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ABSTRACT 
 
Aim: The aim of the present study was to investigate the potential effect of laccase enzyme 
produced by the fungus Pleurotus ostreatus to decolorize six synthetic dyes in presence and 
absence of hydroxybenzotriazole (HBT) as a laccase mediator. 
Study Design: Qualitative and quantitative evaluation for the efficiency of laccase produced by 
Pleurotus ostreatus to decolorize six tested dyes in the presence and absence of HBT. 
Place and Duration of Study: Department of Microbial Chemistry, Genetic Engineering and 
Biotechnology Division, National Research Centre (NRC), Cairo, Egypt, between April 2016 and 
May, 2017. 
Methodology: Pleurotus ostreatus ARC280 was maintained on Potato Dextrose Agar (PDA) 
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medium and kept at 4ºC. Production of laccase was preceded by growing Pl. ostreatus on liquid 
media under static conditions. The efficiency of laccase obtained from P. ostreatus ARC280 on dyes 
decolorization was determined by the decrease in absorbance at the maximum wavelength of each 
dye. The efficiency of decolorization was expressed in terms of decolorization percentage. 
Results: Results obtained showed that the enzyme was efficient in decolorizing Acid-Green 27 
(95.33%), Acid dye Lanapel Red BM 143-PL (100%) and Congo Red (72.76%) at dye concentration 
of 25 mg/l; enzyme units, 0.657 U and after 6 h of incubation at 30ºC. In the presence of HBT (1 
mM), the time required for reaching 100% decolorization of Acid Green-27 and Acid dye Lanapel 
Red BM 143-PL was reduced to the half. Absorbance reduction at the maximum wavelength was 
recorded with all the tested dyes indicating the efficiency of the decolorization process. 
Conclusion: The results obtained indicated the effectiveness of P. ostreatus ARC280 laccase and 
its mediated system in the decolorization of six structurally different dyes. Addition of HBT 
decreased the time required to reach the maximum decolorization percentage of Acid-Green 27 and 
Acid dye Lanapel Red BM 143-PL to the half. The decolorization percentage of Cibacron D-Blue 
was greatly affected by HBT-laccase mediator system by about 45% increase. 
 

 
Keywords: Biodecolorization; laccase; Pleurotus ostreatus; Hydroxybenzotriazole (HBT); dye 

effluents. 
 

1. INTRODUCTION 
 
In the past few years great attention has been 
directed towards the treatment and 
decolorization of dye effluents due to the 
discharge of large colored synthetic dye effluents 
from industries into lakes and rivers, which is 
found to be harmful to the water bodies as it 
reduces sunlight penetration into water, 
decreasing both dissolved oxygen concentration 
and photosynthetic activity [1]. Another 
investigation has been reported that, the 
presence even a very small portion of dyes in 
water bodies is highly noticeable by human eye 
and alters the aquatic ecosystem by reducing the 
penetration of sunlight [2]. 

 
Many studies have been reported that 
discharging of these chemical pollutants in water 
streams cause potential health hazards because 
they are toxic or mutagenic to many living 
organisms [3,4]. From the different methods 
reported for the removal of dyes from industrial 
effluents, microbial decolorization is considered 
as the best one as an eco-friendly treatment for 
the removal of synthetic dyes besides the low 
cost of treatment, as compared with physical and 
chemical treatments [5,6].  
 
Many investigations reported that efficient 
decolorization of dye effluents can be achieved 
by enzymatic oxidation using fungal oxido-
reductases such as laccases which were found 
to be the most efficient treatment for dye 
decolorization [7]. Laccases (EC 1.10.3.2) are 
promising group of enzymes that could assist in 
treatment of wastewater effectively due to their 

capability to catalyze the oxidation of a broad 
range of substrates such as ortho- and para-
diphenols, methoxy-substituted phenols, 
aromatic amines, phenolic acids and several 
other compounds coupled to the reduction of 
molecular oxygen to water with one electron 
oxidation mechanism [8]. Nowadays increasing 
attention for laccases produced from white-rot 
fungi as dye removal tool in different industrial 
applications [9]. Gentian Violet, Xylidine, Congo 
Red, Malachite Green, Remazol Brilliant Blue R, 
Indigo Carmine and Anthraquinone Blue are 
dyes could be decolorized by laccases produced 
by some white-rot fungi efficiently [10]. The 
present study investigates the potential effect of 
laccase enzyme produced by the fungus 
Pleurotus ostreatus to decolorize six synthetic 
dyes in presence and absence of 
hydroxybenzotriazole (HBT). 
 

2. MATERIALS AND METHODS  
 

2.1 Microorganism and Media  
 
Pleurotus ostreatus ARC280 was maintained on 
Potato Dextrose Agar (PDA) medium and kept at 
4ºC. Production of laccase was preceded by 
growing Pl.ostreatus on liquid media described 
by Tlecuitl-Beristain et al., 2008 [11]. Cell free 
filtrate produced after 26 days of incubation at 
28ºC under static condition was used as crude 
enzyme preparation. Different solid media 
described by Munari et al., 2008 [12] were 
prepared to evaluate qualitatively the 
decolorization extent of some dyes by the fungus 
itself. The medium containing (g/L): dye, 0.1; 
glucose,10; agar, 30; 100 mL mineral solution 



and 100 mL wheat bran washing water obtained 
by boiling 50 g of wheat bran in 1000 mL of 
distilled water. Mineral solution containing (g/L): 
KH2

 
PO4, 20; (NH4)2SO4, 14; MgSO

urea, 3; CaCl2.2H2O, 4; MnSO4.7H
FeSO4.7H2O, 0.05; ZnSO4.7H2O, 0.014 and
CoCl2, 0.02. The dyes used are Congo Red, Acid 
Green-27, Cibacron D-Blue, Methylene Blue, 
Maxilon Blue and Acid dye Lanapel Red BM 143
PL. Each medium containing a specific dye 
was adjusted to an initial pH value of 5.0, 
sterilized by autoclaving at 1.5 atm and 121
20 min. 
 

Table 1. Chemical structures and molecular formulae of the used dyes
 

Name CAS No Chemical structure

Congo Red 573-58-0 

Acid Green-
27 

6408-57-7 

 

Cibacron D-
Blue 

84166-13-2 
 

Methylene 
Blue 

122965-43-9 

Maxilon 
Blue 
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wheat bran washing water obtained 
by boiling 50 g of wheat bran in 1000 mL of 
distilled water. Mineral solution containing (g/L): 

, 14; MgSO4.7H2O, 3; 
.7H2O, 0.0156; 
O, 0.014 and 

, 0.02. The dyes used are Congo Red, Acid 
Blue, Methylene Blue, 

Acid dye Lanapel Red BM 143-
. Each medium containing a specific dye     

was adjusted to an initial pH value of 5.0, 
.5 atm and 121ºC for 

2.2 Chemicals 
 

The enzyme substrate was supplied by Sigma
Aldrich, USA; Syringaldazine (4
dimethoxybenzaldehydeazine) (SGZ; Aldrich 
W404901). 1-Hydroxybenzotriazole hydrate 
(HBT) was supplied by Aldrich (HBT, 
Other chemicals used in this study were of 
analytical grade and higher purity. The dyes used 
were kindly obtained from Environmental 
Sciences Research and Textile Industries 
Research Divisions, National Research Centre, 
Egypt. 

Table 1. Chemical structures and molecular formulae of the used dyes

Chemical structure Molecular 
formula

 

C32H22

 

C34H32

 

 

C29H20

 

 

C16H18

xH2O 

 

 

C20H26

 
 
 
 

; Article no.ARRB.35644 
 
 

The enzyme substrate was supplied by Sigma- 
Aldrich, USA; Syringaldazine (4-hydroxy-3,5-
dimethoxybenzaldehydeazine) (SGZ; Aldrich 

Hydroxybenzotriazole hydrate 
(HBT) was supplied by Aldrich (HBT, 5482). 
Other chemicals used in this study were of 
analytical grade and higher purity. The dyes used 
were kindly obtained from Environmental 
Sciences Research and Textile Industries 
Research Divisions, National Research Centre, 

Table 1. Chemical structures and molecular formulae of the used dyes 

Molecular 
formula 

22N6Na2O6S2 

32N2Na2O8S2 

20ClN7O11S3 

18ClN3S · 
 

26N4O6S2 
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2.3 Qualitative Investigation of the Dyes 
Decolorization ability of P. ostreatus 
ARC280 on Dyes Decolorization 

 
Congo Red, Acid Green-27, Cibacron D-Blue, 
Methylene Blue, Maxilon Blue (Table 1) and  
Acid dye Lanapel Red BM 143-PL dyes were 
subjected to decolorization test by using the 
filamentous fungus Pl. ostreatus. Each dye at a 
concentration of 100 mg/L was separately added 
to the solid medium described by Munari et al. 
2008 [12]. The test was achieved by inoculation 
of Petri dishes (90 mm diameter) with plugs of 10 
mm diameter of P. ostreatus ARC280 and follow 
up regularly the growth and decolorization 
process. Decolorization efficiency was 
considered by the disappearance of dyes’ color 
around each plug throughout the incubation 
period. 
 

2.4 Quantitative Determination of dyes 
Decolorization by P. ostreatus 
ARC280 Laccase 

 
The decolorization of the previously mentioned 
dyes was investigated using the P. ostreatus 
ARC280 laccase. Stock solutions of the dyes 
were prepared in sterilized distilled water and 
diluted to the requested concentrations. During 
the investigation the reaction mixture with a total 
volume of 20 mL (dye solution, sodium citrate 
phosphate buffer 0.1 M (pH 6.0) and enzyme) 
was taken in 50 mL conical flasks and incubated 
in a horizontal shaker for a period of 6 h at 100 
r/min and 30ºC. Decolorization of dyes was 
followed by measuring the absorbance at 
different optimum wavelengths of each dye at 
periodic intervals for 6 h. The absorption spectra 
of dyes between 400 and 800 nm were 
measured with spectrophotometer Cary 100 UV-
Vis; Agilent Technologies (Germany). The 
efficiency of laccase obtained from P. ostreatus 
ARC280 on dyes decolorization was determined 
by the decrease in absorbance at the maximum 
wavelength of each dye. The decrease in 
absorbance at 505 nm (Congo Red), 605 nm 
(Acid Green 27), 620 nm (Cibacron D-Blue), 665 
nm (Methylene blue), 610 nm (Maxilon Blue) and 
510 nm (Acid dye Lanapel Red BM 143-PL)      
was then observed. The efficiency of 
decolorization was expressed in terms of 
decolorization percentage by Wang et al. 2011 
[13] as follows: 
 

Decolorization (%) = 100 x Absorbance t0 - 
Absorbance tf / Absorbance t0 

Where Absorbance t0 is the absorbance at the 
optimum wavelength of the reaction mixture 
before incubation with the enzyme and 
Absorbance tf is the absorbance at the optimum 
wavelength after incubation time [14]. Control 
reaction mixture by adding boiled enzyme 
solution was prepared in parallel under identical 
experimental conditions. A control reaction 
mixture without the crude enzyme was subjected 
to the same test. 
 

2.5 Optimization of dyes Decolorization 
Process by Fungal Laccase  

 

To obtain maximum degree of dyes 
decolorization by laccase of P. ostreatus 
ARC280, four parameters such as dyes 
concentration, enzyme concentration, reaction 
temperature and addition of HBT as a mediator 
were adjusted. Reaction mixtures were prepared 
as described before. During the incubation 
period, samples were withdrawn periodically and 
the remaining percentage of each dye was 
calculated. Optimization of the studied 
parameters was reached, as one of the 
parameters was optimized at a certain level it 
was then included at its optimized level in the 
subsequent experiments. The dyes 
decolorization efficiency of P. ostreatus ARC280 
crude laccase was evaluated at its optimum pH 
value (6.0) and a model substrate of laccase 
(SGZ). 
 

2.6 Evaluation of Bio-decolorization of 
Dyes by P. ostreatus ARC280 Laccase 
and Determination of their Absorption 
Spectra in Presence and Absence of 
HBT 

 

The ability of the crude laccase of P. ostreatus 
ARC280 on dyes Decolorization was estimated 
by preparing the reaction mixtures each 
containing the tested dye (25 mg/L) at pH 6.0, 
30ºC, and laccase (1.315 U), with and without 
HBT (1mM) as a mediator for 6 h on shaker at 
100 r/min and follow up the change in the visible 
absorption spectra (400 – 800 nm).The reduction 
in the absorbance value of the tested dyes (25 
mg/L) over the entire visible spectrum was 
recorded throughout the biodecolorization 
process of these dyes. The decrease in 
absorbance at the optimum wavelength of each 
dye as described previously was recorded. 
 

2.7 Statistical Analysis 
 

All the data were statistically evaluated according 
to the method described by Kenney and 
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Keeping, 1962 [15]. All data presented are the 
means of the results of different independent 
assays with a standard deviation of less than 5%. 
The Standard Deviation (SD) values have been 
displayed as Y-error bars in figures. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Qualitative Assessment of dyes 
Biodecolorization by P. ostreatus 
ARC280 

 
The aim of this experiment was to investigate the 
ability of P. ostreatus ARC280 to decolorize 
some synthetic dyes to share in finding out an 
eco-friendly method to reduce pollution. The 
results obtained revealed the ability of the fungus 
to decolorize Congo Red, Acid Green 27 and 
Acid dye Lanapel Red BM 143-PL completly after 
20, 15 and 11 days of the fungal growth on solid 
medium. Methylene Blue (Basic) showed no 
decolorization even after 22 days that were 
sufficient to cover the plate with the fungus 
growth. Cibacron D-Blue and Maxilon Blue were 
not applied due to the interference of medium 
components with these two dyes. Following up 
the decolorization ability of the fungus and its 
growth appeared that the highest fungal mycelial 
growth rate was obtained with Acid dye Lanapel 
Red BM 143-PL where the mycelial growth 
covered the agar plate completely after 12 days 
of incubation with 100% decolorization zone after 
11 days followed by Acid Green-27 where the 
mycelial growth that cover the plate completely 
after 17 days with 100% decolorization zone after 
15 days. Congo Red showed maximum growth 
and decolorization at 25 and 20 days 

respectively. On the contrary with Methylene 
Blue (Basic) the fungus could grow perfectly 
without the ability of decolorization ( Table 2 and 
Fig.1 ). This finding was in agreement with the 
results obtained by Zilly et al. 2002 [16] who 
reported that no decolorization of methylene blue 
by Pleurotus pulmonarius. 
 

3.2 Effect of Dyes Concentration on the 
Decolorization Process 

 
Dye concentration is an important factor that 
affect the decolorization process, as high dyes  
concentration may cause toxic effect that restrict 
dye decolorization [17-19]. The six dyes under 
study were subjected to laccase action (1.315 U) 
at different concentrations of 10, 25 and 50 mg/L 
and following the decolorization extent of each 
dye at different time intervals from 1 to 6 hrs. 
Results obtained showed that Acid-Green 27 was 
completely decolorized with all tested dye 
concentrations after 6 hrs of incubation. Lanapel 
Red BM 143-PL, Congo Red, Cibacron D- Blue, 
Maxilon Blue and Methylene Blue at a 
concentration of 10 mg/L were affected by 
laccase after 6 hrs and give decolorization 
percentage of 85.19, 79.45, 44.19, 19.76 and 
7.98% respectively (Fig.2). While as, increasing 
the dyes concentration to 50mg/L limits the 
decolorization process to give lower values of 
81.32, 67.57, 28.47, 13.84 and 0% for the 
previously mentioned dyes respectively (Fig. 2). 
This finding is in accordance with Young and Yu, 
1997 [20] who reported that high dye 
concentration is a reason of slower decolorization 
rate. Chakraborty et al. 2013 [21] reported that 
Alternaria alternate CMERI F6 decolorized

 
Table 2. Decolorization of different dyes by P. ostreatus ARC 280 growing on agar plates 

 
Growth and 
decolorization 
characteristics 
 

Growth colony 
diameter 
(mm)

a
 

Growth 
(days)b 

Decolorization zone 
diameter (mm)c 

Complete 
decolorization 

(days)
d
 

Days Days 
7 9 15 22 7 9 15 22 

Control 75 90 90 90 9 - - - - - 
Congo Red 40 44 69 82 25 40 46 72 90 20 
Acid Green 27 59 62 85 90 17 59 70 90 90 15 
Methylene Blue (Basic) 56 62 83 90 22 0 0 0 0 0 
Acid dye Lanapel Red BM 
143-PL 

70 80 90 - 12 70 87 90 90 11 

Control: colony diameter of P. ostreatus ARC 280 on the medium without dyes. 
a
 The number represents the diameter of the mycelia colony in millimeters. 

b 
The number represents the day on which the Petri dish (diameter 90 mm) was completely colonized by 

the mycelia of the fungus. 
c 
Diameter of the decolorized zone in mm. 

d
 The number represents the day of cultivation on which the Petri dish was completely decolorized. 
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Dye Congo Red Acid Green 27 
Methylene Blue 

(Basic) 
Acid dye Lanapel 
Red BM 143-PL 

B
e
fo

re
 

in
c

u
b

a
ti

o
n

 

    

A
ft

e
r 

9
 d

a
y

s
 

    
 

Fig. 1. Qualitative evaluation of dyes decolorization by P. ostreatus ARC280 
N.B.: Cibacron D-Blue and Maxilon Blue were not applied due to the interference of medium components with 

these two dyes 
 

99.99% and 78% of 600 and 800 mg/L Congo 
Red dye. The present results indicate that the 
concentration of 25 mg/L was intermediate in its 
response to degradation by laccase. In the 
following next experiments, the concentration of 
25 mg/L will be used to study other factors that 
affect dyes decolorization by P. ostreatus 
ARC280 laccase. Roriz et al. 2009 [22] stated 
that the decolorization of Reactive Black 5 (RB5) 
by crude laccase from Trametes pubescens was 
decreased with increasing dye concentrations, 
even in the presence of high laccase 
concentrations. 
 

3.3 Effect of Laccase Concentration on 
Dyes Decolorization  

 

Determination of the amount of enzyme suitable 
for maximum decolorization of dyes is an 
essential role as a consequence of lowering the 
economics of the decolorization process. In this 
experiment, different laccase concentrations 
were used to determine how much of enzyme 
units from 0.657 to 2.629 U have the ability to 
obtain the maximum extent of decolorization of 
each dye under study. The results obtained 
revealed that the decolorization percentage using 
0.657U of P. ostreatus ARC280 laccase after 6 h 
of incubation at 30ºC were 95.33, 100, 72.76, 
25.78, 12.63 and 1.05% for Acid-Green 27, Acid 
dye Lanapel Red BM 143-PL, Congo Red, 
Cibacron D- Blue, Maxilon Blue and Methylene 
Blue (Basic) respectively (Fig. 3). However, 
increasing enzyme concentration to 1.315 U 
leading to decolorization percentage (after 6 h of 
incubation) of 100, 100, 78.07, 26.5, 15.16 and 

1.15% for the previously mentioned dyes 
respectively, which is the same activity of dyes 
decolorization occurred at the concentration of 
2.629 U in most cases and so the concentration 
of 1.315 U was used for the next set of 
experiments to reduce the cost of decolorization 
process. Hadibarata et al. 2012 [23] reported 
that, the decolorization rate of Remazol brilliant 
blue R (RBBR) increased with enzyme 
concentrations up to 0.75 U/L. The results 
obtained by Mogharabi et al., 2012 [24] 
demonstrated that, the minimum enzyme 
quantity to obtain maximum decolorization is 2.5 
mg/mL. However, Soares et al. 2002 [25] 
reported that increasing the concentration of 
laccase up to 25 U/mL increased the rate of 
decolorization of Remazol Brilliant Blue R 
(RBBR) in the presence of 0.06% HBT. 
Maximum decolorization was obtained at laccase 
concentrations between 0.1 and 0.9 U/mL and 
100 mg/L dye [26]. 

 
3.4 Effect of Temperature 
 
Enzymes catalyzed reactions are mostly affected 
by incubation temperature degrees [27], 
therefore studying this parameter is serving in 
detecting the suitable conditions to achieve the 
decolorization process. Three degrees of 
temperature were tested namely 30, 40 and 
50°C. The results showed that at 30°C, a 
considerable decolorization rate was detected. 
With increase in aqueous phase temperature 
above 30°C, a gradual decrease in the dyes 
decolorization rate was observed depending on 
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a) Congo Red b) Acid Green 27 

 
 

c) Cibacron D-Blue d) Methylene Blue (Basic) 

  
e) Maxilon Blue f) Acid Dye Lanapel Red BM 143-PL 

  
 

Fig. 2. Effect of dyes concentrations on the decolorization of different dyes by P. ostreatus 
ARC 280 laccase 

Dye concentration: 10, 25 and 50 mg/l as indicated; dye solution: 20 ml; enzyme: 1.315 U; pH: 6.0; agitation: 100 
rpm; contact time: 6 h and temperature: 30°C. 

 

the individual dye. In case of Maxilon Blue and 
Methylene Blue, the decolorization process was 
completely inhibited at 50°C. While as a 
decrease in decolorization percentage was 
detected at 50°C with 27.35, 31.03, 80.44 and 

10.05% in case of Congo Red, Acid-Green 27, 
Acid dye Lanapel Red BM 143-PL and Cibacron-
Blue respectively (Fig.4). Chakraborty et al. 2013 
[21] reported that Alternaria alternata CMERI     
F6 has the ability to decolorize Congo
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a) Cibacron D-Blue b) Methylene Blue (Basic) 

 
 

c) Maxilon Blue d) Acid Dye Lanapel Red BM 143-PL 

 
 

 
Fig. 3. Effect of enzyme concentration on the decolorization of synthetic dyes by P. ostreatus 

ARC 280 laccase 
Dye concentration: 25 mg/l; dye solution: 20 ml; enzyme concentration: as indicated; pH: 6.0; agitation: 100 rpm; 

contact time: 6 h and temperature: 30°C 

 
Red dye at 25°C as a mild treatment despite 
different harsh treatments such as acid-alkali 
treatment and exposure to high temperature 
degrees. On the other hand, the white-rot      

fungi, Polyporus sp. S133 was able to avoid     
the decrease of decolorization rate after 
temperature increased to 60ºC [23]. These 
results are in agreement with those of         
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Zouari-Mechichi et al. 2006 [28] who revealed 
the stability of laccase at high temperature. 
Another report by Kunamneni et al. 2008 [29] 
revealed the capability of immobilized laccase 
from the ascomycetes Myceliophthora 

thermophila to decolorize six dyes including acid 
green 27 dye. The immobilized laccase showed 
higher stability towards heat denaturation at 60 
and 70°C. This application is very attractive on 
the decolorization of dyes in the textile industry.

 
a) Congo Red b) Acid Green 27 

 
 

 
c) Cibacron D-Blue d) Methylene Blue (Basic) 

  
e) Maxilon Blue f) Acid Dye Lanapel Red BM 143-PL 

  
 

Fig. 4. Effect of incubation temperature on the decolorization of dyes by P. ostreatus ARC280 
laccase 

Dye concentration: 25 mg/l; dye solution: 20 ml; enzyme: 1.315U; pH: 6.0; agitation: 100 rpm; contact time: 6 h 
and temperature: as indicated 
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a) Congo Red b) Acid Green 27 

 
 

c) Cibacron D-Blue d) Methylene Blue (Basic) 

  
e) Maxilon Blue f) Acid Dye Lanapel Red BM 143-PL 

  
 

Fig. 5. Effect of HBT-laccase mediator system on the decolorization of different dyes 
Dye concentration: 25 mg/l; dye solution: 20 ml; enzyme: 1.315 U; HBT: 1 mM; pH: 6.0; agitation: 100 rpm; 

contact time: 6 h and temperature: 30°C. 
 

3.5 Effect of HBT-laccase Mediator 
System  

 

Some dyes under study were not decolorized by 
laccase enzyme alone, therefore adding       

redox mediator is important to expand the 
catalytic activity of laccase towards many 
recalcitrant compounds [30,31]. HBT (1-
hydroxybenzotriazole) is commonly used as 
laccase mediator and has been reported to be 
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capable in improvement the decolorization 
process of different dyes [32]. The decolorization 
rate depends on the structure and the redox-
potential of the enzyme as well as the dye 
structure [25]. Results showed that Acid-Green 
27 and Acid dye Lanapel Red BM 143-PL were 
completely decolorized after two and four hours 
respectively on subjecting to laccase enzyme 
alone but addition of HBT decrease the           
time required to reach the maximum 
decolorization percentage (100%) to the half 
(Fig.5). Addition of HBT to the reaction mixtures 
containing Congo Red, Methylene Blue and 
Maxilon Blue had minor effect on the 
decolorization process where an increase in 
decolorization percentage by 4, 5, 6% were 
obtained respectively in comparison with  the 
addition of laccase only. On the other hand the 
decolorization of Cibacron D-Blue was greatly 
affected by HBT-laccase mediator system which 
increase the decolorization percentage by about 
45% (Fig. 5). 
 

In accordance with our results, the importance of 
presence of hydroxybenzotriazole (HBT; 5 mM) 
as the laccase mediator was established by 
Forootanfar et al. 2012 [33] who revealed that 
laccase from Paraconiothyrium variabile could 
catalyze the decolorization of bromophenol blue 
(100%), Commassie Brilliant blue (91%), 
panseu-S (56%), Rimazol brilliant blue R (RBBR; 
47%), Congo Red (18.5%), and Methylene Blue 
(21.3%) after 3h of incubation in presence of 
hydroxybenzotriazole (HBT; 5 mM) as the 
laccase mediator. It was also observed that 
decolorization efficiency of all dyes was 
enhanced by increasing of HBT concentration 
from 0.1 mM to 5 mM. Studies of Moreira-Neto et 
al. 2013 [34] indicated that seven fungi related to 
the two genera Pleurotus and Trametes showed 
high capability for decolorization of  the reactive 
dyes Cibacron Brilliant blue H-GR and Cibacron 
Red FN-2BL. Laccase was found to be the main 
lignolytic enzyme responsible for dye 
decolorization. Amoozegar et al. 2011 [35] 
studied the capability of different microorganisms 
to degrade azo dyes including Maxilon Blue. 
They found that halotolerent and halophilic 
microorganisms are the best candidates for     
bio-decolorization process as they are able         
to tolerate the stress factors and harsh   
conditions of dye polluted environment such as             
heavy    metals. In this respect Asad et al.      
2007 [36] reported that the percent of Maxilon 
Blue removal time by the three isolates 
Halomonas sp D2, Halomonas sp A3 and 
Halomonas sp Gb were 37%, 46% and 55%  

after 96 hours respectively under anaerobic 
condition and a wide range of salinity. 

 
3.6 Effect of Incubation Temperature in 

the Presence of HBT-laccase System 
 
Studies for obtaining the optimum temperatures 
for decolorization of chemically different dyestuffs 
by white rot fungi revealed that it included in the 
range from 25 to 37ºC [37]. Results obtained 
indicated that, the optimal temperature for dyes 
decolorization was 30ºC (Fig.6) and by 
increasing the temperature above 30ºC, a 
gradual decrease in dyes decolorization rate was 
observed depending on the individual dye. This 
might be attributed to the decrease of enzyme 
activity at higher temperatures. We previously 
studied the properties of P. ostreatus ARC280 
crude laccase [38] and we found that it was 
stable for 5 h at 30ºC, but it retained about 80.88 
and 64.22% of its activity after 5 h of heat 
exposure at 40 and 50ºC respectively. As 
indicated from the preceding experiment addition 
of HBT had potent effect on the decolorization of 
most dyes but results obtained indicated that 
addition of HBT to the reaction mixtures 
containing different dyes had no real change on 
the behavior of dyes decolorization on subjecting 
to different temperature degrees ranging 
between 30-50°C in comparison to reaction 
mixtures received laccase only. The finding in 
this experiment indicated that the temperature 
degrees are the limiting factor. Results showed 
that a decrease in decolorization percentage 
occurred by increasing temperature degree from 
30°C to 50°C with 22.1, 32.71, 57.99, 46.52% for 
Congo Red, Acid Green 27, Lanapel Red BM 
143-PL and Cibacron D Blue respectively. On the 
other hand Maxilon Blue and Methylene Blue 
were not decolorized on subjecting to 50 

o
C 

instead of 30°C (Fig.6 ). 

 
3.7 Effect of P. ostreatus ARC280 

Laccase on Dyes’ Absorption Spectra 
 
To obtain a relevant decolorization degree of 
dyes in waste water, no absorbance of dyes in 
the visible spectrum must be noticed after 
decolorization process [39]. The aim of the 
present experiment was to detect the reduction in 
the absorbance of each dye at its maximum 
wave length which reflects the performance of 
the decolorization process. Results in Fig. 7 
recorded reduction in absorbance at the 
maximum wavelength of most dyes and no more 
peaks of absorbance were appeared in the 
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visible spectra range (400-800 nm). Results 
obtained indicated that, high absorbance 
reduction at the maximum wavelength of Congo 
Red (505 nm), Acid Green 27 (605 nm) and Acid 

dye Lanapel Red BM 143-PL (510 nm) was 
occurred. On the other hand a slight color 
change for Methylene Blue (665 nm) and Maxilon 
Blue (610 nm) was observed. In case of 

 
a) Congo Red b) Acid Green 27 

  
c) Cibacron D-Blue d) Methylene Blue (Basic) 

  
e) Maxilon Blue f) Acid Dye Lanapel Red BM 143-PL 

 
 

Fig. 6. Effect of incubation temperature on the decolorization of different dyes using HBT- 
laccase system 

Dye concentration: 25 mg/l; dye solution: 20 ml; enzyme: 1.315 U; HBT: 1 mM; pH: 6.0; agitation: 100 rpm; 
contact time: 6 h and temperature: as indicated 
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a) Congo Red b) Acid Green 27 

  
c) Cibacron D-Blue d) Methylene Blue (Basic) 

  
e) Maxilon Blue f) Acid Dye Lanapel Red BM 143-PL 

  
 Dye + Laccase, …….. Dye + Laccase + HBT ـ ـ ـ ـ ـ ـ ,Dye ــــــــــــ

 
Fig. 7. Changes in the visible absorption spectra of different dyes by the action of the crude 

laccase produced by P. ostreatus ARC280 
Dye concentration: 25 mg/l; dye solution: 20 ml; enzyme: 1.315U; HBT: 1 mM; pH: 6.0; agitation: 100 rpm; 

contact time: 6 hrs and temperature: 30°C. 
Dye: Initial spectra of dyes at a concentration of 25 mg/l; 

Dye + laccase: Spectra of dyes after decolorization by a laccase concentration of 1.315U; 
Dye + laccase + HBT: Spectra of dyes after decolorization by HBT- laccase mediator system 
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Cibacron D-Blue (620 nm), it was obviously that 
HBT-laccase mediator system caused higher   
decolorization percentage (absorbance 
reduction) than in case of using laccase alone. 
These observations are in accordance with the 
results obtained previously with experiments for 
optimization of parameters for different dyes 
decolorization using laccase of P. ostreatus 
ARC280 and HBT- laccase mediator system [38].  
 

4. CONCLUSION 
 

The results obtained indicated the effectiveness 
of P. ostreatus ARC280 laccase and its mediated 
system in the decolorization of six structurally 
different dyes. Addition of HBT decreased the 
time required to reach the maximum 
decolorization percentage of Acid-Green 27 and 
Acid dye Lanapel Red BM 143-PL to the half. 
The decolorization percentage of Cibacron D-
Blue was greatly affected by HBT-laccase 
mediator system by about 45% increase. The 
laccase enzymatic biodecolorization system 
appears to be a good strategy for dye effluent 
treatment from different industries due to its high 
efficiency as an ecofriendly approach. 
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