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Abstract High molecular weight bioemulsifiers are am-
phipathic polysaccharides, proteins, lipopolysaccharides,
lipoproteins, or complex mixtures of these biopolymers,
produced by a wide variety of microorganisms. They are
characterized by highly structural diversity and have the
ability to decrease the surface and interfacial tension at the
surface and interface respectively and/or emulsify hy-
drophobic compounds. Emulsan, fatty acids, phospho-
lipids, neutral lipids, exopolysaccharides, vesicles and
fimbriae are among the most popular high molecular
weight bioemulsifiers. They have great physic-chemical
properties like tolerance to extreme conditions of pH,
temperature and salinity, low toxicity and biodegradability.
Owing their emulsion forming and breaking capacities,
solubilization, mobilization and dispersion activities and
their viscosity reduction activity; they possess great envi-
ronmental application as enhancer of hydrocarbon
biodegradation and for microbial enhanced oil recovery.
Besides, they are applied in biomedical fields for their
antimicrobial and anti-adhesive activities and involvement
in immune responses.
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Introduction

Today, synthetic emulsifiers are among the most produced
compounds in the world as they are used in various in-
dustries like textile, paper, polymer, plastic, cosmetics,
pharmaceuticals, food and machinery manufacture and in
bioremediation (Kitamoto et al. 2002). However, they are
highly toxic to environment and living organisms. So,
microbial derived emulsifiers have particular interest and
became widespread for potential use in diverse fields. They
were firstly discovered as extracellular amphiphilic com-
pounds in research into hydrocarbon fermentation, which
started in the late 1960s (Kitamoto et al. 2002). They at-
tracted attention as “alternative to chemical emulsifiers”
due to their high biodegradability and environmental
safety. They are mainly classified into four categories, i.e.,
(1) glycolipid type (4), (2) fatty acid type (5), (3)
lipopeptide type (6) and (4) polymer type (7), based on the
structure of their hydrophilic part. Among them, polymeric
bioemulsifiers have attracted a great attention for biotech-
nological applications.

Generally, they are amphipathic polysaccharides, pro-
teins, lipopolysaccharides, lipoproteins, fatty acids or
complex mixtures of these biopolymers. Also, some whole
bacterial cells, vesicles and fimbriae with complex struc-
ture are recognized as emulsifying agents. They can be
produced from inexpensive raw materials that are available
in large quantities, such as industrial wastes (Panilaitis
et al. 2007) and oily byproducts including hydrocarbons
(Kaeppeli and Finnery 1979; Leahy et al. 2003; Martinez-
Checa et al. 2007; Arli et al. 2011) and vegetable oils (Liu
et al. 2011). In many cases, they are produced by hydro-
carbon degrading bacteria during their growth (Kaeppeli
and Finnery 1979; MacDonald et al. 1981; Pines and
Gutnick 1986; Peng et al. 2007; Sadouk et al. 2009).
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Furthermore, the production efficiency of the bioemulsi-
fiers using microorganisms has been improved along with
the progress of biotechnology by the amelioration of fer-
mentation conditions (Doshi et al. 2010) and the opti-
mization of production by means of the response surface
methodology (Prapulla et al. 1992; Albuquerque et al.
2006; Su et al. 2009). Therefore, the yields of bioconver-
sion are always so high that they permitted the retention of
huge quantity of polymeric biosurfactants for diverse ap-
plications. They can be produced by a wide diversity of
bacteria (Mousavian and Rahimi 2010; Burgos-Diaz et al.
2011; Franzetti et al. 2012), Actinomycete (Kokare et al.
2007; Maniyar et al. 2011), yeast (Walencka et al. 2007,
Dikit et al. 2010) and fungus (Batrakov et al. 2001; Para-
szkiewicz et al. 2002; Katemai et al. 2008). Generally,
polymeric bioemulsifiers are released in the extracellular
medium of the fermentation broth (Boyle and Reade 1983;
Calvo et al. 1995). However, they can also be attached to
the cell surface (Dikit et al. 2010; Huang et al. 2013).
Owing their structural diversity, interesting physic-che-
mical properties (great stability to drastic conditions of pH,
salinity and temperature, low toxicity and biodegradability)
and great functional properties (emulsification/de-emulsi-
fication, foaming, dispersing, hydrocarbon solubilizing ...),
they are potential candidates for bioremediation of hydro-
carbon contaminated sites. Also, polymeric bioemulsifiers
can be recognized for their antimicrobial and anti-adhesive
activities and can be involved in several immune responses
allowing their use in biomedical and therapeutic fields.
This review deals with the latest research and development
in polymeric type bioemulsifiers, including their structural
diversity, surface activity, functional properties and po-
tential applications in environmental and biomedical fields.

Polymeric bioemulsifiers: definition and classification

Numerous microorganisms are characterized by the syn-
thesis of a wide variety of high- and low-molecular-weight
bioemulsifiers. Generally, high molecular weight mass
bioemulsifiers are proteins, polysaccharides, lipopolysac-
charides, lipoproteins, or composite assortment of these
biopolymers (Perfumo et al. 2010). The most studied
polymeric bioemulsifiers are emulsan, alasan, liposan,
mannoprotein and other polysaccharide protein complexes.

Emulsan family

Emulsan, an extracellular complex of acylated polysac-
charide produced mainly by the gram-negative bacterium,
Acinetobacter species, is among the most popular poly-
meric bioemulsifiers (Panilaitis et al. 2007). It’s composed
of a polysaccharide backbone with O-acyl and N-acyl
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bound fatty acid side chains. The polysaccharide backbone
consists of three amino sugars (D-galactosamine, D-galac-
tosaminouronic acid, and a dideoxydiaminohexose) and the
fatty acid side chains range in length from 10 to 20 car-
bons, and represent 5-23 % (w/w) of the polymer (Pani-
laitis et al. 2007). The emulsan amino groups are either
acetylated or covalently linked by an amide bond to
3-hydroxybutyric acid (Panilaitis et al. 2007). The combi-
nation of hydrophilic anionic sugar main chain repeat units,
along with the hydrophobic side groups leads to the am-
phipathic behavior of emulsan and, therefore, its ability to
form stable oil-in-water emulsions (Panilaitis et al. 2007).
In fact, emulsan is a very effective emulsifying agent for
hydrocarbons in water even at concentration as low as
0.001-0.01 %.

Alasan, belonging to the emulsan family, is a high-
molecular-weight complex of polysaccharide and protein
synthetized generally by Acinetobacter species with a
molecular weight of about 10° kDa (Navon-Venezia et al.
1998).However, the polysaccharide component of alasan is
unusual in that it contains covalently bound alanine
(Navon-Venezia et al. 1998). The purified polysaccharide
and protein components have no emulsifying activity when
used lonely. In fact, the protein component of alasan ap-
pears to play an important role in both the structure and the
activity of the complex. However, the combination of the
polysaccharide and the protein led to the reconstitution of
the emulsifying activity (Toren et al. 2001).

In addition to emulsan family, a complex structure of
polymeric bioemulsifiers consisting of a complex of lipids,
proteins and polysaccharides, exopolysaccharides (EPS),
proteins, glycoprotein compounds and glycolipoproteins
can be found in the nature. Different examples of these
compounds along with their producing strains and biolo-
gical activities were presented in Table 1.

Fatty acids, phospholipids and neutral lipids

Large quantities of fatty acids, phospholipids or neutral
lipids bioemulsifiers could be produced by several mi-
croorganisms when grown on n-alkanes. As suggested by
Beeba and Umbreit (1971), the growth of Thiobacillus
thiooxidans on sulfur particles is supported by the wetting
of those particles by an heterogeneous mixture of neutral
lipid and phospholipid, present in the medium, resulting
from cellular disruption. Table 2 illustrated some examples
of fatty acids, phospholipids and neutral lipids along with
their microbial producing strains and biological activities.

Fatty acid biosurfactant

Generally, fatty acids produced by microorganisms might
be simple straight-chain fatty acids or of complex nature
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Table 1 Major polymeric-surfactants sub-classes, biological activities and microbial sources

Sub-classes

Producing strain

Biological activities

References

Emulsan: a complex of acylated
polysaccharide

Alasan: complex of anionic
heteropolysaccharid and protein

Complex of polysaccharide and
lipid

Yansan (lipid—carbohydrate—protein
complex)

Complex of lipids, proteins and
polysaccharids

Peptidoglycolipid bioemulsifer

Biodispersane: anionic extracellular
polysaccharide

Exopolysaccharid

Protein

Glycolipoprotein

Glycoprotein

Acinetobacter
venetianusRAG-1

A. calcoaceticus (PTCC
1318)

Alcaligenes faecalis

A. radioresistens KAS3
A. venetianus RAG-1
Acinetobacter sp.
Candida lipolytica
(Liposan)
Burkholderia cepacia

Gordonia sp. strain
JE-1058

C. lipolytica

Yarrowia lipolytica
IMUFRJ 50682

P. marginalis PD-14B

C. glabrata UCP 1002
C. lipolytica
B. licheniformis K125

Alcaligenes sp. S-XJ-1
Streptomyces sp. S22

A. calcoaceticus A2

P. putida ML2

Halomonas eurihalina, B.
subtilis

Alcaligens faecalis and
Enterobacter sp.

A. calcoaceticus CBS
962.97

B. cereus and
Brachybacterium sp.

Pseudomonas PG-1

P. aeruginosa S;B,
Acinetobacter sp. A3
Aeromonas salmonicida

Lactobacillus fermentum
RC-14

Brevibacillus brevis
(Gramicidin S)

Staphylococcus aureus
B. mojavensis XH-1

Aspergillus ustus MSF3

Microbacterium sp.
MC3B-10 (Microbactan)

Emulsification activity
Emulsification activity

Potential candidate for microbial enhanced oil
recovery

Emulsifying activity
Coating agent
Emulsifying activity
Emulsification activity

Complex lipid adjuvants

Dispersing and washing activities
Emulsifiaction activity
Bioemulsifier

Emulsifying activity and enhancement of
hydrocarbons biodegradation

Bioemulsifier
Bioemulsifier

Potential candidate for microbial enhanced oil
recovery

Biodemulsifying activity
Emulsification activity

Dispersing activity

Bioemulsifier
Emulsification activity

Emulsification activity
Emulsifying activity
Emulsifying activity

Enhancement of hydrocarbon biodegradation
Emulsifying activity

Involved in hydrocarbon degradation
Immunomodulatory activity

Anti-adhesive activity

Biocontrol acivity (antifungal)

Immunomodulatory activity
Biodemulsifying activity

Antimicrobial activity and potential candidate for
microbial enhanced oil recovery

Emulsifying activity

Su et al. (2009)

Dehghan—Noudeh et al.
(2007)

Salehizadeh and
Mohammadizad
(2009)

Toren et al. (2001)
Castro et al. (2008)
Jagtap et al. (2010)

Cirigliano and Carman
(1985)

Kawai et al. (2002)
Saeki et al. (2009)

Albuquerque et al.
(2006)

Trindade et al. (2008)
Burd and Ward (1996)

Sarubbo et al. (2006)
Rufino et al. (2007)
Suthar et al. (2008)

Huang et al. (2013)
Maniyar et al. (2011)
Elkeles et al. (1994)

Bonilla et al. (2005)
Maneerat et al. (2006)

Toledo et al. (2008)
Cappello et al. (2011)
Orsod et al. (2012)

Hisatsuka et al. (1972)
Hisatsuka et al. (1977)
Hanson et al. (1994)
Garduno et al. (1995)
Heinemann et al. (2000)

Edwards and Seddon
(2001)

Haggar et al. (2003)
Hou et al. (2013)

Seghal Kiran
et al.(2009)
Camacho-Chab
et al.(2013)
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Table 1 continued

Sub-classes Producing strain Biological activities References
Glycoprotein Lactobacillus plantarum Antimutagenic activity Rhee and Park (2001)
KLAB21
Surlactin Lactococcus lactis 53 Antimicrobial and anti-adhesive activity Rodrigues et al. (2006)
Halomonas species Bioemulsifier Gutiérrez et al. (2007)
Lactobacillus acidophilus  Inhibition of biofilm formation Smaeel et al. (2013)
RC 1
Mannoprotein Kluyveromyces marxianus ~ Emulsification activity Lukondeh et al. (2003)
FII 510700
S. cerevisiae Anti-adhesive and Anti-biofilm action Walencka et al. (2007)
Glycoprotein Rhodotorula mucilaginosa  Astaxanthin-stabilizing activity Kawahara et al. (2013)

Carbohydrate-protein complex

KUGPP-1
Rhodotorula glutinis
Streptomyces species S1

Bioemulsifying activity
Bioemulsifying activity

Oloke and Glick (2005)
Kokare et al. (2007)

Lipoprotein

Ornithine and taurine containing Gluconobacter cerinus -
lipid IFO 3267

Ornithine containing lipid Different bacterial species

S. paucimobilis IAM
125767

Myroides sp. strain SM1
Agrobacterium -
tumefaciens
Ornithine and glutamine containing Rhodobacter sphaeroides — —
lipid
Emulcyan Phormidium J-1

Strong stimulant for macrophages, adjuvant

Hemagglutinating activity

Bioemulsifier

Dispersing activity

Tahara et al. 1976

Kawai et al. (1999)
Kawai et al. (2002)

Maneerat et al. (2006)
Geske et al. (2013)

Zhang et al. (2009)

Fattom and Shilo
(1985)

containing OH groups and alkyl branches (Rahman and
Gakpe 2008). They resulted from the microbial oxidation
of alkanes and have gained great attention as surfactants.
They were also known as lowering the surface and inter-
facial tensions. Among them, we distinguish mycolic acids
and corynomucolic acid. Mycolic acids are long-chain; B-
hydroxy fatty acids substituted at the a-carbon atom with a
moderately long aliphatic chain and are primarily produced
by Mycobacterium, Nocardia, Rhodococcus, and Co-
rynebacterium species (Marrakchi et al. 2014). Coryno-
mucolic acid is another example of a complex fatty acid
containing OH groups and alkyl branches that are produced
by R. erythropolis (Desai and Banat 1997). Fatty acids with
chain length ranging from Cy to C,, (dicorynomycolates,
monocorynomycolates and tetraester) produced by R.
Erythropolis 3C-9 were shown to enhance the solubility of
polycyclic aromatic hydrocarbons and the degradation rate
of hexadecane (Peng et al. 2007).

Phospholipids biosurfactant

Phospholipids are known to be the key components of
microbial membranes. When certain hydrocarbon-
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degrading bacteria or yeast are grown on alkane substrates,
the level of phospholipid increases greatly. For instance,
using hexadecane-grown Acinetobacter sp. HO1-N, phos-
pholipids (mainly phosphatidylethanolamine) loaded vesi-
cles were produced (Kaeppeli and Finnery 1979). Their
effective surfactant properties are evidenced by their ability
to generate optically clear micro-emulsions of alkanes in
water (Ron and Rosenberg 2001). Moreover, they are
recognized by their aptitude to reduce the surface and in-
terfacial tension. Phosphatidyl ethanolamine produced by
R. erythropolis grown on n-alkane resulted in the reduction
of the interfacial tension between water and hexadecane at
<1 mN/m with a Critical Micelle Concentration (CMC) of
about 30 mg/L (Kretschmer et al. 1982).

Neutral lipids biosurfactant

Triacylglycerols found in all eukaryotic cells (yeasts,
molds, plants and animals) and esters produced by Acine-
tobacter sp. related bacteria such as Moraxelle and some
eukaryotic algae are examples of neutral lipids biosurfac-
tants (Desai and Banat 1997). They can be also produced
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Table 2 Fatty acids, phospholipids, vesicles, fimbriae and whole bacterial cells as polymeric surfactants

Sub-classes

Producing strain

Biological activities

References

Fatty acid

Phospholipids

Phosphatidylethanolamine

Glycerophospholipids

Fatty acid esters and
phosphatidyethanolamine
surfactants

A monoglyceride, an ester, and
a fatty acid

Polyol lipids

Triacylglycerols and
diacylglycerols

Extracellular lipid (mixture of
phospholipid and neutral
lipid, primarily free fatty
acids)

Diether phytanyl phosphatidyl
glycerol phosphate lipid

Vesicles

Arthrobacter paraffineus
Corynebacterium lepus

Mesorhizobium spp.

Candida ingens
R. Erythropolis 3C-
C. ingens

R. erythropolis strain 3C-9

Issatchenkia orientalis
(Oleic acid)

Different bacterial strain
P. citronellolis KHA

Halomonas sp. BS4

Acinetabacter sp.

Thiobacillus thiooxidans

Absidia corymbifera
Mesorhizobium spp.

Sphingobacterium sp.
Rhodococcus erythropolis
Absidia corymbifera

P. putida BD2

Absidia corymbifera

Consortium of marine
bacteria

Nocardia erythropolis
(ATCC 4277)

Rhodotorula Glutinous
Absidia corymbifera
A. calcoaceticus C42

Thiobacillus thiooxidans

Halobacterium halobium
NRC 34003

Xenorhabdus nematophilus

Acinetobacter sp. strain
HO1-N

Actinobacillus
actinomycetemcomitans

Porphyromonas gingivalis

Bacteroides fragilis

Brucella melitensis

Surface active-agent

Surface activity

Surface activity
Surface active-agent

Enhacement of hydrocarbons
solubility and degradation

Immunomodulatory activity

Surface active and emlsifying
agent

Antimicrobial and anticancer
activity

Surface active compounds

Wetting elemental sulphur
necessary for growth

Surface active agent
Surface active-agent

Antiadhesive activity

Emulsification and dispersion
of petroleum hydrocarbons

Surface-active lipids

Emulsifying activity

Weeting agent

Emulsifying activity

Insecticidal activity

Emulsification activity
Anticancer activity

Platelet aggregation activity

Haemagglutinating and
enzymic activities

Induction of cell-mediated
immunity in mice

Duvnjak et al. (1982)
Duvnjak and Kosaric (1985)

Choma and Komaniecka

(2002)
Amézcua-Vega et al. (2007)
Peng et al. (2007)
Amézcua-Vega et al. (2007)
Peng et al. (2007)

Katemai et al. (2008)

Seo et al. (2008)
Sadouk et al. (2009)

Donio et al. (2013)

Kaeppeli and Finnery (1979)
Rosenberg and Ron (1999)

Batrakov et al. (2001)

Choma and Komaniecka
(2002)

Burgos-Diaz et al. (2011)
Kretschmer et al. (1982)
Batrakov et al. (2001)
Janek et al. (2013)
Batrakov et al. (2001)
Deshmukh et al. (2012)

MacDonald et al. (1981)

Johnson et al. (1992)
Batrakov et al. (2001)
Bashetti et al. (2012)
Beeba and umbreit (1971)

Post and Collins (1982)

Patrick et al. (1996)
Leahy et al. (2003)

Demuth et al. (2003)

Sharma et al. (2000)

Khandelwal and Banerjee-
Bhatnagar (2003)

Avila-Calderon et al. (2011)
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Table 2 continued

Sub-classes Producing strain

Biological activities References

Fimbriae A. calcoaceticus RAG-1

P. fluorescens

Porphyromonas gingivalis

B. subtilis

Nocardia amarae

Whole bacterial cells

Aerial spores of a
Streptomyces sp.

Micrococcus sp.

Lactococcus lactis subsp
lactis

Micrococcus luteus BN56

Ochrobactrum. anthropi
strain RIPI5-1

Enhancing alkane uptake by
microorganisms

Rosenberg et al. (1982)

Hydrophobic attachment to
polystyrene,
hemagglutination, and
attachment to corn roots

Vesper (1987)

Activate Human Gingival
Epithelial Cells through Toll-
Like Receptor 2

Asai et al. (2001)

De-emulsification activity Janiyani et al. (1994)
Lee and Lee (2000)

Park et al. (2000)

De-emulsification activity

De-emulsification of oil-in-
water emulsions

De-emulsification capabilities

Control the stability of
emulsion

Das (2001)
Ly et al. (2006)

Emulsion-stabilizing agents Tuleva et al. (2009)

De-emulsifying activity Mohebali et al. (2012)

by Nocardia erythropolis (Desai and Banat 1997) and A.
calcoaceticus C42 (Bashetti et al. 2012).

Exopolysaccharides bioemulsifiers

Exopolysaccharides complex active extracellular biopoly-
mers, are high molecular weight carbohydrate polymers.
They could be produced by various marine microorganisms
form a layer surrounding the cells helping them to with-
stand or resist to adverse and extreme environmental con-
ditions offering a high structural diversity (Satpute et al.
2010). These compounds are important in microbial in-
teraction and emulsification of various hydrophobic sub-
strates (Maki et al. 2000; Yim et al. 2005). They are also
known to increase the viscosity of solutions at low pH
value and emulsify several hydrocarbon compounds
(Guezennec et al. 1994; Calvo et al. 1998).

Particulate biosurfactants and whole bacterial cells

Numerous microbial strain release extracellular membrane
vesicles, called particulate biosurfactants, that partition to
hydrocarbons to form microemulsion which plays an im-
portant role in alkane uptake by microbial cells. Vesicles of
Acinetobacter sp. strain HO1-N, composed of protein,
phospholipid, and lipopolysaccharide and those of A. cal-
coaceticus are some examples (Desai and Banat 1997).
Moreover, some other particulate biosurfactants could be
synthesized and remain adhered to the cell surfaces.
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Therefore, the corresponding microbial cells are charac-
terized by their highly hydrophobic surface having the
capacity to adhere to hydrocarbons and they could be
recognized as bio-emulsifying agents.

Main properties of polymeric bioemulsifiers
Emulsification capacity

Emulsification corresponds to a dispersion of one liquid
into another (as microscopic droplets) leading to the mix-
ing of two immiscible liquids. Generally, polymeric
bioemulsifiers are recognized by their emulsification ac-
tivity and are good emulsifiers for food and petrochemical
industry.

A partially purified bioemulsifier produced by Acineto-
bacter sp. formed stable oil-in-water emulsions with plant
oils with a maximum emulsification activity of about
400 EU/mL (Jagtap et al. 2010). Also, a Streptomyces sp.
S22 strain produced a peptide glycol lipid bioemulsifier
with a maximum emulsification activity of 320 EU/mL
(Maniyar et al. 2011). A glycol lipoprotein bioemulsifier
produced by Microbacterium sp. MC3B-10 microbactan
emulsified aromatic hydrocarbons and oils to various ex-
tents with a higher emulsification index against motor oil of
about 96 % with a higher stability (94 %) at 50 °C, pH 10
and 3.5 % NaCl content (Camacho-Chab et al. 2013).
Moreover, mannoprotein extracted from the cell wall of the
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yeast Saccharomyces cerevisiae exhibited emulsion with
the vegetable oils tested and showed emulsion activity of
65 % towards palm oil as oil-in-water with a critical
emulsifier concentration of 20 g/l with similar emulsifying
properties to the commonly used food emulsifiers gum
arabic and lecithin (Dikit et al. 2010). The emulsion was
stable over a wide range of pH, temperature and salinity
showing a great potential for application in salad dressing.
A complex of lipids, proteins and polysaccharids
bioemulsifier produced by Candida lipolytica formed
stable emulsions with hydrophobic natural compounds
(Rufino et al. 2007). In addition, fatty acid esters produced
by P. citronellolis KHA showed greater emulsifying
properties with an E,4 of 75 % at the end of the exponential
growth phase permitting its use in the cleanup of the sites
contaminated with hydrocarbons (Sadouk et al. 2009).
Besides that, whole bacterial cells of Pseudomonas
marginalis PD-14B (Burd and ward 1996) and Micrococ-
cus luteus BN56 (Tuleva et al. 2009) were reported as
interesting emulsifying agents. Furthermore, EPS of Al-
caligens faecalis and Enterobacter sp. which were able to
emulsify n-octane, toluene, xylene, mineral oils and crude
oil, showed potential for bioremediation application
(Toledo et al. 2008). Similarly, a Sphingomonas pauci-
mobilis derived exopolysaccharide emulsified efficiently
xylene, benzene, 2-methylnaphthalene, hexadecane, hex-
ane, kerosene and paraffin oil as well as castor, coconut and
olive oils when used at 1 mg/mL (Ashtaputre and Shah
1995). It stabilized the emulsions more efficiently than
commercial gums such as arabic, tragacanth, karaya and
xanthan and emulsions were stable for 6 months, from 4 to
40 °C and pH 4 to 10 and in the presence of NaCl up to
50 g/l (Ashtaputre and Shah 1995). A curdlan-like ex-
opolysaccharide production by Cellulomonas flavigena
UNP3 during growth on hydrocarbon substrates was able to
emulsify hexadecane (Arli et al. 2011).

De-emulsification capacity

In addition to the emulsification capacity, polymeric
bioemulsifiers are able to break down the formed emulsion;
they are recognized as de-emulsifiers. De-emulsification is
achieved by disturbing the thermodynamic conditions at
the interface. It’s very useful for the petrochemical indus-
try. In fact, every year, millions of tons of crude oil
emulsions are generated by petroleum exploration and
water—oil emulsions occur throughout oil production,
pipeline transportation and processing. Problems associat-
ed with the presence of water in oil include corrosion, scale
formation and sludge accumulation in storage tanks. These
altered the viscosity of oil and the flow properties and re-
duced distillation efficiency (Mohebali et al. 2012). Before
being transported and refined, crude oil emulsions should

be demulsified to reduce water content and recover crude
oil (de Souza Sobrinho et al. 2013).

In this aim, a demulsifying strain, Alcaligenes sp. S-XIJ-
1, was investigated to synthesize a biodemulsifier using
waste frying oils as carbon source (Liu et al. 2011). Hou
et al. (2013) reported the production of biodemulsifier by
B. mojavensis XH-1 identified as extracellular proteins
attached to the cells or secreted into the culture medium.
The de-emulsification mechanism was dogged as solubi-
lization and replacement process (Hou et al. 2013).
Moreover, a carbohydrate—protein—lipid complex isolated
from the cell surface of Alcaligenes sp. S-XJ-1 exhibited
67.5 % of the de-emulsification ratio for water-in-kerosene
emulsions when used at an amount of 356 mg/L providing
demulsifying capability of the strain.

Regarding literature reviews and studies, many bacterial
strains are investigated to have bio-demulsification com-
petence. As suggested by Nadarajah et al. (2002), mi-
croorganisms are believed to modify emulsion properties
by using hydrophobic cell surfaces or the dual hydropho-
bic/hydrophilic nature of biosurfactants to displace or alter
the emulsifiers that are present at the oil-water interface. In
fact, whole bacterial cells of B. subtilis (Janiyani et al.
1994), Nocardia amarae (Lee and Lee 2000), Micrococcus
sp. (Das, 2001) and Ochrobactrum anthropi were reported
as de-emulsifying agents (Mohebali et al. 2012). Along
with different experiments, mixed culture products were
shown to exhibit high de-emulsifying activity as compared
to the most effective pure culture of A. calcoaceticus
(Nadarajah et al. 2002). In fact, a mixed culture of
Acinetobacter sp., Pseudomonas sp. and Alcaligenes latus
showed high de-emulsification activity with 96 % de-
emulsification of a water-in-oil emulsion within 24 h.
Mohebali et al. (2012) isolated a new de-emulsifying
bacterium, O. anthropi strain RIPI5-1. The potential ac-
tivity of this strain was also explained using a complex oil
field emulsion and suggested a biodemulsification capacity
of about 63 and 72 % when using the whole culture and
whole cells of the bacteria, respectively (Mohebali et al.
2012). Also, the finding of Park et al. (2000) reported that
aerial spores of Streptomyces sp. broke emulsions of low
viscosity hydrocarbons such as kerosene and gasoline
within 1 min, but after 3 min of contact they could
demulsify <50 % of emulsion of high viscosity hydrocar-
bons diluted with kerosene.

Ability to reduce the surface and interfacial tension

Generally, polymeric bioemulsifiers are recognized by their
emulsification activity. However, they were demonstrated
to decrease the surface and interfacial tension and can be
acknowledged as biosurfactants. According to Satpute
et al. (2010), surfactant can have both surface tension
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reduction and emulsification activity. Table 3 enumerates
some polymeric biosurfactants along with their producing
strains and corresponding surface and interfacial tensions
values.

Fatty acids resulting from the microbial oxidation of
alkanes have gained great attention as surfactants and were
reported to lower the surface and interfacial tensions (Ron
and Rosenberg 2001). Some of these complex fatty acids,
e.g., those produced by Candida ingensare are potent sur-
factants able to reduce greatly the surface tension of culture
media (Amézcua-Vega et al. 2007). Also, emulsan and
phospholipids were reported to reduce the surface and in-
terfacial tension of the medium broth (Table 3).

The production of various polymeric surfactants was
known to increase seriously when several hydrocarbon-
degrading bacteria or yeast are grown on alkane substrates
and were demonstrated to decrease the surface tension.
However, the amount of the decrease of the surface tension
can depends on the nature of the carbon source (Chaman-
rokh et al. 2010). When ethanol was used as a carbon
source, the surface tension was about 30, 30 and 32 (mN/m)
for three strains of A. calcoaceticus PTCC 1318, Pay-4 and
IL-1, respectively. Whereas surface tension was 28.2, 29
and 30 (mN/m) for A. calcoaceticus PTCC 1318, PAY-
4and IL-1, respectively with soy oil as a sole source of
carbon and energy. When Crude oil was used, the obtained
surface tensions were 29, 29.2 and 31 (mN/m), respectively
for the above-mentioned bacteria. Generally, this reduction
of surface tension measurements indicated the production
of surface-active compounds by the microbial culture,
which has been shown to support the metabolism of the

Table 3 Surface and interfacial tension of polymeric biosurfactants

substrate and stimulate microbial growth (Chamanrokh
et al. 2010).

Tolerance to extreme conditions of pH, temperature
and salinity

Biosurfactants are reported stable at various temperature,
pH and salinity (Salihu et al. 2009; Augustin and Tene
Hippolyte 2012). The polymeric bioemulsifier synthesized
by Microbacterium sp. MC3B-10 produced a highly stable
emulsion (94 %) at 50 °C, pH 10 and 3.5 % NaCl content
(Camacho-Chab et al. 2013). Exopolysaccharide polymeric
bioemulsifiers are well known by their great stability and
activity at extreme pH values. Halomonas eurihalina EPS
were found to increase effectively the viscosity of solutions
at low pH value and emulsify several hydrocarbon com-
pounds (Calvo et al. 1998). Similarly, an extracellular
polysaccharide produced by Volcaniella eurihalina was
found to be able to form high viscous solutions, like a gel,
at low pH values even in the presence of inorganic salts
(Calvo et al. 1995). Also, polysaccharides namely PS 3a24
and PS 3a35 produced by marine bacteria have been shown
to have high specific viscosity, pseudoplasticity, and sta-
bility over a wide range of pH in the presence of a variety
of salts (Boyle and Reade 1983). A high molecular weight
polysaccharides bioemulsifiers produced by Variovorax
paradoxus were able to produce a thick stable oil/water
emulsion and maintained the emulsification activity after
boiling and at low temperatures (Franzetti et al. 2012). An
exopolysaccharide derived from Paenibacillus macerans
demonstrated a great stability at 121 °C for 20 min, over a

Biosurfactants Producing strain Surface tension Interfacial tension References
Surface-active lipids Nocardia erythropolis 34-37 mN/m 2 mN/m MacDonald et al. (1981)
Corynomycolic acids and Arthrobacter paraffineus 32 mN/m 2.5 mN/m Duvnjak et al. (1982)
spiculisporic acids
Phosphatidylethanolamine Rhodococcus erythropolis  — 1 mN/m Kretschmer et al. (1982)
(CMC = 30 mg/L)
Corynomycolic acids Corynebacterium lepus 31-33 mN/m 2-3 mN/m Duvnjak and Kosaric
(1985)
Corynomycolic acids R. erythropolis - 6 mN/m Rosenberg and Ron
Trehalose onocorynomycolates - 16 mN/m (1999)
Trehalose dicorynomycolates - 17 mN/m
Fatty acid esters Pseudomonas 35 mN/m - Sadouk et al. (2009)
citronellolis KHA (CMC = 60 mg/L)
Emulsan Acinetobacter 30 mN/m - Mousavian and Rahimi
calcoaceticus (2010)
Phospholipid Sphingobacterium sp. 33 mN/m - Burgos-Diaz et al.
(2011)
Peptidoglycolipid Streptomyces sp. S22 23.09 mN/m - Maniyar et al. (2011)
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pH range from 3 to 11, and in saline conditions (Liang
et al. 2014).

Kokare et al. (2007) showed a good stability at room
temperature (28 °C) of the bioemulsifier derived from
Streptomyces sp. S1. Navon-Venezia et al. (1995) reported
a maximum emulsification activity of an A. radioresistens
derived alasan at acidic pH value along with an activation
at high temperature. The emulsifying activity of a
mannoprotein derived from S. cerevisiae was stable over
broad range of conditions, from pH 2 to 11, withup to 5 %
sodium chloride or up to 50 % ethanol in the aqueous
phase (Cameron et al. 1988). Moreover, in the presence of
a low concentration of various solutes, emulsions were
stable to three cycles of freezing and thawing. Acineto-
bacter bioemulsifiers created a highly stable oil-in-water
emulsion that maintained 90 % of its stability up to 6 days
at 37 °C (Patil and Chopade 2001).

These interesting properties offer the opportunities for
the polymeric bioemulsifiers to be investigated in extreme
environment for microbial enhanced oil recovery and
in situ biodegradation of oil sludge (Sen 2008). Moreover,
they enable their use in industrial processes for food and
pharmaceutics frequently involve exposure to extremes of
temperature, pressure, pH and ionic strength.

Low toxicity and biodegradability

Owing their natural origins, microbial derived emulsifiers
are recognized as low or non-toxic compounds. Munster-
mann et al. (1992) showed the reduced toxicity of micro-
bial derived surface active compounds (Trehalose
dicorynomycolate and Trehalose tetraester from R. ery-
thropoli) towards different synthetic surfactants. Similarly,
in a study conducted by Edwards et al. (2003) reporting a
comparison of acute and chronic toxicity of three synthetic
surfactants and three microbiological derived surfactants
commonly used in oil spill remediation, emulsan was re-
vealed among the least toxic. In another study, acute
toxicity tests involving two species of marine larvae,
Mysidopsis bahia (shrimp) and Menidia beryllina (fish),
demonstrated low toxicity of the high molecular weight
biosurfactant JE1058BS produced by Gordonia sp. (Saeki
et al. 2009). Following an acute toxicity test conducted on
mice, Ashtaputre and Shah (1995) confirmed the non-
toxicity of an exopolysaccharide bioemulsifier produced by
S. paucimobilis. Similarly, a mixture of high molecular
weight polysaccharides produced by V. paradoxus did not
show any toxic properties through different ecotoxico-
logical tests (decrease in the bioluminescence of Vibrio
fischeri; mortality of the crustacean Daphnia magna; seed
germination and root elongation test was performed on
Cucumis sativus, Lepidium sativum and Sorghum saccha-
ratum and a contact acute toxicity test was performed on

earthworms Eisenia foetida) (Franzetti et al. 2012).
Moreover, respirometric tests showed that moderate
biodegradability of the bioemulsifier occurred by soil
bacterial inoculum (Franzetti et al. 2012). Also, Camacho-
Chab et al. (2013) reported the non-toxicity of a glycol-
ipoprotein bioemulsifier produced by Microbacterium sp.
MC3B-10. Thus, reduced toxicity towards synthetic sur-
factants recognized as highly toxic (Song et al. 2012) and
biodegradability makes biosurfactants more suitable for
industrial and environmental applications such as biore-
mediation. In fact, Cappello et al. (2011) recommended the
biodegradability of an exopolysaccharide biosurfactant.

Foaming capacity

A foaming agent is a compound that facilitates formation
of foam. A surfactant, which, when present in small
amounts, reduces surface tension of a liquid (reduces the
work needed to create the foam) or increases its col-
loidal stability by inhibiting coalescence of bubbles lead-
ing to the formation of foam. Also, stable foams can be
generated by a selective enrichment of hydrophobic bac-
teria in them by a process of flotation (Petrovski et al.
2011). Studies suggested that there is a great correlation
between cell surface hydrophobicity, biosurfactant pro-
duction and foam formation (Stratton et al. 2002).

As suggested by Lang and Philp (1998), Rhodococci
strains have been involved in foaming incidents due to their
filamentous growth, although other actinomycetes are
clearly implicated. A R. rubra strain and its crude lipidic
biosurfactant preparation, generated foams in the labora-
tory which were similar to those produced in full-scale AS
plants (Lang and Philp 1998).

Dispersion property

A dispersant is an agent that reduces the cohesive attraction
between similar particles. With this, it keeps insoluble
particles in suspension and prevents their aggregations.
This property has application in oil field chemistry as it can
lead desorption of hydrophobic molecules from rock sur-
faces enhancing mobility and recovery. The dispersants
enhance the rate of natural dispersion of oil and its removal
from the contaminated surface (Saeki et al. 2009). In ad-
dition, the dispersants amplify surface area of oil accord-
ingly to its dispersion into small droplets that is expected to
stimulate its biodegradation via the activity of naturally
occurring microorganisms (Saeki et al. 2009). Besides,
dispersion properties can be investigated in several other
fields. In fact, it’s suggested that production of emulcyan
by Phormidium cells serves as a dispersal strategy by this
non-hormogonia-producing cyanobacterium. As reported
by Rosenberg et al. (1989) the use of biodispersan
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produced by Acinetobacter calcoaceticus A2 in paper
manufacturing industries is one of the interesting ap-
proaches. Also, Elkeles et al. (1994) reported that biodis-
persan is an extracellular anionic polysaccharide produced
by A. calcoaceticus A2 that changes the surface properties
of limestone and acts both as a dispersant and as a grinding
support. Its addition as filler along with paper and lime-
stone improves the quality of paper and significantly re-
duces the time required for the grinding process (Elkeles
et al. 1994).

Main application of polymeric biosurfactants
Application in environment

Viscosity reduction for cleaning potency and microbial
enhanced oil recovery

The viscosity of a fluid is a measure of its resistance to
gradual deformation by shear stress or tensile stress. For
liquids, it corresponds to the informal notion of “thick-
ness”. Because of the existence of colloid and asphaltene,
the viscosity of thick oil is mostly so high. Nevertheless,
crude oil often needs to be transported over long distances
from the extraction fields to the refineries. Such viscosity of
heavy oils can be reduced by using surfactants to increase
mobility and to facilitate its transport. Microbial derived
surface active compounds can lower the dense oil viscosity,
helping therefore their transportation. The bioemulsifier
emulsan derived from A. venetianus RAG-1, is undoubt-
edly the most powerful, yet others such as alasan and
biodipersan produced by different Acinetobacter strains,
have been extensively studied to facilitate crude oil trans-
portation in pipeline (Bryant 1987).

As described by Planckaert (2005), a reservoir rock is
like a sponge that entraps and expels oil. Classical pro-
duction technologies, namely primary and secondary re-
covery, can only partially recover the oil present in the
field, with an efficiency estimated at one-third to half the
overall amount of oil available. In this aim, the decrease of
oil viscosity can stimulated the oil recovery. In fact, mi-
crobial enhanced oil recovery by using microbial derived
surface active compounds is a promising technology. Pre-
vious studies described the use of polymeric bioemulsifiers
for microbial enhanced oil recovery. A bioemulsifier pro-
duced by B. licheniformis and containing substantial
amount of polysaccharide, protein and lipid gave
43 £ 3.3 % additional oil recovery upon application to a
sand pack column designed to simulate an oil reservoir
(Suthar et al. 2008). Similarly, a polysaccharide-protein
complex bioemulsifier produced by B. licheniformis in-
creased the efficiency of the residual oil recovery increased
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by 22 % in a sand-pack model saturated with liquid
paraffin (Dastgheib et al. 2008). Salehizadeh and Mo-
hammadizad (2009) reported the potential use of an Al-
caligenes faecalis derived emulsan for microbial enhanced
oil recovery. Equally, an Aspergillus ustus derived gly-
colipoprotein can be a potential candidate for microbial
enhanced oil recovery (Seghal Kiran et al. 2009).

Hydrocarbon dispersion, solubilization and mobilization
capacities and enhancement of hydrocarbon
biodegradation

Generally, the biodegradation of hydrocarbons is limited
by their low bioavailability to the microorganisms, which is
due to their hydrophobicity, low aqueous solubility and
strong adsorptive capacity in soil (Amodu et al. 2013).
Addition of synthetic surfactants or biosurfactants can in-
crease the aqueous solubility of water-insoluble com-
pounds (Pacwa-Plociniczak et al. 2011). The mechanism
proposed for improving solubility of hydrophobic organic
compounds includes their encapsulation in the hydrophobic
core of the surfactant micelles (Pacwa-Plociniczak et al.
2011). In fact, at concentrations above the CMC, surfactant
molecules associate to form micelles able to encapsulate
insoluble molecules into their core (Pacwa-Plociniczak
et al. 2011). The effects of such a process are the reduction
of surface and interfacial tension and the enhancement of
the bio accessibility of the hydrophobic contaminants for
microbial attack (Perfumo et al. 2010). Several studies
reported the efficiency of low and high molecular weight
biosurfactants as hydrocarbon solubilizing agents (Perfumo
et al. 2009). Also, at concentrations below the biosurfactant
CMC, the mobilization mechanism can occurs. At such
concentrations, biosurfactants reduce the surface and in-
terfacial tension between air—water and soil-water systems.
Due to the reduction of the interfacial force, contact of
biosurfactants with a soil-oil system increases the contact
angle and reduces the capillary force holding the oil and
soil together leading to the release of oil into the aqueous
phase (Perfumo et al. 2010). Therefore, biosurfactants in-
crease the bioavailability of hydrophobic compounds re-
sulting in enhanced growth of the degrading
microorganism and the biodegradation of the contaminants.
Numerous studies reported the enhancement of hydrocar-
bon biodegradation by the addition of high molecular
weight biosurfactants.

High molecular weight biosurfactants are utilized as
hydrophobic compounds solubilizers like alasan produced
by A. radioresistens (Barkay et al. 1999) and an A. cal-
coaceticus derived bioemulsifier (Wong et al. 2010).
Having the ability to solubilize hydrocarbons, alasan dou-
bled the rate of fluoranthene mineralization and sig-
nificantly increased the rate of phenanthrene mineralization
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by S. paucimobilis EPA505 (Barkay et al. 1999). Also,
similar studies showed their efficiency in hydrocarbon
solubilization towards synthetic ones. A thermostable
polymeric biosurfactants produced by A. calcoaceticus
BUO3 improved, significantly, the apparent aqueous solu-
bility of phenanthrene, pyrene and benzo (a) pyrene at a
concentration of 25 times their CMC (Zhao and Wong
2009). At concentrations of 0.5 CMC and 1 CMC, the
biosurfactant enhanced the biodegradation of phenanthrene
by a consortium of polyaromatic hydrocarbon-degrading
microrganisms (Zhao and Wong 2009). Also, Burd and
Ward (1996) reported the beneficial effect of a high
molecular weight biosurfactant containing protein and
lipopolysaccharide in the degradation of polycyclic aro-
matic hydrocarbons by P. marginalis. Similarly, a free fatty
acid produced by R. erythropolis strain 3C-9 was reported
to enhance the hydrocarbons solubility and degradation
(Peng et al. 2007). Also, Rosenberg et al. (1982) discussed
the enhancement of hydrocarbons solubility and degrada-
tion by fimbriae of A. calcoaceticus RAG-1. Hanson et al.
(1994) reported the potential involvement of an Acineto-
bacter sp. A3 derived protein in hydrocarbon degradation.

Moreover, numerous polymeric surfactants were inves-
tigated for their washing capacity. In this aim, Variovorax
bioemulsifiers of polysaccharides nature showed significant
removal of crude oil from the sandy soil making these
compounds potentially suitable for removal of crude oil
spill from sandy shorelines (Franzetti et al. 2012). Also,
extracellular biosurfactant derived from A. calcoaceticus
RAG-1 was efficient for the recovery of hexachtoro-
biphenyl from soil slurries (41.9 %) (Van Dyke et al.
1993). A complex of fatty acid and saccharide produced by
Gordonia sp. was demonstrated to stimulate the degrada-
tion of weathered crude oil via the activity of the indige-
nous marine bacteria and stimulate the removal of crude oil
from the surface of contaminated sea sand (Saeki et al.
2009).

Dispersant agents reduced the cohesive attraction be-
tween similar particles. With this, they prevent insoluble
particles to form aggregations with each other. This prop-
erty has application in oil field chemistry as it can lead
desorption of hydrophobic molecules from rock surfaces
enhancing mobility and recovery. The dispersants enhance
the rate of natural dispersion of oils and their removal from
the contaminated surface (Saeki et al. 2009). In addition,
the dispersants increase surface area of oil as a result of its
dispersion into small droplets that is expected to stimulate
its biodegradation via the activity of naturally occurring
microorganisms (Saeki et al. 2009). In fact, earlier works
have shown that high molecular weight biosurfactants can
work as efficient biodispersants of hydrophobic com-
pounds. Biodispersan is an extracellular anionic polysac-
charide produced by A. calcoaceticus A2 that changes the

surface properties of limestone and acts both as a disper-
sant and as a grinding aid (Elkeles et al. 1994). Also, a
complex of fatty acid and saccharide derived from Gor-
donia sp. showed great potential for application as an oil
spill dispersant (Saeki et al. 2009). Pines and Gutnick
(1986) reported the beneficial effect of emulsan in the
dispersion of crude oil essential for the growth of the
producing strain.

Use of biosurfactant for detergency and cleaning

A detergent is a surfactant or a mixture of surfactants with
cleaning properties in dilute solutions. Owing diverse
properties, biosurfactants and bioemulsifiers can act in
similar way as that of detergents as well as in oil industry,
laundry detergent formulation and cosmetic. According to
Joshi-Navare et al. (2013), main properties enable the use
of biosurfactants in detergent formulation, mainly, emul-
sifying, washing, wetting, foaming and dispersing ca-
pacities as well as the anti-microbial activity. This is
specifically advantageous owing the biodegradability,
ecofriendly, and nontoxic nature of biosurfactant.

In fact, biosurfactants are used as detergents in cleaning
up hydrocarbon/crude oil storage tank. Chamanrokh et al.
(2010) showed the efficiency of the bio-emulsifiers pro-
duced by autochthonous bacteria for cleaning hydrocar-
bonaceous residues at a like manner to emulsan produced
by A. calcoaceticus PTCC 1318. Such cleanup process is
highly desirable as it is economically rewarding and en-
vironmentally friendly. Moreover, a proteoglycan
bioemulsifier with protein, polysaccharide and lipid moi-
eties produced by Acinetobacter sp. formed stable emul-
sion oil-in-water emulsions with plant oils and displayed
good cleaning property towards different oils (Jagtap et al.
2010). A high molecular weight, thermostable biopolymer
produced by an alkaliphilic bacterium, Klebsiella sp. strain
RJ-03, composed of sugar, uronic acid, protein and sulfate,
showed an excellent oil removing efficiency from soil and
cotton cloths as compared to chemical surfactants (Jain
et al. 2012).

Biomedical and therapeutic applications

Biosurfactants are well known by their membrane perme-
abilization property as they can induce pore and ion
channels formation in lipid bilayer membrane. So, they are
able to destabilize membranes disturbing their integrity and
permeability. Also, pore formation in membranes may
cause trans-membrane ion influxes, including Nat and K™,
which result in membrane disruption and cell death. These
structural fluctuations acting therefore on biological
membrane integrity can explain the primary mode of the
antibiotic action resulting in the important biological
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activities of biosurfactants including antibacterial; anti-
fungal; antiviral; anti-mycoplasma and hemolytic activities
(Fracchia et al. 2012). Therefore, high molecular weight
bioemulsifiers are well known by their antibacterial ac-
tivities against pathogenic bacteria. In fact, a novel bio-
surfactant isolated from Lactobacillus paracasei ssp.
paracasei showed antimicrobial activity against several
micro-organisms including the pathogenic Candida albi-
cans, E. coli, Staphylococcus aureus, Staphylococcus epi-
dermidis and Streptococcus agalactiae with a minimum
inhibitory concentration and a minimum bactericidal con-
centration ranging from 25 to 50 mg/mL (Gudina et al.
2010). A fatty acid derivative produced by Halomonas sp.
has a potent use as antimicrobial and anticancer drugs in
biomedical field. It exhibited antimicrobial activity against
a variety of human pathogenic bacteria (S. aureus, Kleb-
siella pneumonia, Streptococcus pyrogens and Salmonella
typhi) and fungi (Trichophyton rubrum, Aspergillus niger,
Aspergillus flavus and Fusarium sp.). It could also suppress
the proliferation of mammary epithelial carcinoma cell by
46.77 % at 2.5 pg concentration (Donio et al. 2013).

Rufino et al. (2011) have demonstrated the antimicrobial
property of the crude biosurfactant isolated from C.
lipolytica UCP0988 against several pathogenic bacteria
suggesting the possibility of the use of this biosurfactant as
an alternative antimicrobial agent in the medical field.
Moreover, this biosurfactant showed anti-adhesive activity
against most of the microorganisms tested (Rufino et al.
2011). Similarly, the surface-binding protein derived from
Lactobacillus fermentum RC-14 inhibited adhesion of En-
terococcus faecalis (Heinemann et al. 2000).

Having the ability to alter the cell surface hydropho-
bicity, adsorption of biosurfactant on solid surfaces can
inhibit the bioadhesion of pathogenic bacteria (Cao et al.
2009). It’s very interesting for medical and food applica-
tions to preserve food from pathogenic bacteria spoilage
and to protect biomedical material from nosocomial in-
fections and biofilm formation (Cao et al. 2009). A surface
active agent, mannoprotein, derived from S. cerevisiae may
be used as inhibitor of S. aureus and S. epidermidis biofilm
development for potential application in pharamaceutical
industry (Walencka et al. 2007). A lactobacillus aci-
dophilus derived surlactin was proved to inhibit the adhe-
sion of biofilm formed by P. aeruginosa to surfaces up to
60 %. So, it showed an ability to treat the infection in
rabbits’ eyes inoculated with P. aeruginosa (Ismaeel et al.
2013). Two homologs of phospholipids biosurfactants
produced by P. putida were also shown to inhibit the
bacterial adhesion by 23-72 % and that of C. albicans by
96-98 % (Janek et al. 2013).

In addition to the antibacterial potency and the anti-
adhesive properties, polymeric biosurfactants are reported
as useful as potent adjuvant and were also described as
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involved in immune responses. The partially degraded
lipopolysaccharides of Burkholderia cepacia and the or-
nithine-containing lipids were purified from some bacteria,
having weak toxicity and a great ability to activate the
immune systems of the living body, were developed as
complex lipid adjuvants (Kawai et al. 2002). The typical
bacterial ornithine-containing lipid, exhibited strong inter-
leukin-1- and prostaglandin E,-inducing activities, and
further, it induced the production of high IgG anti-tetanus
toxoid antibodies in mice is expected to be utilized as a
nontoxic, potent adjuvant (Kawai et al. 1999). In a study
conducted by Panilaitis et al. (2002), it was demonstrated
that emulsan activates macrophages in a dose-dependent
manner and this significant immunopotentiation demon-
strated by this complex polymer establishes emulsan as an
exciting new candidate adjuvant. Seo et al. (2008)
demonstrated the involvement of bacterial lipoteichoic acid
in inducing immune responses to gram-positive bacteria
and its role in inducing inflammatory responses. Moreover,
bacterial fimbriae derived from Porphyromonas gingivalis
and their peptides activate human gingival epithelial cells
through Toll-Like Receptor 2 (Asai et al. 2001). Besides
that, researchers developed the potential use of polymeric
bioemulsifiers as anticancer agents such as the outer
membrane vesicles of Actinobacillus actinomycetemcomi-
tans (Demuth et al. 2003).

Conclusion

In the past 30 years, several different polymeric biosurfac-
tants have been discovered and numerous producing strains
have been isolated and characterized. Microbial derived
polymeric biosurfactants showed many interesting func-
tional properties such as the ability to reduce the surface and
interfacial tension, the emulsification and de-emulsification
capacities, the foaming potency, the dispersing capacity, the
solubilization and mobilization abilities and the pore-form-
ing capacities. These permitted their applications in envi-
ronmental field as great enhancers of hydrocarbons
solubility, mobility and biodegradation. They are also po-
tential candidates in biomedicine and therapeutics for their
great antimicrobial, anti-adhesive and immune-modulating.
Owing these fascinating properties and wide spectrum ap-
plications besides awareness of the importance of social
development and environmental sustainability has aroused,
polymeric biosurfactants became replacers of the synthetic
surfactants. So, great efforts are needed in their production
and purification at industrial scale.
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