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ABSTRACT  
 

The present investigation studied the possibility of production of cellulase enzyme bystrains of 
Pleurotus sp. The optimization of environmental factors such as; temperature, pH, carbon and 
nitrogen source were studied. The strain P969 of P. sapidas showed the maximum enzyme activity at 
temperature of 25°C, with pH 5, fructose as carbon source and beef extract as nitrogen source. The 
productivity of cellulose enzymes of strain P096 P. citrinopileatus was shown at temperature of 30°C, 
with pH 5, fructose as carbon source and peptone as nitrogen source. While the presence of metals 
concentration had aneffecton productivity of cellulase enzymes of fungal strains. The obtained results 
indicated that the fungal strains belonging to P. sapidas and P. citrinopileatus were effectively 
producing cellulase. 
 
Key words: Pleurotus sp., Cellulase enzyme production, submerged fermentation, optimization of 

cellulase production 

 
Introduction 
  

Enzymes are produced by every living organisms, however, microbial enzymes have several 
advantage over the enzymes derived from plants or animals sources by virtue of their great variety of 
catalytic activities, cheaper in cost and relatively more stable. (Buchholz et al., 2005). Microbial 
enzymes are used as cost effective and environmentally sensitive substitutes for chemical processing 
in several industries and bioremediation. Therefore the commercial demand for microbial enzymes is 
increasing. Cellulases from microbes have become the focal biocatalysts due to their complex nature 
and wide spread industrial applications. Cellulases are inducible enzymes synthesized by a large 
diversity of microorganisms including both fungi and bacteria during their growth on cellulosic 
materials (Kubicek 1993; Sang-Mok and Koo, 2001). Cellulases are produced by a number of 
microorganisms such as bacteria, yeast and fungi (Kirk et al., 2002). Among microbes, the genera of 
Clostridium, Cellulomonas, Thermomonospora, Trichoderma, and Aspergillusare the most 
extensively studied cellulase producer (Kuhad et al., 2010). Mushrooms can be exploited as an 
alternative and safe source for extracellular cellulolytic enzymes. Of these, Pleurotus sp. is the most 
efficient in utilizing lignocellulosics (Salmones et al., 2005; Albores et al., 2006).  In recent years 
Pleurotus sp, has gained prominence as a type of edible mushroom Pleurotus species thrive over a 
wide range of such tropical climates and are representative of white rot fungi, which can degrade 
directly the lingo cellulosic organic wastes of nature (Ulezlo et al., 1975; Tayama and Oguwu, 1976; 
Rajarathnam et al., 1979). Production of cellulase are done by submerged fermentation (SmF). 
Submerged fermentation involves the nurturing of microorganisms in high oxygen concentrated liquid 
nutrient medium. Viscosity of broth is the major problem associated with the fungal submerged 
fermentations. When fungal cell grows, mycelium is formed which hinders impeller action, due to this 
limitations occur in oxygen and mass transfer. The broth viscosity, oxygen, and mass transfer 
problems are solved by cell immobilization. Certain fermentation parameters such as temperature, 
nitrogen source, carbon source, pH etc. play an important role in obtaining good cellulase yield 
(Aishwarya et al., 2011). In addition to this, many factors like temperature, and pH are very important 
for microbial growth and enzyme produced during SmF process. Therefore, it is a prerequisite to 
design a set of optimal process operating conditions to achieve high enzyme production (Pandey, 
1992). 
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Thus, the present study aimed to investigate the possibility production of cellulase under 
submerged fermentation using Pleurotus species (P. sapidas P969, P. citrinopileatus P096). The 
investigation aimed to determine the effect of different culturing conditions on cellulase production.  
 
Materials and Methods 
 
Microorganisms: 

 
Pleurotusspecies (P. sapidas P969, P. citrinopileatus P096) were selected for the present studies. 

Pleurotus species cultures were maintained on Malt extract plates medium and sub-cultured every 6-7 
days. After growth the cultures were stored in refrigerator (5-7 °C) for routine work and storage 
purpose.   
 
Cellulase Productivity: 
 

The tested Pleurotus species were cultured on liquid basal medium as follow: The basal medium 
composed from g/L : 10 Glucose ; 5 Yeast extract; 0.6 KH2PO4 ; 0.5 MgSO4; 0.4 K2HPO4; 0.25 
CuSO4; 0.05 FeSO4; 0.05 MnSO4 and 0.001 ZnSO4(Tellez-Tellez et al., 2008).  One hundred mls of 
basal medium were dispensed in 250 ml Erlenmeyer flasks and sterilized at 121 C for 15 minutes, 
cooled down, then inoculated with one disk 5 mm of desired pleurotus mycelium culture. The flasks 
were incubated on a shaker incubator (120 rpm) at 30°C for 6 days. After 6 days the extracellular 
enzyme present in the culture filtrate was obtained by filtration. The culture filtrate was then 
centrifuged and the supernatant was analyzed for cellulase activity.  
 
Cellulase assay: 

 
Cellulase activity was determined by mixing 1 ml of 1% Carboxymethyl cellulose was prepared 

in 50 mM sodium acetate buffer pH 5.3 with 1 ml of crude extracellular enzyme source and incubated 
at 50°C for 15 min (Casimir et al., 1996). The reaction was stopped by the addition of 3 ml of 3, 5-
dinitrosalicylic acid (DNS) and the contents were boiled for 15 minutes. The colour developed was 
read on spectrophotometer Jenway 6305 Uv/Vis. at 540 nm. The amount of reducing sugar liberated 
was quantified using glucose as standard. One unit (U) of enzyme activity was defined as the amount 
of enzyme required to liberate 1 μM of glucose from CMC per min under the assay conditions. 
Cellulase activity was expressed as unit per mg (Miller, 1959). 
 
Optimization of Enzyme Production Parameters: 
 
Effect of different carbon sources: 
 

Different carbon sources such ascarboxymethyle cellulose, starch, fructose, lactose, sucrose, 
glucose and dextrose were studied by using each of them as a sole carbon source for the fungal basal 
medium instead at the same level (1%). One hundred mls of each basal medium prepared with 
different carbon source, were dispensed in 250 ml Erlenmeyer flasks and sterilized at 121°C for 15 
minutes, cooled down, then inoculated with one disk 5 mm of desired pleurotus mycelium culture. 
The flasks were incubated on a shaker incubator (120 rpm) at 30°C for 6 days. After 6 days the 
extracellular enzyme present in the culture filtrate was obtained by filtration. The culture filtrate was 
then centrifuged and the clear supernatant was analyzed for cellulase activity. The color developed 
was read on spectrophotometer Jenway 6305 Uv/Vis. at 540 nm. 
 
Effect of different nitrogen sources: 
 

The effect of nitrogen source on enzymes production was investigated by replaced the source of 
nitrogen in fungal basal medium with different organicnitrogen source such aspeptone, beef extract 
and inorganic nitrogen source such as ammonium chloride, ammonium sulfate, urea, sodium 
nitrateand yeast extract used as a control One hundred mls of each basal medium prepared with 



Middle East J. Agric. Res., 7(1): 50-59, 2018 
ISSN: 2077-4605 

52 

different nitrogen source, were poured into 250 ml Erlenmeyer flasks then sterilized at 121°C for 15 
minutes, cooled down, then inoculated with one disk 5 mm of desired Pleurotus mycelium culture. 
The flasks were incubated on a shaker incubator (120 rpm) at 30°C for 6 days. After culturing the 
produced enzyme present in the culture filtrate was obtained by filtration. The culture filtrate was then 
centrifuged and the clear supernatant was analyzed for cellulase activity.The color developed was 
read on spectrophotometer Jenway 6305 Uv/Vis. at 540 nm. 
 
Effect of pH value: 
 

For determination the optimum pH value for cellulase production by Pleurotusmushroom, basal 
medium was adjusted at varying pH values; 5.0, 6.0, 8.0 and 9.0, while pH 7.0 used as control. The 
culturing procedure for Pleurotus species on basal medium with different pH values were carried out 
under the same conditions described in previous experiments and cellulose activity was evaluated as 
mentioned above. The color developed was read on spectrophotometer Jenway 6305 Uv/Vis. at 540 
nm. 
 
Effect of different incubation temperatures: 
 

The effect of different cultivation temperatures on cellulase production by the Pleurotus 
mushroom was studied using basal medium. The inoculated medium with freshly 5mm disk of 
Pleurotus mushroom mycelium was cultured for 6 days on shaker incubator at different temperatures 
25, 30, 35, 40 and 45°C.  At the end of the experiment the produced cellulase activity was determined 
in the clear cultural broth after being filtrated and centrifuged.. The colour developed was read on 
spectrophotometer Jenway 6305 Uv/Vis. at 540 nm. 
 
Effect of various metal salts: 
 

The effect of various metal salts on cellulase production was determined by adding different 
metal salts in the fungal basal medium without metal salts. The metal salts selected for present study 
are CaCl2, MgSo4 , CuSo4 , ZnSo4and NaCl at 0.1% concentration. The cellulase activity was 
determined after 6 days at 30oC by DNS method. The color developed was read on spectrophotometer 
Jenway 6305 Uv/Vis. at 540 nm. 
 
Results and Discussion 

 
Cellulase Productivity: 
 

Data in Table (1) illustrated in Figure (1) showed that Cellulytic enzymes activity of the 
mushroom fungal strains. The best producer cellulase activity P.sapidus (P969)(0.6966 U/ml/min.) 
followed by the P. citrinopileatus(P096) (0.4018 U/ml/min.). Radhika et al. (2013) reported that 
submerged fermentation enhanced cellulase activity by utilizing P.florida, P. ostreatus and P. sajar-
caju. Karthikeyan (2015) observed that P.ostreatus and Calocybeindica were procuring cellulytic 
enzyme activity. The maximum cellulase activity was observed in P.ostreatus and the minimum 
cellulase activity was exhibited in Calocybeindica. 
 
Table 1: Cellulase enzyme productivity by Pleurotus strains. 

                                                     Enzyme activity 
Pleurotus strains 

Reducing sugars 
concentration 

(mg / ml) 

Cellulytic Enzyme 
activity 

(U/ ml/ min.) 
Pleurotus sapidus(P969) 1.881 0.6966 
Pleurotus citrinopileatus (P096) 1.085 0.4018 
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Fig. 1: Cellulase enzyme Productivity by Pleurotus strains. 
 

 
Optimization Parameters of Cellulase EnzymeProductionby Pleurotus strains: 
 

Cultivation parameters such as temperature, pH,and carbon, nitrogen source play very important 
role in production of enzyme and greatly influence the enzyme activity. CMCase test was used to 
check the enzyme activity at variable parameters. 
 
Effect of Carbon Sources: 
 

The fungal basal medium was supplemented with different carbon sources at 1% concentration. 
The carbon sources used in the medium by replacing slightly affected the synthesis of cellulytic 
enzymes by the tested mushroom strains in liquid culture. From results in Table (2) and illustrated in 
Figure (2), It could be clearly observed that a very little or even no differences in the cellulase activity 
(0.5511 – 0.5633 U/ ml/ min. by P. sapidas (P969), were detected when fructose, glucose, dextrose 
and lactose used as sole carbon source. Meanwhile, sucrose was in the second order resulting in 
0.3128 U/ ml/ min. CMC and starch come lastly for cellulase activity inducer. As for P.citrinopileatus 
(P096), fructose and starch as sole carbon sources were the most enhancer for cellulase activity (0.58 
U/ml/min.).  
 
Table 2: Effect of carbon source on cellulyticenzyme produced by pleurotus strains. 

           Pleurotus 
strains 

 
 

Carbone 
 source 

Pleurotus sapidus(P969) Pleurotus citrinopileatus (P096) 

Reducing sugars 
concentration 

(mg/ ml) 

Cellulytic 
Enzyme 
activity 

(U/ ml/ min.) 

Reducing sugars 
concentration 

(mg/ ml) 

Cellulytic 
Enzyme 
activity 

(U/ ml/ min.) 

CMC 0.5227 0.1935 0.6947 0.2572 
Starch 0.4874 0.1805 1.570 0.5814 

Fructose 1.521 0.5633 1.572 0.5822 
Lactose 1.517 0.5618 1.561 0.5781 
Sucrose 0.8447 0.3128 0.6273 0.2323 
Glucose 1.488 0.5511 1.552 0.5748 
Dextrose 1.501 0.5559 1.543 0.5714 
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Fig. 2: Effect of carbon source on cellulase enzyme produced by Pleurotus strains. 

 
Also glucose, dextrose and lactose did not differ from the previous for cellulase enhancing which 

gave 0.57 U/ml/min. only sucrose and CMC are the least cellulase inducer for P.citrinopileatus 
(P096).  One can notice that for all carbon sources used P.citrinopileatus (P096) is more efficient for 
cellulase production than P. sapidus (P969).  Among all carbon sources used CMC was least cellulase 
inducer for both Pleurotus species used. Szakacs et al., (2006) and Baig (2005) have reported that 
lactose induced the production of cellulase by Trichoderma spp in submerged fermentation. Julieta et 
al. (2015) reported that sucrose and glucose were the best inducer of β-Glucosidase production by 
Flammulinavelutipes among the carbon sources tested. 

 
Effect of different nitrogen source: 
 

The nitrogen sources are of secondary energy sources to organisms, which play an important 
role in the growth of the organism and the production of enzymes. Different inorganic and organic 
nitrogen sources which have an influence on the ability of fungal basal media were screened at 0.2% 
concentration. The tabulated results clearly reveal that, organic nitrogen sources were mush inducer 
than inorganic ones for cellulase production from both tested Pleurotus mushroom species. Also, a 
very little differences was detected in cellulase enzyme production from the tested Pleurotus cultured 
on media had inorganic nitrogen sources. In the present study the highest yields of cellulase by P. 
sapidus (P969) were achieved in cultures supplemented with beef extract followed by peptone Table 
(3) illustrated in Figure (3). Whereas peptone was the best nitrogen source for cellulase production 
(U/ml/min), followed by yeast extract by P. citrinopileatus (P096).Coban and Biyik (2011) reported 
that organic nitrogen source gave the highest yield of cellulase enzymes under SSF.Harjot and Deepti 
(2015) reported that beef extract, yeast extract and peptone were effective in enhancing cellulase by 
Penicilliumchrysogenumand T. reesei.   

  
Table 3: Effect of nitrogensource on cllulase enzyme produced by Pleuratus strains. 

Pleuratus 
strains 

 
Nitrogen 
 source 

Pleurotus sapidus(P969) Pleurotus citrinopileatus (P096) 

Reducing sugars 
concentration 

(mg/ ml) 

Cellulytic 
Enzyme activity 

(U/ ml/ min.) 

Reducing sugars 
concentration 

(mg/ ml) 

Cellulytic 
Enzyme activity 

(U/ ml/ min.) 

Yeast extract 0.6726 0.2491 0.7234 0.2679 
Peptone 0.8689 0.3218 0.9461 0.3504 
Beef extract 1.497 0.5544 0.6440 0.2385 
Ammonium Chloride 0.7675 0.2842 0.5271 0.1952 
Ammonium sulphate 0.6197 0.2295 0.5315 0.1968 
Urea 0.2183 0.0880 0.2999 0.1110 
Sodium nitrate 0.7300 0.2703 0.5822 0.2156 
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Fig. 3: Effect of nitrogen source oncellulase enzyme produced by Pleuratusstrains. 

 
Effect of pH on cellulase production: 

The growth medium pH is one of the most important physical parameters which played an 
important role in enzyme secretion. The pH range observed during the growth of microbes also affects 
product stability in the medium (Deb et al 2013). Most of the earlier studies revealed that fungi 
required slightly acidic pH for optimum growth. The value of pH is known to affect the synthesis and 
secretion of cellulase enzymes just like its stability. So, the effect of pH on the production of cellulase 
by P. sapidus (P969) and P. citrinopileatus (P096) was investigated at different pH (5.0,6.0,7.0, 8.0, 
and 9.0).  The maximum enzyme production was observed at pH 5.0 Table (4) and illustrated in 
Figure (4). Harjotand Deepti (2015) reported that the maximum production of cellulase product by P. 
chrysogenum was obtained at pH 5.0. Ronget al., (2016) reported that the optimum production of 
cellulase produced by Trichodermavirens was obtained at pH 5.0. Also, it could be observed that the 
cellulase synthesis by both tested mushroom species are declined gradually by increasing pH value 
progressively from 5 to 6, until reached to alkaline medium pH 9. 

 
Effect of temperature on cellulase production: 

Temperature was considered as important environmental factor which controls the growth and 
production metabolites by microorganisms and this is usually varied from one organism to another 
(Deb et al., 2013). The fermentation carried out at different temperatures (25, 30, 35, 40, and 450 C) 
to determination of optimum temperature for enzyme production. Maximal cellualse production was 
obtained in fermentation flask that was incubated at 250C byP. sapidus (P969) in Table (5) illustrated 
in Figure (5).Whereas Maximum cellualse production was obtained in fermentation flask that was 
incubated at 300C by P. citrinopileatus(P096). Deb et al. (2013) reported that the temperature was 
considered an important environmental factor which controls the growth and production of 
metabolites by microorganisms and this usually varies from one organism to another.  Goyal and Soni 
(2011) reported that the optimum production of cellulase produced by Pleurotusflorida  was obtained 
at temperature of 35–40°C. 
 
Effect of various metal salts: 

The effects of metal ions were studied at initial concentration 0.1%. Results inTable (6) and 
illustrated in figure (6) showed that effect of various metal on cellulaseproductivity byselective 
strains. The obtained results found that the metal saltsaffected the production of cellulase and differ 
between the producer strains.The improve cellulase production by strain of P. sapidus (1 ) was found 
in the basal media supplemented with CuSo4 with cellulase activity  0.1919 U/ml/min, CaCl2 , MgSo4, 
ZnSo4 and NaCl. As well as improve production of cellulase by P.citrenopleatus was achieved in the 
basal media containing CaCl2 with cellulase activity 0.2311 U/ml/min, CuSo4  ,NaCl, MgSo4 and 
ZnSo4.Bhavsar et al (2015) revealed that metal ions Ca2+ activated cellulases of isolated Aspergillus 
spp.Rekadwadet al (2015) reported that Actinomises cellulase also showed remarkable activity in the 
presence of by CuCl2 an2d followed by ZnCl2 and CaCl2. 
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Table 4: Effect of pH on cellulose enzyme produced by Pleuratus strains. 
Pleuratusstrains 

 
pH values 

 
 

Pleurotus sapidus(P969) Pleurotus citrinopileatus (P096) 

Reducing sugars 
concentration 

(mg/ ml) 

Cellulytic 
Enzyme activity 

(U/ ml/ min.) 

Reducing sugars 
concentration 

(mg/ ml) 

Cellulytic Enzyme 
activity 

(U/ ml/ min.) 

pH 5 1.089 0.4035 0.8292 0.3071 
pH6 0.6462 0.2393 0.6219 0.2303 
pH 7 0.3705 0.1372 0.5403 0.2001 
pH 8 0.4389 0.1625 0.5271 0.1952 
pH 9 0.3749 0.1388 0.6594 0.2442 

. 

 
Fig. 4: Effect of pH on cellulose enzyme produced by Pleuratus strains. 

 
Table 5: Effect of temperature on cellulase enzyme produced by Pleuratus strains:  

pleuratus 
 Strains 

 
Temperature 

Pleurotus sapidus(P969) Pleurotus citrinopileatus (P096) 
Reducing sugars 

concentration 
(mg/ ml) 

Cellulytic Enzyme 
activity 

(U/ ml/ min.) 

Reducing sugars 
concentration 

(mg/ ml) 

Cellulytic Enzyme 
activity 

(U/ ml/ min.) 
25 1.682 0.6232 0.7969 0.2951 
30 0.7462 0.2763 5.394 1.998 
35 0.8675 0.3213 0.9079 0.3362 
40 0.7403 0.2741 0.9594 0.3553 
45 1.165 0.4315 0.7704 0.2853 

 

 
Fig. 5: Effect of temperature on cellulose enzyme produced by Pleuratus strains. 
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Table 6: Effect of various metal salts on cellulase enzyme produced by Pleuratus strains. 
  Enzyme  activity 

 
Metal salts 

Pleurotus sapidus(P969) Pleurotus citrinopileatus (P096) 
Reducing sugars 

concentration 
(mg / ml) 

Cellulytic Enzyme 
activity 

(U/ ml/ min.) 

Reducing sugars 
concentration 

(mg / ml) 

Cellulytic Enzyme 
activity 

(U/ ml/ min.) 
Nacl 0.2845 0.1053 0.3528 0.1306 
Cacl2 0.4146 0.1535 0.6241 0.2311 
MgSo4 0.3947 0.1461 0.3499 0.1295 
ZnSo4 0.3330 0.1233 0.3308 0.1225 
CuSo4 0.5183 0.1919 0.4297 0.1591 
. 

Fig. 6: Effect of various metal salts on cellulase enzyme produced by Pleuratus strains. 
 

Conclusion 
 

The present study aimed to investigate the possibility production of cellulase under submerged 
fermentation using Pleurotus species (P. sapidas P969, P. citrinopileatusP096). The highest yield of 
cellulase by P. sapidas (P969)was achieved in production medium supplemented with beef extract 
and fructose as nitrogen and carbone sources respectively. The maximum enzyme production was 
obtained in fermentation medium with initial pH 5.0 at 250C. Whereas, the highest yield of cellulase 
by P. citrinopileatus (P096)were achieved in production medium supplemented with peptone and 
fructose as nitrogen and Carbone sources respectively. The maximum enzyme production was 
obtained in fermentation medium with initial pH 5.0 at 30oC. Finally, it could be clearly concluded 
through this study that it is economic, successful to produce cellulase from Pleurotus under 
submerged culture fermentation. 
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