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EXTRACELLULAR LIPASES: DIVERSE BIOTECHNOLOGICAL APPLICATIONS
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Abstract

Lipases are economically important, effective biocatalysts widely used in various industries. These
enzymes can catalyse the hydrolysis of esters formed from glycerol and long-chain fatty acids. Lipases
can be extracted from plant and animal sources, even though they can be synthesised via chemical
processes. Currently, microbial enzymes are being used for industrial purposes. There are 150 industrial
enzymes with hydrolytic action, including lipase, which is the third largest group of industrial enzymes.
Microbial lipases are utilised as biocatalysts in various biotechnological applications due to their
stability in organic solvents, broad substrate specificity without a cofactor, and higher
enantioselectivity. Microbial lipases are more crucial in biotechnological applications due to their ease
of production and environmentally sustainable production ability. Among them, extracellular microbial
lipases play a crucial role in the enzyme production industry because of their ease of production and
purification. The ability of microorganisms to adapt to extreme environmental conditions has been
advantageous in industrial microbiology. The organisms in those environments utilise various
substances as their primary energy source, so they possess specific enzymes that break down these
energy sources. To utilise microbial lipases in industry, they must withstand harsh environments. The
current review provides key information about the diversity of lipolytic microorganisms. These various
microbial sources can be utilised to produce lipases, including different types of microbial lipases, their
classification, general structure, catalytic activity, and their wide range of biotechnological applications.
In addition to the enzyme, this review discusses lipolytic microorganisms, which can be applied to
wastewater treatment.

Keywords: Biotechnological Applications, Extracellular Lipases, Hydrolysis, Lipolytic Activity,
Microorganisms

IDepartment of Microbiology, University of Kelaniya, Sri Lanka.

Email: chaminimadu25@gmail.com \ ) https://orcid.org/0009-0005-3034-2321
?Department of Microbiology, University of Kelaniya, Sri Lanka.

Email: kaviisugunasinghe/@gmail.com { https://orcid.org/0000-0002-1293-5562
3Department of Microbiology, University of Kelaniya, Sri Lanka.
Email: vayanga@kIn.ac.lk ) https://orcid.org/0000-0002-1293-5562

The Journal of Desk Research Review and Analysis © 2025 by The Library,

University of Kelaniva. Sri Lanka is licensed under CC BY-SA 4.0
BY A I E—E—

Received date: 11.03.2025 Accepted date: 02.07.2025
Print Publishing Date: 31.10.2025 Web Publishing Date: 31.10.2025

103



The Journal of Desk Research Review and Analysis, Vol. 3, Issue 1, 2025, 103-119

Introduction
Lipase enzymes have a wide range of applications in various industrial processes. Enzymes are

becoming increasingly important, with microbial lipases, in particular, holding immense economic
value due to their ability to catalyse a wide range of chemical processes in both aqueous and non-
aqueous conditions. Microorganisms can produce extracellular and intracellular lipases. Most microbial
lipases are extracellular. Lipases can perform hydrolysis of triacylglycerols by converting them into
free fatty acids, monoglycerides, diglycerides, and partial acylglycerols. Most lipolytic bacteria can be
found in oil-contaminated sites for an extended period. They can produce a variety of lipolytic enzymes,
including esterases, true lipases, and phospholipases. A variety of true lipases are produced from both
gram-positive and gram-negative bacteria. A more significant part of bacterial lipases is produced by
gram-negative bacteria, and the genus Pseudomonas contains at least seven lipase-producing species.
Many microbes belonging to Acinetobacter, Bacillus, Burkholderia, Idiomarina, Natronococcus,
Pseudomonas, and Staphylococcus genera have been described as having lipolytic activity. In addition
to bacteria, some fungi and yeast possess the ability to produce lipolytic enzymes. Fungi can produce
lipolytic enzymes belonging to various classes, which exhibit broad stability across a pH range of 4.00
to 11.00. The properties of enzymes produced by microorganisms can vary significantly from one
oroanism to another. According to the newest lipolytic enzyme classification, they can be divided into
19 families based on protein sequence and physiological properties of the enzyme. Microbial lipase
production and studies related to microbial lipase have increased in the last few decades due to their
versatile applications in various sectors, including wastewater treatment, the detergent industry,
biodiesel production, plastic biodegradation, lather degreasing, the pulp and paper industry, the food
industry, and the pharmaceutical industry. Not only lipases but also lipolytic bacteria are helpful in
many industrial processes.

In the environment, lipids are the main component which blocks the drains. Therefore, lipids can cause
considerable problems in waste treatment plants. As a solution, wastewater is nowadays pre-treated
with lipase-producing bacterial consortia before being introduced into treatment plants. The production
of biodiesel using immobilised lipolytic microorganisms is another cost-effective and accessible
method than the use of synthetic lipases for biodiesel production. The global microbial lipase market is
experiencing rapid growth due to the unique characteristics of microbial lipases, including
enantioselectivity, broad substrate specificity, and regioselectivity. Aside from that, any enzyme used
in industry should be able to withstand extreme environmental conditions. To address this issue, several
studies have been conducted to identify effective, stable, and novel lipases. This review discusses the
use of stable and novel lipases for future applications in the growing world.

Industrially important lipolytic enzyme-producing microorganisms

The first discovered lipase was obtained from an animal source, pancreatic lipase, discovered by Claude
Bebard in 1848 (de Romo, 1989). Lipases from the Aspergillus flavus and Penicillium oxalicum were
the first microbial lipases discovered in 1935 (Vermaet al., 2021). Microbial lipases are more beneficial
than animal and plant lipases due to their ease of manipulation, purification, multipurpose applications,
the ability for large-scale production, higher activity, stability, and the power of continuous output (Ali
et al., 2023). Furthermore, lipases from extreme environmental microorganisms produce unique
characteristics, such as thermo-tolerant and cold-active lipases, which are more suitable for industrial

applications (Verma ef al., 2021).

Synthesising lipase enzymes by a chemical method is challenging and costly. However, most
researchers are seeking more stable microbial lipases for commercial applications (Kovaliov et al.,
2018). Bacteria, fungi and yeast are the most abundant sources of lipases. Among them, bacteria are the
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most significant sources of lipases, which are stable, catalyse hydrolytic reactions, and have higher
activity (Bharathi & Rajalakshmi, 2019; Panizza et al., 2013). Fungi and yeast species also produce
lipases; however, the structure and sequencing of yeast lipases are poorly understood. Many yeast
species can produce commercially important lipases; for example, yeast belonging to the ascomycetous
class produces commercially important lipases (Gupta et al., 2015). Furthermore, various fungal
species, such as Rhizopus sp., Aspergillus sp., Penicillium sp., Geotrichum sp., and Mucor sp., can
produce commercially important lipases. The strain, growth medium composition, cultivation
conditions, pH, temperature, and type of carbon and nitrogen sources all affect the amount of lipase
produced by filamentous fungal species (Sarikaya, 2004).

Lipolytic enzyme-producing Bacteria

Bacterial lipases could be intracellular or extracellular, but some bacterial types only produce
intracellular membrane-bound lipases. For example, the B. clausii species produces only intracellular
lipases (Lee & Park, 2008). Extracellular lipase-producing bacteria release lipases into the external
environment through various secretory systems (Angkawidjaja & Kanaya, 2006). Extracellular
bacterial lipases were first discovered in 1901 in Bacillus prodigiosus, Bacillus pyocyaneus, and
Bacillus fluorescens (K.E. E. Jaeger et al., 1994).

Most lipolytic bacteria are Gram-negative, but some Gram-positive bacteria can produce lipases. The
Bacillus species are gram-positive lipolytic bacteria, and two mesophilic strains, B. subtilis and B.
pumilus, have the smallest true lipase (20 kDa) (Arpigny & Jaeger, 1999). B. thermocatenulatus and
B.stearothermophilus form lipases with identical properties. Their molecular mass is approximately 45
kDa, and they are highly active at pH 9.0 and 65 °C (Schmidt-Dannert et al., 1996). Streptococcal
enzymes are larger, with a molecular weight of approximately 75 kDa (van Oort et al., 1989). Most
bacterial lipases are used in the detergent industry and the synthesis of biodiesel due to their ability to
withstand harsh environments. These bacterial lipases should be purified for use in industries, because
purity affects the stability, enzyme activity and shelf life of the enzyme (Tomlinson et al., 2018).

General structure and catalytic activity of Lipases

The first lipase structures were discovered in Rhizomucor miehei (Brady et al., 1990). Microbial lipases
have molecular weights ranging from 20 to 60 kDa, but they are all members of the o/B hydrolase fold
protein family (Nardini & Dijkstra, 1999). Hydrolases are a type of enzyme whose activity is determined
by the catalytic triad of Serine (Ser), Histidine (His), and Aspartate (Asp) (Faouzi et al., 2015). All three
amino acid residues are found in the /B hydrolases in the order Ser-Asp-His; the Ser residues are all
placed in a conserved catalytic Glycine (Gly)-X-Ser-X-Gly sequence. This conserved pentapeptide
motif is found in all serine hydrolases and is vital for the catalytic activity of this class of lipases
(Schreck & Grunden, 2014). An oxyanion hole is a fundamental feature seen in several enzyme
structures (Kumari & Gupta, 2013).

Some microbial lipases possess a structure known as an oxyanion hole. The presence of hydrogen bonds
with two amino acids that form the lipase oxyanion hole stabilises the tetrahedral intermediate produced
during the catalytic mechanism of lipases (Casas Godoy ef al., 2012). Lipases are classified into three
kinds based on the preference of the "oxygen anion hole" in catalysing various substrates (Albayati et
al., 2020). Most lipases consist of an unstable domain called the "lid structure" (Sarmah et al., 2018).
Lipase mechanism actions are mainly described using two steps. There are interfacial activation and
catalysis, Lipases have two conformations: ‘closed’ and ‘open’. These two forms are in equilibrium,
and the equilibrium favours the closed conformation in solution (Bora et al., 2013).
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According to some studies, specific lipases possess a lid structure that features both hydrophilic and
hydrophobic faces (Ken Ugo ef al, 2017). The hydrophilic face is in touch with the aqueous
environment. In contrast, the hydrophilic face is hidden in the protein structure's core. When the
interface is introduced (triglycerides), its hydrophobic face becomes exposed. Then the enzyme will
switch to a "closed" conformation. Once triglyceride is released into the environment, a signal is sent
to the active site, exposing the hydrophobic face (in an open conformation) and allowing the substrate
to enter the active site. This will lead to catalysis (Lotti & Alberghina, 2007). Lipase activity depends
on the environment or solvent in which it is present and the presence of a suitable conformation. It
means the efficacy of interfacial activation depends on the solvent in which they are present. (Priyanka
et al., 2019).

Classification of bacterial lipolytic enzymes.

Twenty-four years ago, scientists Arpigny and Jaeger discovered that bacteria could produce different
classes of lipolytic enzymes, including carboxylesterases, true lipases and phospholipases (Arpigny &
Jaeger, 1999). They present the bacterial classification based on protein sequence and physiological
properties. The 3D structure of lipolytic enzymes exhibits a characteristic &/p hydrolase fold and a
defined order of a-helices and p-sheets. Initially, Arpigny and Jaeger classified bacterial lipases into
eight families (I-VIII) based on the diversity of amino acid sequences and the biological properties of
lipolytic enzymes (Arpigny & Jaeger, 1999; Jaeger et al., 1994). Among all those families, family I is
the broadest family, and it is called "true lipases". Another name for the family of lipolytic enzymes is
true lipases (Ramnath et al., 2017).

Further studies conducted by Hausmann and Jaeger in 2010 revealed the further expansion of bacterial
lipolytic enzyme classification. The study revealed that the classification could be further divided into
19 families and eight true lipase subfamilies based on phylogenetic criteria, conserved sequence motifs,
and biological functions (Kovacic ef al., 2019). Recently, this classification was further divided into 35
families and 11 actual lipase sub-families (Hitch & Clavel, 2019).

Production of Microbial Lipases.

Microorganisms usually produce these enzymes in the presence of a carbon source such as
triacylglycerols, fatty acids, hydrolysable esters, Tweens, bile salts, and glycerol (Gupta et al., 2004).
Lipidic carbon sources are crucial for high lipase yield, while nitrogen and micronutrients are essential
for growth and production optimisation. Alternative media, such as sugars, oils, peptone, yeast extract,
malt extract, and agro-industrial residues, fulfil these nutritional requirements (Treichel et al., 2010).
The production of lipases from microorganisms, such as bacteria and fungi, requires specific reaction
variables, including temperature, pH, substrate, and production medium, which are crucial for isolating
and developing commercially valuable products. Numerous fermentation techniques can be used for
the production of lipases (Faryad e al., 2020). Fermentation is a well-known method that can be used
to convert complex substrates to simpler molecules. The two primary techniques for producing enzymes
are solid-state fermentation (SSF) and submerged fermentation (SmF), each with distinct benefits over

the other (Rigo et al., 2009).

Microorganisms are suspended in a liquid production medium with precisely controlled amounts of
dissolved nutrients as part of the submerged fermentation procedure. Due to its homogeneity and ease
of use, it has advantages over various strategies (Aravindan et al., 2007). The SSF procedure is
conducted in the absence of moisture and utilises a solid substrate. Therefore, to initiate the proper
growth of microorganisms, the substrate should contain the necessary nutritional components and the
optimal amount of moisture (Faryad ef al., 2020). Another method of lipase production is cell
immobilisation. The physical or chemical entrapment of biological agents on a solid matrix, such as an
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alginate matrix, is a characteristic of the immobilisation approach. The production of lipases from
microbes is commonly used to protect microbial cells from extreme environmental conditions, such as
temperature fluctuations, varying pH levels, and shear stress (Oliveira ef al., 2018).

Applications of microbial lipases and lipolytic organisms

Wastewater treatment

The use of lipases from various sources to treat wastewater from lipid-processing companies,
restaurants, and slaughterhouses is a novel method in enzyme biotechnology that prepares the
wastewater for standard biological treatment (Adetunji & Olaniran, 2021). Several researchers have
studied the potential for treating wastewater containing oil and grease by using physicochemical and
biological methods (Abdulsalam et al., 2011; Wong ef al., 2007). Oil and Grease constituents could
lead to various issues in treatment plants and potentially reduce plant performance. Several problems
these constituents might cause include slowing down sedimentation due to the growth of filamentous
microorganisms, bulking sludge development, clogging, and foul odours. Therefore, pre-treatment of
those oil and grease-containing effluents can reduce the above issues (Karigar & Rao, 2011). Bacterial
consortia have been developed to provide optimal inoculum for treating high-intensity oil and grease
wastewater. (Mongkolthanaruk and Dharmsthiti, 2002; Prasad and Manjunath, 2011). One example of
the interaction between lipase-secreting yeast, such as Candida cylindracea, which can assimilate
glycerol, and bacteria, such as Burkholderia arboris, illustrates the fundamental importance of yeast-
bacteria symbiosis in the biodegradation of oil and grease (0&G) (Kanmani ef al., 2015).

Not only microorganisms, but also their enzymes, are used to treat wastewater containing fat. In an
activated sludge system, the lipases perform an essential role, Lipids in an activated sludge system
comprise 30-40 % of the total volume. The effect of adding a lipase-rich enzyme pool to an activated
sludge system under high-fat-containing conditions has been studied (Wang et al., 2022). However, the
continuous addition of enzymatic preparations is very costly; therefore, scientists suggested using them
as a backup strategy during periods of high fat content in the effluent (Damascene et al., 2008).
Immobilised enzymes and whole-cell biocatalysts can also remediate fat and oil. Immobilised lipase
has contributed to the hydrolysis of 0&G components in food manufacturing effluent without pre-
treatment; the reductions in COD and O&G were 49% and 45%, respectively. With immobilised lipase
pre-treatment, the reduction was 65% and 64%, respectively (Jeganathan et al., 2007).

Lipolytic bacteria immobilised on different matrices were used in a grease trap system for restaurant
effluent. When the O&G concentration reaches 5,000 mg/L, the matrix-based trap system eliminates
large amounts of O&G and COD (Nisola et al., 2009). Oil and grease-containing wastewater can be
converted into precious products by microbial lipase, The lipid contents trapped in taps and other
equipment can be recovered, and the recovered lipids can be used in the production of biodiesel through
lipase-catalysed esterification or transesterification reactions (Montefrio et al., 2010). Lipase and
protease products have been used as a cleaning-in-place approach in dairy businesses to eliminate milk
fouling deposits from stainless steel panels (Montefrio ef al., 2010). A crucial aspect of bioremediation
is that the microbe and enzyme must be able to survive and function efficiently in the field, To address
this, new microorganisms and extremophilic enzymes with temperature, pH, or organic solvent
tolerance must be identified and applied through comprehensive and gradual screening programs
(Ayilara & Babalola, 2023). Several lipase-producing Microorganisms isolated from contaminated
environments have been used alone or in consortia to carry out oil and grease bioremediation. (Table 1)
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Table 01: Several lipase-producing Microorganisms isolated from contaminated environments

have been used alone or in consortia to treat wastewater.
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wal et al., 2011) I
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Isolated Industrial Restaurant Oil- Crude oil Fat and oil- ;
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oil mills.
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s of structures structural lipopeptide interesterific
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Efficienc | 80% 97.42% 95%COD | 75.88% Within 12
yof decrease removal of reduction utilisation days of
Degradin in lipid oil and at a 2-day rate of incubation,
g Lipid- content grease hydraulic waste the lipid
Rich after 48 present in retention cooking oil content
Wastewat hours. restaurant period. content. decreased
er wastewater Complete from 25,000
after 24 lipid mg/L to
hours. degradation about 80
occurs after mg/L, and
72 hours. the average
BOD value
decreased
from 3200
mg/L to less
! than 40
mg/L.
i Microorg Pseudom Lactobacillu Yarrowia Bacillus B. subtilis,
anisms/C onas s bacterial lipolytica subtilis B.
onsortia aeruginos consortia NCIM YZQ-2 licheniformis
a (Bacillus sp., 3589 , B.
Pseudomona amyloliquifa
s sp., and ciens, S.
Lactobacillu marsescens,
s sp.) P.
aerginosa,
and S.
aureus
Detergent industry

One of the essential and significant applications of lipases is their use as detergent additives in laundry
: detergents and household products. In most developed countries, enzymes are used for the production
¢ of detergents. Removing fat and oil patches from fabrics is challenging, but lipases present in detergents
| help to hydrolyse fat and oil (Mehendale ef al., 2022), Lipase used in detergent production must be
robust and compatible under stressful circumstances at a wide temperature range for use in the detergent
industry (Thermophiles and the Applications of Their Enzymes as New Biocatalysts, 2019). According
to estimates, approximately 1,000 tons of lipases are added to around 13 billion tons of detergent
annually (Mehta et al., 2017).

The use of lipase enzymes in detergent production offers several benefits, including reducing washing

time and extending the lifespan of fabrics (Ken Ugo et al., 2017). Lipases for detergent manufacturing

i need to meet the following criteria: (i) ability to hydrolyse fats of various compositions (lower

" specificity to the substrate); (ii) ability to withstand relatively harsh washing conditions (pH 9.0-11.0,
30-60°C); and (iii) ability to withstand with harmful surfactants (linear alkyl benzene sulfonates) and
enzymes (proteases), both of which are significant components of several detergent formulations
(Sharma et al., 2001).
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Production of biodiesel

Biodiesel, commonly referred to as biofuel, is composed of esters derived from long-chain fatty acids
and short-chain alcohols (Kalscheuer ef al., 2006). Currently, biodiesel catalysts are classified as alkali,
acid, or enzyme. Among these, the use of enzymes which are both environmentally friendly and
economical. Lipases are enzymes that catalyse the trans-esterification process, converting fatty acids
and short-chain alcohols into methanol (Lotti et al, 2015). The major difficulty with biofuel
manufacturing is the chemical synthesis process, which utilises an acid or base as a catalyst. The main
disadvantages of this technique are its high energy requirements, soap production, and the generation
of environmentally toxic acid- or alkali-based effluent (Noureddini ef al., 2005). Utilising microbial
enzymes as biocatalysts to produce biodiesel can help overcome these challenges.

Multiple strategies are now being employed to produce biodiesel via lipase-mediated transesterification
of oils. Immobilisation is one of them. Immobilisation is a technological procedure that binds enzymes
within or on the outermost layer of a solid support, resulting in a heterogeneous enzyme system (Tan ef
al., 2010). Another method that could be used for biofuel manufacturing via lipases is the whole-cell
approach. Although the production of lipases using microorganisms is relatively straightforward, the
purification and extraction of the enzyme are complex processes. Therefore, scientists found that the
whole-cell approach is more convenient for biofuel production (Fukuda ef al., 2001).

Novel lipase-producing B. subtilis strains that are isolated from oil-contaminated wastewater have an
excellent ability for both the remediation of vegetable oil effluents and for producing biofuels from non-
edible plant oils (Rana ef al., 2019). Production of biodiesel at low temperatures and the use of
biocatalysts have a benefit over chemical synthesis because biodiesel generation at low temperatures
decreases the cost and energy consumption of the process (Rana ef al., 2019), another study showed
that Microbacterium sp. could be a valuable source of lipase enzyme, which is employed in the
transesterification processes for biodiesel generation (Tripathi ef al., 2014).

Biodegradation of Plastics

Polyethene-terephthalate (PET), Polyamides (PA), Polystyrene (PS), Polyvinyl chloride (PVC),
Polycaprolactone (PCL), Polyurethane (PUR), and many more types of plastics are being used in
everyday life. Most of these synthetic polyester plastics (PoE) are non-biodegradable. Those PoE are
disposed of in landfills, which leads to environmental pollution. Therefore, this issue needs an urgent
solution (Tserki et al., 2006). As a solution to this issue, bioplastics have been introduced as a clean and
green technology, allowing microorganisms to utilise these bioplastics. Thus, plastic degradation
mediated by microbial enzymes has been regarded as a potential answer to this global issue (Tokiwa e/
al., 2009).

Various strategies for the breakdown of polyester-based materials have been researched over time.
Lipase-assisted technology exhibits broad substrate specificity and exceptional potential to catalyse the
hydrolysis and depolymerisation of polyesters (Amin et al, 2022). P. protegens BC2-12, P. protegens
CHAQO, P. protegens Pf-S, P. fuorescens AS06 and Pf0-1, and P. chlororaphis are lipase-making
bacteria which can biodegrade polyurethanes (PUR) (Chandra ef al., 2020). PueB lipase from Gram-
negative P. chlororaphis was one of the first enzymes discovered to act on PUR (Danso et al., 2019).

PueB lipase from Gram-negative . pelagia (PpelaLip) is used in the in silico genome mining technique
(Aiman et al., 2018). Pseudomonas sp. significantly degraded polyurethane. P. aeruginosa has been
shown to produce a large number of extracellular lipases, which aid in the breakdown of aromatic-
aliphatic polyesters and polyester amides (Wilkes & Aristilde, 2017).
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Leather industry

The leather products sector makes an important contribution to the development of countries that
manufacture high-quality leather. The leather industry is one of the sectors that contributes significantly
to environmental pollution. Pre-tanning, tanning, and post-tanning are the three crucial steps in the
leather industry. It has been observed that the tanning stage, which specialises in turning raw animal
hides into leather, is said to be the most environmentally harmful of the three, which account for around
80% of all industrial emissions (Roy, 2012). Pollution occurs due to the use of several chemicals in the
leather industry. Some of them are sodium sulphide, salts, solvents (trichloroethane, wine spirit,
marlophen), lime, and surfactants (Jayanthi et al., 2019).

To send animal skin for the tanning process, excess fat in the skin should be removed. This step, known
as leather degreasing, is part of the pre-tanning process. (Rosa et al., 2017). The tannery effluents
released during leather processing cause hazardous effects on humans and animals. Microbial enzymes
are used in pre-tanning operations as a solution to overcome those hazardous problems (Kamini et al.,
1999). Lipases cannot damage the leather; instead, they only degrade the fat layer. This lipase can
remove fat inside the skin structure. Alkaline lipases are used to speed up the liming process (Hasan et
al., 2006).

Degreasing is crucial in processing fatty raw materials, such as small animal skins and hides from
specific animals. (Moujehed et al.,, 2022) In many cases, degreasing is performed using aqueous
emulsification with detergents or solvent extraction. The solvents used in this process are kerosene,
petrol, trichloroethylene and surfactants. Those compounds can contribute to environmental pollution,
and they are also highly hazardous to individuals working in the leather industry. (Dixit et al., 2015)
The leather sector utilised commercial microbial lipases during the last few years. Some studies have
revealed effective microbial lipases that can be utilised in the leather industry (Table 2).

Table 02: Commercially available lipases and other lipases that can be used in the leather
industry that contain microbial lipases.

Microbial lipases Applications in the Leather Industry. Reference
Microbial Lipase from Efficient in degreasing sheepskins and lowering (Moujehed et al,
Yarrowia lipolytica (LIP2 the quantity of hazardous compounds. 2022)
lipase)

Geobacillus thermoleovorans | As an environmentally friendly degreasing (Abol Fotouh et
DAZ2 (Thermo-alkaliphilic chemical, it lowers lipid content and improves al., 2016)

lipase) leather quality.

Microbial Lipase from Utilised to degrease suede leather products made | (Muthukumaran
Rhizopus nodosus. from wooled sheep hides. & Dhar, 1982)
Lipase from Aspergillus Used for degreasing leather. (Adetunji &
niger Olaniran, 2021)
NovoCor ABL and NovoCor | Used for acid-bating of wool and fur, (Fact et al., 2020)
ADL, NovoLime (a

combination of microbial
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acid lipase and acid

proteases)
Lipases from Aspergillus The enzyme has a 92% fat solubility and can be (Dayanandan er
tamarii MTCC5152 used in tanning and fleshing applications. al., 2013)

Greasex (microbial alkaline
lipase) and NovoCor A
(microbial acid lipase)

Used for degreasing leather.

(Thanikaivelan et
al., 2004)

Forenzym BT (pancreatic
trypsin, bacterial lipase, and
protease)

Used for baiting.

(Thanikaivelan et
al., 2004)

Forenzym WG-L (bacterial

acid lipase), Forenzym DG

(bacterial lipase), Forenzym
SK (bacterial lipase)

Used for soaking and dehairing.

(Thanikaivelan et
al., 2004)

Pulp and paper industry

Certain kinds of timber, mainly pines, contain lipophilic extractives, the majority of which are resin-
acidic substances, triglycerides, esters, terpenes, terpenoids, and waxes. Once these chemicals,
carbohydrates, and lignin are released into the process fluids during mechanical pulping, they trigger
production-related problems in the pulp and paper industry (Rundl6f ef al., 2000). Since the 1990s,
microbial enzymes have been used in the pulp and paper industry to modify raw starch and control pitch
(Bajpai, 1999). Pitch creates unfavourable conditions in the paper production process, but the microbial
lipases employed for eliminating pitch have no negative impact on the environment or paper quality
(Houde ef al., 2004). Lipase for wastepaper deinking can enhance pulping rate and brightness, reduce
chemical consumption, increase equipment life, lower pollution, save energy and time, and minimise
the cost. Lipase from Pseudomonas species (KWI-56) is added to a deinking composition to increase
whiteness and decrease remaining ink stains (Nathan & Rani, 2020).

Oil biodegradation

Researchers have discovered that monitoring soil microbial lipase activity is crucial for determining the
effectiveness of diesel oil degradation in recently contaminated soils (Riffaldi er al., 2006). Oil spills in
coastal areas can be degraded by fungi, which might enhance ecorestoration and enzymatic oil
processing in industrial applications (Hasan et al, 2006). The breakdown of petroleum-based
hydrocarbons in colder environments, such as Alpine soils, is typically triggered by naturally occurring
microbes adapted to cold environments, which can degrade these types of pollutants (Margesin ef al.,
2003). According to a study carried out by Deive and Sanroma (2010, Shake bottles and a bench-scale
bioreactor have both been used to study the biodegradation of waste cooking oil and its use as a booster
of lipase synthesis in Yarrowia lipolytica. The discovery of effective methods for biodegrading waste
oils and fats would be beneficial. Studies on this subject focus on utilising waste oil as a source material
to produce biodiesel. They discovered that microbial lipases can be utilised to facilitate these processes
(Adamczak ef al,, 2009). Vegetable oils can be biodegraded by a variety of microbes, including both
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aerobic and anaerobic ones, but the chemical composition of the oil can influence this process (Pereira
et al., 2003).

Food industry

In recent years, the food manufacturing industry has increasingly sought novel, cost-effective, and eco-
friendly technologies, particularly in the realm of fat and oil modification (Aravindan et al., 2007).
When processing fish meat, lipases are added to remove fat; this process is known as biolipolysis.
Additionally, lipases play a crucial role in the fermentation phases of the sausage-making process, as
well as in regulating changes in the long-chain fatty acids produced during the ripening process (Seitz,
1974).

Microbial lipases are also used in the dairy industry for the hydrolysis of milk fat. Some of the uses of
microbial lipases include enhancing the flavour of cheese, increasing the rate of cheese ripening,
lipolysis of butterfat and milk, and producing cheese-like products (Jooyandeh et al., 2009). During
lipid hydrolysis, it releases short-chain fatty acids, which help enhance the flavour of milk-based
products. Moreover, hydrolysis of medium-chain fatty acids enhances the soapy taste (Hasan et al,
2006). The following biochemistry is responsible for the enhanced flavour of dairy products. When free
fatty acids, soluble peptides, and amino acids are formed during the dairy product's maturing stage, the
flavours improve faster. Lipases have been utilised to enhance the flavour of coffee whiteners and
impart a creamy, buttery texture to toffees and caramel (Beloqui et al., 2008). By using enzymes,
bakeries can improve crumb structure, boost and regulate non-enzymatic browning, raise loaf volume,
and prolong the shelf life of bread. The enzyme industry provides a range of enzymes that can help with

these purposes. Bread and pastry products contain lipases from A. niger, R. oryzae, and C.
cylindricalceae (Hasan et al., 2006).

Pharmaceutical industry

Microbial lipases can be used to enrich polyunsaturated fatty acids ( PUFAs), which are gained from
animal and plant lipids (Carvalho et al., 2003). Also, a variety of pharmaceuticals are produced using
their mono and diacylglycerides (Ray, 2012). The production of nutraceuticals is another key aspect of
this industry. In addition to their routine nutritional value, nutraceuticals (nutritional ingredients) offer
a range of health benefits. ( Reyes es al, 2022) Some biotechnological applications, such as
immobilisation, are used to extract and add these nutraceuticals to common food items. Lipases from
C. Antarctica and Lactobacillus ruteri were used in immobilisation. (Linko & Wu, 1996).

Conclusion and recommendations

Enzymes play a key role in industrial processes as catalysts. Depending on the substrate, enzymes can
catalyse any biological or chemical reaction relevant to that substrate. Various types of enzymes are
found abundantly in nature as biological catalysts. Lipolytic enzymes can be biologically produced
using microorganisms, Those microorganisms can produce intracellular or extracellular lipases. These
extracellular lipases are suitable for the bulk production of lipases, which are required for various
industries, According to the nature of the isolated microorganism site, the properties of the extracted
lipase enzymes can vary. For example, lipases isolated from extreme environments can produce more
stable enzymes under extreme conditions, such as high temperatures or acidic pH levels. Although
lipases can be produced through chemical methods, there is an increasing demand for microbial lipases.
Recently, there has been a significant increase in the commercial use of microbial lipases. In recent
years, researchers have carried out numerous studies to identify effective new microbial lipases.
Multiple studies were conducted to introduce innovative biotechnological processes utilising novel
lipolytic microorganisms. This review provides updated information on the role of microorganisms in
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enzyme production, industrially important lipolytic enzyme-producing microorganisms, the
classification of bacterial lipolytic enzymes, the general structure and catalytic activity of lipase, and
the applications of microbial enzymes in various industries, including wastewater treatment, detergent
production, and biodiesel production,

As future aspects of enzyme technology, novel microbial lipases can be isolated with broad lipase
characteristics. The research focuses on several key areas related to lipase applications. This includes
the development of immobilised microbial lipase on various carriers for treating wastewater and other
industrial applications, the creation of genetically engineered lipases that are more effective than natural
ones, and the combination of lipases with other enzymes for use in the leather industry. Additionally,
the development of new bacterial consortia is being explored to enhance the biodegradation of fats and
oils. These efforts aim to produce more efficient and effective lipases in future.

Additionally, optimising lipase-catalysed reactions for scaling up processes will be the focus of future
studies. Research on the isolation and production of novel lipases with unique characteristics is
currently ongoing using bioinformatics tools and recombinant DNA technology. Several studies are
focused on genetically modifying and improving microbial lipases to enhance their thermostability,
catalytic activity, and solvent tolerance, which are essential for meeting industrial standards.
Additionally, studies on commercial lipases can be improved by giving better consideration to the site
of isolation, enzymology, biochemistry, and their applications across various industries.

Reference

Abdulsalam, S., Bugaje, I. M., Adefila, S. S., & Ibrahim, S. (2011). Comparison of biostimulation and
bioaugmentation for remediation of soil contaminated with spent motor oil. International
Journal of Environmental Science and Technology, 8(1), 187-194.
https://doi.org/10.1007/BF03326208

Abol Fotouh, D. M., Bayoumi, R. A., & Hassan, M. A. (2016). Production of Thermoalkaliphilic
Lipase from Geobacillus thermoleovorans DA2 and Application in Leather Industry. Enzyme
Research, 2016. https://doi.org/10.1155/2016/9034364

Adamczak, M., Bornscheuer, U. T., & Bednarski, W. (2009). The application of biotechnological
methods for the synthesis of biodiesel. European Journal of Lipid Science and Technology,
111(8), 800-813. https://doi.org/10.1002/¢j1t.200900078

Adetunji, A. L., & Olaniran, A. O. (2021). Production strategies and biotechnological relevance of
microbial lipases: a review. Brazilian Journal of Microbiology, 52(3), 1257-1269.
https://doi.org/10.1007/s42770-021-00503-5

Aiman, S., Shehroz, M., Munir, M., Gul, S., Shah, M., & Khan, A. (2018). Species-Wide Genome
Mining of Pseudomonas putida for Potential Secondary Metabolites and Drug-Like Natural
Products Characterization Proteomics & Bioinformatics. 11(1), 1-1.
https://doi.org/10.4172/jpb.1000460

Albayati, S. H., Masomian, M., Ishak, S. N. H,, Ali, M. S. B. M., Thean, A. L., Shariff, F. B. M,,
Noor, N. D. B. M., & Rahman, R. N. Z. R. A. (2020). Main structural targets for engineering
lipase substrate specificity, Catalysts, 10(7), 747, https://doi.org/10.3390/catal 10070747

Ali, S., Khan, S. A., Hamayun, M., & Lee, 1. J. (2023). The Recent Advances in the Utility of
Microbial Lipases: A Review, In Microorganisms (Vol. 11, Issue 2). Multidisciplinary Digital
Publishing Institute (MDPI), https://doi.org/10.3390/microorganisms11020510

Amin, M., Bhatti, H. N,, & Bilal, M. (2022). Microbial Lipases for Polyester Degradation (pp. 71—
92). Springer, Singapore. https:/doi.org/10,1007/978-981-16-4574-7_4

Angkawidjaja, C., & Kanaya, S, (2006). Family 1.3 lipase: Bacterial lipases secreted by the type I
secretion system. Cellular and Molecular Life Sciences, 63(23), 2804-2817.
https://doi.org/10.1007/S00018-006-6172-X/METRICS

Aravindan, R., Anbumathi, P., & Viruthagiri, T. (2007). Lipase applications in food industry. Indian
Journal of Biotechnology, 6(2), 141-158.

Arpigny, J. L., & Jaeger, K. E. (1999). Bacterial lipolytic enzymes: Classification and properties.

114




-

he Journal of Desk Research Review and Analysis, Vol. 3, Isswe 1, 2025, 103 - 119

Biochemical Journal, 343(1), 177-183. https://doi.org/10.1042/0264-6021:3430177

Ayilara, M. S., & Babalola, O. 0. (2023). Bioremediation of environmental wastes: the role of
microorganisms. Frontiers in Agronomy, 5(May), 1-15.
https://doi.org/10.3389/fagro.2023.1183691

Bajpai, P. (1999). Application of enzymes in the pulp and paper industry. Biotechnology Progress,
15(2), 147-157. https://doi.org/10.1021/bp990013k

Beloqui, A., de Maria, P. D., Golyshin, P. N., & Ferrer, M. (2008). Recent trends in industrial
microbiology. In Current Opinion in Microbiology (Vol. 11, Issue 3, pp. 240-248),
https://doi.org/10.1016/j.mib.2008.04.005

Bharathi, D., & Rajalakshmi, G. (2019). Microbial lipases: An overview of screening, production and
purification. Biocatalysis and Agricultural Biotechnology, 22, 101368,
https://doi.org/10.1016/J.BCAB.2019.101368

Bora, L., Gohain, D., & Das, R. (2013). Recent advances in production and biotechnological
applications of thermostable and alkaline bacterial lipases. Journal of Chemical Technology and
Biotechnology, 88(11), 1959-1970. https://doi.org/10.1002/jctb.4170

Brady, L., Brzozowski, A. M., Derewenda, Z. S., Dodson, E., Dodson, G., Tolley, S., Turkenburg, J.
P., Christiansen, L., Huge-Jensen, B., Norskov, L., Thim, L., & Menge, U. (1990). A serine
protease triad forms the catalytic centre of a triacylglycerol lipase. Nature, 343(6260), 767-770.
https://doi.org/10.1038/343767a0

Carvalho, P., Bueno Campos, P. R., D’Addio Noffs, M., De Oliveira, J. G., Tsunezi Shimizu, M., &
Da Silva, D. M. (2003). Application of microbial lipases to concentrate polyunsaturated fatty
acids. Quimica Nova, 26(1), 75-80. https://doi.org/10.1590/s0100-40422003000100014

Casas-Godoy, L., Duquesne, S., & Bordes, F. (2012). Lipases and Phospholipases. Methods Mol Biol,
861, 3-30. https://doi.org/10.1007/978-1-61779-600-5

Damascene, F. R. C., Freire, D. M. G., & Cammarota, M. C. (2008). Impact of the addition of an
enzyme pool on an activated sludge system treating dairy wastewater under fat shock loads.
Journal of Chemical Technology and Biotechnology, 83(5), 730-738.
https://doi.org/10.1002/jctb.1863

Danso, D., Chow, J., & Streita, W. R. (2019). Plastics: Environmental and biotechnological
perspectives on microbial degradation. In Applied and Environmental Microbiology (Vol. 85,
Issue 19). Appl Environ Microbiol. https://doi.org/10.1128/AEM.01095-19

Dayanandan, A., Rani, S. H. V., Shanmugavel, M., Gnanamani, A., & Rajakumar, G. S. (2013).
Enhanced production of Aspergillus tamarii lipase for recovery of fat from tannery fleshings.
1095, 1089-1095.

De Romo, A. C. (1989). Tallow and the time capsule: Claude Bernard’s discovery of the pancreatic
digestion of fat. History and Philosophy of the Life Sciences, 11(2), 253-274.

Deive, F. J., & Sanroma, M. A. (2010). Biodegradation and utilisation of waste cooking oil by
Yarrowia lipolytica CECT 1240. 1200-1208, https://doi.org/10.1002/¢j1t.201000049

Dixit, S., Yadav, A., Dwivedi, P, D., & Das, M. (2015). Toxic hazards of leather industry and
technologies to combat threat: A review. Journal of Cleaner Production, 87(C), 39-49.
https://doi.org/10.1016/j.jclepro.2014.10.017

Fact, C., Chandra, P,, Singh, R., & Arora, P, K, (2020). Microbial lipases and their industrial
applications : a comprehensive review, In Microbial Cell Factories. BioMed Central.
https://doi.org/10.1186/512934-020-01428-8

Faouzi, L., Fatimazahra, E. B., Moulay, S., Adel, S., Wifak, B., Soumya, E., Iraqui, M., & Saad, K. 1.
(2015). Higher tolerance of a novel lipase from Aspergillus flavus to the presence of free fatty
acids at lipid/water interface, African Journal of Biochemistry Research, 9(1), 9-17.
https://doi.org/10.5897/ajbr2014.0804

Faryad, A., Ataa, A., & Joyia, F. A. (n.d.). Microbial lipase production : A deep insight into the recent
advances of lipase production 2. The Structure and Catalytic Reactions of Lipases : A Brief
Overview. 1-14, https://doi.org/10.1002/bab.2019

Fukuda, H., Kondo, A., & Noda, H. (2001). Biodiesel fuel production by transesterification of oils. In
Journal of Bioscience and Bioengineering (Vol. 92, Issue 5, pp. 405-416). Elsevier.
https://doi.org/10.1016/S1389-1723(01)80288-7

Gupta, R., Gupta, N., & Rathi, P. (2004). Bacterial lipases: An overview of production, purification

115



The Journal of Desk Research Review and Analysis, Vol. 3, Issue 1, 2025, 103 - 119

and biochemical properties. In Applied Microbiology and Biotechnology (Vol. 64, Issue 6, pp.
763-781). Appl Microbiol Biotechnol. https://doi.org/10.1007/s00253-004-1568-8

Gupta, R., Kumari, A., Syal, P., & Singh, Y. (2015). Molecular and functional diversity of yeast and
fungal lipases: Their role in biotechnology and cellular physiology. Progress in Lipid Research,
J7(January), 40-54. https://doi.org/10.1016/j.plipres.2014.12.001

Hasan, F., Shah, A. A., & Hameed, A. (2006). Industrial applications of microbial lipases. Enzyme
and Microbial Technology, 39(2), 235-251.
https://doi.org/10.1016/J.ENZMICTEC.2005.10.016

Hitch, T. C. A., & Clavel, T. (2019). A proposed update for the classification and description of
bacterial lipolytic enzymes. PeerJ, 2019(7). https:/doi.org/10.7717/peerj.7249

Houde, A., Kademi, A., & Leblanc, D. (2004). Lipases and their industrial applications: an overview.
Applied Biochemistry and Biotechnology, 118(1-3), 155-170.
https://doi.org/10.1385/ABAB:118:1-3:155

Jaeger, K.-E. E., Ransac, S. S., Dijkstra, B. W., Colson, C., Heuvel, M., Misset, O., van Heuvel, M.,
& Misset, O. (1994). Bacterial lipases. FEMS Microbiology Reviews, 15(1), 29-63.
https://doi.org/10.1016/0168-6445(94)90025-6

Jayanthi, D., Victor, J. S., Chellan, R., & Chellappa, M. (2019). Green processing : minimising
harmful substances in leather making.

Jeganathan, J., Nakhla, G., & Bassi, A. (2007). Hydrolytic pre-treatment of oily wastewater by
immobilised lipase. Journal of Hazardous Materials, 145(1-2), 127-135.
https://doi.org/10.1016/j.jhazmat.2006.11.004

Jooyandeh, H., Kaur, A., & Minhas, K. S. (2009). Lipases in dairy industry: A review. Journal of
Food Science and Technology, 46(3), 181-189.

Kalscheuer, R., Sto, T., & Steinbu, A. (2006). Microdiesel : Escherichia coli engineered for fuel
production. 2529-2536. https://doi.org/10.1099/mic.0.29028-0

Kamini, N. R., Hemachander, C., Mala, J. G. S., & Puvanakrishnan, R. (1999). Microbial enzyme
technology as an alternative to conventional chemicals in leather industry. Current Science,
77(1), 80-86.

Kanmani, P., Aravind, J., & Kumaresan, K. (2015). An insight into microbial lipases and their
environmental facet. International Journal of Environmental Science and Technology, 12(3),
1147-1162. https://doi.org/10.1007/513762-014-0605-0

Karigar, C. S., & Rao, S. 8. (2011). Role of microbial enzymes in the bioremediation of pollutants: A
review. In Enzyme Research (Vol. 2011, Issue 1). Enzyme Res.
https://doi.org/10.4061/2011/805187

Ken Ugo, A., Vivian Amara, A., CN, 1., & Kenechuwku, U. (2017). Microbial Lipases: A Prospect
for Biotechnological Industrial Catalysis for Green Products: A Review. Fermentation
Technology, 06(02). https://doi.org/10.4172/2167-7972.1000144

Kovacic, F., Babic, N., Krauss, U., & Jaeger, K.-E. (2019). Classification of Lipolytic Enzymes from
Bacteria. In Aerobic Utilization of Hydrocarbons, Oils, and Lipids. https://doi.org/10.1007/978-
3-319-50418-6_39

Kovaliov, M., Allegrezza, M. L., Richter, B., Konkolewicz, D., & Averick, S. (2018). Synthesis of
lipase polymer hybrids with retained or enhanced activity using the grafting-from strategy.
Polymer, 137, 338-345, https://doi.org/10.1016/j.polymer.2018.01.026

Kumari, A., & Gupta, R. (2013). Phenylalanine to leucine point mutation in oxyanion hole improved
catalytic efficiency of Lip12 from Yarrowia lipolytica. Enzyme and Microbial Technology,
53(6-7), 386-390. https://doi.org/10.1016/J.ENZMICTEC.2013.08.004

Lee, S. H., & Park, D. H. (2008). Isolation and physiological characterisation of Bacillus clausii
SKAL-16 isolated from wastewater. Journal of Microbiology and Biotechnology, 18(12), 1908—
1914. https://doi.org/10.4014/jmb.0800.175

Linko, Y. Y., & Wu, X. Y. (1996). Biocatalytic production of useful esters by two forms of lipase
from Candida rugosa. Journal of Chemical Technology and Biotechnology, 65(2), 163~170.
https://doi.org/10.1002/(SICI)1097-4660(199602)65:2<163::AID-JCTB416>3.0.CO;2-C

Lotti, M., & Alberghina, L. (2007). Lipases: Molecular structure and function. Industrial Enzymes.
Structure, Function and Applications, 263-281. https://doi.org/10,1007/1-4020-5377-0_16

Lotti, M., Pleiss, J., Valero, F., & Ferrer, P. (2015). Effects of methanol on lipases: Molecular, kinetic

116



The Journal of Desk Research Review and Analysis, Vol. 3, Issue 1, 2025, 103 - 119

and process issues in the production of biodiesel. In Biotechnology Journal (Vol. 10, Issue 1, pp.
22-30). Biotechnol J. https://doi.org/10.1002/biot.201400158

M P Prasad & K Manjunath. (2011). Comparative study on biodegradation of lipid-rich wastewater
using lipase producing bacterial species. Indian Journal of Biotechnology, 10, 121124,

Margesin, R., Labbé, D., Schinner, F., Greer, C. W., & Whyte, L. G. (2003). Characterisation of
hydrocarbon-degrading microbial populations in contaminated and pristine Alpine soils. Applicd
and Environmental Microbiology, 69(6), 3085-3092. https://doi.org/10.1128/AEM.69.6.3085-
3092.2003/FORMAT/EPUB

Mehendale, N., Aurobindo, A., & Kakatkar, S. (2022). A Review on Applications of FPGAs. SSRV
Electronic Journal, 6. https://doi.org/10.2139/ssrn.4094931

Mehta, A., Bodh, U., & Gupta, R. (2017). Fungal lipases: A review. Journal of Biotech Research,
8(1), 58-77.

Mongkolthanaruk, W., & Dharmsthiti, S. (2002). Biodegradation of lipid-rich wastewater by a mixed
bacterial consortium. International Biodeterioration & Biodegradation, 50(2), 101-105.
https://doi.org/10.1016/S0964-8305(02)00057-4

Montefrio, M. J., Xinwen, T., & Obbard, J. P. (2010). Recovery and pre-treatment of fats, oil and
grease from grease interceptors for biodiesel production. Applied Energy, 87(10), 3155-3161.
https://doi.org/10.1016/j.apenergy.2010.04.011

Moujehed, E., Zarai, Z., Khemir, H., Miled, N., Behir, M. S., Gablin, C., Bessueille, F., Bonhommé,
A., Leonard, D., Carriére, F., & Aloulou, A. (2022). Cleaner degreasing of sheepskins by the
Yarrowia lipolytica LIP2 lipase as a chemical-free alternative in the leather industry. Colloids
and Surfaces B: Biointerfaces, 211. https://doi.org/10.1016/j.colsurfb.2021.112292

Muthukumaran, N., & Dhar, S. C. (1982). Comparative studies on the degreasing of skins using acid
lipase and solvent with reference to the quality of finished leathers. Leather Science, 2%(9), 417-
425,

Nardini, M., & Dijkstra, B. W. (1999). o/f hydrolase fold enzymes: The family keeps growing. In
Current Opinion in Structural Biology (Vol. 9, Issue 6, pp. 732-737). Elsevier Current Trends.
https://doi.org/10.1016/S0959-440X(99)00037-8

Nathan, V. K., & Rani, M. E. (2020). A cleaner process of deinking waste paper pulp using
Pseudomonas mendocina ED9 lipase supplemented enzyme cocktail. Environmental Science
and Pollution Research, 27(29), 36498-36509. https://doi.org/10.1007/s11356-020-0964 1-z

Nisola, G. M., Cho, E. S., Shon, H. K., Tian, D,, Chun, D. J., Gwon, E. M., & Chung, W. J. (2009).
Cell Immobilised FOG-Trap System for Fat, Qil, and Grease Removal from Restaurant
Wastewater. Journal of Environmental Engineering, 135(9), 876-884.
https://doi.org/10.1061/(asce)0733-9372(2009)135:9(876)

Noureddini, H., Gao, X., & Philkana, R. S. (2005). Inmobilised Pseudomonas cepacia lipase for
biodiesel fuel production from soybean oil. Bioresource Technology, 96(7), 769-171.
https://doi.org/10.1016/j.biortech.2004.05.029

Novirina Hendrasarie, Syahrul Romadon, RKH Putro, A. A. (2023). Use of Lactobacillus Bacteria to
Degrade Oil and Grease in Restaurant Wastewater. Romanian Journal of Applied Sciences and
Technology ISSN: 2668-778X, 16(SSN: 2668-778X), 150-157.

Oliveira, A. F., Bastos, R. G., & Torre, L. G. De. (2018). Highlights. Biochemical Engineering
Journal. https://doi.org/10.1016/j.bej.2018.12.014

Oswal, N., Sarma, P. M., Zinjarde, S. S., & Pant, A. (2002). Palm oil mill effluent treatment by a
tropical marine yeast. 85, 35-31.

Panizza, P., Syfantou, N., Pastor, F. 1. J., Rodriguez, S., & Diaz, P. (2013). Acidic lipase Lip 1.3 from
a Pseudomonas fluorescens-like strain displays unusual properties and shows activity on
secondary alcohols. Journal of Applied Microbiology, 114(3), 722-132.
https://doi.org/10.1111/jam.12089

Pereira, M. G., Mudge, S. M., & Latchford, J. (2003). Vegetable oil spills on salt marsh sediments:
comparison between sunflower and linseed oils. Marine Environmental Research, 56(3), 367-
385. https://doi.org/10.1016/S0141-1136(02)00309-4

Priyanka, P,, Tan, Y., Kinsella, G. K., Henehan, G. T., & Ryan, B. J. (2019). Solvent stable microbial
lipases: current understanding and biotechnological applications. Biotechnology Letters, 41(2),
203-220. https://doi.org/10.1007/s10529-018-02633-7

117



The Journal of Desk Research Review and Analysis, Vol. 3, Issue 1, 2025, 103 - 119

Ramnath, L., Sithole, B., & Govinden, R. (2017). Classification of lipolytic enzymes and their
biotechnological applications in the pulping industry. In Canadian Journal of Microbiology
(Vol. 63, Issue 3, pp. 179-192). Canadian Science Publishing. https://doi.org/10.1139/cjm-2016-
0447

Rana, Q. ul ain, Laiq Ur Rehman, M., Irfan, M., Ahmed, S., Hasan, F., Shah, A. A,, Khan, 8., &
Badshah, M. (2019). Lipolytic bacterial strains mediated transesterification of non-edible plant
oils for generation of high quality biodiesel. Journal of Bioscience and Bioengineering, 127(5),
609-617. https://doi.org/10.1016/j.jbiosc.2018.11.001

Ray, A. (2012). Application of Lipase in Industry. 2(2), 33-37.

Reyes-Reyes, A., Barranco, F. V., & Sandoval, G. (2022). and Nutraceutical Industry. Catalysts,
12(960), 1-24.

Riffaldi, R., Levi-Minzi, R., Cardelli, R., Palumbo, S., & Saviozzi, A. (2006). Soil biological
activities in monitoring the bioremediation of diesel oil-contaminated soil. Water, Air, and Soil
Pollution, 170(1-4), 3-15. https://doi.org/10.1007/s11270-006-6328-1

Rigo, E., Ninow, J. L., Polloni, A. E., Remonatto, D., Arbter, F., Vardanega, R., De Oliveira, D.,
Treichel, H., & Di Luccio, M. (2009). Improved lipase biosynthesis by a newly isolated
Penicillium sp. grown on agricultural wastes. Industrial Biotechnology, 5(2), 119-126.
https://doi.org/10.1089/ind.2009.5.119

Rosa, R., Pini, M., Neri, P., Corsi, M., Bianchini, R., Bonanni, M., & Ferrari, A. M. (2017).
Environmental sustainability assessment of a new degreasing formulation for the tanning cycle
within leather manufacturing. Green Chemistry, 19(19), 4571-4582.
https://doi.org/10.1039/c7gc01900a

Roy, C. (2012). Munich Personal RePEc Archive A Study on Environmental Compliance of Indian
Leather Industry its Far-reaching Impact on Leather Exports A Study on Environmental
Compliance of Indian Leather Industry & its Far-reaching Impact on Leather Exports. 41386.

Rundléf, M., Htun, M., Hglund, H., & Wagberg, L. (2000). Mechanical pulp fines of poor quality -
characteristics and influence of white water. Journal of Pulp and Paper Science, 26(9), 308-

316.
Sarikaya, E. (2004). Investigation of lipase production by a new isolate of Aspergillus sp . Kebabc

2003, 193-197.

Sarmah, N., Revathi, D., Sheelu, G., Yamuna Rani, K., Sridhar, S., Mehtab, V., & Sumana, C. (2018).
Recent advances on sources and industrial applications of lipases. Biotechnology Progress,
34(1), 5-28. https://doi.org/10.1002/btpr.2581

Sarmurzina, Z. S., Kozhakhmetov, S. S., Anuarbekova, S. S., Shaikhin, S. M., & Almagambetov, K.
K. (2013). Screening of lipid degrading microorganisms for wastewater treatment. Malaysian
Journal of Microbiology, May 2014. https://doi.org/10.21161/mjm.49612

Schmidt-Dannert, C., Rua, M. L., Atomi, H., & Schmid, R. D. (1996). Thermoalkalophilic lipase of
Bacillus thermocatenulatus. I. Molecular cloning, nucleotide sequence, purification and some
properties. Biochimica et Biophysica Acta - Lipids and Lipid Metabolism, 1301(1-2), 105-114.
https://doi.org/10.1016/0005-2760(96)00027-6

Schreck, S. D., & Grunden, A. M. (2014). Biotechnological applications of halophilic lipases and
thioesterases. Applied Microbiology and Biotechnology, 98(3), 1011-1021.
https://doi.org/10.1007/s00253-013-5417-5

Seitz, E. W. (1974). Industrial application of microbial lipases: A review. Journal of the American Qil
Chemists’ Society, 51(2), 12-16. https://doi.org/10.1007/BF02545206

Sharma, R., Chisti, Y., & Banerjee, U, C. (2001). Production, purification, characterisation, and
applications of lipases. Biotechnology Advances, 19(8), 627-662. https://doi.org/10.1016/S0734-
9750(01)00086-6

Tan, T., Lu, J., Nie, K., Deng, L., & Wang, F. (2010). Biodiesel production with immobilised lipase:
A review. In Biotechnology Advances (Vol. 28, Issue 5, pp. 628-634). Elsevier.
https://doi.org/10.1016/j.biotechadv.2010.05.012

Thanikaivelan, P., Rao, J. R., Nair, B. U., & Ramasami, T. (2004). Progress and recent trends in
biotechnological methods for leather processing. In Trends in Biotechnology (Vol, 22, Issue 4,
pp. 181-188). Trends Biotechnol. https://doi.org/10.1016/j.tibtech.2004.02.008

Thermophiles and the Applications of Their Enzymes as New Biocatalysts, 280 Bioresource

118



The Journal of Desk Research Review and Analysis, Vol, 3, Issue 1, 2025, 103 - 119

Technology 478 (2019).

Tokiwa, Y., Calabia, B. P., Ugwu, C. U., & Aiba, S. (2009). Biodegradability of plastics. In
International Journal of Molecular Sciences (Vol. 10, Issue 9, pp. 3722-3742). Int J Mol Sci.
https://doi.org/10.3390/ijms 10093722

Tomlinson, B., Maynou, F., Sabatés, A., Fuentes, V., Canepa, A., & Sastre, S. (2018). Ac Us Us.
Estuarine, Coastal and Shelf Science. https://doi.org/10.1016/j.pbiomolbio.2017.07.014.This

Treichel, H., Oliveira, D. De, Mazutti, M. A., Luccio, M. Di, & Oliveira, J. V. (2010). 4 Review on
Microbial Lipases Production. 182-196. https://doi.org/10.1007/s11947-009-0202-2

Tripathi, R., Singh, J., Bharti, R. K., & Thakur, I. S. (2014). Isolation, purification and
characterisation of lipase from microbacterium sp. and its application in biodiesel production.
Energy Procedia, 54, 518-529. https://doi.org/10.1016/j.egypro.2014.07.293

Tserki, V., Matzinos, P., Pavlidou, E., Vachliotis, D., & Panayiotou, C. (2006). Biodegradable
aliphatic polyesters. Part I. Properties and biodegradation of poly(butylene succinate-co-
butylene adipate). Polymer Degradation and Stability, 91(2), 367-376.
https://doi.org/10.1016/j.polymdegradstab.2005.04.035

Van Oort, M. G., Deveer, A. M. T. J., Dijkman, R., Tjeenk, M. L., Verheij, H. M., de Haas, G. H.,
Wenzig, E., & Gdtz, F. (1989). Purification and Substrate Specificity of Staphylococcus hyicus
Lipase. Biochemistry, 28(24), 9278-9285. https://doi.org/10.1021/bi00450a007

Verma, S., Meghwanshi, G. K., & Kumar, R. (2021). Current perspectives for microbial lipases from
extremophiles and metagenomics. In Biochimie (Vol. 182, pp. 23-36). Elsevier.
https://doi.org/10.1016/j.biochi.2020.12.027

Wang, C., Li, J., Fang, W,, Chen, W., Zou, M,, Li, X., Qiu, Z., & Xu, H. (2022). Science of the Total
Environment Lipid degrading microbe consortium driving micro-ecological evolvement of
activated sludge for cooking wastewater treatment. Science of the Total Environment, 804,
150071. https://doi.org/10.1016/j.scitotenv.2021.150071

Wilkes, R. A., & Aristilde, L. (2017). Degradation and metabolism of synthetic plastics and
associated products by Pseudomonas sp.: capabilities and challenges. In Jowrnal of Applied
Microbiology (Vol. 123, Issue 3, pp. 582-593). J Appl Microbiol.
https://doi.org/10.1111/jam.13472

Wong, N. H., Law, P. L., & Lai, S. H. (2007). Field tests on a grease trap effluent filter. International
Journal of Environmental Science and Technology, 4(3), 345-350.
https://doi.org/10.1007/BF 03326292

Zhao, Z. qun, Zhang, T., Shi, T, ging, Barceld, D., & Zheng, H. bao. (2024). Biodegradation and high-
value utilisation of waste cooking oil: Strategies and mechanisms for producing lipopeptide
biosurfactants using Bacillus subtilis YZQ-2. Journal of Environmental Chemical Engineering,
12(6), 114549. https://doi.org/10.1016/J.JECE.2024.114549

Zinjarde, S. S., Pant, A., & Deshpande, M. V. (1998). Dimorphic transition in Yarrowia lipolytica

isolated from oil-polluted sea water. 102(5), 553-558.

119



