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Abstract 

 

Lipases are the enzymes of choice for applications in a large number of industries. Present study describes the isolation 

of potent lipolytic fungal strains and their subsequent production by using shake flasks fermentation technique. The selected 

isolate was identified as Aspergillus terreus, based on morphological features and 18s rRNA sequencing. Seven different 

culture media were analyzed for the extracellular lipase production employing A. terreus as the production organism and it 

was found that M6 gave maximum lipase production i.e., 5.0 U/mL/min in the medium containing (% w/v) MgSO4, 0.05; 

NaNO3, 0.05; KCl, 0.05; KH2PO4, 0.2; olive oil, 1.0; pH 6.0. Maximum production of lipase (7.66 U/mL/min) was found at 

a medium pH of 6.0 and an incubation temperature of 30oC after 72 hrs of incubation period. An increase in the lipase 

production (7.99 U/mL/min) was observed when the production medium was provided with 1.0% peptone, 2.0% glucose 

and 1.0% olive oil. Ammonium sulphate precipitation was carried out for the partial purification of the lipase and maximum 

purification of the enzyme was found at 80% saturation level of ammonium sulphate with 1.812 fold purification. 

 

Key words: Lipase, Shake flasks fermentation, Optimization, Purification, Fermentation parameters. 

 

Introduction 
 

Microbial lipases currently occupy prominent place 
amongst biocatalysts because they can catalyze different 
types of reactions in aqueous and non-aqueous media 
(Dominguez et al., 2005). When the lipase catalyzes a 
reaction it acts in the interface between the oil and the 
aqueous phases due to opposite polarity between the 
enzymes and their substrates (Sethi et al., 2016). These can 
be obtained from animals, plants and microbes such as 
fungi and bacteria but due to high productivity, genetic 
variability and low expenditure, the majority of the 
enzymes which are commercially important, are produced 
from microbial sources (Treichel et al., 2010). Owing to the 
reason that lipases obtained from different microorganisms 
may have different specificities for substrates, pH and 
temperature optima, screening for extracellular enzyme 
activities has extraordinary significance in discovering new 
lipases for large scale process development reasons. 

Filamentous fungi are familiar as good producers of 
lipases and many fungal enzymes are exploited in 
different processes in food and other industries 
(Aravindan, 2007). Fungi are considered as inexpensive 
sources of lipase production and that is why they have 
gained considerable attention as well as importance in the 
recent past (Iftikhar et al., 2012). Species which belong to 
Rhizopus, Mucor, Penicillia and Aspergilli, are found to 
be important in production of lipases which have major 
commercial significance (Rekha et al., 2012). 

Lipase production is affected by three main factors 

which include media composition, type of fermentation and 

bioreactor design. Moreover, suitable physiological 

parameters like temperature, pH and oxygen quantity are the 

most significant factors that decide the production of lipase 

in a culture medium from filamentous fungi (Treichel et al., 

2010; Griebeler et al., 2011). Cultural parameters 

optimization can increase the production of lipases to many 

folds which are highly valued products of commercial 

importance. The utilization of different substrates and 

cultural strategies for the production of lipase still remains a 

promising area of research (Gupta et al., 2004).  

Lipases have incredible applications in industries 

like organic synthesis, detergent formulation, dairy, 

textiles, tea, food & nutrition and paper (Ghosh et al., 

1996). One of the most conventional lipases’ 

applications has been flavor enhancement in cheese 

which has now been extended to a range of other dairy 

foodstuffs and confectionaries such as milk-chocolate, 

butter and sweets which is achieved by careful 

triglycerides hydrolysis to liberate free fatty acids that 

act as flavor originators (Sharma & Kanwar, 2014). 

Lipases also have applications in alcoholysis, 

acidolysis and hydrolysis reactions. Biodiesel 

production is one of the striking applications of lipases 

because they acts as a biocatalyst in biodiesel 

production and it is estimated that lipase mediated 

biodiesel will soon replace conventional diesel fuel 

because it has important features such as non-toxicity, 

less emissions of particulate matter, unburned 

hydrocarbons and carbon monoxide (Livia et al., 

2016). The main aim of the present study is to optimize 

fermentation conditions for the enhanced lipase 

production in submerged fermentation from A. terreus 

using different oils as substrates.  
 

Materials and Methods 
 

Isolation and screening of lipolytic fungi: Different 

strains of fungi were isolated from soil and oily 

samples collected from various areas of Lahore which 

included Shalamar town, Nasir Bagh and Thokar Niaz 

Baig. Isolation was performed by serial dilution 

method and then the preliminary screening of lipolytic 

fungi was carried out by using Tween 80 agar plates 

and phenol red staining technique (Singh et al., 2006). 

The isolates which formed bigger zones of hydrolysis 

were selected and shifted to the slants of PDA for 

growth and maintenance. Screening of best lipase 

producing isolates was done by using shake flasks 

fermentation technique. 
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Fermentation technique: Spore suspension was used for 

the inoculation of flasks carrying fermentation medium. 

The inoculum preparation was performed by adding 10 

mL of autoclaved distilled water in the slant and 

scratching off the spores to make a uniform spore 

suspension. 
The fungal isolates were cultured in 250 mL conical 

flasks which contained 50 mL of production medium 
composed of (g/L) CaCl2, 0.1; Yeast extract, 10.0; 
glucose, 0.5; KH2PO4, 1.0; (NH4)2SO4, 1.5 and olive oil, 
10.0 (pH 6.0). This medium was sterilized by autoclaving 
at 121oC for 15 min at 15 lbs pressure and then inoculated 
with fungal spore suspension after cooling down to room 
temperature. Afterwards these flasks were incubated at 
30oC and 200 rpm in an incubator shaker for 72 hrs. All 
the experiments were performed in triplicate (Zouaoui & 
Bouziane, 2011). 

After fermentation, centrifugation of culture broth 
was performed for 15 min at 6000 rpm. Centrifugation 
separated the cell mass from supernatant. Supernatant was 
used for lipase assay and the dry cell mass was 
determined by using pallets. 
 

Lipase assay: The activity of the enzyme was determined 

according to the procedures suggested by the International 

Union of Pure and Applied Chemistry (IUPAC) 

Commission on Biotechnology (Stoytcheva et al., 2012). 

It was determined by incubating 1mL of clear 

fermentation broth added to 10 mL of olive oil (10%) 

homogenized in gum acacia (10%). 5 mL of pH 7.0 

phosphate buffer and 2 mL of 6.0% CaCl2 in a 250 mL 

conical flask. Then this flask was incubated at 30oC for 60 

min which contained the reaction mixture. 20 mL of 

ethanol:acetone mixture (1:1) was added in the flask to 

stop the reaction after 60 min of incubation. Two 

phenolphthalein indicator (0.075%) drops were added in 

the flask and mixed. The content of the flasks were 

titrated with 0.2N NaOH which was taken in the burette 

and noted the differences in the values of control and 

experimental flasks. One unit of lipase activity is defined 

as “the amount of enzyme which releases one µmol fatty 

acids per minute under specified assay conditions.” 

Lipase units can be determined as follows: 
 

𝐿𝑖𝑝𝑎𝑠𝑒 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦
∆𝑉 × 𝑁 

𝑉
(𝑆𝑎𝑚𝑝𝑙𝑒)

×
1000

60
 

 

whereas, 

ΔV= V2 – V1 

V1= Volume of NaOH used against control flask 

V2= Volume of NaOH used against experimental flask 

N= Normality of NaOH 

V (Sample) = Volume of enzyme extract 

 

Determination of dry mycelial mass: The pallets of 

fungal culture obtained after centrifugation were used to 

determine the dry mycelial mass and for this purpose, 

these were washed by adding 10 mL of distilled water in 

each centrifuge tube which were pre-weighed and 

centrifuged again for 10 min at 6000 rpm. The pellet 

was dried at 70oC for 2 to 3 hrs while the supernatant 

was discarded. 

Screening of culture media: Seven different 

fermentation media were screened for the lipase 

production by the selected fungal isolate. The recipe of 

these culture media can be summed up as follows:  

 

Medium M1: (% w/v) Glucose, 0.2; (NH4)2SO4, 0.5; 

Peptone, 0.1; Yeast extract, 2.0; K2HPO4, 0.1; Olive oil 

2.0; pH 7.2 (Bindiya & Ramana., 2012).  

 

Medium M2: (% w/v) Peptone, 1.0; KH2PO4, 0.1; yeast 

extract, 0.1; MgS04, 0.025; NaNO3, 0.025; olive oil, 0.5; 

pH 6.0 (Rakesh et al., 2011).  

 

Medium M3: (% w/v) Na2HPO4, 0.12; Yeast extract, 0.5; 

KH2PO4, 0.7; olive oil, 0.25; MgSO4. 7H2O, 0.02; 

Peptone, 2.5; pH 5.0 (Yongxian et al., 2013).  

 

Medium M4: (% w/v) glucose, 0.05; KH2PO4, 0.1; CaCl2, 

0.01; (NH4)2SO4, 0.15; yeast extract, 1.0; olive oil, 1.0; 

pH 6.0 (Mohamed et al., 2010).  

 

Medium M5: (% w/v) peptone, 0.5; Glucose, 2.0; yeast 

extract, 0.3; Malt extract, 0.3; olive oil, 1.0; pH 6.0 

(Afshin et al., 2013). Medium (M6): (% w/v) MgSO4, 

0.05; olive oil, 1.0; NaNO3, 0.05; KCl, 0.05; KH2PO4, 

0.2; pH 6.0 (Deyaa et al., 2016). 

 

Medium M7: (%w/v) NaH2PO4, 1.2; KH2PO4, 0.2; 

MgSO4, 0.03; CaCl2, 0.025; olive oil, 1.0; pH 6.0 

(Alexandra et al., 2014). 

 

Partial purification of lipase: In order to attain partially 

purified lipase, ammonium sulphate fractionation was 

carried out at different saturation levels i.e., 40 to 85%. 

The pellets were dissolved individually in a little quantity 

of 0.2 M phosphate buffer (pH 7.0), then dialysis was 

performed against the same buffer. Lipase activity assay 

was performed for all the fractions and the fractions 

showing the maximum activity of lipase were pooled, 

freeze dried and stored at -80oC for further use. 

Protein was estimated by performing Bradford assay 

(Bradford, 1976) using the standard curve of BSA. 

 

Results and Discussion  

 

Different lipolytic fungal strains were isolated 

from the different samples, collected from various 

places. These fungal strains were isolated on the basis 

of zones of clearance on the tween 80 agar plates and 

their lipid degrading ability was confirmed by using 

phenol red staining technique. By the production of 

lipase, the color of phenol red dye changed into yellow. 

Four out of 45 isolates were screened for lipase 

production in shake flasks using submerged 

fermentation. The isolate (F2) showed maximum 

activity of lipase i.e., 5.0 U/mL/min while F1, F3 and 

F4 showed 3.6, 4.6 and 3.3 U/mL/min, respectively. 

All the other isolates showed lesser amount of lipase 

production. So, F2 isolate was selected and used for the 

production of lipase in further experiments (Fig. 1). 
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For the identification of best fungal strain, PCR was 

performed for the amplification of ITS region of F2 and 

then agarose gel electrophoresis was used for the analysis 

of the PCR product as shown in Fig. 2. The length of ITS 

region of F2 was 608 bp. The sequence sent by Axil 

Scientific First BASE Laboratories, Singapore, is shown in 

Fig. 3. BLAST of the gene sequence was performed for the 

identification of the strain which indicated that F2 was very 

much related to Aspergillus species. Afterward, multiple 

alignment of this sequence was performed in which 8 other 

known sequences of Aspergillus species were compared. 

These 8 sequences were obtained from NCBI data bank. 

The multiple alignment results were expressed in 

dendrogram as shown in Fig. 4. The results confirmed that 

the selected isolate was Aspergillus terreus. 

Seven different culture media viz., M1, M2, M3, M4, 

M5 M6 and M7 were screened for the lipase production 

from Aspergillus terreus. The results showed that M6 

medium containing (% w/v) MgSO4, 0.05; NaNO3, 0.05; 

KCl, 0.05; KH2PO4, 0.2 and olive oil, 1.0 (pH 6.0) was 

found to be the finest medium for the extracellular lipase 

production in the submerged fermentation (5.0 

U/mL/min) while all the other media M1, M2, M3, M4, 

M5 and M7 showed 2.6, 2.3, 2.9, 1.0, 2.9 and 2.3 

U/mL/min, respectively. The growth of Aspergillus 

terreus as shown by dry cell mass was also highest i.e., 

57.1 mg/ mL in M6 medium (Fig. 5). 

The maximum production of lipase in the M6 

medium may occurred because it is a modified Czapek 

Dox medium and contain NaNO3 which is an effective 

source of nitrogen easily metabolized by fungi (Chahinian 

et al., 2000). The other fermentation media did not 

support the fungal growth because they either lack these 

nutrients or ingredients may not be present in the 

appropriate amounts. 

Effect of six different organic nitrogen sources 

including peptone, yeast extract, trypton, meat extract, 

urea and casein and five different inorganic nitrogen 

sources including NaNO3, (NH4)2PO4, (NH4)2SO4, 

(NH4)2NO3 and NH4Cl2 was studied on the production of  

lipase by the selected fungal isolate. The results showed 

that peptone gave the maximum production of 

extracellular lipase i.e., 5.99 U/mL/min so it was the best 

source of organic nitrogen while ammonium chloride was 

found to be the best inorganic source of nitrogen for the 

purpose so both of these were selected for further studies. 

The growth of the Aspergillus terreus seemed directly 

connected to the nitrogen source used as the maximum 

dry cell mass i.e., 59.4 mg/mL was observed in a medium 

containing peptone and ammonium chloride (Fig. 5.1). 

Various concentrations of peptone varying from 0.5 to 

3.5% were also checked for their effect on enzyme 

production and 1.0% peptone was observed to be the best 

amount for the extracellular lipase production e.g., 6.33 

U/mL/min and there was a considerable decrease in the 

production of lipase by further increasing the peptone 

concentration (Fig. 5.2). 

The presence of peptone as a source of nitrogen in 

the production medium favored the lipase production 

because peptone is easily metabolized by fungi as 

compared to other nitrogen sources. Peptone also contains 

some amino acids and co-factors which enhance the lipase 

production while these are absent in other sources of 

nitrogen so peptone was proved to be best source of 

nitrogen in the present study. Many reports have shown 

that production of lipase could be enhanced by inorganic 

sources of nitrogen while the growth of cell was improved 

by organic sources (Boonchaidung & Papone, 2013) that 

is why ammonium chloride enhanced the production of 

lipase without significantly affecting the fungal growth 

(Fig. 5.1). This report supported the present study in 

which ammonium chloride and peptone were employed as 

inorganic and organic sources of nitrogen, respectively. 

Effect of six different carbon sources including 

glucose, maltose, sucrose, fructose, starch and lactose was 

evaluated on the production of extra cellular lipase from 

A.terreus. It was found that A. terreus gave maximum 

production of extracellular lipase 6.49 U/mL/min while 

using glucose as the source of carbon. Similarly, sucrose 

and fructose showed 61.0 and 60.3 U/mL/min 

respectively while all the other carbon sources including 

maltose, starch and lactose had shown lesser activity. The 

growth of A. terreus was also maximum i.e., 63.2 mg/mL 

by using glucose as the carbon source (Fig. 5.3). Amount 

of glucose ranging from 0.5 to 2.5% was also optimized 

and it was found that 2.0% glucose concentration resulted 

in the maximum lipase production i.e., 6.99 U/mL/min 

while by further increasing or decreasing the 

concentration of glucose, the production of lipase was 

decreased. The growth of A.terreus was also maximum in 

the concentration of 2.0% glucose which reached up to 

63.8 mg/mL. 

Carbohydrate carbon sources enhance the cell growth 

at the beginning of the fermentation while afterwards they 

improve the lipase production (Bindiya & Ramana, 2012) 

that is why various carbon sources were evaluated for the 

production of lipase. Glucose was proved to be the best 

carbon source among all the carbon sources studied, as it 

is easy for the microorganism to utilize glucose rather 

than fructose, sucrose, maltose, starch and lactose and 

improves the lipase production. Similar results were 

reported by Boonchaidung & Papone (2013) in which the 

production of lipase was improved when the production 

medium was supplemented with glucose. 

Different substrates like acacia oil, olive oil, Indian 

goose berry oil, soap berry oil, coconut oil, used cooking 

oil, nigella oil, sesame oil, canola oil, sunflower oil, 

cottonseed oil and coriander oil were evaluated and their 

effect on lipase production. The results proved that the 

best substrate for the lipase production (7.49 U/mL/min) 

was olive oil by A. terreus while sesame oil, cottonseed 

oil, Indian gooseberry oil, nigella oil and used cooking oil 

showed 6.33, 5.66, 5.0, 6.0 and 5.0 U/mL/min, 

respectively (Fig. 5.5). All the other substrates showed 

lesser lipase production so olive oil was selected for 

lipase production in further studies. Different olive oil 

concentrations ranging from 0.5 to 2.5% were also 

optimized and it was found that 1.0% olive oil 

concentration was best for the extracellular lipase 

production (7.66 U/mL/min) while growth of A. terreus 

was also maximum at 1.0% olive oil concentration in the 

production medium as depicted by the dry cell mass of 

71.8 mg/mL (Fig. 5.6). 
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Fig. 1. Screening of lipolytic fungi. 

 
 

Fig. 2. Gel Electrophoresis profile of PCR product (F2). 

 

 
 

Fig. 3. Gene sequence of F2. 

 

 
 

Fig. 4. Phylogenetic tree of selected fungal strain (F2). 

 

Evaluation of various lipidic substrates showed that 

almost all the oils increased the lipase production but 

maximum production was achieved by utilizing olive oil 

as the substrate. Olive oil has the ability to increase the 

secretion of lipase from the fungal cells because lipase 

production increases by increasing the total quantity of 

C18: n fatty acid esters in the oil and olive oil is highly 

unsaturated with the presence of C18: n fatty acids so 

olive oil is an important lipase inducer (Lakshmi et al., 

1999). As also reported by Pera et al., (2006), maximum 

lipase activity was observed by using olive oil as a 

substrate by Aspergillus niger. Adinarayana et al., (2004) 

reported that maximum activity of lipase was observed 

when 1% olive oil was utilized as a substrate for lipase 

production by Aspergillus sp. An increase in the olive oil 

concentration has an inhibitory effect on the production of 

lipase because the microbial growth and metabolism is 

affected by higher concentration of olive oil. 
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Fig. 5. Screening of different culture media for lipase production 

by Aspergillus terreus in submerged fermentation*. 

 

 
 

Fig. 5.1. Screening of different organic nitrogen sources for lipase 

production by Aspergillus terreus in submerged fermentation*. 

 

 
 

Fig. 5.2. Effect of different concentrations of peptone on lipase 

production by Aspergillus terreus in submerged fermentation*. 

 
 
Fig. 5.3. Screening of different carbon sources for lipase 

production by Aspergillus terreus in submerged fermentation*. 

 

 
 

Fig. 5.4. Effect of different concentrations of glucose on lipase 

production by Aspergillus terreus in submerged fermentation*. 

 

 
 

Fig. 5.5. Screening of different substrates for lipase production 

by Aspergillus terreus in submerged fermentation*. 
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Fig. 5.6. Effect of different concentrations of olive oil on lipase 

production by Aspergillus terreus in submerged fermentation*. 

 

 
 

Fig. 5.7. Effect of initial pH on lipase production by Aspergillus 

terreus in submerged fermentation*. 

 
 

Fig. 5.8. Effect of different incubation periods on lipase 

production by Aspergillus terreus in submerged fermentation*. 

 

 
 

Fig. 5.9. Effect of different incubation temperatures on lipase 

production by Aspergillus terreus in submerged fermentation*. 

 

Table 1. Partial purification of lipase produced by A. terreus. 

Percentage saturation 
Total  

units 

Total protein 

(mg) 

Specific activity 

(U/mg) 

Yield  

(%) 

Purification  

fold 

Crude enzyme extract 7990 2030 3.935 100 1 

30 330 2000 0.165 4.130 0.041 

40 490 1870 0.262 6.132 0.066 

50 830 1620 0.512 10.387 0.130 

60 1330 1430 0.930 16.645 0.236 

70 1990 1090 1.825 24.906 0.463 

80 6990 980 7.132 87.484 1.812 

85 300 410 0.731 3.754 0.185 

 

Impacts of starting pH of culture medium on the 

extracellular lipase production by A.terreus during 

submerged fermentation was evaluated and the outcomes 

showed that pH 6.0 was ideal for the production of lipase 

i.e., 7.66 U/mL/min. Above and below this pH, the 

productivity of lipase was decreased. Dry cell mass was 

found to be directly related to pH of the medium as the 

maximum growth of the A. terreus was also observed at 

pH 6.0 i.e., 89.9 mg/ mL (Fig. 5.7). Mostly, fungi are 

acidophiles and grow in low pH ranges but they also have 

the ability to change the pH of the production medium 

because they uptake various anions and cations present in 

the culture medium as reported by Sethi et al., (2013). 

Maximum production of lipase by Candida lipolytica and 

Trichoderma sp has also been reported at a medium pH of 

6.0 (Sidra et al., 2016; Toscano et al., 2014). 

The effect of different incubation periods ranging 

from 24 to 120 hrs on the lipase production by A. terreus 

was observed (Fig. 5.8). The results demonstrated that 

after 72 hrs of incubation, the production of lipase was 
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highest i.e., 7.66 U/mL/min but on further increasing 

this time period, the lipase production was decreased. 

So, 72 hrs was chosen as the best incubation period for 

the following studies. At an incubation period of 72 hrs, 

highest dry cell mass of A. terreus was also obtained i.e., 

90.3 mg/mL while further increase in the time period 

was not increased the cell mass. Lipase production at an 

optimum incubation period of 72 hrs from Aspergillus 

sp. has been observed by Mukesh et al., (2012). 

Similarly, highest lipase activity was achieved after 72 

hrs of incubation from Mucor racemosus as reported by 

Nadia et al., (2010). It was observed that after 72 hrs, 

there was a reduction in the activity of lipase and this 

decline in the activity of lipase may be due to the 

maximum consumption or utilization of nutrients in the 

production medium or by the production and 

accumulation of many toxic by-products. 
Different incubation temperatures i.e., 25 to 45oC 

were evaluated to find out the best temperature for the 
maximum lipase production. The maximum lipase 
activity was achieved at an incubation temperature of 
30oC which was 7.99 U/mL/min as shown by the results 
(Fig. 5.9). Hence, 30oC was used as an incubation 
temperature for the extracellular lipase production in the 
further studies. Dry cell mass was also found to be 
maximum at 30oC e.g., 70.4 mg/mL. A higher 
temperature had inhibitory effect on fungal growth so 
lipase production was also affected that’s why maximum 
production of lipase was observed at 30oC as also 
reported by Hosseinpour et al., (2011). Similarly, low 
temperature also affected the production of lipase by 
delaying the uptake of nutrients present in the culture 
medium (Sirisha et al., 2010). These reported results 
support our findings in which maximum production of 
lipase was observed at the incubation temperature of 
30oC. So, an incubation temperature of 30oC was 
selected for further experiments. 

Ammonium sulphate at different saturation levels 
was used for the fractional precipitation of lipase and the 
results depicted that at 80% saturation, maximum activity 
of lipase was observed i.e., 6.99 U/mL/min while all the 
other fractions showed very little no enzyme activity. The 
specific activity of the lipase was 7.132 U/mg at 80% 
saturation level of ammonium sulphate with 1.812 fold 
purification (Table 1). Due to the high solubility of 
ammonium sulphate and several other advantages, it is 
used in the precipitation of most of the proteins. 
Ammonium sulphate also maintains the structure and 
activity of enzymes and proteins that is why it is widely 
used for the said purpose (David et al., 2009). 
 

Conclusion 

 

Present study concludes that Aspergillus terreus, a 

local isolate was found to be a good producer of 

extracellular lipase during submerged fermentation. By 

optimization of different fermentation parameters, the 

production of enzyme was enhanced. 
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