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1. INTRODUCTION



Surfactants (surface-active a broad collection of compounds composed of a polar, water-soluble
head group and a non-polar, water- agents) are insoluble tail group(Ying, 2006).Hence,
surfactants are molecules that mix hydrophobic and hydrophilic characteristics. Synthetic
surfactants are important substances in the economy. Basically Surfactants are well known for
being soluble and having cleaning properties, which have allowed them to find a position in
detergents and other cleaning products.A wide range of products employ surfactants extensively,
including detergents for home cleaning, personal care products, textiles, paints, polymers,
pesticide formulations, medicines, mining, oil recovery, pulp and paper, and textiles, paints, and
polymers. A large number of these surfactants are spread throughout numerous environmental

compartments. (soil, water, sediment) (Di Corcia, 1998).

The capacity of surfactant to produce micelles in solution is a crucial characteristic. Each
surfactant molecule has both hydrophobic and hydrophilic groups, which contribute to this
feature. Surfactants have the detergency and solubilization qualities that are caused by the
creation of micelles in solution. Surfactant molecules exist as monomers in water when dissolved
at low concentrations. Higher concentrations of the surfactant molecules can aggregate form
clusters , which have the hydrophilic center groups towards the center of the cluster and the
hydrophobic head groups facing the solvent. This lowers the free energy of the system.CMC

stands for critical micelle concentration, the concentration at which this happens(Haigh, 1996).

In comparison to chemical surfactants, biosurfactants have a number of benefits, including the
ability to degrade naturally due to their simple chemical structure, compatibility with the
environment, low toxicity, which allows for use in the cosmetic, pharmaceutical, and food
industries, high selectivity due to the presence of specific functional groups, which enables
specificity in the detoxification of specific pollutants, and activity in conditions of extreme heat,
pH, and salinity. The usefulness of biosurfactants in various sectors is influenced by these

characteristics.

The term "biosurfactants™ refers to a class of modern surfactants generated from microorganisms.
These are the substances that are surface-active and are produced by both microorganisms and

plants, though they are primarily produced by filamentous fungus, yeast, and bacteria.



Pseudomonas, Bacillus, Rhodococcus, and Candida are the most commonly employed genera for

the synthesis of biosurfactants. (Mdller et al., 2012).

Biosurfactants are amphiphilic surface active chemicals generated by bacteria. These
amphiphilic compounds mix at the interfaces of fluids with different polarities, such as water and
hydrocarbons, because they contain both hydrophilic and hydrophobic areas. reduces interfacial

surface tension as a result(Jennings & Tanner, 2000).

Biosurfactants have different chemical compositions depending on the generating microbe, raw
materials, and process conditions, but they all contain fatty acids, glycolipids, lipopeptides,
lipopolysaccharides, and lipoproteins. It is an amphiphilic molecule that contains both
hydrophilic and hydrophobic (typically hydrocarbon) moieties and preferentially partitions at the
interface of fluid phases with various degrees of polarity and hydrogen bonding, such as
oil/water or air/water interfaces. Biosurfactants have many properties that make them excellent
for use in physicochemical and biological remediation techniques for both organic and metal
pollutants, including foaming, dispersion, wetting, emulsification/de-emulsification, and coating
(Pacwa-Ptociniczak et al., 2011).

The property of a microbial surfactant to chelate toxic heavy metals and form an insoluble
precipitatewas seen as the perfect solution to the treatment of heavy metals in wastewater due to
its greater environmental compatibility, lower toxicity, and higher biodegradability than
synthetic surfactants (Mulligan, 2005).

Bio-surfactants are in general classified into lipopeptides, lipoproteins, glycolipids, polymeric,
fatty acids, phospholipids and neutral lipids(Peters, 1999). The most known bio-surfactants are
glycolipids.Long-chain aliphatic acids or hydroxyaliphatic acids are coupled with carbohydrates
to form glycolipid molecules..

Rhamnolipids, trehalolipids, and sophorolipids are the three different forms of glycolipid.
Rhamnolipids are one of the many bio-surfactants made by microorganisms, and they have been
used to improve oil recovery, clean up contaminated soil, pharmaceutical industries, food&
brevarages industries etc (As¢1 et al., 2008)..The bacterium Pseudomonas species produces
rhamnolipids, which are anionic bio-surfactants. It is made up of one or two rhamnose sugar
molecules connected to one or two b-hydroxydecanoic acid molecules. The efficiency of these

molecules for environmental applications is determined by the formation of films at the air-water
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interface (Banat, 1995). It's interesting to note that while it is generally known that microbial
cells can complex metals from solutions, there is little information in the literature about the use

of bio-surfactants to complex with heavy metals (Salehizadeh & Shojaosadati, 2003).

Even while biosurfactants have demonstrated significant promise for wider application,
industrial-scale manufacture and commercialisation have not yet fully materialised. Before large-
scale industrial production can begin, problems including high production costs and challenges
with recovering the pure products must be resolved, giving their synthetic equivalents a
competitive advantage (Helmy et al., 2011).The recovery of biosurfactants during subsequent
procedures is also influenced by the mixture of microorganisms and culture media employed for

synthesis.

Due to their high production costs, biosurfactants are only used in a restricted number of
applications. These costs can be reduced by process optimisation, strategies for downstream
processing, and fermentation of agro-industrial waste. The selection of adequate medium
components and ideal growing conditions to increase biosurfactant productivity is one technique
that achieved the aforementioned goal. The implementation of a single factor optimization
approach (leaving other parameters constant) can be used to get around the drawbacks of the

traditional way of media optimization (Perfumo et al., 2010).

This work is an initial attempt to systematically screen, isolate, and characterize biosurfactant-
producing bacteria capable of utilizing used cooking oil as the sole carbon source.

This study also describes the production, characteristics, and surface properties of the extracted
biosurfactant of Bacillus sp. HUR-19(PET1), which contributes to the attempts to reduce the
biosurfactants’ production cost by using cheap substrates as well as evaluating the efficiency of
biosurfactants from used cooking oil, as a substrate by locally isolated bacteria, for heavy metals

removal.



Objectives:

» Production of Bio-surfactant from waste kitchen oil.

» Estimation of Bio-surfactant activity.

» Estimation of Biosurfactant potential for the bioremediation of heavy metals ( Pb,
Crand Cd).



2. REVIEW LITERATURE



Microorganisms can produce a wide range of surface-active chemicals known as bio-surfactants.
These compounds are prospective candidates for improving oil recovery and de-emulsification
processes, as they lower surface and interfacial tensions in both aqueous solutions and
hydrocarbon mixtures.(Sarkar et al., 1989)(Shepherd et al., 1995)

In comparison to chemical surfactants, bio-surfactants have a number of properties, including
lower toxicity, higher biodegradability , better compatibility with the environment , increased
foaming , high selectivity and specific activity at extreme temperatures, pH, and salinity , and the

ability to be synthesized from renewable feed-stocks (Desai & Banat, 1997).

Bio-surfactants are microbial products that are beneficial to the environment and have been
shown to be effective at removing petroleum hydrocarbon pollutants from drill cuttings and
hydrocarbon-contaminated waste streams (such soil and wastewater from refineries). They have
many advantages, including a wide range of industrial applications, high biodegradability,
minimal environmental effect, low toxicity, high specificity, high stability and activity under

harsh conditions, and structural diversity.(R. Makkar & Cameotra, 2002)
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Figurel . Amphiphilic properties of surfactant

Bio-surfactants are used for several important roles—namely, emulsification, dispersal,

solubilization, mobilization, wetting, surface tension reduction, formation of micelles and foam
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formation—due to their ability to partition into different interfaces: liquid/solid, liquid/gas,
liquid/liquid. Since of their amphiphilic qualities, biosurfactantsn (as shown in figurel) can be
used in these tasks since they contain both hydrophobic and hydrophilic molecules.
Biosurfactants have thus been recognised as one of the most promising and adaptable process
chemicals, with exceptional potential applications in environmental restoration (Das & Mukherjee,

2007a).

Biosurfactant are considered environmentally beneficial. Biosurfactant are correctly and properly
described as "multifunctional biomolecules/materials of the twenty-first century”. As the
relevance of sustainable manufacturing processes and sustainability activities in general is
becoming more recognised and climbing to the top of many firms' agendas, attention to
biosurfactants has increased . The rising focus on biosurfactant is also related to the ongoing
emphasis on sustainable and environmentally friendly societies , as well as the necessity for
environmental protection (Freitas et al., 2016).

Biosurfactant are a diverse group of microbial chemicals synthesized by bacteria, yeasts, and
fungi . Bacterial biosurfactants rhamnolipid and surfactin, generated by the Pseudomonas and

Bacillus species, have received the greatest attention (Brumano et al., 2016).
Biosurfactants are classified into six types:

Q) Glycolipids
(i) Phospholipids
(iii)  Lipopeptide
(iv)  Lipoproteins
(V) Fatty acids
(vi)  Neutral acids

(vii)  Polymeric and particulate surfactants.

Because of their functional and structural diversity, biosurfactants are an interesting class of
molecules with the potential to be used in a wide range of biotechnological and industrial
applications (Varjani & Upasani, 2017).



2.1 Types of biosurfactant

Biosurfactant are primarily categorised by their chemical makeup and their microbiological
origin, as opposed to chemically synthesised surfactants, which are grouped according to the
kind of polar grouping they include. A hydrophilic moiety made up of amino acids or peptides,
anions or cations, mono-, di-, or polysaccharides, and a hydrophobic moiety made up of
unsaturated, saturated, or fatty acids make up the majority of their structure. Accordingly,
glycolipids, lipopeptides and lipoproteins, phospholipids and fatty acids, polymeric surfactants,
and particle surfactants are the main types of biosurfactants.

Some biosurfactants have been reported to be formed on water-soluble substances like glucose,
sucrose, glycerol, or ethanol, despite the fact that there are several studies on the synthesis of

biosurfactants by hydrocarbon-degrading microbes.
Glycolipids

Most known biosurfactants are glycolipids. They are long-chain aliphatic acids or
hydroxyaliphatic acids combined with carbohydrates. A fatty acid molecule is joined to a lipid
molecule by a glycosidic bond to form the structure of Glycolipids. The overall molecule
changes depending on how the lipid and carbohydrate portions are made up. Rhamnolipid,
trehalose lipids, mannosylerythritol lipids (MELS), cellobiose lipids, or Sophorolipids are some
examples of glycolipids, depending on the kind of carbohydrate. Different microorganisms
produce different glycolipids. Among the glycolipids, the best known are Rhamnolipid,
trehalolipids, and sophorolipids.(Ribeiro et al., 2020)(Williams & Trindade, 2017)

Rhamnolipids: Rhamnolipid, which are among the most researched glycolipids to date, are made
up of one or two L-rhamnose molecules joined to a monomer or dimer of b-hydroxy fatty acids .
They have a variety of novel uses, such as in the treatment of soil or the management of pests .
Pseudomonas aeruginosa, the leading producer with titers > 100 g/L, is one of many bacteria
from the Pseudomonas and Burkholderia genera that manufacture Rhamnolipid. (Hérmann et
al., 2010)



Two pathways are required to provide the essential chemicals for the production of rhamnolipids.
The first one is the rmIABCD operon's synthesis of dTDP-L-rhamnose; glucose-1-phosphate is
transformed into activated rhamnose, which acts as a donor for the hydrophilic component of
rhamnolipids.The hydrophobic part originates from b-hydroxy fatty acids coupled to an acyl
carrier protein.(Geys et al., 2014).

Trehalolipids :- Trehalolipids are a subclass of glycolipid biosurfactants that have a variety of
potential industrial uses because of their unique characteristics. These include of usage as
emulsifiers and solubilizers of hydrocarbons in bioremediation, MEOR (microbial enhanced oil
recovery), cosmetic, and food applications. Additionally, they have anticancer and

immunomodulatory properties that can be exploited in biomedicine..(Bages-Estopa et al., 2018)

The genus Rhodococcus produces trehalolipids, which are primarily linked to growth on
hydrocarbons and are necessary for substrate absorption and surface adherence. These
biosurfactants make it easier for cells to access water-insoluble substrates by allowing
hydrophobic cells to directly interact with oil droplets (cell bound biosurfactant) or by adhering

to the emulsified oil (extracellular biosurfactant)(Weber & Zeiner, 2014)

Sophorolipids: - Sophorolipids are mostly produced by yeasts like Torulopsisbombicola , T.
petrophilum , and T. apicola , which attach a dimeric carbohydrate termed sophorose to a long-
chain hydroxy fatty acid to make sophorolipids.These biosurfactants are synthesised by the
combination of at least six to nine different hydrophobic sophorosides. Additionally, it has been
discovered that different yeasts create comparable mixtures of water-soluble sophorolipids .
Sophorolipids are inefficient emulsifiers, although they have the capacity to lower surface and
interfacial tension . Both lactonic and acidic sophorolipids were able to lower the interfacial
tension between n-hexadecane and water from 40 to 5 mN/m while also demonstrating

outstanding resistance to temperature and pH fluctuations (Van Bogaert et al., 2011).

Lipopeptide biosurfactant:-The most popular interesting group of biosurfactants are
Lipopeptide biosurfactant. Two primary portions of lipopeptide molecules include an acyl tail or
tails and a brief linear oligopeptide sequence with an amide bond. The lipopeptide biosurfactant
has a hydrophobic tail with a hydrocarbon chain and a hydrophilic head with a peptide sequence.
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The peptide component contains cationic and anionic residues, as well as non proteinaceous

amino acids on occasion (Kumar & Ngueagni, 2021).

The industrial, environmental protection, and medical domains are where cyclic lipopeptides
showed their finest performance. According to certain research lipopeptides have promise as
antibacterial and anticancer agents. Because of their unique structural makeup and functional
capabilities, lipopeptides may be used in a variety of contexts . Different forms of lipopeptide
surfactants are produced by a variety of microorganisms. Non-ribosomal peptide synthetase

(NRPS) is the enzyme that helps to synthesize cyclic lipopeptide (Janek et al., 2016).
Surfactin:-

This is a standout amongst the most potential biosurfactant is incorporated by Bacillus subtilis. It
is made up of an unsaturated fat chain attached to a seven-ring structure with seven amino

corrosive atoms. At a fixation as low as 0.005%, it reduces surface strain from 72 to 27.9 mN/m.
Lichenysin:-

Several biosurfacants incorporated by Bacillus licheniformis go about as synergistically and
display extraordinary temperature, salt and pH security. They are comparable to surfactin in
terms of their auxiliary and physio-synthetic capabilities. The surface tension of water can be
reduced to 27 mN/m and the interfacial pressure between water and n-hexadecane to 0.36 mN/m

by the surfactants provided by B. licheniformis.
Fatty acids, phospholipids and neutral lipids

During the course of their development on n-alkanes, certain bacteria and yeast produce
enormous quantities of unsaturated fats and phospholipid surfactants. Phosphatidyl
ethanolamine-rich vesicles are transported to Acinetobacter spp. 1-N where they form optically
transparent smaller scale emulsions of alkanes in water. For therapeutic applications, these
biosurfactants are essential.According to Gautam and Tyagi, the lack of phospholipid protein
complex is thought to be the primary cause of the premature birth of children's breath

disappointment. In addition, they have suggested that the fermentative synthesis of such
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surfactants can make use of the detachment and cloning of the attributes responsible for such

surfactant.
2.2Advantages of biosurfactant

Biodegradability:- Microbial derived compounds can be easily degraded when compared to
synthetic surfactants and are suitable for environmental applications such as bioremediation. The
increasing environmental concern forces us to search for alternative products such as
biosurfactants. Synthetic chemical surfactants impose environmental problems and hence,
biodegradable biosurfactants from marine microorganisms were concerned for the biosorption of
poorly soluble polycyclic aromatic hydrocarbon, phenanthrene contaminated in aquatic surfaces
controlled the blooms of marine algae, Cochlodinium using the biodegradable biosurfactant
sophorolipid with the removal efficiency of 90% in 30 min treatment.(Mohan & Pittman Jr,
2006)

Low toxicity:- Biosurfactants show greater toxicity than surfactants made from chemicals.
Additionally, it was shown that biosurfactants displayed greater effctive concentration than

synthetic dispersants (effective concentration to reduce 50% of test population).

Availability of raw materials: - Biosurfactant can be made from readily accessible, extremely
affordable raw sources. Hydrocarbons, carbohydrates, and lipids are possible sources of carbon

and can be used alone or in combination.

Physical factors:- Environmental parameters like temperature, pH, and ionic strength tolerances
do not impact many biosurfactants. Temperatures up to 50 °C, a pH range of 5 to 9.0, a NaCl
concentration of 50 g/l, and a Ca concentration of 25 g/l had no effect on the lichenysin

generated by the Bacillus licheniformis strain (Muthusamy et al., 2008).

Surface and interface activity:- According to Mulligan , an effective surfactant may reduce the
interfacial tension between water and hexadecane from 40 to ImN/M and the surface tension of
water from 75 to 35mN/m. Surfactin can lower the interfacial tension of water and hexadecane to
less than ImN/M and the surface tension of water to 25mN/M (Mulligan, 2005).
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2.3 Factors affecting biosurfactant production

The nature of the carbon source, the nitrogen source, as well as the C:N ratio, nutritional
requirements, chemical and physical parameters such as temperature, aeration, divalent cations,
and pH influence not only the amount of biosurfactant produced but also the type of polymer
produced. The composition and emulsifying activity of the biosurfactant depends not only on the

producer strain but also on the culture conditions (Salihu et al., 2009).

Carbon sources:- The type of the carbon substrate affects and influences the quantity and
quality of biosurfactant synthesis [13]. For the manufacture of biosurfactants, it has been
suggested that diesel, crude oil, glucose, sucrose, and glycerol are good sources of carbon
substrate (Rahman & Gakpe, 2008).

Nitrogen sources: - Nitrogen is important in the biosurfactant production medium because it is
essential for microbial growthas protein and enzyme syntheses depend on it. The creation of
biosurfactants has utilised a variety of nitrogen compounds, including urea peptone, yeast
extract, ammonium sulphate, ammonium nitrate, sodium nitrate, meat extract, and maltextracts.
Although yeast extract is the most popular nitrogen source for making biosurfactants, its use in
termsof concentration depends on the organism and the culture medium. Arthro
bacterparaffineus prefers ammonium salts and urea as nitrogen sources, whereas P. aeruginosa

uses nitrate to support maximal surfactant synthesis (Adamczak & Bednarski, 2000).

Physical factors:- These have a crucial role in the yield and properties of the produced
biosurfactant. It is always vital to optimise the bioprocess in order to produce significant
amounts of biosurfactants because the product may be impacted by variations in temperature,
pH, aeration, or agitation speed. According to reports, most biosurfactant productions are
reportedly carried out at a temperature range of 25-30 C. Zinjarde and Pant investigated how pH
affected the amount of biosurfactant generated and found that the best production happened at a
pH of 8.0, which is the pH of sea water in its natural state.(Zinjarde & Pant, 2002)

Both aeration and agitation have a significant role in the transfer of oxygen from the gas phase to
the aqueous phase, which has an impact on the synthesis of biosurfactants. It has been proposed
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that the synthesis of bioemulsifiers can improve the solubilization of water-insoluble substrates
and subsequently ease nutrient delivery to bacteria, suggesting that it may also be connected to

the physiological function of microbial emulsifier.

Salt concentration:-Although salt concentration affects the cellular activity of microorganisms,
salt concentration had a proportional influence on biosurfactant formation. Nevertheless,
contrary observations were noticed for some biosurfactant tproducts which were not affected by
concentrations up to 10% (weight/volume) although slight reductions in the CMC were detected
(Md, 2012).

2.4 Physiological role of biosurfactant in microorganisms

A number of microorganisms create biosurfactants, which are mostly released extracellularly or
linked to cell components during development on water-impermeable substrates.By lowering the
surface tension at the phase boundary, biosurfactants' primary physiological function is to enable
microorganisms to grow on water-immiscible substrates. This makes the substrate more readily
available for uptake and metabolism, though the molecular mechanisms underlying this uptake
are still unclear and incompletely understood. Biosurfactants' antibacterial properties towards
diverse microorganisms are another physiological function of these substances. As a rule,
different surfactant inhibits different taxonomy. Additionally, it has been demonstrated that
biosurfactants have a role in cell adhesion, which confers the highest stability under adverse
environmental circumstances, pathogenicity, and cell desorption when organisms need to find

new homes to survive (Desai & Banat, 1997).

2.5 Applications of biosurfactant-;

Commercial Applications of Biosurfactants:- The global output of surfactants reached 22
million metric tonnes (including soaps), with 3-4% annual growth rates predicted worldwide.
These chemically created surfactants are mostly petroleum-based and often not biodegradable,
therefore they continue to be detrimental to the environment in which they are used.(Rahman &
Gakpe, 2008)
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Environmental scientists have been tightening environmental regulations as a result of growing
awareness of the need to protect ecosystems, which has led to an increase in interest in
surfactants of microbial origin as potential substitutes for chemically synthesised ones. These
compounds may also bio-accumulate, and their production processes and byproducts may be

environmentally hazardous.

Application of Biosurfactants in Agriculture:- Utilising surfactants as mobilising agents is one
method for increasing the solubility of bio-hazardous chemical compounds like PAH.The
apparent solubility of hydrophobic organic contaminants (HOC) is increased as a result. The
diffusion route length between the site of absorption and the site of biouptake by the
microorganisms is also stated to be reduced by surfactants, which aid bacteria in adhering to soil
particles containing contaminants. Surfactants are also used in agriculture to hydrophilize heavy
soils to get high wettability and promote uniform fertiliser distribution in the soil. Additionally,
they facilitate the distribution and penetration of the toxicants in pesticides and stop some
fertiliser from caking during storage. The rhamnolipid biosurfactant, mostly produced by the
genus Pseudomonas is known to possess potent antimicrobial activity.

Furthermore, cumulative exposure to rhamnolipid biosurfactants is not expected to have any
negative impacts on people or the environment. Fengycins may be used in the biocontrol of
plant diseases because it has been found that they have antifungal action(R. S. Makkar &
Rockne, 2003).

Applications of biosurfactants in commercial Laundry detergents:- Biosurfactants like
Cyclic Lipopeptide (CLP) can withstand a wide pH range (7.0-12.0) without losing any of their
surface-active properties when heated at high temperatures. They revealed great compatibility
and stability with conventional laundry detergents and demonstrated good emulsion forming
capabilities with vegetable oils, both of which supported their inclusion in the formulation of
laundry detergents.(Das & Mukherjee, 2007b)

Biosurfactants as Biopesticide:- The traditional approach to controlling arachnids requires the
use of pesticides and chemicals with a wide range of potential side effects. Additionally, the rise

of insect populations that are resistant to pesticides and the growing cost of new chemical
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pesticides have sparked a hunt for alternative environmentally benign vector control methods. It
is possible to employ lipopeptide biosurfactants as a biopesticide since they have insecticidal

action against the fruit fly Drosophila melanogaster (Mulligan, 2005).

Application of bio-surfactants in medicine:-

Antimicrobial activity:

Biosurfactants can function in a number of ways due to the diversity of their architectural
structures. Biosurfactants, like detergents, have a negative effect on the permeability of cell
membranes due to their structural makeup. Gharaei-Fathabad discovered that some
biosurfactants exhibited strong antibacterial, antifungal, and antiviral activity. These surfactants
work as anti adhesive agents to infections, making them advantageous for treating a range of
ailments as well as its use as a therapeutic and probiotic agent.A great example is the marine
bacterium B.circulans' biosurfactant, which has proven to have potent antibacterial activities
against both Gram-positive and Gram-negative diseases as well as semi-pathogenic microbial
strains like MDR strain.(Gharaei-Fathabad, 2011)

Anti-cancer activity:- Sophorolipids (SLP) display anticancer activity against several kinds of
tumoral cells and might have a potential use for cancer treatment. SLP synthesized by
Wickerhamiella domercqgiae show cytotoxic effects in several cancerous cell lines. SLP exhibited
significant inhibition of cell proliferation on cancer cells of H7402 (liver cancer line).

Some microbial extracellular glycolipids promote cell differentiation rather than proliferation in
the human promyelocytic leukaemia cell line, and exposure of PC 12 cells to MEL increased the
activity of acetylcholine esterase and disrupted the G1 phase of the cell cycle, leading to
overgrowth of neurites and partial cellular differentiation. These findings suggest that MEL
promotes neuronal differentiation in PC 12 cells and lay the foundation for the use of

microbiome-derived growth factors(Muthusamy et al., 2008).

Anti-adhesive agents:- The adhesion of pathogenic organisms to solid surfaces or infection sites
has been shown to be inhibited by biosurfactants. (Fathabad, 2011) showed that pre-coating vinyl
urethral catheters with a surfactin solution before inoculating them with media reduced the

amount of biofilm formed by Salmonella typhimurium, Salmonella enterica, E. coli, and Proteus
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mirabilis. According to (Muthusamy et al., 2008) S. thermophilus surfactant pretreated silicone
rubber suppressed C. albicans adherence by 85%, and surfactants from L. fermentum and L.
acidophilus adsorbed on glass decreased the number of adhering uropathogenic cells of
Enterococcus faecalis by 77%.

Immunological adjuvants:- When combined with traditional antigens, bacterial lipopeptides
serve as powerful non-toxic, nonpyrogenic immune adjuvants. Low molecular mass antigens
Iturin AL and herbicolin A have been shown to enhance the humoral human response (Md,
2012).

Antiviral activity:- Biosurfactants have been mentioned in the literature as having antibiotic
properties and preventing the proliferation of the human immunodeficiency virus in leucocytes .
Additionally, Muthusamy et al. indicated that a female regulated, effective, and safe vaginal
topical microbicide was required due to the rise in the prevalence of HIV in women. The most
effective spermicidal and virucidal agent is sophorolipids surfactants from C. bombicola and its
structural analogues, such as the sophorolipid diacetate ethyl ester; it has also been noted that this
chemical has virucidal action against human semen that is comparable to nonoxynol-
9.(Muthusamy et al., 2008)

Genetic Manipulation:- For fundamental sciences and clinical applications like gene therapy, it
is essential to develop a reliable and secure technique for delivering exogenous nucleotides into
mammalian cells. Lipofection using cationic liposomes is considered to be a save way to deliver
foreign gene to the target cells without side-effects among various known methods of gene
transfection (Gharaei-Fathabad, 2011). According to research cited by Kitamato et al.,
biosurfactant-based liposomes exhibit greater gene transfection efficacy than commercially
available cationic liposomes. Some approaches and procedures for liposome-based gene
transfection have been developed in the previous ten years. By adding biosurfectants in this area,

Ueno et al. in 2007 tested MEL-A-containing liposome for gene transfection.

Application of biosurfactant in food processing industry:- Biosurfactants have been used for a
variety of food processing applications, but they typically play a role as food formulation
ingredients and anti-adhesive agents. As food formulation ingredients, they encourage the
formation and stabilisation of emulsion due to their capacity to reduce surface and interfacial

17



tension. It is also used to adjust the rheological qualities of wheat dough, stabilise aerated
systems, regulate the aggregation of fat globules, enhance the texture and shelf life of starch-
containing goods, stabilise aerated systems, and stabilise products with a fat
foundation.(Muthusamy et al., 2008).

Application of biosurfactant in petroleum:- In areas like bio-corrosion and biofouling
degradation of hydrocarbons within oil reservoirs, enzymes and biocatalysts for petroleum up-
grading, biosurfactant and bio emulsifiers are among the most potent and versatile by-products
that modern microbial technology can offer. Biosurfactants also play a significant part in the
production of petrochemicals as well as the upgrading, transportation, and refinement of
petroleum.(Perfumo et al., 2013)

Application of biosurfactant in microbial enhanced oil recovery:- The recovery of residual
oil via microbially enhanced oil recovery (MEOR), which makes use of microorganisms and the
products of their metabolism, is a significant technological advancement. It is generally
acknowledged that current Enhanced Oil Recovery (EOR) technology can recover around 30%
of the oil that is available in a reservoir. Poor recovery in oil producing wells may be brought on
by the oil's high viscosity, which causes poor mobility, or the limited permeability of specific
reservoirs. Because most of the oil is left in the reservoir when primary and secondary recovery
methods are used, interest has grown in tertiary recovery techniques. It is clear that using
chemical surfactants is not an appropriate choice for cleaning up oil reservoirs since they are
risky, expensive, and leave behind undesired residues that are difficult to get rid of without
harming the environment. The presence of several species of microorganisms with diverse
growth characteristics and metabolite synthesis determines the distinct recovery impacts on the
reservoir environment. There are several methods for using biosurfactants in MEOR including
injecting biosurfactant-producing microorganisms into a reservoir through a well and then
propagating them in situ through the reservoir rock injecting selected nutrients into a reservoir to
encourage the growth of native biosurfactant-producing microorganisms; and another method

that involves producing biosurfactants (Shoeb et al., 2013).

Application of biosurfactant in cosmetic industry:- Biosurfactants have been suggested as a
replacement for chemically produced surfactants in the cosmetics sector because of their effects

on viscosity and product consistency through emulsification, foaming, water binding ability,
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spreading, and wetting. Multifunctional biosurfactants have several cosmetic applications
because of their exceptional surface properties such as detergency, wetting, emulsifying,
solubilizing, dispersing and foaming effects. Biosurfactants are known to have advantages over
synthetic surfactants such as low irritancy or anti-irritating effects, better moisturizing properties
and compatibility with skin, therefore, highly on demand. The most widely used biosurfactant
glycolipids in cosmetics are sophorolipids, rhamnolipids and mannosylerythritol lipids.
Sophorolipids have good skin compatibility and excellent moisturizing properties, rhamnolipids
are natural surfactants and emulsifiers that can replace petrochemical based surfactants used in
most of the cosmetic products. They also have been used in acne pads anti-dandruff, anti-wrinkle
and anti-ageing products, deodorants, nail care products and toothpastes in several different
formulations, because of its high surface and emulsifying activities (Piljac & Piljac, 1999).
Mannosylerythritol lipids are generally used in skin care formulations as the active ingredient to

prevent skin roughness (Masaru et al., 2007).
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3. Materials and methods
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The Bacillus sp. strain HUR-IU (PET-1) was collected from the Bioprocessing laboratory of
Department of bioengineering in Integral university, Lucknow, India. Production of Bio-
surfactant and estimate the efficiency of produced biosurfactant for the bioremediation of heavy

metals.
Strain: Bacillus sp. HUR-IU (PET-1)

3.1. Media for growth of bacterial strain (Nutrient broth): The bacterial strain was grown in
nutrient broth medium with distilled water. 13 gm of nutrient broth was suspended in 1000ml of
distilled water and the medium was dissolved completely. Media was sterilized by autoclaving at
15 Ibs. pressure at 121°C for 15 minutes and after inoculation with bacterial strain kept in orbital
shaking incubator for 2 days (48 hours) at 37°C. After growth, it was stored in refrigerator for

seed culturing and inoculation.
50 ml of growth media (Nutrient broth) (g/L) is prepared containing:

e Peptone [5]

e Sodium chloride [5]
e Meat extract [1.5]

e Yeast extract [1.5]

3.2. Production of Biosurfactant from Used Cooking Oil as Carbon Source

The HUR-IU (PET-1) bacterial strains were added to 100 ml of nutrient broth and incubated
until they reached the exponential phase, as measured by optical density at 600 nm, as a seed
culture, at 30C and 150 rpm of agitation. A 250 ml Erlenmeyer flask containing 50 ml of mineral
salt medium (MSM) and 2% (v/v) of UCO, respectively, was infected with the bacterial
suspensions (4%, v/v). Before the medium was autoclave sterilized, the pH was initially adjusted
to 7.0 with the help of HCI and NaOH. It was then incubated for 72 hrs at 37C in a rotary

incubator shaker at 120 rpm.
3.3. Production of biosurfactant:

The bacterial strain was grown in minimal salt medium(MSM) with hydrocarbon (HC) source as
kitchen waste oil (2%v/v) and nitrogen source as urea (2%w/v) for 3 days (72 hours) in an orbital

shaker incubator at 37°C. The cell-free broth obtained after centrifugation (10000 rpm for 20
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minutes) obtained supernatant was used for qualitative assay i.e, spread assay, drop collapse

method emulsification test.
250ml of Production media (g/L) composition:

e NH4CL [2]

e NaxHPO4[2.2]

e KH2P0,4[0.14]

e MgS04.7H20 [0.6]

e FeS04.7H20 [0.02]
e NaCl [0.01]

e Yeast extract [0.02]
e CaCl; [0.04]

Trace elements (0.1 ml/L)
e 7ZnS04.7H20 [1.7]
e MnS04.4H20 [0.85]
e H3BOs3 [0.56]
e CuS045H:0 [0.8]
e Na:Mo004.2H,0 [0.16]
e CoCl2.6H20 [0.45]
e EDTA [1.0]
e NiCl2.6H20 [0.005]
e KI[0.6]

3.4. Recovery of biosurfactant

The microbial cells were harvested from the culture broth by centrifugation at 12,000 g for 20
min. The supernatant was acidified with 6N hydrochloric acid solute on to pH 2.0. The
precipitated biosurfactant was recovered by centrifuging it at 12,000 g for 20 minutes, and the
acidified biosurfactant was neutralized with 1N NaOH (pH 7) solution. An equal volume of ethyl
acetate was added to the supernatant, and the organic phase was dried on a rotary vacuum

evaporator.
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3.5.Quialification and Quantification analysis

Measurement of oil spreading activity: (Morikawa et al., 2000)described the Oil spreading
experiment in a Petri dish, 20 ml of distilled water was first poured, followed by the addition of
15 ml of oil (mobile oil from a motorcycle), creating a thin layer on the water's surface. The oil
surface was then topped off with 10 pl of cell-free culture broth. The diameter of the oil-free
clearing zone, which forms when biosurfactant is present in the cell-free culture broth, is a good

indicator of the activity of the surfactant.

Drop collapse method: Approximately 100 pl of culture filtrate (supernatant) was placed on the
hydrophobic surface of crude oil to observe the shape of the drop. The presence of surfactant
leads to a reduction on the interfacial tension between the hydrophobic film and hydrophilic drop

which cause the appearance of flat/ collapsed drops on the film.

Emulsification test: The production of biosurfactant was estimated in terms of the
Emulsification index value i.e., %E>4 at different time intervals. The % E24 is the height of the
emulsion layer, divided by the total height of the liquid, multiplied by 100. Emulsification index
(E24) was measured after 24 h. 2ml of culture supernatant or biosurfactant crude extract, 2 ml of
carbon source, was added and vortexed at high speed for 2 minutes. The mixture was allowed to
stand for 24 hours prior to measurement. High percentage of emulsification index indicates
production of biosurfactant. Bacillus sp. HUR-1U (PET-1) favored kitchen oil as carbon source

for the production of biosurfactant.

El = (Height of emulsion layer / Height of the total mixture) x100
3.6. Preparation of heavy metal solutions

The protocol of samples was prepared by dissolving specified weight of metal salts in deionized
water to produce metal solution. The pH of each solution was measured using pH meter. There

are 4 types of heavy metals are used in their salt form as follow;

Cadmium

Chromium
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Lead
Arsenic

Each heavy metals (2.5mg) were dissolved in (250ml) distilled water and kept in rotatory shaker
for 24 hours at room temperature. The biosurfactant was recovered after 72 hours in the cell free
culture broth using a solvent extraction method were then added into heavy metal solution of
lead, chromium, and cadmium respectively with different dilution rate. The medium without bio-
surfactants are served as the control. The samples were then analyzed for the concentration of
metals present after treatment according to standard procedure using atomic absorption
spectroscopy. All experiments were performed in triplicate, and the average of the results is

presented.

Experimental design

Aliguots of 10 ml samples (500 mg/L) of the metal solution of each heavy metals were
transferred into four test tubes as control. . The concentration of the heavy metals in the solution
with biosurfactant supernatant are 2:8,4:6,6:4,8:2 in ml.. Samples were then incubated at room
temperature for one hour, and the average value was calculated and presented as a percentage of
metal removed. All experiments were made in triplicate, and the average value was calculated

and presented as a percentage of metal removed.

3.7. Heavy metal estimation:

In this study, a simple, reliable, sensitive and convenient AAS method has been developed for
quantitative estimation of heavy metals. The most widely techniques to analyze heavy metals are
atomic absorption spectrometry (AAS).

Atomic absorption spectrophotometer equipped with a deuterium lamp for background
correction was used for determination of trace elements and heavy metals. The hollow-cathode
lamps for, Cd, Pb Cr were employed as radiation source. Hydride generator was used for hydride
formation in As and Pb analysis. The flames used were air/acetylene and N2O/acetylene.

Nitrogen was used as carrier gas.(Frentiu et al., 2013).
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4. Result & Discussion:
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Biosurfactant considered as an efficient biological surface-active agent may provide an
alternative solution for the removal of heavy metals from industrial wastes. Biosurfactant exhibit
the properties of reducing surface and interfacial tension, stabilizing emulsions, promoting
foaming, high selectivity, and specific activity at extreme temperatures, pH, and salinity, and the

ability to be synthesized from renewable resources.

This study aimed to produce bio-surfactant from renewable feedstock, which was used cooking
oil (UCO), through a newly isolated strain, Bacillus sp. HUR-1U for heavy metals removal (Cd,
Cr, Pb). Bacillus sp. HUR-IU is a Gram-positive isolate that gave the oil displacement area with
the lowest surface tension, after 4 days of culturing in mineral salt medium and 2% (v/v) UCO at
a temperature of 36<C and agitation at 120 rpm. The bio-surfactant was capable of removing of
Chromium, Lead and Cadmium, respectively, from artificially contaminated water, highlighting
its potential activity used for bioremediation.

There is a little information about the effect of bio-surfactant-metal interactions on metal
structure. Our earlier work has concluded that the isolated bacteria strain bacillus sp. HUR-1U16
was found to have the ability of producing the biosurfactant (Rhamnolipid) in the form of
biological molecules.

In this study presents experimental results that evaluate the capability of Biosurfactant and their
ability on enhancing removal of heavy metals, in the water systems contaminated with heavy
metals.

The goal of the addition of a biosurfactant may promote desorption of heavy metals from
contaminated water through complexation of the free form of the metal residing in solution. This
decreases the solution-phase activity of the metal resulting in direct contact between the
biosurfactant and the sorbed metal and, therefore, promotes desorption. Clearly, biosurfactant
structure size and charge will affect movement of bio-surfactant-metal complexes(Elouzi et al.,
2012).

4.1. Oil spreading technique (OS):

This technique measures the diameter of clear zones caused when a drop of a bio-surfactant
containing solution is placed on an oil water surface. When the bio-surfactant containing solution

was added drop-wise with the help of pipette on the oil water surface, then there was formation
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of clear zone. This indicates that bio-surfactant production was maximum when kitchen oil was
used as carbon substrate. Figure 1 (a) show the control that when water was used over waste
mobile oil no clear zone observed simultaneously in Figurel (b) produced biosurfactant added
drop-wise clear zone was formed as shown in figure 1. This activity of produced biosurfactant

reveals that it have high potential for remediation of sea spills.

(a) control (b) oil displaced by biosurfactant produced from starin HUR-1U.

Fig 1:-Oil spreading analysis

4.2. Drop collapse method:

A sensitive rapid method was devised for screening bacterial colonies that produce surfactants.
Drops of cell suspensions of surfactant-producing HUR-1U collapsed on an oil-coated surface.
When the drop of cell suspension was added on an oil coated surface, the oil surface collapsed.
This was the indication of presence of biosurfactant, drop collapse method was considered as
qualitative estimation method for biosurfactant activity determination. Figure 2 show that
biosurfactant produced from strain HUR-IU having potential to reduce the surface tension and so

oil droplet collapsed when biosurfactant was added.
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Kitchen oil

Figure 2: Drop collapse assay using automobile waste oil.

4.3.Emulsification test:

2ml of culture supernatant or biosurfactant crude extract, 2 ml of Petrol, diesel, kerosene and
Tarpene, was added and vortexes at high speed for 2 minutes. The mixture was allowed to stand
for 24 hours prior to measurement. High percentage of emulsification index indicates production
of biosurfactant .Bacillus sp. HUR-IU (PET-1) favored kitchen oil as carbon source for the

production of biosurfactant. Table 1 show that petrol showed highest emulsification activity.

Table 1. Emulsification index of different oils with produced Biosurfactant

Oils El%

Petrol 45.9%
Diesel 40.6%
Kerosene 23.4%
Tarpene 19.2%
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Figure 3. Kerosene Tarpene Diesel Petrol
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Figure 4. Emulsification index of different oils with produced Biosurfactant

4.4. Effect of Biosurfactant on Heavy Metal Remediation

The heavy metal solution of lead, chromium, and cadmium was mixed with Biosurfactant
supernatant with different dilution rate i.e 2:8, 4:6, 6:4, 8:2. The medium without bio-surfactants

29



are served as the control. The samples were then analyzed for the concentration of metals
present after treatment according to standard procedure using atomic absorption spectroscopy

(AAS). All experiments were performed in triplicate, and the average of the results is presented.

Biosurfactant-mediated heavy metal remediation was observed by AAS. The results revealed that
heavy metals were reduced when different concentrations of the biosurfactant were used. A
whitish co-precipitate of the metal-biosurfactant complex was produced after the heavy metals
were treated with the biosurfactant. The result Obtained in AAS showed that the removal of
heavy metals was increased when the concentration of biosurfactant were increased.

The obtained AAS result revealed that the biosurfactant have potential to remediate
approximately 70% of heavy metals (Cd,Pb,Cr) from the solution.

4.5. Calculation:
The percentage of metal removed (n) was calculated based on the initial metal content (control)
in the aqueous solution using the following equation:

n = Ci-Cf/ Ci x 100
Where; Ci is the initial concentration of heavy metals (control, i.e. without treatment) and Cf is
the final concentration of heavy metals after treatment with biosurfactant.
Compared to control, a significant reduction in the concentration of metal was observed after the
addition of biosurfactant. A significant decrease in Cadmium, chromium &Lead concentration
was high with biosurfactant at 8% concentration compared to 2% and 4% concentrations.
Biosurfactant at 8% was found to be a superior adsorbent in removing cadmium, chromium and
lead from aqueous solution.
Table 2 and figure... showed the removal efficiency of biosurfactant produced from strain HUR-
IU16 when waste kitchen oil used as a carbon source. This result reveals that produced
biosurfactant having high potential to remove heavy metals present in water bodies or

environment.

30



Table 2 : The effect of bio-surfactants concentration on heavy metals removal from

aqueous solution.

Concentration (v/v) | Chromium removed | Lead removed Cadmium removed
Blank 37.6% 63.1% 33.6%
2% 20.7% 15.8% 7.1%
4% 33.5% 37.4% 26.7%
6% 94.6% 53.4% 53.5%
8% 77.1% 73.2% 77.6%
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Figure 5. Percentage removal efficiency of Cd, Pb, Cr by biosurfactant.

As we increase the concentration of biosurfactant with heavy metal solution, the concentration of

heavy metal reduce simultaneously. Among different ratio of biosurfactant and heavy metal

concentration 8:2 shows the highest removal of Pb and Cd and the 6:4 ratio show the highest

remediation of Cr.

31



5. Conclusion
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The conclusions drawn from this study that; Biosurfactant produced from strain Bacillus sp.
HUR-IU when waste Kkitchen oil used as a carbon source having potential to remove heavy
metals. Produced biosurfactant showing good emulsification activity reduce surface tension
which was confirmed by Oil spreading method, Emulsification index and drop collapse method.
Oil spreading method also confirms that produced biosurfactant having potential to be used as
bioremediation of sea spills. This study is more focused to remove heavy metals, Using
inductively Atomic absorption spectrometer established that the biosurfactant can removed
heavy metal up to 94.6% of cadmium, 73% of lead, and 73.2% of cadmium respectively. The
effect of biosurfactant on Cadmium, Lead and Chromium suggest further research need to be
conducted. Hence, the evolution of Biosurfactant effective concentration in Cadmium, Lead and

Chromium, the removal is a matter of investigation.
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