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ABSTRACT

The current study aimed to the production and partial purification of a cold-
active lipase by some fungi isolated from the olive oil processing wastes in Al-Gabal
Al-Gharby, Libya. 31 fungal species from 12 genera were isolated with total CFUs of
29560. Fusarium was the most common genus encountering total CFUs of 9020 and
comprising 30.51% of total fungi. F. solani was the most prevalent comprising 94% of
total Fusarium and 28.7% of total fungi, 102 fungal isolates were tested for their
lipolytic activity on lipase production agar medium at 10 and 20°C, The most active
isolates were Alternaria (2 isolates), Fusarium (1), and Penicillium (1). Molecular
identification of the most active four isolates was carried out by sequencing their (ITS).
The four powerful fungal strains' production of cold-active lipase was maximized by
optimizing some nutritional and environmental factors. F. solani AUMC 16063 was
able to produce the maximum amount of lipase activity(46.66 U/mL/min) with specific
activity(202.8U/mg) utilizing ammonium sulphate as a nitrogen source after 8 days of
incubation at pH 3.0 and 15°C. However, at same condition after 6 days when yeast
extract was employed as a nitrogen source, the generated cold-active lipase displayed
the highest specific activity of (1550U/mg) and lipase activity (36.74U/ml/min). This
is the first study in which the production, partial purification, maximized and
characterization of a cold-active lipase enzyme by Fusarium solani.

Keyword: cold active enzymes, Lipase, Fusarium solani, lipolytic activity, specific

activity.
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1. INTRODUCTION

All living things have enzymes, which are biocatalysts. The specificity with which
enzymes function, using little energy to catalyze a particular reaction, is what makes their
biological activity distinctive. In all phases of metabolism and biological reactions, enzymes
are essential. Because they can be utilized as catalysts in numerous biological reactions and
hence have a wide range of applications, some enzymes are of particular interest(Ali et al

2023).

The fermentation of biobased materials is how the majority of enzymes are created
today and very certainly will be in the future (Louwrier 1998, Beisson etal. 2000). The majority
of the biomass on earth is made up of lipids, and lipolytic enzymes are crucial for the
metabolism of these water-insoluble substances. The breakdown of lipids within each
individual organism's cells, which leads to their mobilization, as well as the transfer of lipids

from one organism to another, are both facilitated by lipolytic enzymes (Beisson et al. 2000).

1.1. Microbial enzymes

Due to the wide range of catalytic activities that are available, the high yields that are
feasible, the simplicity of genetic manipulation, the regular supply due to the absence of
seasonal fluctuations, and the quick growth of microorganisms on inexpensive media,
microbial enzymes are frequently more useful than enzymes derived from plants or animals. In
addition to beingsafer and more convenient to produce, microbial enzymes are also more stable

than their respective plant and animal enzymes (Liu and Kokare 2023).

1.2. Lipases (triacylglycerol hydrolases, E.C. 3.1.1.3)

Triacylglycerol acyl hydrolases (EC 3.1.1.3) are also known as lipases and are
recognized as a group of potential industrial enzymes, responsible for catalyzingthe hydrolysis
or breaking down of insoluble fats and oils (triglycerides), and they can release
monoglycerides, diglycerides, glycerol, and free fatty acids over an oil-water interface(Kumar

etal 2023).

The above groups are adaptable and enable a variety of bioconversion reactions in both
unicellular and multicellular organisms, including hydrolysis, alcoholysis, acidolysis,
aminolysis, esterification, and interesterification. Triacylglycerols (TAG) must be
bioconverted both inside and between organisms, and lipases are crucial for this

process(Geoffry and Achur 2018, Patel and Shah 2020, Ali et al. 2023).



Additionally, lipases are serine hydrolase familymembers that are carboxylic acid esterases

which do not need a cofactor to catalyze events (Basheer ef al. 2011). After proteases and

carbohydrates, lipases are the largest family of digestive enzymes. In the realm of

biotechnology, they represent the main class of biocatalysts (Carvajal Barriga and Portero

Barahona 2019, Lima et al. 2019).

Furthermore, lipases have selective characteristics and catalyze the formation of esters,

the hydrolysis of other esters, and their transesterification (Gupta et al. 2007). In the food,

detergent, chemical, and pharmaceutical industries, lipases are becoming more and more

preferred due to their capacity to carry out very specific chemical transformations (Grbav¢ic et

al. 2007). The hydrolysis of triglycerides into glycerol and free fatty acids is catalyzed by

lipases, a kind of hydrolase (Figure 1).
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Figure 1.Reactions catalyzed by lipases(Salgado et al. 2022)



Lipases have great stability throughout a wide range of temperatures, pH levels, and
even organic solvents, making them highly useful catalysts for reactions in both aqueous and
non-aqueous conditions. Lipases have a hydrophobic lid that is essential for their interfacial

activity (Khanetal. 2017, Mehtaetal. 2017b, Tan etal. 2018, Bharathiand Rajalakshmi2019).

Jamilu et al. (2022)mentionthe 1856 discovery ofthe lipase enzyme in pancreatic juice.
Lipase was capable of hydrolyzing oil and fat droplets into soluble and digestible molecules.
Due to their potential to significantly contribute to the expanding, multibillion-dollar
bioindustry through both in situ lipid metabolism and ex situ differentcommercial uses, lipases
have become one of the top biocatalysts/bio-accelerators (Joseph et al. 2008). Fungi that can
create lipases can be found in a variety of environments, such as oil-contaminated soil,
vegetable oil waste, dairy product manufacturing facilities, seeds, and expired food (Ko et al

2005).

Furthermore, the significance of lipases for organic synthesis has grown because of the
quick advancement of molecular biology procedures and the accessibility of more trustworthy
high-throughput screening methods. Second-generation biocatalysts have so far been created
by customizing a highly active enzyme for a specific application (Reetz 2001, Goddard and
Reymond 2004). The most recent lipolytic bacterial strains are utilized (Vargas et al. 2004).
The likelihood of industrial usage for lipases has increased as a result of numerous methods
developed to get higher conversions for the particularly precise enzymes necessary for each

application (Elemuo et al. 2019).

1.3. Lipase-producing microorganisms

Among the numerous types of microbes, fungi and yeast are recognized as possible
sources of fungal lipase. Fungi produce extracellular lipolytic enzymes that are simple to
extract and purify, which lowers production costs and makes them the preferred source over
bacterial lipases. Fungal lipases are substrate-specific and stable under a wide range of

chemical and physical conditions(Tan et al. 2003, Mehta et al. 2017b).

The most common fungal strains today produce commercial lipases in their culture medium,
including; Candida rugosa, Rhizopus oryzae, Mucor miehei, Rhizopus japonicus, Rhizopus
arrhizus, Rhizopus delemar, Rhizopus niveus, Aspergillus niger, and Thermomyces

lanuginosus.

Commercial lipases derived from fungi are used in a variety of industrial fields, including; the

production of detergents, food and dairy products, pharmaceuticals andmedicine, biodiesel,
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oleochemicals, leather industry, also used in wastewater bioremediation, cosmetics and
perfumeries, ester synthesis, paper manufacturing, and bioremediation(Chandra et al. 2020,
Kumar et al. 2023). Due to their selectivity and advantages for future development, fungal

lipases have enormous promise as biocatalysts for the creation of biomolecules (Mehta et al
2017a, Geoffry and Achur2018,Mahfoudhi etal 2022). The followingare the most significant

advantages:

* They have high efficacy under mild reaction conditions.

* Easier to practice in the natural reaction mediumand products.

* Capable to decrease contamination from the environment.

* Accessibility of lipases from diverse fungal sources.

* Enhancement of catalytic power of lipases through genetic engineering.

1.4. Factors affecting production and activity of fungal lipases
The presence of various inducers, such as carbon sources, nitrogen sources, pH, and

temperature, are the main parameters taken into account. These factors substantially influence

the development and catalytic activity of lipases.

1.4.1. Carbon source

The induction of genes encoding the lipase enzyme in microorganisms is crucial for the
generation of lipases from fungus. In order to stimulate the genes that code for the lipase
enzyme in all types of microbial sources(microorganisms), carbon supplies are crucial. Carbon
supplies assist in enhancing the fermentation process, which in turn improves cellular

metabolism and boosts fungal lipase activity (Alabdalall et al. 2020).

Olive oil, palm oil, and other vegetable oils have all been employed as inducers for the
synthesis of the lipase enzyme in microorganisms, along with other number offatty carbon
sources. Accordingto Sethi et al. (2013), Aspergillus terreus produced a sizable amount of
lipase when mustard seed oil was utilized as a carbon source in the growth medium. Fatima et
al. (2021)have noted that when a mixture of sugar cane bagasse and olive oil cake is utilized
as a carbon source, fungal strains are able to produce more lipases. When compared to other
carbon sources, olive oil cake has been demonstrated to be an effective inducer of the lipase

enzyme.



Bindiya and Ramana (2013)used variety of lipid sources, including mustard oil, neem
oil, coconut oil, olive oil, sunflower oil, palm oil, and cucumber oil, as well as numerous non-
lipid sources of carbon, including sucrose, lactose, maltose, glucose, galactose, xylose,

fructose, and mannitol, to test the effects of these sources on the production of lipase.

Due to the fact that carbohydrates serve as monovalent carbon sources for lipase
production, Aspergillus niger produced a low yield of lipase when starch and sucrose were
present, but a high yield of lipase when fructose was used as a carbon source (Alabdalall ef al
2020). In Acinetobacter sp., tween 80 has been utilized to help improve lipase recovery (Li et
al. 2001, Mahfoudhi ez al. 2022).

1.4.2. Nitrogen source

Nitrogen sources play a significant role in the creation of lipase enzymes because they
are essential for microbial development and the stimulation of lipase production. Various
microorganisms produce lipase using variety of organic and inorganic nitrogen sources,

including; peptone, tryptone, sodium nitrate, ammonium salts, urea, and yeast extract (Oliveira

et al. 2016, Bharathi and Rajalakshmi 2019, Fatima ez al. 2021).

When urea was added to the growing media of Rhizopus sp., this increased lipolytic
activity was seen (Rodriguez et al. 2006, Mehta et al. 2017a). To produce lipase from
Aspergillus sp., a mixture of peptone and another nitrogen extract has been used. A
combination of nitrogen sources was also found to affect the activity of the lipase enzyme.
When glucose and peptone served as the sources of carbon and nitrogen in Trichoderma
harzianum's growth medium, lipase activity increased to its highest level; conversely, glucose
and yeast extracts had the lowest levels of lipase activity (Bharathi and Rajalakshmi 2019,
Colonia et al. 2019).

Furthermore, to study the effects of various nitrogen sources on the production of lipase
in Aspergillus sydowii, Bindiya and Ramana (2013) employed nitrogen sources with a
concentration of 1% w/v. Yeast extract, NaNOs, tryptone, KNO3;, NH,CONH,, beef extract,
and NH4Cl were the nitrogen sources used in the study. When employing NH4Cl, the greatest

activity of lipase output was attained.



1.4.3. Temperature

The production of microbial lipase is significantly affected by temperature, which canalso alter
the physical characteristics of cell membranes and affect the release of the extra cellular
enzymes. In the shake-flask method, an ideal temperature is essential and plays a significant
role in the secretion of enzymes. At a temperature of 37°C, a greater biomass output of lipase

synthesis was attained(Mehta ef al. 2017a, Bharathi and Rajalakshmi 2019).

Accordingto research, lipase is stimulated to produce more when the temperature is
raised to 38°C (Bharathi and Rajalakshmi 2019, de Souza ef al. 2019). Lower temperatures
have been found to reduce the lipase enzyme's output, whereas higher temperatures have been
found to have an impact on its activity. Mukhtar et al. (2016)conducted research on the impact
of various incubation temperatures, spanning from 25°C to 55°C, on the Aspergillus niger

lipase enzyme synthesis.

The temperature at which lipase produced the most was 30°C, followed by 35, 40, 25,
50, and 55°C. Mahmoud et al. (2015) looked at how Aspergillus terreus lipase production was
affected by different incubating temperatures, specifically 10, 20, 30, and 45°C. The lipase
activity peaked at45°C (15 U/mL), and then reduced when the temperature dropped to 30°C
(12 U/ml), 20°C (9.5 U/ml), and 10°C (3.0 U/ml).

The Botrytis cinerea strain, according to Comménil et al. (1995), developed a
temperature-sensitive fungal lipase that was most active at 38°C and completely inactive at
60°C. Additionally, the Botrytis cinerea lipase can be stable at ambient temperature and
displays 98% of'its initial activity after48 hours of incubation. At 50°C, considerable stabilities
were seen for Nomuraea rileyi and Rhizopus oryzae, which both displayed their greatest
enzymatic activity at 60°C (Supakdamrongkul ez al. 2010, Saranya and Ramachandra 2020).
Recently, a lipase from Cladosporium tenuissimum was isolated and purified; the lipase's

highest activity was reached at 60°C (Saranya and Ramachandra 2020).

1.4.4. pH of the medium

Bacterial-origin lipases often have a pH that is either alkaline or neutral. According to
recentstudies, both bacteria and fungi produce lipase morereadily atalkaline or slightly neutral
pH conditions (Ramakrishnan ef al. 2016, Bharathi and Rajalakshmi 2019). When the pH of
their lipase-producing media was kept slightly neutral, Taskin et al. (2016)reported that
Rhodotorula glutinis HL 25 showed fair lipase activity. Acidic pH, on the other hand,

encourages the synthesis of fungal lipases. When the pH of the reaction process was maintained
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at 4.0, Turati et al. (2019)observed that fungal lipase produced more and was more active.
According to Mahmoud et al. (2015), Aspergillus terreus lipase output was affected by pH
levels ranging from 2.0 to 12, at pH 8.0, the enzyme activity peaked.

1.4.5. Surfactants

Surfactants, which are ionic, long-chain organic compounds with hydrophobic and
hydrophilic regions, can make the cell membrane more permeable, enabling the export of
several other molecules through the membrane and promoting protein secretion. The internal
charges of lipase can switch from cationic to anionic, and vice versa, when exposed to

surfactants. As a result, lipases' physicochemical characteristics are altered (Essamri et al

1998).

Atevery stage of enzyme production, purification, and characterization, surfactants are crucial
gradients for emulsion preparations used in the lipase assay (Supakdamrongkul ez al. 2010).
Accordingto Saranya and Ramachandra (2020), when surfactants like Triton X-100, Tween
20, SDS, and Tween 80 were employed in various quantities, multiple lipases showed
divergence in their affinities to the substrate. The lipase generated by the fungus Nomuraea
rileyi had increased activity when Tween 80 and SDS were present, but Rhizopus oryzae

displayed decreased activity (Supakdamrongkul et al. 2010).

When added to the fermentation medium, surfactants like Tween 80, Tween 20, Triton
X-100, and cetyltrimethylammonium bromide (CTAB) generally increase the activity of
lipases, though the extent to which this is true may vary depending on the strain (Silva ef al
2005,Niazetal. 2013, Dasetal. 2017, Geoffry and Achur2018). Therefore, choosingthe right

surfactant is crucial if you want strong lipase activity.

1.4.6. Moisture content

Particularly in solid-state fermentation processes, moisture content has a significant
impact on the development of lipases and the proliferation of fungi (Singhania et al. 2009).
Moisture has a variety of effects on the solid substrate's physical characteristics, including a
reduction in substrate porosity, changes to the particle structure, the development of stickiness,
a reduction in gas volume and aeration, and a restriction on oxygen diffusion in the substrate
layer. The generation and activity of lipases are ultimately reduced by high moisture content,
which also slows the filamentous growth of fungus. Hydrolytic activity and lipase synthesis

are improved by having the ideal moisture content (Mukhtar et al. 2016, Oliveira et al. 2016).



1.4.7. Metal ions

Metal ions are an importantcomponentand have a variety of effects on the makeup and
functionality of several enzymes, including lipases (Mahfoudhi ez al. 2022). Different fungal
lipases exhibited various responses to various metal ions. Aspergillus japonicus produces
lipase, which is inhibited by Mn?" and Hg?* but stable in the presence of Ca?*(Jayaprakash and
Ebenezer 2012). Similar to this, Katiyar and Ali (2013) reported that Candida rugosa had
enhanced lipase activity in the presence of Ca?* ions. It's interesting to note that Cladosporium
tenuissimum lipase activity is unaffected by Ca2*, Mg?", Na*, and K*(Saranya and
Ramachandra 2020). Metal ions such Cu2*, Fe3*, Hg?*, Zn2*, and Ag" were found to suppress

the lipase activity isolated from Aspergillus oryzae(Toida et al. 1995).

1.5. Applications of microbial lipases

Fungi lipases are an important class of enzymes with biotechnological significance
because of their flexibility and ease of mass manufacture. Due to their flexible enzymatic
properties and substrate selectivity, fungal lipases are very desirable forindustrial applications.
Industrial and specialty enzymes like lipases are increasingly being produced using
recombinant DNA technology (Hasan et al. 2006, Salihu ef al. 2012). When creating fine
chemicals and food ingredients, lipase works as a biological catalyst. The synthesis of fine
chemicals, manufacture of pharmaceuticals, creation of cosmetics, processing of fats and oils,
food processing, leather, textile, formulation of detergent and degreasing agents, production of
paper, and other operations all make substantial use of lipases (Lorenz ef al. 2002). Figure 2

summarized the applications of lipase in some industries.
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Figure 2. Industrial application of lipase (Akram et al. 2023)

1.5.1. Textile Industry

The oldest industries, which have been around for centuries, are the textile ones, and
they have a big impact on the economies of many developing nations. One of humankind's
basic needs is also met in part by the textile industry. Due to their extensive chemical
consumption and consequent pollution, these sectors are dealing with extraordinary resource
and environmental issues. Some substances cause cancer and have allergic reactions that are

harmful to people's health(Rahman ez al. 2020, Kumar ef al. 2021).

Chemical waste from these companies, which includes heavy metals (lead and
mercury), formaldehyde, chlorine, dyes, and detergents, causes complex environmental issues
(Hooda 2020, Kumar et al. 2021). Since enzymes are dependable, stable, safe, and
biodegradable, they are frequently used in place of hazardous chemicals to improve the
environment and t0-he quality of manufactured goods. Textile industries are now switching
from conventional methods to biological methods that involve the application of enzymes to

replace these chemicals and solve these environmental problems (Kumar ef al. 2021).

Fungal lipase is increasingly being used in the textile sector. Lipases help to remove
size lubricants from fabrics, making the fabric more absorbent and improving levelness during
dyeing. It also lessens the occurrence of streaks and cracks in denim abrasion sy stems. Lipase

enzymes are presentin commercial desizingsolutions for denim and other cotton fibers (Salihu



et al. 2012). In the textile industry, polyester offers a variety of significant advantages,
including as softness, high strength, washability, stain resistance, stretch, machine abrasion,
and wrinkle resistance. Synthetic fibers are modified by enzymes to produce yarns, fabrics,
rugs, and textiles. It deals with changing the characteristics of polyester fibers to make them

more susceptible to post-modification treatments (Ali et al. 2023).

1.5.2. Detergent Industry

Hydrolytic fungal lipases are used as additives in commercial laundry and domestic detergents,
which is their most lucrative commercial application (Verma et al. 2012, Ali et al. 2023).
Lipase can decrease the negative effects of detergent products on the environment by allowing
for lower wash temperatures while still conserving energy (Vakhlu and Kour 2006, Singh and
Mukhopadhyay 2012, Bharathi and Rajalakshmi 2019). In 1994, Novo Nordisk introduced
Lipolase, the first lipase used commercially. Lipolase was derived from the fungus
Thermomyces lanuginosus and produced in Aspergillus oryzae. To eliminate stains from
fabrics, fungal lipases are essential components of detergent mixtures. The business Novo

Nordisk developed an enzyme that may remove fatty stains as early as 1988.

Although at a low concentration acceptable for commercial application, a certain strain
of Thermomyces naturally generates this enzyme. After conventional approaches to boostyield
were ineffective, the gene encoding for this lipase was cloned and inserted into 4. oryzae.
Manufacturers of detergent can use this fungus's lipase to increase washing effectiveness and
save costs now that it has produced commercially feasible yields of the enzyme.Improved
industrial lipase enzymes are more efficient at removing stains (Hasan et al. 2006). Only a few
fungi, including 4. oryzae, Candida sp., R. oryzae, and Thermomyces lanuginosus, have been
demonstrated to manufacture lipases under controlled conditions that are suitable for detergent

applications.

In contrast to soaps, which have washing qualities in water, detergents are sodium salts
of long-chain benzene sulfonic acid or long-chain alkyl hydrogen sulfate. A detergent has both
non-ionic (long-chain hydrocarbon) and anionic (sulfate or sulfonic) groups, which increase
the detergent's water solubility. With the use of detergent, dirt and other pollutants can be
combined and made more soluble in water without creating scum from the salt in hard

water(Kumar et al. 2023).
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Laundry and household detergents are becoming more and more common because of
their anti-static qualities, water dispersibility, and capacity to soften cloth. Laundry and
household detergents are currently available in a wide variety of brands, each with an own set
of advantages. Increased detergent use pollutes the environment by releasing more detergent
into the atmosphere. Additionally, these detergents raise the washing temperature (Verma et

al. 2012).

Commercially significant is the use of hydrolytic fungal lipases as additives in the
formulation of household and laundry detergents because these enzymes can reduce the
environmental impact of detergent production by reducing the washing temperature of the
intended detergent (Mehta ef al. 2017a). In 1994, Novo Nordisk Company released the first
lipase for commercial use. Thermomyces lanuginosus is a fungus that produces lipase, and

Aspergillus oryzae expresses this enzyme.

1.5.3. Food Industry

Lipase is used in the food processing industry to degrade and alter biomaterials. The
manufacturing of fat-clearing lipases on an industrial scale is common. The vast majority of
commercially available lipases are employed in the processing of various foods, including
meat, vegetables, fruit, smoked carp, milk products, baked goods, and beer. They are also

utilized to improve the flavor of dairy products(Farahat et al. 1990, Pomeranz 2012).

Due to their speed, accuracy, economy of scale, and effectiveness, immobilized lipases
make good triglycerol quantitative sensors. The immobilized lipase from Rhizpous niveus,

newlase, has been used to add stearic acid to the sn-1 and sn-3 sites of the triglycerides in
sunflower oil (Houde et al. 2004).

1.5.4. Pulp and Paper Industry

The pulp and paper industries are expanding quickly globally and are essential to the
social, economic, and environmental progress of any nation. The need for paper will rise along
with population growth and economic expansion. Wood, non-wood, and recycled waste paper

are the three types of raw materials used in the production of paper (Abd El-Sayed et al. 2020).

In paper industries, some chemical compounds, such as hydrogen peroxidase, sodium
carbonate, sodium hydroxide, sodium silicate, diethylenetriamine penta-acetic acid, and

surfactants, are used in high amounts in different steps of conventional methods; these
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chemicals are very toxic and become highly pollutant in the environment after releasing in
wastewater. Several enzymes, such as lipase, amylase, esterase, cellulase, xylanase,
hemicellulase, and pectinase, are used as a substitute for these chemicals to reduce toxic

waste(Yakubu et al. 2019).

The presence of hydrophobic materials, such as triglycerides and waxes, in wood, the
brassy reservoir of paper pulp and pitch, poses a highly challenging difficulty in the production
of paperpulp. The completed product may havethese triglycerides and wax es as holes, patches,
or sticky deposits (Yakubu ez al. 2019). Thus, during the production of paper, lipases can be
used to separate the pitch from the pulpy material. About 90% of the pitch's glycerides are
converted by lipases into less sticky and more hydrophilic diglycerides, monoglycerides, free

fatty acids, and glycerol(Jaeger and Reetz 1998).

A solution to the pitch issue with wood was developed by Nippon Paper Industries in
Japan utilizing Candida rugosa lipase, which can remove roughly 90% of the triglycerides
from the pitch. Hata and Coworkers in Jujo's paper industry discovered in 1990 that lipases
could lessen pitch issues by lowering the triglyceride level of pulverized wood pulp. Candida
cylindracea produces lipase that, when added to the groundwood stock chest, can significantly

lower the consumption of pitch and talc(de Maria ef al. 2005, Mehta et al. 2017a).

1.5.5. Biodiesel production

The world's population, transportation, and industrialization are all growing steadily, which
leads to an increase in the need for energy for both commercial and residential purposes (Santos
et al. 2020). We rely mostly on fossil fuels (petroleum-derived diesel) to meet this rising
demand for energy, but the reservoir of fossil fuels (petroleum-derived diesel) is finite and will
eventually run out. The combustion of diesel releases a lot of CO,, CO, and NOx gases into the
air, which in turn causes pollution to rise and has a greenhouse gas effect on the planet

(Quayson et al. 2020, Almeida et al. 2021).

As aresult, we should try to look for alternate renewableenergy sources that could meet
our needs in the near future. With several advantages over fossil fuels, biodiesel has the
potential to be a viable alternative resource for our energy needs (Santos et al. 2020). A blend
of fatty acid alkyl esters make up biodiesel, which is non-toxic, biodegradable, and has high
hexadecane and low sulfur content. In contrast to diesel made from petroleum, biodiesel emits

less carbon dioxide (CO5,), carbon monoxide (CO), and nitrogen oxide (NOx) (Almeida ef al
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2021). Additionally, by utilizing more biodiesel in this manner, we can lessen pollution and

the effects of global warming.

There are many ways to make biodiesel, including dilution, pyrolysis, micro emulsion,
and transesterification. The substrates used for transesterification to produce biodiesel include
animal fats (like bovine tallow and lard), greases (like trap grease and float grease), leftover
cooking oils, and vegetable oils (like rapeseed, cotton seed, palm, soybean, corn, jatropha,
peanut, sunflower, and canola). Due to its low energy requirement and benign reaction
conditions, the manufacture of biodiesel utilizing enzymes has grown in popularity

recently(Vilar et al. 2018, Pérez et al. 2019, Carvalho ef al. 2020).

There are two types of transesterification: catalytic and non-catalytic. A small chain
alcohol (methanol, ethanol, or propanol), a catalyst (an acid, a base, and a catalyst), and either
vegetable oil or animal fats are needed for the transesterificationreaction (Almeidaetal. 2021).
In the transesterification process, enzymes, particularly lipases, serve as a catalyst for the
generation of biodiesel. When exposed to benign physical conditions like pH, temperature, and
pressure, lipases exhibit high catalytic activity, regioselectivity, and stereoselectivity.
Aspergillus niger, Rhizomucor miehei, Ralstonia sp., Candida rugosa, Candida antarctica,
Rhizopus oryzae, Thermomyces lanuginosus, and Magnusiomyces capitatus are justa few yeast

and fungal lipases that have accelerated the generation of biodiesel(Fan et al. 2012).

In order to utilize it as a biocatalyst for the manufacture of enzyme-catalyzed biodiesel,
Winayanuwattikun et al. (2011)immobilized Candida rugosa B lipase on seabeds EC-OD.
Similar to this, Tian et al. (2021)revealed that Rhizomucor miehei lipase (RML), with just a
single chain of o/p type protein, is heavily used in the production of biodiesel due to its high

catalytic activity and tolerance against methanol.

1.5.6. Medical and Pharmaceutical Industry

The use of lipases as diagnostic tools is expanding quickly since their elevated levels
are indicative of a number of disorders and also serve as key therapeutic targets or marker
enzymes in the medical industry. Acute pancreatitis and pancreatic damage are two clinical
conditions that can be identified by looking at the levels of lipase in the blood (Mahfoudhi et
al. 2022). Lipase is a crucial enzyme for fat metabolism and lackingitcan have harmful effects

onone'shealth. Accordingto Singh and Mukhopadhyay (2012), lipase activates tumor necrosis
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factor, aids in the treatment of malignant tumors, and plays a critical role in the detection of

heart conditions.

In the medical and pharmaceutical industries, lipases obtained from bacteria, fungi,
yeast, and various protozoa have also been employed. In the presence of organic solvents,
Candida rugosa produces a lipase that immobilizes on nylon supports and is utilized to
synthesize lovastatin, a medication that is frequently used to treat blood cholesterol lowering
(Yangetal 1997, Mahfoudhi et al. 2022). Sharma and Kanwar (2014)reported that the fungus
Serratia marcescens produces a lipase that can produce chiral 3-phenyl glycosidic acid by
enantioselective hydrolysis. This intermediate compound is used to synthesize diltiazem
hydrochloride, amedication usedas a coronary vasodilator in many nations (Pérezetal. 2019).
Similar to proteases, lipase can emulsify fats and may be utilized to treat problems of the
digestive tract (Hasan et al. 2006). Another study found that lipases derived from yeast and
fungi can be utilized as a therapeutic agent to treat gastrointestinal problems, dyspepsia, and

cutaneous symptoms of digestive allergies(Mehta et al. 2017b).

1.5.7. Bioremediation of wastewater

In lipase biotechnology, the lipase-mediated bioremediation of wastewater is a unique,
effective, and widely applied waste management method. When thin layers of fat are
continuously scraped off the top of aerated tanks to preserve the oxygen supply, lipases can be
used in activated sludge and other aerobic waste processes to break down the scraped -off, rich
liquid (Cruz et al. 2020). Oil spills in coastal environments can be cleaned up using fungi,
which could improve eco-restoration and aid in the enzymatic processing of oil in industrial

settings(Gopinath et al. 1998).

Recently, fungi from the genera Aspergillus, Cladosporium, Fusarium, Trichoderma,
Mortierella, Penicillium, and Beauveria, have been recognized as possible bioremediation
agentsin soil (Islam and Datta 2015). Accordingto Singh and Mukhopadhyay (2012), Candida
rugosa's lipase used as an anaerobic digester. Several industrial operations, such as the
treatment of sewage, the cleaning of holding tanks, septic tanks, grease traps, and PVC pipes,
involve the use of lipases to break down particles efficiently and remove and avoid fat

blockages or films in the waste system(Singh and Mukhopadhyay 2012).

In order to bioremediate contaminated soil and degrade polyvinyl alcohol films,
Aspergillus terreus and Aspergillus niger, respectively, create lipases (Mahmoud ef al. 2015,

Mehta et al. 2017b). Aspergillus uvarum and Aspergillus ibericus, lipases can be used in
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bioremediation procedures as well (Salgado et al. 2016). The solid assemblages of Penicillium
restrictum and Aspergillus niger, both of which were isolated from oil-polluted soil and tested
for lipase production, were found to treat synthetic mobile dairy effluent anaerobically with or

without pre-hydrolysis by Leal et al. (2006).

According to research conducted by (Mauti ef al. 2016), the lipase was discovered to
biodegrade poly-aromatic hydrocarbons identi