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Abstract 

Enzymes are considered as naturally occurring biocatalysts that have wide range of applications and uses 

in our daily life. Enzymes can be synthesized artificially having classification of different categories. 

Lipase is biocatalyst, present naturally in pancreatic juice and stomach. It helps to balance correct gall 

bladder function. Lipases can be isolated from various species of fungi, bacteria, yeast, animals and plants. 

These are widely used for biotechnological applications. Lipases isolated from microorganisms are used 

in numerous industries such as fat and oil industry, pulp and paper industry, textile industry, food industry, 

cosmetic industry and also in Oleochemistry, environmental management, tea processing, biosensors, 

diagnostic tools, medical for IBS and for celiac disease, ester and organic synthesis, flavor development 

of cheese (e.g. italase and capilase) and improving quality. Research on microbial lipases is increasing day 

by day due to their great commercial potential. Economically, it is reasonable to carryout chemical 

reactions in the presence of enzymes because they save time and minimize the use of chemicals.  
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1. Introduction  

An Enzyme is a protein molecule which is considered as biological catalyst. Each enzyme reacts 

only with specific reactant (substrate). Enzyme regulation occurs from higher to lower activity state and vice 

versa. Enzymes occur naturally and can also be synthesized artificially. The most common naturally occurring 

enzymes are amylase (metabolizes starch), Cellulase (cellulose of plant, grains, seeds and vegetables), 

Invertase (sucrose), Lactase (lactose) and Lipase (fats) (Corleone et al., 2015). Major examples of enzymes 

include amylase, lactase, diastase, sucrose, maltase, invertase, glucoamylase, alpha-glycosidase, protease, 

peptidase and lipase etc. According to functions of enzymes they are classified into six major categories 

having different EC number (classification based on mechanism of working of enzyme). EC1 

Oxidoreductases (catalyze reduction or oxidation reactions), EC2 Transferases (catalyze the shifting of a 

functional group from one molecule to another), EC3 Hydrolases (undergoes hydrolysis), EC4 Lyases 

(undergoes generation of double bonds), EC5 Isomerases (catalyze structural changes within a molecule), 

EC6 Ligases (undergo ligation). Among all of these enzymes, the most significantly used enzyme is Lipase. 

Before the mid-1980s, lipases were mostly used in laundry applications and in the modification of 

triglycerides. Advanced research data has proved that they are also very effective biocatalysts to synthesize 

optically pure compounds for example cyclohexane (Gurung et al., 2013). Lipases are basically biological 
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enzymes (triacylglycerol lipase). The hydrolysis of triacylglycerol into fatty acids and glycerol is catalyzed 

by lipases (Fig. 1). Such a process is known as lipolysis (Svendsen, 2000). 

 

Fig. 1: Working of Lipase 

Lipase enzyme naturally occurs in pancreatic juice and stomach. The correct gall bladder function is also 

maintained by lipases. They also control the volume of fat in body that is synthesized and burned by reduction 

of adipose tissue (Asian, 2012). Lipases can be purified or extracted from plant, animal, yeast, bacterial and 

fungal sources   sentence needs (Saxena et al., 2003). The characteristic of lipase depends majorly on 

extraction sources. These properties include specificity, thermo stability (Imamura and Kitaura, 2000), 

positional specificity (Buchon et al., 2000) and pH etc. (Verma et al., 2012). Lipases catalyze a broad range 

of reactions known as bioconversion reactions. Esterification, acidolysis, interesterification and amino lysis 

come under bioconversion reactions. Lipases can act on esters of fatty acids, synthetic triglycerides, and 

natural oils and many more substrates (Buchon et al., 2000). Lipases distinctly act between the phase of an 

aqueous and a non-aqueous phase includes glycerol and fatty acids esters can be produced with the help of 

lipases at the activity stage of low water sentence needs explanation (Fig. 2). Long chain fatty acids and 

glycerine having emulsified esters can be break down for example triolein and tripalmitin (Aravindan et al., 

2007). 

 

Fig. 2: Catabolism of free fatty acids 

The component that animal lipase is made from is properly registered, however, the sources mentioned in 

literature direct towards drying and grinding of pre-gastric glands at the base of the calves tongues (Benjamin 

and Pandey, 1998). Recently, a new class of lipases has become commercially available that act on polar 

lipids as well as triglycerides (Christiansen et al., 2003). These new lipases have a greater activity on 

galactolipids and phospholipids than on triglycerides. Microbial lipase used in industry, is extracted from 
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yeast, fungi and bacteria. The most preferable source is fungi because fungal enzymes extraction from 

fermentation media and mostly are extracellular (Ahmed et al., 2007). Lipases are widely present in nature, 

but due to greater stability, wide availability and low production cost, microbial lipases are more significant 

than lipases extracted from plant and animal sources (Beisson et al., 2000). 

Distinctive Features of Lipases 

Since 1980s, the requirement for lipases has been increased. Their use as an industrial catalyst is increasing 

day by day due to the favorable properties like high catalytic efficiency, bio-degradability and high specificity 

(Arife et al., 2015). The distinctive features of lipase including temperature (Optimum temperature is 55 °C), 

specificity, non-toxic nature, pH dependency and activity in organic solvents are major factors that are 

contributing to lead the demand of lipase in food industry (Verma and Kanwar, 2008). Lipases are 

investigated for synthetic andhydrolytic having different extraction sources. The utilization of mono-, di-, tri-

glycerides and free fatty acids during trans-esterification, high yield or activity in non-aqueous medium, 

resistance to variation in temperature (Lithauer et al., 2002), low product inhibition, less reaction time and 

pH 8 are most desired features (Kumar et al., 2012). Furthermore, under mild conditions of temperature and 

pH, lipases can undergo reaction. This characteristic of lipases helps to reduce energy demand at infrequent 

pressures and temperatures to direct reactions. Thus, the destruction of reactants and products that remains 

unstable during reaction can be protected because it changes the kinetics of the reactions. Lipases can act 

without co-factor with their substrate and they also show stability in organic solvents. These features are main 

reason of increasing demand of microbial lipase in biotechnology. 

Production of Lipases From Various Microorganisms 

Among all the bacterial sources for production of lipases, Bacillus show remarkable properties. All the 

bacterial lipases are produced at different reaction conditions e.g pH and temperature with respective 

substrates and synthetic medium (Ertugrul et al., 2007). The production of lipases from fungi also varies 

depending upon the conditions of synthesis (composition of medium, ph, temperature, sources of carbon and 

nitrogen) (Cihangir and Sarikaya, 2004). Microorganisms that produce lipases are found in various habitats 

i.e vegetable oil processing factories, industrial wastes and dairy plants (Sharma et al., 2001). Lipase 

production from yeast also carried out on different conditions for different species (Vakhlu and Kour, 2006; 

Wang et al., 2007). 

The production of microbial lipases highly depends upon the composition of medium and carbon sources 

besides physiochemical factors (pH, temperature) are shown in table 1. The production of lipases generally 

carried out in the presence of lipid (oil or any inducer i.eglycerols, triglycerols, bile salts, fatty acids, tweens 

and hydrolysable esters) (Gupta et al., 2004; Sharma  et al., 2001). In order to obtain high yield of lipases, 

lipid carbon sources are essential. For production optimization and growth of lipases, nitrogen sources and 

other micronutrients should be selected very carefully. These requirements of nutrients can be fulfilled by 

agro-industrial residues having necessary components for the development of microorganisms, defined 

compounds (oils, sugars) and complex compounds (yeast extract, peptone, malt extract) (Rodrigues and 

Iemma, 2005). 

Industrial Applications 

Lipases are considered as fundamental part of numerous industries including pharmaceuticals, tea industries, 

dairy industry, cosmetics, food industry, leather industry, detergents, oleo-chemicals, agrochemicals and of 

many bioremediation processes. Newer micro-organisms are being selected for the production of lipases 

having desirable features due to their massive applications in industries (Patil et al., 2011). 
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Table 1: List of lipase producing microorganisms at varying pH and temperature 

Microorganism Type Temperature pH References 

Acinetobacter 

radioresistens 

Bacteria 30 °C 5.5 (Zhao et al., 2013) 

Pseudomonas sp. Bacteria 10-70 °C 5.0-10 (Latip et al., 2016) 

Pseudomonas 

aeruginosa 

Bacteria 40 °C 7.5 (Bose et al., 2013) 

Staphylococcus 

caseolyticus 

Bacteria 37 °C 6-8 Sharma et al., 2014) 

Biopetro-4 Bacteria 30 °C 5.0 (Carvalho et al., 2008) 

Bacillus 

stearothermophilus 

Bacteria 50 °C 8-9 (Ekinci et al., 2015) 

Burkholderia cepacia Bacteria 25 °C 7 (Abdulla et al., 2013) 

Burkholderia 

multivorans 

Bacteria 55 °C 8 (Chaiyaso et al., 2012) 

Serratia rubidaea Bacteria 35 °C 8 (Neihaya et al., 2012) 

Bacillus sp. Bacteria 37 °C 7 (Rebeca et al., 2013) 

Bacillus coagulans Bacteria 40 °C 9 (Alkan et al., 2007) 

Bacillus subtilis Bacteria 70 °C 8 (Emtenani et al., 2013) 

Rhizopus arrhizus Fungi 40 °C 9 (Wang et al., 2014) 

Rhizopus chinensis Fungi 20-70 °C 8 (Teng et al., 2009; Wang 

et al., 2008; Teng and Xu, 

2008; Sun and Xu, 2008) 

Aspergillus sp. Fungi 45 °C 4 (Zubioloet al 2014) 

Rhizopus 

homothallicus 

Fungi 35-37 °C 6-7.2 (Colla et al., 2015) 

Penicillium   citrinum Fungi 35 °C 7 (Kumar et al., 2016) 

Penicillium restrictum Fungi 30 °C 6.5 (Mukhtar et al., 2015) 

Penicillium 

simplicissimum 

Fungi 20-70 °C 6-9 (Delgado and Fleuri, 

2014) 

Penicillium 

verrucosum 

Fungi 30.5 °C 6 (Pinheiro et al., 2008; 

Kempka et al., 2008) 

http://www.sciencedirect.com/science/article/pii/S0308814614006608
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Geotrichum sp. Fungi 45 °C 7.5 (Yan and Yan, 2008; 

Burkert et al., 2004) (Pan 

et al., 2012) 

Geotrichum candidum Fungi 40 °C 7 (Maldonado et al., 2016) 

Aspergillus carneus Fungi 37 °C 7.2 (Collaet al 2015) 

Rhizopus sp. Fungi 40 °C 8 (Martinez-Ruiz et al., 

2008; Khayatiet al 2013) 

Aspergillus niger Fungi 45 °C 4 (Dutra et al., 2008; Mala 

et al., 2008; Falony et al., 

2006) 

Rhizopus oryzae Fungi 37 °C 7  (Khaskheli et al., 2013) 

Colletotrichum 

gloesporioides 

Fungi 45 °C 4-11  (Sande et al., 2015) 

Candida utilis Fungi 30 °C 4  (Qureshi et al., 2013) 

Candida rugosa Fungi 50 °C 10 (Rajendran et al., 2008; 

Boareto et al., 2007; 

Puthli et al., 2006; Zhao et 

al., 2008) 

Candida cylindracea Fungi 50 °C 7-8 (Kim and Hou, 2006; Hofi 

et al., 2011; He and Tan, 

2006) 

Rhodotorula 

mucilaginosa 

Yeast 30 °C 5 (Nuylert et al., 2013) 

Yarrowia  lipolytica Yeast 30-50 °C 3-8 (Lopes et al., 2009; 

Alonso et al., 2005; Karet 

al., 2008; Fickerset al., 

2006; Amaralet al., 2007; 

Dominguez et al., 2003) 

Aureobasidium 

pullulans 

Yeast 35 °C 7 (Liu et al., 2008) 

Saccharomyces 

cerevisiae  

Yeast 55 °C 4-10 (Varthini et al., 2014) 

 

Williopsis californica Yeast 27 °C 7 (Thakur et al., 2012) 

Rhodotorula 

mucilaginosa 

Yeast 37 °C 6 (Luciana et al., 2016) 

 

http://www.sciencedirect.com/science/article/pii/S1381117715000132
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Fat and oil processing 

In food processing industry, the modification of oil and fat is one of the most important areas (Gupta et al., 

2003). Fats and oils are essential constituents of foods. The properties of lipids can be transformed by lipases 

when the position of fatty acid is changed in glycerides and also by exchanging one or more than one fatty 

acids with new ones. Thus an inexpensive and less needed lipid can be converted into greater value fat. By 

the use of highly selective phospholipases, phospholipids in vegetable oils can be eliminated. This process is 

latest developed and non-toxic to environment (Clausen, 2001). 

Food industry 

There are vast applications of lipases in the field of biotechnology by which many biotech goods are produced 

and used at homes. To improve the characteristics of food stuff, the consumption of enzymes is done by food 

science solicitations. Although lipases have many applications in food industry but mostly they are used in 

flavor development and cheese ripening. The use of lipases is ex situ to obtain the food stuff having high 

nutrients, modification of structure by Tran- or inter-esterification and to develop flavor (Reetz, 2002). To 

enhance flavor in food stuff, the production of esters of fatty acids bearing short chain and alcohols is done. 

These are mostly used flavor compounds. Thus, to maintain the life time of food and to enhance the flavor, 

lipases are most important and widely used biocatalyst (Macedo et al., 2003). 

Detergents 

In developed countries detergent making with the help of enzymes is common now and in detergents enzymes 

used greater than 50% as ingredient. The detergents which are used in laundry has become more popular due 

to the wide use in washing machine, resiliency to fabrics, softness producers and anti-staticness. Fabrics 

quality and texture can retain with lesser wash temperature which is also energy saver is modern method in 

detergent industry (Weerasooriya and Kumarasinghe, 2012). In term of volume and value enzymes mainly 

consumes in detergent industries. The detergent is eco-friendly with the use of enzymes to avoid the use of 

harsh strains. Lipase in conjunction with amylase, proteases and cellulases are found in many laundry 

detergents (Jeon et al., 2009). 

Oleo-chemical industries 

Immobilized lipases used in oleo-chemical industries to initiate the different reactions (alcoholysis, 

glycerolysis and hydrolyses) used substrates of mix culture. Thus, the high productivity and running process 

will be nonstop with the help of immobilized enzymes. The immobilized enzymes splitting the fat and 

economically beneficial because there is no need of large investment for thermal energy equipment. In the 

oleo-chemical industries lipases applications has great scope becauseit decreases the thermal degradation and 

save the energy in process of glycerolysis, alcoholysis and hydrolysis (Verma et al., 2012). Modifications 

with enzymes are beneficial and at moderate conditions reaction can be done (Metzger and Bornscheuer, 

2006). 

Cosmetics and perfumery 

Lipases have activities in production of aroma and so has great potential in perfumeries and cosmetics 

(Metzger and Bornscheuer, 2006). Derivatives (derivatives of what) and vitamin A that is retinoid in 

pharmaceutical and cosmetics has great applications like the products of skin cares need explanation for the 

relation of vitamin A with lipase. (Immobilized lipases can be converted into derivatives of retinol water 

soluble by catalytic reaction) grammatical error (Maugard et al., 2002). 

Medical applications 

Wax moth (Galleria mellonella) found the action of bacteria on Mycobacterium tuberculosis H3tRv.  To 

detect new sources of medicines this study may be helpful (Annenkov et al., 2004). Lovastatin can be 

produced from lipase isolate from micro-organism Candida rugosa, it decrease the serum cholesterol level. 
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Poly unsaturated fatty acids (PUFAs) obtained by using microbial lipases from plant and animal lipids, like 

oil of menhaden, borage and tuna oil. A variety of pharmaceutical can be produced by using free poly 

unsaturated fatty acids and their mono and di-acyl glycerides (Sharma et al., 2001). PUFAs, due to their 

metabolic benefits are used remarkably as pharmaceutical, nutraceuticals and food additives.  Immobilized 

lipases are employing for production of nutraceuticals (Abhijit, 2012). 

Baking Industry  

Lipolytic enzymes have great use in baking industry. Recently it is suggested that lipases are used to emulsify 

the supplement or substitute and due to this lipases break the polar wheat lipid into emulsifying lipids in situ 

(Collar et al., 2000). Initially the flavor content of the products of bakery was enhanced with the help of 

lipases through esterification by liberating the short-chain fatty acids. The shelf-life of bakery products can 

also be enhanced with the help of lipase along with the enhancement of flavors. Through lipase catalyzation 

the softness and texture can also improves. In baking industry A. oryzaeis an artificial lipase was used in 

processing. Lipase, xylanase, amylase and all other hydrolytic enzymes increase the specific volume of breads 

by reducing the initial firmness (Fariha et al., 2006). 

Textile Industry 

Lipase in conjunction with other enzymes used in desizing in textile industry in this process it removes the 

adhesive lubricant from the wrap thread that helps the high absorbency levelness in dyeing. In system of 

denim abrasion the frequency of cracks and streaks is also reduces with the help of lipases. Lipase enzymes 

and alpha amylase commercially used for desizing of cotton fabrics and denim (Macedo et al., 2003). 

Flavor development and quality improvement 

Recently in food processing industry the modification of fat and oil is one of leading areas it needs green 

technology and novel economic. Tri-acylglycerols and nutritionally enriched oils of tailored vegetables have 

great application in future market. To retailoring the oils of vegetables specific fatty acids and specific region 

of microbial lipases has massive importance. Nutritionally important low calories tri-acylglycerols, oleic acid 

enriched oil and tri-acylglycerols like substitutes of cocoa butter can be produce with help of low-cost oil. 

Ester of short chain fatty acids and alcohols can produce with the help of lipases to modify the flavors of food 

additives and known as fragrance and flavor compounds (Macedo et al., 2003). Bio-lipolysis is a process to 

remove the fat by addition of lipases table 2. In fermentation steps of sausage lipases play a key role and 

during ripening it helps to measures the changes of long chain fatty acid liberated (Fariha et al., 2006). 
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Table 2: Action of lipases in different industries 

Industries Purposes Applications 

Dairy products To modify the butter fat, ripening of cheese and 

hydrolysis of milk 

Enhancement of agent of flavor in cheese, butter 

and milk 

Food stuff To improve quality Extension of shelf life 

Beverages To improve aroma Beverages containing alcohol 

Health food To perform trans-esterification Preparation of healthy food 

Laundry/surfactant To remove strains Cleaning of clothes 

Pharmaceutical To hydrolyze polyester alcohols Production of inter-mediates to prepare medicines 

Textile To remove size lubricants Desizing of cotton fabrics and denim jeans 

Cosmetics Esterification Sun block and skin care creams, bath oils 

Fuel industries To perform trans-esterification Production of bio-diesel 

Agrochemicals To done esterification Production of herbicides 

Pollution 

Control 

To hydrolyze oil and grease Removal of stains 

(Kaffarnik et al., 2014; Verma et al., 2012; Andualema et al., 2012; Kobayashi, 2015; Nishat and Rathod, 

2015) 

CONCLUSION 

Enzymes are catalysts that speed up the reaction without taking part in reaction and well known as 

biocatalysts. Among the natural and synthetic enzymes, the most commonly used enzyme is lipase. The 

sources by which lipases can be extracted are plants, animals and the easiest one is microorganisms. The 

production of lipases from different microorganisms is carried out on different physiochemical conditions. 

Lipases are versatile enzymes having different features depending upon different modes of production. There 

is a wide and rapid increase of use of lipases for biotechnological applications. Lipases are being used in dairy 

products, beverage industry, food industry, detergents making, pharmaceuticals, textile industry, cosmetics, 

fuel industry, fat and oil industry, agrochemicals, pollution control and in production of personal care 

products. The latest synthetic routes are discovered having upgraded reaction conditions with optimized 

lipases. By using these advanced lipases different chemicals and pharmaceuticals are being synthesized 

having better quality. With the help of biotechnology, genetic engineering and protein engineering are playing 

very important role to modify the features of lipases to increase their applications in all the industries. Lipases 

also bear some draw backs like high production cost, less commercialization and slow reactivity in some 

lipase-mediated processes. Due to these factors the use of lipase is restricted to few industries. But in near 

future these draw backs are going to overcome by new innovative features of lipases that are under study. 

Many genes of lipase enzymes with unique features are still unknown and need to be explored. 

 

 

 

http://www.sciencedirect.com/science/article/pii/S1359511315300489


JBCBB, 1(2):7-20, 2016 

Kiran et al., 2016  16 

References 

1. Abdulla, M. and P. Ravindra. 2013. Characterization of cross linked Burkholderia cepacia lipase in 

alginate and k-carrageenan hybrid matrix. Journal of the Taiwan Institute of Chem. Eng. 44: 545-

551. 

2. Abhijit, R. 2012. Review Article Application of Lipase in Industry. Asian J. Pharm. Tech. 2 (2): 33-

37. 

3. Ahmed, A., P. Delphine, D.C. Alain, L. Yves and C. ,Frédéric. 2007. A Comparative Study on Two 

Fungal Lipases From Thermomycesla nuginosus And Yarrowia Lipolytica Shows the Combined 

Effects of Detergents And pH on Lipase Adsorption and Activity. Biochem Biophys Acta.  1771 

(12): 1446-56. 

4. Alkan, H.Z. F. Baysal, Uyar and M. Dogru.2007.Production of Lipase by A Newly Isolated Acillus 

coagulans Under Solid-State Fermentation Using Melon Waste. Applied Biochem. Biotechnol. 136: 

183-192. 

5. Alonso, F.O.M., E.B.L. Oliveira, G.M. Dellamora-Ortiz and F.V. Pereira-Meirelles. 2005. 

Improvement of Lipase Production at Different Stirring Speeds and Oxygen Levels. J. Brazilian Sci. 

Chem. Eng. 22 (1): 9-18. 

6. Amaral, P.F.F., A.P.R. Almeida, T. Peixoto, M.H.M. Rocha-Leão, J.A.P. Coutinho and M.A. 

Coelho.2007.Beneficial Effects of Enhanced Aeration Using Perfluorodecalin in Yarrowia 

lipolyticaCultures for Lipase Production. World J. Microbiol.Biotechnol. 23: 339-344. 

7. Andualema, Berhanu, Gessesse and Amare. 2012. Microbial Lipases and Their Industrial 

Applications: Review. Biotechnology, 11 (3):  100-118. 

8. Annenkov, G.A., N.N. Klepikov, L.P. Martynova and V.A. Puzanov. 2004. Wide Range of The Use 

of Natural Lipases And Esterases To Inhibit Mycobacterium Tuberculosis. Probl.Tuberk. Bolezn. 

Legk. 6: 52-56. 

9. Aravindan, R., P. Anbumathi and T. Viruthagiri. 2007. Lipase Applications in Food Industry. Ind. 

J. Biotechnol. 6: 141-158. 

10. Arife, P.E., D. Barbaros, B. Nimet and A. Ahmet.2015.Partial Purification and Characterization of 

Lipase from Geobacillus stearothermophilus AH22.J. Enzyme Inhib. Med. Chem. 31 (2): 325-31. 

11. Asian, 2012. Review Article: Application of Lipase In Industry. J. Pharm. Tech. 2 (2): 33-37. 

12. Beisson, F., A. Tiss, C. Riviere and R. Verger. 2000. Methods for Lipase Detection And Assay: A 

Critical Review. Eur. J. Lipid. Sci. Technol. 102: 133-153. 

13. Benjamin, S. and A. Pandey. 1998. Candida Rugosa Lipases: Molecular Biology and Versatility in 

Biotechnology. Yeast. 14: 1069-1087. 

14. Boareto, A.J.M., M.B. Souza, F. Valero and B. Valdman.  2007. A Hybrid Neural Model (HNM) 

For the On-Line Monitoring Of Lipase Production By Candida rugosa. J. Chem. Technol. 

Biotechnol. 82: 319-327. 

15. Bose, A. and H. Keharia.2013. Production, characterization and applications of organic solvent 

tolerant lipase by Pseudomonas aeruginosa AAU2. Biocatal. Agri. Biotech. 2 (3): 255-266. 

16. Buchon L, Laurent P, Gounot AM, Guespin MJF (2000). Temperature dependence of extrcellular 

enzyme production by Psychotrophic and Psychrophilic bacteria. Biotechnol. Lett. 22: 1577-1581. 

17. Carvalho, N.B., R.L. Souza, H.F. Castro, G.M. Zanin and A.S.  Lima. 2008. Sequential Production 

of Amylolytic And Lipolytic Enzymes By Bacterium Strain Isolated From Petroleum Contaminated 

Soil. Applied Biochem. Biotechnol. 150: 25-32. 

18. Chaiyaso, T., P., Seesuriyachan, W. Zimmermann and A.H. Kittikun. 2012. Purification and 

characterization of lipase from newly isolated Burkholderia multivorans PSU-AH130 and its 

application for biodiesel production.Annals of Microb. 62( 4): 1615–1624. 

19. Christiansen, L., J. Vind, K. Borch, H.P. Heldt-Hansen and T. Sopendler. 2003. Generation of 

Lipases with Different Specificities and Functionalities in Baking, Recent Advances in Enzymes in 

Grain Processing. Proceedings of the Third Symposium on Enzymes in Grain Processing. 24: 269-

274. 



JBCBB, 1(2):7-20, 2016 

Kiran et al., 2016  17 

20. Cihangir, N. and E. Sarikaya. 2004.Investigation of lipase production by a new isolated of 

Aspergillus sp. World Journal of Microb. Biotech. 20: 193-197. 

21. Clausen, K. 2001. Enzymatic Oil-Degumming By a Novel Microbial Phospholipase. Eur. J. Lipid 

Sci. Technol. 103: 333-340. 

22. Colla,L.M., A.M.M., Ficanha, J., Rizzardi, T. E., Bertolin, C. O. Reinehr and J.A.V. Costa. 2015. 

Production and Characterization of Lipases by Two New Isolates of Aspergillus through Solid-State 

and Submerged Fermentation. BioMed Research Inter. http://dx.doi.org/10.1155/2015/725959 

23. Collar, C. J.C. Martilnoz, P. Andrew and E. Armero. 2000. Effect of Enzyme Association on Bread 

Dough Performance: A Response Surface Study. Food Sci. Technol. Int. 6: 217-226. 

24. Delgado, C.H.O. and L.F. Fleuri. 2014. Obtaining lipases from byproducts of orange juice 

processing. Food Chem. 163: 103-107. 

25. Dominguez, A., M. Costas, M.A. Longo and A. Sanroman.2003.A Novel Application of Solid State 

Culture: Production of Lipases by Yarrowia Lipolytica. Biotechnol. Letters, 25: 1225-1229. 

26. Dutra, J.C.V., S.C. Terzi, S.C. Bevilaqua, M.C.T. Damaso, S. Couri and M.A.P. Langone. 2008. 

Lipase Production In Solidstate Fermentation Monitoring Biomass Growth of Aspergillus 

nigerusing Digital Image Processing. Applied Biochem. Biotechnol. 147: 63-75. 

27. Ekinci, A.P., B., Dinçer, N., Baltaş and A. Adıgüzel. 2015. Partial purification and characterization 

of lipase from Geobacillus stearothermophilus AH22. Journal of Enzyme Inhibition and Medicinal 

Chem. 31 (2): 325-331. 

28. Emtenani, S., A., Asoodeha and S. Emtenani. 2013. Molecular cloning of a thermo-alkaliphilic 

lipase from Bacillus subtilis DR8806: Expression and biochemical characterization.  Process 

Biochem. 48 (11): 1679-1685. 

29. Ertugrul, S., G. Donmez and S. Takaç.2007, “Isolation of lipase producing Bacillus sp. from olive 

mill wastewater and improving its enzyme activity. J. Hazard. Mater. 149: 720– 724. 

30. Extracellular Enzyme Production by Psychotrophic and Psychrophilic Bacteria, Biotechnol. Lett. 

22: 1577–1581. 

31. Falony, G., J.C. Armas, J.C.D. Mendoza and J.L.M. Hernandez. 2006. Production of Extracellular 

Lipase from Aspergillus Niger by Solid-State Fermentation. Food Technol. Biotechnol. 44 (2): 235-

240. 

32. Fariha, H., A.A. Shah and A. Hameed.2006.Industrial Applications of Microbial Lipases Enzyme 

and Microbial Technology. 39: 235-251.. 

33. Fickers, P., M. Ongena, J. Destain, F. Weekers and P. Thonart. 2006. Production And Down-Stream 

Processing of An Extracellular Lipase From The Yeast Yarrowia Lipolytica. Enzyme Microb. 

Technol. 38: 756-759. 

34. Gupta, N., V. Shai and R. Gupta. 2007. Alkaline Lipase from A Novel Strain Burkholderia 

Multivorans: Statistical Medium Optimization And Production In A Bioreactor. Process Biochem. 

42: 518-526. 

35. Gupta, R., N. Gupta and P. Rathi. 2004. “Bacterial lipases: An overview of production,  

36. Gupta, R., P. Rathi and S. Bradoo. 2003. Lipase Mediated Upgradation of Dietary Fats and Oils. 

Crit. Rev. Food Sci. Nutr. 43 (6): 35-44. 

37. Gurung, N., S.Ray, S.Bose and V. Rai. 2013. A Broader View: Microbial Enzymes and Their 

Relevance in Industries, Medicine, and Beyond. BioMed Res. Int. Article ID 329121, 

http://dx.doi.org/10.1155/2013/329121. 

38. He, Y.Q. and T.W. Tan.2006.Use of Response Surface Methodology to Optimize Culture Medium 

for Lipase for Production of Lipase with Candida Sp. 99-125. J Mole. Catalysis, Enzymatic. 43: 9–

14. 

39. Hofi, M.E., E.L.E. Tanboly and N.S. Abd-Rabou. 2011. Industrial Application of Lipases in Cheese 

Making: A review. Int. J. Food Safety. 13: 293-302. 

40. Imamura, S. and S. Kitaura. 2000. Purification and Characterization of A Monoacylglycserol. Food 

Technol. Biotechnol, 46: 402-412 

http://www.tandfonline.com/toc/ienz20/current
http://www.tandfonline.com/toc/ienz20/current


JBCBB, 1(2):7-20, 2016 

Kiran et al., 2016  18 

41. Jeon, J.H., J.T. Kim, Y.J. Kim, HK. Kim, H.S. Lee, S.G. Kang, S.J. Kim and J.H. Lee. 2009. Cloning 

and Characterization of A New Cold-Active Lipase from A Deep-Sea Sediment Metagenome. Appl. 

Microbiol. Biotechnol. 81: 865-874. 

42. Kaffarnik, S., Y., Kayademir, C. Heid and W. Vetter. 2014. Concentrations of Volatile 4-Alkyl-

Branched Fatty Acids in Sheep and Goat Milk and Dairy Products. J. of Food Sci. 79 (11): 2209-

2214. 

43. Kar, T., F. Delvigne, M. Masson, J. Destain and P. Thonart. 2008. Investigation of The Effect of 

different Extracellular Factors on the Lipase Production by Yarrowia lipolityca on the Basis of a 

Scaledown Approach. J. Ind. Microbiol. Biotechnol. 35: 1053-1059. 

44. Kempka, A.P., N.R. Lipke, T.L.F. Pinheiro, S. Menoncin, H. Treichel and D.M.G. Freire. 2008. 

Response Surface Method To Optimize The Production And Characterization of Lipase From 

Penicillium verrucosumIn Solid-Statefermentation. Bioprocess Biosys. Eng. 31: 119-125. 

45. Khaskheli, A.A., F.N., Talpur, M.A., Ashraf, A. Cebec and S. Jawaid. 2015. Monitoring 

the Rhizopus oryzae lipase catalyzed hydrolysis of castor oil by ATR-FTIR spectroscopy. Journal of 

Molecular Catalysis B: Enzy. 113: 56-61. 

46. Khayati, G., H.G. Gilani and M. Kazemi. 2013. The effect of olive cake types on lipase production 

by isolated Rhizopus sp. and process statistical optimization. J. Bio. Sci. Biotech. 2 (1): 45-55. 

47. Kim, B.S. and C.T. Hou .2006. Production of Lipase by High Cell Density Fed-Batch Culture of 

Candida Cylindracea. Bioprocess Biosys. Eng. 29: 59-64. 

48. Kobayashi, S. 2015. Enzymatic ring-opening polymerization and polycondensation for the green 

synthesis of polyesters.Plomersof  Adv. Techo. 26 (7): 677–686. 

49. Kumar N.V., M.E. Rani,R. Gunaseeli and N.D. Kannan. 2016. Utilization of Medicinal Oil Effluent 

for Lipase Production by Penicillium citrinum MKF3. Environmental Science and Eng. 1: 125-132. 

50. Kumar, A., P. Sharma and S.S. Kanwar.2012.Lipase Catalyzed Esters Syntheses In Organic Media: 

A Review. Int. J. Inst. Pharm. Life Sci. 2 (2): 91-119. 

51. Latip, W., R.N.Z.R.A., Rahman, A.T.C., Leow, F.M. Shariff and M.S.M. Ali.2016. Expression and 

characterization of thermotolerant lipase with broad pH profiles isolated from an 

Antarctic Pseudomonas sp strain AMS3. PeerJ 4: 2420. 

52. Lithauer, D., A. Ginster and E. Skein. 2002. Pseudomonas luteolalipase: A New Member of the 320 

– Residue Pseudomonas Lipase Family. Enz. Microbial Technol. 30: 209-215. 

53. Liu, Z., Z. Chi, L. Wang and J. Li. 2008. Production, Purification and Characterization of An 

Extracellular Lipase from Aureobasidium Pullulans HN2.3 With Potential Application For The 

Hydrolysis of Edible Oils. Biochem. Eng. J. 40: 445-451. 

54. Lopes, M., N. Gomes, M. Mota and I. Belo. 2009. Yarrowia Lipolytica Growth under Increased Air 

Pressure: Influence of Enzyme Production. Applied Biochem. Biotechnol. 43: 54-60. 

55. Luciana C.S. Chauda, L.C.S., L.D., Lariob, R.C.B., Santosc, L.D., Setted, A.P. Juniorb and M.G.A. 

Felipe. 2016. Improvement in extracellular protease production by the marine antarctic yeast 

Rhodotorula mucilaginosa L7. New Biotech. 33: 807-814. 

56. Macedo, G.A., M.M.S. Lozano and G.M. Pastore. 2003. Enzymatic Synthesis of Short Chain 

Citronellyl Esters by A New Lipase from Rhizopus sp. Electron. J. Biotechnol. 6 (1): 72-75. 

57. Macedo, G.A., M.M.S., Lozano and G.M. Pastore. 2003. Enzymatic Synthesis of Short Chain 

Citronellyl Esters By A New Lipase From Rhizopus Sp. Electron. J. Biotechnol.6 (1): 72-75. 

58. Mala, J.G.S., N.G. Edwinoliver, N.R. Kamini and R. Puvanakrishnan.2008.Mixed Substrate Solid 

State Fermentation For Production And Extraction Of Lipase From Aspergillus Niger MTCC 2594. 

J. General Applied Microbiol. 53: 247-253. 

59. Maldonado, R.R., E.L., Pozza and E. Aguiar-Oliveira. 2016.  Characterization of Crude and Partially 

Purified Lipase from Geotrichum candidum Obtained with Different Nitrogen Sources. J Am Oil 

Chem. Soc. 93: 1355-1364. 

60. Mäntsälä, P. and J. Niemi. Physiology and Maintenance Enzymes .The Biological Catalysts of 

Life.2. 

mailto:nvkibt@gmail.com


JBCBB, 1(2):7-20, 2016 

Kiran et al., 2016  19 

61. Martinez-Ruiz, A., H.S. Garcia, G. Saucedo-Castaneda and E. Favela-Torres.2008. Organic Phase 

Synthesis of Ethyl Oleate Using Lipases Produced By Solid-State Fermentation. Applied Biochem. 

Biotechnol. 151: 393-401. 

62. Maugard, T., B. Rejasse and M.D. Legoy. 2002. Synthesis of Water-Soluble Retinol Derivatives by 

Enzymatic Method. Biotechnol. Prog. 18: 424-428. 

63. Metzger, J.O. and Bornscheuer, U. 2006. Lipids as Renewable Resources: Current State of Chemical 

and Biotechnological Conversion and Diversification. Appl. Microbiol. Biotechnol. 71: 13-22. 

64. Mukhtar, H., M., Hanif, A., Rehman, A. Nawaz and I. Haq. 2015. Studies on the lipase production 

by Aspergillus niger through solid state fermentation. Pak. J. Bot. 47: 351-354. 

65. Neihaya, H., Zaki, E., Sinan and Saeed. 2012. Production, Purification and Characterization of Extra 

Cellular Lipase from Serratia marcescens and its Potential Activity for Hydrolysis of Edible Oils. 

Journal of Al-Nahrain Uni. 15(1): 94-102. 

66. Nishat, R.T. and V.K. Rathod. 2015. Enzyme catalyzed synthesis of cosmetic esters and its 

intensification: A review. Process Biochem. 50 (11): 1793-1806. 

67. Nomenclature Committee of the International Union of Biochemistry and Molecular Biology (NC-

IUBMB), 2010. The Enzyme List Class 1,2,3,4,5 — Oxidoreductases, Transferases, Hydrolases, 

Lyases, Isomerases.  

68. Nuylert, A. and T. Hongpattarakere. 2013. Improvement of cell-bound lipase fromRhodotorula 

mucilaginosa P11I89 for use as a methanol-tolerant, whole-cell biocatalyst for production of palm-

oil biodiesel. Annals of Microb. 63 (3): 929-939. 

69. Padilla, R.Y.C., M., Albuquerque, R.T., Figueiredo, A.T., Fricks, E., Franceschi, Á.S., Lima, 

O.A.A.,Santos, D.P. Silva andC.M. F. Soares. 2013. Immobilization and characterisation of a lipase 

from a new source, Bacillus sp. ITP-001. Bioprocess and Biosystems Engi. 36 (10): 1385-1394. 

70. Pan, X.X., L.,Xu, Y., Zhang, X.,Xiao, X.F., Wang, Y. Liu, H. Zhang and Y.J. Yan. 2012. Efficient 

Display of Active Geotrichum sp. Lipase on Pichiapastoris Cell Wall and Its Application as a 

Whole-Cell Biocatalyst to Enrich EPA and DHA in Fish Oil. J. Agric. Food Chem. 60 (38): 9673-

9679. 

71. Patil, K.J., M.Z. Chopda and R.T. Mahajan. 2011. Lipase Biodiversity. Indian J. Sci. Tech. 4 (8): 

971-982. 

72. Pinheiro, T.L.F., S. Menoncin, N. Domingues, D. Oliveira, H. Treichel and M. Di Luccio.2008. 

Production and Partial Characterization of Lipase from Penicillium verrucosumObtained by 

Submerged Fermentation of Conventional and Industrial Media. Ciência e Tecnologia de Alimentos. 

28 (2): 444-450. 

73. Puthli, M.S., V.K. Rathod and A.B. Pandit.2006.Optimization of Lipase Production in A Triple 

Impeller Bioreactor. Biochem. Eng. J. 27: 287-294. 

74. Qureshi F.Z. and A. Aslam. 2013. A comparative study of nutritional and environmental factors 

affecting extracellular and intracellular invertase production in candida utilis. Pak. J. Bot. 45(2): 

681-686. 

75. Rajendran, A., A. Palanisamy and V. Thangavelu.2008.Evaluation of Medium Components by 

Plackett–Burman Statistical Design For Lipase Production By Candida Rugosa And Kinetic 

Modeling. Chinese J. Biotechnol. 24 (3): 436-444. 

76. Reetz, M.T. 2002. Lipases as Practical Biocatalysts. Curr. Opin. Chem. Biol. 6 (2): 145-150. 

77. Rodrigues, M.I. and A.F. Iemma. 2005. “Planejamento de Experimentos e Otimização de Processos: 

Uma estratégiaseqüencial de planejamentos”, Campinas, BRA: Casa do Pão. 

78. Sande1, D., L.T.A., Souza, J.S., Oliveira, M.M., Santoro, I.C.A., Lacerda1, G. Colen and J.A. 

Takahashi. 2015. Colletotrichum gloeosporioides lipase: Characterization and use in hydrolysis and 

esterifications. Afr. J. Microb. Res.  9 (19): 1322-1330. 

79. Saxena, R.K., A. Sheoran, B. Giri. W.S. Davidson. 2003. Purification Strategies for Microbial 

Lipases. J. Microbiol. Meth. 52: 1-18. 

80. Sharma, R., Y. Chisti and U.C. Banerjee. 2001. Production, Purification, Characterization and 

Applications of Lipases. Biotechnol. Adv. 19: 627-662. 

http://www.sciencedirect.com/science/article/pii/S1359511315300489


JBCBB, 1(2):7-20, 2016 

Kiran et al., 2016  20 

81. Sharma, S., S.S., Singh, P., Maan and R. Sharma. 2014. Biocatalytic potential of lipase 

fromStaphylococcus sp. MS1 for transesterification of jatropha oil into fatty acid methyl esters. 

World J. of Microbio. Biotechno. 30 (11): 2885-2897. 

82. Sun S.Y. and Y. Xu. 2008. Solid-state for ‘whole-cell synthetic lipase’ production from Rhizopus 

chinesis and identification of the functional enzyme. Process Biochem. 43: 219-224. 

83. Svendsen, A. 2000. Review: Lipase Protein Engineering. Biochim.Biophys Acta.1543: 223-238. 

84. Teng, Y. and Y. Xu. 2008. Culture Condition Improvement for whole cell Lipase Production in 

Submerged Fermentation by Rhizopus chinensisusing statistical method. Bioresour. Technol. 99: 

3900-3907. 

85. Teng, Y., Y. Xu and D. Wang.2009.Changes in Morphology of Rhizopus Chinensis In Submerged 

Fermentation and Their Effect on Production of Mycelium-Bound Lipase. Bioprocess Biosys. Eng. 

41: 30-37. 

86. Thakur, S. 2012.  Lipases, its sources, Properties and Applications: A Review. Inter. J. of Sci. & 

Eng. Res. 3(7): 1344-1353. 

87. Vakhlu, J. and A. Kour. 2006 “Yeast lipases: Enzyme purification, biochemical properties and gene 

cloning”. Electronic J. of Biotech.9: 1-17.  

88. Varthini, L.V., K., Selvaraju, M. Srinivasan and V. Nachiappan. 2015. ROG1 encodes a 

monoacylglycerol lipase in Saccharomyces cerevisiae. Febs. Lett. 589 (1): 23-30. 

89. Verma, M.L. and S.S. Kanwar. 2008. Properties And Application Of Poly (Methacrylic Acid-

Cododecyl Methacrylate-Cl-N,Nmethylenebisacrylamide) Hydrogel Immobilized Bacillus Cereus 

MTCC 8372 Lipase For The Synthesis of Geranyl Acetate. J. Appl. Polymer Sci. 110: 837-846. 

90. Verma, N., S. Thakur and A.K. Bhatt. 2012. Microbial Lipases: Industrial Applications and 

Properties: A Review. Int. Res. J. Biol. Sci. 1(8): 88-92. 

91. Wang, D., Y. Xu and T. Shan. 2008. Effects of Oils and Oil-Related Substrates on the Synthetic 

Activity of Membrane-Bound Lipase from Rhizopus chinensisAnd Optimization of The Lipase 

Fermentation Media. Biochem. Eng. J. 41: 30-37. 

92. Wang, J.R., Y.Y., Li, S.D., Xu, P., Li, J.S. Liu and D.N. Liu. 2014. High-Level Expression of Pro-

Form Lipase from Rhizopus oryzae in Pichiapastoris and Its Purification and Characterization. Int. 

J. Mol. Sci. 15(1): 203-217.  

93. Wang, L., Z.M., Chi, X.H., Wang, Z.Q. Liu and J. Li. 2007 “Diversity of lipase-producing yeasts 

from marine environments and oil hydrolysis by their crude enzymes”. Annals of Microb. 4: 2-7. 

94. Weerasooriya, M.K.B. and A.A.N. Kumarasinghe. 2012. Isolation of Alkaline Lipase from Rubber 

Seed-Partial Purification, Characterization and Its Potential Applications as a Detergent Additive. 

Indian J. Chem. Techn. 19: 244-249. 

95. Yan, J.Y. and Y.I. Yan.2008.Optimization for Producing Cell-Bound Lipase FromGeotrichum 

Sp.And Synthesis of Methyl Oleate In Microaqueous Solvent. Applied Microbiol. Biotechnol. 78: 

431-439. 

96. Zhao, W., J. Wang, R. Deng and X. Wang.2008.Scale-Up Fermentation Of Recombinant Candida 

Rugosa Lipase Expressed In Pichiapastoris Using The GAP Promoter. J. Ind. Microbiol. Biotechnol. 

35: 189-195. 

97. Zhao, X., W., Xie, Y., Lin, X., Lin, S., Zheng and S. Han. 2013. Combined strategies for improving 

the heterologous expression of an alkaline lipase from Acinetobacter radioresistens CMC-1 in 

Pichiapastoris. Process Biochem. 48: 1317–1323. 

98. Zubiolo, C., R.C.A. Santos and N.B. Carvalho. 2014. Encapsulation in a sol–gel matrix of lipase 

from Aspergillus niger obtained by bioconversion of a novel agricultural residue. Bioprocess 

Biosyst. Eng. 37: 1781-1788. 

http://link.springer.com/journal/11274

