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ABSTRACT

Biosurfactants are surface-active secondary
metabolites, produced by microorganisms, such
as bacteria, fungi, and yeasts. Biosurfactants
have been identified as an alternative approach
to chemical surfactants due to its remarkable
characteristics  such as  eco-friendliness,
biological protection, biodegradability, and
lower toxicity. Initially, it was suggested that
biosurfactants could serve as emulsifiers of
biodegradable hydrocarbons. However, later on,
many studies have explained clearly their multi
properties, such as antimicrobial, anti-adhesive,
and antioxidant. This has widened the
applications of biosurfactants in many fields
including;  petroleum,  agriculture,  food
production, chemistry, cosmetics  and
pharmaceutics etc. This review outlined the
structural characterization, classification,
properties, biosynthesis, and mechanism of
action. As well, considerable space is given to
emphasise their potential applications along
with recent developments. Since, commercial
productions of biosurfactants are expensive,
future research should be targeted to find
alternative and cost-effective raw materials
(carbon sources) to cut down the production
cost. Sources of most biosurfactants are
restricted into several groups of terrestrial
microorganisms, more research works need to
be focused on targeting different other microbial
populations, including, marine dwellings to find
novel biosurfactants.

Key words: Commercial production, Diverse
structures, Eco-friendliness, Microorganisms,
Potential applications

INTRODUCTION

Global demand for surfactants has
shown a robust rise in its market valuation.
According to the statistics, the global
market for surfactant was estimated to be
USD 30-64 Billion in 2016 and expected to
rise to USD 39-86 billion by 2021 ! The
use of surfactants has become indispensable
in our everyday routine . Biosurfactants
include in laundry detergents (e.g., washing
powder and laundry soap), home cleaning
supplies (e.g., detergent, floor cleaner, toilet
cleaner), and personal care (e.g., toothpaste,
bathing soap, shampoo, shower gel, hand
liquid) etc. In most of these products,
surfactants  are incorporated as main
ingredients *“. At present, most of the
commercially available surfactants are
originated from the petrochemical industries
and chemically synthesized due to low
production costs . Such petroleum-based
surfactants are negatively reviewed by
researchers due to the characters of non-
biodegradability, capability of
accumulation, environmental pollution and
toxicity to living beings ®". Researchers
have also found the effectiveness of plant-
based biosurfactants such as saponins,
lecithin and soy proteins. However, this also
out looked due to the several issues like
limited production capacity, lower of
production rate, solubility and
hydrophobicity .

In this context, the wuses of
biosurfactants have been recognized as a

promising  alternative  to  chemical
surfactants ), and  plant-based
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biosurfactants  ®!. Biosurfactants  are
metabolic ~ by-products  of  various
microorganisms, including bacteria, yeasts,
actinomycetes and filamentous fungi which
exhibit  surfactant  properties 10,
However, a majority of biosurfactants are
found to be produced by bacteria ™*°..

Due to the origin, biosurfactants are
also known as microbial surfactants or green
surfactants  or  natural surfactants.
Biosurfactants can be produced
extracellularly or as part of the cell
membrane by  microorganisms  and
considered as surface-active biomolecules
[16-19] Bjosurfactants have  tremendous
ability to minimize the surface and
interfacial surface tension and show major
properties  such as  emulsification,
detergency, solubilisation, lubrication and
phase dispersion ® ™. Nevertheless, the
functional properties of biosurfactants are

Po]sition and size of their functional groups
20

For the first time in the late 1960s,
biosurfactants  gained  attention  as
hydrocarbon  dissolution  agents and
subsequently, their applications have
increased greatly over the last five decades,
due to their advantages over the chemical
surfactants such as biodegradability, less
toxicity and health care, selectivity, higher
surface activity and high specificity * *.

As well, ability to tolerate the wide
ranges of physicochemical and
environmental changes like high salinity
(£20%), pH (2-12), and temperature (30-
100 °C) has boosted its application Y. The
global market for biosurfactants was
3,44,068.40 tons in 2013 and it is projected
that it may reach 540 kilotons by 2024
[ However, commercial availability of
biosurfactants has become limited for

largely determined by their structures, the  several types such as  surfactin,
H - 22,23
sophorolipids and rhamnolipids %> %,
Structural Characterization of Biosurfactants
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Figure.l. Chemical structure of the most studied biosurfactants (A). Mono-rhamnolipids (B). Dirhamnolipids (C). Trehalose
monomycolates (D). Trehalose dimycolates (E). Lactonic sophorolipids (F). Acidic sophorolipids (G). Mannosylerythritol lipids (H).

Surfactin (1). Emulsan 4,
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Up to date, more than 2,000
structures of biosurfactants have been
identified '*Y. Nevertheless, the majority of
biosurfactants are isolated from terrestrial
microbes or where, they grow in the
hydrocarbon-polluted areas, while very few
studies have been carried out in relevant to
marine microbes ?*). Because of the wide
diversity = of  structures  (Figure.l.),
biosurfactants exhibits unique properties ..
The molecules of typical biosurfactants are
amphiphilic " contains both hydrophilic
g%ozlgr) and hydrophobic (nonpolar) groups

291 "Polar groups could be a carbohydrate,
an amino acid, a phosphate group or can
even some other group such as amino acid,
cyclic peptide, carboxylic acid or alcohol.
However, the nonpolar group generally
contains long-carbon-chain fatty acid and
also can be hydroxyl fatty acids or a-alkyl-
B-hydroxy fatty acids “°. The majority of
biosurfactants are either anionic or neutral.
Nevertheless, a few biosurfactants are also
identified as cationic % Hydrophilic
portion, of the biosurfactant is responsible
for its water solubility. As well,
hydrophobic  portion appears to be
concentrated at the air-water interfaces or in
the middle of the micelles, decreasing the
surface tension of the solution 7.

Table.1. Classification of biosurfactants and microorganisms involve

Classification of Biosurfactants

Many microorganisms have been
reported to produce several classes of
biosurfactants 2. Biosurfactants  are
classified according to their molecular
weight, chemical composition, physico-
chemical properties, mode of action and
microbial origin % *! However, the
biosurfactants have been  preferably
classified by many authors based on their
molecular weight " **! and categorized as
i).low-molecular-mass and ii). high-
molecular-mass biosurfactants. Glycolipids,
lipopeptides and phospholipids are the
major classes of low-molecular-mass
biosurfactants, while  polymeric  and
particulate surfactants are the major classes
of  high-molecular-mass  biosurfactants
(Table.1).

Low-molecular-mass biosurfactants
are more important in lowering surface and
interfacial tensions. While, high-molecular-
mass biosurfactants show much effective
action in stabilizing oil-in-water emulsions
as they consist of polymers of
polysaccharides, lipoproteins, and
particulate surfactants %,

d 122,241

Major classes Sub classes

Microorganism

1.  Glycolipids Rhamnolipids

Pseudomonas aeruginosa

Trehalose lipids/Trehalolipids

Mycobacterium tuberculosis
Rhodococcus erithropolis,

Sophorolipids

Arthobacter sp., Candida apicola, C. bombicola,
Torulopsis bombicola, Torulopsis petrophilum

Mannosylerythritol lipids

Candida antartica, Pseudozyma antarctica, Pseudozyma
aphidis, Pseudozyma parantarctica
Pseudozyma rugulosa

2. Lipopeptides Surfactin/iturin/ fengycin

Bacillus subtilis

Lichenysin, Serrawettin,
Phospholipids, Viscosin,

Acinetobacter sp., Bacillus licheniformis,
Corynebacterium lepus, Serratia marcescens

3. Fatty acids, phospholipids, | Corynomycolic acid

Corynebacterium lepus

and neutral lipids Spiculisporic acid Penicillium spiculisporum
Phosphatidylethanolamine Acinetobacter sp., Rhodococcus erythropolis
4. Polymeric surfactants Emulsan Acinetobacter calcoaceticus RAG-1
Alasan Acinetobacter radioresistens KA-53
Biodispersan Acinetobacter calcoaceticus A2
Liposan Candida lipolytica
Mannoprotein Saccharomyces cerevisiae
5. Particulate Vesicles Acinetobacter calcoaceticus
6. Biosurfactants Whole microbial cells Cyanobacteria sp.
International Journal of Research and Review (ijrrjournal.com) 552
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Biosynthesis and Factors Influencing the
Production of Biosurfactants

Biosynthesis of the biosurfactants is
mainly dependent on the substrate and going
through the multistep pathways. However,

biosurfactants. Conversely, biosynthesis of
rhamnolipids like most popular
biosurfactants are extensively studied by
many researchers % 2 31 The outline of
the biosynthesis mechanism is illustrated in

there is no clear understanding of the  figure.2.

biosynthesis pathways of many

Synthesis of both biosurfactant moieties dependent upon substrate
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Figure.2. Overview of potential biosynthetic pathways of Biosurfactants in microorganisms =%,

liquid media with the addition of carbon (C)
sources such as; glucose, fructose, glycerol,
mannitol, and olive oil B”. C source is one

Since  biosurfactants  producing
microbes are usually heterotrophs, they have
capability to produce biosurfactants in
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of the major factors to produce
biosurfactants in many microorganisms =%,
The Productions of biosurfactants are
influenced by several other factors such as;
types of microorganism, nitrogen (N)
sources, concentration of C and N sources,
pH, temperature, salinity, carbon to nitrogen
ratio (C: N), incubation period, aeration and
agitation B° 44,

lloriet al.? identified that
biosurfactant produced by Aeromonas spp.
emulsified a range of hydrocarbons. They
further noticed that the organism emulsified
the diesel very well, while hexane found as
the  poorest.  According to their
demonstration, they further evidenced that
production of the biosurfactants are
depending on the type of substrate as the
highest biosurfactants are yielded in
medium with glucose and the lowest in the
medium with diesel+acetate, while soybean
found to be the best nitrogen source for
biosurfactant production. In another study,
Auhim and Mohamed “% found that optimal
temperature for biosurfactant production
from the Azotobacter chrococcum was 30°C
while optimum pH is 7. They further
indicated that the  production  of
biosurfactants seems to be very low at 6 pH.
Several studies have also stated that pH and
temperature like factors are contributing to
the stability of biosurfactants after
production ™. Auhim and Mohamed.!"!
further tested that effect of the incubation
period on biosurfactant production. They
recognized that on the 4™ day of incubation,
A. chrococcum shows optimum
biosurfactants development, which
decreases later. The speed and method of
agitation used during incubation are crucial
for biosurfactant production. It is important
to ensure the flow of oxygen from the gas
Phase to the aqueous phase ““. Wei et al.
1 Highlighted that rhamnolipid production
from Pseudomonas aeruginosa, is
dependents on the rate of agitation and they
found that 200 rpm agitation were
favourable for rhamnolipid production.

Potential Applications of Biosurfactants

Biosurfactants are commonly used in
many sectors, such as agriculture, food
processing, chemistry, cosmetics and
pharmaceutics “°'.

i. Biosurfactants in Petroleum Industry
Petroleum and petroleum
hydrocarbons are considered to be one of
the most omnipresent threats to the
environment “. Release of large volumes
of oily wastewater becomes unavoidable
and so cleaning of petroleum-based
pollutants becomes an urgent need . It is
estimated that approximately 4,00,000 tons
of oil per year introduced into the
environment in different ways “° . Today,
petroleum-related industries are the largest
emerging markets for biosurfactants'*®.
Biosurfactants produced by the hydrocarbon

degradable bacteria have ability to
remediate  such  pollutions B¢ 50
Biosurfactants can apply for various

processes in the oil industry, including;
microbial enhanced oil recovery, upgrading
of crude oil, clean-up of oil containers and
storage tanks, and formulation of
petrochemicals Y.

Researchers have explained the two
mechanisms, how the biodegradation of oil-
derived hydrocarbons could take place.
According to that, the bioavailability of the
hydrophobic substrate to microorganisms is
increased as a result of lowering the surface
tension of the medium around the bacterium
and minimizing interfacial tension between
the cell wall and hydrocarbon molecules.
Other mechanism explained the interaction
between the biosurfactant and the cell
surface, resulting to changes in the
membrane, promoting adherence  of
hydrocarbons (increase in hydrophobicity),
and dropping the lipopolysaccharide index
of the bacterial cell wall without causing
any damage to the  membrane.
Consequently, biosurfactants block the
formation of hydrogen bridges and enable
interaction between hydrophobic-
hydrophilic that leads to rearranging the
molecules and minimizes surface tension of
the liquid by increasing its surface area and
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increase bioavailability (Figure.3). Finally,  petroleum hydrocarbons %

it enhances the biodegradability of

Hydrophilic head

Hydrocarbon droplet
Hydrophobic tail

- Bacterial cell

W~ Monomer surfactant

4

Figure.3. (A) The action of biosurfactants on petroleum ®2. (B). Simplified structure of micelle 1%,

The application of biosurfactants can reached below the critical micelle
be enhanced the bioremediation process  concentration (CMC) of biosurfactants. At
through; mobilization, solubilization and  these concentrations, biosurfactants reduce
emulsification  ©  (Figure.4).  The  the surface and interfacial tension between
mobilization occurs once the concentrations  air/water and soil/water systems 2.

Low molecular-mass biosurfactants High molecular-mass biosurfactants

In Concentration

Mobilization Solubilization Emulsification
(Below critical micelle concentration) ~ (Above critical micelle concentration)

Figure.4. Mechanisms of hydrocarbon removal by biosurfactants based on its molecular mass and concentration %,
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In the case of contact of
biosurfactants with soil/oil system, the
reduction of the interfacial force leads to
increases in the contact angle and decreases
the capillary force holding oil and soil
together. The solubilisation process has
taken place above the biosurfactant critical

micelle concentration. At such
concentrations, biosurfactant molecules
combine to form micelles, which

significantly increase the solubility of oil.
The hydrophobic ends of the biosurfactant
molecules bind together within the micelle
and hydrophilic ends of the biosurfactant are
exposed to the aqueous phase on the
outside. As a result, the interior of the
micelle  develops an  environment
compatible with  hydrophobic organic
molecules. The process of incorporation of
these molecules into a micelle is called as
solubilisation.  In  the process of
emulsification, it creates a liquid which is
containing tiny droplets of fat or oil
suspended in a fluid (usually water). In
order to remove oil substances from
environments, biosurfactants that are having
higher molecular weight and act as an
additive to induce bioremediation 2.
Matsui et al. ¥ investigated that
potentiality of biosurfactants which are
produced by Gordonia  polyisopreni-
vorans to clean the bottom sludge of oil
tanks. They have found that biosurfactants
at a concentration of 1-10 g I}, with stable
dispersion at 10 g I for 3 weeks could
effectively clean the sludge. A Study
conducted by Whang et al. ®* found that
incorporation of rhamnolipid which is
produced by Pseudomonas aeruginosa; to
diesel/water systems from 0 to 80 mg L™
have shown diesel degradation at 40 to
100%. They also evidenced that the addition
of 40 mg/L of surfactin (from Bacillus
subtilis) could degrade the diesel at 94%. As
well, Zhanget al. P® evidenced that
biosurfactants produced by Bacillus
atrophaeus have also potentiality to remove
the crude oil about 90% or even higher than
that. In another study, Plazaet al. '
recorded the effectiveness of biosurfactants

that are produced by Ralstonia
picketti and Alcaligenes piechaudii in the
degradation of hydrocarbons by up to 80%.
They further highlighted that the application
of R. Picketti and A. piechaudii could
significantly degrade the various
hydrocarbons such as Hexadecane, pristane,
cyclohexane, toluene, benzene and m+p-
xylenes. Freitas et al. “? also highlighted
that ability of biosurfactant which is
produced by Candida bombicola removes
the oil spills in the ocean. A lab experiment
conducted by Santoset al. ®® found that
biosurfactant from Candida lipolytica has
the potentiality to remove 70% of motor oil
contaminants.

ii. Biosurfactants in Agriculture

Biosurfactants can be wused to
improve the soil quality of agricultural land,
since the various types of pollution (e.g.,
hydrocarbon, heavy metals) degrade the
agro soil and influence the plant growth.
Biosurfactants produced by Pseudomonas
sp., Bacillussp., and Acinetobacter sp.
shows potentiality to eliminate the
hazardless of heavy metal (contaminants
due to the application of pesticides) in agro
lands ©%. Heavy metals can be accumulated
at an elevated level in the environment due
to other anthropogenic activities such as
mining and smelting operations,
electroplatin([g, metallurgy, paint and
batteries etc [°° %,

Bioremediation of heavy metals in
soil is primarily based on their ability to
form complexes with metals. The anionic
biosurfactants build complexes by ionic
bonds with a nonionic metallic form. These
bonds are much stronger than the metal’s
bonds with the soil. Due to the lowering of
the interfacial tension, metal-biosurfactant
complexes are desorbed from soil matrix to
soil solution (Figure.5). The cationic
biosurfactants substitute the same charged
metal ions through competition for some but
not all negatively charged surfaces (ion
exchange). Biosurfactant micelles could be
allowed to remove heavy metal ions from
soil surfaces 2. Isolated biosurfactants
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from Candida lipolytica shows efficacy in
removing copper and lead (about 30%) from

|

(W1

standard sand 81,

. Heavy metal

,  Monomer surfactant

Absorbance of heavy metal to soil surface

Sorption of biosurfactant molecules to soil
surface and complexation with heavy

'1 metal
400k

Desorption of the metal- biosurfactant
complexes from the soil matrix and
incorporation of the metal into micelle

Precipitation of
biosurfactants
out of the

&\

s e "‘\ N 1
&‘; x complex

Figure.5. Mechanism of heavy metals removal by biosurfactants from contaminated soils %,

Researchers also  found that
potentiality of bioremediation of octane
contaminated soils with the help of
biosurfactants produced by Lactobacillus
pentosus . Several  studies  have
highlighted that ability of biosurfactants to
promote the crop growth antagonistic
activities in controlling plant pathogens
(e.g., zoosporic plant pathogens) and
increasing the bioavailability of nutrient for
E)S?neficial plant-associated microbes [+ &

Borah et al.® found that the antifungal
activity of rhamnolipids against
the Fusarium verticillioides, which is a
major pathogen in Zea mays L (corn) and
cause stalk and ear rot of maize. at higher
concentration (50 mg ™) of rhamnolipids
inhibit the pathogen completely including
its mycelial and spores. Moreover, they
found that using rhamnolipids over the 50

mg I could improve the biomass and
fruiting time compared to those of healthy
control plants.
iii. Biosurfactants in Food Industry
Biosurfactants are used as food
emulsifiers. Fungi (e,.g., Candida valida,
Candida utilis, Hansenula anomala,
Rrhodotorula graminis, Rhodospiridium
diobovatum) and bacteria (Klebsiella sp.
and Acinetobacter calcoaceticus) are the
commonly used microorganism to produce
bioemulsifiers . While, in bakery and ice-
cream formulations, biosurfactants are
impotent to control the consistency, slowing
staling and solubilizing the flavour oils.
Adding rhamnolipid in bakery products can
improve the stability of dough, volume and
texture . In  the food industry
biosurfactants (e.g., XonIi[pids) also can be
used as food preservatives %!,

International Journal of Research and Review (ijrrjournal.com) 557
Vol.8; Issue: 2; February 2021



A. K. H. Priyashantha et.al. Biosurfactants: an alternative approach to synthetic surfactants.

Iv. Biosurfactants in Pharmaceutical
Industry

Recently, biosurfactants have been
considered as potential drug candidates and
many studies have been conducted to
evaluate the antibacterial, antifungal,
antiviral and anti-adhesive activity against
several pathogens. It also identified
immune-modulators and enzyme inhibitors
potentiality of biosurfactants [®®). The
studies have also proved that great
antimicrobial and antibiofilm ability of
biosurfactants, against several drug-resistant
pathogens (.

Biosurfactants show importance in
pharmaceutical industries due to its
antimicrobial and anti-adhesive properties
(34791 purified biosurfactants in the major
class of glycolipids have a broad range of
antibacterial activities and can be used for
oral and dermal administration [™. As an
example biosurfactants like Rhamnolipids
show antimicrobial properties against
several microbes such as Bacillus cereus,
Micrococcus luteus, Staphylococcus
aureus and Listeria monocytogenes !,

Moreover, a study conducted by
Abalos and co-workers. @ found that
antifungal  properties of rhamnolipids
produced by Pseudomonas aeruginosa
strains, against the fungi like Aspergillus
niger and Gliocadium virens.
Sambanthamoorthy et al. ! demonstrated
that capability of probiotic lactobacilli
bacteria  (Lactobacillus  jensenii and L.
rhamnosus) to inhibit biofilm formation by
important drug-resistant pathogens;
Acinetobacter baumannii, Escherichia coli,
and Staphylococcus aureus. They further
found that antimicrobial activities of
biosurfactants by causing damage to the cell
membrane of A. baumanniias well as
damaging to the cell wall of S. aureus.
Rodrigues et al. ' have reported that
antiviral activity of biosurfactants against
several human viruses; treahalose lipid
against the HSV and influenza virus,
surfactin against human immunodeficiency
virus 1 (HIV-1) and pumilacidin (surfactin
analogue) against herpes simplex virus 1

(HSV-1). Besides, they further highlighted
that potential of some more medicinal
application of biosurfactants as; rhamnolipid
against several bacterial and yeast strains
isolated from voice prostheses, surfactin
against fibrin clot formation and antitumour
activity against Ehrlich’s ascite carcinoma
cells, and anti-adhesive activity of surfactin
against several pathogens including enteric
bacteria.

In a recent study, Ghasemi et al.[*’!
have found a considerable anti-adhesive
activity of  biosurfactants  (Unknown,
however structurally characterized as a
lipoprotein)  derived  from Pediococcus
dextrinicus against several microbes such
as; Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus
aureus, Bacillus cereus, Enterobacter
aerogenes and Salmonella typhimurium.

v. Biosurfactants in Health and Beauty
Industry

Biosurfactants also  show an
advantage over synthetic surfactants such as
low irritancy or anti-irritating effects, better
moisturizing properties and compatibility
with skin and hence it is much demanded in
beauty industries. Biosurfactants such as
sophorolipids, rhamnolipids and
mannosylerythritol lipids are widely using
in cosmetics [®*. Sophorolipids which are
produced by various yeast species
(e.g., Candida bombicola) are incorporated
with many cosmetics since it has good skin
compatibility and excellent moisturizing
properties [ 6 74!

Rhamnolipid show effectiveness via
wound healing with reduced fibrosis and
cure of burn shock and plays a vital role in
skin treatments !, It also has properties of
anti-dandruff, anti-wrinkle and anti-ageing
and hence uses of Rhamnolipid also show
wider its application in beauty products. As
well, because of its high surface and
emulsifying activities, several different
formulations  of  Rhamnolipid  also
incorporated in deodorants, nail care
products and toothpaste Manno-
sylerythritol lipids are incorporated with
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anti-ageing skincare products. It also shows
moisturizing properties towards human skin
cells, repairing effect on damaged hair along
with making it smooth and flexible. As well,
Mannosylerythritol lipids show stimulating
ability for new hair growth ¥ Gharaei-
Fathabad™ mentioned about possibilities
to produce some more cosmetics items with
incorporating the biosurfactants such as
body massage accessories, lipsticks, lip
makers, eyeshades, mascaras, soap,
toothpaste and polishes, denture cleansers,
adhesives, antiperspirants, baby products,
foot care, mousses, antiseptics, shampoos,
conditioners, shave and depilatory products,
antacids, bath products, acne pads, contact
lens solution and hair colours etc.

Recent Developments of Biosurfactants
i. Biosurfactants in Geological Carbon
Storage

CO, is considered as one of the
major candidate for Global warming and
climate change and responsible to cause
much more consequences along with CO;
release to the atmosphere [® "8, Researchers
found that rather than emissions of CO; to
the atmosphere, geological carbon storage is
much less risky and important to stabilize
the atmosphere  atmospheric  CO,
concentration * %A study by Park et al.
B revealed that surfactin produced
by Bacillus subtilis (strain ATCC6633) has
an ability to store the CO,. They further
stated that B. subtilis will grow up and
produce the surfactin even under high-
pressure environments and supercritical
CO,. Moreover, Parket al. ® confirmed
that the wuse of naturally occurring
biosurfactants to enhance geological carbon
storage as a promising strategy to reduce the
atmospheric accumulation of CO,.

ii. Biosurfactants used to Produce
Nanoparticles

Metallic nanoparticles such as; silver
(Ag), gold (Au), platinum (Pt), and
palladium (Pd), are used in the field of
science and technology. The importance of
nanoparticles running in the development of

new devices or tools which are used in the
biomedical and pharmaceutical fields
includes drug delivery, diagnostic imaging,
labelling, and as biosensors etc. The
synthesis of metallic nanoparticles is
generally carried out through the chemical
method, which is downgraded due to its
biological hazardness and environmental
toxicity 2. Hence, the production of
metallic ~ nanoparticles  through  the
biosurfactants is highly encouraged by the
scientist. A number of studies have been
carried out recently to use biosurfactants for
biosynthesis and stabilization of

. [15, 83]
nanoparticles .

Fariaset al. 7 identified that
possibility of synthesizing Ag nanoparticles
in water-in-oil microemulsion stabilized by
a biosurfactant produced by
the Pseudomonas aeruginosa. In  another
study, Rane et al. ®*! found that significance
of biosurfactants produced by the Bacillus
subtilis, on preparing nanoparticles of Ag
and Au. In their study, purified
biosurfactants from B. subtilis and incubated
with Silver nitrate (AgNO3) or Chloroauric
acid (HAuCly) in order to produce
nanoparticles. Rane and co-workers [
further found that the production of
biosurfactants from B.  subtilis could be
achieved in low cost by using industrial
wastages like molasses, orange peels
extract, bagasse extract, banana peels and
potato peels extract. Hence, they further
stated that the production of nanoparticles
from biosurfactants is not only showing
environmental friendliness but also cost-
effective. Hence, biosurfactants are a better
option for the synthesis of inorganic
nanoparticles for industrial application .
Kumar et al. ™ highlighted those silver
nanoparticles  produced  through the
biosurfactant show a better broad-spectrum
antimicrobial activity against both Gram-
positive and Gram-negative pathogens
bacteria.

iii. Biosurfactants in Anticancer treatment
Researchers are working on to find a
novel treatment for many types of cancers
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including; breast, ovary, lung, brain, colon
and pancreas ® and much attentions
have been paid recently to control human
cancers through the biosurfactants. The
biosurfactants show anticancer activity
against the wide range of cancer cell lines
(%1 Researchers found that inhibition of cell
proliferation due to cancer, through
biosurfactants . Nevertheless, researchers
are more favourably used surfactin to
control cancers such as Ehrlich ascites,
Breast, Colon, Leukemia, Hepatocellular,
Oral epidermoid, Pancreatic, and Rat
melanoma.  However, the use of
biosurfactants in this regard is still in
progress and need to be studied further to
find out the effects on human being .

Limitations in uses of Biosurfactants
Unfortunately, biosurfactants have
not yet been commercially able to compete
with synthetic surfactants °. Chemical
synthesis of biosurfactants shows many
difficulties while production of large
quantities also restricted for very few
biosurfactants, such as sophorolipids and
mannosyloerythritol lipids. Productions of
biosurfactants are also gain negative
feedback due to its higher production costs
B34 Productions of biosurfactants are
generally done by using high cost of raw
materials and this leads to slow down the
market growth %l Substrate composition
may lead up to 50% of the total production
costs and hence the use of inexpensive raw
materials is highly important ¥ To
overcome this production cost, many
researchers were tried different cheap and
renewable substrates to grow up the
microbes °*.. Many studies have reported
that the use of industrial carbon-rich wastes
to improve the yield of biosurfactants [°%,
Such cheaper raw material includes;
glycerol (from biodiesel production), soya
and sugar cane molasses, waste frying oils
and ground-nut oil refinery residue, with the
addition of corn steep liquor, crop residues
such as bran and straw of wheat and rice,
cassava wastewater, distillery wastes,
mannitol, fructose, glucose, n-paraffins and

animal fat etc ™ % % 1 However, the
selection of certain microorganisms, process
and management of industrial by-products
also need to be considered to produce cost-
effective biosurfactants . As well, the
synthesis of nanoparticles through the
biosurfactants also have drawbacks like
long reduction time and complex
downstream process ..

CONCLUSION AND
RECOMMENDATIONS

Due to the disadvantages over the
synthetic surfactants, biosurfactants have
drawn greater attention. Biosurfactants
show similar or better performance,
compared with synthetic surfactants. The
non-harmless properties of biosurfactants
lead to use in a number of different
industries such as; petroleum, cosmetic,
pharmaceutical, food, petroleum,
wastewater treatment and agricultural
sections. However, the applications of
biosurfactants are restricted, mainly due to
their higher production coast. Many studies
have also been conducted to find alternative
substrates, however, the application of such
findings are yet to be developed. Hence, to
cut down the production cost, more studies
need to be done to find sustainable and cost-
effective raw materials.

Also, more studies have been
focusing on the biosurfactants of terrestrial
microorganisms and there is an urgent need
to discover the potential  marine
microorganisms as biosurfactants. Also,
different strains of known microorganism
should be found to enhance productivity. As
well, future studies should also focus to
enhance the application of biosurfactants in
combination with other compounds like
antibiotics or enzymes. In addition, genetic
engineering technologies could also be
combined to enhance the production
capacity through minimum input.

Conflict of Interest

The authors declare no conflicts of
interests any matter related to this paper.
The submission has not been previously

International Journal of Research and Review (ijrrjournal.com) 560
Vol.8; Issue: 2; February 2021



published, or it is

A. K. H. Priyashantha et.al. Biosurfactants: an alternative approach to synthetic surfactants.

not under the

consideration for elsewhere.

REFERENCES

1.

10.

11.

Singh P, Patil Y, Rale V. Biosurfactant
Production:  Emerging  Trends  and
Promising Strategies. Journal of Applied
Microbiology. 2019; 126(1): 2-13.

Banat | M, Satpute S K, Cameotra S S, et al.
Cost Effective Technologies and Renewable
Substrates for Biosurfactants’ Production.
Frontiers in Microbiology. 2014; 5:1-18.
Yuan CL, XuZ Z, Fan M X, et al. Study on
Characteristics and Harm of Surfactants.
Journal of Chemical and Pharmaceutical
Research. 2014; 6(7): 2233-2237.

Makkar R, Cameotra S. An Update on the
Use of Unconventional Substrates for
Biosurfactant Production and their New
Applications. Applied Microbiology and
Biotechnology. 2002; 58:428-434.

Campos J M, Montenegro Stamford T L,
Sarubbo L. A, et al. Microbial
Biosurfactants as Additives for Food
Industries. Biotechnology Progress. 2013;
29(5): 1097-1108.

Chong H, Li Q. Microbial Production of
Rhamnolipids: Opportunities, Challenges
and Strategies. Microbial Cell Factories.
2017; 16(1): 1-12.

Trismawati T, Wardana | N G, Hamidi, N,
et al. Seed Oil of Morinda citrifolia L. as a
Surfactant  for  Deinking  Flotation.
International ~ Journal  of  Chemical
Engineering.2017; 2017:1-8.

Randhawa K K S, Rahman P K S M.
Rhamnolipid Biosurfactants-Past, Present,
and  Future  Scenario of  Global
Market. Frontiers in microbiology. 2014; 5:
1-7.

Morais I, Cordeiro A L, Teixeira G S, et al.
Biological and Physicochemical Properties
of Biosurfactants Produced by Lactobacillus
jensenii  Pgaand Lactobacillus gasseri
Pes. Microbial Cell Factories. 2017; 16(1):
1-15.

Mulligan, C N. Environmental Applications
for Biosurfactants. Environmental Pollution.
2005; 133(2):183-198.

Campos, J M, Stamford T L M, Sarubbo L
A. Production of a Bioemulsifier with
Potential Application in the Food Industry.
Applied Biochemistry and Biotechnology.
2014; 172(6): 3234-3252.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bafghi M K, Fazaelipoor M H. Application
of Rhamnolipid in the Formulation of a
Detergent. Journal of Surfactants and
Detergents. 2012; 15(6): 679-684.

Sharma D, Saharan B S, Chauhan N, et al.
(2014).  Production  and  Structural
Characterization of Lactobacillus helveticus
derived Biosurfactant. Scientific World
Journal. 2014; 2014:1-9.

Sena H H, Sanches M A, Rocha D, et al.
Production of Biosurfactants by Soil Fungi
Isolated from the Amazon Forest.
International Journal of Microbiology.
2018; 2018: 1-8.

Kiran G S, Selvin J, Manilal A, et al.
Biosurfactants as Green Stabilizers for the
Biological Synthesis of Nanoparticles.
Critical Reviews in Biotechnology. 2011;
31(4):354-64.

Mukherjee S, Das P, Sen, R. Towards
Commercial  Production of Microbial
Surfactants. Trends in Biotechnology, 2006;
24(11): 509-515.

Rahman P K S M, Gakpe E. Production,
Characterisation and  Applications  of
Biosurfactants-Review. Biotechnology.
2008; 7(2): 360-370.

GOmez-Grafla S, Perez-Ameneiro M,
Vecino X, et al. Biogenic Synthesis of
Metal Nanoparticles using a Biosurfactant
Extracted from  Corn and their
Antimicrobial Properties. Nanomaterials
2017; 7(6): 1-14.

Marchut-Mikolajczyk O, Drozdzynski P,
Pietrzyk D, et al. Biosurfactant Production
and Hydrocarbon Degradation Activity of
Endophytic ~ Bacteria  Isolated  from
Chelidonium majus L. Microbial Cell
Factories. 2018; 17(1): 1-9.

Ptaza G A, Chojniak J, Banat [. M.
Biosurfactant Mediated Biosynthesis of
Selected Metallic Nanoparticles.
International Journal of Molecular Sciences.
2014; 15(8): 13720-13737.

Fenibo, E O, ljoma G N, Selvarajan R, et al.
Microbial Surfactants: The Next Generation
Multifunctional Biomolecules for
Applications in the Petroleum Industry and
Its Associated Environmental Remediation.
Microorganisms. 2019; 7(11): 1-29.
Mulligan C N. Recent Advances in the
Environmental Applications of
Biosurfactants. Current Opinion in Colloid
and Interface Science. 2009; 14(5): 372—
378.

International Journal of Research and Review (ijrrjournal.com)

561

Vol.8; Issue: 2; February 2021



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

A. K. H. Priyashantha et.al. Biosurfactants: an alternative approach to synthetic surfactants.

Walter V, Syldatk C, Hausmann R.
Screening Concepts for the Isolation of
Biosurfactant Producing Microorganisms.
Advances in Experimental Medicine and
Biology. 2010; 672: 1-13.

Kubicki S, Bollinger A, Katzke N, et al.
Marine Biosurfactants: Biosynthesis,
Structural Diversity and Biotechnological
Applications. Marine Drugs. 2019; 17(7):
1-30.

Gudifia E J, Teixeira J A, Rodrigues L R.
Biosurfactants  Produced by  Marine
Microorganisms with Therapeutic
Applications. Marine Drugs. 2016; 14(2):
1-15.

Salihu A, Abdulkadir 1, Almustapha M N.
An investigation for Potential Development
on Biosurfactants. Biotechnology and
Molecular Biology Reviews. 2009; 3(5):
111-117.

Sharma D, Saharan B S. Simultaneous
Production of Biosurfactants and
Bacteriocins by Probiotic Lactobacillus
casei MRTL3. International Journal of
Microbiology. 2014; 2014: 1-7.

Makkar R S, Cameotra S S, Banat | M.
Advances in Utilization of Renewable
Substrates for Biosurfactant Production.
AMB Express. 2011; 1(1): 1-109.

Santos AP P, SilvaM D S, Costa E V L, et
al. Production and Characterization of a
Biosurfactant Produced by Streptomyces sp.
DPUA 1559 Isolated from Lichens of the
Amazon Region. Brazilian Journal of
Medical and Biological Research. 2017;
51(2): 1-10.

Bustamante M, Duran N, Diez M C.
Biosurfactants are Useful Tools for the
Bioremediation of Contaminated Soil: A
Review. Journal of Soil Science and Plant
Nutrition. 2012; 12 (4): 667-687.

Banat | M, Franzetti A, Gandolfi I, et al.
Microbial Biosurfactants ~ Production,
Applications. Applied Microbiology and
Biotechnology. 2010; 87(2): 427-444.
Lawniczak L, Marecik R, Chrzanowski L.
Contributions of Biosurfactants to Natural
or Induced Bioremediation. Applied
Microbiology and Biotechnology. 2013;
97(6): 2327-2339.

Pacwa-Plociniczak M, Plaza G A,
Piotrowska-Seget Z, et al. Environmental
Applications of Biosurfactants: Recent
Advances. International Journal of
Molecular Sciences. 2011; 12(1): 633-654.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

. Varvaresou A, lakovou K. Biosurfactants in
Cosmetics and Biopharmaceuticals. Letters
in Applied Microbiology. 2015; 61(3): 214—
223.

Tripathi L, Twigg M S, Zompra A, et al.
Biosynthesis of Rhamnolipid by a
Marinobacter ~ Species  Expands  the
Paradigm of Biosurfactant Synthesis to a
New Genus of the Marine Microflora.
Microbial Cell Factories. 2019; 18(1): 1-12.
Karlapudi A P, Venkateswarulu T C,
Tammineedi J, et al. Role of Biosurfactants
in Bioremediation of Oil Pollution-A
Review. Petroleum. 2018; 4(3): 241-249.
Nurfarahin A H, Mohamed M S, Phang, L
Y. Culture Medium Development for
Microbial-derived Surfactants Production-
An Overview. Molecules. 2018; 23(5); 1-
26.

Gautam K K, Tyagi V K. Microbial
Surfactants: A Review. Journal of Oleo
Science. 2016; 55: 155-166.

Sastoque-Cala L, Cotes-Prado A M,
Rodriguez-Vazquez R, et al. Effect of
Nutrients and Fermentation Conditions on
the Production of Biosurfactants using
Rhizobacteria  Isolated  from  Fique
Plants. Universitas Scientiarum.
2010; 15(3): 251-264.

Auhim H. S, Mohamed A |I. Effect of
Different Environmental and Nutritional
Factors on Biosurfactant Production from
Azotobacter chrococcum. International
Journal of Advances in Pharmacy, Biology
and Chemistry. 2013; 2(3): 477-481.

Osman M S, lbrahim Z, Japper-Jaafar A,
Shahir S. Biosurfactants and Its Prospective
Application in the Petroleum Industry,
Journal of Sustainability Science and
Management. 2019; 14(3): 125-140.

llori M O, Amobi C J, Odocha A C. Factors
Affecting Biosurfactant Production by Oil
Degrading Aeromonas spp. Isolated from a
Tropical Environment. Chemosphere. 2005;
61(7): 985-992.

Ghasemi A, Moosavi-Nasab M, Setoodeh P,
et al. Biosurfactant Production by Lactic
Acid Bacterium Pediococcus dextrinicus
SHU1593 Grown on Different Carbon
Sources: Strain Screening Followed by
Product Characterization. Scientific
Reports. 2019; 9(1): 1-12.

Kaskatepe B, Yildiz S. Rhamnolipid
Biosurfactants Produced by Pseudomonas

International Journal of Research and Review (ijrrjournal.com)

562

Vol.8; Issue: 2; February 2021



45.

46.

47.

48.

49.

50.

ol.

52.

53.

54.

A. K. H. Priyashantha et.al. Biosurfactants: an alternative approach to synthetic surfactants.

species. Brazilian Archives of Biology and
Technology. 2016; 59: 1-16.

Wei Y H, Chou C L, Chang J S.
Rhamnolipid Production by Indigenous
Pseudomonas aeruginosa J4 Originating
from Petrochemical Wastewater.
Biochemical Engineering Journal. 2005;
27(2): 146-154

Thies S, Rausch S C, Kovacic F, et al.
Metagenomic Discovery of Novel Enzymes
and Biosurfactants in a Slaughterhouse
Biofilm Microbial Community. Scientific
Reports. 2016; 6: 1-12.

Patowary K, Patowary R, Kalita M C, et al.
Characterization of Biosurfactant Produced
during Degradation of Hydrocarbons using
Crude Oil as Sole Source of Carbon.
Frontiers in Microbiology. 2017; 8: 1-14.
De Almeida D G, Soares Da Silva R C,
Luna J M, et al. Biosurfactants: Promising
Molecules for Petroleum Biotechnology
Advances. Frontiers  in  Microbiology.
2016; 7: 1-14.

Freitas B G, Brito J G M, Brasileiro P P F,
et al. Formulation of a Commercial
Biosurfactant for  Application as a
Dispersant of Petroleum and By-Products
Spilled in Oceans. Frontiers in
Microbiology. 2016; 7: 1- 9.

Ron E Z, Rosenberg E. Biosurfactants and
Oil Bioremediation. Current Opinion in
Biotechnology. 2002; 13(3): 249-252.
Ismail W, Shammary S A, El-Sayed W S, et
al. Stimulation of Rhamnolipid
Biosurfactants Production in Pseudomonas
aeruginosa AK6U by Organosulfur
Compounds Provided as Sulfur
Sources. Biotechnology Reports. 2015; 7:
55-63.

Santos D K F, Rufino R D, Luna J M, et al.
Biosurfactants: Multifunctional
Biomolecules of the 21% Century.
International Journal of Molecular Sciences.
2016; 17: 1-31.

Maikudi Usman M, Dadrasnia A, Tzin Lim
K, et al. Application of Biosurfactants in
Environmental Biotechnology; Remediation
of Oil and Heavy Metal. AIMS
Bioengineering. 2016; 3(3): 289-304.
Matsui T, Namihira T, Mitsuta T, et al.
Removal of Oil Tank Bottom Sludge by
Novel Biosurfactant, JE1058BS. Journal of
the Japan Petroleum Institute. 2012; 55(2):
138-141.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Whang L M, Liu P W G, Ma C C, et al.
Application of Biosurfactants, Rhamnolipid,
and Surfactin, for Enhanced Biodegradation
of  Diesel-contaminated =~ Water  and
Soil. Journal of Hazardous Materials.
2008; 151(1): 155-163.

Zhang J, Xue Q, Gao H, et al. Production of
Lipopeptide Biosurfactants by Bacillus
atrophaeus 5-2a and their Potential use in
Microbial Enhanced Oil  Recovery.
Microbial Cell Factories. 2016; 15(1): 1-11.
Ptaza G A, Lukasik K, Wypych J, et al.

Biodegradation of Crude Oil and
Distillation Products by Biosurfactant-
Producing Bacteria. Polish  Journal of

Environmental Studies. 2008; 17(1): 87-94.
Santos D K F, Resende A H M, de Almeida
D G, et al. Candida Lipolytica UCP0988
Biosurfactant: Potential as a Bioremediation
Agent and in Formulating a Commercial
Related Product. Frontiers in Microbiology.
2017; 8: 1-11.

Sachdev D P, Cameotra S S. Biosurfactants
in Agriculture. Applied Microbiology and
Biotechnology. 2013; 97(3): 1005-1016.
Tchounwou P B, Yedjou C G, Patlolla A K,
et al. Heavy metal Toxicity and the
Environment. Experientia Supplementum.
2012; 101: 133-164.

Yang J, Hou B, Wang J, et al
Nanomaterials for the Removal of Heavy
Metals from Wastewater. Nanomaterials.
2019; 9(3): 1-39.

Ravindran A, Sajayan A, Priyadharshini G
B., et al. Revealing the Efficacy of
Thermostable Biosurfactant in Heavy Metal
Bioremediation and Surface Treatment in
Vegetables. Frontiers in  Microbiology.
2020; 11: 1-11.

Moldes A B, Paradelo R, Rubinos D, et al.
Ex Situ Treatment Of Hydrocarbon-
contaminated Soil using Biosurfactants from
Lactobacillus  pentosus.  Journal  of
Agricultural and Food Chemistry. 2011;
59(17): 9443-9447.

Adnan M, Alshammari E, Ashraf S A, et al.
Physiological and Molecular
Characterization of Biosurfactant Producing
Endophytic Fungi Xylaria regalis from the
Cones of Thuja plicata as a Potent Plant
Growth Promoter with Its Potential
Application. BioMed Research
International. 2018; 2018: 1-11.

Khan A, Butt A. (2016). Biosurfactants and
their Potential Applications for Microbes

International Journal of Research and Review (ijrrjournal.com)

563

Vol.8; Issue: 2; February 2021



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

A. K. H. Priyashantha et.al. Biosurfactants: an alternative approach to synthetic surfactants.

and Mankind: An Overview. Middle East
Journal of Business. 2016; 11(1): 9-18.
Borah S N, Goswami D, Sarma H K, et al.
Rhamnolipid Biosurfactant against
Fusarium verticillioides to Control Stalk
and Ear Rot Disease of Maize. Frontiers in
Microbiology. 2016; 7:1-10.

Vijayakumar S, Saravanan V.
Biosurfactants-Types, Sources and
Applications. Research Journal of

Microbiology. 2015; 10:181-192.
Padmavathi A R, Pandian S K. Antibiofilm
Activity of Biosurfactant Producing Coral
Associated Bacteria Isolated from Gulf of
Mannar. Indian Journal of Microbiology.
2014; 54(4): 376-382.

Sambanthamoorthy K, Feng X, Patel R, et
al. Antimicrobial and Antibiofilm Potential
of Biosurfactants Isolated from Lactobacilli
against  Multi-drug-resistant  Pathogens.
BMC Microbiology. 2014; 14: 1-9.

Diaz De Rienzo M A, Stevenson P S,
Marchant R, et al. Effect of Biosurfactants
on Pseudomonas  Aeruginosa  and
Staphylococcus Aureus Biofilms in a
Bioflux Channel. Applied Microbiology and
Biotechnology. 2016; 100(13): 5773-5779.
Saravanakumari P, Mani K. (2010).
Structural characterization of a Novel
Xylolipid Biosurfactant from Lactococcus
lactis and analysis of Antibacterial Activity
against Multi-drug Resistant Pathogens.
Bioresource Technology. 2010; 101(22):
8851-8854.

Abalos A, Pinazo A, Infante M R, et al.
Physicochemical and Antimicrobial
Properties of New Rhamnolipids Produced
by Pseudomonas aeruginosa AT10 from
Soybean Oil Refinery Wastes. Langmuir.
2001; 17(5): 1367-1371.

Rodrigues L, Banat | M, Teixeira J, et al.
Biosurfactants: Potential Applications in
Medicine.  Journal of  Antimicrobial
Chemotherapy. 2006; 57: 609-618.

Morya V K, Ahn C, Jeon S, et al. (2013).
Medicinal and Cosmetic Potentials of
Sophorolipids. Mini-reviews in Medicinal
Chemistry. 2013; 13(12): 1761-1768.
Gharaei-Fathabad E. Biosurfactants in
Pharmaceutical ~ Industry (A Mini-
Review). American  Journal of Drug
Discovery and Development. 2011; 1: 58—
69.

Holloway S.
Capture  and

Dioxide
Storage.

(2007). Carbon
Geological

77,

78.

79.

80.

81.

82.

83.

84.

85.

86.

Philosophical Transactions of the Royal
Society A: Mathematical, Physical and
Engineering  Sciences. 2007; 365:1095—
1107.

Wielopolski L.  Geological  Carbon
Sequestration: A New Approach for Near-
surface Assurance Monitoring. International
Journal of Environmental Research and
Public Health. 2011; 8(3): 818-829.

Li D, Furukawa H, Deng H, et al. Designed
Amyloid Fibers as Materials for Selective
Carbon Dioxide Capture. Proceedings of the
National Academy of Sciences of the United
States of America. 2014; 111(1): 191-196.
Bickle M. Geological Carbon
Storage. Nature Geosci. 2009; 2: 815-818.
Solomon S, Plattner G K, Knutti R, et al.
Irreversible Climate Change due to Carbon
Dioxide Emissions. Proceedings of the
National Academy of Sciences of the United
States of America. 2009; 106(6): 1704—
1709.

Park T, Joo H W, Kim G Y, et al
Biosurfactant as an Enhancer of Geologic
Carbon Storage: Microbial Modification of
Interfacial Tension and Contact Angle in
Carbon Dioxide/Water/Quartz ~ Systems.
Frontiers in Microbiology. 2017, 8:1-12.
Katas H, Moden N Z, Lim C S, et al.
Biosynthesis and Potential Applications of
Silver and Gold Nanoparticles and their
Chitosan-based Nanocomposites in
Nanomedicine. Journal of Nanotechnology.
2018; 2018: 1-13.

Eswari J S, Dhagat S, Mishra P. (2018).
Biosurfactant Assisted Silver Nanoparticle
Synthesis: A Critical Analysis of Its Drug
Design  Aspects. Advances in  Natural
Sciences: Nanoscience and
Nanotechnology. 2018; 9(4): 1-8.

Farias, C B B, Silva A F, Rufino R D, et al.
Synthesis of Silver Nanoparticles using a
Biosurfactant  Produced in  Low-cost
medium as Stabilizing Agent. Electronic
Journal of Biotechnology. 2014; 17(3): 122—
125.

Rane A N, Baikar V V, Ravi Kumar D V, et
al. Agro-Industrial Wastes for Production of
Biosurfactant by Bacillus subtilis ANR 88
and its Application in Synthesis of Silver
and Gold Nanoparticles. Frontiers in
Microbiology. 2017; 8: 1-12.

Kumar C G, Mamidyala S K, Das B, et al.
Synthesis of Biosurfactant-Based Silver
Nanoparticles with Purified Rhamnolipids

International Journal of Research and Review (ijrrjournal.com)

564

Vol.8; Issue: 2; February 2021



87.

88.

89.

90.

91.

92.

A. K. H. Priyashantha et.al. Biosurfactants: an alternative approach to synthetic surfactants.

Isolated from Pseudomonas aeruginosa BS-
161R. Journal of  Microbiology and
Biotechnology. 2010; 20(7): 1061-1068.
Idikio H A. Human Cancer Classification: A
Systems Biology-based Model Integrating
Morphology, Cancer  Stem  Cells,
Proteomics, and Genomics. Journal of
Cancer. 2011; 2: 107-115.

Dobrolecki L E, Airhart S D, Alferez D G,
et al. Patient-Derived Xenograft (PDX)
Models in Basic and Translational Breast
Cancer Research. Cancer Metastasis
Reviews. 2016; 35(4): 547-573.
Theodoratou E, Timofeeva M, Li X, et al.
Nature, Nurture, and Cancer Risks: Genetic
and Nutritional Contributions to
Cancer. Annual Review of Nutrition.
2017; 37: 293-320.

Wu, Y. S, Ngai, S. C., Goh, B. H., et al.
Anticancer Activities of Surfactin and
Potential Application of Nanotechnology
Assisted Surfactin  Delivery. Frontiers in
Pharmacology. 2017; 8: 1-22.

Duarte C, Gudifia E J, Lima C F, et al.
Effects of Biosurfactants on the Viability
and Proliferation of Human Breast Cancer
Cells. AMB Express. 2014; 4 (40):1-12.
Ismail W, EI Nayal A M, Ramadan A R, et
al. Sulfur Source-mediated Transcriptional
Regulation of the Rhlabc Genes Involved in
Biosurfactants Production by Pseudomonas

93.

94.

95.

96.

sp. Strain AK6U. Frontiers in microbiology.
2014; 5:1-7.

Kumar A P, Janardhan A, Viswanath B, et
al. Evaluation of Orange Peel for
Biosurfactant  Production by Bacillus
licheniformis and their Ability to Degrade
Naphthalene and Crude Oil. 3 Biotech.
2016; 6(1): 1-10.

Olasanmi | O, Thring R W. The Role of
Biosurfactants in the Continued Drive for
Environmental Sustainability. Sustainability
.2018; 10: 1-12.

Rashedi H, Jamshidi E, Mazaheri Assadi M,
et al. Isolation and Production of
Biosurfactant from Pseudomonas
aeruginosa lIsolated from lIranian Southern
Wells  Qil. International Journal of
Environmental Science and Technology.
2005; 2(2): 121-127.

Mouafo T H, Mbawala A, Ndjouenkeu R.
(2018). Effect of Different Carbon Sources
on Biosurfactants' Production by Three
Strains of Lactobacillus spp. BioMed
Research International. 2018; 2018: 1-15.

How to cite this article: Priyashantha AKH,

Mahendranathan  C.

Biosurfactants:  An

Alternative Approach to Synthetic Surfactants.
International Journal of Research and Review.
2021; 8(2): 550-565.

*kkhkhkik

International Journal of Research and Review (ijrrjournal.com)

565

Vol.8; Issue: 2; February 2021



