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ABSTRACT
A study was carried to produce biosurfactants from Shea butter and palm oil waste
slurries using single and consortium of Pseudomonas aeruginosa and Bacillus cereus
and determine the effect of optimizing using pH values, Nitrogen (Sodium nitrate)
concentrations and Lipase (NESS Formula 5%) concentrations on the production of
biosurfactants. Growth of the organisms was done at room temperature using a Mineral
salt medium enriched with the Shea butter and palm oil waste slurries for 120hours on a
rotatory shaker. To check for biosurfactant production, Absorbance (mean values),
Surface Tension (ST) and Emulsification index (E4) tests were used. Optimum values
for pH from single organisms were 0.94 Absorbance, E,4 of 67% and 22% reduction in
surface tension in Shea butter slurry. For Palm oil slurry, 0.75 Absorbance, E;4 of 45%,
and up to 42% reduction in surface tension were observed. The consortium of the
bacteria in both Shea butter and Palm oil slurries gave values of up to 1.09 Absorbance,
E24 of 67% with no observed reduction in Surface tension in Shea butter slurry while
0.64 for Absorbance, E»4 of 48% and up to 14.2 % reduction in ST was observed for
Palm oil slurry. Nitrogen optimization with single organisms gave values of up to 1.16
Absorbance, Ey4 of 79% and up to 33% reduction in surface tension in Shea butter
slurry. In Palm oil slurry, 1.52 Absorbance, E,4 of 0% and up to 42.5% reduction in
surface tension was recorded. The consortium of the organisms gave values of 1.32
Absorbance, E,4 of 58% with 14.2% reduction in Surface tension in Shea butter slurry
while 0.61 Absorbance, E,4 of 55% and up to 30.4% reduction in ST was recorded for
Palm oil slurry. Lipase optimization with NESS Formula 5° gave values of up to 0.73
for Absorbance, Ez4 of 65% , with up to 22.2% reduction in surface tension in Shea
butter slurry and 0.89 Absorbance, E,4 of 62% with up to 47.5% reduction in surface

tension in palm oil slurry using single cultures of the organisms. 1.19 Absorbance,

viii



E.,40f 55% with up to 14.2% reduction in Surface tension in Shea butter slurry and 0.80
Absorbance, E4 of 65% with up to 14.4 % reduction in ST in Palm oil slurry, was
recorded for the consortium of the organisms. There were significant differences
between the varied environmental parameters (pH, Nitrogen and Lipase) It was
concluded that best results for biosurfactant production was from Shea butter slurry
while Pseudomonas aeruginosa produced more biosurfactant from both slurries

compared to Bacillus cereus.
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CHAPTER ONE

1.0 INTRODUCTION

1.1  Background

Surfactants are compounds that lower the surface tension of a liquid, the interfacial tension
between two liquids, or that between a liquid and a solid. Surfactants may act as
detergents, wetting agents, emulsifiers, foaming agents, and dispersants (Makkar et al.,

2011).

Biosurfactants are surface active agents of microbial origin and have the unique property of
lowering the interfacial tension between two liquids. They act on the interface and are
amphipathic molecules with both hydrophilic and hydrophobic moieties present within the
same molecule. Biosurfactants and Bio emulsifier are often used interchangeably owing to
their unusual emulsifying property that makes them the molecules that enhance the
accessibility and bioavailability of hydrophobic chemicals by forming stable emulsions and

lowering the surface tension (Mulligan and Gibbs, 2004).

Biosurfactants have been reported by Mulligan (2004) to utilize a number of immiscible
substrates and thereby facilitate the biodegradation of panoply of polyaromatic
hydrocarbons. They have carved a niche for themselves with their unusual antibacterial,
antifungal and antiviral activities (Cameotra and Makkar, 2004; Joshi et al., 2008). Some
of the uses of biosurfactants include their role as anti-adhesive agents to pathogens, making
them useful for treating many diseases and as therapeutic, probiotic and pharmaceutical

agents (Cameotra and Makkar, 2004; Rodrigues et al., 2006; Mulligan and Gibbs, 2004;


http://en.wikipedia.org/wiki/Surface_tension
http://en.wikipedia.org/wiki/Detergents
http://en.wikipedia.org/wiki/Wetting_agent
http://en.wikipedia.org/wiki/Emulsifiers
http://en.wikipedia.org/wiki/Foaming_agent
http://en.wikipedia.org/wiki/Dispersant

Eshrat, 2011). In addition biosurfactants have unique characteristics that enables them to
degrade a wide range of organic pollutants (Magdalena et al., 2011). The prospects of
biosurfactants have a great potential because of their applications in the petroleum industry
(Mulligan and Gibbs 2004; Amedea et al., 2010) and microbially enhanced oil recovery
(Okpokwasili and Ibiene, 2006; Youssef et al.,, 2007; Shavandi et al., 2011). The
Rhodococcusruber biosurfactants are found to be 1.4 to 2.3 times more efficient than the
synthetic surfactants (Tween 20, Tween 60) in enhanced crude oil desorption and

mobilization from soil core, with 65-82% crude oil recovery (Kuyukina et al., 2005).

The interest in biosurfactant has been steadily increasing in recent years due to the
possibility of their production through fermentation and their potential applications in such
areas as the environmental protection. The uniqueness with unusual structural diversity, the
possibility of cost-effective ex-situ production and their biodegrability are some of the
properties that make biosurfactants a promising choice for use in environmental
applications (Hua etal., 2003). Initial focus of industrial interest towards biosurfactants
concentrated on the microbial production of surfactants and cosurfactants for the

application on microbially-enhanced oil recovery (MEOR) (Hua etal., 2003).

The application of biosurfactants industrially is still at the developmental stage because
biosurfactant application in industries is dependent on high biosurfactant production yield
and the production of highly active biosurfactants with specific properties for specific
applications. Hence, majority of surfactants produced today are of petrochemical origin

compared to that produced microbiologically from renewable resources.



Hester (2001) estimated that biosurfactants could capture 10% of the surfactant market by
the year 2010 with sales of $US200 million. However, till now, biosurfactants are still
unable to compete with the chemically synthesized surfactants in the surfactant market.
This is due to their high production costs in relation to inefficient bio-processing methods
available, poor strain productivity and the need to use expensive substrates (Cameotra and

Makkar, 1998; Deleu and Paquot, 2004).

1.2 Statement of Research Problem

Economy is often the drawback of all biotechnological processes, especially in the case of
biosurfactant production. The economics of producing biosurfactants has limited its
commercial applications, but the production cost can be reduced by improving yield, rate,
recovery and using cheap or waste substrates (Mulligan et al., 2001). Biosurfactants have
gained importance in the fields of enhanced oil recovery, environmental bioremediation,
food processing and pharmaceuticals owing to their unique properties--higher
biodegradability, lower toxicity, and effectiveness at extremes of temperature, pH and
salinity. However, large-scale production of these molecules has not been realized because
of low yields in production processes and high recovery and purification costs (Murkhejee

et al., 2006).

1.3 Justification

This research aims at using cheap and locally, readily available raw materials to test for bio
surfactant production and to test for improved yield and rate of bio surfactant production

by modifying some environmental conditions and using a consortium of bacteria.



Most surfactants are petroleum based and are chemically synthesized. However the leading
trend towards using environmentally friendly technologies has enhanced the search for
biodegradable compounds of natural origin. Biosurfactants are therefore the natural choice
for such processes as they possess a host of advantages over synthetic surfactants, such as
lower toxicity, biodegradability and effectiveness at a wide range of pH and temperature
values (Makkar et al., 2011). Most biosurfactants, like synthetic surfactants, exhibit
physicochemical properties and characteristics such detergency, emulsification, de-
emulsification, foaming and wetting. These molecules have the abilities to reduce
superficial and interfacial tension reduction between solids, liquids and gases. Interest in
their potential applications by various industries such as Pharmaceuticals, Cosmetics, Food
and beverages has significantly increased recently, particularly because of their

environmental friendly nature and sustainability (Makkar et al., 2011).

In addition, several biosurfactants have been reported to have manifold biological activities
covering antibiotics, fungicides, insecticides, antiviral and antitumoral agents,
immunomodulators or specific toxins or enzyme inhibitors, which make them interesting
for pharmaceutical applications. Of special interest for an industrial use are microbial
glycolipids: they occur either as an important part of the microbial cell surface enabling the
contact with hydrophobic substrates or they are secreted as emulsifiers in the culture broth
when grown on water immiscible or oily substrates. Consisting of carbohydrates moieties
bond to fatty acid or hydroxyl fatty acid chains they are the main low molecular weight
biosurfactant group possessing many commercially attractive properties and clear

advantages compared with their other synthetic counterparts.



Although the production of microbial biosurfactants has been studied extensively in the
last decade, their production on a commercial scale has only been realized in very few
cases, and up to now they have found few applications due to their distinctly higher prices
compared to chemical surfactants. An interesting option for the future not realized yet
could be their use for microbial enhanced oil recovery (MEOR), if it is possible to decrease
production costs (Dachema,2013). This can perhaps be achieved through this study with

the following aims and objectives.

1.4 Aim of the Study

The aim of this study is to screen for production of biosurfactants from renewable waste
slurries of Shea butter and Palm oil using Bacillus cereus and Pseudomonas aeruginosa

under different environmental conditions.

1.5  Specific Objectives of the Study

1. Toisolate and characterize Bacillus cereus and Pseudomonas aeruginosa from soil
samples.

2. To screen for biosurfactant production activity of Bacillus cereus and Pseudomonas
aeruginosa

3. To screen for production of biosurfactants from Shea butter and Palm oil waste
slurries using single cultures and consortium of Bacillus cereus and Pseudomonas
aeruginosa

4. To carry out optimization studies of pH, Nitrogen and lipase on biosurfactant
production by the isolates bacterial isolates in Shea butter and Palm oil waste

slurries.



1.6 Research Questions
e The possibility of producing biosurfactant from palm-oil and Shea butter wastes
using Bacillus cereus and Pseudomonas aeruginosa?
e The possibility of improved yield when consortium of Bacillus cereus and

Pseudomonas aeruginosa are used?

1.7  Research Hypothesis

Null hypothesis (Ho): Bio surfactants cannot be produced from Shea butter and Palm oil
wastes slurries using single and consortium of Bacillus cereus and Pseudomonas

aeruginosa.

Alternative hypothesis (Ha): Bio surfactant can be produced from Shea butter and Palm oil
wastes slurries using single and consortium of Bacillus cereus and Pseudomonas

aeruginosa.



CHAPTER TWO

2.0 LITERATURE REVIEW

Biosurfactants are surface-active substances derived from living organisms, especially
microorganisms. They are amphiphilic compounds, containing hydrophobic and
hydrophilic moieties. The hydrophilic moiety can be carbohydrate, amino acid, phosphate
group or some other compounds whereas the hydrophobic moiety usually is a long chain
fatty acid (Lang, 2002). The potential applications of biosurfactants in industries include
emulsification and foaming for food processing, wetting and phase dispersion for
cosmetics and textiles, or solubilization for agrochemicals (Lin, 1996). In addition,
biosurfactants can be use in environmental applications such as bioremediation and
dispersion of oil spills (Banat, 1995). Biosurfactants can be divided into 4 major groups
based on their overall structures. They are glycolipids, phospholipids, lipoproteins or

lipopeptides and polymeric compounds (Healy et al., 1996).

Biosurfactants are compounds that produce surface-active and emulsifying activities and
are themselves produced by microorganisms, such as bacteria, yeast and fungi (Hamzah et
al., 2013). The ability to reduce surface tension is a major characteristic of surfactant.
Surfactants are key ingredients used in detergents, shampoos, toothpaste, oil additives, and

a number of other consumer and industrial products.

All living cells produce amphipathic molecules. These molecules which consist of both
hydrophilic and hydrophobic moieties are called surface-active compounds or surfactants.
In many cases, they exhibit surface-active characteristics such as dramatic lowering of

surface tension at the air/water interface, lowering interfacial tension at the oil/water
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interface, and micelle or pseudomicelle formation (Haddad et al., 2008). Such
characteristics confer excellent detergency, emulsifying, foaming, and dispersing traits,
which make surface-active compound, some of the most versatile process chemicals

(Greek, 1991).

Biosurfactants are a group of microbial molecules identified by their unique capabilities to
interact with hydrocarbons. Emulsification and de-emulsification, dispersion, foaming,
wetting and coating are some of the numerous surface activities that biosurfactants can
achieve when applied within systems such as immiscible liquid/liquid (e.g., oil/water),
solid/ liquid (e.g., rock/oil and rock/water) and gas/liquid. Therefore, the possibilities of
exploiting these bioproducts in oil-related sciences are vast and made petroleum industry
their largest possible market at present. The role of bio surfactants in enhancing oil
recovery from reservoirs is certainly the best known; however they can be effectively
applied in many other fields from transportation of crude oil in pipeline to the clean-up of
oil storage tanks and even manufacturing of fine petrochemicals. When properly used,
biosurfactants are comparable to traditional chemical analogues in terms of performances
and offer advantages with regard to environment protection/conservation (Perfumo et al.,

2010).

During the last years, several applications of biosurfactants with medical purposes have
been reported. Biosurfactants are considered relevant molecules for applications in
combating many diseases and as therapeutic agents due to their antibacterial, antifungal

and antiviral activities.



Furthermore, their role as anti-adhesive agents against several pathogens illustrate their
utility as suitable anti-adhesive coating agents for medical insertional materials leading to a
reduction of a large number of hospital infections without the use of synthetic drugs and
chemicals (Rodrigues et al, 2008).This research would be contributing to the body of
knowledge by testing the efficacy of lower cost and increased yield by combining the use

of locally available substrates with the use of a consortium of bacteria.

Surfactants are widely used for various purposes in industry, but for many years were
mainly chemically synthesized. It has only been in the past few decades that biological
surface-active compounds (biosurfactants) have been described and are gaining
prominence. They have already taken over for a number of important industrial uses, due
to their advantages of biodegradability, production on renewable resources and
functionality under extreme conditions; particularly those pertaining during tertiary crude-
oil recovery. Conflicting reports exist concerning their efficacy and the economics of both
their production and application. At present, their uses are mainly in the oil and petroleum
industries, where they are employed primarily for their emulsification capacity in both
tertiary recovery and polluted-sites remediation. However, caution is frequently exercised
with respect to their use because of possible subsequent microbial contamination of either
underground oil reservoirs or products. The limited successes and applications for
biosurfactants' production, recovery, use in oil pollution control, oil storage tank clean-up
and enhanced oil-recovery are reviewed from the technological point of view (Banat et al.,

1995).

In comparison to their other chemically synthesized equivalents they have many

advantages. They are environmentally friendly, biodegradable, less toxic and non-
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hazardous. They have better foaming properties and higher selectivity. They are active at
extreme temperatures, pH and salinity as well, and can be produced from industrial wastes
and from by-products. This last feature makes cheap production of biosurfactants possible

and allows utilizing waste substrates and reducing their polluting effect at the same time.

Because of their potential advantages, biosurfactants are widely used in many industries
such as agriculture, food production, chemistry, cosmetics and pharmaceutics. The
examples of biosurfactant applications are listed in many review papers. Many properties
of microbial surface active compounds such as emulsification/de-emulsification,
dispersion, foaming, wetting and coating make them useful in physicochemical and
biological remediation technologies of both organic and metal contaminants.
Biosurfactants increase the bioavailability of hydrocarbon resulting in enhanced growth
and degradation of contaminants by hydrocarbon-degrading bacteria present in polluted
soil. In heavy-metal polluted soils biosurfactants form complexes with metals at the soil
interface, which is followed by desorption of the metal and removal from the soil surface
leading to the increase of metal ions concentration and their bioavailability in the soil
solution. The new approach is the use of heavy metal-resistant bacterial strains capable of
producing biosurfactants for increasing the metal-removing efficiency by phytoremediation

(Pacwa-Plocinizak et al, 2011).

Microorganisms utilize a variety of organic compounds as the source of carbon and energy
for their growth. When the carbon source is an insoluble substrate like a hydrocarbon
(CxHy) microorganism facilitate their diffusion into the cell by producing a variety of
substances, the biosurfactants. Some bacteria excrete ionic surfactant, which emulsify

hydrocarbon substrates in the growth medium. The exact reason why some
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microorganisms produce surfactant is unclear (Deziel et al., 1996). Biosurfactants

produced by various microorganisms together with their properties are listed in Table 2.1

2.1 Classification of Biosurfactants

Biosurfactants are categorized mainly by their chemical composition and microbial origin
(Muthusamy et al., 2008; Okoliegbe and Agarry, 2012). However, Rosenberg and Ron
(1999) suggested that biosurfactants can be divided into low molecular weight
biosurfactants and the high molecular-weight biosurfactants; polar grouping; chemical

compositions; phospholipids and polymeric surfactants.

2.1.1 Classification based on low molecular weight

Low molecular- weight biosurfactants are compounds that lower the surface and interfacial
tension at the air/water interface (Salihu et al., 2009). The low molecular-weight
biosurfactants are generally glycolipids or lipopeptides. The best studied glycolipids are
rhamnolipids, trehalolipids and sophorolipids which are disaccharides that are acylated
with long- chain fatty acids or hydroxy fatty acids (Ron and Rosenberg, 2001; Okoliegbe

and Agarry, 2012).

2.1.2 Classification based on high molecular weight

High- molecular weight biosurfactants are usually referred to as bioemulsans (Salihu et al.,
2009). They are more effective in stabilizing oil in water emulsions (Okoliegbe and
Agarry, 2012). They are highly efficient emulsifiers that work at low concentrations and
exhibit considerable substrate specificity (Dastgheib et al., 2008). Ron and Rosenberg

(2001) reported that a large number of bacterial species from different genera produce exo-
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cellular polymeric surfactant composed of polysaccharides, proteins, lipopolysaccharides,

lipo-proteins or complex mixtures of these biopolymers.

2.1.3 Classification based on polar groupings of biosurfactants

Biosurfactants are either anionic or neutral (Okoliegbe and Agarry, 2012). The
hydrophobic moiety is based on long chain fatty acids or fatty acids derivatives whereas
the hydrophilic portion can be carbohydrates, amino acid, phosphate or cyclic peptide

(Nitschke and Coast, 2007; Okoliegbe and Agarry, 2012).

The structure of a biosurfactants includes a hydrophilic moiety consisting of amino acids or
peptides anions or cations, mono-, di- or polysaccharides and a hydrophobic moiety

consisting of unsaturated, saturated or fatty acids derivatives (Desai and Banat, 1997).

2.1.4 Classification based on chemical composition

2.1.4.1 Glycolipids

Most known biosurfactants are glycolipids, they are carbohydrates whose constituent
mono-, di-, tri- and tetrasaccharides include glucose, mannose, galactose, rhamnose,
galactose sulphate and glucoronic acid. These carbohydrates combine with long—chain
aliphatic acids or hydroxyaliphatic acids. This linkage is by means of either ether or an
ester group. In this taxa, the best known are the rhamnolipids, trehalolipids and
sophorolipids (Desai and Banat, 1997, Muthusamy et al., 2008). Other glycolipids
produced by microorganisms are cellobiolipids which are produced by U. zeae, and U.
maydis and the Mannosylerythritol lipids that are produced by Candida antartica (Desai

and Banat, 1997, Muthusamy et al., 2008).
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2.1.4.2 Lipopeptides and lipoproteins

Large number of cyclic lipopeptides including decapeptide antibiotics (gramicidin) and
Lipopeptide antibiotics (polymxin) produced by Bacillus brevis and Bacillus polymyxa
respectively possess remarkable surface active properties. These consist of a lipid attached
to a polypeptide chain. Other examples are orinithine lipids, Iturin with surfactin being the

best studied (Desai and Banat, 1997, Muthusamy et al., 2008).

2.1.5 Phospholipids, fatty acids and neutral lipids

Several bacteria and yeast produces large quantities of fatty acids and phospholipids
surfactant during growth on n-alkanes. Fatty acids produced from alkanes as a result of
microbial oxidations have been considered as surfactant. Apart from these straight chain
acids, microorganisms produce complex fatty acid containing OH groups and alkyl
branches, example of such complex acids include corynomuolic acids (Rahman and Gakpe,

2008).

2.1.5.1 Phospholipids

Phospholipids are major components of microbial membranes, when certain hydrocarbon
degrading bacteria or yeast are grown on alkane substrates the level of the phospholipids
increases greatly for example growing Acinetobacter sp. on Hexadecane produces the

phospholipids which is mainly phosphatidylethanolamine (Muthusamy et al., 2008).
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2.1.6 Polymeric microbial surfactants

Most of these biosurfactants are polymeric heterosaccharide containing proteins. The best
studied polymeric biosurfactants are emulsan, liposan, mannoprotein and polysaccharide

protein complexes (Desai and Banat, 1997).

217 Particulate biosurfactant

Extracellular membrane vesicles partition hydrocarbons forming micro emulsion which

play an essential role in alkane uptake by microbial cells.

2.2 Applications of Biosurfactants

The applications of biosurfactants have been researched and reported in literature proving
that the usefulness of this substance to man in most aspects of his existence cannot be over
emphasized. Worldwide production of surfactants amount to 17 million metric tonnes in
the year 2000 and an expected future growth rates of 3-4% per year globally (Okoliegbe
and Agarry, 2012). Applications of surfactants are classified according to how they are
applied by the users; detergents and cleaners (54%); auxiliaries for textiles, leather and
paper (13%), chemical processes (10%), cosmetics and pharmaceuticals (10%) food
industry (3%). Agriculture (2%) and in others (8%) (Rahman and Gakpe 2008; Okoliegbe
and Agarry, 2012). These chemically synthesized surfactants are mainly petroleum based
and are usually non-biodegradable thus remain toxic to the environment they find

themselves (Okoliegbe and Agarry, 2012).

These compounds may also bioaccumulate and their production processes and by-products

can be environmentally hazardous, due to this increasing awareness on the need to protect
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the ecosystem, environmental scientist have been tightening environment regulations thus
necessitating an increased interest in surfactants of microbial origin as possible alternatives
to chemically synthesized ones (Benincasa, 2007; Okolieghe and Agarry, 2012). The
various applications of biosurfactants in industries, medicine, agriculture and petroleum are

discussed below.

2.2.1 Applications of biosurfactant in industry

Biosurfactants have been used for various food processing industries where they play a role
of food formulation ingredient and anti-adhesive agents (Okoliegbe and Agarry, 2012). As
food formulation ingredient, biosurfactants promote the formation and stabilization of
emulsion due to their ability to decrease the surface and interfacial tension. They are also
used to control the agglomeration of fat globules, modify rheological properties of wheat
dough and improve consistency, stabilize aerated systems, improve texture and shelf -life
of starch containing products, and texture of fat based products (Muthusamy et al., 2008;

Okoliegbe and Agarry, 2012).

Furthermore Muthusamy et al., (2008) reported that the use of biosurfactants as anti-
adhesive agents given the fact that a biofilm present in food industry surfaces are potential
sources of contamination which may lead to food spoilage and disease transmission. They
also reported the preconditioning of stainless steel surfaces with a biosurfactant obtained
from Pseudomonas fluorescens inhibits the adhesion of Listeria monocytogenes LO28

strain.

In the cosmetic industry, due to its emulsification, foaming, water binding capacity,
spreading and wetting properties effect on viscosity and on product consistency,
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biosurfactant have been proposed to replace chemically synthesized surfactants. These
surfactants are used as emulsifiers, foaming agents, solubilizers, wetting agents, cleansers,
antimicrobial agents, mediators of enzyme action, in insect repellents, antacids, bath
products, acne pads, anti-dandruff products, contact lens solutions, baby products, mascara,
lipsticks, toothpaste, dentine cleansers etc. (Okoliegbe and Agarry, 2012; Gharaei-

Fathabad, 2011).

2.2.2  Applications of biosurfactants in medicine

Wide range of applications of biosurfactants in medicine as reported by Mukherjee et al.,

(2006) include the following:

2.2.2.1 Anti-cancer activity

Some microbial extracellular glycolipids (MEL) induce cell differentiation instead of cell
proliferation in the human promyelocytic (PC) leukemia cell line. Also, exposure of PC
cells to MEL enhanced the activity of acetylcholine esterase and interrupted the cell cycle
which resulted in the overgrowth of neurites and partial cellular differentiation (Okoliegbe
and Agarry, 2012). This suggest that MEL induces neuronal differentiation in PC cells and
provides the ground work for the use of microbial extracellular glycolipids as novel
reagents for the treatment of cancer cells (Muthusamy et al., 2008; Okoliegbe and Agarry,

2012).

2.2.2.2 Immunological adjuvants

Bacterial lipopeptides constitute potent non-toxic, non-pyrogenic immunological adjuvants

when mixed with conventional antigens (Okoliegbe and Agarry, 2012). An improvement
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of the humoral humane response was demonstrated with low molecular mass antigens

Iturin AL and herbicolin A (Gharaei-Fathabad, 2011).

2.2.2.3 Antimicrobial activity

The diverse structures of biosurfactants gives them the ability to display versatile
performance. By its structure, biosurfactants exerts its toxicity on the cell membrane
permeability bearing the similitude of a detergent-like effect (Zhao et al., 2010). Several
biosurfactants have strong antibacterial, antifungal and antivirus activity (Gharaei-
Fathabad, 2011). These surfactants play the role of anti-adhesive agents to pathogens
making them useful for treating many diseases as well as its use as therapeutic and
probiotic agent (Okoliegbe and Agarry, 2012). A good example is the biosurfactant
produced by marine Bacillus circulans that had a potent antimicrobial activity against
Gram positive and Gram negative pathogens and semi-pathogenic microbial strains

including MDR strains (Okoliegbe and Agarry, 2012).

2.2.2.3 Antiviral activity

Antibiotic effects and inhibition of growth of human immunodeficiency virus in leucocytes
by biosurfactants have been reported in literature (Desai and Banat, 1997, Muthusamy et
al., 2008; Okoliegbe and Agarry, 2012). Furthermore, Muthusamy et al. (2008) reported
that due to the increased incidence of HIV in women, there arose the need for a female
controlled, efficacious and safe vaginal topical microbicide. Sophorolipids surfactants from
C. bombicola and its structural analogues such as the sophorolipid diacetate ethyl ester is

the most potent spermicidal and virucidal agent, it was also reported that this substance has
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a virucidal activity similar to nonoxynol against the human semen (Okoliegbe and Agarry,

2012).

2.2.2.4 Anti-adhesive agents

Biosurfactants have been found to inhibit the adhesion of pathogenic organisms to solid
surfaces or to infection sites (Okoliegbe and Agarry, 2012). Rodrigues et al. (2006)
demonstrated that pre-coating vinyl urethral catheter by running the surfactin solution
through them before inoculation with media resulted in the decrease in the amount of
biofilm formed by Salmonella typhimurium,Salmonella enterica, Escherichia coli and
Proteus mirabilis. Muthusamy etal., (2008) also reported that pre-treatment of silicon
rubber with S. thermophilus surfactant inhibited 85% adhesion of Candida albicans and
surfactants from L. fermentum and L. acidophilus adsorbed on glass, reduced by 77% the

number of adhering uropathogenic cells of Enterococcus faecalis.

2.2.2.5 Gene delivery

Gharaei-Fathabad (2011) stated that the establishment of an efficient and safe method for
introducing exogenous nucleotides into mammalian cells is critical for basic sciences and
clinical applications Other advantages and applications of bio-surfactant in medicine are
the use of surfactants as agents for stimulating stem fibroblast metabolism, immune
modulatory action, however it has been reported in literature that the deficiency of
pulmonary surfactant, a phospholipids protein complex is responsible for the failure of
respiration in prematurely born infants however, isolation of genes for protein molecules of
this surfactant and cloning in bacteria have made possible its fermentation production for
medical application (Muthusamy et al., 2008).
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2.2.3 Application of biosurfactant in petroleum

The petroleum industry have existed for the past 100 years, but the high quality and easily
extractable light crude oils are limited, ultimate recoverable resources are estimated at
between 2 — 4 trillion barrels which poses two major issues: first, efficiency and
maximization of the overall stages of processing and secondly, the challenge of utilizing
heavy crude oils, bitumen and tar-sand which may represent the hydrocarbon based energy

of the future (Hall et al., 2003; Okoliegbe and Agarry, 2012).

Biosurfactant and bioemulsifier are novel group of molecules and among the most
powerful and versatile by-product that modern microbial technology can offer in fields
such as bio-corrosion and biofouling degradation of hydrocarbons within oil reservoirs,
enzymes and biocatalysts for petroleum up-grading (Perfumo et al., 2010). Furthermore,
biosurfactants play a major role in petroleum extraction, transportation, upgrading and

refining and petrochemical manufacturing.

2.2.3.1 Microbial enhanced oil recovery

Perfumo et al., (2010) reported that classical oil production technologies involving primary
and secondary can only partially recover the oil present in the field with an efficiency
estimated at 30 — 40% of the overall amount of oil available. Such efficiencies are expected
to decrease with the gradual depletion of light crude resources leaving the viscous crude
oil, thus requiring the development of the “tertiary” processes which aim at enhanced oil

recovery (Okoliegbe and Agarry, 2012).
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Perfumo et al., (2010), also reported that biosurfactant are able to exert oil displacement
and movement through oil bearing rocks by three main mechanisms.

1. Modification of the wettability of porous media

2. Emulsification of crude oil.

3. Reduction of interfacial tension between oil-rocks and oil-brine.

In addition, biosurfactant production contributes to the metabolism of viscous oil through
microorganism that release lighter hydrocarbon fraction making oil even more fluid.
Lichenysin have been used in enhanced oil recovery where it is produced ex-situ by
Bacillus licheniformis and it is injected into oil resources (Okoliegbe and Agarry, 2012).
This surfactant even at low concentrations (10 — 60mg/L) is able to reduce interfacial
tension to ultra-low values (less than 10 -2 mN/M) which is required to release the trapped
oil. In addition it is not affected by temperature (< 140°C), pH (from 6 to 10), salinity (up
to 10% w/v NaCl) and calcium concentrations (< 340mg/L CaCl2) (Perfumo et al., 2010;

Okoliegbe and Agarry, 2012).

Maggot (2005) reported the use of laboratory selected bio-surfactant producing
microorganism been injected into oil reservoir with resounding success. These microbes
are injected along with their nutrients into oil wells thus their ability to grow and
metabolize in these areas. Since most oil extraction processes are carried out at high
temperature, most organisms implicated here are extremophiles (Okoliegbe and Agarry,
2012). Thermotolerant Pseudomonas aeruginosa strains isolated from injection waters
were found to produce molecules which is effective in displacing trapped oil both in
laboratory test and within low temperature reservoirs. The rhamnolipids produce at high

temperature of 90°C with a critical micelle concentration of 70mg/litre and at lower pH are
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only slightly affected by salinity and calcium ions (Maggot, 2005). However, the use of
this microbe is limited due to its classification as risk-group 3 organisms with restriction
and regulation on its handling and dispersion into the environment. Also, the fact that this
organism is typically an aerobic mesophile proves an issue that this organism produces

rhamnolipids (Perfumo et al., 2010).

Another strategy is based on the concept that oil reservoirs are inhabited by indigenous
microbial Communities. However the knowledge of such microbial ecosystems is limited
due to difficulties in collecting representative samples as well as carrying out in situ
analysis. Therefore, whether indigenous microorganisms are native or contaminants
exogenously introduced through water flooding, drilling or other oil well operations is still
to be confirmed as well as their metabolism and activities established (Maggot, 2005,

Franzetti et al., 2008; Okoliegbe and Agarry, 2012).

2.2.3.2 Formation of petrochemicals

Petrochemicals are prepared using specific surfactant packages along with a variety of
additives (e.g. detergents, lubricity enhancers, anti-foaming agents, ignition improvers,
antirust agents and metal deactivators). Petrochemical industry is largely driven by strict
environmental conditions rather than product economics. One of such area is the
manufacturing of emulsified fuels; emulsified fuels are water—in—diesel emulsion with a
typical content of water of 10 — 20% (v/v). Surfactants are expected to stabilize the
emulsion and ensure that the finely dispersed water droplets remain in suspension within
the diesel fuel. Non-ionic surfactants such as alcohol ethoxylates, fatty acid ethoxylates

and sugar ester of fatty acids are currently the most used (Perfume et al., 2010). This is an
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interesting technology which is currently applied especially in Europe for public transport
fleets, marine engine, locomotive, heat facilities due to the fact that it improves combustion
efficiency, the micro exploitation of water particles leads to a reduction of emulsion of
hazardous pollutants such as nitrogen oxides (< 25%) carbon oxide (<5%) black smoke (<
80%) and particulate matter (<60%) there is also the reduction of diesel combustion

(Perfumo et al., 2010).

2.2.3.3 Crude oil transportation in pipelines

Crude oil presents the need for long distance transportation from extraction fields to the
refineries. Oil viscosity is a major factor which affects pipeline as it slows the flow of oil.
Traditional methods of heating or dilution with solvents have been applied to reduce oil
viscosity but a promising technology consisting of producing stable oil- in- water emulsion
that facilitate oil motility have been recently developed and new routes to the application
of the bioemulsifier-type of surfactants have been found particularly suitable for this
application (Okoliegbe and Agarry, 2012). Emulsan, a surfactant, was applied in field-trial
for pipeline transportation of Boscan heavy crude oil with the viscosity of about 200,000
cp, oil ratio of 1:500 producing a 70% w/v oil-in-water stable emulsion. On reaching the
refinery, hydrocarbosols can either be de-emulsified and utilized directly without de-
watering or treated with specific enzymes emulsanes to depolymerize the bioemulsifiers

thus breaking the emulsion before use (Perfume et al., 2010; Okoliegbe and Agarry, 2012).
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2.2.3.4 Clean up of oil containers/ storage tanks

Large amounts of crude oil are moved daily and distributed to refineries with oil tankers,
barges and trucks thus increasing the problem of clean-up and maintenance of the

containers (Okoliegbe and Agarry, 2012).

2.3 Microorganisms Producing Biosurfactants

Biosurfactants produced by a variety of microorganisms mainly bacteria, fungi and yeasts
are diverse in chemical composition (Table-2.1) and their nature and the amount depend on
the type of microorganism producing a particular biosurfactant. Many microorganisms for
industrial utilization for waste products have been isolated from contaminated soils,
effluents and waste water sources. Thus, these have an ability to grow on substrates

considered potentially noxious for other non-producing microorganisms.

2.4 Physiological Role of Biosurfactant in Microorganisms

Biosurfactants are produced by a variety of microorganisms they are secreted either
extracellularly or attached to parts of cells predominantly during growth on water

immiscible substrates (Desai and Banat, 1997).

The main physiological role of biosurfactants is to permit microorganisms to grow on
water-immiscible substrates reducing the surface tension at the phase boundary, thus
making the substrate more readily available for uptake and metabolism. Ron and
Rosenberg (2001) suggested that when the surface area becomes limiting, biomass
increases arithmetically rather than exponentially, the evidence that emulsification is a

natural process brought about by extracellular agents is indirect and there are certain
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conceptual difficulties in understanding how emulsification can provide an (evolutionary)

advantage for the micro-organism producing the emulsifiers.

Another physiological role of biosurfactants is their antimicrobial activities towards
various micro-organisms. As a rule, different surfactant inhibits different taxonomy. In
addition biosurfactants have been shown to be involved in cell adherence which imparts
greatest stability under hostile environmental conditions and virulence and in cell

desorption when organisms need to find new habitats for survival (Desai and Banat, 1997).

The genetics of the producer organisms is an important factor affecting the yield of all
biotechnological products because the capacity to produce a metabolite is bestowed by the
genes of the organism. The bioindustrial production process is often dependent on the use
of hyper-producing microbial strains even though cheap raw materials, optimized medium
and culture conditions and efficient recovery processes have been employed. A product
economy suggests that a production process cannot be made commercially viable and
profitable until the yield of the final product by the producer organisms is naturally high

(Muthusamy et al., 2008).

2.5  Factors affecting Biosurfactant Production

The composition and emulsifying activity of the biosurfactant not only depends on the
producer strain but also on the culture conditions, thus, the nature of the carbon source, the
nitrogen source as well as the C:N ratio, nutritional limitations, 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 (Salihu et al.,

2009).
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2.5.1 Carbon sources

A number of carbon sources have been used in many researches for biosurfactant
production. These sources are divided into three categories of carbohydrate, hydrocarbon
and vegetable oil which all are used in bacterial culture and biosurfactant production.
Pseudomonas sp. mostly use glycerol, glucose, mannitol and ethanol as water-soluble
carbon sources for production of rhamnolipids. The quality and quantity of biosurfactant
production are affected and influenced by the nature of the carbon substrate (Rahman and
Gakpe, 2008). Diesel, crude oil, glucose, sucrose, glycerol have been reported to be a good
source of carbon substrate for biosurfactant production (Desai and Banat, 1997). It is
evident that the importance of carbon substrates play a major role in biosurfactant
synthesis. However, its importance is organism dependent as during a production with
Pseudomonas sp, different carbon sources in the medium affected the composition of the
biosurfactant production but substrate with different chain lengths exhibited no effect on

the chain length of fatty acid moieties in glycolipids (Desai and Banat, 1997).

The use of different carbon sources alters the structure of the biosurfactant produced and
its properties and can be exploited to get products with desired properties for particular
applications. Different microbes respond differently to the carbon sources. The soy
molasses, a byproduct from the production of soybean oil, plus oleic acid were tested as
carbon sources for the production of sophorolipids by the yeast C. bombicola (Solaima et
al., 2004). The purified SLs were obtained at 21 g 1-1 and were 97% in lactone form.
Surface tension reduction was better when glucose, sucrose, tri sodium citrate, sodium

pyruvate, yeast extract, and beef extract were used as carbon sources.
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2.5.2 Nitrogen sources

Nitrogen is important in the biosurfactant production medium because it is essential for
microbial growth as protein and enzyme syntheses depend on it. Different nitrogen
compounds have been used for the production of biosurfactants such as urea peptone, yeast
extract, ammonium sulphate, ammonium nitrate, sodium nitrate, meat extract and malt
extracts. Though yeast extract is the most used nitrogen source for biosurfactant
production, its usage with respect to concentration is organism and culture medium
dependent. Ammonium salts and urea are preferred nitrogen sources for biosurfactant
production by Arthrobacterparaffineus whereas nitrate supports maximum surfactant

production in P. aeruginosa (Adamczak and Bednarski, 2000).

The composition and characteristics of biosurfactants are influenced by the nature of the
nitrogen source. Nitrogen is important in the biosurfactant production medium because it is
an essential component of the proteins that are essential for the growth of microbes and for
production of enzymes for the fermentation process. Several sources of nitrogen have been
used for the production of biosurfactants, such as urea, peptone, ammonium sulphate,
ammonium nitrate (Thanosub et al., 2004), sodium nitrate (Bednarski et al., 2004), meat

extract and malt extract (Matasandoval et al., 2001).

Maneerat (2005) reported that the production of surface active compounds often occurs
when the nitrogen source is depleted in the culture medium, during the stationary phase of
cell growth. In this nitrogen limiting condition, it causes the decline of the specific
activities of NAD and NADP dependent isocitrate dehydrogenase which catalyses the

oxidation of isocitrate to 2-oxoglutarate in the citric acid cycle. With the reduction of the
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activity of this enzyme, isocitrate accumulates leading to the accumulation of citrate in the
mitochondria. Citrate and isocitrate are then transported to the cytosol where the citrate is
cleared by citrate synthase forming acetyl-coA which is the processor of fatty acid

synthesis and therefore biosurfactant production increases.

2.5.3 Salt concentration

The salt concentration of a particular medium also had a corresponding effect on the
biosurfactant production as the cellular activities of microorganisms are affected by salt
concentration. Nevertheless, contrary observations were noticed for some biosurfactant
products which were not affected by concentrations up to 10% (weight/volume) although

slight reductions in the CMC were detected (Desai and Banat 1997).

2.5.4 Metal ion concentration

Metal ions concentrations play a very important role in the production of some
biosurfactants as they form important cofactors of many enzymes. The overproduction of
surfactin biosurfactant occurs in presence of Fe2+ in mineral salt medium. The properties
of surfactin are modified in the presence of inorganic cations such as overproduction

(Thimon et al., 1992).

2.5.5 Environmental factors

These are extremely important in the yield and characteristics of the biosurfactant
produced. To obtain large quantities of biosurfactants, it is always necessary to optimize
the bioprocess as the product may be affected by changes in temperature, pH, aeration or

agitation speed.
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2.5.5.1 Temperature

Most biosurfactant productions are reported to be performed in a temperature range of 25 -
300C, however, in A. paraffineus and Pseudomonas sp. strain DSM-2874, this temperature
range caused alteration in the composition of biosurfactant produced (Desai and Banat,

1997).

2.5.5.2 pH

The effect of pH on biosurfactant produced was studied by Zinjarde and Pant (2002) who
reported that the best production occurred when the pH was 8.0 which is the natural pH of
sea water which is Y. lipolytica natural habitat. With Pseudomonas sp, rhamnolipids
production was at its maximum at a pH range from 6 to 6.5 and decreased sharply above

pH 7.

The effect of pH in the biosurfactant production by several microorganisms have been
investigated by many researchers. P. aeruginosa has been investigated using phosphate
buffer with pH values varying from 4 to 8. All conditions used resulted in a reduction of
biosurfactant yield when compared to distilled water (Desai and Banat, 1997). Thimon et
al. (1992) studied the influence of initial pH in the production of a biosurfactant by Y.
lipolytica. The best production of biosurfactant occurs when the pH was 8.0, which is the
natural pH of sea water. The acidity of the production medium was the parameter studied
in the synthesis of glycolipids by C. antarctica and C. apicola. When pH is maintained at
5.5, the production of glycolipids reaches a maximum. The synthesis of the biosurfactant
decreased without the pH control indicating the importance of maintaining it throughout
the fermentation process (Bednarski et al., 2004).
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2.5.5.3 Aeration and agitation

Aeration and Agitation are important factors that influence the production of biosurfactants
as both facilitate the oxygen transfer from the gas phase to the aqueous phase. It may also
be linked to the physiological function of microbial emulsifier, it has been suggested that
the production of bioemulsifiers can enhance the solubilization of water insoluble
substrates and consequently facilitate nutrient transport to microorganisms. While
evaluating the influence of aeration in the biosynthesis of a surfactant by Candida
antartica, Adamczak and Bednarski (2000) observed that the best production value of the
surfactant (45.5g/l) was obtained when the air flow rate was 1vvm and the dissolved
oxygen concentration was maintained at 50% of saturation. However, changing the air
flow rate to 2vvm, there was a high foam formation and the biosurfactant production
decreased by 84%, the formation of foam during a bioprocess is undesirable as it causes

the removal of biosurfactant, some biomass and lipids from the active medium.

2.5.6 Factors indicating the production of biosurfactant by bacteria

The reduction of surface tension by the test bacteria in Shea butter and Palm oil is
indicative of the production of biosurfactant by the microbe. The higher reduction of
surface tension indicates a high concentration of the biosurfactant available (Batista et al.,

2006; Ade et al., 2012).

Reduction in surface tension of an oil source (such as Shea butter and Palm oil) indicates
rapid hydrolysis reaction to produce biosurfactant through the release of fatty acids and
glycerol (Ade et al., 2012). In addition, Tulena et al, (2009), reported that one of the most

important characteristics of the biosurfactant was the ability of a microorganism to reduce
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surface tension and interfacial tension between oil and water which can be measured by the
method of du-Nouy ring classic. Kaczorek et al. (2005) in their research work, reported
that the values of surface tension on the characterization of biosurfactant depend on type
and concentration of emulsifier, bioemulsifier, quantity and types of strain of bacteria used

and the complexity of the oil sources used.

Emulsification properties of the surfactant was measured in terms of emulsification activity
(EA) (Ade et al., 2012; Thivaharan and Vytla, 2013). EA is the ability of a surfactant to
form emulsions under certain conditions and is directly related to the oil droplet size, the
smaller of the size was the greater of the activity (Soniyamby, et al., 2011; Ade et al.,

2012).

The ability of organisms to form emulsion on the biosurfactant production process is
influenced by many factors, as suggested (Thivaharan and Vytla, 2013). Factors that affect
the ability of bacteria in emulsification process consists of: (1). Factors that affect the
bacterial cell surface such as: (a) metabolic state of the cell, (b) Species-specific genetic
potential for cell wall biochemistry (hydrophobic, hydrophilic), (c) availability of C, N, 0;
Substrate form (e.g. sugars and alkanes), (d) Physical organization of cell wall
biochemistry (2) Factors of non-biological origin such as organic phase composition,
aqueous phase composition (salts and pH), nature of emulsion-stabilizing surfactants,

presence of fine particulates (e.g. clays) and temperature (Thivaharan and Vytla, 2013).

2.6 Biosurfactant Production using Substrates of Vegetable Processing Industries

Mercade et al. (1993) were the first group to show the production of rhamnolipids by P.

aeruginosa 47T2 when grown on olive oil mill effluent (OOME) as the sole carbon source
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(a major waste problem in Spain). This study was important in demonstrating the
possibility of using other lipophillic wastes for wider application. Kitamoto et al. (1993)
studied the interfacial and antimicrobial properties of two kinds of mannosylerythritol
lipids (MEL-A and B) biosurfactants, produced by Candida antarcticaT-34, when grown
on soybean oil as substrate. Since the biosurfactant produced in this study exhibited
antimicrobial activity particularly against Gram-positive bacteria, the process could be

more economical because of high value application in pharmaceutical industry.

Sim et al. (1997) have tested mixture of vegetable oils (canola oil, soy bean and glucose),
for rhamnolipid production by P. aeruginosa UW-1 and reported 10-12 fold increase in
rhamnolipid production on vegetable oils in comparison to glucose. Vollbrecht et al.
(1999) found the capability of Tsukamurella sp. (DSM 44370) growing on sunflower oil
rich in oleic acid to produce a mixture of oligosaccharide lipids. They observed
approximately 30 g/l glycolipid was produced from 110 g/l sunflower oil. The
biosurfactant produced exhibited high surface and interfacial activity and some
antimicrobial activities against some bacteria and a fungal strain which can contribute to

the economical appeal of the process.

Matasandoval et al. (1999) also reported production of a mixture of rhamnolipid from
Pseudomonas aeruginosa UG2 cultures grown on corn oil as sole carbon. Camargo-de-
Morais et al. (2004) studied the production of a glycolipid with emulsifier properties
during cultivation of Penicillium citrinum on mineral medium with 1% olive oil as carbon
source. The growth associated emulsifier production reached maximal activity at 60 hours
of cultivation with the production yield (Yp/s) of 0.54. Emulsifier which was stable in a

wide range of pH and temperature was stimulated by high salt concentration implying a
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possible application in industrial waste or marine remediation. (Chang et al., 2005)
reported the production of biosurfactant by Pseudoxanthomonas kaohsiungensis sp. during

cultivation on olive oil as the sole carbon and energy source.

Thaniyavarn et al. (2006) examined the biosurfactant production by Pseudomonas
aeruginosa A41, a strain isolated from seawater in the gulf of Thailand, grown in defined
medium containing 2% vegetable oil or fatty acid as a carbon source. Culture medium
exhibited excellent surface activity on each carbon source tested and biosurfactant
production was observed even after the stationary phase. The type of carbon source
affected the biosurfactant yield with maximum yield (6.58 g/l) was obtained with olive oil
in comparison to Palm oil (2.91 g/l) and coconut oil (2.93 g/l). Although, less yields was
obtained with Palm oil, the produced biosurfactant showed better surface activity and oil
displacement values. This study demonstrated the possibility of having a low cost-large
scale production of the microbial biosurfactant using Palm oil as a cheap and abundantly
available substrate. The biosurfactant produced had good surface activity and stability in
wide ranges of pH, temperature and NaCl concentration, properties which allows possible

uses and application in bioremediation and under wide range of conditions.

In another study, Thaniyavarn et al. (2008) showed the sophorolipid production by Pichia
anomala PY1, a thermo tolerant strain isolated from fermented food, using 4% soybean oil
as carbon source at pH 5.5 at 30°C for 7 days. They observed the surface tension of the

medium which decreased to 28 mN/m with crude oil displacement of 69.43 cm?.

Rufino et al.(2007) studied the cultivation of Candida lipolytica grown on ground nut oil

for production of a new biosurfactant. The preliminary investigation of chemical
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composition suggested it was a lipopeptide in nature. The biosurfactant had a yield of 4.5
g/l and exhibited good surface activity, emulsification ability and can withstand high salt
concentration but was not thermo stable. They later also applied sequential factorial design
to optimize biosurfactant production by Candida lipolytica using soybean oil refinery
residue as substrate (Rufino et al., 2008). In this study they evaluated the impact of three
cultivation factors, amounts of refinery residue, glutamic acid and yeast extract. The
biosurfactant product showed high surface activity and emulsifying ability and was very
stable at wide range of pH (2-12), temperatures (0-120°C) and salinity (2-10% NaCl).
They concluded that combination of an industrial waste and a cheap substrate is a
promising approach to reduce production cost. In another study the same group (Sobrinho
et al. 2008) described a low cost medium for the production of a surfactant by the yeast
Candida sphaerica. The medium formulation consisted of distilled water containing 5.0%
groundnut oil refinery residue plus 2.5% corn steep liquor as substrates. The biosurfactant
product had high surface tension reducing activity (26 mN/m), a low CMC value (0.08%)
and a vyield of 4.5 gl™. The biosurfactant characterized was an anionic glycolipid
(consisting of 75% lipid and 25% carbohydrate) and was stable at wide temperature, pH
and salt level. They concluded that it was possible to produce biosurfactants from
agricultural materials and use them in potential application in oil recovery from sand.
Coimbra et al. (2009) also showed the biosurfactant production by six Candida strains
cultivated in insoluble (n-hexadecane) and soluble substrates (soybean oil, ground-nut oil
refinery residue, corn steep liquor and glucose). These biosurfactant were able to remove

90% of the hydrophobic contaminants from sand.
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Oliveira et al. (2009) used Palm oil, a low-cost agricultural byproduct which is used in as
raw material for soap and food industries, for biosurfactant production using Pseudomonas
alcaligenes (a strain isolated from crude oil contaminated soil). They achieved a
biosurfactants concentration of 2.3 g/l and E,, more than 70% with the hexane, jet fuel and
crude-oil. Abouseoud et al. (2008) studied the production of a biosurfactant by
Pseudomonas fluorescens Migula 1895-DSMZ and reported highest yield of rhamnolipid
biosurfactant with olive oil and ammonium nitrate as carbon and nitrogen sources ata C: N
ratio of 10. The biosurfactant exhibited good surface activity, emulsifying ability and
stability at high temperature, salt concentration and wide range of pH in addition to some

antimicrobial activity which gives it additional favorable application related properties.

Pornsunthorntawee et al. (2008) used Bacillus subtilis PT2 and Pseudomonas aeruginosa
SP4, for biosurfactant production using a nutrient broth with Palm oil as the carbon source.
The optimum growth for the organisms was achieved in approximately 48 h and
biosurfactant produced exhibited good surface activity. Comparative study of these
biosurfactants with three synthetic surfactants showed better oil recovery efficiency by
both biosurfactants. Abdel-Mawgoud et al. (2009) reported the production of a
rhamnolipid by Pseudomonas aeruginosa isolate Bs20 on soybean oil amended medium.
The rhamnolipid produced was s viscous sticky oily yellowish brown liquid with a fruity
odour with a very high surface activity, emulsifying capacity and thermo and halo
tolerance properties. These characteristics indicated that rhamnolipids were potential
candidate for use in bioremediation of hydrocarbon-contaminated sites or in the petroleum
industry a conclusion that was also confirmed by Perfumo et al. (2010). Monteiro et al.

(2009) reported the growth and biosurfactant production using sunflower oil supplemented

34


http://www.amb-express.com/content/1/1/5#B120
http://www.amb-express.com/content/1/1/5#B3
http://www.amb-express.com/content/1/1/5#B130
http://www.amb-express.com/content/1/1/5#B2
http://www.amb-express.com/content/1/1/5#B127
http://www.amb-express.com/content/1/1/5#B90
http://www.amb-express.com/content/1/1/5#B90

mineral medium by the yeast Trichosporon montevideense, CLOA 72. The glycolipid
produced exhibited good surface and emulsifying activity with vegetable oils, toluene,
kerosene, isooctane, cyclohexane, hexane, diesel oil and hexadecane. The biosurfactant

was thermo tolerant, halo tolerant and stable in wide range of pH values.

2.7  Biosurfactant Coproduction with Renewable Substrate

An interesting approach for achieving more fruitful results is co-production of
biosurfactants and other important metabolites. There are reports of such coproduced

metabolites e.g. polyhydroxyalkanotes (PHA), lactic acid and other metabolites.

2.7.1 Biosurfactants and PHA

Pseudomonas aeruginosa produces rhamnolipids and PHA. PHA have been applied for
manufacture of bottles, films and fibers as a biodegradable packaging agent (Sudesh et al.
2000). Fuchtenbusch et al. (2000) attempted the co-production approach for PHA
production using the remaining oil from rhamnolipid production. During screening for the
bacteria which can use residual oil from biotechnological rhamnose production as a carbon
source for growth, they identified Ralstonia eutropha H16 and Pseudomonas oleovorans as
capable of using this waste material as the sole carbon source for growth and production of
PHA. The approach adopted, reduced the PHA production cost by using the remaining

carbon source for rhamnolipid production.

Hori et al. (2002) demonstrated the feasibility of the simultaneous production of PHAs and
rhamnolipids, as a novel approach to reduce their production costs, by the cultivation of

Pseudomonas aeruginosa IFO3924. Large yields of PHAs and rhamnolipids were obtained
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using decanoate as a better carbon source than ethanol and glucose for the simultaneous
production. Costa et al. (2009) evaluated glycerol, cassava wastewater, waste cooking oil
and cassava waste with waste frying oils as alternative low-cost carbon substrates for the
production of rhamnolipids and PHA by various Pseudomonas aeruginosa strains. Cassava
waste with frying oil was best substrate for the overall production of rhamnolipids and
PHAs. The study demonstrated the feasibility of use of cassava waste with frying oil as an

alternate and economical substrate for dual production of biosurfactants and PHAs.

In another study by Marsudi et al. (2008) demonstrated Palm oil can be directly utilized for
the simultaneous production of polyhydroxyalkanoates (PHAs) and rhamnolipids using
Pseudomonas aeruginosa IFO3924. Using secreted lipase for Palm oil hydrolysis they
showed consumption of fatty acids as carbon sources for PHAs production and glycerol for
rhamnolipid production. Both PHA and rhamnolipid production was nitrogen dependent
and occurred in nitrogen limited conditions. In their recent work (Hori et al. 2011)
investigated the effects of temperature and carbon length of fatty acid substrates on the
simultaneous production of PHA and rhamnolipids by P. aeruginosa IFO3924. Differential
temperature optimum obtained for PHA (30°C) and rhamnolipid syntheses (28°C) suggests
that the product ratio between these two products can be controlled by changing
temperature. This approach for simultaneous production for rhamnolipid and PHAs by
using whole or part of the available substrates makes the process economically viable and

attractive.
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2.7.2 Biosurfactants and proteases

Microbial proteases especially alkaline proteases are an important groups of industrial
enzymes that cater to the requirement of nearly 60% of the world enzyme market (Gupta et
al. 2002). These proteases have numerous industrial applications involving detergents,
food, leather, silk, waste management and pharmaceuticals (Gupta et al. 2002). However,
the single biggest market of their use is in the detergent formulations. Most of these
enzyme productions are confined to genus Bacillus which is known to be a common
biosurfactant producer (Kim et al.. 1997; Makkar and Cameotra, 1998; Makkar and
Cameotra, 1999). With many complementary properties such as excellent detergency,
emulsifying, foaming and dispersing traits to the proteases a concomitant usage of

biosurfactant and protease could offer improved efficacy as detergent additives.

Ramnani et al. (2005) showed the concomitant production of protease and biosurfactant
using cornstarch and soy flour as carbon and nitrogen sources. They achieved an overall
2.3-fold increase for both protease (2954 U/ml) and biosurfactant (41%). They used
ultrafiltration (100 kDa cutoff) as a cost-effective purification of both protease and
biosurfactant where the surfactant traps the protease on the membrane thereby detaining
both in the retenate. These studies signify the ecomomicity of concomitant production of
biosurfactant with other metabolite thus easing off the cost factor for the overall

biosurfactant production.

2.8 Economics of Biosurfactant Production

Economical large scale production for established and new applications of biosurfactants
remains a challenge (Bognolo, 1999). The biosurfactant surfactin (98% purity) available
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from Sigma Chemical Company costs approximately $153 for a 10 mg vial. An estimate
by Ron and Rosenberg (1997) for the cost of the RAG-1 emulsan containing broth was 50
dollar/kg and would therefore cost much more to extract, concentrate or purify the product.
It is important to note however that their higher potency makes them better than

commercial surfactant.

Researchers have emphasized the key parameters affecting the efficiency of biosurfactant
production in terms of higher yields and lower production costs (Bognolo, 1999; Kosaric,
1992; Mukherjee et al., 2006). According to them the biosurfactant formation and
accumulation follows the basic facts of metabolic process and need to be studied

comprehensively.

According to (Syldatk and Hausmann, 2010) the reasons for limited use of microbial
surfactants in industry are the use of expensive substrates, limited product concentrations,
low yields and formation of product mixtures rather than pure compounds. All these
factors and other growth and upscale problems like use of antifoaming agents add on to the

high costs of the downstream processing.

The main strategy to achieve this are through (i) assessment of the substrate and product
output with focus on appropriate organism, nutritional balance and the use of cheap or
waste substrates to lower the initial raw material costs involved in the process; (ii)
development of efficient bioprocesses, including optimization of the culture conditions and
cost-effective separation processes to maximize recovery; and (iii) development and use of
overproducing mutant or recombinant strains for enhanced yields (Kosaric, 1992; Bognolo,

1999; Mukherjee et al., 2006).
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The use of the alternative substrates such as agro based industrial wastes is one of the
attractive strategies for economical biosurfactants production. Kosaric, (1992) suggested
the use of industrial and/or municipal waste waters, rich in organic pollutants, to achieve a

double benefit of reducing the pollutants while producing useful products.

Another approach for reducing the production costs is developing processes which use
renewable low cost raw materials or high-pollutant wastes. A wide variety of alternative
raw materials are currently available as nutrients for industrial fermentations, namely
various agricultural and industrial byproducts and waste materials (Makkar and Cameotra,

2002; Savarino et al., 2007; Ferreira, 2008; Montoneri et al., 2009a).

Thus the promising future of biosurfactants appears to specifically depend upon the use of
abundant and low-cost raw materials and the optimization of the operational cultivation
conditions in order to achieve high yields. The development of low-cost processes and raw
material can account for 10-30% of the final product cost. Further optimization of culture
medium and growth conditions can significantly increase the yield (Cameotra and Makkar,
1998; Mukherjee et al., 2006; Mukherjee et al., 2008; Mutalik et al., 2008). In addition the
positive economic outlook can be enhanced by increasing their high throughput values or
by harnessing other important properties such as pharmacological, antifungal and antiviral
capabilities. Several biosurfactants have recently been used or anticipated to use in cost
effective applications in medicine, food and cosmetic industries (Cameotra and Makkar,
2004; Rodrigues et al., 2006a; Singh et al., 2007; Lourith and Kanlayavattanakul, 2009;

Mulligan, 2009)
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Most biotechnological products processes need high monetary inputs and securing an
optimum vyield of product at the lowest expense through usage of low cost material
(Cazetta etal., 2005). However, very low quantities of surface active agents are usually
produced by microorganisms and the downstream processing of biotechnological products
costs ~60-80% of the total production expenditure. This is why most of the marketable
products based on BS and BE are quite expensive. Therefore, it essential to reduce the
production costs of BS/BE through the use of inexpensive and renewable substrates (Desai
and Banat, 1997; Banat etal., 2000; Makkar etal., 2011). A diversity of carbon (water
soluble and water insoluble) and nitrogen sources have been used for BS production which
may consequently vary in structure or production site within the cell (intra or extra cellular,
cell associated) depending upon the substrate composition particularly the carbon source
(Guerra-Santos etal., 1986; Fiechter, 1992). In addition to usual water soluble carbon
sources, a variety of unusual carbon sources such as ethanol, blended gasoline,
hydrocarbons like heptadecane, hexadecane etc. have been used (Shreve etal., 1995;

Patricia and Jean-Claude, 1999; Prabhu and Phale, 2003; Cunha etal., 2004).

Increased public awareness of issues related to environmental pollution strongly influences
the development of technologies that facilitates cleaning hazardous contaminants. This has
given imputes for finding suitable cheap BS products that can be used in the treatment of
such contaminations. Kapadia and Yagnik (2013) introduced an alternative approach using
solid state fermentation to obtain a more economical viable production process worth
implementing on a commercial scale. Some of the suggested strategies included the use of
more cheaper materials, optimization of environmental conditions and screening for

overproducing strain to attain the maximize productivity (Satpute etal., 2010). The efforts
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taken toward this direction are significant to claim Biosurfactants as the molecules of the
future. It is important to note that the results obtained to date show encouraging potentials

to drive a beginning for the Biosurfactant production industry.

29 Shea Butter

Shea butter a fat extracted from the kernels of Vitellaria paradoxa), also known as
Butyrospermum parkii. The species is found across 19 countries across the African savanna
zone from Senegal to Ethiopia. Shea butter contains high levels of UV-B absorbing
triterpene esters, including cinnamic acid, tocopherols (vitamin A), and phytosterols. Shea
butter does contain a high percentage of unsaponifiables, such as phytosterols
(campesterol, stigmasterol, beta-sitosterol, and alpha-spinosterol) and triterpenes (cinnamic
acid esters, alpha- and beta-amyrin, parkeol, buytospermol, and lupeol), and hydrocarbons
such as karitene (Okullo et al., 2010). Shea butter is not a recent discovery or

accomplishment. This all-natural product has been in existence for centuries.

Shea butter tree is an indigenous fruit tree distributed in the Shea parklands of Africa.
Olaniyan and Oje (2007) described the Shea fruit as a green epicarp, a fleshy mesocarp
(pulp) and a relatively hard shell (endocarp) which encloses the Shea kernel (embryo). The
Shea fruit is an important source of food for rural communities especially at time of food
shortages, hunger and other disasters in addition to providing enormous health benefit
(vitamins A and C, etc.) and income (Okullo et al., 2010). The Shea nuts can contain from
20% up to 50% edible fat. The Shea fruit according to Maranz et al. (2004) produces more
solid Shea butter as compared to other oil bearing fruits as it contains more stearic acid.

The kernel, according to Axtell et al. (1993) contains about 60% edible fat (Shea butter)
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and the residual product from which the butter is extracted (Shea cake), is an excellent
ingredient for livestock feed production. The fat obtained from the Shea kernel is referred

to as Shea butter and it is the most valued product from the Shea tree (Hall et al., 1996).

2.9.1 Composition of Shea butter

Native Shea butter consists mainly of triglycerides and a large fraction of unsaponifiable
materials. The fatty acid composition of the triglycerides is dominated by oleic, stearic and
linoleic acids. The unsaponifiable fraction contains high amounts of cinnamic acid esters of
triterpene alcohols but also a smaller fraction of sterols. The most characteristic triterpene
alcohol of Shea butter is butyrospermol but other important constituents are lupeol as well
as alpha- and beta-amyrin. Shea butter also contains tocopherols (Vitamin E) functioning

as antioxidants.

2.9.1.1 Free fatty acids

Shea butter is composed of five principal fatty acids: Palmitic, stearic, oleic, linoleic, and
arachidic (Maranz et al., 2004). The fatty acid composition is dominated by stearic and

oleic acids, which together account for 85-90% of the fatty acids.

The relative proportions of these two fatty acids produces differences in Shea butter
consistency. The high stearic acid content gives the Shea butter its solid consistency, while

the percentage of oleic acid influences how soft or hard the Shea butter is.

The proportions of stearic and oleic acids in the Shea kernels and butter differ across the
distribution range of the species. Ugandan Shea butter has consistently high oleic acid

content, and is liquid at warm ambient temperatures. Ugandan Shea butter fractionizes into
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liquid and solid phases, and is the source of liquid Shea oil. The fatty acid proportion of
West African Shea butter is much more variable than Ugandan Shea butter; the oleic
content ranges from 37 to 55%. Variability can even be high in relatively small local
populations; a tree that produces hard butter can be located right next to one that produces

soft butter.

2.9.1.2 Phenolics

Phenolic compounds are known to have antioxidant properties. A recent study
characterized and quantified the most important phenolic compounds in Shea butter
(Maranz et al., 2004). This study identified 10 phenolic compounds in Shea butter, eight of
which are catechins, a family of linoleic acids. The unsaponifiable fraction contains high
amounts of cinnamic acid esters of triterpene alcohols but also a smaller fraction of sterols.
The most characteristic triterpene alcohol of Shea butter is butyrospermol but other
important constituents are lupeol as well as alpha- and beta-amyrin. Shea butter also

contains tocopherols (Vitamin E) functioning as antioxidants.

2.10 Palm QOil

Cultivation of the oil Palm (E. guineensis) hasexpanded tremendously in recent years such
that it isnow second only to soybean as a major source of theworld supply of oils and fats.
From its home in WestAfrica, the oil Palm (E. guineensis) has spreadthroughout the tropics
and is now grown in 16 or morecountries (Basri et al., 2003). However, the major centreof
production is in South East Asia (SEA) with Malaysiaand Indonesia together accounting
for around 83% ofworld Palm oil production in 2001 (Oviasogie et al., 2013). In spite of
the huge production, the oil consists of only about 10% of the total biomass produced in
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the plantation. The remainder consists of huge amount of oil Palm wastes (biomass) such
as oil Palm shells, mesocarp fibers, empty fruit bunch (from the mills), oil Palm fronds and

oil Palm trunk (Oviasogie et al., 2013).

Palm oil is one of the two most important vegetable oils in the world’s oil and fats market.
The extraction and pu rification processes generate different kinds of waste generally
known as Palm oil mill effluent (POME). The environmental impact of POME cannot be
over emphasized; hence the need for treatment measures to reduce these impacts before

discharge (Igwe et al., 2007)
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1  Collection of Samples

3.1.1 Sampling area

Soil samples were collected from specific oil contaminated sites around automobile
workshops in Zaria and waste effluents channels in Kaduna Refinery Petrochemical
Company (KRPC), Kaduna. These sites have been exposed to petrochemical pollution and
since the nature of an environment determines the type of organisms that are present in it,
we had more chances of isolating hydrocarbon and biosurfactant producing bacteria from

these sites.

Samples of Palm oil and Shea butter waste slurries were obtained from their production
sites in some Pampaida (UNAID assisted villages) in Makarfi LGA, Kaduna state where

Palm oil and Shea butter are made in commercial quantities.

3.1.2 Sampling

A total of 12 samples each were collected in sterile containers from both sites and taken to
the laboratory for isolation of biosurfactants producing bacteria. The temperature and pH

of the soil samples were recorded during sample collection.

A total of 2 samples of 10litres of both the Shea butter and Palm oil waste slurries were

also collected in sterile containers and aseptically transported to the laboratory.
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3.2 Isolation and Identification of Bacillus and Pseudomonas Species from Soil

Samples
3.2.1 Isolation of Bacillus and Pseudomonas species from soil samples

An electronic weighing balance was used to weigh 25g of the soil samples and transferred
into a 500 Erlenmeyer flask containing 225 ml of sterile distilled water. The flask was
shaken vigorously and allowed to stand for 30 minutes. One millilitre of this solution was
transferred into 9 mls of sterile distilled water in a test tube using a sterile pipette to obtain
a tenfold dilution. Using sterile 1ml pipettes, 0.1ml of prepared dilution from 103-10"® was
aseptically transferred onto the surface of solidified Mannitol Egg Yolk Polymyxin (MYP)
Agar and Cetrimide Agar for the isolation of Bacillus and Pseudomonas species
respectively and spread well using a sterile bent glass rod. Inoculated plates were incubated
at 37°C and observed for bacterial growth after 18-48hours incubation (Abouseoud et al.,

2007).

Different colonies observed on plates were purified by repeated streaking of each distinct
colony on nutrient agar until pure colonies are obtained. Purified bacterial isolates were
transferred on sterile nutrient agar slants and stored at 4°C for further identification

(Abouseoud et al., 2007).
3.2.2 Characterization and identification of the bacterial isolates

Isolates were identified using various staining and biochemical reactions such as Gram

staining (using the primary and secondary dyes crystal violet and fuchsine), motility,
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oxidase and catalase tests. Microgen biochemical test-kits were used according to

manufacturer’s instruction to identify the isolates to species level.
3.3 Preliminary Screening for Biosurfactant Production by the Bacteria Isolates

The purified isolates identified were screened for their ability to produce biosurfactant
using the following methods as described by Abouseoud et al., (2007). Qil spreading,
Emulsification Index (E24) and Blood Haemolysis were carried out as described in the steps

following.
3.3.1 Inoculum preparation and culture

The cultures were grown in nutrient broth for 16-18 h at room temperature. This was then
serially diluted from 10™*-10"® and the 107 dilution was used as inoculum at 2% (v/v) level.
For biosurfactant synthesis, a mineral salt medium with the following composition(g/l) was
utilized: Na;HPO, (2.2), KH, PO, (1.4), Mg SO4 . 7H,0 (0.6), Fe SO, .7H,0 (0.01), NaCl
(0.05), Ca Cl; (0.02), yeast extract (0.02) and 0.1 ml of trace element solution containing
(g/1) :2.32 g ZnSO,4-7H,0, 1.78 g MnSO,4-4H,0, 0.56 g H3BO3, 1.0 g CuSO4-5H,0, 0.39 g
Na;Mo0,-2H,0, 0.42 g CoCl,-6H,0, 1.0 g EDTA, 0.004 g NiCl,-6H,0 and 0.66 g KI.
The pH of the medium was adjusted to 7.0 + 0.2. Carbon and nitrogen sources were added
separately. Cultivations were performed in 250 ml flasks containing 50 ml medium at room
temperature, and stirred on a TAITEC NR-20 rotary shaker at 150 rpm for three days and

supernatants were used for further analysis (Abouseoud et al., 2007).
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3.3.2 Oil spreading technique

This was carried out following the methods described by Hasham et al. (2012). Exactly 20
ml of distilled water was dispensed in petriplates to which 1 ml of vegetable oil (Grand
pure soya oil manufactured by UAC foods Nigeria and bought from Samaru market, Zaria)
was dispensed in the center of the plates containing the distilled water. This was followed
by 20 pl of the supernatant of the culture of the bacteria Pseudomonas aeruginosa and
Bacillus cereus. Biosurfactants present in the bacterial supernatant, displaced the oil and
spread in the water, after which zone formation (mm) was measured using a centimeter
rule. The strains that lacked the ability to produce biosurfactants, showed negative to oil

spread by giving no zone of clearance.

3.3.3 Blood haemolysis test

Pure isolates of the organisms were streaked on sterile blood agar plates and the plates
were incubated at 37°C for 48-72 hours, after which individual bacterial colonies was
observed for the presence of clear zone around them. An area of clear zone around the
colonies indicated the presence of biosurfactant producing organisms (Yonebayashi et al.,

2000; El-Shahawy, 2014).

3.3.4 Emulsification activity (E24) on various hydrocarbons

Methods described by Cooper and Goldenberg, 1987 was used and 2 ml of various
hydrocarbons (Petrol, Diesel, Kerosene and Vegetable oil) were added to the same amount

of cell free supernatant and vortexed for 2 minutes, the emulsion stability was determined

48



after 24 hours and the E,4 index was calculated as the percentage of height of emulsified
layer (mm) divided by total height of the liquid column (mm).

By = height of emulsified layer (mm) x 100
total height of the liquid column (mm)

3.4  Preliminary Screening for Biosurfactant Production and Activity on Shea

Butter and Palm Oil Wastes Slurries

The bacterial isolates which showed positive test to biosurfactant production were further
tested for their activity in Shea butter and Palm oil waste slurries as sources of carbon. The
standard tests used were Absorbance (optical density), emulsification stability test, oil
spreading and surface tension as described by Hasham et al., (2012). A mineral salt
medium as described in 3.3.1 above was used for the culturing of the organisms. The Shea
butter wastes and Palm oil waste slurries respectively were added (2ml) to every flask
containing the mineral salt medium (96 mls) and autoclaved at 121°C for 15mins. This
formed the growth medium to which 2mls of the 10 dilutions of each of the bacteria
inocula (Pseudomonas sp. and Bacillus sp.) were added and placed on a TAITEC NR-20

rotatory shaker at 150rpm at room temperature for 5days.

3.5  Optimization Studies for Physical and Nutrient Parameters Affecting

Biosurfactant Production Activities

Optimization of physical (pH) and nutrient (nitrate and lipase) parameters using Shea

butter and Palm oil wastes slurries as carbon and energy source was done for The
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measurement parameters taken for each optimization were optical density, emulsification

stability test and surface tension as described in details below (Hasham et al., 2012).

3.5.1 Bacterial cultures used for optimization studies

Purified Pseudomonas aeruginosa and Bacillus cereus which showed positive result to the
preliminary studies carried out above were selected and used for the subsequent

experiments below.

3.5.2 Media used

3.5.2.1 Mineral salt medium (MSM)

The mineral salt medium used for this research had the following composition (g/l):
Na,HPO, (2.2), KH, PO, (1.4), MgSO, .7H,0 (0.6), FeSO4 .7H,0 (0.01), NaCl (0.05),
CaCly( 0.02), yeast extract (0.02) and 0.1ml of trace element solution containing (g/1):
2.329 ZnSO,-7H,0, 1.78g MnSO,44H,0, 0.56g H3BOs;, 1.0 g CuSO4-5H,0, 0.39g
Na;Mo0,-2H,0, 0.42g CoCl,-6H,0, 1.0g EDTA, 0.004g NiCl,-6H,0 and 0.66g KI. pH of

the medium was adjusted to 7.0 £ 0.2 (Bodour et al., 2003).

3.5.2.2 Nutrient broth

Oxoid supplemented with 0.1% yeast extract (Beal and Betts, 2000). This was used for sub

culturing the test bacterial isolates and preparation of bacterial inoculum for this study.

3.5.3 Substrates used for optimization

Raw Shea butter and Palm oil wastes slurries autoclaved at 121°C were used as sources of

carbon and energy in biosurfactant production.
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3.5.4 Growth medium for optimization

The Shea butter and Palm oil waste slurries were added (2mls) to every flask containing
the mineral salt medium (96 mls) and autoclaved at 121°C for 15 minutes. This formed the
growth medium that was used for the subsequent steps of this research work (Abouseoud et

al., 2007).

Dilution 10° of the inoculum of the single and consortium of Bacillus cereus and
Pseudomonas aeruginosa at 2% (v/v) level were inoculated into the growth medium after
sterilization and optimization parameters (pH, nitrogen, Lipase) have been introduced into

the growth medium (Bodour et al., 2003).
3.6 Measurement Parameters
3.6.1 Measurement of optical density

Optical density measurement was carried out daily at 590nm from Day 1 through Day 7
using a spectrophotometer to observe the growth of the organism. All measurements were

made on culture media obtained aseptically from the batch cultures.
3.6.2 Emulsification stability test (E24)

Emulsification activity was measured using the method described by Cooper and
Goldenberg, (1987). Two millilitres of kerosene oil was added to the same amount of cell
free supernatant and vortexed at for 2 minutes. The emulsion stability was determined after
24 h and the E,4 index was calculated as the percentage of height of emulsified layer (mm)

divided by total height of the liquid column (mm).
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Ex = height of emulsified layer (mm) x 100
total height of the liquid column (mm)

3.6.3 Surface tension test

Surface tension was measured using capillary tube method according to Martin (1993) and

applying the formula:
T=fxrxgxh

Where: T = Surface tension, f = Density of the fluid (1000kg/m®), r = Radius of capillary
tube in meter, g = Acceleration gravity (9.81m), h = Height (m) of fluid in the capillary
tube. Surface tension of the growth medium was measured daily during all the optimization

studies carried out.
3.7  Optimization for Biosurfactant Production with Different pH Values

Four pH values (5, 6, 7 and 8) were used by adjusting the growth medium (MSM
containing the Shea butter and palm oil waste slurries) contained in 250ml Erlenmeyer
flasks, using acid in the form of 1M HCL or Base in the form of 2M NAOH (Hasham et
al., 2012). Triplicates for each flask were made and average reading for each concentration
taken. Controls without the bacteria were demonstrated. Sterilization of the growth
medium was done after addition of the acid or base in standard medium after which
dilution 10° of the inocula at 2% v/v was added. The measurement parameters
(Absorbance, E,4 and surface Tension) for each pH levels were taken daily for 5 to 7 days

on incubation on a TAITEC NR-20 rotatory shaker at 120rpm.
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3.8  Optimization for Biosurfactant Production with Nitrogen Source

Four different concentrations of Nitrogen (0.1mg/100ml, 0.2mg/100ml, 0.3mg/100ml and
0.4mg/100ml) in the form of Sodium Nitrate (NaNO3) were added in four different 250ml
Erlenmeyer flasks containing 100mls of the growth medium. Triplicates for each flask
were made and average reading for each concentration taken. Controls containing only
Nitrogen without the bacteria was also demonstrated. Sterilization of the growth medium
was done after addition of Sodium Nitrate (NaNOs) after which the 107 dilution of the
inoculum at 2% (v/v) was introduced (Abouseud et al., 2007). The measurement
parameters (Absorbance, E,4 and surface Tension) for each concentration were taken daily

for 5 to 7 days while incubating on a TAITEC NR-20 rotatory shaker at 120 rpm.
3.9  Optimization for Biosurfactant Production with Lipase

Four different concentrations of Lipase enzyme NESS Formula 5° (0.05mg/100ml,
0.10mg/100ml, 0.15mg/100ml and 0.2mg/100ml) were added to four different 250ml
Erlenmeyer flasks containing 100ml of the growth medium. Duplicates for each flask were
made and average reading for each concentration taken. Controls containing only Lipase
without the bacteria was demonstrated. The Lipase was added after sterilization shortly
before addition of the 10 dilution inoculum at 2% (v/v).The measurement parameters
(Absorbance, E,4 and surface Tension) for each concentration were taken daily for 5 to 7

days on incubation on a TAITEC NR-20 rotatory shaker (120rpm).
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3.10 Statistical Analysis

The results obtained from this research were presented in grapH, tables and pictures.
Results from the optimization studies and measurements of E,4, surface tension and optical
density were interpreted using Analysis of Variance ANOVA to compare variables so as to

draw conclusions and appropriate inferences.
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CHAPTER FOUR

4.0 RESULTS

4.1 Isolation and Characterization of the Bacterial Isolates

Characterization of the isolates from the environmental samples are presented in Tables 4.1
and 4.2. The isolates were identified as Bacillus cereus, Bacillus licheniformis,

Pseudomonas aeruginosa and Pseudomonas fluorescens.

4.2 Screening for the Biosurfactant Activity of Pseudomonas spp. and Bacillus spp.

Results for the following tests are presented in Tables 4.3 to 4.5.

4.2.1 Oil Spreading and blood haemolysis screening of Pseudomonas spp. and Bacillus

spp.

The results in Table 4.3 presents the zone formation (mm) of oil spreading (using vegetable
oil) and blood haemolysis displayed by the various isolates of Pseudomonas and Bacillus
species. The table revealed that isolates a, b and ¢ of Pseudomonas aeruginosa have oil
spread zone formation of 29, 30 and 28 millimetres (mm) respectively. Isolates a and b of
P. fluorescens had 30mm and negative zones of formation respectively. All isolates of B.
licheniformis showed negative while strains of B. cereus showed positive values of 25 mm

and 30 mm respectively for zone formation on oil spreading test using vegetable oil.

Nine (9) isolates of the bacteria characterized as Pseudomonas and Bacillus species were
further tested for their haemolytic activity (Table 4.3). Data obtained showed that four (4)

of the isolates had the ability to give partial haemolysis (a- haemolysis), one out of the nine
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isolates gave complete haemolysis (B- haemolysis) and four out of the nine isolates lacked

the ability to give blood haemolysis (y-haemolysis).

Table 4.4 shows that P. aeruginosa showed positive zone formation for all the hydrocarbon
sources (kerosene, diesel, Premium Motor Spirit (Petrol), and Vegetable oil (Kings oil
brand) B. cereus showed positive zone formation for kerosene, diesel and vegetable oil
but was completely negative for Petrol. Vegetable oil gave the best and highest values of

30mm for zone formation.

4.2.2 Emulsification stability test (Ez4)

Results for Emulsification stability test are shown in Table 4.5. Five isolates of
Pseudomonas aeruginosa and Bacillus cereus were tested, each of the species could
emulsify three of the hydrocarbons used in the study. The best results were however

observed in Kerosene where up to 11% E,4 value was observed.

56



Table 4.1: Characterization of Pseudomonas species isolated from Soil Samples

Test Isolate A Isolate B

Growth on CA green coloured colonies creamy coloured colony
Gram reaction - -

Motility +
Oxidase +

Nitrate Reduction +

+ o+ o+ o+

Lysine Decarboxylase -
Ornithine Decarboxylase - -

H,S Production - -
ONPG - -
Indole - -
Urease - -
VP - -
Citrate Utilisation - -
TDA - -
Gelatin - -
Carbohydrate fermentation tests

Malonate - +
Inositol - -
Sorbitol - -
Rhamnose - -
Sucrose - -
Lactose - -
Xylose + +
Adonitol - -
Raffinose - -
Glucose + +
Mannitol - -
Growth at 25°C + ND

Tentative identity Pseudomonas fluorescens Pseudomonas aeruginosa

+ = Positive; — = Negative; ND = Not Determined; ONPG = O-nitrophenyl-B-D-galactopyranoside; VP = Voges
Proskauer; TDA = Tyrosine-D-arginine, CA= Cetrimide Agar.
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Table 4.2: Characterization of Bacillus species isolated from Soil Samples

Test Isolate C Isolate D

C: C, D, D,
Growth on MYP agar Pink coloured colony Pink coloured colony
Gram reaction + +
Catalase + +
Motility + +
Carbohydrate fermentation tests
Arabinose + + - _
Cellebiose + + - —
Inositol + + - _
Mannitol + + - _
Mannose + + — -
Raffinose - + - -
Rhamnose - + - -
Sorbitol + + — —
Sucrose + + + +
Trehalose + + - -
Xylose + + - —
Adonitol - - — —
Gallactose - - - -
Salicin Test - - - -
MDM Test - - - -
MDG Test + - - -
Inulin Test — — - -
Melezitose Test - - - -
Indole test ND — ND —
ONPG + + - -
Arginine + + + +
Citrate Utilisation + + - -
Voges Proskauer ND + ND +
Nitrate reduction ND + ND +
Tentative identity Bacillus licheniformis Bacillus cereus

+ = Positive; — = Negative; ND = Not Determined; ONPG = O-nitrophenyl-p-D-galactopyranoside; MDG = Methyl-D-
Glucoside, MYP Agar = Mannitol Egg Yolk Polymyxin Agar; C,, C,, D, D, = presumptive Bacillus isolates

58



Table 4.3: Oil Spreading and Blood Haemolysis Screening of Pseudomonas and Bacillus species isolated from soil

Analytical Test P. aeruginosa P. fluorescens B. licheniformis B. cereus
Isolates A B A B A B
Oil spread test 29 - - - 25 30
(vegetable oil)
mm
Blood + - + - + +
haemolysis

A r o r A A

+=positive, -=negative, a=alpha haemolysis, f=beta haemolysis, y=gamma haemolysis, mm=millimeters
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Table 4.4: Oil Spreading Screening for Pseudomonas aeruginosa and Bacillus cereus isolated from Soil Samples using
different hydrocarbons

Petrol (Premium Motor

Sample Kerosene Diesel Spirit) Vegetable Oil

Organisms P. aeruginosa B.cereus P.aeruginosa B.cereus P.aeruginosa B.cereus P.aeruginosa  B. cereus

A 29 30 28 - 29 28 29 25
B 29 25 28 - 29 25 30 30
C 28 - 27 - 29 - 28 -

A, B and C are petridishes containing water, oil sources and test organisms, - = negative, mm = millimeters
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Table 4.5: Emulsification Stability E,4 (%) Screening for biosurfactant production by Bacillus cereus and Pseudomonas

aeruginosa
Strains Kerosene Diesel Petrol Vegetable Oil
BC PS BC PS BC PS BC PS
A 5 10 25 7 0 8 5 8
B 9 11 0 0 0 4.5 9 7
C 0 8 0 6 0 7 0 9

BC: Bacillus cereus PS: Pseudomonas aeruginosa
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4.3 Preliminary Testing for Biosurfactant Production and Activity in Shea Butter

and Palm Oil Wastes Slurries

Pseudomonas aeruginosa and Bacillus cereus which showed positive response for the tests
above (biosurfactant production screening) were further tested for their activity in Shea
butter and Palm oil wastes for 5 days. These isolates were used in the single and
consortium cultures for the following tests; Optical Density, Emulsification Stability test,

and Surface Tension tests as described by Hasham et al. (2012).

Figures 4.1 and 4.2 shows the daily readings for absorbance for both the single and
consortium of bacteria in shea butter and palm oil respectively. Both the single and
consortium of the bacteria were able to grow in both Shea butter and Palm oil with

absorbance reading of up to 0.87 optical density in Shea butter and Palm oil.

Figures 4.3 and 4.4 shows the daily readings for E,4 for both the single and consortium of
bacteria in shea butter and palm oil respectively. E,4 of 46% and 42% was recorded by
Pseudomonas aeruginosa in shea butter and palm oil respectively. Though Bacillus cereus
also gave up to 46% E,, in shea butter, the highest reading it recorded in Palm oil was just
2%. The consortium did much better than the single cultures giving the highest percentage

of 50% in Shea butter. However, the highest result of 32% in palm oil.

Figure 4.5 and 4.6 shows the daily surface tension (ST) results. For both shea butter and
palm oil, surface tension dropped by at least 1% from Day 1 to Day 5 for all the test
samples. Highest results for surface tension reduction was recorded by Pseudomonas

aeruginosa with 17% surface tension drop in palm oil and 10% drop in shea butter.
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Measurement of Absorbance
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Figure 4.1  Preliminary Tests for Daily Growth Measurement (Absorbance) of
Pseudomonas aeruginosa and Bacillus cereus Shea Butter Waste

Slurries
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Figure 4.2  Preliminary Tests for Daily Growth Measurement (Absorbance) of
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4.4  Optimization Parameters

pH and nutrient parameters (nitrogen source and lipase) were optimized for growth and
biosurfactant production from Shea butter and Palm oil waste slurries by P. aeruginosa and
B. cereus and grown in batch cultures set up on a rotatory shaker at 150rpm for up to
7days. The results of the average of the triplicate daily samples are presented below.

Kinetics of the optimization studies are presented in Appendices Il to XXVII.

Statistical analysis of all values from the kinetic studies are also presented in Tables 4.6a to

4.8d

441 pH

Absorbance, E,4and Surface Tension results are presented below.

4.4.1.1 Daily growth measurement (absorbance) of the test organisms at varying pH levels

Growth measurement of the test organisms (P. aeruginosa and B. cereus) in Shea butter
and Palm oil at pH 5, 6, 7 and 8, was carried out daily by measuring absorbance at a

wavelength of 590nm. (Appendices Il to 1V)

Daily growth measurement (absorbance) of the single organisms from shea butter waste
slurry at varying pH levels:Appendix Il shows the daily growth measurement of P.
aeruginosa and B. cereus in Shea butter at varying pH. This resulted in growth (higher
absorbance) increases with increase in pH and days. P. aeruginosa had the highest
absorbance of 0.94 at pH 7 and B. cereus had an absorbance of 0.82 at pH 7. It was noted
from the results that there was significant growth of both organisms with increase in pH

and days. However, at pH 8, a gradual decline in growth was observed for both organisms.

69



Daily growth measurement (absorbance) of the single organisms in palm oil waste slurry at
varying pH levels:The daily growth measurement of the single cultures in Palm oil is
presented in Appendix Il which depicts a significant growth of the organism with increase
in pH and days. The figure shows the highest absorbance of 0.75 at pH 6 by B. cereus and
0.70 at pH 7 by P. aeruginosa on the 5" day. pH 7 gave the best growth for B. cereus from
day 1 to Day 3 however, the best growth was recorded at pH 6. On the other hand, P.
aeruginosa showed no specific pattern in pH and growth for all days but the best growth

was recorded at pH 7 on day 5.

Daily growth measurement (absorbance) of the consortium of organisms in shea butter and
palm oil waste slurries at varying pH levels:The daily growth measurement of the
consortium of the organisms in Shea butter and Palm oil is presented in Appendix IV
which depicts a significant growth of the organism with increase in pH and days. The
result shows the highest absorbance of 1.09 at pH 7 in Shea butter by the consortium of
bacteria. Growth in palm oil by the consortium of bacteria also reached its peak growth
(0.64) at pH 7 on Day 5. A general decline in the growth of the consortium of bacteria in

both Palm oil and Shea butter was however observed at pH 8.
4.4.1.2 Daily E,4 measurement of the test organisms at varying pH levels
Emulsification index test (E,4) results are presented in Appendices V to VII.

Daily E;4 measurement of the test organisms at varying pH levels in shea butter waste
slurry:Appendix V shows the daily E,4 readings of P. aeruginosa and B. cereus in Shea
butter. The Appendix shows that E,4 readings decrease with increase in pH and increased
with days for most of the observations. It was noted that at pH 5 on Day 7, B. cereus had

70



the best reading for E,4 at 74% and P. aeruginosa recorded its best at 67% on day 7 at pH

7.

Daily E,4 measurement of the test organisms at varying pH levels in palm oil waste
slurry:The daily E,4 measurement of the test organisms in Palm oil is presented in
Appendix VI which depicts no growth recorded at all for Bacillus cereus at all the pH
levels. Only P. aeruginosa had results at all the pH levels. However, there wasn't any
pattern to the reading with respect to the pH levels or days but best reading of 45% was

recorded at pH 5 on day 5 for P. aeruginosa.

Daily E»4 measurement of the consortium of organisms at varying pH levels in shea butter
and palm oil waste slurries:The daily E;s measurement of the consortium of the test
organisms in Shea butter and Palm oil is presented in Appendix VII. For Shea butter,
excellent results were observed with 67% recorded at pH 6 on day 5. Palm oil on the other
hand showed no production of biosurfactant at pH 5, and 6. Production was only observed

at pH 7 and pH 8 with readings of 48% and 41% respectively.

4.4.1.3 Daily surface tension measurement for biosurfactant production by the test

organisms at different pH evels

Surface Tension results are presented in Appendix V to VIII.

Daily surface tension measurement for biosurfactant production by the single organisms at
varying pH levels in shea butter waste slurry:Appendix VIII shows daily Surface Tension
results for P. aeruginosa and B. cereus in Shea butter at different pH. The figure shows

that the Surface Tension remained constant for many days before a sharp declined was
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recorded on day 7 for P. aeruginosa which had a decline of about 14.3% for all levels of
pH. B. cereus on the other hand showed the highest decline of 22.2% at pH 6. However,
the results revealed that there were no significant relationships between pH levels and the

surface tension values for both organisms as the pH values for all levels were very similar.

Daily surface tension measurement for biosurfactant production by the single organisms at
varying pH levels in palm oil waste slurry: The daily Surface Tension of the test organisms
in Palm oil is presented in Appendix IX. The figure shows significant drop in the surface
tension for both organisms indicating production of biosurfactants. P. aeruginosa gave a
37% reduction in the surface tension readings for all levels of pH from day 1 to 5 while B.
cereus dropped with up to 42% at pH 6 from day 1 to Day 5. The figure also reveals that
there is no significant relationship between the pH and the surface tension readings for

both organisms as all pH values for all levels were very similar.

Daily surface tension measurement for biosurfactant production by consortium of the test
organisms at varying pH levels in shea butter and palm oil waste slurries: The daily
Surface Tension of consortium of the test organisms in Palm oil is presented in Appendix
X. Shea butter showed no reduction in the surface tension readings for all levels of pH
from day 1 to 5 while Palm oil dropped with up to 14.2% at all the pH values from day 1 to
Day 5. The figure also reveals that there is no significant relationship between the pH and
the surface tension values for both Shea butter and Palm oil as all pH values for all levels

were very similar.
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4.4.2 Nitrogen

Absorbance, E,4 and Surface Tension results are presented below.

4.4.2.1 Daily growth measurement (absorbance) of the test organisms at varying

concentrations of nitrogen source (sodium nitrate)
The results are presented and analysed as described in Appendices X1 to XIII.

Daily growth measurement (absorbance) of the single organisms in shea butter waste
slurry: Appendix XI shows that P. aeruginosa gave the highest absorbance of 1.16 at a
concentration of 0.3mg/100ml of the sodium nitrate (NaNOs3) on the 5™ day. B. cereus had

an absorbance of 0.99 at nitrogen source concentration of 0.4mg/100ml on the 5™ day.

Daily growth measurement (absorbance) of the single organisms in palm oil waste slurry:
The effect of nitrogen source on growth of the test organisms in Palm oil is presented in
Appendix XII which revealed that B. cereus had the highest absorbance of 1.52 at
0.4mg/100ml concentration of sodium nitrate on the 3rd day. P. aeruginosa had the highest

absorbance of 1.30 at 0.3mg/100ml concentration of sodium nitrate also on the 5 day.

Daily growth measurement (absorbance) of the consortium of organisms in shea butter and
palm oil waste slurries: The effect of nitrogen source on growth of the consortium of
organisms is presented in Appendix XIII which revealed that the best results (1.32) is
obtained in Shea butter at the lowest concentration of NaNOswhich is 0.1mg/100ml. The
highest absorbance recorded on the other hand for Palm oil is also at 0.1mg/ml at 0.61.

Growth of the consortium of organisms in both Shea butter and Palm oil increased from
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day 1 to 5 and gradually declined with higher concentrations of 0.3mg/100mls and

0.4mg/100mls.

These results indicate that higher concentrations of 0.03mg/100mls to 0.04mg/100mls
Sodium Nitrate support growth of the single bacteria but lower concentrations of
0.1mg/100mls supported the consortium. In all, for Nitrogen optimization, Palm oil gave
better results with single organisms compared to the consortium or the single cultures in

Shea butter.

4.4.2.2 Daily E,4 measurement of the test organisms at varying concentrations of nitrogen

source (sodium nitrate)
Emulsification index test (E.4) results are presented in Appendices XIV to XV.

Daily E»4 measurement for biosurfactant production by the single organisms in shea butter
waste slurry: Appendix XIV shows increase in the production of biosurfactant with
concentrations of 0.2mg/100ml and 0.3mg/100ml. The production wasn't consistent with
days but P. aeruginosa gave the best E,; reading of 79% at a concentration of
0.3mg/100ml on the 6™ day while B. cereus gave best production with an Ep4 of 72% at

NaNO; concentration of 0.4mg/100ml on the 7" day.

Daily E4 measurement for biosurfactant production by the single organisms in palm oil
waste slurry:No biosurfactant production was recorded for all concentrations of the

nitrogen source from both organisms.

Daily E,4 measurement for biosurfactant production by consortium of bacteria in shea

butter and palm oil waste slurries: In Appendix XV, biosurfactant production was observed
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in both Shea butter and Palm oil. However, for Palm oil, only the concentration of
0.1mg/100ml had Ej4 values of up to 55% all other concentrations of NaNO3; showed no
production of biosurfactant at all. For Shea butter all concentrations of the nitrogen source
recorded Ey4 readings with values of up to 58% at both 0.2mg/100ml and 0.3mg/100ml.In

Palm oil, the consortium gave better results with the Nitrogen than the single cultures.

4.4.2.3 Daily surface tension of the test organisms at varying concentrations of nitrogen

source (sodium nitrate)

The results recorded are described below in Appendices XVI to XVIII.

Daily surface tension measurement for biosurfactant production by the single organisms in
shea butter waste slurry: Appendix XVI reveals that only P. aeruginosa showed a
reduction of 14.3% in the surface tension readings for only the concentration of
0.2mg/100ml NaNOg. The readings for B. cereus indicated that surface tension reduced for
up to 33.3% at 0.1mg/100ml NaNO; concentration from day 1 to day 5. All other

concentrations reduced with up to 25% for B. cereus.

Daily surface tension measurement for biosurfactant production by the single organisms in
palm oil waste slurry: Appendix XVII reveals that B. cereus gave its highest reduction in
surface tension of up to 42.5% from day 1 to day 5 at 0.4mg/100ml concentration. P.
aeruginosa showed its highest reduction of 38.3% also at 0.4mg/100ml concentration from
day 1 to day 5. For each organism, the values obtained for all the days were similar for all

concentrations.
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Daily surface tension measurement for biosurfactant production by the consortium of the
organisms in shea butter and palm oil waste slurries: Appendix XVIII reveals that Shea
butter showed a 14.2% drop in surface tension from day 1 to day 5 for all concentrations.
Palm oil on the other hand,showed the highest reduction of 30.4% at most concentrations

from day 1 to day 5.

4.4.3 Lipase

Absorbance, E,4and Surface Tension results are presented below.

4.4.3.1 Daily growth measurement (absorbance) of the test organisms at varying

concentrations of lipase
The results are presented and analysed as described in Appendices X1X to XXI.

Daily growth measurement (absorbance) of the single organisms in shea butter waste
slurry: At varying concentrations of lipase in Shea butter (Appendix XIX), P. aeruginosa
had the highest absorbance of 5.95 at lipase concentration of 0.2mg/100ml on the 5" day.
However, in comparison, the figure clearly revealed that the growth of B. cereus at same
lipase concentrations for all the days was lower with peak growth observed at 0.73 at

0.15mg/100ml concentration on day 3.

Daily growth measurement (absorbance) of the single organisms in palm oil waste slurry:
When tested in Palm oil at varying lipase concentration (Appendix XX), P. aeruginosa had
its highest absorbance of 0.89 at 0.2mg/100ml of lipase on the 4™ day while B. cereus gave

a high absorbance of 0.66 at lipase concentration of 0.10mg/100ml on day 4.
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Daily growth measurement (absorbance) of the consortium of organisms in shea butter and
palm oil waste slurries:In Appendix XXI, Shea butter gave the best growth reaching the
highest peak at 1.19 at 0.10mg/100ml Lipase concentration. However, growth in Palm oil
was not as high with the best growth of 0.80 recorded at 0.10mg/ml Lipase on the 5" day.
Growth in both Shea butter and Palm oil increased in days but showed slight decline with

higher concentrations of 0.15mg/100ml and 0.2mg/ml.

In all, lower concentrations favoured growth for the consortium while higher

concentrations favoured growth for the single cultures used in this study.
4.4.3.2 Daily E»4 measurement of the test organisms at varying concentrations of lipase
Emulsification index test (E24) results are presented in Appendices XXII to XXIV.

Daily Ezs measurement of the single organisms in shea butter waste slurry: At varying
concentrations of lipase in Shea butter (Appendix XXII), the values show that with
increase in Lipase concentration, the production of Biosurfactants was improved for B.
cereus with readings for the bacteria peaking at the concentration of 0.15mg/100ml with
E24 of 65% on Day 4. P. aeruginosa on the other hand did not show much significant
improvement with the added lipase at all the concentrations. The highest value (47%) for
its E4 was recorded at the same concentration of 0.15mg/100ml on day 7. For both
organisms in Shea butter, the best lipase concentration for production of biosurfactant was

0.15mg/100ml.

Daily E,4; measurement of the single organisms in palm oil: In Appendix XXIII,

biosurfactant production peaked at 0.2mg/ml for both P. aeruginosa and B. cereus.
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However, higher results was recorded for P. aeruginosa with little production recorded by

B. cereus. For both organisms, production increased with lipase concentrations.

Daily E;4 measurement of the consortium in shea butter and palm oil waste slurries: With
the consortium in Shea butter and Palm oil at varying lipase concentrations (Appendix
XXI1V), production peaked at 0.05mg/ml for Shea butter and at 0.10mg/ml for Palm oil
with readings of 55% and 65% respectively. Overall, optimal results were observed in Shea

butter compared to palm oil with values at only 0.05mg/ml and 0.10mg/100ml only.

4.4.3.3 Daily surface tension measurement of the test organisms at varying concentrations

of lipase

Surface Tension Measurement values are presented below in Appendices XXV to XXVII.

Daily surface tension measurement of the single organisms in shea butter waste slurry: At
varying concentrations of lipase in Shea butter (Appendix XXV), P. aeruginosa gave a
uniform surface reduction (14.2%) for all the concentrations from Day 1 to Day 5. B.
cereus however showed a better surface tension reduction of 22.2% at 0.1mg/100ml
concentration from Day 4 to Day 5. Both organisms show similarities in the pattern of

surface tension readings for most concentrations of Lipase.

Daily surface tension measurement of the single organisms in palm oil waste slurry: In
Appendix XXVI, P. aeruginosa had a high surface tension reduction of up to 47.5% at
0.2mg/100ml of lipase from day 1 to day 5 while B. cereus showed up to 28.3% reduction

in surface tension at majority of the concentrations of lipase from day 1 to day 5.
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Daily surface tension measurement by the consortium in shea butter and palm oil waste
slurries: The consortium when tested in Shea butter and Palm oil at varying lipase
concentration (Appendix XXVII), Shea butter had a high surface tension reduction of up to
14.2% at all concentrations of lipase from day 1 to day 5 while Palm oil showed up to
14.4% reduction in surface tension at all of the concentrations of lipase from day 1 to day

5.

45  Statistical Analysis of Optimization Study

Values of the physical parameters; (pH) and nutrient parameters (nitrogen source and
lipase) optimized at varying concentrations in Shea butter and Palm oil waste slurries by P.
aeruginosa,B. cereus and their consortium were statistically analysed. Measurement
parameters (absorbance, emulsification index (E4) and surface tension) carried out during
the experimental period is represented in Tables 4.6a to 4.6d, Tables 4.7a to 4.7d and

Tables 4.8a to 4.8d.

451 pH

The results for pH optimization are presented in Tables 4.6a and 4.6b (for Shea butter at
varying pH for single and consortium of bacteria) and 4.6¢c and 4.6d (for Palm oil at

varying pH for single and consortium of bacteria).

Table 4.6a revealed that P. aeruginosa gave best absorbance of 0.78 at pH 7,
emulsification index (Ez4) of 48.40% at pH 7 and surface tension of 17.54 dyne/cm at pH
7. B. cereus gave an absorbance of 0.67 at pH 7, E»4 0of 53.80% at pH 5 and surface tension

of 18.22dyne/cm at pH 8. There were significant differences (P<0.05) observed between
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the pH and the measured parameters for biosurfactant production from Shea butter by the

test bacteria.

The consortium of P. aeruginosa and B. cereus in Shea butter (Table 4.6b) gave best
results of absorbance 0.98 at pH 5, E»4 of 41.00% at pH 8 and equal surface tension of
17.82dyne/cm at all the various pH levels. From the results for single from Shea butter,
single cultures produced more biosurfactants than the consortium though more growth was

observed in the consortium.

Table 4.6¢ shows that P. aeruginosa gave best results for absorbance 0.35 at pH 7, Ej4 of
20.60% at pH 5 and a surface tension of 17.37 dyne/cm at pH 7. B. cereus gave best
absorbance 0.47, E,s of 0.00% and surface tension of 17.10 dyne/cm. There were

significant differences (P<0.05) observed between the pH and the measured parameters.

Results in Table 4.6d reveals that best results for the consortium of the two test organisms
in Palm oil at varying pH with absorbance of 0.23 at pH 5, E» of 13.20% at pH 7, and
equal reduction in surface tension of 18.16dyne/cm at all the test pH values. Similarly,

there were significant differences (P<0.05) between pH and the test parameters.
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Table 4.6a:pH Optimization of Biosurfactant Production in Shea butter Waste Slurry by Pseudomonas aeruginosa and

Bacillus cereus

Parameters Organisms pH (Mean + SE)
pH5 pH 6 pH 7 pH 8
Absorbance (nm) P. aeruginosa 0.32 +0.08¢ 0.36+0.08° 0.78+0.08° 0.50+0.08"
B. cereus 0.43£0.12 0.51+£0.09 0.67+0.08 0.52+0.11
E.s % P. aeruginosa 46.80+5.49" 45.00+2.28" 48.40+2.54° 39.8+2.82°
B. cereus 53.80+5.99 50.20+3.02 42.60+6.57 29.80+2.18
Surface Tension (dyne/cm) P. aeruginosa 18.36+0.54° 18.36+0.54°  17.54+0.60" 17.54+0.60"
B. cereus 19.17+0.48° 19.44+.0.67*°  18.76+0.59° 18.22+2.71°

Means with different superscripted alphabets across the row are significantly (P<0.05) different. Values are expressed as meanstSE (Standard error of means)

E.,=Emulsification index, %=percentage, nm=nanometer
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Table 4.6b:pH Optimization of Biosurfactant Production in Shea butter Waste Slurry by Consortium of P. aeruginosa
and B. cereus

Parameters Organisms pH (Mean + SE)

pH5 pH 6 pH 7 pH 8
Absorbance (nm) Consortium 0.98 +0.18* 0.73+0.16° 0.72+0.17° 0.77+0.18"
E2 %0 Consortium 23.40+10.55° 35.80+12.10° 40.40+7.72° 41.00+3.24°
Surface Tension (dyne/cm) Consortium 17.82+0.66° 17.82+0.66° 17.82+0.66° 17.82+0.66°

Means with different superscripted alphabets across the row are significantly (P<0.05) different. Values are expressed as meanstSE (Standard error of means)
E24=Emulsification index, %=percentage, nm=nanometer
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Table 4.6¢c:pH Optimization of Biosurfactant Production in Palm Oil Waste Slurry by Pseudomonas aeruginosa and

Bacillus cereus

Parameters Organisms pH (MeanzSE)
pH5 pH 6 pH 7 pH 8
Absorbance (nm) P. aeruginosa 0.24 +0.05° 0.31+0.06" 0.35+0.10° 0.32+0.09"
B. cereus 0.35+0.10° 0.34+0.13° 0.47+0.04° 0.44+0.06"
E2 %0 P. aeruginosa 20.60+9.56° 18.447.19° 7.2046.48" 11.2+8.00°
B. cereus 0.00+0.00° 0.00+0.00% 0.00+0.00% 0.00+0.00%
Surface Tension (dyne/cm) P. aeruginosa 17.64+1.36" 17.64+1.36"  17.37+1.49" 18.18+1.30°
B. cereus 17.12+1.05 18.26+1.69°  17.10+1.06" 17.64+1.36°

Means with different superscripted alphabets across the row are significantly (P<0.05) different. Values are expressed as meanstSE (Standard error of means)

E24=Emulsification index, %=percentage, nm=nanometer.
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Table 4.6d:pH Optimization of Biosurfactant Production in Palm Oil by Consortium of P. aeruginosa and B. cereus

Parameters Organisms pH (MeanzSE)

pH5 pH 6 pH 7 pH 8
Absorbance (nm) Consortium 0.23 +0.00° 0.16+0.00° 0.41+0.39° 0.16+0.00"
E21 % Consortium 0.00 +0.00° 0.00+0.00° 13.2+9.39 12.00+8.00°
Surface Tension (dyne/cm) Consortium 18.16+0.54° 18.16+0.54 18.16+0.54° 18.16+0.54%

Means with different superscripted alphabets across the row are significantly (P<0.05) different. Values are expressed as meanstSE (Standard error of means)
E24=Emulsification index, %=percentage, nm=nanometer
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4.5.2 Nitrogen (sodium nitrate)

Sodium Nitrate added to the Shea butter and Palm oil waste slurries was tested at different
concentrations of sodium nitrate in milligram per 100ml of the nitrogen source. The results
for this section are presented in Tables 4.7a to 4.7b (Shea butter - for single and consortium

of bacteria) and 4.7c to 4.7d (Palm oil - for single and consortium of bacteria).

In Table 4.7a, P. aeruginosa gave highest values for: absorbance of 0.69 at a concentration
of 0.4mg/100ml of sodium nitrate (NaNOs3), Ez4 of 51.80% at 0.3mg/ml concentration and
surface tension of 18.90dyne/cm at all the varied concentrations of the sodium nitrate.B.
cereus had highest values for: absorbance 0.62, E,, of 36.42% and surface tension of

18.90dyne/cm at 0.3mg/ml concentration of sodium nitrate each.

The consortium in Table 4.7b had maximum absorbance of 0.98 at 0.1mg/100ml
concentration, E»4 of 41% and surface tension of 17.82 both at 0.4mg/100ml sodium nitrate
concentrations. There were significant differences observed between the Nitrogen

concentrations and the parameters measured.

Nitrogen optimization in Palm oil for biosurfactant production by P. aeruginosa and B
.cereus and their consortium is presented in Tables 4.7c and 4.7d respectively. In Table
4.7c, Absorbance of 0.91 at 0.4mg/100ml; E,4 of 0.00% at all concentration; and surface
tension of 17.10 dyne/cm at 0.2mg/100ml was recorded by P. aeruginosa while B. cereus
had an absorbance of 1.20 at 0.4mg/100ml nitrate concentration, E,4 of 0.00% at all

concentration and surface tension of 17.10dyne/cm at 0.1mg/100ml concentration of
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sodium nitrate. There were significant differences (P<0.05) observed between the sodium

nitrate concentrations and test parameters.

Consortium of the test bacteria in Palm oil (Tables 4.7d), shows that P. aeruginosa had
highest absorbance of 0.38, E,4 of 33% at 0.1mg/100ml and constant surface tension of
17.08dyne/cm. Significant differences (P<0.05) were observed between the different

concentrations of sodium nitrate and the measured parameters.
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Table 4.7a:Nitrogen Optimization of Biosurfactant Production in Shea butter Waste Slurry by P. aeruginosa and B.

cereus
Parameters Organisms Sodium Nitrate (Mean+SE)
0.1 mg/100ml 0.2 mg/100ml 0.3 mg/100ml 0.4 mg/100ml
Absorbance (nm) P. aeruginosa 0.40 +0.18° 0.26+0.87¢ 0.63+0.18" 0.69+0.14°
B. cereus 0.36+0.10¢ 0.51+0.13" 0.62+0.12° 0.47+0.19¢
Ez % P. aeruginosa 31.00+6.54° 42.00+2.28°  51.80+7.70° 47.6+6.05°
B. cereus 17.42+0.10° 30.43+0.13° 36.42+0.12° 34.28+0.19°
Surface Tension (dyne/cm) P. aeruginosa 18.90+0.00° 18.90+0.00° 18.90+0.00° 18.90+0.00°
B. cereus 19.44+1.32° 18.90£0.85°  18.90+0.85" 18.90+0.85"

Means with different superscripted alphabets across the rows are significantly (P<0.05) different. Values are expressed as meanstSE (Standard error of means)

E24=Emulsification index, %=percentage, nm=nanometer
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Table 4.7b:Nitrogen Optimization of Biosurfactant Production in Shea butter Waste Slurry by Consortium of P.
aeruginosa and B. cereus

Parameters Organisms Sodium Nitrate (Mean+SE)

0.1 mg/100ml 0.2 mg/100ml 0.3 mg/100ml 0.4mg/100ml

Absorbance(nm) Consortium 0.98 +0.18° 0.73+0.16° 0.72+0.17° 0.77+0.18"
E.4% Consortium 23.40+10.55° 35.00+12.10° 40.40+7.72° 41.00+3.24°
Surface Tension (dyne/cm) Consortium 17.82+0.66° 17.82+0.66° 17.82+0.66° 17.82+0.66°

Means with different superscripted alphabets across the rows are significantly (P<0.05) different. Values are expressed as meanstSE (Standard error of means)
E24=Emulsification index, %=percentage, nm=nanometer
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Table 4.7c:Nitrogen Optimization of Biosurfactant Production in Palm Oil Waste Slurry by P. aeruginosa and B. cereus

Parameters Organisms Sodium Nitrate (Mean+SE)
0.1 mg/100ml 0.2 mg/100ml 0.3 mg/100ml 0.4 mg/100ml
Absorbance (nm) P. aeruginosa 0.80 +0.12¢ 0.83+0.13° 0.89+0.13" 0.91+0.13%
B. cereus 1.07+0.88" 1.20£0.13" 1.10£0.10° 1.14+0.12°
E.s % P. aeruginosa 0.00+0.00? 0.00+0.00% 0.00+0.00% 0.00+0.00%
B. cereus 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°
Surface Tension (dyne/cm) P. aeruginosa 17.64+1.36° 17.10+1.36° 17.64+1.36° 17.60+1.39"
B. cereus 17.10+1.02° 17.64+1.36°  18.78+1.41" 19.32+1.70°

Means with different superscripted alphabets across the rows are significantly (P<0.05) different. Values are expressed as means+SE (Standard error of means)

E24=Emulsification index, %=percentage, nm=nanometer
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Table 4.7d:Nitrogen Optimization of Biosurfactant Production in Palm Oil Waste Slurries by Consortium of P.
aeruginosa and B. cereus

Parameters Organisms Sodium Nitrate (Mean+SE)

0.1 mg/100ml 0.2 mg/100ml 0.3 mg/100ml 0.4mg/100ml

Absorbance (nm) Consortium 0.38 +0.09° 0.19+0.05° 0.31+0.08° 0.19+0.06°
Eas % Consortium 33.00£9.70° 0.000.00° 0.000.00" 0.000.00°
Surface Tension (dyne/cm) Consortium 17.08+0.66° 17.08+0.66° 17.08+0.66° 17.08+0.66°

Means with different superscripted alphabets across the rows are significantly (P<0.05) different. Values are expressed as meanstSE (Standard error of means)
E24=Emulsification index, %=percentage, nm=nanometer.
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45.3 Lipase

The results for lipase optimization in Shea butter and Palm oil waste slurries are presented
in Tables 4.8a to 4.8d. Table 4.8a shows that P. aeruginosa had a very high absorbance of
3.1 at 0.2mg/100ml lipase concentration, Ej4 of 15.6% at 0.15mg/100ml concentration and
surface tension of 19.42dyne/cm at 0.15mg/100ml while B. cereus showed highest
absorbance of 0.64 at 0.15mg/ml, E,4 of 25% at 0.15mg/100ml and no significant change
in Surface tension at all concentrations. In all, B. cereus gave a better performance for

biosurfactant production than P. aeruginosa in Shea butter.

The result in Table 4.8b shows that consortium of the test bacteria in Shea butter gave
maximum absorbance of 0.92 at 0.1mg/100ml concentration of lipase, E4 of 37.07% at

0.05mg/ml and surface tension of 18.90dyne/cm at all the varied lipase concentration.

Lipase optimization in Palm oil (Table 4.8c) revealed that P. aeruginosa recorded its
highest absorbance of 0.61 at 0.2mg/ml, E,4 of 43.4% at 0.15mg/ml and had the lowest
surface tension of 17.28dyne/cm at 0.2mg/ml of lipase concentration.For B. Cereus,
growth of up to 0.49 was observed at 0.15mg/100ml concentration of lipase, no evidence
of biosurfactant was observed via E4 for all the concentrations of lipase. However, there

was a significant reduction in the surface tension at 0.2mg/100ml concentration.

In Table 4.8d, the consortium of P. aeruginosa and B. cereus had highest absorbance of
0.47nm, E,4 of 23.4% at 0.10mg/100ml each and a constant surface tension of

17.62dyne/cm at all concentration of lipase for Palm oil.

There was significant difference (P<0.05) between the lipase concentration and the test
parameters in Tables 4.8a to 4.8d.
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Table 4.8a:Lipase Optimization of Biosurfactant Production in Shea Butter Waste Slurry by P. aeruginosa and B. cereus

Parameters Organisms Lipase (MeanzSE)
0.05 mg/100ml  0.10 mg/100ml 0.15 mg/100ml  0.20 mg/100ml
Absorbance (nm) P. aeruginosa 1.55 +0.62¢ 2.48+1.26" 1.98+0.96° 3.10+1.15°
B. cereus 0.28+0.07¢ 0.35+0.08° 0.64+0.08° 0.51+0.09°
E. % P. aeruginosa 15.2049.31% 6.00+4.65° 15.60+9.88% 9.00+5.88"
B. cereus 24.80+10.11° 23.60+8.63" 25.60+8.49° 17.60+9.67°
Surface Tension (dyne/cm) P. aeruginosa 17.54+0.60° 17.54+0.60° 17.28+0.66" 17.28+0.66"
B. cereus 19.98+1.08° 19.44+0.54° 19.42+0.54° 19.44+0.54°

Means with different superscripted alphabets across the rows are significantly (P<0.05) different. Values are expressed as meanstSE (Standard error of means)
E4=Emulsification index, %=percentage, nm=nanometer
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Table 4.8b:Lipase Optimization of Biosurfactant Production in Shea Butter Waste Slurry by Consortium of P.
aeruginosa and B. cereus

Parameters Organisms Lipase (Mean+SE)

0.05 mg/100ml  0.10 mg/100ml 0.15 mg/100ml 0.20mg/100ml

Absorbance (nm) Consortium 0.86+0.18" 0.92+0.17° 0.80+0.16" 0.83+0.17°
E.s % Consortium 37.07+9.86° 27.11+11.50° 24.16+10.90° 13.60+7.34¢
Surface Tension (dyne/cm) Consortium 18.90+0.00° 18.90+0.00° 18.90+0.00° 18.90+0.00°

Means with different superscripted alphabets across the rows are significantly (P<0.05) different. Values are expressed as means+SE (Standard error of means)
E24=Emulsification index, %=percentage, nm=nanometer.

93



Table 4.8c:Lipase Optimization of Biosurfactant Production in Palm Oil Waste Slurry by P. aeruginosa and B. cereus

Parameters Organisms Lipase (Mean£SE)
0.05 mg/100ml  0.10 mg/100ml 0.15 mg/100ml  0.20 mg/100ml
Absorbance (nm) P. aeruginosa 0.48 +0.14° 0.42+0.12° 0.53+0.13° 0.61+0.15°
B. cereus 0.49+0.03" 0.58+0.06° 0.49+0.06° 0.42+0.05°
E24 % P. aeruginosa 24.80+11.26° 20.40%7.62° 43.40+10.43° 38.60+11.50°
B. cereus 0.00+0.00° 0.00+0.00° 0.00+0.00° 19.00+11.87°
Surface Tension (dyne/cm) P. aeruginosa 17.54+0.60° 17.54+0.60° 17.28+0.66" 17.28+0.66"
B. cereus 17.56+1.84% 17.54+1.85°  17.51+1.87" 17.46+1.90°

Means with different superscripted alphabets across the rows are significantly (P<0.05) different. Values are expressed as means+SE (Standard error of means)
E4=Emulsification index, %=percentage, nm=nanometer.
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Table 4.8d:Lipase Optimization of Biosurfactant Production in Palm Oil Waste Slurry by Consortium of P. aeruginosa
and B. cereus

Parameters Organisms Lipase (Mean£SE)

0.05 mg/100ml  0.10 mg/100ml 0.15 mg/100ml 0.20mg/100ml

Absorbance (nm) Consortium 0.18+0.05" 0.47+0.12° 0.12+0.02° 0.16+0.04°
E.s % Consortium 0.2040.20° 23.40+14.48° 0.00+0.00° 0.00+0.00°
Surface Tension (dyne/cm) Consortium 17.62+0.66° 17.62+0.66° 17.62+0.66° 17.62+0.66°

Means with different superscripted alphabets across the rows are significantly (P<0.05) different. Values are expressed as means+SE (Standard error of means)
E24=Emulsification index, %=percentage, nm=nanometer.
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46  Comparative Analysis of Biosurfactant Production in Shea Butter and Palm

Oil Waste Slurries

Table 4.9 presents a summary of the results on comparative analysis of biosurfactant from
Shea butter and Palm oil wastes as carbon source. The Table revealed that Shea butter gave
higher absorbance of 0.96, E,4 of 39.69% and surface tension reduction to 17.62 dyne/cm
by the test bacteria than Palm oil which gave an absorbance of 0.68, E,4 of 23.20% and
surface tension to 18.18dyne/cm. However there was no significant difference (P<0.05)
between the measured parameters for biosurfactant production and the carbon sources

(Shea butter and Palm oil).

4.7  Comparative Analysis of Biosurfactant production by P. aeruginosa and B.

cereus

The comparative analysis between P. aeruginosa and B. cereus in biosurfactant production
from Shea butter and Palm oil is presented in Table 4.10. This result clearly shows that P.
aeruginosa performed better for biosurfactant production in both Shea butter and Palm oil
than B. cereus from the high absorbance results of 1.52, E,4 of 38.6% and surface tension
reduction to 17.9 dyne/cm in Shea butter and an absorbance of 0.6, E,4 of 21.64% and
surface tension reduction to 17.22dyne/cm in Palm oil. In comparism, absorbance reading
results for B. cereus was0.75, E»4 of 19% and surface tension reduction to 18.25 dyne/cm
in Palm oil. While in Shea butter, the absorbance was 0.65, E,4 of 26.5% and surface
tension reduction to 18.85 dyne/cm. There were significant differences (p > 0.05) observed
between the test organisms and the parameters measured for biosurfactant production from

Shea butter and Palm oil.
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Table 4.9: Comparative Analysis of Biosurfactant Production from Shea Butter and

Palm Oil Slurries

Carbon Source Parameters Values( meanstSE)
Shea butter slurries  Absorbance (nm) 0.96+0.03°

E24 (%) 39.69+0.61°

Surface Tension (dyne/cm) 17.62+0.07°
Palm Oil slurries Absorbance (nm) 0.68+0.53°

Eas (%) 23.20+1.87°

Surface Tension (dyne/cm) 18.18.+0.10°

Means with different superscripted alphabets along the column are significantly (P<0.05) different. Values are expressed
as means=SE (Standard error of means). Ey,=Emulsification index, %=percentage, nm=nanometer.
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Table 4.10: Mean Comparison of Biosurfactant Production by P. aeruginosa and B.

cereus
Carbon Source Parameters Values for each of the Test Organisms (means+SE)
P. aeruginosa B. cereus
Shea butter slurries  Absorbance (nm)  1.52+0.41° 0.65+0.12°
E24 (%) 38.6+7.69° 26.48+4.87"
Surface Tension ~ 17.9+0.42% 18.85+1.37°
(dyne/cm)
Palm oil slurries Absorbance (nm)  0.60+0.12° 0.75+0.07°
E24 (%) 21.64+6.67° 19.0£0.00°
Surface Tension 17.22+1.17° 18.25+1.32°
(dyne/cm)

Means with different superscripted alphabets along the columns are significantly (P<0.05) different. Values are expressed
as meansSE (Standard error of means). Ey,=Emulsification index, %=percentage, nm=nanometer
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CHAPTER FIVE

5.0 DISCUSSION

Microbial surfactants are surface-active metabolites produced by microorganisms
belonging to the genera: Bacillus, Pseudomonas, and Acinetobacter when grown on water
miscible or oily substrates (Praveesh et al., 2011). They either remain adherent to
microbial cell surfaces or are secreted in the culture broth. They possess the characteristic
property of reducing the surface and interfacial tensions using the same mechanisms as

chemical surfactants (Praveesh et al., 2011).

For these indications, the aim of this work was pointed out to assay for the production of
biosurfactants by Pseudomonas aeruginosa and Bacillus cereus in renewable hydrocarbons
(Shea butter and Palm oil wastes slurries) by attempting to optimize production under

conditions of pH, Nitrogen, and Lipase in Shea butter and Palm oil wastes slurries.

5.1 Isolation and Characterization of Biosurfactant Producing Bacteria from Soil

Samples

Environmental samples contaminated by hydrocarbon pollutants have been known to be
more likely to harbour biosurfactant producing organisms (Jaysree et al., 2011).
Biosurfactants produced by a variety of microorganisms mainly bacteria, fungi and yeasts
are diverse in chemical composition and their nature and the amount depend on the type of
microorganism producing a particular biosurfactant. Many microorganisms for industrial

utilization for waste products have been isolated from contaminated soils, effluents and
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waste water sources. Thus, these have an ability to grow on substrates considered

potentially noxious for other non-producing microorganisms (Saharan, 2012).

Biosurfactant producing organisms such as Bacillus cereus, Bacillus subtilis, Pseudomonas
aeruginosa, Bacillus licheniniformis, Pseudomonas flourescens,Serratia marcescens,
Rhodotorula glutinis, Candida bombicola produce biosurfactants such as rhamnolipis,

sophorolipids,Lichenysin, Subtilisin and surfactin.

The soil samples in this study were collected from sites where petrochemical pollution
were common place. Using selective media (MYP and Cetrimide) for the isolation of
Pseudomonasand Bacillus spp. based on morphological characteristics, colonies appearing
green or cream on Cetrimide and pinkish on MYP were further subjected to gram staining
and other tests biochemical test using microgen test kits. A total of 9 isolates identified as
Bacillus cereus, Bacillus licheniformis, Pseudomonas aeruginosa and Pseudomonas

fluorescens. All the strains were identified using Microgen test kits (Tables 4.1 and 4.2).

These organisms have proven ability to produce biosurfactants and as such have been
recommended for wide use in Biotechnological processes (Jaysree, 2011). In order to test
for biosurfactant producing abilities of the strains identified in Tables 4.1 and 4.2, the

following tests were used.

5.1.1 Haemolytic activity assay

Blood agar haemolysis test have been used by most researchers to check for biosurfactant

production (Rodrigues et al., 2006; Thivaharan and Vytla, 2013).
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In this present study, in Table 4.3, strains a andb of P. aeruginosa showed haemolytic
activity (partial and complete haemolysis) on blood agar plate. This may be due to the
presence of rhamnolipids synthesized by some Pseudomonas species. Rhamnolipids are
surface active glycolipids which possess hemolytic properties of lysing blood cells

(Harikshna and Narsimhulu, 2012).

Strains a and b of B.cereus gave partial haemolytic activity on blood agar plate which may
be as a result of surfactin, a biosurfactant with haemolytic properties produced by some

Bacillus species (Thivaharan and Vytla, 2013).

The haemolytic activity of biosurfactants was first discovered when Bernheimer and
Avigad (1970), reported that the biosurfactant produced by Bacillus subtilis, surfactin lyses
red blood cells. Blood agar lyses has been used to identify surfactin and rhamnolipid
(Moran et al., 2002; El-Shahawy, 2014). This has been used to screen for biosurfactant
production by new isolates (Yonebayashi et al., 2000). They found an association between
haemolytic activity and biosurfactant production, and they recommended the use of blood

agar lyses as primary method to screen for biosurfactant activity.

Few studies have reported on biosurfactant-producing B. cereus strains, for example,
Huesh et al. (2006) found that, biosurfactant production by B. cereus was physiologically

related to the formation of a biofilm under nutrient-limiting conditions.

In the same accordance, Vela'zquez-Aradillas (2011)isolated a Gram-positive bacterium
produced a biosurfactant from low-quality coffee beans, this isolate was found to be

Bacillus cereus QD232.
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5.1.2 Oil spreading test

In oil spreading test, the quantity of biosurfactant secreted determines the extent of oil
spreading activity of a given microorganism (Thivaharam and Vytla, 2013). When the test
isolates were subjected to vegetable oil for oil spread test (Table 4.4), all the strains (a, b
and c) of Pseudomonas aeruginosa displaced the oil significantly with zones formation of
29, 30 and 28 millimeters respectively while strains (a and b) of Bacillus cereus
moderately displaced the vegetable oil with zones formation of 25 and 30 millimeters
respectively. The oil layer remained unchanged with all strains of P. fluorescens and P.
licheniformis without showing zone of formation. Though many studies show that these
organisms have proven ability to produce biosurfactants, the strains isolated in this study
may lack the gene markers for producing biosurfactants or may have produced them in
very minute quantities from the olive oil used as hydrocarbon source in the procedure

above. (Thivaharan and Vytla, 2013).

5.1.3 Emulsification stability test (E24)

Emulsification activity was measured using the method described by Cooper and
Goldenberg, 1987 and Suganya R.S, 2012. The results from the study (Table 4.5) show
both the strains of Bacillus cereus and Pseudomonas aeruginosa isolated are capable of
producing biosurfactants that can emulsify at least 3 of the hydrocarbons (Petrol, Diesel,
Kerosene and Vegetable Oil) used in the research. The best result was however observed in
Kerosene where up to 11% E,4 value was observed. This is unlike the study conducted by
Priya and Ushrani, 2009 where up to Ey,4 readings of 52% and 55% were recorded by

Bacillus sp. and Pseudomonas sp. in Kerosene. The amount of biosurfactant produced by
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strains with proven capacity to produce biosurfactant is affected by both the substrate and
environmental conditions of aeration, agitation, temperature, time and pH (Salihu et al.,

2009). This may be the reason for the result of 11% obtained in this research.

5.2 Optimization of Biosurfactant Production in Shea Butter and Palm Oil Waste

Slurries

Several studies have aimed to optimize the biosurfactant production process by changing
the variables that influence the type and amount of biosurfactant produced by a
microorganism. Important variables are carbon and Nitrogen sources (Santos et al., 2002),
potential nutrient limitations and other physical and chemical parameters such as Nitrogen,

oxygen (Kronembergeret al., 2008), temperature and pH (Mukherjee et al., 2006).

5.2.1 Effect of pH on biosurfactant production

The pH of the medium plays an important role in biosurfactant production through their

effects on cellular growth or activity.

Desai and Banat (1997), Salihu et al., 2009elucidated that, environmental factors and
growth conditions such as pH, temperature, agitation, and oxygen availability affect
Bacillus cereus biosurfactant production through their effects on cellular growth or

activity.

In this present study, the results on the effect of pH on growth (Figures 4.3 to 4.5) and
biosurfactant production (Tables 4.6 to 4.8) clearly revealed that maximum production of
biosurfactant occurred mostly at pH 7 for the single cultures of bacteria in both Shea butter

and palm oil waste slurries.
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The consortium of bacteria in both Shea butter and Palm oil wastes slurries also gave good
results at same pH 7. This was similar to the research work carried out by Anna and
Parthasarathi (2014), who stated that the highest surface tension reduction (29.45 mN/m)
and emulsification activity (78.34%) was recorded at a pH of 7.0 for B. cereus KBSB1.
Any change to both lower or higher pH values caused an appreciable drop in biosurfactant

production indicated by surface tension reduction and emulsification index values.

Though less activity occurred at pH 5, 6 and 8. This was in line with the works of Jagtap et
al. (2010) and Husam and Ahmed (2013), which showed that maximum production
occurred at pH 7 and was the optimum pH for biosurfactant production. This neutral pH
can save large numbers of acid and alkali used to adjust pH hence providing for high

economic gains.

Similar results were obtained for Pseudomonas aeruginosa RS29 and Bacillus cereus WJ-1
which produced highest biosurfactant at pH range of 7-8 and 6.0-8.0 respectively (Saikia
etal., 2012; Xia et al., 2012). It has been demonstrated also that rhamnolipid production in
certain Pseudomonas spp. was at its maximum at a pH range from 6 to 6.5 and decreased
sharply above pH 7 (Mata-Sandoval et al., 2001; Al-Araji and Issa, 2004; Rashedi et al.,

2005; Kannahi and Sherley, 2012; Swapnil et al., 2014).

In addition, the pH of the culture medium also determines the electrical charge of the cells
and the oxidation—reduction potential which can affect nutrient absorption and enzymatic
reaction (Salehizadeh and Shojaosadati, 2001; Husam and Ahmed, 2013). Different
organisms have different pH optima and decrease or increase in pH on either side of the

optimum value results in poor microbial growth (Praveesh et al., 2011).
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The important characteristic of most organisms is their strong dependence on pH for their
cell growth and production of secondary metabolites and from the results for both single
and consortium of the organisms, best growth occurred at pH 7 with the highest recorded
by the consortium. This however did not translate to higher production of biosurfactant by
the consortium. This may be due to competition for limited nutrients between the
organisms and use up of biosurfactants (secondary metabolites) for growth and other

cellular activities.

5.2.2 Effect of nitrogen on biosurfactant production

Nitrogen sources play an important role in the production of biosurfactants, because
bacteria require Nitrogen to complete their metabolic pathways. Among the different
concentrations of the Nitrogen sources (sodium nitrate) used, our results (Tables 4.7a to
4.7d) revealed that 0.3mg/100ml and 0.4mg/ml concentrations of sodium nitrate gave high
yields of biosurfactant production (high emulsification activity and surface tension

reduction for both the single organisms and their consortium in Shea Bultter.

The maximum value of biosurfactant production may be attributed to the presence of
sodium nitrate; this salt is inorganic Nitrogen source, very soluble and utilized easily as
Nitrogen source for cell metabolism, growth enhancing and plays a significant role in the

pathways of biosurfactant or extracellular secretion (Entissar, 2010).

Similar results were obtained by Karkera et al. (2012) for Pseudomonas aeruginosa R2
and optimum Nitrogen source was found out to be at 0.4% Ammonium nitrate. The nitrate

(NH4NO3; or NaNO3) form was found to be the best source of Nitrogen for biosurfactant
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production by different Pseudomonas strains (Santa-Anna et al., 2002, Chi et al., 2008;

Tayebe et al., 2009; Kannahi and Sherley, 2012; Xia et al., 2012; Swapnil et al., 2014).

Studies have been carried out to verify the effect of Nitrogen source and the C/N ratio in
order to increase the production of rhamnolipid and other biosurfactants (Abouseoud et al.,
2008; Wu et al., 2008; Govindammal, 2014). P. aeruginosa is able to use Nitrogen
sources such as ammonia or nitrate. However, in order to obtain high concentrations of
rhamnolipids it is necessary to have restrained conditions of this
macronutrient.(Abouseoud et al., 2008; Wu et al., 2008; Govindammal, 2014). This agrees
with the results of this research were lower concentrations of Nitrogen favored
biosurfactant production by the consortium especially in Palm oil even when no production
was recorded by the single cultures in Tables 4.7c and 4.7d. The reason for no evidence of
biosurfactant production (Ez4) by the single organisms in Palm oil may be due to high
levels of nitrogen that have been shown to inhibit the production of biosurfactant
(Abouseoud et al., 2008). This is because Palm oil wastes effluents have been shown to
contain high levels of Nitrogen of up 2.1mg/L as shown in the studies by Parveen etal.,
2010. Hence addition of Nitrogen in the form of sodium nitrate as carried out in this studies

would be detrimental to the production of biosurfactant (Table 4.7c and Table 4.7d).

5.2.3 Effect of lipase on biosurfactant production

Lipases are enzymes belonging to the group of the hydrolases, whose main biological
function is to catalyze the hydrolysis of insoluble triacylglycerols to free fatty acids,

diacylglycerols and glycerol (Suyambu et al., 2014). In this present study, Lipase was used

106



to release the glycerol in the Shea butter and Palm oil wastes making them readily

available for use by the bacteria.

From the results of the Lipase optimization carried out (Tables 4.8a to 4.8d), the best

results for biosurfactant was at concentration 0.1mg/ml and 0.15mg/ml for Shea butter.

5.3  Comparative Study of Biosurfactant Production from Shea butter and Palm

oil as Carbon Source

The type, quality and quantity of biosurfactants produced by microorganisms are
influenced by the nature of carbon source (Husam and Ahmed, 2013). Media containing
Shea butter and Palm oil were used for production of biosurfactant by P. aeruginosa and B.

cereus.

Many studies have been carried out using vegetable oils for the production of
biosurfactants. Mercade et al., (1993) were the first group to show the production of
rhamnolipids by P. aeruginosa 47T2 when grown on olive oil mill effluent (OOME) as the
sole carbon source. This study was important in demonstrating the possibility of using

other lipophillic wastes for wider application (Kitamoto et al., 1993).

In this present study, the two oil sources were found suitable for production of
biosurfactant by P. aeruginosa and B. cereus (Table 4.9). Shea butter (Table 4.8) gave a
higher biosurfactant production activity than Palm oil with absorbance (0.96), Ey4
(39.69%) and surface tension reduction (17.62dyne/cm) by the isolates compared to that of
Palm oil having lower absorbance (0.68), E.s (23.20%) and surface tension of

(18.8dyne/cm).

107


http://www.amb-express.com/content/1/1/5#B86
http://www.amb-express.com/content/1/1/5#B66

Shea butter wastes contain a high percentage of unsaponifiables, such as phytosterols
(campesterol, stigmasterol, beta-sitosterol, and alpha-spinosterol) and triterpenes (cinnamic
acid esters, alpha- and beta-amyrin, parkeol, buytospermol, and lupeol), and hydrocarbons
such as karitene (Okullo et al., 2010), Shea butter is also very rich in oleic acid which are

short to medium chain fatty acids.

Palm oil like all fats, is composed of fatty acids, esterified with glycerol. Palm oil has an
especially high concentration of saturated fat, specifically, of the 16-carbon saturated fatty

acid Palmitic acid, to which it gives its name.

Although few research and reports have been made on biosurfactant production from Shea
butter, Shea butter performed well in this study than the other substrates (Palm oil) as a
carbon and energy source for biosurfactant production for all the measured parameters. The
increased activity in Shea butter could be as a result of its higher percentage of shorter
chain fatty acids compared to Palm oil. According to Thaniyavarn etal. (2008),
biosurfactant activities in terms of oil displacement test and rhamnose content were

observed to be higher with shorter chain fatty acids than that of the longer chains.

5.4  Comparative Study of Biosurfactant Production by P.aeruginosa and B. cereus

The comparative study of biosurfactant production from Shea butter and Palm oil by
P.aeruginosa and B. cereus (Table 4.10), shows that P. aeruginosa performed better than
B. cereus by having higher absorbance, E4 and surface tension reduction results (1.52,
38.6% and 17.9) when compared to that of B. cereus, (0.65, 26.48% and 18.85) in Shea

butter.
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This result agrees with the work of Sneha et al. (2012) whose research confirmed the
ability of bacterial isolates to produce biosurfactant produce biosurfactants using different
screening methods; including Emulsification test, emulsification index Eg4, drop collapse
method, oil spreading test and blood haemolysis test were assessed. His study suggested
that Pseudomonas species showed maximum biosurfactant production compared to
Bacillus spp. Pseudomonas aeruginosa was also reported to produce the biosurfactant
rhamnolipid (Cameotra and Makkar, 2004) while Bacillus sp. is known to produce

surfactin (Pornsunthorntawee et al., 2008).

Though Bacillus and Pseudomonas have the ability of emulsifying oils. The research
conducted by Priya and Usharani (2009) on biosurfactant production by four isolates of
bacillus and pseudomonas from diesel oil, showed that Pseudomonas species gave better
results compared to the Bacillus species. In another study, on biosurfactant production
from petrol by Pseudomonas and Bacillus species, Pseudomonas species also recorded
higher values for E,4, biosurfactants and lower surface tension values compared to Bacillus

sp. (Suganya, 2013).
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

This study was carried to isolate and characterize Bacillus cereus and Pseudomonas
aeruginosa from soil samples and to screen for their biosurfactant production activity.
These organisms were screened for production of biosurfactants from Shea butter and Palm
oil waste slurries using single cultures and consortium of Bacillus cereus and
Pseudomonas aeruginosa. Finally, optimization studies of pH, Nitrogen and lipase on
biosurfactant production by the isolates bacterial isolates in Shea butter and Palm oil waste
slurries was done. There were significant differences between the varied environmental
parameters (pH, Nitrogen and Lipase) It was concluded that best results for biosurfactant
production was from Shea butter slurry while Pseudomonas aeruginosa produced more

biosurfactant from both slurries compared to Bacillus cereus.

The results and observations made in this study drew the following conclusions:

Pseudomonas and Bacillus isolates from oil polluted soils were identified as Bacillus

cereus, Bacillus licheniformis, Pseudomonas aeruginosa and Pseudomonas fluorescens.

Isolates of Pseudomonas aeruginosa and Bacillus cereus showed positive results for
preliminary screening tests for biosurfactant production via oil spreading, Emulsification

index (E24) and blood haemolysis techniques.
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The single cultures of the bacteria and their consortium showed positive results for

biosurfactant production in Shea butter and Pam oil.

The optimization studies carried out showed that pH, nitrogen sources and lipase levels and
concentrations are contributory factors affecting biosurfactant production from Shea butter

and palm oil.

This study revealed that at pH of 7, Sodium Nitrate concentration of 0.3mg/100ml to
0.4mg/100mls and Lipase concentrations of 0.1mg/ml to 0.15mg/ml, the production of
biosurfactant was at its best. Based on the two substrates (Shea butter and palm oil) used as
carbon and energy source for biosurfactant production by the bacterial isolates, Shea butter
performed best by giving a high levels of emulsification stability (E,4), higher Absorbance,

and lower surface tension readings.

Although, both bacterial isolates of Pseudomonas aeruginosa and Bacillus cereus have the
ability to secrete surface active agents, Pseudomonas aeruginosa performed better than
Bacillus cereus in terms of emulsification stability and surface tension reduction. Hence

these findings can be applied for industrial and environmental applications.

6.2  Recommendations
1. Bacteria with proven capacity to produce biosurfactants should be applied in

industries and environment to replace their chemical counterparts.
2. Large scale production of biosurfactant from microorganisms should be encouraged
by building biotechnological systems that provide optimum conditions that

encourage high production of biosurfactants at minimal economic costs.
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3. Shea butter, Palm oil and other agro-based renewable wastes should be recycled
into biosurfactants rather than disposing them into the environment to cause

pollution.

112



REFERENCES

Abdel-Mawgoud, A., Aboulwafa, M., Hassouna, N. (2009). Characterization of
rhamnolipid produced by Pseudomonas aeruginosa isolate Bs20. Applied
Biochemistry and Biotechnology,157:329-345.

Abouseoud, M., Maachi, R. and Amrane, A. (2007). Biosurfactant Production from olive
oil by Pseudomonas fluorescen. Communicating Current Research and
Educational Topics and Trends in Applied Microbiology. A. Méndez-Vilas (Ed.).
pp. 340-347.

Abouseoud, M., Maachi, R., Amrane, A., Boudergua, S. and Nabi, A. (2008). Evaluation
of different carbon and nitrogen sources in production of biosurfactant by
Pseudomonas fluorescens. Desalination, 223:143-151.

Adamczak, M. and Bednarsk, W. (2000). Influence of medium composition and the
aeration on the synthesis of biosurfactants produced by Candida antractica.
Biotechnology Letter, 22:313-316.

Ade, S., Wibowo, M., Sumi, H. and Dwi, S. (2012). Biosurfactant characterization of
bacterial consortium from soil contaminated hydrocarbon in Cepu Area, Central
Java, Indonesia. International Journal of Scientific and Research Publications,
2(7):1-7.

Adria, A.B., Kevin, P.D. and Raina, M.M. (2003).Distribution of biosurfactant-producing
bacteria in undisturbed and contaminated arid Southwestern soils.Applied
Environmental Microbiology,69(6): 3280-3287.

Afuwale, C.D., Modi, H.A., Kapadiya, S.A. and Panchal, S.M. (2014).Production of
biosurfactant by pseudomonas aeruginosa ch23.Life sciences Leaflets,
(LSI1C2011):268-274.

Ainon, H., Noramiza, S. and Shahidan, R. (2013). Screening and optimization of
biosurfactant production by the hydrocarbon-degrading bacteria; Sains Malaysiana
Journal5: 615-623.

Al-Araji, Y. and Issa, L. (2004).Biosurfactant production by Pseudomonas
aeruginosa.PhD thesis, University Putra Malaysia, 181.

Ali, D. and Shereen G.E.D. (2013). Production and characterization of biosurfactants
produced by Bacillus spp and Pseudomonas spp isolated from the rhizosphere soil
of an Egyptian salt marsh plant. Nature and Science,11(5):103-112.

Amedea, P., Ivo, R. and Ibrahim M.B. (2010). Possibilities and challenges for
biosurfactants uses in petroleum industry. Biosurfectants, LandesBiosciences, 1-11.

113


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bodour%20AA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Drees%20KP%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maier%20RM%5Bauth%5D

Anna, J.P. and Parthasarathi, R. (2014).Optimization and production of biosurfactant from
Bacillus cereus KBSB1.International Journal of Advanced Research in Biological
Sciences,1(5):120-139.

Arguelles, A.A, Ongena, M., Halimi, B., Lara, Y., Brans, A., Joris, B. and Fickers, P.
(2009).Bacillus amyloliquefaciens GAL as a source of potent antibiotics and other
secondary metabolites for biocontrol of plant pathogens.Microbial Cell Factory,
8:63.

Axtell, B., Kocken, E. and Sandhu, R. (1993).0il processing.United Nations Development
Fund for Women (UNIFEM).Food Cycle Technology Source Books. Intermediate
Technology Publishing Limited, London.

Banat, I.M. (1995). Biosurfactants production and use in microbial enhanced oil recovery
and pollution remediation: A review. Bioresource Technology, 51:1-12

Banat, I.M., Franzetti, A., Gandolfi, I., Bestetti, G., Martinotti, M.G, Fracchia, L., Smyth,
T.J. and Marchant, R. (2010).Microbial biosurfactants production, applications and
future potential.Applied Microbiology and Biotechnology, 87(2): 427-444.

Barkay, T., Navon, V.S, Ron, E. and Rosenberg, E. (1999).Enhancement of solubilization
and biodegradation of polyaromatic hydrocarbons by the emulsifier alasan.Applied
Environmental Microbiology, 65: 2697-2702.

Basri, M.\W., Maizura, 1., Siti, N. Akma,r A and Norman, K. (2003). Oil Handbook of
Industrial Crops. (Eds. V Haworth Press, New York. (In press).

Batista, S.B., Mounteer, A.H., Amorim, F.R. and Tétola, M.R. (2006). Isolation and
Characterization of  Biosurfactant/Bioemulsifier-Producing  Bacteria  from
Petroleum Contaminated Sites. Bioresource Technology, 97: 868-875.

Beal, R. and Betts, W.B. (2000).Role of rhamnolipid biosurfactants in the uptake and
mineralization of hexadecane in Pseudomonas aeruginosa.Journal of Applied
Microbiology, 89: 158-168.

Bednarski, W., Adamczak, M., Tomasik, J. (2004).Application of oil refinery waste in the
biosynthesis of glycolipids by yeast.Bioresource Technology, 95: 15-18.

Begley, M., Cotter, P.D., Hill, C. and Ross, R.P. (2009).Identification of a novel two-
peptide antibiotic, lichenicidin, following rational genome mining for LanM
proteins.Applied Environmental Microbiology, 75: 5451-5460.

Benincasa, M. (2007). Rhamnolipid produced from agro industrial waste enhances

hydrocarbon biodegradation in contaminated soil. Current Microbiology, 54(6):
445-449.

114



Benincasa, M., Contiero, J., Manresa, M.A. and Moreaes, 1.0. (2002). Rhamnolipid
production by Pseudomonas aeruginosa LBI growing on soapstock as the sole
carbon source. Journal of Food Engineering, 54:283-288.

Bernheimer, A.W. and Avigad, L.S. (1970).Nature and properties of a cytological agent
produced by Bacillus subtilis.Journal of General Microbiology, 61: 361.

Bodour, A.A. and Maier, M.R. (2002). Biosurfactants: types, screening methods, and
applications. In: Bitton G (ed) Encyclopedia of environmental microbiology. John
Wiley and Sons, New York. pp. 750-770.

Bodour, A.A., Drees, K.P. and Maier, R.M. (2003).Distribution of biosurfactant- producing
bacteria in undisturbed and contaminated arid southwestern soils.Applied
Environmental Microbiology,69(6): 3280-3287.

Bognolo, F. (1999) Biosurfactants as emulsifying agents for hydrocarbons. Colloids and
Surfaces A: Physiochemical and Engineering Aspects, 152:41-52.

Camargo-de-Morais, M.M., Ramos, F.A.S., Pimentel, B.C.M., de Morais, M. Jr. and Lima,
F. (2004).Production of an extracellular polysaccharide with emulsifier properties
by Penicilium citrinum. World Journal of Microbiology and Biotechnology,
19:191-194.

Cameotra, S.S. and Makkar, R.S. (2004).Recent applications of biosurfactants as biological
and immunological molecules.Current Opinion of Microbiology,7:262-266.

Cammarota, M.C. and Freire, D.M.G. (2006).A review on hydrolytic enzymes in the
treatment of wastewater with high oil and grease content.Bioresource Technology,
97: 2195-2210.

Carrillo, P.G., Mardaraz, C., Pitta-Alvarez, S.J. and Giulietti, A.M. (1996).Isolation and
selection of Biosurfactant producing bacteria.World Journal of Microbiology and
Biotechnology,12:82.

Casas, J.A. and Garcia, O.F. (1999).Sophorolipid production by Candida bombicola
medium composition and culture methods.Journal of Bioscience and
Bioengineering, 88: 488-494.

Cazetta, M.L., Celligoi, M.A.P.C., Buzato, J.B., Scarmino I.S., Da Silva, R.S.F. (2005).
Optimization study for sorbitol production by Zymomonas mobilis in sugar cane
molasses.ProcessBiochemistry,40: 747-751.

Chang, J.S., Chou, C.L, Lin, G.H., Sheu, SY. and Chen, W.M.
(2005).Pseudoxanthomonas kaohsiungensis, sp., a novel bacterium isolated from
oil-polluted site produces extracellular surface activity.Systematic Application of
Microbiology,28:137-144.

Chen, Cc.C (2006). Rhamnolipids production with denitrifying
Pseudomonasaeruginosa.PHd Desertation, University of Akron.

115



Chi, M., Naeun, L., Minju, K., Mia, K. and Sangjoon, L. (2008).Heterologous production
of  Pseudomonasaeruginosa ~ EMS1  biosurfactant in  Pseudomonas
putida.Bioresource Technology, 99:2192-2199.

Chithra, S. and Hema, S.N. (2014). Production screening and optimization of
biosurfactants from oil contaminated Soil sample. International Journal of
Advanced Technology in Engineering and Science, 2(10):255-261.

Choi, W.J, HyunGoo, C. and WonHong, L. (1996).Effects of ethanol and phosphate on
emulsan  production by  Acinetobactercalcoaceticus RAG-1.Journal  of
Biotechnology, 45(3): 217-225.

Coimbra, C.D., Rufino, R.D., Luna, J.M. and Sarubbo, L.A. (2009). Studies of the cell
surface properties of Candida species and relation to the production of
biosurfactants for environmental applications. Current Microbiology, 58:245-251.

Costa, S., Nitschke, M., Haddad, R., Eberlin, M.N. and Contiero J. (2006).Production of
Pseudomonas aeruginosa LBI rhamnolipids following growth on Brazilian native
oils.Process Biochemistry, 41:483-488.

Costa, S.G., Lépine, F., Milot, S., Dézie, E., Nitschke, M. and Contiero, J. (2009). Cassava
wastewater as a substrate for the simultaneous production of rhamnolipids and
polyhydroxyalkanoates by Pseudomonas aeruginosa.Journal of Industrial
Microbiology and Biotechnology,36:1063-1072.

Cotter, P.D., Hill, C. and Ross R.P. (2005). Bacteriocins: developing innate immunity for
food. Nature Review Microbiology, 3: 777-788.

Cunha, C.D., Rosario, M., Rosado, A.S., Leite, G.F. (2004).Serratia sp. SVGG16: a
promising biosurfactant producer isolated from tropical soil during growth with
ethanol-blended gasoline. Process Biochemistry,39: 2277-2282.

Das, P., Mukherjee, S. and Sen, R. (2009).Substrate dependent production of extracellular
biosurfactant by a marine bacterium.Bioresource Technology, 100:1015-1019.

Dastgheib, S.M.M., Amoozegar, M.A., Elahi, E., Asad, S. and Banat, .M. (2008).
Bioemulsifier production by a halothermophilic Bacillus strain with potential
applications in microbially enhanced oil recovery. Biotechnology Letters,
30(2):263-270.

Deziel, E., Paquette, G., Villemur, R., Le pine, F. and Bisaillon, J.G. (1996). Biosurfactant
production by a soil Pseudomonas strain growing on polycyclic aromatic
hydrocarbons. Applied Environmental Microbiology, 62:1908-1912.

Dechema, H. (2013). Biosurfactants - Challenges and Perspectives.Gesellschaft Fur
Chemische Technik und Biotechnologie, 1-2.

Deleu, M. and Paquot, M. (2004). From renewable vegetables resources to
microorganisms: New Trends in Surfactants. Comptes Rendus Chimie, 7, 641-646.

116



Desai, J.D. and Banat, 1.M. (1997): Microbial production of biosurfactants and their
commercial potential. Microbiology and Molecular Biology Reviews, 61(1):47-64.

Ejaz, H., Farhat, S.M. Ahsen, B., Muhammad, T., Khan, L. and Ghazala, Y.B.
(2014).Evaluation of Different Nitrogen Sources in Production of Biosurfactant by
Mycoflora of Southern Punjab Pakistan.European Academic Research, 2(3): 3676-
3685.

El-Shahawy, M.R. (2014). Biosynthesis of Biosurfactant by Egyptian Local Bacterial
Isolates Using Different Agricultural Wastes. Journal of Nuclear Technology in
Applied Science,2(4): 409-417.

Entissar, F.A. (2010). Production and Characterization of Bioemulsifier from Locally
Isolated Serratia marcescens S10, M.Sc.Thesis.College of Science, Baghdad
University. Iraq.

Entissar, F.A. and Shatha, S.H. (2012).Effect of media composition (carbon and nitrogen
sources) on the production of bioemulsifier from Serratia marcescens S10.Journal
of Biotechnology Research Center, 16 (2):9-14.

Fakruddin, M. (2012). Biosurfactant: Production and Application. Journal of
Petrochemical Environmental Biotechnology, 3:124.

Farias, M., Valoni, E., Castro, A., Coelho, M.A. (2014).Lipase production by yarrowia
lipolytica in solid state fermentation wusing different agro industrial
residues.Chemical Engineering Transactions, 38:301-306.

Felse, P.A., Shah, V., Chan, J., Rao, KJ. and Gross, R.A. (2007). Sophorolipid
biosynthesis by Candida bombicola from industrial fatty acid residues.Enzyme
Microbiology Technology, 40: 316-323.

Ferreira, N.L. (2008). Industrial exploitation of renewable resources: from ethanol
production to bio products development. Journal of Social Biology,202:191-199.

Fobil, J.N. (2009). Research and development of the Shea tree and its products. In: Horizon
International. USA: Yale University Department of Biology.

Franzetti, A., Bestetti, G., Caredda, P., Colla La, P. and Tamburini, E. (2008).Surface-
active compounds and their role in the access to hydrocarbons in Gordonia
strains.FEMS Microbiology and Ecology, 63:238-248.

Fuchtenbusch, B., Waullbrandt, D., Steinbichel, A. (2000). Production of
polyhydroxyalkanoic acids by Ralstonia eutropha and Pseudomonas oleovorans
from an oil remaining from biotechnological rhamnose production. Applied
Microbiology and Biotechnology, 53:167-172.

117



Geetha, 1., Aruna, R. and Manonmani, A.M. (2014). Mosquitocidal Bacillus
amyloliquefaciens: Dynamics of growth & production of novel pupicidal
biosurfactant. Indian Journal of Medical Resource, 140:427-434

George, S. and Jayachandran, K. (2013). Production and characterization of rhamnolipid
biosurfactant from waste frying coconut oil using a novel Pseudomonasaeruginosa
D. Journal of Applied Microbiology, 114(2): 373-83.

Georgiou, G., Lin, S. and Sharma, M.M. (1992). Surface-active compounds from
microorganisms.Biotechnology, 10:60-65.

Gharaei-Fathabad, E. (2011). Biosurfactants in pharmaceutical industry: A Mini — Review.
American Journal of Drug Discovering and Development, 1(1):58-69.

Ghosh, P.K., Saxena, R.K., Gupta, R., Yadav, R.P. and Davidson, S. (1996).
ScienceProgram, 79, 119-157.

Govindammal, M. (2014). Effect of Carbon and Nitrogen Sources on the Production of
Biosurfactant by Pseudomonas fluorescens isolated from Mangrove Ecosystem.
International Journal of Pharmaceutical & Biological Archives, 5(2): 108 — 115.

Greek, B.F. (1991). Sales of detergents growing despite recession.Chemical Engineering
News, 69:25-52

Guerra-Santos, L.H., Kappeli, O., Fiechter, A. (1986).Dependence of Pseudomonas
aeruginosa  continuous culture biosurfactant production on nutritional and
environmental factors.Applied Microbiology and Biotechnology,24: 443-448.

Gupta, R., Beg, Q.K., Khan, S., Chahuan, B. (2002). An overview on fermentation,
downstream processing and properties of microbial alkaline proteases.Applied
Microbiology and Biotechnology,60:381-395.

Hall, C., Tharakan, P., Hallock, J., Cleaveland, C. and Jefferson, M. (2003).Hydrocarbons
and the evolution of human culture.Nature, 426:318-322.

Hall, J.B., Aebischer, P.D., Tomlinson, H.F., Osei-Amaning, E. and Hindle, J.R.
(1996).Vitellariaparadoxa: a monograph. School of Agricultural and Forest
Sciences. University of Wales, Bangor, UK, pp. 105.

Hamzah, A., Sabturani, N. and Radiman, S. (2013). Screening and Optimization of
biosurfactant Production by the Hydrocarbon-degrading Bacteria. Sains
Malaysiana42(5): 615-623.

Harikrishna, Y.N. and Narasimhulu, K. (2012).Studies on the production of rhamnolipids

by Pseudomonas putida.International Journal of Research in Computer
Science,2(4):19-21.

118



Hasham, M.M, Mohamed A.F and Mohamed, N.H. (2012). Production of Biosurfactant
from Certain Candida strains Under Special Conditions. Researcher, 4(7):39-55.

Healy, M.G., Devine, C.M. and Murphy, R. (1996). Microbial production of
biosurfactants.Resource Conservation and Recycling, 18: 41-57.

Herman, D.C. and Maier, R.M. (2002).Biosynthesis and Applications of Glycolipid and
Lipopeptide Biosurfactants.In Lipid Biotechnology. Eds. T. M. Kuo, H. W.
Gardner, Marcel Dekker, New York (USA) 2002, pp. 629-654.

Hester, A. (2001). IB market forecast. Industrialbioprocessing, 23(5):2.

Hisatsuka, K., Nakahara, T., Sano N. and Yamada, K. (1999).Formation of rhamnolipid by
Pseudomonas aeruginosa and its function in hydrocarbon fermentation.Agricultural
Biology and Chemistry, 35: 686-692.

Holker, U., Hofer, M. and Lenz, J. (2004). Biotechnological advantages of laboratory-
scale solid state fermentation with fungi. Applied Microbiology Biotechnology, 64:
175-186.

Hori, K., Ichinohe, R., Unno, H. and Marsudi, S. (2011). Simultaneous syntheses of
polyhydroxyalkanoates and rhamnolipids by Pseudomonas aeruginosa IFO3924 at
various temperatures and from various fatty acids.Biochemical engineering
journal,53:196-202

Hori, K., Marsudi, S., Unno, H. (2002) Simultaneous production of
polyhydroxyalkanoates and rhamnolipids by Pseudomonas
aeruginosa.Biotechnology and Bioengineering,78:699-707.

Hsueh, Y.H., Somers, E.B., Lereclus, D. and Wong, A.C.L. (2006). Biofilm formation by
Bacillus cereus is influenced by PIcR, a pleiotropic regulator. Applied
Environmental Microbiology, 72:5089-5092.

Hua, Z., Chen, J., Lun, S. and Wang, X. (2003). Influence of biosurfactants produced by
Candida antarctica on surface properties of microorganism and biodegradation of n-
alkanes. Water Resources, 37 (17): 4143-4150.

Husam, S.A. and Ahmed Isam, M. (2013).Effect of different environmental and nutritional
factors on biosurfactant production from Azotobacter chrococcum. International
Journal of Advances in Pharmacy, Biology and Chemistry,2(3): 477-481.

Ibrahim, M.B., Surekha, K.S., Swaranjit, S.C., Rajendra, P.andNarendra, V.N. (2014). Cost
effective  technologies and renewable substrates for biosurfactants’
production.Frontiers in Microbiology,5: 697.

Igwe, J.C. and Onyegbado, C.C. (2007).A Review of Palm Oil Mill Effluent (Pome) Water
Treatment.Global Journal of Environmental Research,1 (2): 54-62.

119


http://www.ncbi.nlm.nih.gov/pubmed/?term=Banat%20IM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Satpute%20SK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cameotra%20SS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patil%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nyayanit%20NV%5Bauth%5D

llori, M.O., Amobi, C.J. and Odocha, A.C. (2005). Factors affecting biosurfactant
production by oil degrading Aeromonas spp. isolated from a tropical environment.
Chemosphere, 61: 985-992.

Jadhav, M., Kalme, S., Tamboli, D., Govindwar, S. (2011). Rhamnolipid from
Pseudomonasdesmolyticum NCIM-2112 and its role in the degradation of
Brown.Journal of Basic Microbiology, 51: 1-12.

Jagtap, S., Yavankar, S., Pardesi, K. and Chopade, P. (2010). Production of bioemulsifier
by Acinetobacter species isolated form healthy human skin. Indian Journal of
Experimental Biology, 48:70-76.

Jitendra, D.D. and lbrahim, M.B. (1997).Microbial production of surfactants and their
commercial potential.Microbiology and Molecular Biology Reviews, 61(1):47-64

Johnson, M.K. and Marrazzo, B.D. (1980). Production and properties of heat stable
extracellular hemolysin from Pseudomonas aeruginosa. Infection and Immunology,
29(3):1028.

Joshi, S., Bharucha, C., Jha, S., Yadav, S., Nerurkar, A., and Desai, A.J,
(2008).Biosurfactant roduction using molasses and whey under thermophilic
conditions.BioresourcesandTechnology, 99:195-199.

Kaczorek, E.A., Olszanowski, Z. and Cybulski, Z. (2005).Analysis of surface tension
during biodegradation of hydrocarbons.Polish Journal of Environmental Studies,
14(2), 179-183.

Kalyani, A.L.T, Naga Sireesha, G., Aditya, A.K.G, Girija Sankar, G., Prabhakar, T. (2014).
Production Optimization of Rhamnolipid Biosurfactant by Streptomyces
coelicoflavus (NBRC 15399T) using Plackett-Burman design. European Journal of
Biotechnology and Bioscience, 1 (5): 07-13.

Kannahi, M. and Sherley, M. (2012). Biosurfactant production by Pseudomonas putida and
Aspergillus niger from oil contaminated site. International Journal of Chemical
and Pharmaceutical Sciences,3(4): 37-42.

Kapadia S. G., Yagnik B. N. (2013). Current trend and potential for microbial
biosurfactants.Experimental Biology and Science,4: 1-8.

Karkera, K., Pendse, A., and Aruna, K. (2012). Studies of Biosurfactant production by
Pseudomonas aeruginosa R2 isolated from oil contaminated soil sample. Asian
Journal of Bio Science, 7(2):123-129.

Kim, H.S., Jeon, JW., Kim, B.H, Ahn, C.Y, Oh, HM. and Yoon, B.D.(2006).
Extracellular production of a glycolipid biosurfactant, mannosylerythritol lipid, by
Candida sp. SY16 using fed-batch fermentation.Applied Microbiology and
Biotechnology, 70:391-396.

120



Kim, S.H., Yoon, D.B., Lee, H.C., Suh, H.H., Oh, M.H., Katsurage, T. and Tani, Y.
(1997).Production and properties of a lipopeptide biosurfactant from Bacillus
subtilis C9.Journal of Fermentation and Bioengineering, 84: 41-46.

Kitamoto, D., Ikegami, T. and Suzuki, G.T. (2001). Microbial conversion of n-alkanes into
glycolipid biosurfactants, mannosylerythritol lipids, by Pseudozyma (Candida
antarctica). Biotechnology Letters, 23: 1709-14.

Kitamoto, D., Yanagishita, H., Shinbo, T., Nakane, T., Kamisawa, C. and Nakahara, T.
(1993).Surface active properties and antimicrobial activities of mannosylerythritol
lipids as biosurfactants produced by Candida. Antarctica Journal Biotechnology,
29:91-96.

Kokare, C.R., Kadam, S.S., Mahadik, K.R. and Chopade, B.A. (2007).Studies on
bioemulsifier production from marine Streptomyces sp. Sl.Indian Journal of
Biotechnology, 6:78-84.

Kosaric, N. (1992). Biosurfactants in industry.Pure applied Chemistry,64 (11): 1731-
17378.

Kosaric, N. (2001). Biosurfactants and Their Application for Soil Bioremediation.Food
Technology and Biotechnology, 39: 295-304.

Kronemberger, F.D.A., Santa Anna, L.M.M., Fernandes, A.C.L.B., Menezes, R.R.D.,
Borges, C.P. and Freire, D.M.G. (2008). Oxygen-controlled biosurfactant
production in a bench scale bioreactor. Applied Biochemistry and
Biotechnology,91(2): 251-264.

Kuyukina, M.S., lvshina, I.B., Makarov, S.O., Litvinenko, L.V., Cunningham, C.J., and
Philip, J.C. (2005).effect of biosurfactant on crude oil desorption and mobilization
in a soil system. Environmentinternational,31:155-161.

Laith A., Raja N. Zaliha, R. Mahiran B. and Abu B.S. (2007).Microbial surfactant.Asian
Pacific Journal of Molecular Biotechnology, 15 (3), 99-105.

Lang, S. (2002). Biological amphiphiles (microbial biosurfactants) Current Opinion on
ColloidInternationalScience, 7:12-20.

Levy, N., Baror, Y. and Magdassi, S. (1990). Colloidssurfactants.Research Journal of
Pharmaceutical, Biological and Chemical Science,48: 337-349.

Lin, S.C., Lin, K.G,, Lo, C.C. and Lin, Y.M., (1998).Enhanced biosurfactant production by
Bacillus licheniformis mutant.Enzyme Microbiology and Technology, 23: 267-273.

Lourith, N. and Kanlayavattanakul, M. (2009). Natural surfactants used in cosmetics:
glycolipids. International Journal of Cosmopolitan Science,31:255-261.

121



Magdalena, P., Grazyna A.P., Piotrowska-Seget, Z. and Cameotra, S.S. (2011).
Environmental applications of biosurfactants: Recent Advances. International
Journal of Molecular Sciences, 12(1):633-654

Magdalena, P., Grazyna A.P., Poliwoda, A. and Piotrowska-Seget, Z.
(2014):Characterization of hydrocarbon-degrading and biosurfactant-producing
Pseudomonas Sp. P-1 strain as a potential tool for bioremediation of petroleum
contaminated soil.Environmental Science  and Pollution Research International,
21(15): 9385-9395

Magdalena, P. (2011). Environmental applications of biosurfactants:Recent Advances.
International Journal of Molecular Sciences, 12: 633-654.

Maggot, M. (2005). Indigenous microbial communities in oil fields In: Ollivier B., Magot
M. (ed) PetroleumMicrobiology Washington DC, ASM Press, pp 21 — 33.

Makkar, R.S. and Cameotra, S.S (1999).Biosurfactant production by microorganisms on
unconventional carbon sources.Journal of Surfactants and Detergents,2:237-241.

Makkar, R.S. and Cameotra, S.S. (1998).Production of biosurfactant at mesophilic and
thermophilic conditions by a strain of Bacillus subtilis.Journal of Industrial
Microbiology and Biotechnology, 20:48-52.

Makkar, R.S. and Cameotra, S.S. (2002).An update on the use of unconventional substrates
for biosurfactant production and their new applications.Applied Microbiology and
Biotechnology58:428-434.

Makkar, R.S., Swaranjit, S., Cameotra, A. Ibrahim, M. and Bana, T. (2011). Advances in
utilization of renewable substrates for biosurfactant production.AMB Express 1:5.

Maneerat, S. (2005). Production of biosurfactants using substrates from renewable-
resources. Songklanakarin Journal of Science and Technology, 27:675-683.

Magsood, M.l. and Asif, J. (2011).Factors affecting the rhamnolipid biosurfactant
production.PakistanJournal of Biotechnol.8 (1) 1-5.

Maranz, S., Kpikpi, W., Wiesman, Z., Sauveur, A.D and Chapagain, B. (2004).Nutritional
values and indigenous preferences for Shea fruits (Vitellariaparadoxa C.F. Gaertn.
F.) In African Agroforestry Parklands. In: Journal of Economic Botany, 58 (4):
588-600.

Maranz, S., Wiesman, Z., J. Bisgaard, Z.and Bianchi, B. (2004). Germplasm resources of
Vitellaria paradoxa based on variations in fat composition across the species
distribution range.Agroforestry Systems, 60:71-76).

Masurdi, S., Unno, H., Hori, K., (2008).palm oil utilization for the simultaneous
production of polyhydroxyalkanoates and rhamnolipids by Pseudomonas
awruginosa, Applied Microbiology and Biotechnology, 78:955-961.

122


http://www.ncbi.nlm.nih.gov/pubmed/?term=Pacwa-P%26%23x00142%3Bociniczak%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=P%26%23x00142%3Baza%20GA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Piotrowska-Seget%20Z%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cameotra%20SS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pacwa-P%26%23x00142%3Bociniczak%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=P%26%23x00142%3Baza%20GA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Poliwoda%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Piotrowska-Seget%20Z%5Bauth%5D

Mata-Sandoval, J.C., Karns, J. and Torrens, A. (2001).Effect of nutritional and
environmental conditions on the production and composition of rhamnolipids by P.
aeruginosa UG2.Microbiology Research, 155:249-256.

Mata-Sandoval, J.C., Karns, J. and Torrents, A., (1999).High- Performance Liquid
Chromatography method for the characterisation of rhamnolipid mixtures produced
by Pseudomonas aeruginosa UG2 on corn oil.Journal of Chromatography, 864:
211-220.

Mercade, M.E., Manresa, M.A, Robert, M., Espuny, M.J., de Andres, C. and Guinea, J.
(1993).0live oil mill effluent (OOME).New substrate for biosurfactant
production.Bioresource Technology,43:1-6.

Mona, E., Mabrouk, M., Eman, M.Y. and Soraya, A.S. (2014). Biosurfactant production by
a newly isolated soft coral-associated marine Bacillus sp.E34: Statistical
optimization and characterization. Life Science Journal, 11(10):756-768.

Mona, S.S., Tamer, A.M. and lbrahim, S.A. (2011).Optimization of extracellular lipase
production by Penicilliumchrysogenum using factorial design.Malaysian Journal of
Microbiology, 7(2): 71-77.

Monteiro, A.S., Coutinho, J.O., Janior, A.C., Rosa, C.A., Siqueira, E.P. and Santos, V.L.
(2009). Characterization of new biosurfactant produced by Trichosporon
montevideense CLOA 72 isolated from dairy industry effluents. Journal of Basic
Microbiology, 49:553-563.

Montoneri, E., Boffa, V., Savarino, P., Perrone, D.G., Musso, G., Mendichi, R., Chierotti,
M.R. and Gobetto, R. (2009). Biosurfactants from urban green waste.Chem Sus
Chem, 2:239-247.

Moran, A.C., Martinez, A.M. and Sinneriz, F. (2002).Quantification of surfactin in culture
supernatant by hemolytic activity, Biotechnology Letters, 24:177.

Mueller; J.G., Chapman, P.J., Blattmann, B.O. and Pritchard, P.H. (1990).Applied
Environmental Microbiolology, 1(56):1074-1079.

Mukherjee, S, Das, P, Sen, R (2006). Towards commercial production of microbial
surfactants.Trends in Biotechnology, 24:509-515.

Mukherjee, S., Das, P., Sivapathasekaran, C. and Sen, R. (2008).Enhanced production of
biosurfactant by a marine bacterium on statistical screening of nutritional
parameters.Biomedical Engineering Journal,42:254-260.

Mulligan, C.N. (2009). Recent advances in the environmental applications of
biosurfactants. CurentOpinionColloidallnternationalScience, 14:372-378.

Mulligan, C.N. and Gibbs, B.F. (2004).Types, production and applications of
biosurfactants.Proceedings of Indian National Science Academy, 70:31-55.

123



Mulligan, C.N., Yong, R.N., Gibbs, B.F. (2001). Remediation technologies for metal
contaminated soils and groundwater: an evaluation. EngineeringGeology, 60 (1-4):
193-207.

Mutalik, S.R., Vaidya, B.K, Joshi, R.M., Desai, K.M. and Nene, S.N. (2008).Use of
response surface optimization for the production of biosurfactant from
Rhodococcus spp. MTCC 2574.Bioresource Technology,99:7875-7880.

Muthusamy, K., Gopalakrishnan, S., Ravi, T.K., Swachidambaram, P. (2008).
Biosurfactants properties, commercial production and application.Current Science,
94:6-17.

Nermeen, A.E. (2012). Plackett-Burman Design to Optimize Biosurfactant Production by
Marine Bacillus subtilis N10. Romanian Biotechnological Letters, 17(2): 7049-
7064.

Nerurkar, A.S., Hingurao, K.S. and Suthar, H.G. (2009).Bioemulsfiers from marine
microorganisms.Journal of Science Industrial Research, 68: 273-277.

Nitschke, M. and Costa, S.G. (2007).Biosurfactants in food industry.Trends Food Science
and Technology, 18:252-2509.

Okoliegbe, I.N. and Agarry, 0.0. (2012).Application of microbial surfactant (A review);
Scholarly Journals of Biotechnology, 1(1): 15-23

Okpokwasili, G.C. and Ibiene, A.A. (2006).Enhancement of recovery of residual oil using
a biosurfactant slug.African Journal of Biotechnology, 5(5): 453-456.

Okullo, J.B.L., Omujal, F., Agea, J.G., Vuzi, P.C, Namutebi, A., Okello J.B.A. and Nyanzi
S.A., (2010). Proximate and Mineral Composition of Shea (Vitellaria paradoxa)
Fruit Pulp in Uganda. African Journal of Food Agriculture Nutrition and
Development,10(11): 4430-4443.

Olaniyan, A.M. and Oje, K., (2007). Quality characteristics of shea butter recovered from
shea kernel through dry extraction process. Journal of Food Science
Technology44(4): 404-407.

Oliveira, F.J.S., Vazquez, L., de Campos, N.P. and de Franca F.P. (2009).Production of
rhamnolipids by a Pseudomonas alcaligenes strain.Process Biochemistry,44:383-
389.

Oviasogie, P.O., Odewale, J.O., Aisueni, N.O., Eguagie, E. 1.G. and Brown and E.O.
(2013).Production, utilization and acceptability of organic fertilizers using palms
and shea tree as sources of biomass.AfricanJournalofAgricultural Research, 8(27):
3483-3494.

124



Pacwa-Plociniczak, M., Plaza, G.A., Piotrowska-Seget, Z. and Cameotra, S.S. (2011).
Environmental applications of biosurfactants: Recent advances. International
Journal Molecular Science, 12: 633-654.

Parveen, R.F., Singh, R.P., Ibrahim, M.H., Esa, N. (2010). Review of current palm oil mill
effluent (POME) treatment methods: vermicomposting as a sustainable practice.
World Applied Science Journal,10(10):1190-1201.

Patricia, B., Jean-Claude, B. (1999).Involvement of bioemulsifier in heptadecane uptake in
Pseudomonas nautica.Chemosphere,38: 1157-1164.

Perfumo, A, Rancich, I., Banat, IM (2010). Possibility and challenges for biosurfactant
uses in petroleum industry. Advances in Exploratory and Medical Biology,672:135-
145.

Perfumo, A., Smyth, T.J.P, Marchant, R. and Banat, I.M. (2010).Production and roles of
biosurfactants and bioemulsifiers in accessing hydrophobic substrates. In: Timmis
KN (ed) Handbook of Hydrocarbon and Lipid Microbiology, Springer-Verlag,
Berlin Heidelberg. pp 1501-1512.

Pornsunthorntawee, O., Arttaweeporn, N., Paisanjit, S., Somboonthanate, P., Abe, M.,
Rujiravanit, R. and Chavadej, S. (2008). Isolation and comparison of biosurfactants
produced by Bacillus subtilis PT2 and Pseudomonas aeruginosa SP4 for microbial
surfactant-enhanced oil recovery. Biochemical Engineering Journal,42:172-179.

Prabhu, Y., Phale, P.S. (2003). Biodegradation of phenanthrene by Pseudomonas sp. strain
PP2: novel metabolic pathway, role of biosurfactant and cell surface
hydrophobicity in hydrocarbon assimilation. Applied Microbiology and
Biotechnology,61: 342—-351.

Praveesh, B.V., Soniyamby, A.R., Mariappan, C., Kavithakumari, P., Palaniswamy, M.
and Lalitha, S. (2011).Biosurfactant Production by Pseudomonas Sp from Soil
Using Whey as Carbon Source.New York Science Journal,4(4):99-103.

Priya, T., Usharani, G. (2009).Comparative Study for Biosurfactant Production by Using
Bacillus  subtilis and  Pseudomonas  aeruginosa.Botinical  Research
International,2(4): 284-287.

Rahman, K.S.M. and Gakpe, E. (2008).Production, characterization and application of
Biosurfactants-Review.Biotechnology, 7(2):360-370.

Ramnani, P., Kumar, S.S and Gupta, R. (2005) Concomitant production and downstream
processing of alkaline protease and biosurfactant from Bacillus licheniformis RG1.:
Bioformulation as detergent additive. Process Biochemistry,40:3352-3359.

Randhir, S.M,, Swaranjit, S.C. andlbrahim,
M.B.(2011).Advancesinutilizationofrenewablesubstratesforbiosurfactantproduction.
AMBExpress, 1(5):1-5.

125



Rashedi, H, Assadi, M.M., Bonakdarpour, B. and Jamshidi, E. (2005).Environmental
importance of rhamnolipid production from molasses as a carbon
source.InternationalJournalofEnvironmental Science and Technology,2:59-62.

Rashedi, H., Jamshidi, E., Assadi, M.M., and Bonakdarpour, B. (2005). Isolation and
production of biosurfactant from Pseudomonas aeruginosa isolated from Iranian
southern wells oil. International Journal of Environmental Science and
Technology,2(2): 121-127.

Razafindralambo, H., Paquot, M., Baniel, A., Popineau, Y., Hbid, C., Jacques, P. and
Thonart, P. (1996).Foaming properties of surfactin, a lipopeptide biosurfactant from
Bacillus subtilis.Journal of American Oil and Chemical Society, 73: 149-151.

Rita de Cassia, F.S., Silva, D.G., Almeida, R.D., Rufino, J.M. Luna, V.A. S. and Leonie,
A.S. (2014); Applications of biosurfactants in the petroleum industry and the
remediation of oil spills;International Journal of Molecular Science.15(7):12523-
12542.

Rodrigues, L.R., Teixeira, J.A.(2010). Biomedical and therapeutic applications of
biosurfactants.Pubmed Journal; Advances in Experimental Medical Biology,
672:135-145.

Rodrigues, L., Banat, 1.M., Teixeira, J. and Oliveira, R. (2006).Biosurfactant; potential
applications in medicine.Journal of Antimicrobial Chemotherapy,57:609-618.

Ron, E.Z. and Rosenberg E. (1997). Bioemulsans: microbial polymeric emulsifiers.
Current Opinion in Biotechnology, 8:313-316.

Ron, E.Z. and Rosenberg, E. (2001).Natural roles of biosurfactants.Environmental
Microbiology3(4):229-236.

Rosenberg, E. and Ron, E.Z. (1999). High and low molecular mass microbial
surfactants.AppliedMicrobiology and Biotechnology, 52:154-162.

Rufino, R.D., Sarubbo, L.A. and Campos-Takaki, G.M. (2007). Enhancement of stability
of biosurfactant produced by Candida lipolytica using industrial residue as
substrate.WorldJournal Microbiology Biotechnology, 23: 729-734.

Rufino, R.D., Sarubbo, L.A., Neto, B.B and Campos-Takaki G.M. (2008) Experimental
design for the production of tensio-active agent by Candida lipolytica. Indian
Journal of Microbiolology and Biotechnology,35:907-914.

Saharan, B.S., Sahu, R.K., Sharma, D. (2011). A Review on Biosurfactants: Fermentation,
Current Developments and Perspectives. Genetic Engineering and Biotechnology
Journal, Vol. GEBJ-29

Saikia, R., Deka, S., Deka, M. and Banat, .M. (2012). Isolation of biosurfactant-producing
Pseudomonas aeruginosa RS29 from oil-contaminated soil and evaluation of

126


http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodrigues%20LR%5BAuthor%5D&cauthor=true&cauthor_uid=20545275
http://www.ncbi.nlm.nih.gov/pubmed/?term=Teixeira%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=20545275

different  nitrogen  sources in  biosurfactant  production.  Annual
Microbiology.62:753-763.

Salehizadeh. H. and Shojaosadati, S.A. (2001) Extracellular biopolymeric flocculants:
recent trends and biotechnological importance. Biotechnology Advances, 19:371-
385.

Salihu, A., Abdulkadir, I. and Almustapha, M.N. (2009).An investigation for potential
development on biosurfactants.Biotechnology and Molecular Biology Reviews,
3(5): 111-117.

Santa-Anna, L.M., Sebastian, G.V., Menezes, E.P., Alves, T.L.M., Santos, A.S., Pereira,
N. Jr. and Freire, D.M.G.(2002). Production of biosurfactants from Pseudomonas
aeruginosa PA1 isolated in oil environments.Brazilian Journal of Chemical
Engineering, 19 (2):159 — 166.

Santos, A.S., Sampaio, A.P.W., Vasquez, G.S., Santa Anna, L.M., Pereira, Jr. N. and
Freire, D.M.G. (2002). Evaluation of different carbon and nitrogen sources in
production of rhamnolipids by a strain of Pseudomonasaeruginosa. Applied
Biochemistry and Biotechnology- Part A Enzyme Engineering and Biotechnology,
2:6-9.

Sarubbo, L.A., de Luna, J.M., and de CamposTakaki, G.M. (2006). Production and
stability studies of the bioemulsifier obtained from a new strain of Candida
glabrata UCP 1002. Electron Journal of Biotechnolology, 9: 400-406.

Satpute S. K., Banat I. M., Dhakephalkar P. K., Banpurkar A. G., Chopade B. A. (2010).
Biosurfactants,  bioemulsifiers and  exopolysaccharides  from  marine
microorganisms.Biotechnology Advances,28 436-450.

Savarino, P., Montoneri, E., Biasizzo, M., Quagliotto, P., Viscardi and G, Boffa, V. (2007).
Upgrading biomass wastes in chemical technology. Humic acid-like matter isolated
from compost as chemical auxiliary for textile dyeing. Journal of Chemical
Technology and Biotechnology, 82:939-948.

Saxena, R.K.,Ghosh, P.K.Gupta, R., Davidson, W.R. Sapna,B.andRuchi,G.
(2014).Microbiallipases:Potentialbiocatalystsforthefutureindustry.Department ~ of
Microbiology, University of Delhi, South Campus, Benito Juarez Road, New Delhi
110 021, India.

Sharma, A., Bardhan, D. and Rashmi, P. (2009).Optimization of physical parameters for
lipase production from Arthrobacter sp. BGCC# 490.Indian Journal of
Biochemistry and Biophysics,46: 178 -183.

Shavandi, M., Mohebali, G., Haddadi, A., Shakarami, H., and Nuhi, A. (2011).
Emulsification potential of a newly isolated biosurfactant-producing bacterium,
Rhodococcus sp. strain TA6. Colloids Surf B: Biointerfaces, 82: 477 482.

127



Shreve, G.S., Inguva S., Gunnam, S. (1995). Rhamnolipid biosurfactant enhancement of
hexadecane biodegradation by Pseudomonas aeruginosa.Molecular Marine
Biology and Biotechnology,4 331-337.

Sim, L., Ward, O.P., Li, Z.Y. (1997). Production and characterisation of a biosurfactant
isolated from Pseudomonas aeruginosa UW-1. Journal of Industrial Microbiology
and Biotechnology,19:232-238

Singh, A., Van Hamme, J.D., Ward, O.P. (2007). Surfactants in microbiology and
biotechnology: Part 2. Application aspects. Biotechnology Advances,25:99-121.

Sneha, K.S., Padmapriya, B. and Rajeswari, T. (2012).lsolation and Screening of
Biosurfactants Produced by Pseudomonasaeruginosa from Oil Spilled
Soils.International Journal of Pharmaceutical and Biological Archives,3(2):321-
325.

Sobrinho, H.B.S., Rufino, R.D., Luna, J.M., Salgueiro, A.A., Campos-Takaki, G.M., Leite,
L.F.C., Sarubbo, L.A (2008).Utilization of two agroindustrial by-products for the
production of a surfactant by Candida sphaerica UCP0995.Process
Biochemistry,43:912-917.

Solaiman, D.K.Y, Ashby, R.D., Nunez, A., Foglia, A. (2004). Production of sophorolipids
by Candida bombicola grown on soy molasses as substrate.Biotechnology Letters,
26: 1241-1245.

Soniyamby, A.R., Praveesh, B.V., Vimalin, H.J., Kavithakumari, P., Lalitha, S. and
Palaniswamy, M. (2011).Enhanced production of biosurfactant from isolated
Pseudomonas sp growing on used edible oil.Journal of American Science,7(6):50-
53.

Sudesh, K., Abe, H., Doi, Y. (2000). Synthesis, structure and properties of
polyhydroxyalkanoates: ~ biological ~ polyesters.  Programming  Polymer
Science,25:1503-1555.

Suganya, R.S. (2013). Screening optimization and production of biosurfactants from
Bacillus and Pseudomonas species.International Journal of Current
Pharmaceutical Research, 5(1): 19-23.

Sullivan, E.R. (1998). Molecular genetics of biosurfactant production.Current Opinion in
Biotechnology, 9: 263-269.

Sutyak, K.E., Wirawan, R.E., Aroutcheva, AA. and Chiindas, M.L. (2008). Isolation of the
Bacillus subtilis antimicrobial peptide subtilosin from the dairy product derived
Bacillus amyliquefaceiens. Journal ofApplied Microbiology.104:1067-1074.

Suyambu, A., Ramasamy, R., Arunachalam, P., Grasian, I. (2014). Optimization and
purification of lipase through solid state fermentation by Bacillus cereus msu as

128



isolated from the gut of a marine fish Sardinella longiceps. International Journal of
Pharmacy and Pharmaceutical Sciences,6(5):291-298.

Swapnil, P., Anuradha P. and Aruna, K. (2014). Studies on optimization of biosurfactant
production by Pseudomonas aeruginosa F23 isolated from oil contaminated soil
sample. International Journal of Current Biotechnology,2(4):20-30.

Syldatk, C. and Hausmann, R. (2010).Microbial biosurfactants.European Journal of Lipid
Science and Technology, 112:615-616.

Tambekar, D.H. and Gadakh, P.V. (2013). Bioemulsifier production and molecular
detection of pseudomonas spp. isolated from hydrocarboncontaminated soil.
International Journal of science, Environment and Technology, 2(3): 470-477.

Tambekar, D.H., Shende, A.M., Gunjakar, S.R. and Gadakh, P.V. (2013).Isolation of
Biosurfactant Producing Exiguobacterium sp. from Lonar Lake.International
Journal of Advances in Pharmacy, Biology and Chemistry, 2(3): 437-442.

Tayebe, B., Lotfabad, M.S., Roostaazad, R., Rouholamini, A., Najafabadi M., Reza A., and
Kambiz A.N., 2009. An efficient biosurfactant-producing bacterium Pseudomonas
aeruginosa MRO01, isolated from oil excavation areas in south of Iran. Colloids and
surfaces B. Biointerface, 69: 183-193.

Teichmann, B., Linne, U., Hewald, S. (2007). A biosynthetic gene cluster for a secreted
cellobiose lipid with antifungal activity from Ustilago
maydis.MolecularMicrobiology, 66: 525-533.

Thaniyavarn, J., Chianguthai, T., Sangvanich, P., Roongsawang, N., Washio, K.,
Morikawa, M., Thaniyavarn, S. (2008).Production of sophorolipid biosurfactant by
Pichia anomala.Bioscience Biotechnology Biochemistry, 72:2061-2068.

Thaniyavarn, J., Chongchin, A., Wanitsuksombut, N., Thaniyavarn, S., Pinphanichakarn,
P., Leepipatpiboon, N., Morikawa, M. and Kanaya, S. (2006).Biosurfactant
production by Pseudomonas aeruginosa A41 wusing palm oil as carbon
source.Journal of General and Applied Microbiology,52:215-222.

Thanomsub, B., Watcharachaipong, T. and Chotelersak, K. (2004). Monoacylglycerols:
glycolipid biosurfactants produced by a thermotolerant yeast, Candida ishiwadae.
Journal of Applied Microbiology, 96: 588-592.

Thimon, L., Peypoux, F. and Michel, G. (1992).Interaction of surfactin, a biosurfactant
from Bacillus subtilis, with inorganic cations.Biotechnology Letters, 14: 713-718.

Thivaharan V. and Vytla, R.M. (2013).Production and properties of a lipopeptide
biosurfactant by B. subtilis subsp. Inaquosorum.Journal of Microbiology and
Biotechnology Research, 3(4):63-73.

129



Tulena, B. K., Ivanov, G. R., Christova, N.E. (2001). Biosurfactant Production by a New
Pseudomonas putida Strain. Z. Naturforsch, 57 (c): 365-360.

Unsal, A., Mehtap, E. and Yesim, S. (2011). The effects of the composition of growth
medium and fermentation conditions on the production of lipase by R. delemar.
Turkish Journal of Biology,35:35-44.

Vijaya, B., Jayalakshmi, N.R. and Manjunath, K. (2014).Isolation and partial
characterization of a biosurfactant produced by Pseudomonas aeruginosa PAVIJ
from contaminated soil.Research Journal of Pharmaceutical, Biological and
Chemical Sciences, 5(2):881-895.

Villeneuveaa, P., Muderhwab, J.M., Graillea, J., Haese, M.J. (2000). Customizing lipases
for biocatalysts a survey of chemical, physical and molecular biological
approaches.Journal of Molecular catalysis B Enzymatic, 9: 113 — 148.

Vollbrecht, E., Rau, U. and Lang, S. (1999). Microbial conversion of vegetable oils into
surface-active di-, tri-, and tetrasaccharide lipids (biosurfactants) by the bacterial
strain Tsukamurella sp. Lipid - Fett 101:389-394.

Wu, J.Y., Yeh, K.L., Lu, W.B., Lin, C.L. and Chang, J.S. (2008). Rhamnolipid production
with indigenous Pseudomonas aeruginosa EM1 isolated from oil-contaminated site.
Bioresource Technology, 99:1157-1164.

Xia, W., Zhi-Bin, L., Han-Ping, D., Li Y. Qing-Feng, C. and Yong, Q.
(2012).Biosynthesis, Characterization, and Oil Recovery Application of
Biosurfactant Produced by Indigenous Pseudomonas aeruginosa WJ-1 Using Waste
Vegetable Oils.Applied Biochemistry and Biotechnology, 166:1148-1166.

Yakimov, M., Amro, M. and Bock, M. (1997). The potential of Bacillus licheniformis
strains for in situ enhanced oil recovery. Journal of Petroleum Science Engineering,
18: 147-60.

Yataghene, A., Abouseoud, M., Maachi, R.and Amrane, A. (2001).Effect of the carbon and
nitrogen sources on biosurfactant production by Pseudomonasfluorescens. Nature
Review Microbiology, 3:777-788.

Yonebayashi, H.; Yoshida, S.; Ono, K. and Enomot, H. (2000): Screening of
microorganisms for microbial enhanced oil recovery process. Sekiyu Gakkaishi,
43(1): 599.

Youssef, N., Simpson, D.R., Duncan, K.E. (2007). In situ biosurfactant production by
Bacillus strains injected into a limestone petroleum reservoir.Applied
Environmental Microbiology,73:1239-1247.

Zhao, Z., Wang, Q., Wang, K., Brain, K., Liu, C. and Cou, Y. (2010).Study of the

antifungal activity of Bacillus vallismortis in vitro and identification of its
antifungal component.Bioresource Technology, 101:292-297.

130



Zinjarde, S.S. and Pant, A. (2002).Emulsifier from a tropical marine yeast Yarrowia

lipolytica NCIM 3589.Journal of Basic Microbiology, 42,67-73.

Appendix I: List of some Biosurfactant Producing Microorganisms

APPENDICES

Biosurfactants Microorganisms Economic References

importance

Rhamnolipids Pseudomonas Antimicrobial, Jadhav et al., 2011
aeruginosa,Serratia biocontrol properties
Rubidea,

Viscosin Pseudomonas lipopeptides Banat et al., 2010
fluorescens,

L. mesenteriods

Sophorolipids Torulopsis petrophilum, Antiviral and Herman and Maier,
Candida bombicola, Spermicidal 2002

Trehalose lipids Rhodococcus Dissolution of Muthusamy et al.,
erythropolis, hydrocarbons 2008
Arthrobacter sp.,

Nocardia erythropolis,
Corynebacterium sp.
Cellobiose lipids  Ustilago maydis Antifungal Teichmann et al.,
Compounds (2007)

Ornithine lipids Pseudomonas sp., Bio-emulsifiers Desai and Banat,
Thiobacillus (1997)
thiooxidans,

Agrobacterium sp.

Carbohydrate-
lipid

Leuconostoc
mesenteriods
P.fluorescens,

Debaryomyces

Bio-emulsifiers

Nerurka et al.,
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Protein PA

Diglycerides

Whole cell
Fattyacids

Fattyacids
Phospholipids

Vesicles, fimbriae

Emulsan

Alasan

Surfactin/lturin

Subtilisin

Aminoacids lipids

Lichenysin

Peptide lipids

polmorphus

P.aeruginosa

Lactobacillus fermentum

Cyanobacteria
Clavibacter
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Appendix Il: Daily Growth Measurement of P. aeruginosa and B. cereus in Shea butter Waste Slurry at varying pH
Levels

pH B FSEUDO ABSORE SB
10- 5 6 7 a8 B EACILL ABSOREB SB

Absorbance

1 2 3 4 56 71 2 3 4567 123 458567 123 4580867
Days

134



Absorbance

Appendix I11: Daily Growth Measurement of P. aeruginosa and B. cereus in Palm Oil Waste Slurry at varying pH Levels

pH
5 G T =]

0.8

0.7

0.6 -

0.5

= 2 2 4 5 6 7 2 32 4 5 6 7 2 2 4 5 6 7 2 32 4 5 6 7
Da}rs
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Appendix IV: Daily Growth Measurement of consortium of P. aeruginosa and B. cereus in Palm Oil and Shea butter
Waste Slurries at varying pH Levels

Absorbance

1.2

1.0

2 3 4 5 6 7

pH

2 3 4 5 6 7
Da:.rs

2 3 4 5 6 7
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Appendix V: Ey, Measurement of P. aeruginosa and B. cereus in Shea butter Waste Slurry at varying pH Levels

E24

pH

30

70

1 2 3 4 5 6 7 1 2 3 4 5 a6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Dawvs
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Appendix VI: Ex, Measurement of P. aeruginosa and B. cereus in Palm Oil Waste Slurry at varying pH Levels

E24

504

407

307

207

10

PSEUDO E24 PO & BACILL E24 PO vs. PO

7

pH
5 6
1 2 3 4 5 B 7 1 2 3 4 5 ] 7 1
Days

2
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Appendix VII: Ez; Measurement of consortium of P. aeruginosa and B. cereus in Shea butter and Palm Oil Waste
Slurries at varying pH Levels

pH Bl Mixed PO E24
70— 5 ] ¥ 8 I Mixed SB E24

G0

50

40

E24

20

204

10

1 2 2 4 5 6 7 1 2 2 4 5 6 71 2 2 4585 6 7 1 2 32 4 5856 7
Davs
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Appendix VIII: Daily Surface Tension Measurement of P. aeruginosa and B. cereus in Shea Butter Waste Slurry at
varying pH Levels

B FSEUDC SURF TEM SB
¥ g Bl EACILL SURF TEN SB

Surface Tension

1 2 3 4 5 6 7 1 2 3 4 5 86 7
Davs
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Appendix IX: Daily Surface Tension Measurement of P. aeruginosa and B. cereus in Palm Oil Waste Slurry at
varying pH Levels

pH Bl FSEUDOC SURF TEM PO
. 5 B 7 8 B BACILL SURF TEN PO
20
5 157
=
L4 k]
'_
L1 k]
m
‘=
=
@ 104
5_

1 2 2 4 58 6 7 1 2 2 4 5 6 7 1 2 2 4 85 6 7 1 2 3 4 85 6 7
Davs
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Appendix X: Daily Surface Tension Measurement for consortium of P. aeruginosa and B. cereus in Shea Butter and
Palm Oil Waste Slurries at varying pH Levels

PH B Mixed PO Surf Ten

20— 5 G 7 2 B Mixed SB Surf Ten

Surface Tension

1 2 32 4 5 6 7 1 2 2 4 5 6 7 1 2 3 45 6 7 1 2 3 4 5 6 7
Dawvs
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Appendix XI: Daily Growth Measurement of P. aeruginosa and B. cereus in Shea butter Waste Slurry at varying
Concentrations of NaNO;

B FSEUDC ABSORB SB
Bl EACILL ABSORB SB

NaNO3

Absorbance
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Daily Growth Measurement of P. aeruginosa and B. cereus in Palm Oil Waste Slurry at varying

Appendix XIlI:
Concentrations of NaNO;

MaMNO3 B Fseudo PO

0.1 0.2 0.z 0.4 B Bacillus P
1.5
| “‘I_I_ I‘"I_
_23456? 2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 &5 6 T
Da}rs
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Appendix XII1: Daily Growth Measurement of consortium of P. aeruginosa and B. cereus in Shea Butter and Palm Qil
Waste Slurries at varying Concentrations of NaNOs

NaNO3 B Falm oil

4 50— 0.1 oz 03 0.4 B Shea butter

1254
1.00

0754

Absorbance

0.50

025

0.00-
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Appendix XIV: Exs Measurement of P. aeruginosa and B. cereus in Shea Butter Waste Slurry at Varying Concentrations

of NaNO3
NaNO3 B Fseudo SB
90— 0.1 0.z 0.3 0.4 P Bacillus SB
80
TO
G0
50
=t
L]
LLI
40
30
20
10
U_
2 32 4 A 2 3 4 &5 &6 7T 2 32 4 5 2 3 4
Da}rs
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Appendix XV: Ey4 Measurement of consortium of P. aeruginosa and B. cereus in Shea Butter and Palm Oil Waste
Slurries at Varying Concentrations of NaNO3

NaMNO3 Bl Falm oil

60— 0.1 0z 0.3 0.4 I Shea butter

E24

1 2 2 4 5 6 7 1 2 32 4 5 6 7 1 2 3 4 5 6 7
Davs
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Appendix XVI:

Surface Tension

457

40

35

30

257

20

15

10

varying Concentrations of NaNOs

2 32 4 5 6 7

NaMNO3

A

2 2 4 &5 6 7T
Da}.rs

0.3

2 3 4 5
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Appendix XVII: Surface Tension Measurement of P. aeruginosa and B. cereus in Palm Oil Waste Slurry at varying
Concentrations of NaNO3

NaMNO3 B Fseudo PO
55— 0 02 03 B Eacillus PO
=
=
Qs
— J
ax
w
=
o |
(]
2 3 4 5 6 7 2 32 4 5 6 7 2 3 4 5 2 3 4
Da}rs
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Appendix XVIII:  Surface Tension Measurement of consortium P. aeruginosa and B. cereus in Shea Butter and Palm
Oil Waste Slurries at varying Concentrations of NaNOs

NaNO3 B ~aim oil
20— 0.1 0.2 0.3 0.4 Bl Shea butier
15

=

=

=

=

= 10

@

=

=

[#5]

5_
U_

1 2 2 4 5 6 7 1 2 24 5 6 7 1 2 3 4 5 6 7 1 2 32 4 5 6 7
Days
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Appendix XIX: Daily Growth Measurement of P. aeruginosa and B. cereus in Shea butter Waste Slurry at Varying
Lipase Concentrations

Lipase B Fseudo
- 0.05 0.1 0.15 0.2 B S acillus
E_
5_
8 4
=
m
£
=
=
= 3
2_
-1_
D_
2 3 4 5 6 7T 2 3 4 5 6 7T 2 3 4 5 6 7T 2 3 4 5 6 7T
Days
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Appendix XX:

Absorbance

1.0

0.8

0.0-

Daily Growth Measurement of P. aeruginosa and B. cereus in Palm Oil Waste Slurry at Varying
Lipase Concentrations

0.05

2 2 4

5 6 7

Lipase
0.1

2 2 4 5 6 7
Days
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Appendix XXI: Daily Growth Measurement of consortium of P. aeruginosa and B. cereus in Palm Oil and Shea

Butter Waste Slurries at Varying Lipase Concentrations.

Lipase B Falm oil
14— 0.05 01 015 0z I Shea butter
1.2
1.0
2 0.8
=
m
=
=
O
.d: -
’ 2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 7
Da}.rs
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Appendix XXII: Daily E,; Measurement of P. aeruginosa and B. cereus in Shea Butter Waste Slurry at Varying
Concentrations of Lipase

Lipase B Fseudo
704 0.05 | 015 oz B Eacillus

G0

50

40

E24

20

20

10

1T 2 2 4 5 6 7 1 2 2 4 5 6 7 1 2 2 4 5 6 7 1 2 2 4 5 6 7
Davs
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Appendix XXIII: Daily Ey; Measurement of P. aeruginosa and B. cereus in Palm Oil Waste Slurry at Varying
Concentrations of Lipase

Lipase B Fseudo
20~ 0.05 0.1 0.15 0.2 B Eacillus
G0
50+
40

=1
o
LLI
204
20
10
- 2 2 4 5 6 7 2 3 4 5 &6 7 2 32 4 5 6 7 1 2 3 4 5 6 7
Days
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Appendix XXIV: Daily E,4 Measurement of Consortium of P. aeruginosa and B. cereus in Shea Butter and Palm QOil
Waste Slurries at Varying Concentrations of Lipase

Lipase B Falm il
0 0.05 0.1 015 a2 B Shea butter

G0

50
40
204
20
104
§ I

1 2 2 4 5 6 ¥ 1 2 3 4 &5 6 ¥ 1 2 2 4 5 6 7 1 2 2 4 &5 6 7T
Davs

E24
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Appendix XXV: Daily Surface Tension Measurement of P. aeruginosa and B. cereus in Shea Butter Waste Slurry at
varying Lipase Concentrations

Lipase B Fseudo
25— 0.05 0.1 015 0z B Eacillus
20
E 15+
=
(k]
'_
[ k]
@
=
=
@ 10

1 2 2 4 5 6 7 1 2 2 4 5 6 7 1 2 2 4586 7 1 2 2 4 56 7
Davs
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Appendix XXVI: Daily Surface Tension Measurement of P. aeruginosa and B. cereus in Palm Oil Waste Slurry at
varying Lipase Concentrations

Lipase B Fseudo

25 0.05 0.1 015 0.2 B Gacillus

Surface Tension

1 2 2 4 5 6 7 1 2 32 4 5 6 7 1 2 2 4 5 6 7 1 2 2 4 5 6 7
Days
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Appendix XXVII: Daily Surface Tension Measurement of P. aeruginosa and B. cereus in Shea Butter Waste Slurry at
Varying Lipase Concentrations

Lipase B Falm oil
— 0.05 0.1 0.15 0.2 B Shea butter
15
_ ]
=
=
=
10
o
=
=
[ ]
5_
-
2 3 4 5 2 2 4 5 6 7 2 3 4 5 2 32 4
Da}.rs
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