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Abstract: Ligninolytic enzymes are employed for the production of second-generation biofuel to minimize 
fuel crisis. Additionally, they play a crucial role in global carbon cycle and a variety of applications in food, 
agriculture, paper and textile industries. On a large scale production of ligninolytic enzymes, microorganisms 
can be cultured on lignocellulosic wastes. In the present study, proximate analysis including acid detergent 
lignin (ADL), acid detergent cellulose (ADC), acid detergent fi ber (ADF) and acid insoluble ash (AIA) were 
performed for Platanus orientalis (chinar), Bauhinia variegata (orchid tree), Pinus roxburghii (chir pine), wheat 
straw and wheat husk. Platanus orientalis was selected as substrate because of higher lignin contents for the 
production of ligninolytic enzymes by Aspergillus fl avus. Solid State Fermentation was used and Response Surface 
Methodology was employed for optimizing various parameters and enzymes production. Maximum production 
was achieved at temperature 32°C, fermentation period 120 hours, pH 4.5, inoculums size 3.5 mL, substrate 
mesh size 80 mm, substrate size 7 g. Maximum purifi cation of laccase, manganese peroxidase (MnP) and lignin 
peroxidase (LiP) was achieved with 50%, 60% and 40% ammonium sulfate respectively and it was enhanced by 
gel fi ltration chromatography. Characterization of enzymes shows that Laccase has 35°C optimum temperature, 
4.5 pH, 0.289 mM Km and 227.27 μM/ml Vmax. Manganese peroxidase has 30°C optimum temperature, 5.5 pH, 
0.538 mM Km and 203.08 μM/ml Vmax. Lignin peroxidase has 30°C optimum temperature, 3 pH, 2 mM Km and 
2000 uM/ml Vmax. Protein concentrations found in crude extracts and partially purifi ed enzymes are respectively: 
laccase 1.78 and 0.71 mg/ml, MnP 1.59 and 0.68 mg/ml. LiP, 1.70 and 0.69 mg/ml.

Introduction

Lignin is an aromatic hydrocarbon which exists extensively in 
nature, particularly in all higher plants, whose membrane cells 
are made up of carbon, hydrogen and oxygen. Lignin provides 
rigidity and stiff ness to the stem of plant and prevents plants 
from microbial attack. (Feldman 2002, Boudet 2000). In pulp 
and paper industries ligninolysis has got much importance. 
Chemicals are used to degrade lignin for pulp manufacturing. 
This technique releases lignin containing harmful effl  uents 
into the environment which may cause cancer. (Harazono et al. 
1996). One method to overcome the above problem is the use 

of wood fungi for lignin biodegradation. (Bumpus et al. 1985). 
Pulping with microorganisms has the potential to improve pulp 
quality and properties of paper to lessen energy cost and impact 
on the environment in contrast to old pulping strategies. Saving 
of energy can make it economically valuable. (Wesenberg, et 
al. 2003).

Dye stuff  industries are the main dyes manufacturers and 
textile industries are the main dyes users. Highly-drained waste 
matter produced by such industries are unpleasant aesthetically, 
hinder penetration of light and upset life of aquatic system. For 
surface and underground water, it is proved dangerous. Color 
removal from such wastes is a major issue. Treatment of such 
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effl  uents is very diffi  cult and costly by physical and chemical 
methods such as coagulation, fi ltration, fl occulation, oxidation, 
and electrochemical methods. (Kapdan 2000). Treatment of 
these wastes by biological methods can be cost-eff ective and 
ecological alternative to physicochemical treatment strategies.

Ligninolytic enzymes degrade complex and recalcitrant 
polymeric lignin as well as associated complex compounds. 
These enzymes have large number of applications in various 
other fi elds, such as agriculture, chemical, food, fuel and 
cosmetics (Asghar et al. 2008)

Ligninolytic enzymes viz laccase, manganese peroxidase 
and lignin peroxidase are group of extracellular enzymes 
employed in various industries for the degradation of ligninolytic 
substrates. (Orth and Tien 1995). Laccases are copper containing 
enzymes which oxidize wide range of substrates such as mono, di 
and polyphenols with the reduction of oxygen to H2O (Gualhup 
et al. 2002). LiP is extracellular monomeric heme glycoprotein 
peroxidase extracted from Phanerochaete chrysosporium for the 
fi rst time (Venkatadri, and Irvine 1993) with molecular weight 
from 37 to 50 kDa. It oxidize non-phenolic, polycyclic aromatic, 
phenolic compounds and depolymerize plant’s cell wall lignin. 
MnP is extracellular glycoprotein classifi ed as oxidoreductases, 
with molecular weight from 40 to 50 kDa. It produce phenoxy 
radical by the oxidation of phenolic compounds with H2O2 as 
an oxidant. (Asgher et al. 2008, Hofrichter, 2002). MnP also 
oxidize nonphenolic compounds such as lignin and xenobiotic 
pollutants.

The ligninolytic enzymes are capable for the oxidation 
of a numerous toxic organic compounds that change these 
compounds to non-toxic or carbon dioxide and H2O metabolites. 
(Bumpus and Aust 1987).

Solid state fermentation appears more promising for 
enzymes production rather than other strategies as it has 
many advantages for fungal growth. Enzymes can be 
isolated and purifi ed to diff erent extent for various industrial 
application. Solid state fermentation (SSF) is an attractive 
method for the conversion of lignocellulosic biomass and 
ligninase production. SSF is a kind of fermentation which 
supports the growth of fungus over solid substrate under 
moist environment. Enzymes production is aff ected by pH 
and temperature of fermentation broth and the concentration 
of carbon and nitrogen sources. For optimization of enzymes 
production Response Surface Methodology (RSM) provides 
more reliable results. In contrast to conventional Classical 
Optimization Strategy (COS) of one varying factor at a time 
RSM can examine more than one factor at a time at diff erent 
levels to determine interaction between two or more factors. 
(Asgher et al. 2013). RSM is a statistical technique used to 
design experiments and evaluate interactive eff ect among 
variables and optimize fermentation medium.

A. fl avus is a saprotrophic fungus with universal occurrence, 
it belongs to phylum Ascomycota, family Trichocomaceae, 
was investigated for ligninase production during current study 
This fungus is generally found in soil and plants. 

Keeping in view the importance of ligninolytic enzymes, 
the present study was carried with the following objectives: 
optimization of the production of ligninolytic enzymes of 
Aspergillus fl avus through SSF by using Response Surface 
Methodology (RSM), proximate analysis of diff erent lingo-
-cellulosic substrates and selection of most suitable for 

enzymes production, partial purifi cation and characterization of 
ligninolytic enzymes produced under optimized conditions.

Materials and methods
Selection of substrate
Various ligninolytic substrates i.e. Platanus orientalis (chinar), 
Bauhinia variegata (orchid tree), Pinus roxburghii (chir pine), 
wheat straw and wheat husk were collected. The moisture 
content in these substrates was determined. These were sun dried 
for 8 days and dried at 70°C in oven for 24 hours to remove any 
remaining moisture, and then weight loss was measured. These 
were then ground through plant grinder having mesh size 40 mm 
and 80mm at room temperature and packed in air tight plastic 
jars, and proximate analysis were carried out. 

Proximate analysis 
Five diff erent agricultural wastes were analyzed for percentage 
nitrogen, crude protein, crude fi ber, ether extract, total ash 
contents, and moisture contents as described by (AOAC 1990, 
AOAC 1995).

Determination of ADF, ADL, ADC and AIA
For proximate analysis of each lignocellulosic substrate, 
acid detergent fi ber (ADF), acid detergent lignin (ADL) acid 
detergent cellulose (ADC) and acid insoluble ash (AIA) 
contents were estimated by (AOAC 1995, Goering and Van 
Soest 1970, Van Soest 1963b).

Preservation of fungus
Culture of Aspergillus fl avus was obtained from Industrial and 
Environmental Biotechnology Laboratory (IEBL), Department 
of Biochemistry, PMAS-Arid Agriculture University 
Rawalpindi. It was grown on Potato Dextrose Agar (PDA) 
media for further use (Mahmood et al., 2013). The pH of the 
medium was maintained at 5.5, incubated at 30°C for 72 h.

Preparation of fungal inoculum
Inoculum of A. fl avus was prepared in Potato Dextrose 
broth using 250 mL Erlenmeyer fl ask with composition: 
Glucose (2.0 gm), (NH4)2SO4 (0.02 gm), CaCl2 (0.005 gm), 
MgSO4.7H2O (0.005 gm), KH2PO4 (0.02 gm) and distilled 
water was added to make the fi nal volume 100 mL. The pH 
was adjusted at 5.5 and broth was autoclaved at 121°C for 
20 minutes at 15 psi for sterilization. A. fl avus was transferred 
to the fl asks with Potato Dextrose broth aseptically. These 
fl asks were kept in shaker incubator at 30°C for 72 hours and 
120 rpm (Krishna, 1999).

Solid state fermentation (SSF)
The ground Platanus orientalis was poured in 500 mL 
Erlenmeyer fl asks. Flasks were autoclaved at 121°C for 
20 min and specifi c amount of fungal inoculum (1–6 mL) was 
transferred aseptically. These fl asks were incubated at various 
temperatures. The physical factors such as temperature (10 to 
40°C), pH (3 to 6), inoculums size (1 to 6 ml) and substrate 
size (2 to 10 g) were optimized through response surface 
methodology (RSM) using fi ve factors, fi ve level central 
composite design (CCD) having 2 central points with a total 
of 28 runs each for both meshes sizes (40 mm and 80 mm). 
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Glucose, fructose and sucrose (0.1 to 0.5%) of Sigma Aldrich, 
were used as additional carbon sources while ammonium 
sulfate and urea (0.1 to 0.5%) of Sigma Aldrich were added 
as additional nitrogen sources in SSF medium to check their 
eff ect on the production of ligninolytic enzymes. To optimize 
ligninolytic enzymes production, RSM was employed under 
Central Composite Design (CCD) by using JMP software. 
Final SSF period was 120 hours, pH 4.5, inoculum size 3.5 ml, 
temperature 32°C, substrate size 7 g and substrate mesh 80.

Crude enzyme extraction
The fl asks were harvested for the extraction of ligninolytic 
enzymes by contact method after specifi c hours as described 
by Mahmood et al., (2013). In each of the fl asks, 50 ml 
distilled water was added and shaken in WIs-20R incubator 
at 120 rom for 1 h at room temperature. In this way, extra 
cellular enzymes were dissolved in water and fi ltered through 
fi lter paper. Filtered extract was then centrifuged in Centurion 
Scientifi c K241R centrifuge at 1000 rpm for 15 min at 4°C 
to remove spores and impurities. Supernatants were stored as 
crude extract at 4°C for enzyme assay.

Enzymes Assay
All enzyme assays were carried out spectrophotometrically at 
room temperature. The activities were expressed in unit per ml. 

Activity of laccases was measured by oxidation of Azino-
-bis ethylbenzthiazoline-6-sulfonic acid (ABTS). 1 mL each of 
1 mM ABTS and 50 mM sodium malonate (pH 4.5) were mixed, 
100 μL of supernatant culture was poured in it and absorbance 
was taken at 436 nm. Laccase activity was measured by 

A= Є436cl (Є436=36,000 M-1cm-1) (Shin and Lee 2000).

LiP assay was performed by pouring 100 μL crude enzyme 
in a mixture of 1 mL 100mM Tartarate buff er (pH 3), 1 mL of 
4 mM veratryl alcohol, 500 μL of 0.2 M H2O2. The absorbance 
was measured at 310 nm. Enzyme activity was calculated by 

A= Є310cl (Є310=9,300 M-1cm-1)  (Tien and Kirk, 1983).

MnP assay was carried out by the addition of 500 μL of 
0.1 mM H2O2 as oxidizing agent in 1 mL of 1 mM MnSO4 
and 1 mL of 50 mM sodium malonate buff er (pH 4.5). 100 μL 
of culture supernatant was added in the above mixture and 
absorbance was read at 270 nm. MnP activity was calculated 
by 

A= Є270cl  (Є270=11,590 M-1cm-1)  (Wariishi et al. 1992).

Where:
Є = coeffi  cient; 
A = Absorbance;
c = concentration;
l = path length

Protein estimation
Protein contents in crude and partially purifi ed samples were 
estimated by adding 0.2 mL enzyme in 2 mL of Lowery reagent 
and incubated for 30 minutes in dark at 25°C. After 30 minutes 
0.2 mL of Foline and Ciocaltue´s phenol reagent was added 

and again incubated at 25°C in dark for 30 minutes. Then the 
mixture was subjected to enzyme assay at 660 nm. Bovine 
serum albumin (BSA) was used as a standard. (Lowry et al. 
1951). Simple linear regression equation was used to calculate 
the protein of unknown sample. 

Purifi cation of ligninolytic enzymes
The ligninolytic enzymes produced under optimized conditions 
were purifi ed for characterization using the following techniques.

Ammonium sulfate precipitation
The partial purifi cation of ligninolytic enzymes was carried 
out by adding diff erent concentrations of (NH4)2SO4 i.e. 10, 
20, 30, 40, 50, 60, 70 and 80% in 2 ml crude sample each and 
left overnight at 4°C. These samples were then centrifuged at 
10,000 rmp for 15 min at 4°C. Both pellet and supernatant were 
subjected to enzyme assay and protein estimation (Mahmood 
et al. 2013).

Gel fi ltration chromatography
Partially purifi ed ligninolytic enzymes were subjected to gel 
fi ltration chromatography for further purifi cation. 5% silica gel 
column was dissolved in malonate buff er of pH 4.5 for laccase 
and MnP, in tartarate buff er of pH 3 for LiP purifi cation. 
After the addition of 1 ml enzyme, elusions were maintained 
at fl ow rate of 30 cm/h. Enzyme assay was carried out for 
all 20 elusions. The elusion having maximum activity was 
subjected to characterization of diff erent kinetic parameters.

Characterization of ligninolytic enzymes
Purifi ed ligninolytic enzymes were subjected to characterization 
to study optimum pH, temperature and kinetic parameters.

Optimization of pH for ligninolytic enzymes
Laccase and MnP were subjected to enzyme assay at diff erent 
pH, i.e. 2.5, 3.5, 4.5, 5.5 and 6.5. Sodium malonate buff er was 
employed in the reaction mixture to maintain pH. LiP assay 
was done from pH 1, 2, 3, 4 and 5 and to maintain pH tartarate 
buff er was used. 

Optimization of temperature for ligninolytic enzymes
Enzyme assay was performed for laccase, MnP and LiP activity 
at diff erent temperatures from 25, 30, 35, 40 and 45°C.

Eff ect of substrate concentration ligninolytic Enzymes
The eff ect of substrate concentration on ligninolytic activity was 
studied by making diff erent concentrations of substrates, i.e. 2, 4, 
6, 8 and 10 mM to determine Km and Vmax. ABTS, manganese 
sulfate and veratyl alcohol were used as substrates for lignin 
peroxidase, manganese peroxidase and laccase respectively. 
Activities found at each concentration were used to draw double 
reciprocal graph between inverse of concentrations and rate of 
reaction. The linear regression equations obtained from graph 
were used to calculate Km and Vmax.

Results and discussions
Selection of substrate
Proximate analysis gives us the information of chemical 
composition of the agricultural biomass and is a scheme 



6 J. Khan, M.J. Asad, R.T. Mahmood, F.H. Wattoo, T. Zainab, S. Nazir, M.B. Shah, D. Ahmed

for the description of animals feed stuff s. It allows us to 
make a comparison of feeds based on specifi c nutrients. The 
outcomes of proximate composition given in Table 1. shows 
that Platanus orientalis has more lignin contents among fi ve 
analyzed samples and selected as substrate for ligninolytic 
enzymes production. Crude fi ber contains lignin, cellulose, 
hemicelluloses, and other soluble fi bers (Parish 2007). Based 
on the fi nding, the highest crude fi ber contents were observed 
in Platanus orientalus which confi rm it as suitable substrate 
among others. Crude proteins comprise both true protein and 
non protein nitrogen and Bauhinia variegata had the highest 
levels of crude protein followed by wheat straw. Crude fat is 
an estimate of the total fat contents and is very high in Pinus 
roxbergii followed by Bauhinia variegata. Low moisture 
content in a sample is an indication that microbe’s activities 
would be reduced and thereby increases the shelf life of sample 
and vice versa. The lowest moisture content was observed in 
Bauhinia variegata and platanus orientalus respectively. Ash 
is a residue that contains inorganic mineral element of feed 
sample and is determined by burning the sample at high 
temperature. Ash content for the leaves and stems of Bauhinia 
variegata is highest among all samples. ADF is a measure of 
the plant components in forages that are the least digestible by 
livestock, including lignin and cellulose. More ADF content 
decreases the digestibility, so forages with high ADF percentage 
are typically lower in energy. ADF content determination is 
a preparatory step for lignin, cellulose and AIA determination 
in present study; ADF content was found highest in platanus 
orientalus which further confi rms that it is a good substrate for 
ligninase production.

Optimization ligninolytic enzymes production 
by A. fl avus
Optimization of physical and nutritional conditions 
through RSM
Response Surface Methodology (RSM) was used with 
a central composite design. The interactions studied among 
independent variables were fermentation period, pH, inoculum 
size, incubation temperature, substrate size and substrate 
mesh. Comparison of SSF with 40 and 80 meshes reveals that 
80-mesh size was more suitable. For enzymes production 
particle size of the substrate plays an important role in 
fungal growth and enzymes production in SSF. In the SSF 
growth of fungi, the availability of surface area is vital for 
fungal attachment, suffi  cient transference of nutrients and 
substrates, consequent fungal growth and enzyme production 
that ultimately depends on substrate particle size (Sindhu et 
al. 2009, Beeraka et al. 2008). Smaller mesh, i.e. 80, satisfi es 
these conditions for fungal growth.

Interaction among variables
The interaction between two factors provides a better 
understanding of the overall process analysis. One factor may 
interact with any or all the other factors making the possibility 
of existence of many interactions.

Inoculums size vs pH
Inoculum size and pH play an important role in fungal growth 
and enzymes production. Response surface study shows that 
there is a positive interaction between inoculums size and pH. 
Maximum laccase, MnP and LiP production was observed 

Table 1. Proximate analysis, ADF, ADL, ADC and ADL contents

No Name of 
biomass

Moisture
%

Crude
protein %

Crude
fat %

Crude
fi ber %

Total
ash %

ADF
%

ADC
%

ADL
%

AIA
%

1 Wheat straw 10.98 3.68 4.64 43.90 6.57 34.60 29.10 4.5 1.50
2 Wheat husk 10.19 3.50 4.18 25.00 6.93 30.60 29.61 1.02 0.04
3 P. orientalus 12.64 2.80 8.58 49.10 5.40 37.20 27.40 8.9 0.90
4 P. roxbergii 8.11 3.15 10.74 43.78 3.00 29.50 25.05 4.9 0.10
5 B. variegate 5.82 4.02 9.29 32.65 12.45 18.20 17.67 0.77 0.80

Table 2. Interaction among variables for ligninolytic enzymes production

Variables Laccase MnP LiP
Inoculums size × pH 4 ml × 5 3.5 ml × 5.5 4 ml × 6
Incubation period × temperature 120 h × 32°C 100 h × 30°C 100 h × 30°C
Incubation period × pH 120 h × 6 100 h × 6 100 h × 6
Incubation period × substrate size 120 h × 7 g 100 h × 7g 100 h × 7 g
Substrate size × pH 7 g × 5 6 g × 6 7 g × 6
Inoculums size × substrate size 3 ml × 7 g 3.5 ml × 5 g 3.5 ml × 7 g
Glucose × sucrose 0.3 × 0.3% 0.3 × 0.4% 0.3 × 0.3%
Sucrose × fructose 0.3 × 0.4% 0.4 × 0.4% 0.4 × 0.3%
Ammonium sulfate × fructose 0.3 × 0.4% 0.3 × 0.4% 0.4 × 0.3%
Urea × glucose 0.3 × 0.3% 0.3 × 0.3% 0.3 × 0.2%
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with 4, 3.5, 4 ml inoculum and at 5, 5.5, 6 pH respectively 
(Table 2). Small inoculum size may be unable to start growth 
while higher inoculums size may start competitive inhibition. 
At any pH the intact enzyme may have both cation or anion 
groups. These groups are often apparently part of the active 
site. Changing the pH of medium will change the ionic form 
and ultimately enzyme activity and reactions rate. Three-
-dimensional structure of the enzymes may alter due to change 
in pH.

Incubation period vs temperature
The interaction between incubation period and temperature 
to produce ligninolytic enzymes showed that enzymes yield 
increased with incubation period and temperature. (Table 2). 
Fungal growth and enzymes production increase up to certain 
fermentation period and after that it is decreased probably 
because of nutrients depletion and waste accumulation. In 
SSF system temperature is also of much importance because 
of its eff ect on microbial growth and enzymes production. 
During fermentation, the temperature of the fermenting mass 
is generally increased due to respiration. At higher temperature 
low enzymes production was seen because of substrate drying.

pH vs incubation period
Response surface fi nding of pH against incubation period 
is shown in Table 2. The result predicted that both pH and 
incubation period had a positive eff ect on A. fl avus growth 
and enzymes production. Higher levels of the said parameters 
predict low enzyme production because higher pH retards 
fungal growth. pH off ers an important role in fermentation 
through maintaining a suitable ionic strength. Enzymes 
production is favored either by acidic or alkaline pH which 
was observed acidic in present study. 

Incubation period vs substrate size
Positive interactive infl uence is observed between incubation 
period and substrate size. Enzymes production increases with 
substrate size and incubation period. More amount of substrate 
in a container makes a thick substrate bed that lessens the pore 
size of the substrate and the transfer of oxygen is reduced 
among the substrate particles, particularly at the bottom of the 
fl ask where the substrate was not completely fermented out. 
A thinner bed height facilitates better oxygen transfer and heat 
removal than a thicker bed height.

Substrate size vs pH
RSM shows that pH and substrate have positive interaction for 
ligninase production. Table 2 shows enhanced production of 
ligninolytic enzymes with increase in substrate size and pH. 
Higher pH beyond optimum hinders fungal growth and thick 
bed of substrate makes it less available for fugus.

Inoculum size vs substrate size
RSM results show synergistic and antagonistic eff ect 
on ligninolytic enzymes production. Higher ligninolytic 
activities were observed as inoculum and substrate size were 
increased up to a certain level (Table 2) and then enzyme 
activity became low because of competitive inhibition and 
non-availability of the substrate in the case of inoculum and 
substrate respectively.

Glucose vs sucrose
The interaction between glucose and sucrose shows enhanced 
growth of microbe and production of enzymes (Table 2). 
A. fl avus growth and ultimately enzymes production are 
increased more because of readily available carbon sources in 
the form of glucose and sucrose than substrate. Glucose proved 
a better carbon source as sucrose being disaccharide would 
fi rst be converted to glucose and then used by fungus. Glucose 
is readily available to fungus.

Fructose vs sucrose
Both fructose and sucrose have a positive impact on microbial 
growth and ligninase production. As mentioned earlier, those 
external carbon sources enhanced microbial growth and 
enzymes production because of their readily availability 
(Table 2).

Fructose vs ammonium sulfate
An optimum C:N is necessary for fungal growth and enzymes 
production. Being a part of cellular components and proteins, 
easily available nitrogen favored microbial growth and 
ligninase production. A positive interaction was observed for 
ligninase production with fructose and ammonium sulfate 
(Table 2). 

Glucose vs urea
Enhanced ligninolytic enzymes production was observed by 
interaction between glucose and urea. (Table 2). Carbon and 
nitrogen are important variables in ligninase production. At 
low C:N the fungus is carbon starved and higher nitrogen 
concentration makes the substrate unfavorable for fungus by 
changing its texture.

Protein Estimation
Protein in crude extracts and partially purifi ed ligninolytic 
samples were estimated by method of Lowery et al., (1951). 
A standard curve is obtained by making a graph of absorbance 
against various concentrations of BSA (Fig. 1). By using 
regression equation, protein in laccase crude extract and 
partially purifi ed sample were found to be 1.78 and 0.71 mg/ml 
respectively. MnP crude extract had 1.59 and 0.68 mg/ml protein 
in purifi ed sample. Average protein in LiP crude sample was 
1.70 mg/ml and 0.69 in partially purifi ed enzymes. High protein 
amount in crude samples indicate the presence of enzymes other 
than ligninase. Low protein contents in purifi ed samples confi rm 
the purifi cation of ligninase excluding unwanted enzymes.

Purifi cation of ligninolytic enzymes
Ammonium sulfate precipitation
Ammonium sulfate is used for salting out preferentially 
because it is soluble in water and high ionic strength is attained. 
It precipitates out ligninase by decreasing its solubility.

Maximum laccase activity in supernatant was 77.78 U/ml 
with 50% and 36.11 U/ml in pallet with 40% (NH4)2SO4 
(Fig. 2a). (Sahay et al., 2009) used 30% to 80% ammonium 
sulfate for laccase purifi cation. MnP maximum activity in 
supernatant was (224.33 U/ml with 60% and (77.65 U/ml) 
in pellet with 40% (NH4)2SO4 (Fig. 2b). (Sylvia et al., 
2015) used 60% ammonium sulfate for MnP purifi cation. 
The maximum LiP activities were 301.07 and 139.78 U/ml 



8 J. Khan, M.J. Asad, R.T. Mahmood, F.H. Wattoo, T. Zainab, S. Nazir, M.B. Shah, D. Ahmed

in supernatant and pellet respectively with 40% (NH4)2SO4 
(Fig 2c). Comparison of activities of supernatant and pallet 
reveals that supernatant has got more activity than pallet. 
Supernatant contains more enzymes than pellet therefore 
higher activities were achieved in supernatants. As mentioned 
earlier, partially purifi ed samples have lesser protein content 
than crude extract which confi rms the removal of unwanted 
enzymes and purifi cation of ligninase. The results of current 
study are within the international range.

Gel fi ltration chromatography
After gel fi ltration chromatography with 5% Silica gel, the 
analysis results revealed increase in enzyme activity. The 
maximum activities were observed at elusions 7 (97.22 U/mL), 
11 (276.10 U/ml) and 9 (483.87 U/ml) for laccase, MnP and LiP 
respectively. (Fig 3 a, b, c). Increase in enzymes activities was 
observed because of reduction in total protein concentration. 
This is due to purifi cation of our desired protein and exclusion 
of unnecessary proteins after purifi cation. Higher enzymes 

Fig. 1. Standard curve drawn using various concentration of BSA to determine protein in crude and partially purifi ed enzymes

Fig. 2. Comparison of enzyme activities in ammonium sulfate precipitated supernatant (blue) 
and pallet (red), Laccase (a), MnP (b), LiP (c)

(a) (b)

(c)
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activities after gel fi ltration chromatography confi rm complete 
purifi cation of ligninolytic enzymes.

Characterization of ligninolytic enzymes
Ligninolytic enzymes were characterized by studying the 
eff ect of temperature, pH, kinetic parameters like Km and 
Vmax. Characterization of ligninolytic enzymes enhance their 
effi  ciency in industrial applications.

Optimization of temperature of ligninolytic enzymes
Laccase showed maximum activity at 35°C (47.22U/ml), it 
increased from 25 to 35°C but after that it started to decline 
(25.0 U/ml) a° (Domenguez et al. 2007) have reported 30°C 
optimum temperature, (Sahay et al. 2008) 37°C (Kammoun et 

al. 2009) 55°C, (Rogalski and Janusz, 2010) 55°C and (Sahay 
et al., 2009) 60°C.

Manganese peroxidase activity increases gradually up to 
at 30°C (327.8U/ml) and then decreases (138.0 U/mL/min) at 
45°C. (Fig. 4b). Reported optimum temperature for the Mnp 
activity varies from 30°C to 40°C. (Aslam and Asgher 2011) 
have reported the optimum temperature to be 30°C (Irshad and 
Asgher 2011) 35°C.

Optimum temperature for LiP activity was 30°C 
(677.41 U/ml) and a gradual decrease was seen at higher 
temperatures (75.0 U/ml) at 45°C. (Fig. 4c). Reported 
optimum temperature for LiP activity varies from 22°C to 
40°C. (Egwim et al. 2015) 35°C. (Fujian et al. 2001) 39°C, 
(Rai et al. 2016) 22°C. 

Fig. 3. Laccase (a), MnP (b), LiP (c) activities in eluted samples of gel chromatography

(a)

(b)

(c)
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Ligninase activities decrease above optimum temperature 
because denaturation of enzymes starts above optimum and 
proteins lose their globular structure. These large variations of 
the optimum temperature of ligninolytic enzymes suggest that 
the optimum temperature for ligninase diff er according to the 
type of fungus used and the type of enzymes produced. The 
results of current study are within the international range.

Optimization of pH for ligninolytic enzymes
Optimum pH for laccase was 5.5, increase from pH 2.5 to 5.5 
(80.55 U/ml) and then decrease were observed (Fig. 5a). (Dhong 
and Zhang 2004) have reported pH from 6 to 9, (Rotkova et 
al. 2009) have reported two optimum pH values depending on 
the type of substrate for laccase assay. These pH values are 
3.5 and 5 for ABTS and SGZ respectively. (Kammoun et al. 
2009) have reported the optimum pH of 8, (Sahay et al. 2009) 
5, (Sahay et al. 2008) 4.5 and (Rogalski and Janusz, 2010) the 
optimum pH of 5.5 for laccase activity.

MnP showed maximum activity at pH 5.5 (448.66 U/ml) 
(Fig. 5b). (Yasmeen et al., 2011) have observed 4.5 optimum 
pH, (Asalam and Asgher 2011) 4, and (Rajan et al. 2010) the 
optimum pH of 5 for MnP activity. An optimal pH range from 
4 to 7 has been observed by (de Oliveira et al. 2009, Baborova 
et al. 2006, Bermek et al. 2004). 

LiP activity remains active up to pH 3 (545.16 U/mL/min) 
and then decreases (Fig 5c). Egwim et al. (2015) reported the 

optimum pH of 6.5 for LiP activity, (Yasmeen et al. 2011) have 
reported the optimum pH of 4.5, (Dias et al. 2007, Garavaglia 
et al. 2004, Angel 2002) have reported the optimum pH from 
3 to 4.5.

The decrease in enzyme activities was probably because 
of change in the ionic strength of the reaction mixture which 
caused instability of the proteins. The variations in optimum 
temperature of ligninolytic enzymes suggest that the optimum 
pH for ligninolytic enzymes varies with type of substrate used. 
The outcomes of our study agree with previously published 
results.

Eff ect of Substrate Concentration and Determination 
of Km and Vmax
Substrate concentration plays an important role in the 
enzymatic activity. Low concentration may cause lower 
activity. Therefore, the determination of Km and Vmax is an 
important step in enzyme characterization.

Diff erent concentrations from 2 to 10 mM of the substrates 
ABTS, MnSO4 and Veratyl alcohol were prepared for laccase 
MnP and LiP respectively. Increase in enzyme velocity was 
observed with increase in substrate concentration but the rate 
becomes constant after certain concentration. This is because of 
non-availability of binding site for substrate on enzyme. Line-
-weaver Burk plot of the 1/Vo verses 1/[S] was prepared to fi nd 
out Km and Vmax, these were 0.289 mM and 227.27 μM/ml 

Fig. 4. Eff ect of Temperature on Laccase (a) MnP (b) LiP (c) activities

(a) (b)

(c)
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respectively for laccase, 0.538 mM and 203.08 μM/ml for MnP, 
2 mM and 2000 μM/ml for LiP. Reported Km and Vmax varies 
in literature for ligninase. (Sahay et al., 2009) have reported 
fi ve diff erent Km values using fi ve diff erent substrates. They 
have reported 480, 350, 320, 230 and 480 μM values using 
2,6-dimethoxyphenol, syringaldize, pyrogallol, catechol and 
m-cresol respectively as substrate for Km of laccase. (Rotkova 
et al. 2009) have reported 0.0337 mM, (Dong and Zhange 
2004) 0.001 mM Km values for ABTS as a substrate. (Asgher 
et al. 2013) have reported 0.4 mM Km and 410 mM Vmax for 
MnP using MnSO4 as a substrate, (Sylvia et al. 2015) reported 
Km 27 mM and Vmax 0.3 mM, for MnP from Bjerkandera sp. 
whereas the Km of MnP for H2O2 and 2,6-Dimethoxyphenol 
were 71.4 mM and 28.57 mM respectively (Asgher et al. 2013). 
For LiP Yadav et al. 2009) have reported Km and Vmax 58 and 
83mM, (Bibi and Bhatti 2012) 16.67 mM Km and 179 U/ml 
Vmax values. Variations in Km and Vmax result from diff erent 
substrates used and type of fungus. Low Km values show high 
affi  nity of the enzymes for the substrates. Considering the 
experimental values for Km and Vmax already reported, our 
results are in accordance with published results.

Conclusions
Proximate composition of substrates shows Platanus orientalus 
with more lignin content (8.9%) and used in SSF for ligninase 

production. Optimization and characterization of ligninolytic 
enzymes by Aspergillus fl avus was carried out. Higher values of 
ligninolytic activities show that these enzymes have potential 
in industrial applications.

Acknowledgments
We acknowledge the Poultry Research Institute Rawalpindi 
Pakistan for providing their technical support.

This research did not receive any specifi c grant from 
funding agencies in the public, commercial or not-for-profi t 
sector.

References
A.O.A.C. (1990). Offi  cial Method of Analysis 15th Ed. Association of 

Offi  cial Analytical Chemists, Washington, D.C.: U.S.A.
A.O.A.C. (1995). Offi  cial Methods of Analysis. 13th Ed. Association 

of Offi  cial Analytical Chemist, Washington, D.C., USA.
Asgher, M., Irshad, M. & Iqbal, H.M.N. (2013). Purifi cation 

and characterization of novel manganese peroxidase from 
Schizophyllum commune IBL-06. International Journal of 
Agriculture & Biology, 15, 4, pp. 749‒754. Retrieved from 
http://www.fspublishers.org/published_papers/75952_pdf.

Asgher, M., Kausar, S., Bhatti, H.N., Shah, S.A.H. & Ali, M. (2008). 
Optimization of medium for decolourization of solar golden 
yellow R direct textile dye by Schizophyllum commune IBL 

Fig. 5.  Eff ect of pH on Laccase (a) MnP (b) LiP (c) activities

(a) (b)

(c)



12 J. Khan, M.J. Asad, R.T. Mahmood, F.H. Wattoo, T. Zainab, S. Nazir, M.B. Shah, D. Ahmed

06. International Biodeterioration & Biodegradation, 61, 2, 
pp.189–93, DOI: org/10.1016/j.ibiod.2007.07.009.

Aslam, S. & Asgher M. (2011). Partial purifi cation and characterization 
of ligninolytic enzymes produced by Pleurotus ostreatus during 
solid state fermentation. African Journal of Biotechnology, 10, 
77, pp. 17875–17883, DOI: 10.5897/AJB11.2233.

Baborova, P., Moder, M., Baldrian, P., Cajthamlova K. & Cajthaml, T. 
(2006). Purifi cation of a new manganese peroxidase of the white-
rot fungus Irpex lacteus and degradation of polycyclic aromatic 
hydrocarbons by the enzyme, Research in Microbiology, 157, 3, 
pp. 248–253, DOI: org/10.1016/j.resmic.2005.09.001.

Beeraka, N., Katikala, P.K., Bobbarala, V. & Tadimalla, R. (2008). 
Optimization of xylanase production under solid state 
fermentation by isolated Aspergillus fumigatus (MTCC 9372). 
Indian Journal Multidisciplinary Research, 4, 4, pp. 507–516. 
Retrieved from https://www.scribd.com/document/17438144/
Optimization-of-Xylanase-Production-Under-Solid-State.

Bermek, H., Yazici, H., Ozturk, H., Tamerler, C., Jung H., Li, K., Brown. 
K.M., Ding, H.& Xu, F. (2004). Purifi cation and Characterization 
of Manganese Peroxodase from Wood Degrading Fungus 
Trichophyton rubrum LSK-27, Enzyme and Microbial Technology, 
35, 1, pp. 87–92, DOI: 10.1016/j.enzmictec.2004.04.004.

Bibi, I. & Bhatti, H.N. (2012). Kinetic and Thermodynamic 
Characterization of Lignin Peroxidase Isolated from Agaricus 
bitorqus A66, International Journal of Chemical Reactor 
Engineering, 10, 1, A14, DOI: org/10.1515/1542-6580.2837.

Boudet, A.M. (2000). Lignins and lignifi cation: selected issues. 
Plant Physiology and Biochemistry, 38, 1–2, pp. 81–96, 
DOI: org/10.1016/S0981-9428(00)00166-2.

Bumpus, J.A. & Aust, S.D. (1987). Biodegradation of environmental 
pollutants by Phanerochaete chrysosporium, involvement of 
the lignin degrading system. Bio Essays, 6, 4, pp. 166–170, 
DOI: org/10.1002/bies.950060405.

Bumpus, J.A., Tien, M., Wright D.S. & Aust S.D. (1985). Oxidation of 
persistent environmental pollutants by a white rot fungus. Science, 
228, 4706, pp. 1434–1436, DOI:10.1126/science.3925550.

De Oliveira, P.L., Duarte, M.C.T., Ponez, A.N. & Durrant, L.R. 
(2009). Purifi cation and Partial Characterization of Manganese 
Peroxidase from Bacillus pumilus and Paenibacillus sp., 
Brazilian Journal of Microbiology, 40, 4, pp. 818–826, 
DOI: org/10.1590/S1517-83822009000400012.

Dhong, J.L. & Zhang, Y.Z. (2004). Purifi cation and characterization of 
two laccase isoenzymes from a ligninolytic fungus trametes gallica, 
Prepative Biochemistry and Biotechnology, 34, 2, pp. 179–194, 
DOI: 10.1081/pb-120030876.

Dias, A.A., Sampaio A. & Bezerra R.M.F., (2007). Environmental 
applications of fungal and plant systems: decolorization of textile 
waste water and related dyestuff s. In: Singh, S. & Tripathi, R. 
(Eds.), Environmental Bioremediation Technology, (pp. 445–463). 
Springer Berlin Heidelberg, DOI: 10.1007/978-3-540-34793-
4_19.

Domenguez, A., Gomez, J., Lorenzo, M. & Sangroman, A., 
(2007). Enhanced production of laccase by trametes visicolor 
immobilized in to alginate beads by the addition of diff erent 
inducers. World Journal of Microbiology and Biotechology, 23, 
3, pp. 367–373, DOI 10.1007/s11274-006-9233-2.

Egwim, E., Kabiru, A. & Tola, A.J. (2015). Partial characterization of 
lignin peroxidase expressed by bacterial and fungal isolates from 
termite gut. Biokemistri, 27, 1, pp. 33–38. Retrieved from https://
www.ajol.info/index.php/biokem/article/view/133031.

Feldman, D. (2002). Lignin and its polyblends. In: Hu, T. Q. (Ed.) 
Chemical modifi cation, properties, and usage of lignin (pp. 81–100). 
New York, Kluwer Academic/Plenum Publishers.

Fujian, X., Chen, H. & Zuohu L. (2001). Solid-state production of 
lignin peroxidase (LiP) and manganese peroxidase (MnP) by 

Phanerochaete chrysosporium using steam-exploded straw 
as substrate. Bioresource Technology, 80, 2, pp. 149–151, 
DOI: 10.1016/s0960-8524(01)00082-7.

Galhaup, C., Goller, S., Peterbauer, C.K., Strauss, J. & Haltrich, D. (2002). 
Characterization of the major laccase isoenzyme from trametes 
pubescens and regulation of its synthesis by metal ions. Microbiology, 
148, pp. 2159–2169. DOI: 10.1099/00221287-148-7-2159.

Garavaglia, S., Teresa, C., Miglio, M., Ragusa, S., Iacobazzi, V., 
Palmieri, F., Ambrosio, C., Scaloni, A. & Rizzi, M. (2004). 
The structure of Rigidoporus lignosus laccase containing a full 
complement of copper ions, reveals an asymmetrical arrangement 
for the T3 copper pair. Journal of Molecular Biology, 342, 5, 
pp. 1519–1531, DOI:10.1016/j.jmb.2004.07.100.

Goering, H.K. & Van Soest, P.J. (1970). Forage fi ber analyses (Apparatus, 
Reagents, Procedures, and Some Applications). Agriculture 
Handbook No. 379, Agricultural Research Service, USDA, pp. 8–9.

Harazono, K., Kondo, R. & Sakai, K. (1996). Bleaching of hardwood 
kraft pulp with manganese peroxidase from Phanerochaete 
sordida YK-624 without addition of MnSO4. Applied and 
Environmental Microbiology, 62, 3, pp. 913–917. Retrieved from 
https://www.researchgate.net/publication/7243872.

Hofrichter, M. (2002), Lignin conversion by manganese peroxidase 
(MnP). Enzyme and Microbial Technology, 30, 4, pp. 454–466, 
DOI: 10.1016/s0141-0229(01)00528-2.

Irshad, M. & Asgher, M. (2011). Production and optimization 
of ligninolytic enzymes by white rot fungus Schizophyllum 
commune IBL-06 in solid state medium banana stalks. 
African Journal of biotechnology, 10, 79, pp. 18234-18242, 
DOI: 10.5897/ajb11.2242.

Kammoun, M.M., Mechichi, H.Z. Lassaad, B., Woodward, S. & 
Mechichi, T. (2009). Malachite green decolourization and 
detoxifi cation by laccase from a newly isolated strain of Trametes 
sp. International Biodeterioration & Biodegradation, 63, 5, 
pp. 600–606, DOI.org/10.1016/j.ibiod.2009.04.003.

Kapdan, I., Kargi, F., McMullan, G. & Marchant, R. (2000). 
Comparison of white rot fungi cultures for decolorization of 
textile dye stuff s, Bioprocess Engineering 22, 4, pp. 347–351, 
DOI: 10.1007/s004490050742.

Krishna, C. (1999). Production of bacterial cellulases by solid state 
bioprocessing of banana wastes. Bioresource Technology, 69, 3, 
pp. 231–239. DOI: org/10.1016/S0960-8524(98)00193-X.

Latifi an, M., Hamidi, E.Z. & Barzegar, M. (2007). Evaluation 
of culture conditions for cellulase production by two 
Trichoderma reesei mutants under solid-state fermentation 
conditions. Bioresource Technology, 98, 18, pp. 3634–3637, 
DOI.org/10.1016/j.biortech.2006.11.019.

Lowry, O.H., Rosebrough, N. J., Farr A.L. & Randall, R. J. (1951). 
Protein measurement with the folin phenol reagent. Journal of 
Biological Chemistry, 193, pp. 265–275. Retrieved from http://
www.jbc.org/content/193/1/265.long.

Mahmood, R.T., Asad M.J., Mehboob, N., Mushtaq, M., Gulfraz, 
M., Hadri S.H., Asgher, M. & Minhas, N.M. (2013). Production, 
Purifi cation and Characterization of Exoglucanase by Aspergillus 
fumigatus. Applied Biochemistry and Biotechnology 170, 4, 
pp. 895–908, DOI: 10.1007/s12010-013-0227-x.

Martinez A.T. (2002). Molecular biology and structure-function of 
lignin-degrading heme peroxidases. Enzyme Microbial Technology, 
30, 4, pp. 425–444, DOI: org/10.1016/S0141-0229(01)00521-X.

Orth, A.B. & Tien, M. (1995). Biotechnology of lignin degradation, 
In: Kück, U., (Ed.). The Mycota, 2, (pp. 287–302). Germany, 
Springer-Verlag.

Parish, J. (2007). Eff ective fi ber in beef cattle diet. Cattle business 
mississipii. (https://extension.msstate.edu/sites/default/fi les/topic-
fi les/cattle-business mississippi-articles/cattle-business-mississippi-
articles-landing page/mca_mar2007).



 Proximate analysis of lignocellulosic biomass and its utilization for production, purifi cation and characterization... 13

Rai, N., Yadav, M. & Yadav, H.S. (2016). Enzymatic characterisation 
of lignin peroxidase from luff a aegyptiaca fruit juice. American 
Journal of Plant Sciences 7, 3, pp. 649–656, DOI: org/10.4236/
ajps.2016.73057.

Rajan, A., Kurup, J.G. & Abraham, T.E. (2010). Solid state production 
of manganese peroxidase using arecanut husk as substrate. 
Brazilian Archives of Biology and Technology, 53, 3, pp. 555–562, 
DOI: org/10.1590/S1516-89132010000300008 .

Rogalski, J. & Janusz, G. (2010). Purifi cation of extracellular 
laccase from Cerrena unicolor. Preparative Biochemistry & 
Biotechnology, 40, pp. 242–255, DOI: org/10.1080/10826068.2
010.488967.

Rotkova, J., Sulakova, R., Korecka, L., Zdrazilova, P., Jandova, M., 
Lenfl ed, J., Horak, D. & Bilkova, Z. (2009). Laccase immobilized 
on magnetic carriers for biotechnology applications. Journal of 
Magnetism and Magnetic Materials, 321, 10, pp. 1335–1340,  
DOI: org/10.1016/j.jmmm.2009.02.034.

Sahay, R., Yadav, R.S.S. & Yadav, K.D.S. (2008). Purifi cation and 
characterization of extracellular laccase secreted by pleurotus 
sajor-caju MTCC 141. Chinese Journal of Biotechnology, 24, 
12, pp. 2068–2073, DOI: org/10.1016/S1872-2075(09)60013-3.

Sahay, R., Yadav, R.S.S. & Yadav, K.D.S. (2009). Purifi cation and 
characterization of laccase secreted by L. lividus. Applied 
Biochemistry and Biotechnology, 157, 2, pp. 311–320. 
DOI: 10.1007/s12010-008-8265-5.

Shafi que, S., Asgher, M., Sheikh, M.A. & Asad, M.J. (2004). Solid 
state fermentation of banana stalk for exoglucanase production. 
International Journal of Agriculture and Biology, 6, 3, pp. 488–491, 
DOI: 1560-8530/2004/06-3-488-491.

Shin, K.S. & Lee, Y.J. (2000). Purifi cation and characterization of a new 
member of the laccase family from the white-rot basidiomycete 
Coriolus hirsutus. Archives of Biochemistry and Biophysics, 384, 
1, pp. 109–115, DOI: org/10.1006/abbi.2000.2083.

Sindhu, R., Suprabha, G.N. & Shashidhar, S. (2009). Optimization 
of process parameters for the of α-amylase from Penicillium 
janthinellum (NCIM 4960) under solid state fermentation. 
African Journal of Microbiology Research, 3, 9, pp. 498–503 
Retrieved from academicjournals.org/app/webroot/article/
article1380281962_Sindhu%20et%20al.pdf.

Singh, H., Sapra, P.K. & Sidhu, B.S. (2013). Evaluation and 
Characterization of Diff erent Biomass Residues through 

Proximate & Ultimate Analysis and Heating Value. Asian 
Journal of Engineering and Applied Technology, 2, 2, pp. 6–10.

Sylvia, D.J., Lakshmi, J. & Devi, R. (2015). Purifi cation and 
Characterization of Manganese Peroxidase from Musa 
Acuminata Stem and Its Eff ect on Degradation of Dye Effl  uent. 
International Journal of Innovative Research in Science, 
Engineering and Technology, 4, 5, pp. 2981–1987, DOI: 10.15680/
IJIRSET.2015.0405066.

Tien, M. & Kirk, T.K. (1988). Lignin Peroxidase of Phanerochaete 
chrysosporium In: Wood, W.A. & Kellogg, S.T. (Eds.), Methods 
in enzymology-Biomass, part b, lignin, pectin, and chitin. San 
Diego, CA (pp. 238–249). Academic Press, Inc 161, 

Van Soest, P.J. (1963b). Use of detergents in the analysis of fi brous feeds. 
A rapid method for the determination of fi ber and lignin. Journal-
-Association of Offi  cial Analytical Chemists, 46, pp. 829–835. 
Retrieved from https://catalogo.latu.org.uy/opac_css/doc_num.
php?explnum_id=1479.

Venkatadri, R. & Irvine, R.L. (1993). Cultivation of Phanerochaete 
chrysosporium and production of lignin peroxidase in novel 
biofi lm reactor system: hollow fi bre reactor and silicone 
membrane reactor, Water Research, 27, 4, pp. 591–596, 
DOI: org/10.1016/0043-1354(93)90168-H.

Wariishi, H., Valli, K. & Gold, M.H. (1992). Manganese (II) oxidation 
by manganese peroxidase from the Basidiomycete Phanerochaete 
chyrsosporium. The journal of Biological chemistry, 267, 25, 
pp. 236888–23695. Retrieved from http://www.wcbbf.org/pdf/
baisdiomycete/6.pdf.

Wesenberg, D., Kyriakides, I. & Agathos, W. (2003). White-rot fungi 
and their enzymes for the treatment of industrial dye effl  uents. 
Biotechnology Advances, 22, pp. 161–187, DOI: org/10.1016/j.
biotechadv.2003.08.011.

Yadav, M., Yadav, P. & Singh, K.D.S. (2009). Purifi cation and 
characterization of lignin peroxidase from Loweporus lividus 
MTCC-1178. Engineering in Life Sciences, 9, 2, pp.124–129,  
DOI: org/10.1002/elsc.200800084.

Yasmeen, Q., Asgher, M., Sheikh, M.A. & Nawaz, H. (2013). 
Optimization of ligniniolytic enzymes through response surface 
methodology. Bioresources, 8, 1, pp. 944–968, DOI: 10.15376/
biores.8.1.944-968.


