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Abstract  
Researchers have been re-directing their interest in biomass-based bio-fuels, biocatalysts and 

other value-able biomaterials to expand the range of natural resources as alternate feedstock. In the 
present study, lignocellulolytic enzyme production efficiency of Pleurotus eryngii WC 888 was 
investigated using cost-effective agro-industrial residues in solid-state fermentation (SSF). A pilot-scale 
fermentation experiment was conducted for 10 days and enzyme activities were determined in units/ml. 
The SSF of banana stalk by P. eryngii WC 888 ensured the highest level of laccase activity (160.25 U 
ml-1), followed by MnP (143.45 U ml-1) and LiP (68.2 U ml-1). On the contrary, very low cellulose-
degrading enzyme activities were detected in the fermented culture under the same conditions. 
Response surface methodology (RSM) with central composite design (CCD) was adopted to optimize 
the culture conditions. The optimum conditions that gave maximum enzyme secretion were; pH, 4; 
temperature, 35°C; inoculum size, 4 ml; incubation time, 120 h and moisture content, 60%. The crude 
extract produced was used for the delignification and saccharification of various plant residues for 
bioethanol production. The preliminary results suggested that lignocellulosic wastes could be utilized 
as low-cost substrate for the production of enzymes which play significant role in many industrial and 
biotechnological sectors.  

Keywords: Lignocellulolytic enzymes, Pleurotus eryngii, Agro-industrial residues, Response Surface 
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1. Introduction
Microbial enzyme production has attracted the attention of scientific community due to 

increasing demands for safe biological catalysts in diverse industrial processes. Ligninolytic 
enzymes complexes from white-rot fungi (WRF) are among the most important that has wide 
range of commercial applications in bioremediation, bio-based biofuels, agriculture, food, 
textile, laundry, paper and pulp, and many others [1-4]. However, growth requirement on 
larger scale, longer incubation time and contamination of fungal mycelia are the drawbacks 
that may restrict the direct application of fungi. In contrast, in-vitro treatment with 
ligninolytic extract produced through solid state fermentation (SSF) is an attractive way to 
overcome these problems. The ligninolytic enzyme can be used in the form of crude extracts 
as well as in purified/immobilized form. The unpurified crude ligninases from white-rots may 
provide some mediators required for the action of these enzymes, which are eliminated 
otherwise during enzyme isolation and purification [5].  
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In agricultural countries like Pakistan, tones of agricultural and agro-industrial residues are 
generated as a waste which could be harnessed for industrial enzyme production through 
microbial fermentation. Lignocellulosic materials are the most promising, abundant, naturally 
available, and renewable feedstock for the growth of WRF [6-7]. Presently, the most extensively 
used lignocellulosic raw materials for production of lignin modifying enzymes (LMEs) are 
wheat straw, rice straw, sugarcane bagasse, banana stalk, sawdust, soft and hard wood chips, 
cotton seed hulls, corn cobs, and  rice bran. Other green materials, such as cotton stalk and 
soybean straw, coffee pulp etc. have also been assessed for growing edible mushrooms [5].  

Traditionally, the expensive and environmental polluting physical/chemical treatments 
like acid, alkali and ozone are being used to delignify the lignocellulosic substrates on 
industrial scale. Ligninolytic based delignification of lignocellulosic materials is of particular 
interest that has recently drawn the researcher’s attention due to limitation and drawbacks of 
existing treatment technologies. The effective utilization of agro-industrial waste biomass 
would play a significant role in the economic viability of ethanol production. However, the 
bioconversion of lignocellulosic biomass to ethanol is hampered by the structural and 
complex architecture of substrate, which renders these materials a challenge to be used as 
feed-stocks for ethanol production [2]. The use of fungal species such as WRF have been 
found to be attractive alternative as they have distinct and natural ability to secrete a spectrum 
of lignin mineralizing enzymes (LMEs). The most prominent enzymes associated with lignin 
degradation are lignin peroxidase (LiP E.C. 1.11.1.14), manganese peroxidase (MnP E.C. 
1.11.1.13), laccase (E.C. 1.10.3.2) and H2O2 producing oxidases, while endo-1, 4-β-glucanase 
(E.C. 3.2.1.4), cellobio-hydrolase (E.C. 3.2.1.91) and β-glucosidase (E.C. 3.2.1.21) are the 
major enzymes involved in cellulose hydrolysis [8, 9]. 

Pleurotus eryngii is a white-rot basidiomycete, demonstrating natural ability to degrade 
lignin, cellulose and hemicellulose. Although ligninolytic enzymes from WRF have been 
extensively studied with regard to production, characterization and applications; however, 
studies on lignocellulolytic enzymes by P. eryngii are still lacking. Keeping in view the 
extensive applications of lignocellulolytic enzymes, present study was conducted to screen 
different agricultural waste substrates for lignocellulolytic enzymes production by P. eryngii. 
Response surface methodology was used to optimize different variables. Further, the enzymes 
produced were applied for delignification and saccharification to produce ethanol.  

 
2. Materials and Methods 

2.1 Substrate collection and preparation  
Lignocellulosic waste materials like wheat straw, rice straw and banana stalk were 

obtained from Students Research Farms, University of Agriculture, Faisalabad; Pakistan. 
Corn stover and corn cobs from CPC Rafhan, Faisalabad and sugarcane bagasse was obtained 
from Crescent sugar mill, Faisalabad. All the collected substrates were chopped into small 
fragments, sundried following oven dried at 60°C to a constant weight. The dried samples 
were pulverized (mesh size 40 mm) by electric grinder from Ashraf Herbal Laboratories, 
Faisalabad and stored in airtight plastic jars.  

 
2.2 Fungal culture and inoculum preparation  
A pure culture of P. eryngii WC 888 was obtained from Mushroom Laboratory, 

Department of Plant Pathology, University of Agriculture, Faisalabad. The fungal culture was 
raised on potato dextrose agar slants (PDA) at pH 4.5 and 28°C. Kirks basal medium 
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supplemented with 1% (w/v) millipore filtered sterile glucose solution was used as inoculum 
medium [11]. The pH of the medium was adjusted to 4.5 (HCL/NaOH) and sterilized in 
autoclave (Sanyo, Japan) at 121C for 15 min. A loop-full culture of P. eryngii was transferred 
to inoculum medium aseptically and the flask was incubated at 30C for 5-7 days in rotary 
shaker (Sanyo Gallenkemp, UK) with continuous shaking to get 1106 to 1108 spores/ml [10]. 

 
2.3 Production and extraction of lignocellulolytic enzymes  
Culture flasks (triplicates; 500-ml) containing 5g substrate (wheat straw, rice straw, 

banana stalk, corn cobs, corn stover and sugarcane bagasse) were moistened  (66% w/w 
moisture) with Kirks basal medium. The fermentation medium in each flask was sterilized, 
inoculated (5 ml fresh fungal spore suspension) and allowed to ferment at 30C for 1-10 days 
in a temperature controlled incubator (EYLA SLI-600ND, Japan) [2]. After every 48 h, the 
flasks were harvested by adding 100 ml of distilled water, shaken for 30 min, filtered and 
centrifuged at 10,000 rpm for 10 min at room temperature. The clear supernatant thus 
obtained was stored in clear, dry and sterilized glass bottles in refrigerator to prevent 
contamination and used as crude enzyme extract.  

 
2.4 Ligninolytic enzymes assays 
The activity of LiP was measured by adopting the methodology of TIEN AND KIRK 

[11]. Reaction mixture comprised 4 mM veratryl alcohol (1 ml) at 25C in 1 ml 100 mM 
tartarate buffer; pH 3 with 0.2 mM H2O2 (0.5 ml) as reaction initiator. The absorbance of 
reaction mixture was monitored at 310 nm (Є310=9300). MnP activity was determined 
according to WARIISHI & al. [12] at 25°C by the H2O2 dependent oxidation of manganic-
malonate complex at 270 nm. Assay mixture contained 1 ml of 1mM MnSO4, 1 ml of 50 mM 
sodium malonate buffer (pH 4.5), 0.1 ml of enzyme solution and reaction was initiated by the 
addition of 0.1 mM H2O2 (0.5 ml). Laccase was assayed by monitoring 2, 2 azinobis 3-
ethylbenzthiazoline 6 sulphonate (ABTS) oxidation in sodium malonate buffer at 436 nm. 
Reaction mixture contained 1 ml of 50 mM sodium malonate buffer (pH 4.0), 1 ml of ABTS 
and 0.1 ml of enzyme solution at 25°C [13]. 

 
2.5 Cellulase enzyme assays 
Assay of endo 1, 4-β glucanase (CMCase) was performed as described by GADJILL & al. 

[14]. 100 µL of crude enzyme extract was incubated with 1 ml of 1% CMC and 1 ml of 0.1M 
citrate buffer (pH 4.8) at 50C for 30 min followed by reaction termination with DNS reagent (3 
ml). The absorbance was measured at 540 nm against reagent blank. Exo 1, 4-β glucanase was 
assayed according to DESHPANDE & al. [15] using 1% salicin as reaction substrate with DNS 
as coupling reagent. Similarly, ß-glucosidase activity was estimated using 1% avicel (micro-
crystalline cellulose) as reaction substrate by the assay reported previously [16]. 

 
2.6 Optimization of culture conditions for enzymes production  
Response Surface Methodology (RSM) was adopted to optimize the culture conditions for 

lignocellulose-degrading enzymes production by P. eryngii. An experimental design of 31 runs 
in which five factors were evaluated at five different levels in triplicates according to Table 2. 
The lower and upper levels of independent variables like pH, temperature, inoculum size, 
incubation time and moisture were 2-6, 20-40C, 1-5 ml, 24-120 h and 40-60%, respectively. 
The data were subjected to Analysis of Variance (ANOVA) and 3D response surface graphs 



 MUHAMMAD ASGHER, SHAHA WASEEM KHAN,  MUHAMMAD BILAL  

Romanian Biotechnological Letters, Vol. 21, No. 1, 2016  11136

were constructed using DOE 8.0.7.1 Trial Version software. The quadratic model equation for 
predicting the response function i-e optimum ligninolytic and cellulolytic activities (U ml-1) 
were expressed using second order polynomial equation indicated below (Eq. 1). 

           (1) 
 
where i and j are linear and quadratic coefficients, respectively, while ‘b’ represents regression coefficients, Y is 
ligninolytic or cellulolytic yield, k the number of factors and optimized in the experiment and e is random error.  
 

2.7 Delignification of plant residues  
The enzyme extract containing LiP, MnP and laccase (25 ml) was applied for the 

delignification of corn cobs, corn stover, rice straw, banana stalk and sugarcane bagasse at 
room temperature for 48 h. Untreated as well as ligninolytic enzymes treated plant residues 
were analyzed for lignin content by modified Klason lignin method [17]. Briefly, 150 mg of 
fibers were impregnated with 72% sulphuric acid (3 ml) and placed in water bath at 30°C for 
1 h. After adding 84 ml of demineralized water, the samples were autoclaved, cooled and the 
lignin was filtered. Insoluble lignin was washed with distilled water until neutral pH and 
thereafter dried in oven at 103°C to constant weight and calculated by the following formula: 

100
fiber

lignin

W

W
IL  

where IL = insoluble lignin content (%); W lignin = oven-dry weight of the insoluble lignin or klason lignin (g); W 
fibre = oven-dry weight of substrate (g) 

 
The filtrate obtained by the klason lignin was used to determine the soluble lignin. The 

soluble lignin content was determined by the formula indicated below: 

100
1000





fiberW

CV
SL  

where SL= soluble lignin content (%); C = concentration of soluble lignin in the filtrate (g/L); V = total volume 
of the filtrate (ml); Wfiber = oven-dry weight of samples (g). 

 
2.8 Saccharification of de-lignified plant residues by cellulase extract 
The de-lignified plant residues were saccharified using concentrated crude cellulase 

extract produced from P. eryngii under pre-optimized growth conditions. The reaction 
medium consisted of 20 g de-lignified plant residue, 30 ml cellulase extract, and volume was 
made up to 200 ml with sodium citrate buffer (0.1 M, pH 4.8). The reaction mixture was 
incubated at 37ºC in orbital shaker (150 rpm) for 24 h. The cellulose contents of cellulase 
treated biomasses were determined [18] with slight modifications whereas glucose estimation 
was performed in a manner described by Gadgil & al. [14]. 

 
2.9 Ethanol Production and analysis 
A pure culture of S. cerevisiae was kindly provided by Shakar Ganj Mills (Pvt) Limited, 

Jhang, Pakistan. Dextrose medium (DM) containing 6% dextrose, 0.5% peptone and 0.5% 
yeast extract was used as inoculum. The medium was sterilized at 121°C and 15 psi for 15 
min. After cooling to room temperature, S. cerevisiae was added into the sterile inoculum 
medium and incubated at 37°C in arbitrary shaker at 120 rpm for 18 h. Two different sets of 
triplicate conical flasks (500-ml), containing 5g/100 ml hydrolysate were inoculated with 5 ml 
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yeast inoculum and fermented at 37°C, pH 4.5 for 72 h in shaking incubator (120 rpm). After 
designated time, the contents were filtered, centrifuged at 3000×g and supernatant was 
analyzed for ethanol production. High Performance Liquid Chromatography (HPLC) was 
used to estimate the ethanol concentration in the samples according to SIPOS & al. [19].  

 
2.10 Statistical analysis 
All the experiments and enzyme assays were performed in triplicate, and the data was 

statistically analyzed. The DOE software (8.0.7.1 Trial Version) was applied to construct 
response surface plots to study the interaction between variables and the response (Enzymes 
production). 

 
3. Results and discussion 

3.1 Lignocellulolytic enzyme production by P. eryngii 
Filamentous fungi are the most distinguished producers of enzymes involved in the 

degradation of lignocellulosic material, and the search for new strains presenting high 
potential of enzyme production is of great biotechnological significance. In this study, various 
lignocellulosic substrates such as wheat straw, corn cobs, corn stover, rice straw, banana stalk 
and sugarcane bagasse were used for the production of lignocellulose-degrading enzymes by 
P. eryngii. Among all substrates utilized, the solid-state fermentation (SSF) of banana stalk 
favored the higher production of crude ligninolytic extract. The enzyme extract contained 
68.2, 143.45 and 160.25 U ml-1 of LiP, MnP and Laccase, respectively, after 4th day of 
screening experiment, then it started to decline (Table 1). The findings are in agreement with 
earlier studies that Pleurotus species exhibited high MnP and Laccase activities than that of 
LiP [20-21]. MIKIASHVILI & al. [22] determined maximum activities of MnP (96 U ml-1) 
and Laccase (211 U ml-1) with a smaller amount of LiP in different pleurotus strains on 5th 
day after cultivation. Similarly, CARAMELO & al. [23] reported P. eryngii with lignin-
degrading peroxidases containing MnP and laccase but not LiP. The variable expression of 
ligninolytic enzymes by white-rots essentially depends on type and composition of the 
lignocellulosic material. Besides, the genetic variations among fungi and the method of fungal 
cultivation, including important variables like pH, temperature, C: N ratio and humidity are 
known to determine the amount of enzymes [22].    

In case of cellualses, endoglucanase, exoglucanase and ß-glucosidase activities were 
0.198, 0.098 and 0.128 U ml-1, respectively from banana stalk on 6th day of fermentation 
(Table 1). Similar to our study, TELLEZ & al. [9] measured α-amylase, β-glucosidase, 
laccase, and xylanase activities from edible mushrooms and emphasized that P. ostreatus 
exhibited remarkable oxidative with insignificant hydrolytic enzyme activities. After 5th day 
of SSF, MIKIASHVILI & al. [22] achieved endoglucanase (0.05 U ml-1) and exo-glucanase 
(0.03 U ml-1) using P. eryngii. GOYAL AND SONI [24] highlighted that among all pleurotus 
species, P. florida is the leading cellulases producer and up to 0.48, 0.102 and 0.980 U ml-1 of 
endo-glucanase, exo-glucanase and ß-glucosidase were recorded using different biomass feed-
stocks. 
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Table 1: Experimental values of lignocellulolytic enzymes in solid-state fermentation from different agro-
industrial residues by P. eryngii 

S
u

b
st

ra
te

s 

Incubation Time (Days) 

 

E
n

zy
m

es
 

2 4 6 8 10 

E
n

zy
m

es
 

2 4 6 8 10 

Wheat 
Lac 

138.1 141.13 151.25 140.1 139.25 
EG 

0.076 0.087 0.073 0.064 0.051 

Straw ±0.11 ±0.17 ±0.03 ±0.06 ±0.10 ±0.01 ±0.07 ±0.03 ±0.06 ±0.01  
MnP 

99.5 104.58 129.1 123.72 115.2 
EXG 

0.052 0.063 0.042 0.038 0.033  ±0.02 ±0.08 ±0.16 ±0.23 ±0.11 ±0.02 ±0.08 ±0.01 ±0.02 ±0.11  
LiP 

34.44 38.83 46.11 41.1 30.15 
BGL 

0.049 0.088 0.065 0.051 0.043  ±0.01 ±0.10 ±0.10 ±0.02 ±0.04 ±0.01 ±0.01 ±0.01 ±0.02 ±0.04 

Corn 
Lac 

102.3 125.1 140.92 127.1 122.1 
EG 

0.097 0.103 0.095 0.088 0.075 

Cobs ±0.03 ±0.12 ±0.15 ±0.11 ±0.05 ±0.03 ±0.01 ±0.01 ±0.01 ±0.05  
MnP 

95.15 116.12 119.88 75.1 55.2 
EXG 

0.057 0.062 0.051 0.043 0.035  ±0.23 ±0.12 ±0.13 ±0.11 ±0.05 ±0.02 ±0.01 ±0.01 ±0.01 ±0.02  
LiP 

30.1 35.1 40.12 39.1 20.25 
BGL 

0.063 0.077 0.06 0.052 0.046  ±0.14 ±0.01 ±0.01 ±0.03 ±0.23 ±0.01 ±0.01 ±0.01 ±0.03 ±0.02 

Corn 
Lac 

73.11 96.25 138.45 75.25 63.26 
EG 

0.096 0.128 0.117 0.093 0.066 

Stover ±0.21 ±0.02 ±0.01 ±0.07 ±0.24 ±0.03 ±0.02 ±0.01 ±0.07 ±0.04  
MnP 

76.05 90.12 124.12 95.2 76.1 
EXG 

0.048 0.085 0.067 0.034 0.029  ±0.23 ±0.02 ±0.14 ±0.12 ±0.12 ±0.02 ±0.02 ±0.01 ±0.01 ±0.01  
LiP 

34.1 36.15 40.15 38.1 25.12 
BGL 

0.064 0.096 0.076 0.04 0.025  ±0.11 ±0.23 ±0.28 ±0.01 ±0.20 ±0.01 ±0.02 ±0.02 ±0.01 ±0.02 

Rice  
Lac 

108.2 116.12 120.43 95.11 65.11 
EG 

0.079 0.088 0.102 0.095 0.065 

Straw ±0.13 ±0.12 ±0.20 ±0.12 ±0.21 ±0.01 ±0.01 ±0.02 ±0.01 ±0.02  
MnP 

127.3 103.71 140.15 125.1 105.1 
EXG 

0.044 0.056 0.062 0.047 0.039  ±0.16 ±0.15 ±0.02 ±0.21 ±0.12 ±0.16 ±0.15 ±0.02 ±0.21 ±0.12  
LiP 

36.1 42.2 44.25 40.22 35.2 
BGL 

0.026 0.034 0.044 0.04 0.03  ±0.16 ±0.26 ±0.23 ±0.17 ±0.18 ±0.01 ±0.02 ±0.02 ±0.01 ±0.01 

Banana 
Lac 

124.1 160.25 138.15 132.25 125.1 
EG 

0.152 0.188 0.198 0.173 0.152 

Stalk ±0.12 ±0.20 ±0.12 ±0.12 ±0.13 ±0.12 ±0.20 ±0.12 ±0.12 ±0.13  
MnP 

103.5 143.45 127.1 88.19 68.1 
EXG 

0.073 0.084 0.098 0.091 0.077  ±0.09 ±0.19 ±0.10 ±0.16 ±0.14 ±0.09 ±0.019 ±0.010 ±0.016 ±0.01  
LiP 

49.15 68.2 40.25 46.22 41.02 
BGL 

0.078 0.096 0.128 0.103 0.091  ±0.10 ±0.15 ±0.17 ±0.15 ±0.14 ±0.01 ±0.01 ±0.07 ±0.05 ±0.01 

Sugarcane 
Lac 

81.15 72.25 72.4 63.15 55.05 
EG 

0.072 0.085 0.074 0.063 0.055 

Bagasse ±0.27 ±0.10 ±0.13 ±0.20 ±0.13 ±0.02 ±0.01 ±0.03 ±0.02 ±0.03  
MnP 

115.1 120.01 95.15 85.16 65.2 
EXG 

0.062 0.069 0.058 0.033 0.018  ±0.13 ±0.12 ±0.14 ±0.10 ±0.10 ±0.13 ±0.12 ±0.14 ±0.10 ±0.10  
LiP 

28.15 33.1 39.15 30.13 28.12 
BGL 

0.039 0.046 0.035 0.03 0.028 

  ±0.12 ±0.10 ±0.10 ±0.18 ±0.01 ±0.012 ±0.01 ±0.01 ±0.018 ±0.01 

Lac = Laccase; MnP = manganese peroxidase; LiP = lignin peroxidase; EG = endo-1, 4-β-glucanase; EXG = exo-1, 4-β-glucanase; 
BGL = β-glucosidase 
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3.2 Optimization of culture conditions for enhanced lignocellulolytic enzymes 
production by P. eryngii  

Response surface methodology (RSM) with a central composite design (CCD) was 
employed to optimize the growth conditions in order to improve the lignocellulolytic enzymes 
production. Table 2 represents the runs, independent variables and levels in terms of un-coded 
values and responses (enzyme activities). The various independent variables were; pH, 
temperature, inoculum size, fermentation time and moisture level. The maximum enzyme 
activities were obtained under optimal conditions of pH; 4, temperature; 35°C, inoculum size; 
4 ml, incubation time; 120 h, and moisture content of 60%. The activities of ligninolytic (LiP, 
76.37 U ml-1; MnP, 220.14 U ml-1; Laccase, 241.82 U ml-1) as well as cellulolytic enzymes 
(endoglucanase, 0.237 U ml-1; exoglucanase, 0.117 U ml-1; ß-glucosidase, 0.146 U ml-1) were 
substantially enhanced by optimizing the process conditions. The effects of interaction among 
variables (pH, temperature, inoculum size, incubation time and moisture level) on 
lignocellulose-degrading enzyme synthesis were also studied (Fig. 1). The response surface 
plots for Lip activities are displayed in Fig. 1 (a) temperature vs inoculum size (b) pH vs 
inoculum size (c) inoculum size vs moisture (d) inoculum size vs incubation time (e) pH vs 
temperature and (f) temperature vs moisture) and similar trend was observed for other 
enzymes (response surfaces are not shown and the enzyme activities trend can be seen in 
Table 2). The response surface curve between temperature and inoculum size showed that 
LMEs production was greatly affected by both factors and was maximized by the 
combination of the temperature and inoculum size levels. It was found that temperature and 
inoculum size had strong interactive effect yielding maximum ligninolytic activities with 4 ml 
inoculum size at 35°C. The interactions also revealed that there is an increasing enzyme 
production trend with an initial rise in temperature and inoculum size; however, high levels of 
these factors had antagonistic effects. Similarly, the activities of Lip, MnP and laccase at pH; 
6 and inoculum size; 4 ml were high and starts decreasing beyond this optimum level. At 
moderate level of inoculum size (4 ml) and moisture (60%), the crude extract produced by P. 
eryngii had maximum levels of enzyme activities. A further increase in both variables 
inhibited the fungal growth, and hence the enzymes production was also hampered. 
Interaction of inoculum size and incubation time had a profound effect on enzyme production 
by P. eryngii. As the inoculum size and incubation time were increased, the lignocellulose-
degrading enzyme production was also increased to a certain extent, however the elevated 
levels of both factors caused the inhibition of enzymes. While considering the pH and 
temperature, it was found that 35°C temperature and pH 6 were the best for maximum 
enzyme production. At low temperature and high moisture content, an elevated ligninolytic 
production was found. Maximum activities of Lip, MnP and laccase were obtained when the 
level of temperature and moisture was 35°C and 60%, respectively.  
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Table 2: Optimization of fermentation parameters for enzyme production from banana stalk using RSM with a 

central composite design (CCD) 
 

Runs Variables Enzyme activities 

  pH Temp I.S I.T Moisture Lip MnP Lac 

 
EG EXG BGL 

1 4 40 2 72 40 52.5 140.01 166.38 0.135 0.075 0.078 

2 2 40 5 120 40 40.12 168.53 129.72 0.102 0.053 0.068 

3 3 30 5 48 50 20.1 151.25 42.73 0.103 0.086 0.097 

4 2 20 5 24 40 35.16 123.71 69.32 0.148 0.069 0.071 

5 2 20 5 120 60 26.15 143.47 48.05 0.105 0.053 0.061 

6 6 40 1 120 40 50.37 150.38 76.11 0.108 0.058 0.057 

7 4 30 1 120 50 47.29 172.86 66.94 0.118 0.057 0.063 

8 2 40 3 24 50 43.3 201.03 65.23 0.114 0.065 0.055 

9 6 20 1 120 60 67.23 140.01 180 0.101 0.054 0.069 

10 6 40 1 24 60 32.83 137.25 62.24 0.114 0.056 0.08 

11 2 40 1 120 60 34.56 134.83 68.65 0.129 0.07 0.061 

12 6 40 5 24 40 28.53 102.34 42.52 0.106 0.063 0.059 

13 6 20 1 72 50 31.29 148.74 52.64 0.118 0.081 0.053 

14 2 25 3 72 40 33.74 169.43 63.88 0.163 0.064 0.048 

15 4 30 1 120 50 32.37 245.37 65.82 0.128 0.055 0.066 

16 6 30 3 72 60 36.7 157.34 70.53 0.191 0.055 0.089 

17 6 20 1 72 50 29.96 146.93 54.72 0.086 0.066 0.052 

18 4 20 3 48 55 45.63 133.96 125.81 0.136 0.077 0.063 

19 6 30 3 96 45 68.18 159.03 153.88 0.144 0.071 0.058 

20 2 40 5 24 60 42.1 102.13 61.18 0.095 0.056 0.059 

21 6 20 5 120 40 35.1 135.69 58.61 0.116 0.061 0.062 

22 2 35 1 24 40 30.33 112.32 55.82 0.111 0.051 0.051 

23 2 20 1 120 40 36.57 150.38 67.52 0.119 0.055 0.065 

24 4 40 2 72 40 68.21 137.01 163.47 0.162 0.108 0.117 

25 4 35 4 120 60 76.37 220.14 241.82 0.237 0.117 0.146 

26 6 20 5 24 60 39.86 101.63 59.72 0.106 0.057 0.072 

27 6 20 2 24 40 22.37 111.73 42.52 0.097 0.055 0.042 

28 2 20 1 24 60 45.16 130.09 66.38 0.116 0.067 0.076 

29 4 20 3 48 55 48.32 131.72 203.72 0.138 0.079 0.057 

30 6 40 5 120 60 33.72 189.15 60.21 0.120 0.089 0.094 

31 3 30 5 48 50 22.79 149.32 41.37 0.107 0.082 0.108 
 *Temp = temperature, I.S = inoculum size, I.T = Incubation time 
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Fig. 1: Response surface plots (a) temperature vs inoculum size (b) pH vs inoculum size (c) inoculum size 

vs moisture (d) inoculum size vs incubation time (e) pH vs temperature and (f) temperature vs moisture  

 
3.3 Delignification, saccharification and ethanol production 
The most crucial step in the production of ethanol from lignocellulosic feed-stock is 

delignification, which facilitates the separation of major components of biomass i-e cellulose, 
hemicellulose and lignin. It is well-known fact that after better delignification, the cellulose 
conversion to glucose becomes easier, resulting in higher ethanol yield due to greater bio-
digestibility and accessibility of the cellulase enzymes to cellulose [2]. Here, we employed the 
ligninolytic pre-treatment approach for lignin degradation of various agro-industrial plant 
residues for enhanced bio-ethanol production. The results of delignification, saccharification 
and ethanol production after the reaction with crude ligninolytic and cellulolytic enzyme 
extract are depicted in Table 3. The ligninolytic enzymes obtained from P. eryngii showed 
commendable performance for biomasses delignification under investigation and up to 56.9% 
lignin removal was achieved in sugarcane bagasse when 25 ml crude ligninase extract was 
used. The other biomasses delignification was also inspiring and the saccharification was 
found to be higher for those biomasses which showed high delignification and so on. Finally, 
the delignified and saccharified hydrolyzate were subjected to ethanol production by 
Saccharomyces cerevisiae. Sugarcane bagasse hydrolyzate yielded greater ethanol production 
followed by corn stover, corn cob, banana stalk and rice straw.  
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Table 3: Production of ethanol after delignification and cellulose hydrolysis of various 
ligno-cellulosic substrates by ligninases and cellulases extract respectively 

 

Substrates 
(5 g) 

Delignification 
(%) 

Cellulose hydrolysis 
(%) 

Glucose 
(g/L) 

Ethanol 
(g/L) 

Corn cobs 48.05±2.4 77.5±0.7 19.2±0.3 17.8±1.5 

Corn stover 49.52±1.5 72.3±0.2 23.7±0.9 21.02±1.7 

Rice straw 43.45±1.3 69.9±0.5 19.4±0.1 15.75±0.5 

Banana stalk 39.15±0.9 67.7±1.2 22.3±1.3 16.7±1.3 

Sugarcane 
bagasse 

56.9±2.1 87.4±0.5 26.4±0.7 23.36±2.3 

 
In the literature, numerous delignification approaches i-e thermal and/or chemical 

pretreatment have been reported for improved bioethanol production. However, they relies on 
expensive equipment and usually requiring the removal of toxic compounds that otherwise 
inhibits the growth of fermentative microorganisms necessary to produce ethanol. Biological 
pretreatment utilizing ligninolytic enzymes is regarded as the current leading pretreatment 
strategy because of maximal production of desired product, minimal by-product formation, 
lesser energy requirements, mild operating conditions and eco-friendly processing. However, 
substantial cellulose and hemicellulose loss and long contact time are the main problems 
associated with this form of treatment. Enzyme reprocessing could effectively increase the rate 
and yield of hydrolysis and cost of enzymatic pretreatment is also low as compared to thermo-
chemical pretreatment as enzymatic hydrolysis is conducted at ambient conditions [2, 4, 8, 17]. 

In summary, the results obtained indicated that the crude enzyme extract produced using 
statistically optimized growth conditions by Pleurotus eryngii appears a possible alternative 
to carrying out lignin removal in plant wastes for bio-ethanol production. The process of 
enzymatic delignification and thus ethanol production may lead to better results when using 
optimized reaction conditions, such as reaction time, temperature, enzyme concentration, 
stirring, and type of residues, which will be the focus of our future studies. 

 
4. CONCLUSIONS 

Pleurotus eryngii WC 888 produced substantial activities of ligninolytic enzymes in the 
culture filtrate when grown on inexpensive agricultural waste materials as carbon and energy 
sources. However, under the same conditions, very poor hydrolases activities were detected. 
The production process could be further improved by optimizing different variables through 
response surface methodology (RSM). The crude enzyme extract showed encouraging results 
for delignification and saccharification of various plant residues, abundantly available in 
Pakistan. High-performance liquid chromatography (HPLC) analysis suggesting enzymatic 
delignification as promising and economically viable strategy to produce ethanol from 
lignocellulosic materials. Nonetheless, further molecular approaches are needed to develop 
more efficient, thermo-stable and recoverable ligninolytic enzymes that may be the desirable 
future bio-catalysts for biomass delignification. 
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