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Abstract
The potentials of thirteen lignocellulosic wastes wheat bran, barley bran, cone of Pinus nigra, sawdust, corn bran, oat, rice bran, canola, dried 

tea, ground clover straw, sunflower stalk, soybean bagasse, dried distillers grains with soluble (DDGS) as solid substrates in respect of laccase 
production by the white-rot fungi Trametes versicolor (ATCC 200801), Phanerochaete chrysospsorium (ME 446) and Pleurotus sajor-caju under 
solid-state conditions were assessed. The highest laccase activity was detected when T. versicolor was grown on ground clover straw, showing a 
maximum value of 22.36 U ml-1. The high enzyme activity was observed to correspond with chemical composition of substrate evaluated in respect 
of holocellulose, lignin, carbon and nitrogen contents. In addition, FTIR analysis was performed to chemical changes of substrate before and after 
using in solid state culture. Furthermore, pH and thermal stability of enzyme obtained from T. versicolor ATCC200801 grown on clover straw were 
studied. Also, effects of different inhibitors on the same enzyme activity were investigated.
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INTRODUCTION

Lignin is an aromatic polymer of phenylpropane units 
connected by different C-C and C-O-C linkages [1]. 
Since lignin is highly oxidized, it is difficult to oxidize 
further. Lignin is a complex heteropolymer without 
stereochemical regularity, due at least in part to the free 
radical mechanism of synthesis [1].

The most abundant biological polymer on earth, 
cellulose, can be hydrolyzed to soluble sugars either 
chemically or enzymatically. The chemical composition 
of cellulose is simple, consisting of D-glucose residues 
linked by ß-1,4-glycosidic bonds to form linear polymeric 
chains [1].

Hemicellulose is a complex combination of relatively 
short polymer made of xylose, arabinose, galactose, 
mannose, and glucose with acetyl and uronic side-
groups. The major hemicellulose is the O-Acetyl-(4-O-
methylglucurono)-xylan, also named glucuronoxylan or 
briefly xylan [1]. A basidiomycetes group, white rot fungi 
having hydrolytic enzymes such as cellulase, pectinase, 
xylanase and ligninase enzyme complex composed 
of lignin peroxidase (LiP) [2], manganese dependent 
peroxidase (MnP), laccase is able to degrade effieciently 
lignin, cellulose and hemicelluloses [3]. Laccases 
(benzenediol:oxygen oxidoreductase, EC 1.10.3.2) are 
extracellular, multicopper enzymes that use molecular 

oxygen to oxidize various aromatic and nonaromatic 
compounds by a radical-catalyzed reaction mechanism 
[4]. Laccase catalyzes the four electron reduction of 
molecular oxygen to water with one-electron oxidation of 
reducing substrate, without producing hydrogen peroxide 
[4].

In recent years, there has been an increasing trend 
toward using of agricultural and industrial residues with 
the solid state fermentation (SSF) technique to produce 
several enzymes synthesized from filamentous fungi [5]. 
SSF involves the growth of fungi on moist solid particles, 
in situations in which the spaces between the particles 
contain a continuous gas phase and a minimum of visible 
water [6]. Advantages of SSF process are higher yields 
in a shorter time period than submerged fermentation 
applications [7], resembling the natural habitat for 
filamentous fungi, reducing energy and cost requirements 
[8]. Besides, the substrates used in SSF processes are 
often products or byproducts of agriculture, forestry or 
food processing [6].   

The present work has been designed to determine 
activities of laccase produced from Trametes versicolor 
(ATCC200801), Phanerochaete chrysosporium (ME 
446) and Pleurotus sajor-caju on grown different 
lignocellulosic substrates. Then, it was found out that 
growing of evaluated fungi may cause how many 
decrease in holocellulose, carbon contents.
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MATERIALS AND METHODS

Microorganisms and experimental set-up
The microorganisms used were the three members of 

ligninolytic fungi, Trametes versicolor (ATCC200801), 
Phanerochaete chrysosporium (ME 446) and Pleurotus 
sajor-caju.  P. chrysosporium ME446 was provided by 
Dr. T.K. Kirk (U.S. Dept. of Forest Products Agriculture 
Lab., Madison, Wisconsin 53705, U.S.A). P. sajor-caju 
was kindly supplied by Dr. I. F. Zadrazil (Weisdrangveg 
4, 3300 Braunschweing, and Federal Republic of 
Germany). Also, T. versicolor (ATCC200801) were 
obtained from ATCC.  

The fungi were first grown on agar slants using a malt 
extract-agar (Fluka) medium. The fungi were subcultured 
in malt extract-broth (Merck) and incubated at 30 °C for 
4 days. 5 g of dried, shredded or ground lignocellulosic 
material and 15 ml of distilled water as moisturizing 
liquid were placed into a 250 ml-flask and autoclaved. 
Substrates used were wheat bran, barley bran, cone of 
Pinus nigra, sawdust, corn bran, oat, rice bran, canola, 
dried tea, ground clover straw, sunflower stalk, soybean 
bagasse, dried distillers grains with solubles (DDGS) 
and these natural substrates were procured from the 
local market, dried and was ground to 0.2–0.4 mm using 
mechanical blender (Retsch). 

After subcultured mycelia were taken from an 
actively growing fungus they were homogenized and 
inoculated 4 ml per Erlenmeyer including solid media. 
The Erlenmeyer flasks were incubated at 30°C statically. 
Three parallel cultures were made. At the end of twelve 
days, 40 ml of distilled water was added to medium 
and agitated in shaking incubator at the rate of 200 rev 
min-1 (Edmund Bühler-Labortechnik-Materialtechnik 
Johanna Otto GmbH). The contents were filtered through 
preweighed Whatman filter paper No. 1. The filtrate 
was centrifuged at 5000 rev min-1 for 15 minutes. These 
culture filtrates were used to determine enzyme activities. 

Analytical analyses
Screening of solid substrates in respect of laccase 

activities
Laccase activity was assayed according to the protocol 

described by Coll et al. (1993) [9]. To determinate enzyme 
activity, 0.1 ml of (culture filtrate) enzyme source was 
added to 4.9 ml of 0.1 M sodium acetate buffer (pH 4.6) 
and 1 mM guaiacol as substrate. The reaction mixture 
prepared was incubated at 37ºC for 15 minutes. Enzyme 
activity in the tubes was measured by reading optical 
density in the UV-Visible spectrophotometer adjusted 
to 465 nm wavelength. (Schimadzu UV-2550). 1 U of 
enzyme activity was defined as the amount of enzyme 
that elicited an increase in A465 of 0.1 absorbance unit 

Fig. 1 Schematic flow diagram of experimental design for SSF of microorganisms
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per minute. Incubations with denatured laccase served 
as a control. Enzyme measurements were carried out in 
triplicates and the average values were presented.

Evaluation of enzyme activity in extended 
incubation periods

After substrate screening studies, ground clover straw 
as solid substrate and T. versicolor, the most efficient 
fungus in the way of laccase production were selected. 
The chosen microorganism was incubated at the selected 
solid media for 21 days and changes of enzyme activities 
were followed at 30 ºC.

Contents of holocellulose, carbon and nitrogen 
before and after SSF culture

T. versicolor was tested for its ability to utilize ground 
clover straw in terms of loss in holocellulose (cellulose 
and hemicellulose) and carbon contents. gravimetric 
determination of lignin in cultivated substrate was 
estimated according to Adsul et al. (2005) [10]. 5 g 
of substrate was suspended in 200 ml 1.0 % (wt vol-1)

aqueous solution of NaOH. After the mixture was 
autoclaved at 121 °C for 1 h, the residues were washed 
by tap water until reaching neutral pH; then dried 
at 80 °C for 48 h and weighted. The loss of weight is 
correspond to lignin content. Besides, nitrogen quantities 
of the best solid substrates including wheat bran, barley 
bran, and ground clover straw at the end of screening of 
substrate were determined. Analysis of holocellulose was 
performed at Wood Chemistry Laboratory of Institute 
of Central Anatolia Forestry Research (Ankara). Other 
analyses including nitrogen and carbon contents were 
done with elemental analyzer at Institute of Forest, Soil 
and Ecology Research (Eskişehir). 

pH-thermal stability and effects of inhibitors on 
crude laccase obtained from T.versicolor ATCC200801 
grown on clover straw

The experiments of stability and inhibition were 
performed using crude laccase whose activity was 
20 U ml-1.  The effect of pH on enzyme stability was 

    
Amount of holo-
cellulose 
(%) 

Amount of 
lignin 
(%)

Content 
of carbon 
(%) 

Content of 
nitrogen 
(%)

Weight loss 

(g)
Before SSF 73.15 35.60 44.00 3.02 5.00
After SSF 57.37 34.40 39.82 1.20 4.393

Table 1 Contents of holocellulose, carbon and weight loss of ground clover straw as substrate before and 
after SSF process

Inhibitor Concentration of inhibitor

Na-azide 0.01 mM 0.05 mM 1 mM 10 mM 250 mM

% inhibitiona 88.243 90.493 90.68 90.816 91.139

EDTA 1 mM 10 mM 25 mM 50 mM 100 mM

% inhibitiona 5.363 0.981 9.624* 7.736* 6.39*

KCN 0.1 mM 1 mM 5 mM 10 mM 100 mM

% inhibitiona 57.326 84.958 93.181 94.09 93.776

L-cysteine 0.01 mM 0.02 mM 0.05 mM 0.5 mM 1 mM

% inhibitiona 11.526 12.013 84.523 89.548 100

Table 2 Effect of inhibitors on crude laccase obtained from T.versicolor ATCC200801 grown on clover 
straw

a All values are the averages of triplicate measurements, and the coefficients of variation were less than 5%;                 
100% activity was the activity obtained when 20 U ml-1 assay mixture at optimized conditions containing 50 mM 
guaiacol as a substrate was used.
* refers % induction rather than inhibition.
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investigated in the pH range 2-8 (HCl-KCl buffer, pH 
2; sodium acetate buffer, pH 3-5; potassium phosphate 
buffer, pH 6-8) by measurement of the activity remaining 
after incubation until 24 hours at +4 °C. After incubation 
for the desired time period, 100 µl samples of enzyme 
solution were taken for determination of enzyme activity 
according to Coll et al. (1993) [9]. 

The effect of temperature on enzyme stability was 
determined from 20 to 90 ºC in sodium acetate buffer, pH 
4.5. After each time period, 100 µl aliquots were taken 
from samples, and the laccase activity was measured as 
described above.  The estimations were carried out in 
triplicate. The results of pH and thermal stability studies 
were investigated as the residual laccase acitivity with the 
guaiacol assay method.

The effects of potential inhibitors including sodium 
azide, EDTA, KCN, and L-cysteine at different 
concentrations on enzyme activity were monitored with 
guaiacol as substrate in sodium acetate buffer after 

15 min of preincubation of the enzyme with various 
inhibitors. A laccase solution of the same concentration 
without additional inhibitors served as a control. All 
chemicals used in this study were purchased from Merck 
and were of analytical purity. Measurements were made 
in triplicate. 

FTIR spectroscopy analysis of ligninocellulose 
evaluated before and after SSF

Fourier transform infrared spectrophotometer was 
used for evaluating the change in surface functional 
groups of ground clover straw as substrate after SSF. FTIR 
spectra were recorded on solid samples in KBr pellets by 
means of a Perkin Elmer FTIR 100 spectrometer with a 
resolution of 4 cm-1. The concentration of the sample in 
the tablets was constant of 3mg / 500 mg KBr. 

The spectra were subjected to base line correction 
and the bands were studied to quantify the changes in the 
chemical structure of ligninocellulose matrix. 

Fig. 2 Evaluation of laccase activities produced from T.versicolor, P.chrysosporium and P.sajor-caju grown on 
different solid substrates (Working conditions: 30 ºC, 5 g of solid substrate, 4 ml of inoculum, 12 days of incubation 
time under static conditions)

Fig. 3 A daily activity of laccase (U ml-1) produced from T.versicolor ATCC200801 grown on ground clover straw, 
the best solid substrate (Working conditions: 30 ºC, 5 g of solid substrate, 4 ml of inoculum, 21 days of incubation 
time under static conditions).
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RESULTS AND DISCUSSION

Screening of solid substrates and microorganisms 
in respect of laccase activities

Fig. 1 shows schematic flow diagram of experimental 
design for SSF at pH 5 and, 30 ºC. Several supports such 
as wheat bran, barley bran, cone of Pinus nigra, sawdust, 
corn bran, oat, rice bran, canola, dried tea, ground clover 
straw, sunflower stalk, soybean bagasse, DDGS were 
tested in order to determine the most suitable one for 
production of laccase for T.versicolor, P. chrysosporium 
and P. sajor-caju. While fungal mycelium penetrated 
the clover straw at least partially covering their surface, 

fenolic compounds liberated such as ferulic, vanillic, 
and p-coumaric acids known to present in wheat bran, 
might induce laccase activity [11]. A larger surface area 
was provided by this penetration of the mycelium on 
the surface of the solid particles and possibly decreased 
mass transfer constraints, thereby, induced activity 
[12]. Laccase is considered to be the most common 
ligninolytic enzyme in white-rot fungi [13]. Gupte et 
al. (2007) studied ligninolytic enzyme production under 
solid-state fermentation by white rot fungi [14]. They 
found maximum laccase activity about 60 U ml-1 by P. 
ostreatus on 8th day of fermentation with wheat straw 
among various substrate (wheat straw, corncobs, coconut 

Fig. 4 Enzyme stability after preincubation at +4 °C in different pHs (2-8) 

Fig. 5 Enzyme stability after preincubation for 30 min at 20-90°C
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coir, wheat bran and rice bran) under solid conditions. 
Kurt and Buyukalaca (2010) investigated yield 
performances of enzyme acitivities of P. ostreatus and P. 
sajor-caju cultivated on wheat bran and produced higher 
mushroom yields than substrates without bran as wheat 
bran contained low molecular and soluble carbohydrates 
which were easily used by fungus [15]. The parallel 
results were also found in many studies [16]. Chawachart 
et al. (2004) detected extracellular laccase activity of 
Coriolus versicolor strain RC3 as 0.22 U ml-1 with rice 
bran, while 0.09, 0.01 and 0.01 U ml-1 obtained from 
wheat bran, glucose and rice straw meal, respectively 
after 15 days cultivation [17]. 

Fig. 6 The FTIR spectra of the solid sample, ground clover straw before (a) and after (b) SSF (Working conditions: 
30 ºC, 5 g of solid substrate, 4 ml of inoculum, 15 days of incubation time under static conditions).

Rosales et al. diverse food wastes, apple, orange and 
potato, screened for laccase production, under solid state 
fermentation conditions, by the white rot fungus Trametes 
hirsuta [18]. Potato peelings gave the highest activity, 
reaching about 5 U l-1 within 8 days. Mazumder et al. 
also developed a SSF system for production of laccase by 
P.  ostreatus using potato dextrose yeast extract medium 
and polyurethane foam as a supporting material [19]. The 
maximum laccase production in the SSF system was as 
high as 30 U ml-1. Rosales et al. focused on the obtaining 
of high laccase activity levels by optimizing several 
variables affecting laccase production under solid-state 
conditions [20]. The highest activities (31.786 U l-1) were 
obtained operating at the following conditions: 2.5 g 
ground orange peelings and 5mM copper sulphate. The 
process was also scaled to 250 ml fixed-bed and 1.8 l 
tray reactors. The former produced maximal activities 
of about 3000 U l-1, whereas the latter exhibited much 
higher values of around 12.000 U l-1.

In our experiments, ground clover straw led to the 
highest activity levels, reaching maximum values of about 
20.68 U ml-1. Besides, laccase activity was observed in 
T. versicolor grown on wheat bran (19.77 U ml-1), and 
barley bran (18.66 U ml-1) (Fig. 2). According to results 
obtained, T. versicolor as laccase producer, ground clover 
straw as substrate were selected for measurement of daily 
enzyme activity. 

Evaluation of enzyme activity in extended 
incubation periods

Following substrate screening studies, the most 
efficient fungus and the best solid substrates were 
determined. Then T. versicolor was incubated at the 

selected solid media which was ground clover straw 
up to 21 days. Clover straw as solid substrate (growth 
medium) and T. versicolor as laccase producer were used 
for further experiments. Optimum laccase activity was 
observed that grown on ground cslover straw for 15 days 
(Fig. 3).  

Amount of weight loss and chemical analyses of 
clover straw before and after SSF culture

Contents of holocellulose, lignin, carbon, nitrogen 
and amount of weight loss of ground clover straw as 
substrate before and after grown in the SSF medium were 
presented in Table 1. The enzyme activity significantly 
may depend on the lignocellulosic material content. 
Whilst the carbon content of substrate was decreased, 
laccase synthesis was induced by phenolic compounds 
including in clover straw, which might serve to degrade 
this lignocellulolytic compound providing carbon 
and nitrogen nutrients [17]. Decrease of nitrogen 
and carbon sources is well known a major factor in 
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triggering ligninolytic system of white rot fungi [21]. 
Cellulose consumption (22%) and lignin decrease 
(1.2%) after 15 days incubation may be due to the ability 
of T. versicolor ATCC200801 for different cellulases 
(endoglucanase, β-glucosidase and cellobiohydrolase) 
and ligninase production. T.  versicolor is known to 
secrete cellulases, hemicellulases as well as delignifying 
enzymes due to its large striated fruiting body [22]. 
The biodegradation variety of lignocellulosic materials 
and enzyme production that bring about hydrolysis 
of the macromolecules of cellulose, hemicelluloses 
and lignin components, respectively may depend on 
insoluble lignocellulosic substrate experimented [23]. 
Differences of nitrogen content of the most efficient 
solid substrates including ground clover straw (3.02%), 
wheat bran (2.26%), and barley bran (1.69%) may affect 
its laccase production. According to our results, fungus 
utilized solid substrate as carbon and nitrogen source. 
These results are in agreement with the results reported 
by some researchers [24]. Moreover, it agrees with the 
results obtained by Rodriguez Couto et al. (2002) [25]. 
They found barley bran as the best support among several 
supports tested for laccase production with 1200 U l-1 by 
SSF cultures of T. versicolor.

Stability and inhibition experiments
In our study on pH stability performed at 4 °C, 

showed a 45-60% of inactivation of laccase in the pH 
range 2.0-5.0 after 24 h, whereas 65-70% of the initial 
activity remained at pH 6.0-8.0 (Fig. 4). Phosphate buffer 
enhanced laccase activity compared to the activities in 
both KCl-HCl and acetate buffers. These results are 
similar to those reported with the immobilized L. edodes 
laccase from solid state fermentation cultures [26]. Due 
to the higher acidity, the pH 2.0 may partially inactivate 
the enzyme [27]. In a study on pH stability, carried out at 
room temperature, showed a substantial inactivation of 
free laccase in the pH range 3.0-5.0 after 24 h, whereas 
≥80% of the initial activity remained at pH 7.0-10.0 [28]. 

In a previous study, optimum pH differed markedly 
according to the substrate used; the optimum pH was 6.2 
with syringaldazine and 2.6 with ABTS. This has been 
clarified by the difference in redox potential between a 
reducing substrate and the type 1 copper in the active 
site of the enzyme [29]. In our study, guaiacol was as 
substrate and this substrate exhibited a good activity in 
pH range tested. Preliminary experiments of D’Annibale 
et al. (1996) showed that the enzyme reached maximum 
stability in the pH range 5-7, rather than at more acidic pH 
values [30]. The difference in pH optima for ABTS and 
phenolic substances such as guaiacol and syringaldazine 
is typical for laccases and reflects the different oxidation 
mechanisms depending on the substrate [31]. 

The enzyme in this study was stable at the temperature 
range from 20 to 50 °C for 30 min in the pH 4.5 (Fig. 5). 
The residual activity–temperature profile is reported in 
Fig. 5. The laccase showed the highest activity at 50 °C. 
The enzyme started the activity loss from 60 °C, showed 

40% activity at 60 °C, and only 17.1% activity retained at 
90 °C. These results could suggest that laccase was more 
stable against thermal denaturation. Similar results were 
obtained in other studies [32]. As shown in Fig. 5, the 
thermal stability of crude laccase was maximal at 50 ºC 
and decreased sharply after 50 °C because the enzyme 
was obtained from eukaryotic organism. The loss of 
enzyme activity above 50 °C may be due to the release 
of copper ions from the enzyme laccase as suggested 
by Palonen et al. (2003) [33]. Regarding the thermal 
stability, the soluble enzyme was swiftly inactivated 
between 50 and 80 °C [28]. The optimum temperature for 
substrate oxidation by fungal laccases spans a range of 
25-80 °C, with most enzymes having optima at 50-70 °C. 
The different purified isoenzymes of P. ostreatus laccase 
exhibit optimal temperature of 35-60 °C [34]. Our results 
are consistent with these reports. 

The significant advantages of the laccase from T. 
versicolor ATCC200801 are the high activity obtained in 
the solid state culture via clover straw, as well as its high 
thermal and pH stability; therefore, it can be easily used 
for environmental applications. The enhanced resistance 
to thermal and pH denaturation could be a good potential 
in wastewater treatment applications. Especially, 
the thermal stability is one of the most noteworthy 
characteristics for the application of the biocatalyst.

The effects of several laccase inhibitors were 
determined with guaiacol (50 mM) as a substrate in 2 
M sodium acetate buffer (pH 4.5). Table 2 shows the 
inhibitory effect of different compounds on laccase 
activity. According to these results, inhibition of laccase 
activity was observed with all the inhibitors used except 
with EDTA. The order of inhibition was L-cystein > 
sodium azide > KCN > EDTA at 1 mM concentrations 
(Table 2). Comparison of the observed values suggests 
that the incubation of enzyme with 1mM sodium azide 
resulted in 90% inhibition of the enzyme activity while 
the metal ion chelator EDTA (1 mM) showed only partial 
inhibition (5.3%). However, higher concentrations of 
EDTA were not inhibited; whereas, it induced enzyme 
activity. Similar results were also observed in study 
of Murugesan et al. (2006) [35].  Inhibition studies 
performed with some putative laccase inhibitors revealed 
that EDTA was not an efficient inhibitor of the crude 
laccase, whereas sodium azide, L-cysteine, and KCN 
showed a strong inhibition toward enzyme activity. 
The result was similar to that seen with laccase from 
Daedalea quercina [36], Pycnoporus sanguineus [37]  
and Lentinula edodes [38].

FTIR spectroscopy analysis of ligninocellulose 
evaluated before and after SSF

FTIR spectra of fungal treated for 15 days and 
untreated samples of ground clover straw are shown in 
Fig. 6. The FTIR spectra in the region of water absorption 
3000–3700   cm-1, and also those were is possible the 
interaction with different functional groups 1550–1800 
cm-1 and 900–1550 cm-1 are given in Fig. 6. The FTIR 
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spectra of the lignin in the region from 1800 cm-1 to 4000 
cm-l did not provide much information other than broad 
hydroxyl and aliphatic CH absorptions. The absorption 
band centered at about 3400 cm-1 (Fig. 6) is assigned to 
-OH groups of the water and also -OH in to aliphatic 
and aromatic groups. For this later group of lignin the 
position of the peak is shifted at higher wavelengths 
denoted stronger interactions with of the water with 
lignin molecule or between functional groups. In the 1618 
cm-1 region appear many bands, that of 1630 cm-1 being 
assigned to the valence vibration of the carbonyl group in 
ketone or carboxyl groups. Kumar et al. (2006) studied 
solid state fermentation Achras zapota ligninocelluloses 
by P. chrysosporium and the degradation of lignin and 
other structural moieties of A. zapota ligninocellulose 
were confirmed by FTIR [39]. According to FTIR 
spectra, a strong hydrogen bonded (O–H) stretching 
absorption was seen at 3400 cm−1 and a prominent C–H 
stretching absorption around 2960 cm−1. Furthermore 
there were many well-defined peaks in the finger print 
region between 1800 and 600 cm−1 . The peaks in the 
finger print were determined by researchers: 1100 cm−1 
for aromatic skeletal and C–O stretch in cellulose and 
hemicellulose, 1320 cm−1 for C–H vibration in cellulose 
and C–O vibration in syringyl, 1380 cm−1 for C–H 
deformation in cellulose and hemicellulose, 1440 cm−1 
for C–H deformation in lignin, 1460 cm−1 and derivatives 
1640 cm−1 for absorbed O–H and conjugated C–O [40, 
41].

Our data of FTIR spectra referred change of lignin 
band and decrease of holocellulose and carbon contents 
attributed to use of cellulose and lignin of solid substrate 
during SSF.  

Recent works have shown that some lignocellulosic 
wastes stimulate enzyme production by basidiomycetes 
[42]. There are some studies reporting that agricultural 
wastes were employed as nutritional supplement  [43] by 
using ligninolytic fungi; however, there is no similar work 
for comparison using ground clover straw as substrate, T. 
versicolor and these cultivation conditions. 

In conclusion, the important potential of agricultural 
and industrial with ligninocellulose wastes, large amounts 
are present in most countries,  for enzyme production in 
solid state cultures of white rot fungi evaluated has been 
demonstrated. In this study, the utilization of such wastes/
by-products from agriculture, forestry, different industry, 
some of which may include considerable concentrations 
of soluble carbohydrates and inducers of enzyme [18, 
44] both converted biomasses into value-added product 
such as laccase and contributed to decrease production 
costs. Moreover, solid substrate and water as the culture 
medium have been utilized in our experiments. In 
previous studies, ground clover straw was added to the 
enzyme production medium as a substrate in submerged 
cultures [24]. On the other hand, there is no similar 
work for comparison using this substrate, this organism 
and these fermentation conditions without adding extra 

carbon source. Thereby, in order to produce laccase 
using ground clover straw, an abundant and inexpensive 
solid substrate, investigation of other basidiomycetes 
and different culture conditions will be favorable. An 
advantage related to possible environmental applications 
will provide that the enzyme obtained is stable in terms 
of pH and temperature. Providing laccase by growing 
on clover straw of white rot fungi under solid conditions 
requires confirmation through measuring gene expression 
levels.
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