
The demand for industrial enzymes, particularly
of microbial origin, is ever increasing owing to
their applications in a wide variety of processes.
Enzyme-mediated reactions are attractive
alternatives to tedious and expensive chemical

methods. Enzymes find great use in a large number
of fields such as food, dairy, pharmaceutical,
detergent, textile, and cosmetic industries. With the
realization of the biocatalytic potential of microbial
lipases in both aqueous and non aqueous media in
the last one and a half decades, industrial fronts
have shifted towards utilizing this enzyme for a
variety of reactions of immense importance.

Lipases have gained importance to a
certain extent over proteases and amylases,
specially in the area of organic synthesis. The
enantioselective and regioselective nature of
lipases have been utilized for the resolution of
chiral drugs, fat modification, synthesis of cocoa
butter substituents, biofuels and for synthesis of
personal care products and flavour enhancers1,2.
Thus, lipases are today the enzymes of choice for
organic chemists, pharmacists, biophysicists,
biochemical and process engineers,
biotechnologists, microbiologists and biochemists.
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Lipases have the remarkable ability to carry out a
wide variety of chemo-region and enantioselective
transformations. Their general ease of handling,
broad substrate tolerance, high stability towards
temperatures and solvents, high enantioselectivity
and convenient commercial availability have all
added to their widespread popularity among
organic chemists.

A relatively smaller number of bacterial
lipases have been well studied compared to plant
and fungal lipases3,4,5,6. Bacterial lipases are
glycoproteins, but some extracellular bacterial

lipases are lipoproteins. Among bacteria,
Achromobacter sp., Alcaligenes sp., Arthrobacter
sp., Pseudomonas sp., Staphylococcus sp., and
Chromobacterium sp7 have been exploited for the
production of lipases. Fungal lipases8 are being
exploited due to their low cost of extraction,
thermal and pH stability, substrate specificity and
activity in organic solvents. The chief producers
of commercial lipases are Aspergillus niger,
Candida cylindracea, Humicola lanuginosa,
Mucor miehei, Rhizopus arrhizus, R. delemar R.
japonicus, R. niveus and R. oryzae7.

Fig 1. Schematic representation of lipase action

Applications
In the present day industry, lipases have

made their potential realized owing to their
involvement in various industrial reactions either
in aqueous or organic systems, depending on their
specificity9,10,11,12.
Pharmaceutical and Medical applications

Lipases are important in application in
pharmaceuticals in transesterificatrion and
hydrolysis reaction. They play a prime role in
production of specialty lipids and digestive aids13.
The alteration of temperature during the
esterification reaction drastically changes the
enantiomeric values and also the stereo

preference14.  Lipases play an important role in
modification of monoglycerides for use as
emulsifiers in pharmaceutical applications15. A
preparation of optically active amines that was
intermediate in the preparation of pharmaceuticals
and pesticides, which involved in reacting
stereospecific N-acylamines with lipases,
preferably from Candida antarctica or
Pseudomonas sp16. Lipases have applications as
industrial catalysts for the resolution of racemic
alcohols in the preparation of some prostaglandins,
steroids, and carbocyclic nucleoside analogues.
Lipases from A.carneus and A.terreus show chemo
and regiospecificity in the hydrolysis of per
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acetates of pharmaceutically important
polyphenolic compounds17,18. Lipases are also
useful in the synthesis of the artificial sweetner
sucralose by regioselective hydrolysis of octa-
acetylsucrose19.

The resolution of 2-halopropionic acids,
the starting materials for the synthesis of
phenoxypropionate herbicides, is a process based
on the selective esterification of (S)-isomers with
butanol, which is catalysed by porcine pancreatic
lipase in anhydrous hexane20. Another impressive
example of the commercial application of lipases
in the resolution of racemic mixtures is the
hydrolysis of epoxyester alcohols21. The reaction
products, (R)-glycidyl esters and (R)-glycidol are
readily converted to (R) and (S)-glycidyltosylates
which are attractive intermediates for the
preparation of optically active ß-blockers and a
wide range of other products. In an attempt to
determine the substrate specificity for lipases, alkyl
esters of 2-arypropionic acids, a class of non-
steroidal anti-inflammatory drugs, were
hydrolyzed with Caenorhabditis rugosa lipase in
which all transformations were highly
enantioselective22. A similar technology has been
commercialized to produce 2(R), 3(S)-
methylmethoxyphenyl glycidate, the key
intermediate in the manufacture of the optically
pure cardiovascular drug Diltiazem19. Broad

substrate recognition and capability for specific
regioselective reactions in a variety of organic
solvents makes lipases as an important biocatalyst
in biomedical applications23.
Lipases in food and dairy industry

Lipases have become an integral part of
the modern food industry. The use of enzymes to
improve the traditional chemical processes of food
manufacture has been developed in the past few
years. Stead24 and Coenen et al.25  stated that,
though microbial lipases are best utilized for food
processing, a few especially psychrotrophic
bacteria of Pseudomonas sp. and a few moulds of
Rhizopus sp. and Mucor sp. caused havoc with milk
and dairy products and soft fruits. Lipase from
Pseudomonas strain P38 is widely used in non-
aqueous biotransformation for the synthesis of n-
heptane of the flavoring compound butyl
caprylate26. Immobilized lipases from C. antarctica
(CAL-B),

C. cylindracea AY30, H. lanuginosa,
Pseudomonas sp. and Geotrichum candidum were
used for the esterification of functionalized phenols
for synthesis of lipophilic antioxidants in sunflower
oil Buisman et al.27 .

Lipases are used extensively in the dairy
industry for the hydrolysis of milk fat. Current
applications include flavour enhancement of
cheese, acceleration of cheese ripening,

Table 1. Industrial applications of microbial lipases

Industry Effect Product

Bakery Flavour improvement and shelf life prolongation Bakery products
Dairy Hydrolysis of milk fatCheese ripening Flavour agentsCheese
Fats & oils Modification of butter fatTransesterification hydrolysis Butter Cocoa butter,

margarine Fatty acids,
glycerol

Beverages Improved aroma Beverages
Chemical Enantioselectivity Chiral building blocks &

chemicals
LeatherMeat and Fish HydrolysisFlavour development & fat removal Leather productsMeat &

fish products
Paper Hydrolysis Paper products
Pharmaceuticals Transestrification hydrolysis Speciality lipidsDigestive

aids
CosmeticsCleaning SynthesisSynthesis Emulsifiers, moisturising

agentsChemicals
Hydrolysis Removal of cleaning

agents like surfactants
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manufacture of cheese-like products, and lipolysis
of butter fat, and cream28. More recently, a whole
range of microbial lipase preparations have been
developed for the cheese manufacturing industry,
such as those of Mucor miehei, Aspergillus niger
and A.oryzae. A range of cheese of good quality
were produced by using individual microbial
lipases or mixtures of several preparations28.
Lipases are widely used for imitation of cheese
made from ewe’s or goat’s milk. Addition of lipases
to cow’s milk, generates a flavour rather similar to
that of ewe’s or goat’s milk. This is used for
producing cheese or the so-called enzyme-
modified cheese (EMC). EMC is a cheese that has
been incubated in the presence of enzymes at
elevated temperatures in order to produce a
concentrated flavour for use as an ingredient in
other products such as dips, sauces, soups and
snacks.
Lipases in oleochemical industry

The current trend in the oleochemical
industry is a movement away from using organic
solvents and emulsifiers29,30. The various reactions
involving hydrolysis, alcoholysis, and glycerolysis
have been carried out directly on mixed substrates,
using a range of immobilized lipases31. This has
resulted in high productivity as well as in the
continuous running of the processes. Enzymatic
hydrolysis perhaps offers the greatest hope to
successful fat splitting without substantial
investment in expensive equipment as well as in
expenditure of large amounts of thermal energy32.
Miyoshi Oil and Fat Co., Japan, reported
commercial use of Candida cylindracea lipase in
production of soap33. The introduction of the new
generation of cheap and very thermostable
enzymes can change the economic balance in
favour of lipase use34.
Environmental and Domestic applications

Bioremediation for waste disposal is a
new avenue in lipase biotechnology. Cheng et al35

characterized cold-adapted organo-phosphorus
acid anhydrolases for application in the efficient
detoxification of pesticide and nerve agents. A
bioremediation in fat contaminated cold
environment, according to Buchon et al36, cold
adapted lipases have great potential in the field of
wastewater treatment, active compounds synthesis
in cold condition. Further, more efforts are needed
in identifying and cloning of novel lipase genes

for environmental applications. Suzuki et al37

identified a psychrotrophic strain of the Genus
Acinetobacter strain No.6 ,  producing an
extracellular lipolytic enzyme that efficiently
hydrolyzed triglycerides, such as soybean oil
during bacterial growth even at 4°C. Godfrey and
West38 reported that about 1000 t of lipases are
sold every year in the area of detergents. Lipase is
an enzyme, which decomposes fatty stains into
more hydrophilic substances that are easier to
remove than similar non-hydrolyzed stains39. The
other common commercial applications for
detergents is in dish washing, clearing of drains
clogged by lipids in food processing or domestic/
industrial effluent treatment plants40. To improve
detergency, modern types of heavy duty powder
detergents and automatic dish washer detergents
usually contain one or more enzymes, such as
protease, amylase, cellulase and lipase41 .
Future perspectives

Today, lipases find immense applications
in various areas of industrial microbiology and
biotechnology. This statement is well documented
by the enormous number of research investigations
undertaken in the last one and a half decades.
Lipases show immense versatility regarding their
catalytic behaviour. Therefore, there is a lot of
scope to search for newer lipases with desired
selectivity and substrate tolerance. Wide and
constant screening of new microorganisms for their
lipolytic enzymes will open novel and simpler
routes for the synthetic processes. Consequently,
this may pave new ways to solve biotechnological
and environmental problems. To widen the usage
level of lipases, there is an urgent need to
understand the mechanisms behind the lipase -
catalysed reactions. The unique interfacial
activation of lipases has always fascinated
enzymologists and recently biophysicists and
crystallographers have made progress in
understanding the structure-function relationships
of these enzymes.

Studies on the mechanisms of production
of microbial lipases and the role of lipidic
substances used as inducers in lipase production
are scanty. Lipases represent an extremely versatile
group of bacterial extracellular enzymes that are
capable of performing a variety of important
reactions, there by presenting a fascinating field
for future research.
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