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Abstract 
Lipases are water soluble enzymes that catalyze the 

hydrolysis of triacylglycerols to liberate glycerol and 

free fatty acids. Many organisms like fungi, bacteria, 

yeast, animals etc. produce lipases; but lipases 

produced by bacteria and fungi are of commercial 

interest because of ease of their production, recovery 

and cheaper production costs as compared to other 

sources. Lipases along with other enzymes have wide 

range of applications because of their versatility like 

tolerance to wide pH and temperature range.  

 

Other enzymes dominated the industry but in the last 

two decades industrial interest has shifted towards 

lipase production. Today many bacterial and fungal 

species like Bacillus, Pseudomonas and Aspergillius 

are exploited on industrial scale for the lipase 

production. Today lipases are used in industries such 

as food, cosmetics, detergent, pharmaceutical, leather 

etc. 
 

Keywords: Lipases, triacylglycerols, bacteria, fungi, 

industrial applications. 

 

Introduction 
Lipases (triacylglycerol acyl hydrolases, E.C.3.1.1.3) are 

enzymes that catalyze the hydrolysis of triacylglycerols to 

glycerol and free fatty acids. In contrast to esterases, lipases 

are activated only when adsorbed to an oil-water interface 

and do not hydrolyze dissolved substrates in the bulk fluid.71 

A true lipase will split emulsified esters of glycerol and long-

chain fatty acids such as triolein and tripalmitin. Lipases are 

serine hydrolases that display little activity in aqueous 

solutions containing soluble substrates.  

 

In contrast, esterases show normal Michaelis-Menten 

kinetics in solution. The catalytic triad of lipases is 

composed of Ser-Asp/Glu-His and usually a consensus 

sequence (Gly-x-Ser-x-Gly) is found around the active site 

serine. The three-dimensional (3-D) structures of lipases 

reveal the characteristic α/β-hydrolase fold.81 Under micro-

aqueous conditions, lipases possess the unique ability to 

carry out the reverse reaction, leading to esterification, 

alcoholysis and acidolysis. Besides being lipolytic, lipases 

also possess esterolytic activity and thus have a very diverse 

substrate range, although they are highly specific as chemo, 

regio and enantio selective catalysts.11,38,48-50,52,58,91 The 

catalytic potential of lipases can be further enhanced and 

made selective by the novel phenomena of molecular 

imprinting and solvent engineering and by molecular 

approaches like protein engineering and directed 

evolution.51,93 

 

Lipases find promising applications in organic chemical 

processing, detergent formulations, synthesis of 

biosurfactants, oleochemical industry, dairy industry, 

agrochemical industry, paper manufacture, nutrition, 

cosmetics and pharmaceutical processing. Development of 

lipase-based technologies for the synthesis of novel 

compounds is rapidly expanding the use of these enzymes.67 

One limiting factor is a shortage of lipases having the 

specific required processing characteristics. An increasing 

number of lipases with suitable properties are becoming 

available and efforts are underway to commercialize 

biotransformation and syntheses based on lipases.67  

 

The major commercial application for hydrolytic lipases is 

their use in laundry detergents. Detergent enzymes make up 

nearly 32% of the total lipase sales. Lipase for use in 

detergents needs to be thermo stable and remains active in 

the alkaline environment of a typical machine wash. 

 

Lesser amounts of lipases are used in oleochemical 

transformations.17 Lipases can play an important role in the 

processing of γ-linolenic acid, a polyunsaturated fatty acid 

(PUFA); astaxanthin, a food colorant; methyl ketones, flavor 

molecules characteristic of blue cheese; 4-hydroxydecanoic 

acid used as a precursor of γ-decalactone, a fruit flavor; 

dicarboxylic acids for use as prepolymers; interesterification 

of cheaper glycerides to more valuable forms (e.g. cocoa 

butter replacements for use in chocolate manufacture)114; 

modification of vegetable oils at position 2 of the 

triglyceride, to obtain fats similar to human milk fat for use 

in baby feeds; lipid esters including isopropyl myristate, for 

use in cosmetics and monoglycerides for use as emulsifiers 

in food and pharmaceutical applications. 

 

The increasing awareness of the importance of chirality in 

the context of biological activity has stimulated a growing 

demand for efficient methods for industrial synthesis of pure 

enantiomers including chiral anti-inflammatory drugs such 

as naproxen123 and ibuprofen7,22,28,66,122, antihypertensive 

agents such as angiotensin-converting enzyme (ACE) 

inhibitors (e.g. captoril, enalapril, ceranopril, zofenapril and 

lisinopril) and calcium channel-blocking drugs such as 

diltiazem.  

 

Lipases are used in synthesis of these drugs.14 Because of 

their wide-ranging significance, lipases remain a subject of 

intensive study.3,17  Research on lipases is focused 
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particularly on structural characterization, elucidation of 

mechanism of action, kinetics, sequencing and cloning of 

lipase genes and general characterization of performance.3,17 

 

Applications of Lipases: Microbial lipases are widely 

diversified in their enzymatic properties and substrate 

specificity which make them very attractive for industrial 

applications. They constitute an important group of 

biotechnologically important enzymes because of the 

versatility of their properties and ease of mass production. 

The industrial applications of microbial lipases have been 

reviewed by many researchers.27,41,43,55,111 Development of 

lipase-based technologies for the synthesis of novel 

compounds is rapidly expanding the uses of these enzymes.9 

 

Lipases in food processing industry: Fats and oils are 

important constituents of foods and their modification is one 

of the prime areas in food processing industry that demands 

novel economic and green technologies.39 Most of the 

commercial lipases produced are utilized for flavor 

development in dairy products and processing of other foods 

such as meat, vegetables, fruit, baked foods, milk products 

and beer.32,79 Lipases from A. niger, Rhizopus oryzae 

Candida cylindracea have been used in bakery products.  

 

Betapol was the first commercial product made by the 1, 3-

specific lipase treatment of tripalmitin with unsaturated fatty 

acids that resulted in 1, 3-diunsaturated-2- saturated 

triglycerides intended for infant formula.88,125 Immobilized 

lipases from Candida antarctica (CAL-B), Candida 

cylindracea AY30 and Geotrichum candidum were used for 

the esterification of functionalized phenols for synthesis of 

lipophilic antioxidants in sunflower oil.19  

 

A whole range of microbial lipase preparations such as 

Mucor meihei (Piccnate, Gist-Brocades; Palatase M, Novo 

Nordisk), A. niger and A. oryzae (Palatase A, Novo Nordisk; 

Lipase AP, Amano; Flavour AGE, Chr. Hansen) have been 

developed for the cheese manufacturing industry. Lipase 

synthesized from Penicillium roquefortii is largely 

responsible for the development of the characteristic flavor 

of blue cheese.60,83 In recent years, consumers have been 

increasingly confronted with functional foods and 

nutraceuticals which are claimed to promote health and 

wellbeing beyond their nutritive properties.90,103 Large scale 

applications of lipases in industry can be found not only in 

the dairy and baking industry but also for the production of 

trans-fatty acid free margarines.18,33,128 Lipase applications 

in various food industries are given in table 1.104 

 

Immobilized microbial lipases have been effectively applied 

in the production of polyunsaturated fatty acids (PUFAs) 

such as omega 3, which is important in the food industries. 

PUFAs are found mostly in marine-derived products and can 

be obtained by hydrolysis or alcoholysis of fish oils 

catalyzed by lipases.92 Omega 3 is a nutrient that promotes 

positive effects in human health, constituting an increasing 

market of dietary supplements and nutraceuticals that 

contain these PUFAs. PUFAs play a vital role in brain and 

retina improvement thereby enhancing learning ability, 

mental development and visual acuity in young people.  

 

Table 1 

Application of lipases in various food industries 
 

Food 

industry 

Action Product of 

application 

Dairy 

foods 

 

Hydrolysis of milk fat, 

cheese 

ripening, modification 

of butter fat 

Development of 

flavoring agents in 

milk, 

cheese and butter 

Bakery 

foods 

Flavor improvement Shelf-life extension, 

volume improvement 

Beverages 

 

Improved aroma 

 

Alcoholic beverages, 

e.g. sake, wine 

Food 

dressings 

Quality improvement Mayonnaise, dressings 

and whippings 

Health 

foods 

Transesterification 

 

Health foods 

 

Meat and 

fish 

Flavor development 

 

Meat and fish product, 

fat removal 

Fats and 

oils 

 

Transesterification, 

hydrolysis 

 

Cocoa butter, 

margarine, fatty acids, 

glycerol, 

mono and diglycerides 
 

PUFAs are also required in adults and the aging individuals 

for protection against cardiovascular diseases and improving 

muscle function in older women.24,26 Immobilized lipase 

from Penicillium sp. section Gracilenta (CBMAI 1583) 

isolated from soil at the Atlantic Rainforest region (Sao 

Paulo State, Brazil) was applied in the production of 

eicosapentaenoic acid and docosahexaenoic acids from 

Sardine oil hydrolysis.110 

 

Lipase as biosensor: In clinical diagnosis and in food 

industry, the quantitative determination of triacylglycerol is 

of great importance. The lipid sensing device as a biosensor 

is rather cheaper and less time consuming as compared to the 

chemical methods for the determination of tryacylglycerols. 

The basic concept of using lipase as biosensors is to generate 

glycerol from the triacylglycerol in the analytical sample and 

to quantify the released glycerol by an enzymatic method.41 

Lipases immobilized on pH/oxygen electrodes along with 

glucose oxidase serve as lipid biosensors and can be used for 

the determination of triglycerides and blood cholesterol.109 

Lipase biosensor is also used for the determination of lipids 

for the clinical diagnosis.72  

 

Lipase from Candida rugosa has been developed as a DNA 

probe.13 The enzyme lipase immobilized in a Nafion 

membrane on a graphite-epoxy transducer can be used to 

quantify triglycerides in food samples.30 Candida rugosa 
lipase was immobilized on aluminosilicate and used for the 

detection of an organo phosphate insecticide (Diazinon) in 

an aqueous medium.127  
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In another study, a Candida rugosa lipase immobilized on a 

mesoporous Si matrix was used for the detection of 

triglycerides.44 Lipase was also used as a amperometric 

sensor.12 Candida rugosa lipase acts as a catalyst in the 

hydrolysis of triacylglycerol to glycerol and fatty acids and 

is used as biosensor for detection of β-hydroxyacid esters 

and triglycerides in blood serum.20 

 

Immobilized lipases are fast, efficient, accurate and cost 

effective as sensors for the qualitative determination of 

triacylglycerol. This application is important in the food 

industry, especially in fats and oils beverages, soft drinks  

and pharmaceutical industries and also in clinical 

diagnosis.64 The basic concept of using lipases as biosensors 

is to generate glycerol from the triacyglycerol in the 

analytical sample and to quantify the released glycerol by 

chemical or enzymatic method.91 

 

Lipases in ester synthesis: Lipases have been used for the 

synthesis of esters. The esters produced from short chain 

fatty acids have applications as flavoring agents in food 

industry.118 Lipase from Bacillus aerius immobilized on 

celite 545 was used for the synthesis of ethyl ferulate, a 

compound used for anticancer properties.110 As reported 

earlier, esterification of sulcatol and fatty acids in toluene 

was catalyzed by Candida rugosa lipase.53 The esterification 

reaction of lauryl alcohol and palmitic acid with C. 

antarctica lipase (Novozym 435) as the catalyst has been 

reported to give a yield of more than 90% of lauryl palmitate 

under optimized conditions.108  

 

Lipase immobilized on silica and microemulsion- based 

organogels has been used for ester synthesis.106 In a recent 

study, lipase from Aspergillus ibericus has been used for the 

esterification reactions and aroma ester production.87 A 

variety of fatty acid esters are now produced commercially 

by using immobilized lipase in nonaqueous solvents.21,63,96 

Various esterification reactions catalyzed by lipases are 

summarized in table 2.

 

Table 2 

Esterification reactions catalyzed by lipases 
 

Lipase Acid Alcohol Solvent 

Rhizopus delemar 

Penicillium 

roqueforti 
Humicola lanuginosa120 

C4 

 

C2, C4, Isoamyl 

 

Hexane 

 

Mucor miehei6 C12, Oleic C3-C12 - 

Geotrichum 

candidum 

Aspergillus niger 

Rhizopus delemar 

Penicillium 

cyclopium86 

Oleic Terpene alcohol, 

primary alcohols 

(C1-C12), 2- and 3- 

substituted alcohols, 

benzyl alcohol, 

cyclohexanol 

Buffer+Casein 

 

Aspergillus niger 

Rhizopus delemar 

Penicillium 

cyclopium 

Geotrichum 

candidum126 

C2-C18, benzoic, 

oleic, ricinoleic, 

sebacic, 

succinic etc. 

 

Glycerol 

 

Water 

 

Aspergillus niger 

Rhizopus delemar 

Penicillium 

cyclopium76 

C3-C6, 

Isobutyric 

 

Geraniol, farnesol, 

phytol, β-citronellol 

 

- 

Mucor miehei77 C4 C4 Hexane 

Candida rugosa102 

 

Oleic 

 

Sucrose, sorbitol, 

glucose, fructose 

Buffer (pH 5.4) 

 

Candida rugosa89 

 
Oleic, isostearic, 

12- hydroxystearic, 

stearic 

Cholesterol 

 

Cyclohexane 

 

Candida antartica2 

 
Melted coconut acids 

 

Ethyl D-

glucopyranoside 

- 

Mucor miehei16 

 

Oleic, linoleic, α-

linoleic, γ-linoleic. 

Docosahexanoic 

C2 

 

Pentane 
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Lipases in bioremediation: Bioremediation for waste 

disposal is a new avenue in lipase biotechnology. Lipases 

have been extensively used in waste water treatment.25 

Fungal species can be used to degrade oil spills in the coastal 

environment which may enhance eco-restoration as well as 

help in the enzymatic oil processing in industries.37 Species 

belonging to the genera Trichoderma, Fusarium, 

Penicillium, Aspergillus, Cladosporium, Mortierella, 

Beauveria and Engyodontium are some examples of the 

fungi that have recently been described as tolerant to a 

variety of pollutants and indicated as potential 

bioremediation agents in soil.45  

 

Lipases from Aspergillus niger and Aspergillus terreus were 

used for the degradation of polyvinyl alcohol films and 

bioremediation of polluted soils respectively.54,70  

 

Lipases from Aspergillus ibericus and Aspergillus uvarum 

were also used in bioremediation processes.97 Lipolytic 

enzymes obtained from Aspergillus niger isolated from oil 

polluted soil has been examined and found to degrade 

polyaromatic hydrocarbons found in petroleum 

contaminated soil.74 

 

Lipases in textile industry: The use of fungal lipase in 

textile industry is becoming increasingly important. Lipases 

are used to assist in the removal of size lubricants in order to 

provide the fabric better absorbency for enhanced levelness 

in dyeing. Commercial preparations used for the desizing of 

denim and other cotton fabrics contain lipase enzymes.41 

Lipases together with alpha amylase are being used for the 

desizing of the denim and other cotton fabrics at the 

commercial scale.95 Aspergillus oryzae lipase was capable of 

modifying PET (Polyethylene terephthalate) fabrics, 

improving their hydrophilicity and anti- static ability.119 

Immobilization of lipase from porcine-pancreas onto 

zirconia coated alkylamine glass beads by glutaraldehyde 

coupling was carried out for better washing of cotton cloth.46 

 

Lipases in detergent industry: Fungal lipases find major 

use as additives in detergents for industrial laundry and 

household detergents121 and this can reduce the 

environmental load of detergent products, as it saves energy 

by enabling a lower wash temperature to be used.116 An 

estimated 1,000 tons of lipases are added to the 

approximately 13 billion tons of detergents produced each 

year. In 1994, Novo Nordisk introduced the first commercial 

lipase Lipolase™ which originated from the fungus 

Thermomyces lanuginosus and was expressed in Aspergillus 

oryzae. Lipase from Thermomyces sp. is the most important 

detergent lipase which is very commonly used (Lipolase, 

Novozymes).36  

 

A novel thermo-active and alkaline lipase from Talaromyces 

thermophilus fungus showed great resistance to alkaline pH, 

interfacial denaturation and a high tolerance to various 

surfactants, oxidizing and commercial wash agents. This 

enzyme could therefore be considered as a satisfactory and 

promising candidate for further industrial application 

principally cleaning process.94  

 

Lipase of Humicola lanuginosa is suitable as a detergent 

additive because of its thermostability, high activity at 

alkaline pH and stability towards anionic surfactants. 

Lipases used as detergents also include those from Candida 

sp.84 Laundering is generally carried out in alkaline media, 

lipases active under such conditions are preferred35,99,113 for 

example, the A. oryzae derived lipase. The other applications 

of detergents are in dish washing, in a bleaching 

composition80, decomposition of lipid contaminants in dry 

cleaning solvents1, liquid leather cleaner61, contact lens 

cleaning15, washing, degreasing and water reconditioning by 

using lipases along with oxidoreductases which allow for 

smaller amounts of surfactants and operation at low 

temperatures.85  

 

The lipase component causes an increase in detergency and 

prevents scaling. Recently, lipase from Rhizopus nigricans 

showed maximum lipolytic activity as well as 

bioemulsification activity indicating highest biosurfactant 

production also.68 

 

Lipases in pulp and paper industry: The major application 

of lipases in pulp and paper industry is for “depitching” 

process i.e. removal of “pitch” from the pulp during paper 

making.62 Pitch is generally described as the hydrophobic 

components of wood (triglycerides and waxes). One of the 

major problems faced by paper industries is the pitch 

removal.62 These lipid components appear as sticky deposits 

in the paper machines and cause holes and spots in the final 

paper. Lipases hydrolyze pitch into glycerol and free fatty 

acid which are soluble in water leading to their ease of 

washing away from the machines.62 Lipases in paper 

industry can generally increase the pulping rate of pulp, 

increase whiteness and intensity, decrease chemical usage, 

prolong equipment life, reduce pollution level of waste 

water, save energy and time and reduce composite cost.4 

 

Leather industry: The hides and skins contain proteins and 

fat in the collagen fibers. One of the major steps in leather 

production is soaking the hides and skins. This is done to 

free them from common salt and protein substances such as 

blood. This step is taken before the tanning step and the 

rational is to ensure smooth tanning process of the hides and 

skins. To remove the proteins, proteases are needed. 

Proteolytic enzymes facilitate both the emulsification of 

natural fat by hydrolyzing the wall of fat cells and soaking 

operation.4 To degrade the emulsified fats, lipases are 

needed; also since they are specific in their action, lipases 

will leave the leather undamaged. For sheep skins, the use of 

solvent for degreasing is now being replaced by the use of 

lipases and surfactants.4 

 

Lipases specifically degrade fat and do not damage the 

leather itself. Lipases represent the method of removing fat 

in the degreasing process with the lowest environmental 
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impact.23 For bovine hides, lipases allow tensile to be 

completely replaced. For sheepskins, the use of solvents is 

very common, but it can also be replaced by lipases and 

surfactants. 

 

Lipases in medical applications: Lipases are evolving 

rapidly and currently they are reported to show high 

potential in medicine. Intensive study and investigations 

have led researchers to explore lipases for their use in 

substitution therapy, where enzyme deficiency during 

diseased conditions is compensated by their external 

administration.69 Lipases may be used as digestive aids35,118 

and as the activators of Tumor Necrosis Factor and therefore, 

can be used in the treatment of malignant tumors.56  

 

Although human gastric lipase (HGL) is the most stable acid 

lipase and constitutes a good candidate tool for enzyme 

substitution therapy,117 lipases have earlier been used as 

therapeutics in the treatment of gastrointestinal disturbances, 

dyspepsias, cutaneous manifestations of digestive allergies 

etc.75 Lipase from Candida rugosa immobilized on a nylon 

support has been used to synthesize lovastatin, a drug which 

lowers serum cholesterol levels.124 

 

Lipases in cosmetics and personal care products: The 

cosmetic sector lipases have been used for personal care 

such as cleaning, softening, aroma and coloring. It has large 

market value after food and pharma sector and accounts for 

200 billion Euro.5 Lipases have potential application in 

cosmetics and perfumeries because they show activities in 

surfactants and in aroma production.1 Transesterification of 

3, 7-dimethyl-4,7-octadien-1-ol with lipases from various 

microbial sources has been done to prepare rose oxide which 

is an important fragrance ingredient in the perfume 

industry.47 Nippon Oil and fats were also obtained a patent 

for the preparation of propyleneglycerol monofatty acid 

ester in the presence of lipase. This ester has been used as 

emulsifier and a pearling agent in cosmetics and foods.59 

Lipases are used in hair waving preparation98 and have also 

been used as ingredients of topical anti-obese creams8 or in 

oral administration.105  

 

Water-soluble retinol derivatives are prepared by catalytic 

reaction of immobilized lipase.73 Non-specific lipase derived 

from Candida antartica, marketed as Novozym 435, was 

determined to be the most suitable for the enzymatic 

synthesis of isopropyl myristate.115 Immobilized 

Rhizomucor meihei lipase was used as a biocatalyst in 

personal care products such as skin and sun-tan creams, bath 

oils etc. Candida antarctica lipase B synthesized 

amphiphilic compounds receive great attention from 

cosmetic industry due to a range of beneficial properties for 

skin.78 

 

Lipases in biodiesel production: Biodiesel is a group of 

esters produced by transesterification reaction between fatty 

acids and an alcohol in presence of catalyst. The biodiesel 

production from waste and non-edible vegetable oil greatly 

reduces the cost of biodiesel production and thus avoids the 

conflict between food and energy security and is considered 

an important step in reducing pollution and recycling waste 

oil.34,82 The production of biodiesel has risen sharply in the 

last decade from approximately 950 liters in 2000 to nearly 

17,000 million liters in 2010 with the European Union as the 

world’s major producer accounting for 53% of global 

biodiesel production.29  

 

In 2000, biodiesel represented around 5% of the world’s 

biofuel production and in 2011 biodiesel share accounted for 

around 20% of total biofuel production29 This increase 

seems to continue and biodiesel production is estimated to 

reach 41,000 million liters in 2022 as reported by the United 

Nations. Higher thermostability and short-chain alcohol-

tolerant capabilities of lipase make it very convenient for use 

in biodiesel production.10,57 The majority of yeast and fungal 

lipases involved in biodiesel production are A. niger, C. 

antartica, C. rugosa, R. miehei, R. oryzae and Thermomyces 
lanuginose.31 

 

Conclusion 
Production of biodiesel has been reported by using 

immobilized Candida antarctica lipase-catalyzed 

methanolysis of soybean oil.40 Immobilized lipase from 

Candida rugosa on Sepabeads EC-OD was most promising 

as a biocatalyst for the application of enzyme-catalyzed 

biodiesel synthesis. At present biodiesel production from 

Chinese tallow kernel oil has been catalyzed by Candida 

rugosa lipase (CRL) in ionic liquid.107 
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