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ABSTRACT

Lipase or triacylglycerol acyl ester hydrolases belong to serine hydrolase family also called as carboxylic acid esterases, 
whose number is EC 3.1.1.3 according to enzyme-commission that helps to break the bond by reaction with water. 
Microbial lipase production is preferable than plants and animals because of the more rapid growth of microbes, ease 
to genetic manipulation, requires low-cost media, stability and their specifi c properties. Currently, microbial lipase has 
many applications in the industrial fi eld. Agro-industrial by-products are used in the biotechnology fi eld because it con-
tains carbon, nitrogen, minerals and other nutrients, and they are of low cost. Production of lipase by micro-organism 
is carried out with the help of agriculture by-product using them as substrate.In mix culture experiment in case of each 
substrate, maximum lipase activity was obtained using mustard oil cake (10.199458 U/ml), sesame oil cake (10.6731 U/
ml), linseed oil cake (9.947174941 U/ml), and soybean oil cake (9.5716 U/ml). Overall mix culture experiment, sesame 
oil cake gave highest lipase activity.

KEY WORDS: AGRICULTURE RESIDUES; MUSTARD OIL CAKE, LINSEED OIL CAKE, SESAME OIL CAKE, AND SOYBEAN OIL CAKE; OPTIMIZA-
TION; LIPASE; MIX CULTURE; SUBMERGED FERMENTATION

748

Biotechnological 
Communication
Biosci. Biotech. Res. Comm. 12(3): 748-756 (2019)

Article Information:*Corresponding Author: drvinay@yahoo.com 
Received 25/07/2019 Accepted after revision 20/09/2019 
Published: 30th Sep 2019  Pp-741-747
This is an open access article under Creative Commons License,  
Published by Society for Science & Nature, Bhopal India. 
Available at: https://bbrc.in/ 
Article DOI: http://dx.doi.org/10.21786/bbrc/12.3/30



Sarit Prabha et al.

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS UTILIZATION OF AGRO-INDUSTRIAL BY-PRODUCTS FOR PRODUCTION OF LIPASE 749

INTRODUCTION

Lipase or triacylglycerol acyl ester hydrolases belong 
to serine hydrolase family also called as carboxylic 
acid esterases, whose number is EC 3.1.1.3 according 
to enzyme-commission that helps to break the bond 
by reaction with water. Protease, amidase, glucosidase, 
nitrilases, epoxide enzyme also belongs to a hydro-
lase family (Patrick Fickers et al., 2011) (Gupta et al., 
2004); (Hasan et al., 2006); (Hasan et al., 2009); (Jae-
ger & Eggert, 2002); (Salihu et al., 2012). Convention-
ally, lipase enzyme was obtained from animal sources. 
Lipase enzyme was fi rstly discovered by Claud Bernard 
in 1856 in pancreatic juice, which converts the insolu-
ble oil-fats to the soluble product (Hasan et al., 2006). 
Pancreatic lipase is present with many other enzymes 
such as trypsin, which gives bitter taste with undesir-
able effect. Lipase enzyme easily extracted from plants 
but the process in fermenter performed is complicated 
and increase the production cost. So plant lipase has not 
used for commercial application. Microbial lipase pro-
duction is preferable than plants and animals because 
of the more rapid growth of microbes, ease to genetic 
manipulation, requires low-cost media, stability and 
their specifi c properties (Rocha, Padez, & Morais, 1998). 
First lipase production was carried out by Bacillus pro-
digiosus, Bacillus pyocyaneus, and Bacillus fl uorescent 
in 1901. Maximum lipase production by the microor-
ganism is based on different strains and characteristics, 
specifi city, stability, performance, and mechanism of 
action (Bornscheuer et al., 2013) (Sharma et al., 2011, 
Geoffry and Archer 2018).

So the problems of lipase production by animals and 
plants overcome by microbial lipase. Microbial lipase 
attracted more attention due to low production cost 
and has economic importance. Now a day, the demand 
for lipase is fulfi lled from micro-organism like bacte-
ria, yeast, fungi, and actinomycetes, which produce vast 
diversity of extracellular lipase (Sharma et al., 2011). 
Fermentation process for the lipase production by SmF 
and SSF in the last few years. Submerged fermentation 
and solid state fermentation technique are the most 
common and conventional process used for lipase pro-
duction which has an advantage over the other pro-
cesses (Sun & Xu, 2008). Agro-industrial by-products 
are used in the biotechnology fi eld because it contains 
carbon, nitrogen, minerals and other nutrients, and they 
are of low cost. Production of lipase by micro-organism 
is carried out with the help of agriculture by-product 
using them as substrate. Waste as substrate contains a 
high amount of nutrients and minerals that are essential 
for the growth of microorganism. Sometimes substrates 
act as an inducer for microbial growth. The substrate 
that has an essential lipid component required for the 

production of lipase is called an ideal substrate. Other-
wise, assemble essential component then provides the 
value-added supplements for the growth of microorgan-
ism (Pandey et al., 1999) (Mitchell et al., 2000) (Mar-
tínez-Herrera et al., 2006). Much agriculture residual are 
converted to renewable product for using as substrate 
for lipase production using microorganism. Lipids are 
present in oil-cake after extraction of oil in industries 
(Singhania et al., 2008 Hasan et al 2018).

Currently, microbial lipase has many applications in 
the industrial fi eld. Esterifi cation and transesterifi cation 
reaction demand is increasing day by day because the 
lipase enzyme has performed the mechanism in non-
aqueous media condition. (Mendes et al., 2012) (Hasan 
et al., 2006) (Sun et al., 2013) (Kapoor & Gupta, 2012). 
Microbial lipase has broad application in another bio-
technological fi eld such as leather, textile, pulp and 
paper, cosmetics, and fat- oil industries.

MATERIALS AND METHODS 

Culture procuration

Bacillus licheniformis MTCC 3244 and Bacillus coagu-
lans MTCC 10305 was procured from Microbial Culture 
Collection and gene bank (MTCC), Institute of Microbial 
Technology, Chandigarh, India. Bothstock cultures were 
maintained on media composition containing (g/l) Yeast 
extract, 2; Beef extract, 1; Peptone, 5; NaCl, 5; Agar, 15.

Substrates collection & pretreatment 

Mustard oil cake, linseed oil cake, sesame oil cake and 
soybean oil cake were collected from the local market 
at Kalyanpur, Kanpur (U.P.). Cakes were dried in a hot 
air oven at 75˚C for 2 to 3 days and were ground in a 
mixer. Cakes were stained by strainer (0.5mm) to obtain 
fi ne powder form. The powder form of cakes was stored 
in airtight containers. Powder form cakes were then used 
as substrate.

Lipase production by submerged fermentation

Lipase production using selected strain Bacillus licheni-
fomis MTCC3244 and Bacillus coagulans 10305 was car-
ried out by submerged fermentation. A semi-synthetic 
liquid medium containing (%) Glucose, 1; Peptone, 
1; Yeast extract, 0.5; MgSO4.7H2O, 0.05; KCl, 0.05; 
FeSO4.7H2O, 0.001; Olive oil, 0.3%; Substrate (cake oil), 
2.5 (Gutarra et al., 2009) was adjust the different pH 
then sterilized by autoclaving at 121˚C,15 psi for 15 min. 
Flasks were inoculated with of 0.25% Bacillus lichenifo-
mis MTCC3244 and Bacillus coagulans 10305 was added 
20 ml of production medium (in Erlenmeyer fl ask of 100 
ml volume). The Erlenmeyer fl asks were incubated at 
different pH, temperature (˚C) and inoculum concentra-
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Table 1. Lipase producing microorganisms with the production process and lipase activity

S. No. Micro-organism Lipase activity References 
1. Yarrowia lipolytica YlLip2 42900 (Yu, Wen, & Tan, 2010)

2.
Candida cylindracea CBS786,
Candida rugosa CBS2275,
Yerrowia lipolytica W29 (ATCC20460)

30 U/L/h
20  U/L/h
7  U/L/h

(Gonçalves, Oliveira et al., 2012)

3. Pseudomonas aeruginosa 204.12 U/mg (Zouaoui & Bouziane, 2012)

5. Bacteria SSB1N 0.1128  μg/ml/min (N. A. Hasan et al., 2018)

6. Serratia marcescens ECU1010 640 U/g (Long, Xu, & Pan, 2007)

7. Garbage lipase enzyme 57.43 U/ml (Selvakumar & Sivashanmugam, 2017)

8. Pseudomonas aeruginosa 60 U/ml (Saravanan et al., 2007)

9. Fusarium solani NFCCI 4084 7.8 U/ml (Geoffry & Achur, 2018)

10.. Thermomyces 
lanuginosus 
(GSLMBKU-10,
GSLMBKU-13,
GSLMBKU-14)

205.80 μg/ml, 225.30  μg/
ml, 165.23  μg/ml

(Sreelatha et al., 2017)

11. Aspergillus niger J-1 1.46 IU/ml
In SmF,
4.8 IU/ml in SSF

(Falony et al., 2006)

12. Aspergillus niger AS-02 49.37 U/g (Salihu et al., 2016)

13. Yarrowia lipolytica (CECT 1240) 57.9 U/cm³ (Domínguez et al.,2003)

14. Candida cylindracea
 ( NRRL Y-17506)

9.231 IU/ml (D’Annibale et al., 2006a)

15. Bacillus licheniformis 016 1870 U/L (Baltaci et al., 2018)

16. E.coli BL21 (DE3) 206 U/ml (Chai et al., 2018)

17. Penicillium simplicissimum 44.8 U/g (Godoy et al., 2009)

18. Penicillium simplicissimum 30 Ugd/s (Asenjo & Andrews, 2008)

20. Bacillus subtilis 4.96 U/ml (Suci et al., 2018)

21. Penicillum restrictum 30.3 U/g (Gombert, Pinto et al., 1999)

22. Aspergillus oryzae NCIM 1212,
Aspergillus japonicas
MTCC 1975

18.9 U/g
23 U/g

(Jain & Naik, 2018)

23. Bacillus stratosphericus PSP8 47 U/ml (Ismail et al., 2018)

24. Yarrowia lipolytica 68.03 U/g (da S. Pereira et al., 2019).

25. Bacillus coagulans 78069 U/g (Alkan et al., 2007)

26. Rhodotorula glutinis HL25 75.2 U/l (Taskin et al., 2016)

27. Penicillium gracilenta CBMAI 1583 1.62 U/ml (Turati et al., 2019)

28. Bacillus cereus 117.3±20 U/ml (Vasiee et al., 2016)

29. Penicillium P58 and P74 139.2  U lipase/g
140.7 U lipase/g

(Rigo et al., 2010)

tion (%) on rotary shaker at 100 rpm. Each 1 ml sam-
ples were then centrifuged for 5 min at 12000 rpm. The 
supernatant was collected. The absorbance of the culture 
was measured by spectrophotometer at wavelength 410 
nm. Maximum lipase activity was achieved by differ-
ent parameters pH (4, 5, 6, 7, 8, 9), temperature (35˚C, 
40˚C, 45˚C, 50˚C) and inoculum concentration (5%, 10%, 
15%). Medium optimization studies were carried out by 
studying one-factor-at-a-time and all factors were kept 
same.

Lipase activity determination

The activity of extracellular lipase was measured by an 
assay to measure the amount of para-nitophenol (PNP) 
formed from p-nitrophenol acetate (pNPA). In the assay, 
2.87 ml of 100 mM potassium phosphate buffer (KPB) at 
pH 7 was added to the 100 μl culture supernatant in the 
test tube. After preincubation at 30˚C for 3 minute, the 
reaction was started by quick mixing the solution with 
30 μl of 100 mM p-NPA solution in DMSO. After 10 min-
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FIGURE 1. Growth of Bacillus licheniformis MTCC 3244 and 
Bacillus coagulans MTCC 10305

FIGURE 2. Lipase activity of mix culture at different pH using mustard oil cake as 
substrate

FIGURE 3. Lipase activity of mix culture at different pH using linseed oil cake as 
substrate

FIGURE 4. Lipase activity of Mix cultureat different pH using sesame oil cake as substrate
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FIGURE 5. Lipase activity of Mix cultureat different pH using soybean 
oil cake as substrate

FIGURE 6. Lipase activity of mix culture at different temperature using mustard oil 
cake as substrate

FIGURE 7. Lipase activity of mix culture at different temperature using linseed oil cake as 
substrate

ute, change in absorbance at 410 nm was recorded with 
a spectrophotometer. Amount of PNP formed was calcu-
lated by using standard prepared at different dilutions 
of PNP. One lipase unit was defi ned as amount of lipase 
enzyme required to convert 1μmole of pNPA to PNP per 
minute under above condition (Long, Xu, & Pan, 2007).

RESULTS & DISCUSSION

Culture procuration

Optimization of process parameter by using the one-
factor-at-a-time (OFAT) method pH Lipase activity of 



Sarit Prabha et al.

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS UTILIZATION OF AGRO-INDUSTRIAL BY-PRODUCTS FOR PRODUCTION OF LIPASE 753

mix culture at different pH using mustard oil cake as 
substrate

As shown in table 2, maximum lipase activity was 
observed at pH 8 that was 9.9269 U/mlafter 48 hr. 

Lipase activity of mix culture at different pH using 
linseed oil cake as substrate

As shown in table 3, Maximum lipase activity was 
observed at pH 8 that was 9.74155 U/mlafter 48 hr. 

Lipase activity of Mix cultureat different pH using 
sesame oil cake as substrate

As shown in table 4, Maximum lipase activity was 
observed at pH 8 that was 10.3646 U/mlafter 24 hr.

Lipase activity of Mix cultureat different pH using 
soybean oil cake as substrate

As shown in table 5, Maximum lipase activity was 
observed at pH 8 that was 9.5716 U/mlafter 24 hr. 

Temperature

Lipase activity of mix culture at different temperature 
using mustard oil cake as substrate

As shown in table 6, Maximum lipase activity was 
observed at 40˚C that was 6.73465 U/mlafter 24 hr. 

Lipase activity of mix culture at different temperature 
using linseed oil cake as substrate

As shown in table 7, Maximum lipase activity was 
observed at 40˚C that was 7.69745 U/mlafter 24 hr. 

Lipase activity of Mix cultureat different temperature 
using sesame oil cake as substrate

As shown in table 8, Maximum lipase activity was 
observed at 40˚C that was 10.6731 U/mlafter 24 hr. 

Lipase activity of Mix cultureat different temperature 
using soybean oil cake as substrate

FIGURE 8. Lipase activity of Mix cultureat different temperature using sesame oil cake as 
substrate

FIGURE 9. Lipase activity of Mix cultureat different temperature using soybean oil cake as 
substrate
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FIGURE 10. Lipase activity of mix culture at different inoculum concentration 
using mustard oil cake as substrate

FIGURE 11. Lipase activity of mix culture at different inoculum concentration 
using linseed oil cake as substrate

FIGURE 12. Lipase activity of mix culture at different inoculum concentration 
using sesame oil cake as substrate

FIGURE 13. Lipase activity of Mix cultureat different inoculum concentration using soybean 
oil cake as substrate

As shown in table 9, Maximum lipase activity was 
observed at 40˚C that was 8.2741 U/mlafter 24 hr. 

Inoculum concentration: L ipase activity of mix culture 
at different inoculum concentration using mustard oil 
cake as substrate

As shown in the table 10, Maximum lipase activity is 
observed at 10% that was 10.19945836 U/mlafter 24 hr. 

Lipase activity of mix culture at different inoculum 
concentration using linseed oil cake as substrate

As shown in the table 11, Maximum lipase activity was 
observed at 10% that was 9.947174941 U/mlafter 24 hr.

Lipase activity of mix culture at different inoculum 
concentration using sesame oil cake as substrate

As shown in the table 12, Maximum lipase activity was 
observed at 10% that was 9.62281054 U/mlafter 24 hr.

Lipase activity of Mix cultureat different inoculum 
concentration using soybean oil cake as substrate

As shown in table 13, Maximum lipase activity is 
observed at 10% 7.686921421 U/mlafter 24 hr.

CONCLUSION 

Both strains Bacillus licheniformis MTCC 3244 and Bacil-
lus coagulans MTCC 10305 showed the lipase activity. In 
mix culture experiment in case of each substrate, maxi-
mum lipase activity was obtained using mustard oil cake 
(10.199458 U/ml) at pH 8 maintaining at temperature 
40˚C with 10% inoculum concentration after 24 hr, ses-
ame oil cake (10.6731 U/ml) at pH 8 maintaining at tem-
perature 40˚C with 0.5% inoculum concentration after 24 
hr, linseed oil cake (9.947174941 U/ml) at pH 8 maintain-
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ing at temperature 40˚C with 10% inoculum concentra-
tion after 24 hr, and soybean oil cake (9.5716 U/ml) at pH 
8 maintaining at temperature 30˚C with 0.5% inoculum 
concentration after 24 hr. Overall mix culture experiment, 
sesame oil cake gave highest lipase activity.
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