming dTDP- L- 
rhamnose [44].  
 

4.1.2 Rhamnolipid biosynthesis 
 

dTDP-L-rhamnose synthesized via rmlBDAC 
pathway can allosterically inhibit enzyme RmlA 
and its own synthesis [45] and additionally it is 
also channeled to other extracellular structures 
consisting L-rhamnose. RhlA enzyme is involved 
in coupling of rhamnose and fatty acid moiety 
which is generated from FAS-II cycle to form free 
3-(3-hydroxyalkanoyloxy) alkanoic acid (HAA). 
RhlC and RhlB rhanmosyltransferases further 
catalyze the transfer of dTDP-L-rhamnose to 
previously generated monorhamnolipid to yield 
dirhamnolipid or to other HAA respectively [46].  
Recent studies shows involvement of RhlA in 
fatty acid synthesis cycle by directly competing 
with FabA and FabI for β-hydroxydecanoyl-ACP 
intermediate leading to diversion of FAS cycle 
providing substrate for RhlAB enzyme for 
rhamnolipid molecule synthesis [47,48]. 
 

4.1.3 Role of quorum sensing systems and 
other factors 

 

Quorum sensing is observed in bacteria as a 
method of communication and coordination by 
secretion and detection of certain signal 
molecules (autoinducers) within a population. 
The major components of quorum sensing 
system involve a signal receptor or regulatory 
protein, QS signal synthase and signal molecule 
[49]. One such QS system reported in                 
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P. aeruginosa is rhl system including rhlR and 
rhlI which are responsible for regulation of rhlAB 
gene expression. RhlI proteins act as 
autoinducers (N-acylhomoserine lactones, BHL, 
C4-HSL or PAI-2) and also influence RhlR 
regulator protein. Other quorum sensing system 
is coded by lasR and lasI influencing rhamnolipid 
synthesis. The las system, both upregulates and 
downregulates rhl system which is in turn 
responsible for rhamnolipid biosynthesis by 
producing N-oxododecanoyl homoserine lactone 
(OdDHL 3OC12-HSL or PAI-1) [50,51]. Also, 
rhlAB transcription also involves σ 54 factor or 
RpoN where rhl QS system is activated by RpoN 
in high cell densities [51].   
 

4.2 Genetic Regulation of Surfactin 
Biosurfactants 

 

Surfactin is a lipopeptide biosurfactant and its 
biosynthesis is controlled by non-ribosomal 
peptide synthetase complex called as surfactin 
synthetase. Surfactin synthetase consists of 
three protein subunits known as SrfA, SrfB or 
ComA and SrfC. SrfA operon consist of four 
ORFs- SrfAA, SrfAB, SrfAC and SrfAD in which 
SrfAA, SrfAB and SrfAC is required for synthesis 
of surfactin. For activation of surfactin 
synthetase, phosphopantetheinyl transferase is 
required which is encoded by sfp gene. Another 
uncharacterized gene also plays an important 
role producing acyl transferase for transferring 
hydroxyl fatty acid group to SrfAA [52].  ComX 
which is a signal peptide pheromone is activated 
by gene product of comQ, controls the signal 
transduction mechanism via quorum sensing and 
srfA expression interacting with ComP and 
ComA. ComA which is a response regulator gets 
activated upon phosphorylation at histidine 
residue by ComP or Histidine Protein kinase and 
results in stimulation of srf operon. Other 
activators of srf transcription machinery include 
extracellular pheromone CSF, ComR and SinR 
influencing srf expression [53,54,55,56]. 
 

4.3 Genetic Regulation of 
Mannosylerythritol Biosurfactants  

 

Mannosylerythritol lipids or MELs are generally 
produced extracellularly by variety of fungi such 
as Ustilago maydis, Pseudozyma sp. etc. MELs 
are classified on the basis of acetyl groups 
present on mannosyl moiety at R4 and R6 
positions – MEL-A (fully acetylated) , MEL-B, 
MEL-C and MEL-D (completely deacetylated) 
[57]. Synthesis of MELs is majorly studied in 
Ustilago maydis which comprises gene cluster of 
five genes- emt1, mat1, mac1, mac2 and mmf. 

Gene product of emt1 is glucosyltransferase 
which carries mannosylation of meso-erythritol at 
C4 position. Specific acylation is carried by 
acyltransferases transcribed by mac1 and mac2 
at R2 and R3 positions respectively. Thereafter, 
acetyltransferase encoded by mat1 transfers 
acetyl group at R4 and R6 positions of mannose. 
Secretions of these MELs are dependent on fifth 
gene mmf1 encoding family of MEL transporters. 
Both dual acylation and mmf1 MEL protein 
transporters are required for extracellular 
secretions of MELs [58].  
 

5. COMMERCIALIZATION OF BIO-
SURFACTANT 

 

Surfactants are in great demands due to their 
high global applications and utilization. In a 
recent survey by Van Bogaert et al. [59], the 
global production of surfactants crossed 10 
million tons per year. Despite such a huge 
demand for surfactants and biosurfactants being 
more environmental friendly, industrial production 
of biosurfactants has not yet started. The costs of 
biosurfactant production range around 3-5 $/lb 
compared to the costs of synthetic surfactants 
which is around 1$/lb [5]. Surfactin, a 
biosurfactant manufactured by Sigma (98% pure) 
costs around $150 for 10 mg vial while the 
estimate from Ron and Rosenberg’s work shows, 
Emulsan containing broth produced by RAG-1 
costs around $50/ kg hence denoting about 
increased costs due to extraction, purification 
and other downstream processes. Uptill now only 
two companies viz Jeneil Biotech Inc. and 
Rhamnolipid companies Inc. have been able to 
market the production of biosurfactant profitably.  
 

For carrying out large scale production of any 
metabolite main parameters that decide the 
economy of the process includes the selection of 
raw material, carrying out the production, and 
extraction and purification process in an 
economical way. Keeping these points in mind, 
lot of research is going on for economical and 
sustainable production of biosurfactant. Three 
basic strategies adopted include using:  
 

i)  Alternative cheap raw material 
ii)  Better bioprocess techniques for 

production, extraction and purification 
iii)  Recombinant strains for overproduction   

[6,60,61] 
 

Raw material contributes up to 75% of the total 
selling cost of the byproduct [62]. Thus the first 
step to decrease the cost of biosurfactant is to 
use waste material for its production. Variety of 
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agro-industrial, distillery wastes, starchy 
substances and oil wastes are reported as cheap 
substrates for biosurfactant production [61]. First 
attempt to use waste material (olive oil mill 
effluent) for production was demonstrated by 
Mercade et al. [63] using Pseudomonas 
aeruginosa 47T2 and was the first one to 
propose the utilization of industrial effluent as 
substrate for biosurfactant production albeit with 
decreased enzymatic activities like surface 
tension, emulsification and interfacial tension. 
The properties of the biosurfactant are 
dependent on composition of raw material and 
more specifically on the ratio of carbon and 
nitrogen. They further observed that 
biosurfactant produced by the same 
microorganism using olive oil mill effluents from 
different industries had different enzymatic 
properties. Since then several groups have 
proposed the use of alternative substrates for 
biosurfactant production. Benincasa et al. [64] 
reported the rhamnolipid production 
(concentration range of about 15.9 g/l) from 
Pseudomonas aeruginosa LBI. Same strain was 
also used to produce Rhamnolipid biosurfactant 
from soybean, corn, babassu, palm and corn oil 
refinery wastes as substrates where the 
production yield of 75% was achieved [65].  
Pseudomonas aeruginosa A41 is reported to 
produce biosurfactant with different yields in 
different type of carbon sources as seen in olive 
oil (6.58 g/l), coconut oil (2.93 g/l) and palm oil 
(2.91 g/l) [66]. Dairy industries producing various 
marketable products generate large amounts of 
waste by-products. Most common among them is 
whey which is rich in lactose sugar providing 
perfect carbon source for microbes. Whey is a 
nitrogen source and not carbon source [67] 
cultivated Candida sp. on oil refinery wastes 
(which oil refinery) such as soap stock or fatty 
acids to produce biosurfactant. Soybean 
associated wastes such as soy molasses were 
used to produce sophorolipid biosurfactants 
using Candida bombicola [68]. Production of 
various types of biosurfactants such as 
sophorolipids, Rhamnolipids and 
mannosylerythritol lipids are reported to be 
produced from sunflower, soybean, corn, 
rapseed and babassu oils [69,70,71,72,73]. 
Reports of Daverey et al. [62] shows sophorolipid 
(maximum yield 34 g/l) production in mixed 
medium of deproteinized whey, glucose, yeast 
extract and oleic acid using Candida bombicola. 
In some developing countries such as India, 
major by-product obtained from sugarcane and 
beet root industries is molasses. Molasses are 
not only rich in sugar contents (sucrose 48-56%) 

but also have vitamins, proteins and several 
other compounds proving a cheap substrate for 
biosurfactant production. Desai and Patel [91] 
reported production of Rhamnolipid 
biosurfactants using molasses and corn steep 
liquor as carbon and nitrogen sources by 
Pseudomonas aeruginosa GS3. Ghurye et al.  
[74] in 1994 first used stirred batch bioreactors 
for producing biosurfactants using molasses as 
substrate. In order to maximize biosurfactant 
production using cheap substrates, a mixture of 
two or more types of substrates can be used. 
One such effort includes works of Rodrigues       
et al. [75] where they used whey and molasses 
as substrates producing 1.2-1.5 times increase in 
biosurfactant production and 75% cost reduction 
using Lactococcus lactis 53 and Streptococcus 
thermophiles. Lignocellulose which contains 
cellulose, hemicellulose and lignin can also be 
used as substrate for biosurfactant production 
using species of Lactobacillus [76,77,78]. Starch 
which is a major agriculture residue is produced 
in abundance and large solid residues are 
dumped in waste waters. Reports show various 
biological starch rich wastes are suitable for 
biosurfactant production. Bala and Fox [79] 
showed production of biosurfactant using potato 
associated residues with high surface activity 
[79]. Wang et al. (2008) used solid state 
fermentation for production of biosurfactant from 
sweet potato and soybean residues using 
Bacillus subtilis B6-1. 
 
While the major focus earlier relied upon 
production of biosurfactants on various 
substrates, the recent approach emphases on 
coproduction of biosurfactants along with other 
metabolites. One such remarkable approach was 
shown by Ramnani et al. [80]. They coproduced 
commercially important enzyme proteases and 
biosurfactants using cornstarch and soy as 
carbon and nitrogen sources. Although, the main 
idea behind coproduction of both the enzymes 
was to replace the commercial surfactant used in 
textile industry. However, more than 2 fold 
increase in both enzyme and biosurfactant 
production was observed, suggesting cost 
effective production of biosurfactant. In a 
different approach PHA (polyhydroxyalkanotes) 
were produced either simultaneously or by using 
wastes after biosurfactant production. 
Füchtenbusch et al. [81] used the remaining oil 
after PHA production for producing rhamnolipid 
biosurfactants. Marsudi et al. [82] showed by 
using palm oil PHA and rhamnolipids can be 
simultaneously produced using Pseudomonas 
aeruginosa IFO3924 where fatty acids and 
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glycerol where used as carbon sources for PHA 
and rhamnolipid productions respectively.  
 
The second reason due to which biosurfactants 
are not been able to compete with synthetic 
surfactants is the cost associated with 
production, recovery and purification. 
Biosurfactants are secondary metabolites and 
hence their production varies greatly on process 
parameters including media constituents such as 
nitrogen and/or carbon sources; elements such 
as iron, manganese; growth factors and 
environmental factors such as temperature, 
dissolved oxygen, pH, agitation rate etc. Also, it 
has been seen the ratios of various components 
such as C:N, C:Fe, C:P etc. also affect 
biosurfactant production by microorganisms. The 
conventional strategy for process optimization 
involved varying single variable at a time and 
obtaining the corresponding results and 
henceforth evaluating the results. Since this 
method is time consuming, tedious, exhausting 
and sometimes become impractical carrying out 
vast number of experiments. Thus, an alternative 
approach is developed using statistical methods 
based upon Response surface methodology 
(RSM) is being used which uses regression and 
factorial designs for evaluating multifactor 
experiments. To achieve optimized process 
controls various statistical techniques such as 
Fractional Factorial Designs (FFD), Central 
Composite Designs (CCD), Monte Carlo 
Optimization, Plackett–Burman statistical 
experimental designs etc. are used for designing 
experiments, developing models and evaluating 
effects of various factors at the same time [83]. 
Sen et al. [84] studied the effect of four different 
variables viz. pH, temp, agitation and aeration on 
surfactin production using surface response 
methodology. The optimum conditions for 
maximum surfactin conc. were reported as pH 
6.7, temp 37.4 C, agitation 140 rpm and aeration 
0.75 vvm. SRM was also used for optimizing 
culture conditions for the maximum production of 
rhamnolipid from Pseudomonas. But without 
efficient down streaming processes and 
purification techniques commercialization of 
biosurfactants can’t be achieved. Also, 
downstream processing covers the major cost in 
production of biosurfactants in large scale thus 
becoming the major bottleneck in 
commercialization of biosurfactants. 
Conventional strategies include ammonium 
sulfate precipitation, solvent extraction, acid 
precipitation, centrifugation etc. The application 
of biosurfactants is highly dependent upon its 
purity with efficient recovery. Crude 

biosurfactants can be applied for environmental 
remediation while pharmaceutical or cosmetic 
industries require highly pure biosurfactants. 
Foam produced during biosurfactant production 
can directly be applied on contaminated soils. 
Mulligan & Wang [85] showed effective usage of 
rhamnolipid foam, enhancing remediation of 
heavy metals in contaminated soils. With time 
certain advancements in technologies lead to 
development of certain techniques such as 
ultrafiltration, ion exchange chromatography, 
ultra-filtration, adsorption- desorption on 
polystyrene resins or activated carbon etc. Using 
such methods resulted in more efficient 
downstream processes with better purity in the 
products which ultimately increases the costs. To 
reduce toxicity and wider environmental 
applications organic solvents such as acetone, 
chloroform are effectively replaced by using 
methyl tertiary-butyl ether (MTBE) in recovery of 
biosurfactants. Currently, there is a great 
demand in having more proficient recovery 
techniques with involvement of multi-step 
recovery processes to get varied degree of 
purities [86,87]. 
 
The advancement of field of biotechnology totally 
relies on altering the genomic machinery of an 
organism. By using recombinant technology or 
producing a mutant variety of a strain one can 
exploit the commercial advantage of particular 
gene of industrial application. Thus using efficient 
bioprocess techniques, cheap substrate and raw 
materials and a hyperproducing strain 
biosurfactant production can be achieved in a 
profitable approach. Apart from natural 
biosurfactant producers various mutant and 
recombinant strains are developed using 
radiations, chemical mutagens such as N-methyl-
N’nitro-N-nitrosoguanidine, transposons and 
selective screening on ionic detergents. 
Development of mutant Bacillus subtilis SD901 
using N-methy-N’nitro-N-nitrosoguanidine is 
reported to produce highest amount of Surfactin 
ranging from 8-50g/L (Yoenda et al. US patent 
no. 7,011,969). In other studies, different 
recombinant of Pseudomonas aeruginosa was 
developed by incorporating E. coli lacZY genes 
which naturally cannot utilize lactose as 
substrate [88]. Similarly, various recombinant 
strains of Pseudomonas putida and 
Pseudomonas fluorescens were developed 
which produces Pseudomonas aeruginosa 
rhamnolipid without any toxicity and have wider 
biotechnological applications without any risks 
and hazards what was the strategy that was 
used [89]. Also, with such a rapid pace in 
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development and advancement of various 
biotechnological methods we can expect even 

better hyperproducer strains for biosurfactant 
production. 

 
Table 2. Substrates used by microorganisms producing biosurfactants 

 
Microorganisms Substrate Biosurfactant 

class 
Scientist 
group 

Year Reference 

P. aeruginosa 47T2 Olive oil mill effluent Rhamnolipid Mercade et al.  1993 [90] 
P. aeruginosa GS3 Molasses and corn steep Rhamnolipid Patel et al.  1997 [91] 
P. aeruginosa EBN-8 Molasses Rhamnolipid Raza et al.  1997 [92] 
P. aeruginosa UW-1 Mixture of vegetable oil Rhamnolipid Sim et al.  1997 [93] 
Tsukamurella sp. 
DSM44370 

Sunflower oil Glycolipid Vollbrecht     
et al.  

1999 [94] 

P. aeruginosa UG2 Corn oil  Rhamnolipid Mata-
Sandoval       
et al.  

1999 [95] 

P. aeruginosa 47T2 Sunflower and olive oil Rhamnolipid Haba et al.  2000 [96] 
P. aeruginosa BS2 Distillery and whey wastes  Dubey et al.  2001 [97] 
P. aeruginosa DS10-
129 

Soybean oil, safflower oil 
and glycerol 

Rhamnolipid Rahman et al.  2002 [98] 

P. aeruginosa LB1 Soap stock Rhamnolipid Benincasa    
et al.  

2002 [64] 

Pseudomonas sp. 
DSM 2874 

Rapseed oil Rhamnolipid Trummler      
et al.  

2003 [69] 

Penicillium citrinum Olive oil Glycolipid Camargo de 
Morais et al.  

2003 [99] 

Candida apicola/ 
Candida antartica 

Soap stock Glycolipid Bednarski     
et al.  

2004 [67] 

Candida bombicola Soy molasses Sophorolipid Solaiman       
et al.  

2004 [68] 

B. subtilis ATCC 
6633 

Commercial sugar, sugarcane juice and 
cane molasses, glycerol, mannitol and 
soybean oil 

Reis et al.  2004 [100] 

Pseudoxanthomonas 
kaohsiumgenis sp. 
nov strain J36 

Olive oil  Chang et al.  2005 [101] 

P. aeruginosa A41 Vegetable oil ( oilve oil, 
palm oil, cocnut oil) 

 Thaniyavarn 
et al.  

2006 [66] 

Candida lipolytica Groundnut oil Lipopeptide Ruffino et al.  2007 [102] 
Pichia anomal P41 Soyabean oil Sophorolipid Thaniyavarn 

et al.  
2008 [103] 

P. aeruginosa LRM 
10 

Soybean oil, soap stock, 
fish oil and glycerol 

Rhamnolipid Prieto et al.  2008 [104] 

Candida lipolytica Soyabean oil  Ruffino et al.  2008 [105] 
Candida sphaerica Groundnut oil Glycolipid Sobrinho      

et al.  
2008 [106] 

B. subtilis BS5 Molasses Surfactin Abdel-
Marvgoud     
et al.  

2008 [107] 

P. fluorescens Migula 
1895 DSM2 

Olive oil Rhamnolipid Abouseoud   
et al.  

2008 [108] 

P. alealigenes Palm oil  Oliveira et al.  2009 [109] 
Candida bombicola Sugarcane molasses and 

soybean/sunflower/olive 
oil 

Sophorolipid Daverey et al.  2009 [62] 

P. aeruginosa Bs20 Soyabean oil Rhamnolipid Abdel-
Marvgoud              
et al.  

2009 [110] 

Trichosporon 
montevideense 
CLOA 72  

Sunflower oil Glycolipid Monteiro et al.  2009 [111] 
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Microorganisms Substrate Biosurfactant 
class 

Scientist 
group 

Year Reference 

P. fluorescens Vegetable oil Glycolipid Stoimenoral 
et al.  

2009 [112] 

Candida bombicola Deproteinized whey and 
glucose 

Sophorolipid Daverey et al.  2010 [113] 

Lactobacillus 
delbrueckii 

Peanut oil cake Glycolipid Thavasi et al.  2011 [114] 

 
Certain parameters should be taken in account 
for biosurfactant production. These include 
Carbon source, Nitrogen source and other 
environmental factors. For growth of a 
microorganism, suitable carbon source is one of 
the most important culture condition to be taken 
in account. Various carbon sources such as 
glucose, glycerol, mannitol etc. are 
supplemented to culture mediums which are 
used as water soluble substrates while various 
hydrocarbons, vegetable oils etc. are also used 
for biosurfactant production. The type of carbon 
source in turn affects the composition of 
biosurfactant [115,116,117]. Also, various reports 
showed enhanced biosurfactant production once 
water soluble carbon source is consumed       
[118, 119]. In reports of Daverey et al. [62,113] 
sophorolipid production was obtained from 
Candida bombicola using various substrates 
such as sugarcane molasses, soybean and 
various vegetable oils, deproteinized whey along 
with glucose. In another study by Kosaric et al. 
[119], Arthrobacter paraffineus ATCC 19558 
along with D-glucose with supplementation of 
hexadecane showed increased biosurfactant 
yield [121]. 
 
Apart from carbon source, nitrogen source is also 
very important for biosurfactant production. 
Various sources such as urea, ammonium salts 
and nitrate are used depending upon the 
microorganism used. Kosaric et al. [119] reported 
enhanced biosurfactant production on addition of 
various essential amino acids in the medium 
which also effects structure of biosurfactant 
produced. Reports show increased biosurfactant 
production and change in biosurfactant structural 
composition as soon as culture media becomes 
nitrogen limiting [120,121,122,123]. Various 
reports show increased biosurfactant production 
once the microorganism is subjected to nitrogen 
limiting conditions. Reports show enhanced 
biosurfactant production in Pseudomonas 
aeruginosa, Candida tropicalis etc [120,121,122]. 
 
Biosurfactant production is seen to depend of 
variety of other factors in culture medium. 
Temperature, dissolved oxygen content, pH and 
rate of agitation greatly effect growth of 

microorganism and thus in turn have a significant 
role in production of various metabolites such as 
biosurfactants. In a recent study by Ojeda et al. 
[124], maximum biosurfactant production was 
seen at 25°C by A. lipoferum and viscosity 
slightly more than water which decreased with 
increase in temperature. Certain studies show 
change in biosurfactant composition with effect of 
temperature [117,125]. Also, in some 
biosurfactants properties such as emulsification 
activity and lowering surface tension remain 
unchanged even at high temperatures and 
autoclaving [126]. As stated, biosurfactant 
production depends upon growth of 
microorganism. When operating in culture 
conditions high rate of agitation decreases 
growth of microorganism due to high shear 
stress and thus reduces the production yield of 
biosurfactant [127,128]. Other factors, such as 
oxygen content and salt concentration also play 
important role in biosurfactant production 
depending on cellular activity [129]. Generally, no 
considerable effect with slight decrease in CMC 
values is seen on biosurfactant production upto 
10% salt concentration [126]. Ojeda et al. [124] 
showed decrease in emulsification activity with 
increase in NaCl concentration.      
 

6. CONCLUSIONS 
 
Biosurfactants are biologically derived surface 
active compounds which have huge potential and 
wide applicability in environmental remediation. 
Biosurfactants provide suitable alternative over 
their chemical counterparts for their use in oil 
spill remediation, cleaning of oil transportation 
pipelines and storage tanks, microbial enhanced 
oil recovery (MEOR) etc. Their advantages 
include biodegradability, biocompatibility, lower 
toxicity and high selectivity.  Their usage though 
currently limited can undoubtedly benefit more 
after more advanced research on their molecular 
interactions and mechanisms of actions  on 
pollutants and producer cells. Comprehensive 
studies are required for analyzing biosurfactants 
production and their natural roles for wider 
applications. Currently, two important problems 
are still associated with biosurfactants. Firstly, 
genetic regulations of various types of 
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biosurfactants are still not fully understood. 
Secondly, commercialization of biosurfactants 
and their bulk production is highly limited 
because of lack of efficient bioprocess 
techniques for their cheap market availability. 
This problem can be overcome by using cheap 
and renewable waste substrates for production of 
biosurfactants involving multi-step downstream 
processing methods which are more cost-
effective and economically feasible. Also, 
development of various mutant and recombinant 
microbial strains which are adaptive and able to 
produce biosurfactants in varied conditions are 
also required. 
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