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Abstract

The biosurfactant-producing bacteria obtained from oil polluted soils have attracted significant attention
due to their ability to enhance the bioavailability of hydrocarbons and to facilitate the remediation
of contaminated environments. Several investigations have reported the presence and applications
of these microorganisms. However, an overall assessment of their ecological diversity, screening
approaches and environmental performance seems limited. The present review critically discusses the
diversity of biosurfactant producing bacteria isolated from oil contaminated soils and their functional
roles in hydrocarbon degradation and environmental restoration. Special emphasis is placed on the
comparative evaluation of commonly employed screening and characterization methods such as
drop-collapse, oil-spreading, CTAB agar, emulsification index, microplate and bacterial adhesion to
hydrocarbons (BATH) assays. The advantages, limitations and methodological inconsistencies with these
techniques in relation to the reliable identification of highly effective bacterial isolates are discussed.
This paper reviews recent developments in the application of biosurfactant-producing bacteria for the
degradation of petroleum hydrocarbons with a focus on the factors that affect their performance in field
conditions. This review encompasses microbial diversity, methodological challenges, and application
outcomes, identifying critical knowledge gaps and future priorities for standardization of screening
approaches and the development of effective bioremediation strategies. The analysis presented here
offers a framework to enhance the utilization of biosurfactant-producing bacteria isolated from oil-
polluted soils as sustainable agents for the restoration of the ecosystem.
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INTRODUCTION

Biosurfactants are surface-active agents
produced by microorganisms, which reduce surface
and interfacial tension. They are composed of
different molecular structures such as glycolipids,
lipopeptides, phospholipids, and polymeric
surfactants, which make them have unique
physicochemical properties. Unlike synthetic
surfactants, biosurfactants are biodegradable,
non-toxic, and environmentally friendly and
hence work well in extreme environmental
conditions, which make them very appropriate
for industrial and environmental applications.?
It has become possible nowadays to measure
or identify organic chemical pollutants in soil
and groundwater at levels as low as parts per
billion because of advancements in detection
techniques.? This is especially crucial because
the contamination of numerous locations has
been caused by careless material dumping,
closed and bankrupt manufacturing operations,
and inadequate techniques for waste storage,
treatment, and disposal facilities. Organic aqueous
waste (pesticides), organic liquids (dry cleaning
solvents), oils (lubricating, automotive, hydraulic,
and fuel oils), and biological solid matter such
as painting operations, tars from dyestuffs
intermediates which are the main categories of
organic chemical waste. The quantity of organic
chemical waste created by manufacturing facilities
often corresponds with the quantity of chemicals
produced.?

The majority of soil contamination results
from unintentional spills and leaks, equipment
cleaning, residues left in old containers, and
obsolete materials. Inadequately managed
landfills, auto repair shops, maintenance shops,
and photo film processors are examples of smaller
producers of chemical pollutants. According
to LaGrega et al.,* home wastes such as paint,
pesticides, household cleansers, and automobile
goods can also be a major source of organic
compounds. The more prevalent heavy metals
(HMs), which include lead (Pb), cadmium (Cd),
copper (Cu), chromium (Cr), nickel (Ni), iron (Fe),
mercury (Hg), and zinc (Zn), are linked to human
activities including landfill dumping and the
creation of chemical waste leachates and sludges.

Microbial biosurfactants are becoming increasing
popular for a number of reasons. Biosurfactants
are biodegradable and comparatively harmless,
they are seen as environmentally “friendly”.
In addition, the distinctive architectures of
biosurfactants are only now beginning to be
recognized for their potential use in a wide range
of industries, from environmental remediation to
biotechnology.®

Microbial biosurfactants are gaining
increasing attention due to their biodegradable
nature and relatively low toxicity, which make
them environmentally friendly alternatives to
synthetic surfactants. In addition, their unique
structural diversity is being increasingly recognized
for potential applications across a wide range of
industries, including environmental remediation
and biotechnology.® Microorganisms, especially
bacteria, are major producers of biosurfactants.
Some of the most notable ones are: Pseudomonas
aeruginosa, Bacillus subtilis, and Rhodococcus
erythropolis. Each biosurfactant produced by these
species exhibits unique chemical characteristics.
For example, Pseudomonas aeruginosa produces
rhamnolipids, highly studied for their strong
ability to emulsify, while Bacillus subtilis produces
lipopeptides such as surfactin, which exhibits
high surface activity and antibacterial effects.”
The production process is often influenced by
substrate availability, pH, and temperature, which
researchers optimize to enhance yield and reduce
production costs.®

Biosurfactants have an extensive
range of applications in different industries. In
pharmaceuticals, they act as antimicrobial agents
and drug delivery agents.® In food industries, they
are emulsifiers and preservatives.'® They also
have the potential to use them in enhanced oil
recovery, agriculture, and cosmetics since they
can stabilize emulsions and even improve material
interactions.!* Environmental remediation will
be one of the most important applications of
biosurfactants. In cleaning up oil spills, heavy
metals, and organic contaminants, emulsification
of hydrophobic pollutants increases their
bioavailability and enhances biodegradation,
making it a sustainable alternative to chemical
surfactants.’*® Rhamnolipids and sophorolipids
are excellent emulsifiers of oil slicks, which enhance
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Table. Biosurfactant-producing microorganisms, their type and applications

No. Biosurfactant Examples Microorganism Properties/Applications Ref.
Type

1. Glycolipids Rhamnolipids Pseudomonas Hydrocarbon degradation, 27

aeruginosa oil recovery
Sophorolipids Candida bombicola Cosmetic and food industries 28,29

2. Lipopeptides Surfactin Bacillus subtilis Antimicrobial, surface-active 30
and Lipoproteins

3. Polymeric Trehalose Lipids Rhodococcus Emulsify hydrophobic 31
Biosurfactants erythropolis pollutants, bioremediation

4. Polymeric EPS (Extracellular Cyanobacteria Bioremediation, environmental 32
Biosurfactants Polymeric Substances) applications

5. Polymeric Emulsan Various bacterial Stabilizing oil-water emulsions 23
Biosurfactants species

6. Particulate Cell wall-derived Various bacterial Environmental remediation 9
Biosurfactants biosurfactants species

microbial degradation. This characteristic has been
exploited in bioremediation approaches for oil-
polluted aquatic and terrestrial ecosystems.

Biosurfactants chelate heavy metals such
as cadmium, lead, and mercury, which helps in
their removal from contaminated soils and water.
Sophorolipids and surfactin are particularly useful
in such applications.*® Solubilizing the hydrophobic
compounds like polycyclic aromatic hydrocarbons
(PAHSs) in the presence of biosurfactants increases
the rates of degradation of these long lasting
persistent organic pollutants. Species belonging
to Pseudomonas have been widely applied
in this area.'® Biosurfactants enhance the soil
washing of hydrocarbon-polluted soils by
desorption of pollutants, regenerating soil
quality.’” Due to biosurfactants’ biodegradability
and negligible toxicity, they are an ideal option for
the implementation of sustainable remediation
practices. Nevertheless, high costs are hindering
their commercial-scale production. Future research
involves the utilization of low-cost substrates and
genetic engineering of microbial strains and the
development of scaled-up production techniques
for improving their economic feasibility.*

Biosurfactants: Properties and microbial sources

Biosurfactants are amphiphilic
compounds produced by microorganisms that
reduce surface and interfacial tension in aqueous
systems. Structurally, they consist of hydrophilic
and hydrophobic moieties, allowing them to

interact with both polar and non-polar substances.
Biosurfactants have garnered attention due to
their eco-friendly nature and functional properties,
outperforming many synthetic surfactants.®
Biosurfactants have advantages over their
synthetic counterparts. They are biodegradable.
Thus, there is minimum persistence and toxicity to
the environment. Their production uses renewable
resources. Hence, it’s a sustainable process,
also saving costs in the long term. Moreover,
biosurfactants have the potential for stability at
extreme conditions such as high salinity, pH, and
temperature differences. Therefore, it can be used
extensively industry wide.?®

Properties of biosurfactants
Surface and interfacial activity

Biosurfactants are effective in surface
and interfacial tension decrease, which enhances
emulsification and solubilization of hydrophobic
compounds.?°

Temperature and pH tolerance

Due to the fact that most chemical
surfactants require specific pH (acidic or basic)
and high temperature conditions for functionality,
it makes biosurfactants more compatible with
industrial applications.?

Biodegradability and low toxicity
Since they are of biotic origin, they hold
low toxicity to humans as well as wildlife.??
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Anti-adhesive properties

Biosurfactants inhibit microbial adhesion
onto surfaces. They have potential utility in
controlling biofilm in medical and industrial
applications.?®

Biosurfactant-producing microorganisms

There are many microorganisms that
produce biosurfactants, with each species of
different class, having different efficiency and
type of biosurfactant. They are enumerated here
in Table. Biosurfactants are naturally occurring
surface-active compounds produced by various
bacterial species. These bacteria are found in
different environments, such as soil, water,
and hydrocarbon-contaminated sites, where
biosurfactants help in processes like nutrient
uptake, surface colonization, and hydrocarbon
degradation. The key bacterial species known
for their biosurfactant production capabilities,
highlighting their unique properties and industrial
applications are being discussed as follows:

Bacillus species

Bacillus species are among the most
extensively researched biosurfactant-producing
microorganisms because of their strong growth
and their capacity to secrete potent lipopeptides.
Among these, Bacillus subtilis and Bacillus
licheniformis are the most notable examples. These
bacteria produce surfactin, a cyclic lipopeptide
that is highly potent for surface tension reduction,
exhibits antimicrobial activity, and can emulsify.*?
Surfactin is very important for applications in
agriculture, bioremediation, and pharmaceutical
industries. It acts as an antifungal and antibacterial
agent. Moreover, biosurfactants produced by
Bacillus show stability against extreme pH and
temperature, making them favorable for industrial
applications.?

Pseudomonas species

Rhamnolipids produced by Pseudomonas
aeruginosa are glycolipids that find a variety
of applications in environmental remediation,
cosmetics, and oil recovery. Rhamnolipids are
particularly efficient in improving hydrocarbon
bioavailability, thus being recommended for
the treatment of oil spills and contaminated
soil.?®> The resistance of species from the

Pseudomonas genus towards high concentrations
of hydrocarbons makes them excellent strains for
in situ biosurfactant production. Biosurfactants
produced by this genus are low in toxicity and high
biodegradability, making them suitable for current
sustainable industrial applications.?®

Acinetobacter species

Acinetobacter calcoaceticus produces
a range of biosurfactants, including emulsan, a
polymeric biosurfactant known for stabilizing oil-
in-water emulsions.* Emulsan is extensively used
in bioremediation and the petrochemical industry
for cleaning and recovering oil from surfaces. The
ability of Acinetobacter species to metabolize
hydrocarbons further underscores their potential
in managing oil pollution.?

Serratia species

Serratia marcescens produces
biosurfactants with great potential applications
in agriculture and biomedicine. Biosurfactants
such as serratamolides from this organism exhibit
antifungal and antibacterial activity, making it
an excellent agent to combat plant pathogens.*
The species Serratia has a good contribution in
the process of bioremediation. Its biosurfactant
promotes the degradation of hydrophobic
pollutants.®

Rhodococcus species

Rhodococcus erythropolis is one of
the most important biosurfactant-producing
microorganisms, producing trehalose lipids,
which are very effective in emulsification and
solubilization of hydrophobic compounds. These
biosurfactants are of particular interest in
the biodegradation of hydrocarbons, making
Rhodococcus species very useful in treating oil-
contaminated environments.*” Trehalose lipids are
also useful in the cosmetic and pharmaceutical
industries because they are mild and skin-friendly.

Halomonas species

Halomonads like Halomonas boliviensis
are known to grow in salty environments and
produce biosurfactants that are tolerant of
high salinity. Biosurfactants produced by these
bacteria have potential applications in saline and
hypersaline environments such as oil recovery
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from saltwater reservoirs. They also have a wide
applicability in industrial processes where they
can survive extreme conditions including the
treatment of wastewater.33°

Myroides species

Myroides odoratimimus is a lesser-
known biosurfactant producer but has shown
promising potential. It produces surface-active
agents that aid in hydrocarbon solubilization
and environmental remediation. Although less
extensively studied than other species, emerging
research indicates its potential applications
in sustainable biotechnology.*® Hydrocarbon-
degrading species, Pseudomonas and Rhodococcus,
facilitate biodegradation, thereby reducing
pollution. Biosurfactants produced by Serratia and
Bacillus species offer protection to crops against
pathogenic fungi and bacteria. Lipopeptides and
glycolipids are antibacterial and antiadhesive
and have applications in wound healing and drug
delivery. Acinetobacter and Halomonas species
enhance oil recovery and surface cleaning in oil
wells and pipelines.*

Isolation and screening approaches for
biosurfactant producing bacteria
Sampling strategies for isolation of biosurfactant
producing bacteria

Soil sample collection is animportant step
toward isolating biosurfactant-producing bacteria,
since soil microflora influences the possibility of
finding strong biosurfactant-producing strains.
Samples are usually isolated from organic matter-
rich sites or hydrocarbon-polluted environments,
such as those with oil contamination, farmland, or
forest soils.*> Samples are taken at 5-10 cm depth,
using sterile tools to prevent contamination. About
200-500 grams of soil are obtained per site and
keptin sterile polyethylene bags. Samples are taken
cold to the laboratory for preserving viability. Soil
samples are first homogenized, and larger debris
such as stones or plant material is removed prior
to processing. To isolate biosurfactant-producing
bacteria, soil suspensions are prepared by mixing
10 grams of soil with 90 mL of sterile distilled water
or saline solution. The suspension is vigorously
shaken and serially diluted to reduce microbial
density. Aliquots of diluted suspensions are used
for culturing bacteria on selective media.*

Culture media and nutritional requirements for
biosurfactant production

Selecting a suitable culture medium
is of high importance to support the growth
of biosurfactant-producing bacteria. MSM,
mineral salt medium, is a commonly utilized
medium for this purpose because it has all the
required nutrients to promote microbial growth.
The carbon source in the case of biosurfactant
production usually used is hydrocarbons. This
may be kerosene, diesel, or even crude oil.
Preparation of Mineral Salt Medium is done by
dissolving the following components in distilled
water (per liter): Sodium chloride (NaCl) of 1 g;
Potassium dihydrogen phosphate (KH,PO,) of 1
g; Dipotassium hydrogen phosphate (K,HPO,) of
1 g; Magnesium sulfate (MgSO,-7H, O) of 0.2 g;
Ammonium nitrate (NH,NO,) of 1g. The pH is set to
7.0 by adding 1 M HCl or NaOH. After autoclaving
at 121 °C for 15 minutes, the medium is cooled
down, and a sterile carbon source is added at
a concentration of 1%-2% (v/v). In the case of
selective isolation, antibiotics can be added to
suppress the growth of other microbes than the
target ones.***

Enrichment, isolation and screening techniques

Isolation of biosurfactant-producing
bacteria from soil samples is the fundamental
step in the screening and identification of
new commercial biosurfactants. A systematic
methodology for this process can be divided
into several key steps: First of all, 1:10 dilutions
of the soil suspensions are grown on MSM agar
enriched with a hydrocarbon substrate like diesel
or kerosene as the only carbon source.*® The
plates further incubated at temperature ranging
between 30-37 °C for 48-72 hours. The given
incubation period helps in development of many
different microcolonies on the surface of the agar
plates. After the first stages of the growth phase,
colonies that have emerged on the hydrocarbon-
rich medium are transferred to liquid MSM,
additionally fortified with the same carbon source.
This enrichment culture is maintained under
continuous shaking since the increased amount of
oxygen is used when increasing the biosynthesis of
surfactants. Several methods of screening are used
to isolate bacteria that produce biosurfactants.
Oil displacement test, drop collapse test, and
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calculating the emulsification index (E,,) are the
techniques used. In the oil displacement test, a
droplet of the bacterial supernatant is applied on
the oil/water interface and a larger spread area
portrays greater biosurfactant synthesis.*’

Once biosurfactant producing bacteria
have been spotted, these isolates will be plated
onto new MSM agar plates for the isolation of
pure cultures. These isolates are then cultured in
Luria-Bertani Broth at 37 °C for approximately 16
hours and stored at -80 °C in glycerol stocks for
future characterization. Last of all, based on the
obtained results of biosurfactants activities, the
chosen isolates are streaked on slants and grown
in liqguid MSM, biosurfactants are then extracted
and estimated qualitatively and quantitatively.
This may be surface tension measurements or

critical micelle concentration. Essentially, the
optimization of selective media, enrichment
procedures, and screening methods allows
obtainingisolate agar that produce fully inoculated
from different samples of soil.*® This method not
only facilitates researchers to select strains with
high biosurfactant yields but also select strains
with biosurfactants having favorable properties
according to their intended uses.

The characterization of bacteria is
important for identifying their functional traits
and, therefore, their potential applications. For
biosurfactant-producing bacteria, characterization
provides insights about their surfactant-producing
capabilities, structural properties, and potential
industrial or environmental uses. Characterization
is done by biochemical, molecular, and physiological
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techniques that determine the presence and
activity of biosurfactants. Key assays used for
characterization include Drop Collapse Assay, Oil
Spreading Assay, CTAB Agar Assay, Emulsification
Assay, Microplate Assay, Emulsification Index, and
BATH Assay.*

Mechanism of action of biosurfactants

Biosurfactants are surface-active
compounds produced by microorganisms. These
molecules are essential for lowering surface and
interfacial tension, thus allowing emulsification of
hydrocarbons and other hydrophobic substances.
Due to their biodegradability and efficiency,
biosurfactants have gained immense attention
for environmental, healthcare, and industrial
applications. Various microorganisms such as
bacteria, fungi, actinomycetes, and algae produce
biosurfactants, each with different efficiency and
applications. They represent among the most
prolific biosurfactant producers.>® The glycolipid-
based rhamnolipids produced by Pseudomonas
aeruginosa are especially noteworthy. These
compounds are of paramount importance in
hydrocarbon biodegradation and in applications
related to enhanced oil recovery. Biosurfactants
reduce surface tension and lead to better
interaction between oil droplets and water (Figure
1). Examples of lipopeptides based on surfactin in
Bacillus subtilis can bind effectively to lipid bilayers
in microbial membranes, enhancing microbial cell
permeability while impairing microbial membrane
functions-this classifies it as a potent antimicrobial
agent.*

Fungi also contribute significantly to
biosurfactant production. Candida bombicola
and Yarrowia lipolytica are known for producing
sophorolipids, a class of glycolipids widely used
in cosmetics and the food industry. Sophorolipids
are biodegradable, environmentally friendly, and
possess excellent emulsifying properties. They
reduce interfacial tension by forming micelles,
which stabilize oil-water emulsions. In addition to
fungi, actinomycetes like Rhodococcus erythropolis
produce trehalose lipids, which are highly effective
in emulsifying hydrophobic pollutants.?” These
polymeric biosurfactants form a stable layer
around oil droplets, preventing coalescence and
aiding in long-term emulsion stability.

Extracellular polymeric substances,

biosurfactant-like properties from cyanobacteria,
which belong to algae, can stabilize oil-water
emulsions through the action of emulsan, a type
of polymeric biosurfactant produced by various
species of bacteria, particularly helpfulin petroleum
industries.>! Biosurfactants produced in bacterial
cell walls are particulate. These are less commonly
observed but are effective in the remediation of
soil and pollutant sequestration. Biosurfactants are
broadly categorized into glycolipids, lipopeptides,
lipoproteins, polymeric biosurfactants, and
particulate biosurfactants. Glycolipids include
rhamnolipids and sophorolipids, which are the
most abundant biosurfactants.® Rhamnolipids are
produced by Pseudomonas aeruginosa, which is
highly effective in hydrocarbon degradation and
bioremediation. These reduce interfacial tension
by aligning at the water-oil interface, stabilizing
emulsions, and enhancing microbial access to
hydrophobic pollutants. Sophorolipids, on the
other hand, are produced by fungi such as Candida
bombicola. These molecules are used extensively
in cosmetics and detergents because they are
biodegradable and environmental-friendly.**

Surfactin and lichenysin are cyclic
lipopeptides and lipoproteins, respectively. It is
a strong surface-active agent and antimicrobial
compound produced by Bacillus subtilis. This
surfactin disrupts the lipid bilayers of microbial
membranes, causing cell lysis. Lichenysin is a
structurally similar biosurfactant that has enhanced
thermal stability and can be used under extreme
conditions in industrial applications. Lipopeptides,
therefore, have strong emulsifying properties,
making them applicable in bioremediation and
agriculture. Polymeric biosurfactants include
trehalose lipids and emulsan as high molecular
weight compounds having excellent stabilizing
properties.>>** The trehalose lipids, produced
by Rhodococcus erythropolis, are very effective
in emulsifying hydrophobic pollutants, thereby
being very useful in environmental remediation.
Emulsan is a product of bacterial species and is
widely used for stabilizing oil-water emulsions in
petroleum industry and other related fields. These
biosurfactants form a stabilizing layer around the
oil droplets, preventing coalescence and ensuring
long-term stability.!

The particulate biosurfactants that are
obtained from bacterial cell walls have various
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applications in environmental remediation. They
exhibit a strong affinity toward pollutants to
form aggregates that can easily be separated or
degraded. Although they have been less studied,
their potential applications in environmental
applications are vast, especially toward soil and
water remediation. Biosurfactants have their mode
of action involving their capacity to accumulate at
the hydrophobic/hydrophilic interface phase,
where they reduce interfacial tension and
generate stable emulsions.>* Glycolipids, such
as rhamnolipids and sophorolipids, intermingle
at the water-oil interface to stabilize emulsions
and improve the bioavailability of hydrophobic
compounds to microorganisms for biodegradation.
Lipopeptides like surfactin increase permeability,
thereby disrupting microbial membranes; this
is very effective in antimicrobial applications.
Polymeric biosurfactants provide a stabilizing film
around oil droplets to prevent coalescence and
increase the stability of emulsions.?

Potential applications of biosurfactants

The use of biosurfactants has recently
been observed to receive much consideration
in view of their features such as non-toxicity,
biodegradable nature and environmentally friendly
profile as compared to synthetic surfactants.
These surfactant biomolecules are synthesized
by diverse microorganisms and are utilized in
pharmaceuticals, agriculture, medical, metallurgy,
cosmetics, food and detergents industries among
others (Figure 2). This is due to their special
features that facilitate dispersion of undesirable
materials and enhance weakly soluble hydrophobic
substances in natural environments.>°

Environmental application in oil spill management

Biosurfactants are important in the
bioremediation of oil polluted soil by increasing the
rate of biodegradation of non-polar compounds.
Due to their capability to lower surface-tension
they are capable of solubilizing and emulsifying
hydrocarbons enhancing microbial degradation
through the improvement of bioavailability. In
addition, the surface tensions that caused the
emulsion of water in oil are also lowered reducing
chances of the hydrophobic substances getting to
the microbes for degradation.>**¢ Another mode
of action of biosurfactants is that they mimic

the action of synthetic surfactants in forming
micelles into which hydrophobic pollutants are
enmeshed and solubilized in the hydrophobic
core of the micelles.”’ It increases the availability
of these pollutants to degrading microorganisms
and minimizes their degradation. However,
the existence of biosurfactants facilitates the
movement and diffusion of pollutants and
avoids their aggregation which are key aspects if
bioremediation plans are to work.>*

Advances in genetic engineering and
fermentation technologies have improved the
production of biosurfactants considerably in
terms of yield and efficiency. Genetic changes in
Pseudomonas aeruginosa increased rhamnolipid
production, and optimum fermentation techniques
for Candida bombicola reduced the cost of
production of sophorolipids. Such improvements
render biosurfactants an increasingly viable choice
for industrial applications at scale. Biosurfactants
play different applications in different field of
use.® In Environmental remediation, glycolipids
such as rhamnolipids make it possible to
break more hydrocarbons in an environment
where contamination is observed. Polymeric
biosurfactants, such as trehalose lipids, improve
the emulsification and microbial degradation
of hydrophobic pollutants. Lipopeptides like
surfactin break up bacterial membranes thereby
becoming one of the biggest antimicrobial
agents. To enhance agricultural growth,
Biosurfactants enhance nutrients in soil. The
friendly environmental character of sophorolipids
has made them famous in cosmetic and detergent
applications. Biosurfactants produced by the
microorganisms such as Pseudomonas aeruginosa,
Candida bombicola, and Rhodococcus erythropolis
are versatile compounds that can be used in
environmental, healthcare, and industrial areas.
Knowledge of their mechanisms of action and
enhancement of production technology will open
further industrial areas for its use, where it would
be indispensable to sustainable development.*®

Industrial production of biosurfactant production
Determinants influencing biosurfactant synthesis

Biosurfactant synthesis is affected by
microbial species, carbon and nitrogen sources,
temperature, pH, salinity, aeration, growth phase,
and the composition of the growth media.>®
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Initially, the particular microbial strain should be
chosen to transform into a biosurfactant because
different microorganisms have dissimilar potential
in synthesizing surfactants. Carbon substrate,
which is the principal source of energy, has a
great influence on the biosurfactant production
since certain microorganisms may favour certain
carbon sources.* Biosurfactant biosynthesis is
dependent on the nitrogen source in the same
way as is the nitrogen-containing nutrient, as it
enhances cell growth and biosurfactant-producing
enzymes. The factors affecting biosurfactant
production include temperature and pH, and
the best parameters of these factors lead to high
production of biosurfactant. Solids impact the
production process since very high concentrations
of solutes may interfere with the formation of
biosurfactants. The aeration of the culture medium
should be considered as another factor being taken
into account when the biosurfactants are being
produced.%#?

Cost analysis of the use of biosurfactant within
industrial settings

Some of the challenges evident when
using biosurfactants in large-scale industries
include the fact that it has, more so, needs to
be optimised and made cheaper. One major
challenge exists in the scale-up of biosurfactant
production processes, which entails difficult and
time-consuming activities in the formulation
of biosurfactant manufacturing processes on a
large scale. Furthermore, the cost of producing
biosurfactants may sometimes be relatively high,
thus their application in any field is somewhat
hampered. To combat such challenges, researchers
have embarked on enhancing the process
of biosurfactant production, identifying new
cheap feedstock, and enhancing the microbial
biosurfactant productivity.®?

The production of biosurfactants can be
broadly categorized into two types. The two major
processes included were fermentation and enzyme
biocatalysis. Fermentation-based biosurfactant
synthesis employs microorganisms to prepare
biosurfactants from renewable fuel stocks, while
enzyme biocatalysis involves the use of enzymes
to catalyze formation of biosurfactants from given
substrates.®® Fermentation-based biosurfactant
production is most preferred and extensively

practised in industry. Features enrichment of
specific microorganisms such as Pseudomonas sp.,
Bacillus sp., and Candida sp. in a growth medium
with nutrition-rich supplements like carbon &
nitrogen as substrates. Depending on the size and
the needs, it is possible that fermentation occurs
in stirred tank, airlift or packed bed bioreactors.®*

Factors affecting the efficiency of biosurfactant
production in fermentation
Microorganism selection

It turns out that the selection of
microorganisms is critical for the enhancement
of biosurfactant synthesis. The authors cited in this
paper are exploring methods for the isolation of
genetically improved culture strains for meaningful
biosurfactant production and other favourable
attributes, including free water surface tension
depression, salt tolerance, and high substrate
utilization rate.® Carbon and nitrogen sources - It
can also be observed that the concentration of
the carbon and nitrogen sources plays a crucial
role in the yields of biosurfactants. In general,
cheap, renewable and readily available substrates
like glycerol, glucose and molasses are preferred
in industrial fermentation process. Nevertheless,
the effectiveness of these substrates could
depend on the microorganism used and the
kind of biosurfactant of interest.?* Fermentation
parameters - Getting a high yield of biosurfactant
involved appropriate control of some parameters
such as temperature, pH, DO concentration, etc.
in this process with proper control. For instance,
Pseudomonas species grow well at a temperature
of between 25 and 30 °C, at a pH of between 6-7,
and with good aeration.®®

Fed-batch and continuous fermentation

The biosurfactant production can be
optimized and the danger of substrate inhibition
can be counteracted by using fed-batch and
continuous fermentation processes. Fed-batch
fermentation involves the addition of the substrate
to the fermentation vessel in parts over time so that
concentrations of the substrate may be managed
effectively and substrate inhibition avoided. If
we kept operating the bioreactor at steady state
with higher product concentration, it is necessary
to replenish fresh medium into the bioreactor
while sweeping out the old medium at the same
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time, in order to keep the bioreactor operating.®’
Downstream Processing - Select methods for
the recovery and purification of biosurfactants
from the fermentation broth are critical for their
usage in commercial processes. Downstream
process comprises cell removal step, biomass
separation step, biosurfactant separation step and
biosurfactant purification step. Several techniques
are employed for biosurfactant recovery, among
them are precipitation, solvent extraction;
filtration and chromatography. Downstream
processing method depended upon the type of
biosurfactant to be produced, the amount to be
produced and the purity required.®®

There are other methods of enzyme
biocatalysis for the synthesis of biosurfactants,
which appear to have a number of benefits
compared to the fermentation process, including
a small reaction time, high selectivity and the
absence of a by-product. Like biocatalysis, enzymes
are used to produce biosurfactants from specific
substrates such as alcohols, glycerol and esters.%
The conditions management (catalytic conditions)
and productisolation, and the enzyme preparation,
are among some of the most important structural
stages of enzyme biocatalysis. Overall, it can
be recommended that, biosurfactants should
be used for industrial production and as an
effective substitute for chemical surfactants.®
It involves the use of both fermentation and
enzyme biocatalysis techniques, bearing high-
class bioengineering biotechnological techniques
to promote the biosurfactants’ production at
very reduced cost. Based on the growing global
concern for conservation of the environment and
the use of biodegradable products, this market is
anticipated to grow rapidly and in tune with the
development of other related fields that are using
biosurfactants.”®”?

CONCLUSION

The review paper raises this issue
concerning biosurfactant effectiveness in
navigating biodegradation of toxic pollutants
and environmental application. There are many
types and kinds of biosurfactant-producing
bacteria that are found in different locations,
and the specificity of the described properties
of the given microorganisms can become quite

prospective for bioremediation of the territories
polluted by oil. By using environmentally friendly
microbial processes to reduce pollution and
soil and water contamination, biosurfactant-
mediated remediation promotes the objectives
of Sustainable Development Goal (SDG) 15 Life
on Land and helps restore terrestrial ecosystems.
Research interest should be directed towards the
commercial application of biosurfactants, as well
as the problems of practical bioconversion and the
new opportunities in some spheres. Biosurfactant-
based technologies for bioremediation and other
sustainable technologies shall go a long way in
supporting the green economy.
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