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Abstract: In the present study, Pleurotus ostreatus IBL-02, a white rot basidiomycete was exploited for lipase
production in solid-state fermentation (SSF). Different agro-industrial wastes such as canola-oilseed cake, cotton-oilseed
cake, linseed-oil cake, sesame-oilseed cake, rice bran and wheat bran were screened for fermentative production of the
lipolytic enzyme. The enzyme profile of P. ostreatus showed the highest activity of lipase on canola oil seed cake as a
substrate under SSF conditions. Various physiological factors such as incubation time, humidity level, culture pH,
incubation temperature and supplementation of carbon and nitrogen sources were optimized to induce the lipase
synthesis capability of P. ostreatus at an optimal level. Optimum lipase activity (3256 U/gram dry substrate) was
measured in the solid fermentation medium using moisture level, 50.0%; pH, 4.0; temperature, 30 °C and olive oil, 2.0%
after 72 h of incubation period with glucose and urea as carbon and nitrogen supplements, respectively. Glucose
supplementation significantly stimulated the lipase production, while nitrogen addition did not exert any significant
effect on lipase yield. Overall, under optimized bioprocess conditions, the enzyme activity was improved up to 1.6 folds
with respect to the original enzyme activities. The current findings indicate that culture conditions have great influence

on the lipase production potential of P. ostreatus for commercial purpose.
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INTRODUCTION

Lipases (triacylglycerol hydrolases, E.C. 3.1.1.3) are a
class of serine hydrolases that catalyze the hydrolysis of
triacylglycerol (TAG) to glycerol and free fatty acids
(FFA) (Kumar et al., 2005). Remarkable activity and
stability features in non-aqueous environments make
lipases also to catalyze several unnatural reactions such as
hydrolysis, inter-esterification, esterification, alcoholysis,
acidolysis and aminolysis with high enantioselectivity
(Ghaly et al, 2010). Further, the inimitable
distinctiveness including substrate specificity, regio and
stereospecificity, chiral selectivity and gentle conditions
to carry out a diversity of biochemical conversions
(Sakinc et al., 2007) have made them attractive for the
production of a broad range of natural products,
pharmaceuticals, fine chemicals, food constituents and
bio-lubricants (Gupta et al., 2003; Amin et al., 2011;
Rehman et al., 2011). Other applications include
bioremediation of fat containing waste effluents, synthesis
of nutraceuticals, cosmetics, detergent formulations,
perfumery, as biosensor in diagnostics (Brust et al., 2011),
treatment of malignant tumors and detection of target
DNA sequences (Pinijsuwan et al., 2011), bio-surfactants,
and paper manufacture (Park et al., 2005; Fang et al.,
2006; Gupta et al., 2007; Grbavcic et al., 2007; Franken
et al., 2009). Literature survey revealed that 1000 tons of
lipases are required annually only in the detergent
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industry as an additive (Hassan et al., 2006).

Lipases are ever-present biocatalysts of significant
physiological consequence and industrial perspective
(Sharmaa et al., 2001), and usually, do not require the
cofactors. Although, they can be produced in plants,
animals, and microorganism, but lipases from microbial
source such as bacteria (Gupta et al., 2004), yeast (Vakhlu
and Kour, 2006) and fungi (Fernandez-Lafuente, 2010)
are of particular interest essentially due to their high yield
and easy extraction/recovery. These microorganisms have
the advent of genetic manipulation for the synthesis of
novel compounds with potential commercial aspects
(Laxman et al., 2005). Both solid-state and submerged
(SmF) fermentations have been employed for the
synthesis of invaluable arrays of industrially relevant
enzymes (Munir et al., 2015). However, SSF is privileged
over SmF due to its simplicity, low capital investment,
least catabolic repression, feedback inhibition, minimal
wastewater output, easy product retrieval and good-
quality production (Holker et al., 2004). Filamentous
fungi are particularly suitable for SSF because of their
hyphal mode of fungal growth, greater resistance to low
water activity and high osmotic pressure conditions,
which makes them competitive over other natural micro-
flora for bioconversion of solid substrates (Asgher et al.,
2016; Sethi et al., 2016).

The escalating demand for extracellular enzymes with
desirable properties has necessitated the search on

Pak. J. Pharm. Sci., Vol.32, No.2, March 2019, pp.617-624

617



Optimization of process variables for enhanced production of extracellular lipase by Pleurotus ostreatus IBL-02

enzymes from new sources (Cihangir and Sarikaya,
2004). The medium constituents, culturing conditions,
incubation period, pH, temperature and the kind of carbon
and/or nitrogen sources strongly instigate the production
of microbial lipases (Rehman et al, 2011). Any
divergences from the specified parameters will
consequence in an undesirable product. Therefore,
optimization of these physicochemical parameters is an
important aspect to achieve a high yield of enzymes for
industrial applications. In addition, optimization abets in
downplaying the magnitude of unexploited constituents at
the end of fermentation. Furthermore, there is no defined
medium for the preeminent throughput of alkaline serine
hydrolase from diverse microbial sources. Each
microorganism or its strain has its own nutritional
requirement for utmost enzyme output (Bilal et al., 2015;
Rehman et al., 2016). The present study aimed to
investigate the utilization of locally available agro-
industrial waste as a fermentative feedstuff for the
biosynthesis of lipase by P. ostreatus using SSF
technology. The optimization of process parameters for
hyperproduction of lipase was also the focus of present
study.

MATERIALS AND METHODS

Procurement and preparation of substrates

Different agro-industrial wastes including canola oilseed
cake, sesame oilseed cake, linseed oil cake, cotton oilseed
cake, rice bran and wheat bran were procured from the
local market of Faisalabad, Pakistan. The substrates were
dried and grounded in an electric mill to obtain
homogenous particle size by using Octagon Sieve (OCT-
Digital 4527-01) and finally stored in airtight jars to avoid
humidity.

Strains and inocula development

Fungal strains namely, Alternaria solani (DQ 209285),
Fusarium solani (AB 777258) and Pleurotus sajukaju (O
13509) were obtained from the fungal culture collection
of the Department of Plant Pathology, University of
Agriculture; Faisalabad (UAF). Whereas, Pleurotus
ostreatus IBL-03 (ATCC 32784) and Ganoderma lucidum
IBL-05 (Q 494675) were available in the culture stock of
Industrial Biotechnology Laboratory (IBL), Department
of Biochemistry, UAF. The fungal cultures were
maintained on potato dextrose agar (PDA) slants for 3-5
days at pH 4.5 and 28 °C and preserved at 4 °C. Seed
cultures were prepared by inoculating a loop-full of
respective fungus from the slants to 250-mL Erlenmeyer
flasks containing 100 mL Kirk’s basal medium consisting
of (g/L): KH,PO,4, 5.0; NH4NO;, 2.0; (NH,),SO,, 4.0;
MgS0,.7H,0, 0.2; tri-sodium citrate, 2.5; peptone, 2.0
and yeast extract 0.1, followed by shaking (120 rpm) at
30°C. After obtaining adequate homogenous spore
counting (1x10® spores/mL), this medium was used as
inoculum (YYasmeen et al., 2013).

Optimization of culture conditions for enzyme
production

Various physicochemical parameters namely, cultivation
time period (24, 48, 72, 96, 120 h), moisture content (40,
50, 60, 70, 80 and 90%), incubation pH (3.0, 4.0, 5.0, 60,
7.0 and 8.0), reaction temperature (25, 30, 35, 40 and 45
°C), olive oil concentration (0, 1.0, 2.0, 3.0, 4.0 and 5.0%)
and different carbon and nitrogen sources were studied
and optimized to achieve maximum lipase activity.
Classical statistical methodology, by changing one factor
at a time, and keeping others at optimum levels was
adopted for optimization studies.

Time course

Standard inocula (1x10® spores/mL, 2.0% v/v) were
aseptically inoculated in each 250-mL Erlenmeyer flask
containing 100 mL of fermentation medium. The
inoculated flasks were placed in a temperature-regulated
incubator at 30+0.2°C for up to 120 h. Sterile samples
were withdrawn periodically after 24, 48, 72, 96, and 120
h of incubation and analyzed for lipase activity as
mentioned before.

Medium pH

The pH of the media was adjusted at different levels (3.0-
8.0) using the different pH buffers. The production flasks
containing 100 mL of fermenting medium were subjected
to fermentation at 30+0.2°C for the optimum time
determined before, and lipase activity was monitored.

Fermentation temperature

The inoculated flasks were incubated at different
temperatures (25, 30, 35, 40 and 45°C) for optimal
incubation time. At the end of incubation period, the
enzyme activity was measured by standard assay protocol.

Effect of different carbon sources

For optimization of carbon sources of the fermentation
medium, different carbon sources; glucose, maltose,
fructose, and lactose were separately added as a sole
carbon source and submitted to fermentation using
optimized conditions. After the stipulated incubation time,
the enzyme activity in the culture supernatant was
analyzed.

Effect of different nitrogen sources

Fermentation medium was separately supplemented with
nitrogen sources i.e., ammonium nitrate, (NH,),SO,, yeast
extract, urea and peptone as a nitrogen source and
analyzed for enzyme activity.

Lipase production and recovery

The SSF was carried out in triplicate production flasks
containing 10 g of substrate moistened with water (50%
w/v) and sterilized at 121°C for 15 min. The sterilized and
cooled fermentation medium was inoculated aseptically
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with a 2.0 mL homogeneous spore suspension (1x10°
spores/mL) and subjected to fermentation at 30+0.2°C for
72 h under static conditions with occasional observation.
After designated fermentation time, the fermented mesh
was harvested for a crude enzyme with 100-mL of
distilled water. The extracts in the flasks were shaken
(150 rpm for 30 min), filtered and supernatants were
analyzed for lipase activity (Rehman et al., 2011).

Enzyme assay method

Lipase activity was assayed as precisely reported by Amin
et al. (2011). For this, 0.1 mL of enzyme solution was
thoroughly mixed with 0.9mL of a solution containing: 3
mg para-nitrophenol palmitate phosphate (p-NPP)
dissolved in 1mL of propane-2-ol diluted in 9 mL of the
Tris-HCI (50mM, pH 8.0) containing 40 mg Triton X-100
and 10mg of Arabic gum. The resultant mixture was
incubated at 37°C for 10 min followed by
spectrophotometric analysis of para-nitrophenol (p-NP) at
410 nm. “One unit of lipase activity was defined as the
quantity of enzyme releasing 1umol of p-NP/ min under
standard assay conditions”.

STATISTICAL ANALYSIS

All the investigations and enzyme assay were repeated at
least three times and data were statistically analyzed
through analysis of variance (ANOVA) and regression
analysis. The #sign and the corresponding error bars
designate a standard deviation of the mean. All analyses
were made using statistical software package SPSS
version 21.

RESULTS

Different fungal strains, as well as agro-residues, were
screened for enhanced production of the lipolytic enzyme
in SSF. Results showed that the highest lipase production
titer was recorded in P. ostreatus culture followed by G.
lucidum, F. solani, P. sajukaju and A. solani (fig. 1). On
the other hand, various agro-industrial wastes were
utilized as a sole carbon source for lipase production. It
was observed that P. ostreatus considerably produced the
enzyme in all substrates used in the culture media, but
highest production was recorded in the medium
containing canola oilseed cake followed linseed oil cake,
rice bran, sesame oilseed cake, cotton oilseed cake, and
wheat bran (Fig. 2). This enzyme yield was much better
than previously reported results; 630 U/gds (Mahadik et
al., 2002), 26.4 Ulgds (Gutarra et al., 2005), 384 U/gds
(Mala et al., 2007), 976 U/gds (Mahanta et al., 2008) and
448 Ulgds (Godoy et al., 2009) by Penicillium
simplicissimum, Aspergillus niger NCIM 1207, A. niger
MTCC 2594, Pseudomonas aeruginosa and P.
simplicissimum, respectively.
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Fig. 1: Screening of different fungal strains for lipase
production in the solid-state fermentation of canola
oilseed cake.
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Fig. 2: Effect of different substrates on lipase activity.

Fermentation parameters optimization

Fermentation time course

For optimization of fermentation time course, the
inoculated flasks were subjected to fermentation for
different time intervals (ranging from 24 to 120 h) and
responses are displayed in fig. 3. Results revealed that
incubation period significantly (P<0.005) influenced the
lipase productivity, and peaked enzyme titer (2097.33
U/gds) was accomplished at 72 h. Beyond the optimum
cultivation time, the enzyme activity was reduced that
may be due to depletion of medium nutrients or enzyme
denaturation.

Effect of initial moisture level

An adequate humidity level is crucial for microbial
growth during fermentation. Prior to fermentation, the
substrates were moistened with different volumes of
Kirk’s basal nutrient medium (40 to 90%) to decipher the
effect of moisture during the SSF. It was observed that
moisture level exerted significant (P<0.03) effect on
lipase productivity by P. ostreatus and lipase activity
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(2142.67 U/gds) was peaked at 50% initial humidity level
(fig. 4).
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Fig. 4. Effect of initial moisture content on the lipase
activity.
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Fig. 5: Effects of different pH levels on lipase activity.

pH value

In order to determine the effect of pH on lipase
production by P. ostreatus, the fermentation medium was
adjusted to different pH levels (3.0 to 8.0) and enzyme
profile was assessed. The P. ostreatus presented potential
capability to produce lipolytic enzyme at slightly acidic
pH of 4.0 (fig. 5). A significant inhibition of lipase
activity was observed beyond the optimal pH values.

Lipas e actk iy (ids)

Fig. 6: Effects of different temperatures on lipase activity.
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Fig. 7. Effect of additional carbon source on lipase
activity

Effect of incubation temperature

Varying temperature points (ranging from 25 to 45 °C)
were used to investigate the optimum temperature for
improved production of lipase by P. ostreatus and results
are illustrated in Fig. 5. Enzymatic yield of the fungus
was observed to be progressively improved up to a certain
temperature but afar this temperature hasty decline of
lipase activity was pragmatic. Noticeably, the peaked
lipase activity was recorded at 30 °C.

Lo ncw by [ Uik )

Fig. 8: Effect of olive oil on lipase activity
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Fig. 9: Effect of supplemented nitrogen on lipase activity

Nutritional parameters

Effect of carbon sources

Various carbon sources (glucose, fructose, lactose, and
maltose) were used as additives in canola oil cake at a
final concentration of 2.0% to assess their potential
stimulatory and/or inhibitory effect on lipase yield under
optimized conditions. Results in fig. 6 indicate that the
supplemented carbon significantly (P<0.05) exerted
enzyme promoting effect. Maximal lipase activity (2564
U/gds) was recorded when glucose was supplemented as a
carbon source, and the lower lipase production was
observed at other tested carbon sources.

Influence of olive oil concentration

Olive oil is a well-known lipase inducer of the lipase
production by many bacterial and fungal strains (Rehman
et al., 2011). The olive oil concentrations (ranging from
0.0 to 5.0%) were used in the growth medium to evaluate
their effectiveness as lipase inducer. It was observed that
olive oil had a significant influence on the lipase yield.
The enzyme extract contained highest lipase production
(2906.67 U/gds) when 2.0% concentration of olive oil
was used (fig. 8). The findings were similar to previous
reports, where olive oil was observed to be a most
influential factor for lipase production (Fadiloglu and
Erkmen, 2002; Rajendran et al., 2008). Moreover,
Azeredo et al. (2007) highlighted that olive oil
supplemented babassu cake with a C: N ratio of 13: 3
yielded the best enzyme production by P. restrictum.

Effect of additional nitrogen sources

Various organic and inorganic nitrogen sources were used
in growth medium to examine the influence of nitrogen
on lipase activity. Supplemental nitrogen did not affect
significantly (P<1.01) on the lipase production by P.
ostreatus and enzyme activity was maximum in the
presence of urea (3256 U/gds).

DISCUSSION

Fungi represent a wide-array of filamentous
basidiomycetous organisms with remarkable genetic
repertoire for the production of industrially important
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enzymes and other secondary metabolites (Munir et al.,
2015). Though, filamentous fungi including Pleurotus
species have been widely investigated for ligninolytic
enzyme production in the past few decades (Yasmeen et
al., 2013; Bilal et al., 2015; Munir et al., 2015; Asgher et
al., 2016; Bilal et al., 2016); however, no report is
documented on the production of lipolytic enzymes by P.
ostreatus in a solid-state system. In the present study,
different fungal strains, as well as agro-residues, were
screened for hyper-production of the lipolytic enzymes
under SSF technology. The strain with superior lipase
producing aptitude was recorded to be P. ostreatus
followed by G. lucidum, F. solani, P. sajukaju and A.
solani.

Fermentation medium plays a pivotal role in enzyme
production. Several investigators have reported that
optimized medium formulation is prerequisite for the
enhanced enzyme production. Therefore, different
experiments were carried out to optimize different
parameters such as fermentation time, moisture level, pH,
temperature, and supplementation of carbon and nitrogen
sources. Fermentation duration significantly (P<0.005)
influenced the lipase productivity, and the maximum
enzyme titer was achieved at 72 h. Exceeding cultivation
time beyond the optimum level, the enzyme activity was
reduced that may be due to depletion of medium nutrients
or enzyme deactivation and/or denaturation caused by the
interaction with other components in the medium (Munir
et al., 2015). The results were in agreement with Gutarra
et al. (2009), who reported the maximum Aspergillus
niger and Pencillium simplicissimum lipase activities after
72 h. Contrarily, Mahadik et al. (2002) recorded optimum
lipase production from A. niger after 120 h of cultivation
period. Genetic variations among microbial strains as well
as nature and composition of the substrates have been
correlated with variable expression of enzymes after
different fermentation durations (Giardina et al., 2000;
Yasmeen et al., 2013).

Adequate humidity level is essential for microbial growth
during fermentation. Prior to fermentation, the substrates
were moistened with different volumes of Kirk’s basal
nutrient medium to decipher the effect of moisture during
the SSF. Notably, the moisture level exerted significant
(P<0.03) effect on lipase productivity by P. ostreatus and
lipase activity (2142.67 U/gds) was maximized at 50%
initial humidity level (fig. 4). Moisture content exhibits
great influence on the physical properties of the
substrates, and an elevated moisture level reduces the
substrate permeability, modify substrate particle structure
and decrease gas volume and exchange, that ultimately,
leading to poor oxygen transfer and diffusion (Sun and
Xu, 2008; Rehman et al., 2011). Lower moisture contents
reduce the solubility of nutrients contained in the solid
substrate, resulting in improper swelling and a higher
water tension (Mahanta et al., 2008; Amin et al., 2008).
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Lower enzyme production beyond optimal moisture levels
might be attributed to the fact that low diffusion of
nutrients and metabolites occur in lower moisture
contents whereas compaction of the substrate occurs at
higher moisture contents. In previous studies, 60.0% and
71.0% initial moisture contents were suggested to be
optimal for hyper-production of lipases by A. niger using
gingelly oilseed cake and wheat bran, respectively
(Mahadik et al., 2002). Gutarra and coworkers (2005)
noted the optimum enzyme production from babassu cake
by P. simplicissimum at 70.0% moisture level. The same
humidity level was also recorded optimal (Sun and Xu,
2008) for lipase production by Rhizopus chinensis.

The pH of the growth medium is considered to be most
significant bioprocess parameter, which clouts straightly
the fermentation performance and thus, enzyme
production during SSF. The growth and enzyme
production potential of each micro-organism requires a
unique optimum pH as well as a pH range. Culture pH
strappingly effects the transportation of several nutrients
across the cell membrane and a lot of enzymatic
reactions/processes. Divergences in pH fluctuate fluidities
of various nutrients and/or inducers, acid-base balance
and augmentation of elements among biotic and abiotic
phase (Mishra et al., 2012). The pH profile revealed that
P. ostreatus produced maximum lipolytic enzyme at a
slightly acidic pH (pH 4.0). A significant inhibition of
lipase activity was recorded beyond the optimal pH
values. Comparable results have been reported by Lin et
al. (2006) that pH 5.5 was found to be optimal for lipase
enzyme  production by  Antrodia  cinnamomea.
Nevertheless, the present detected optimum pH values
were lower than Candida rugosa (pH 7.0), Pseudomonas
aeruginosa (pH 7.0), Rhizopus glutinis (pH 8.0) and
marine bacterial lipase (pH 10.0) (Dimitris et al., 1992;
Camargo de Morais et al., 1998; Bhatti et al., 2007;
Rehman et al., 2011).

Incubation temperature is another one of the fastidious
factors influencing the fermentation process. Deviations
in optimum temperature affect both microorganism
specific growth rate as well as enzyme profile. The
reduction in enzyme activity at higher temperature might
be attributed to thermal denaturation of an enzyme
involved in the metabolic pathways, which may result in
less product synthesis (Mahanta et al., 2008). Besides,
protein breakdown, enzyme inactivation could be
contributing factors resulting in reduced lipase activity at
elevated temperatures. Similar results have been
documented previously for Fusarium oxysporum (28°C)
and Rhizopus glutinis (30°C), respectively (Dimitris et al.,
1992; Rifaat et al., 2010). Conversely, the temperature
optima results were significantly different from other
lipase-producing strains i.e., Penicillium citrinium (22°C),
Colletotrichum gloeosporioides (25°C) and Rhizopus
arrhizus (26.5°C) (Maliszewska and Mastalerz, 1992;
Yang et al., 2000; Balaji and Ebenezer, 2008).

Factors like carbon or nitrogen sources and their
engrossments have always been of enormous attraction to
the industrialists and scientific community for the cut-
price media formulation (Asgher et al, 2016). It is also
well-known that the expenses of growth medium
constitute 30-40% of the production cost of commercial
bio-catalysts. Therefore, it is of immense significance to
optimizing the process conditions for cost-benefit enzyme
production. Micro-organisms possess the ability to utilize
organic, inorganic and agricultural by-product forms of
nitrogen which are necessary to manufacture amino-acids,
nucleic acids, proteins and other cell-wall constituents.
Both the nature and quantity of available carbon sources
influence lipolytic enzymes production by different fungal
strains. Falony et al. (2006) utilized different carbon
sources for lipase enzyme production and noticed wheat
bran in combination with glucose a good carbon source
for enzyme production by A. niger. Irshad and Asgher,
(2011) suggested glucose as best carbon additives for
WRF strains, including P. ostreatus, S. commune, and T.
versicolor. In contrast, Mahanta et al. (2008) documented
that supplementation of maltose in the growth media led
to elevated lipase production by P. aeruginosa and C.
rugosa, respectively. Glucose (C¢H1,0g) is extravagantly
used in bioprocesses and many studies have revealed that
it causes the reduction in proteolytic enzyme synthesis
due to catabolic repression (Raju et al., 2013). Further, the
easily oxidizable nature of glucose in contrast to other
substrates makes it more favorable for growth and
enzyme production.

Nitrogen sources are the secondary energy source for
microorganism and play a pivotal role in the fugal growth
and other metabolic activities (Irshad and Asgher, 2011).
In the present study, however, the addition of the nitrogen
did not affect significantly (P<1.01) on the lipase
production by P. ostreatus. Similar to our study, no
significant effect of nitrogen was observed on lipolytic
enzyme production by Kamini et al. (1998) and Gutarra et
al. (2005). On the other hand, substantial improvement in
lipase activity was noted by Glu and Erkmen, (2002) in
the fermented culture of C. rugosa with additionally yeast
extract and peptone as nitrogen sources. Likewise,
Mahanta and coworkers, (2008) also recorded
improvement in enzyme titer by P. aeruginosa using
peptone as additives.

CONCLUSIONS

In conclusion, P. ostreatus displayed considerable
prospective for the production of industrially relevant
lipase in SSF of canola oil seed cake with utmost 3256
U/gds activities. Optimization of different physico-
chemical and nutritional factors significantly (up to 1.6
times) enhanced the enzyme activity. The promisingly
high yield of lipase suggests an opportunity to use P.
ostreatus for commercial scale production of lipase
utilizing canola seed cake as fermentative substrate.
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