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Abstract Decolourization of Direct Red 80 (DR-80)

by the white rot fungus Phanerochaete chrysosporium

MTCC 787 was investigated employing sequential

design of experiments. Media components for grow-

ing the white rot fungus were first screened using

Plackett-Burman design and then optimized using

response surface methodology (RSM), which resulted

in enhancement in the efficiency of dye removal by

the fungus. For determining the effect of media

constituents on the dye removal, both percent dye

decolourization and specific dye removal due to

maximum enzyme activity were chosen as the

responses from the experiments, and the media

constituents glucose, veratryl alcohol, KH2PO4,

CaCl2 and MgSO4 were screened to be the most

effective with P values less than 0.05. Central

composite design (CCD) followed by RSM in the

optimization study revealed the following optimum

combinations of the screened media constituents:

glucose, 11.9 g l-1; veratryl alcohol, 12.03 mM;

KH2PO4, 23.08 g l-1; CaCl2, 2.4 g l-1; MgSO4,

10.47 g l-1. At the optimum settings of the media

constituents, complete dye decolourization (100%

removal efficiency) and a maximum specific dye

removal due to lignin peroxidase enzyme of

0.24 mg U-1 by the white rot fungus were observed.
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Introduction

Azo dyes such as Direct Red-80 (DR-80) are important

colorants and constitute the largest class of dyes for

application in textile, paper, leather, gasoline, food-

stuffs and cosmetics industries (Dias et al. 2003). These

dyes, generally characterized by the presence of one or

more azo linkages (–N=N–) and aromatic rings (Nigam

et al. 1996), are known to be toxic and mutagenic to

living organisms (Moller and Wallin. 2000; Stolz.

2001; Mechichi et al. 2006). Discharge of wastewaters

from dye manufacturing units and textile processing

industries containing such azo dyes therefore results in

pollution of the receiving aquatic environment (Keha-

ria and Madamwar 2003). Hence, treatment of such

dye containing wastewater is essential to prevent

deterioration as well as to sustain the natural flora and

fauna of the ecosystem. Currently, the major methods

of treating dye containing wastewaters involve phys-

ical and/or chemical techniques such as photo catalytic

degradation (Korbahti and Rauf 2008), electrocoagu-

lation (Aleboyeh et al. 2008), ozonation (Hassan and

Hawkyard 2002), treatment using Fenton’s reagent,

electrochemical destruction etc. (Lin and Chen 1997).

However, these techniques are either inefficient in
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complete removal of dyes or are economically non-

viable (Chang and Lin 2000). On the other hand,

microbial degradation and decolourization of azo dyes

is considered more efficient and cost competitive

compared to the physico-chemical techniques. The

white-rot fungus Phanerochaete chrysosporium,

which belongs to a group of lignin-degrading basidi-

omycetes, has received considerable attention in the

past for their very good bioremediation potential

(Bumpus and Brock 1988; Cripps et al. 1990; Bakshi

et al. 1999) owing to its natural capability to degrade

complex lignin by their extracellular non-specific and

non-stereoselective enzyme system composed of lig-

nin peroxidases (LiP, EC 1.11.1.14), and manganese

peroxidases (MnP, EC 1.11.1.13) that function

together with H2O2 producing oxidases and secondary

metabolites (Hatakka 1994). The same unique non-

specific mechanisms that give these fungi the ability to

degrade lignin also facilitate degradation of a wide

range of recalcitrant pollutants including polycyclic

aromatic hydrocarbons, chlorinated phenols, polychlo-

rinated biphenyls, dioxins, pesticides and explosives

(Pointing 2001). The DR-80 is a water-soluble azo dye

and is used for dyeing silk, wool, cellulose and cotton

(Mahmoodi et al. 2005). Although important to

decolorize or degrade this dye in aqueous systems,

there is no report as such on its biodegradation.

However, decolourization of DR-80 by UV oxidation

in the presence of hydrogen peroxide employing TiO2

as a photo catalyst or by electrochemical method using

three different materials as anodes, iron, polypyrrole

(PPy) and boron doped diamond (BDD), have been

reported. As mentioned earlier, all these methods

suffered from the main drawback in not being efficient

to degrade the dye (Mahmoodi et al. 2005; Aleboyeh

et al. 2008). Hence, biodecolorization of DR-80 dye by

P. chrysosporium was investigated in the present study.

Since media constituents play vital role in growth of P.

chrysosporium and in production of the lignin degrad-

ing enzyme—lignin peroxidase, which is directly

involved in dye decolourization process, proper under-

standing of the effects of media constituents and

optimization of their levels are essential to significantly

improve the dye decolourization efficiency by the

fungus.

Screening and optimization of media constituents

can be done by either varying one variable at a time

or non-conventionally by using statistical methods.

Conventional screening and optimization techniques

involve varying factor and their levels by maintaining

the other factors at an unspecified constant level; by

doing so, the combined effect of the factors is,

however, neglected. In addition, these techniques are

time-consuming and require sufficiently large number

of experimental runs. Such limitations of a classical

method can be eliminated by screening and optimiz-

ing all the affecting factors collectively by employing

statistical experimental design and empirical model

building using regression analysis. The most suc-

cessfully used technique for optimization based on

statistical methods is known as response surface

methodology (Chen 1994), which further helps in

understanding the effects of individual variables and

their interaction on a given response (Montgomery

1991). To reduce the number of factors to be used in

an optimization study, screening of factors is nor-

mally performed by employing another statistical

design such as Plackett-Burman. Although RSM has

been effectively used in optimization of various

biotechnological and industrial processes (Asgher

et al. 2008; Mohana et al. 2008; Reddy et al. 2008;

Purama and Goyal 2008; Sheth and Dave 2009; Tir

and Moulai-Mostefa 2008), the use of such noncon-

ventional statistical techniques in screening followed

by optimization of media constituents for enhancing

dye decolourization has not been reported so far in

the literature. Therefore, in the present study, deco-

lourization of DR-80 by P. chrysosporium was

studied systematically by screening and optimization

of media constituents using Plackett-Burman design

and RSM, respectively, with an aim to enhance the

efficiency of dye removal by the fungus.

Materials and methods

Chemicals and reagents

Azo dye (Direct Red-80) and veratryl alcohol

(3, 4-dimethoxybenzyl alcohol, 96% pure) were

purchased from Sigma (St. Louis, Mo, USA). All

other chemicals and solvents, of Guaranteed Reagent

(GR) grade, were purchased from either High Media

Mumbai (India), SRL (India) or Merck (India).

Microorganism and its maintenance

The fungus P. chrysosporium MTCC 787 used in this

study was procured from IMTECH, Chandigarh,
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India, and was maintained at 25�C on potato dextrose

agar (PDA) slants. For spore production, the slants

were incubated at 39�C for 2–5 days in media con-

taining glucose: 10 g l-1, malt extract: 10 g l-1;

peptone: 2 g l-1; yeast extract: 2 g l-1; asparagine:

1 g l-1;KH2PO4: 2 g l-1; MgSO4�7H2O: 1 g l-1;

thaimin-HCl: 1 mg l-1 and agar: 20 g l-1 (Tien and

Kirk 1983). The media used for studying decolouri-

zation of DR-80 dye composed of basal medium

(KH2PO4, 20 g l-1; MgSO4: 5 g l-1; CaCl2: 1 g l-1);

trace elements (MgSO4: 3 g l-1; MnSO4: 0.5 g l-1;

NaCl: 1 g l-1; FeSO4�7H2O: 0.1 g l-1; CoCl2: 0.1

g l-1; ZnSO4�7H2O: 0.1 g l-1; CuSO4: 0.1 g l-1; AlK

(SO4)2�12H2O:10 mg l-1; H3BO3:10 mg l-1; Na2Mo

O4�2H2O: 10 mg l-1; nitrilotriacetate: 1.5 g l-1) and

other ingredients—glucose: 100 g l-1; 2,2-dimethyl-

succinate: 0.1 M (pH 4.2); thiamine:100 mg l-1

(filter sterilized); veratryl alcohol: 4 mM stock (filter

sterilized) and NH4Cl: 4.68 g l-1 (Radha et al. 2005).

Plackett-Burman design for screening of media

constituents

A Plackett-Burman design of total 12 experimental runs

was employed to screen the media constituents for their

effects on DR-80 decolourization by P. chrysosporium.

All the media constituents, except the trace elements,

and inoculum size, which are known to influence both

the fungus growth and its lignin peroxidase enzyme

activity, were chosen as factors in the screening study.

Since the trace elements, temperature, pH etc. are

known to play a role in the fungal growth and not

necessarily on the activity of its enzyme activity, these

were not included in the study. Table 1 presents the

experimental combinations of the factors and their

levels adopted in the screening study, where -1 and ?1

are the coded levels of each factor representing the

respective minimum and maximum feasible concentra-

tions of the factors in the study. In all the experimental

runs that were performed in duplicates using an initial

dye concentration of 50 mg l-1, percentage dye deco-

lourization and specific dye removal were recorded as

the responses, and the results analyzed using the

statistical software package Minitab�, 15, PA, USA.

The response expressed as percentage dye decolouriza-

tion was simply calculated from equation (1)

D ¼ C0 � C

C0

� �
� 100 ð1Þ

where D is percentage dye decolourization, C0 and C

are the respective initial and final dye concentrations

(mg l-1) in the media. The response on specific

Table 1 Plackett-Burman design matrix showing the experimental combinations adopted in the screening study along with the

observed percentage dye decolourization and specific dye removal

Exp.

run

no.

Experimental variables Percentage dye

decolourization

(%)

Sp. dye

removal

(mg U-1)Glucose

(g l-1)

NH4Cl

(g l-1)

KH2PO4

(g l-1)

MgSO4

(g l-1)

CaCl2
(g l-1)

Veratryl

alcohol

(mM)

Tween 20

(%)

Inoculum

size (OD)

1 15 (?1) 0.68 (-1) 30 (?1) 1 (-1) 0.2 (-1) 1 (-1) 0.2 (?1) 1.2 (?1) 97 0.4529

2 15 (?1) 8.68 (?1) 10 (-1) 10 (?1) 0.2 (-1) 1 (-1) 0.05 (-1) 1.2 (?1) 100 0.5549

3 5 (-1) 8.68 (?1) 30 (?1) 1 (-1) 1.8 (?1) 1 (-1) 0.05 (-1) 0.4 (-1) 38 0.6784

4 15 (?1) 0.68 (-1) 30 (?1) 10 (?1) 0.2 (-1) 7 (?1) 0.05 (-1) 0.4 (-1) 62 0.7643

5 15 (?1) 8.68 (?1) 10 (-1) 10 (?1) 1.8 (?1) 1 (-1) 0.2 (?1) 0.4 (-1) 100 0.5863

6 15 (?1) 8.68 (?1) 30 (?1) 1 (-1) 1.8 (?1) 7 (?1) 0.05 (-1) 1.2 (?1) 47 0.7580

7 5 (-1) 8.68 (?1) 30 (?1) 10 (?1) 0.2 (-1) 7 (?1) 0.2 (?1) 0.4 (-1) 32 0.5130

8 5 (-1) 0.68 (-1) 30 (?1) 10 (?1) 1.8 (?1) 1 (-1) 0.2 (?1) 1.2 (?1) 55 0.5333

9 5 (-1) 0.68 (-1) 10 (-1) 10 (?1) 1.8 (?1) 7 (?1) 0.05 (-1) 1.2 (?1) 83 0.8635

10 15 (?1) 0.68 (-1) 10 (-1) 1 (-1) 1.8 (?1) 7 (?1) 0.2 (?1) 0.4 (-1) 99 0.6104

11 5 (-1) 8.68 (?1) 10 (-1) 1 (-1) 0.2 (-1) 7 (?1) 0.2 (?1) 1.2 (?1) 59 0.5774

12 5 (-1) 0.68 (-1) 10 (-1) 1 (-1) 0.2 (-1) 1 (-1) 0.05 (-1) 0.4 (-1) 76 0.1955

Coded levels of the factors are indicated in parentheses
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DR-80 removal (mg U-1) due to maximum enzyme

(LiP) activity was calculated using equation (2)

SDR ¼ C0 � Ct

Emax

� �
ð2Þ

where SDR is specific DR-80 removal due to

maximum enzyme activity (mg U-1), Emax is the

maximum enzyme activity (U l-1) and Ct is the dye

concentration remaining in the media corresponding

to the time at Emax.

Optimization of media constituents using

response surface methodology

Based on the results obtained from Plackett-Burmann

design for screening the media components, central

composite design (CCD), containing the five factors

glucose, MgSO4�7H2O, KH2PO4, CaCl2 and veratryl

alcohol, was employed in optimizing the levels of the

media constituents for enhancing both the responses

on percentage dye decolourization and specific dye

removal due to maximum enzyme activity by P.

chrysosporium. Table 2 shows the 25 full factorial

CCD and 10 center point replicates along with the

observed and predicted responses in the study. All the

experiments were carried out in 250 ml Erlenmeyer

flasks containing 100 ml of the media containing DR-

80 (50 mg l-1) and the media constituents, as per the

design shown in Table 2. After inoculation with five

day old spores (OD650 nm = 0.5) produced on PDA

slants, the flasks were incubated at 39�C and 180 rpm

for 6 days.

Analytical methods

Estimation of lignin peroxidase enzyme

and DR-80 dye concentration

Samples taken during the experiments were centri-

fuged at 10,0009g for 10 min at 4�C to remove

fungal biomass. Biomass free samples so obtained

were divided into two portions: one portion contain-

ing lignin peroxidase enzyme was assayed by spec-

trophotometric method (Kirk et al. 1990), which was

based on the oxidation of veratryl alcohol to veratr-

aldehyde. One unit (U) of lignin peroxidase enzyme

activity was defined as the amount that converted

1 mol of veratryl alcohol to veratraldehyde per min

per ml of the culture filtrate; the enzyme activities

were expressed as U l-1 (Linko and Haapala 1993).

The other portion was used for determining residual

DR-80 concentration by measuring its absorbance

(kmax DR- 80) at 528 nm using a UV–visible spectro-

photometer (Carry 100, Varian, USA).

Results and discussion

Lignin peroxidase activity and dye

decolourization profiles

In the present study both percentage dye decolouriza-

tion and specific dye removal due to maximum LiP

activity by the fungus were simultaneously investi-

gated by screening and optimization of the media

constituents with an aim to enhance the dye decolou-

rization efficiency. Typical profiles of both LiP activity

and DR-80 decolourization obtained from experimen-

tal run 1 of the Plackett-Burman screening design are

presented in Fig. 1. It could be seen that the enzyme

activity reached a maximum value of 85.14 U l-1 at

48 h of culture, and after which the activity decreased

considerably. Similar profiles of lignin peroxidase

enzyme by the fungus have been reported in the

literature by other authors, as well (Sayadi and Ellouz

1995). Lignin peroxidase is one such important

enzyme produced by P. chrysosporium that it is mainly

responsible for decolourization of the azo dye. This

aspect is clearly revealed in Fig. 1 where the concen-

tration of DR-80 in the media was found to decrease

with an increase in the enzyme activity that resulted in

a significant decrease (*80%) of the dye within the

first day itself (Fig. 1). Similar profiles of lignin

peroxidase and decolourization of DR-80 were

obtained in all the other experimental runs, and these

are depicted in Table 1. However, variations in these

two responses were obtained depending upon the

factor and combinations thereof in each of the runs

strongly suggesting the role of media constituents and

their levels on the dye decolourization efficiency by the

fungus.

Plackett-Burman design for screening of media

constituents

The results obtained in the screening study (Table 1)

were analyzed in the form of analysis of variance
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Table 2 Central composite design matrix showing the factors and their levels in the optimization study along with the measured and

predicted responses

Exp.

run

no.

Experimental variables (mg l-1) Percentage dye

decolourization (%)

Sp. dye removal

(mg U-1)

X1 X2 X3 X4 X5 Exp. Pred. Exp. Pred.

1 6.9 (-1) 4.2 (-1) 13.8 (-1) 5.6 (-1) 1.6 (-1) 66 63 1.3689 0.9881

2 16.9 (?1) 4.2 (-1) 13.8 (-1) 5.6 (-1) 1.6 (-1) 75 70 0.8841 0.7829

3 6.9 (-1) 10.2 (?1) 13.8 (-1) 5.6 (-1) 1.6 (-1) 64 79 0.4969 0.4997

4 16.9 (?1) 10.2 (?1) 13.8 (-1) 5.6 (-1) 1.6 (-1) 86 88 0.3370 0.3718

5 6.9 (-1) 4.2 (-1) 33.8 (?1) 5.6 (-1) 1.6 (-1) 65 66 0.6327 0.6262

6 16.9 (?1) 4.2 (-1) 33.8 (?1) 5.6 (-1) 1.6 (-1) 65 69 0.4083 0.4605

7 6.9 (-1) 10.2 (?1) 33.8 (?1) 5.6 (-1) 1.6 (-1) 98 94 0.2881 0.3958

8 16.9 (?1) 10.2 (?1) 33.8 (?1) 5.6 (-1) 1.6 (-1) 100 99 0.3135 0.3074

9 6.9 (-1) 4.2 (-1) 13.8 (-1) 13.6 (?1) 1.6 (-1) 76 74 0.4948 0.6415

10 16.9 (?1) 4.2 (-1) 13.8 (-1) 13.6 (?1) 1.6 (-1) 75 77 0.4376 0.5197

11 6.9 (-1) 10.2 (?1) 13.8 (-1) 13.6 (?1) 1.6 (-1) 94 91 0.3426 0.2915

12 16.9 (?1) 10.2 (?1) 13.8 (-1) 13.6 (?1) 1.6 (-1) 95 95 0.3384 0.2470

13 6.9 (-1) 4.2 (-1) 33.8 (?1) 13.6 (?1) 1.6 (-1) 78 75 0.6929 0.5329

14 16.9 (?1) 4.2 (-1) 33.8 (?1) 13.6 (?1) 1.6 (-1) 77 74 0.6466 0.4506

15 6.9 (-1) 10.2 (?1) 33.8 (?1) 13.6 (?1) 1.6 (-1) 100 104 0.4274 0.4408

16 16.9 (?1) 10.2 (?1) 33.8 (?1) 13.6 (?1) 1.6 (-1) 100 104 0.4124 0.4359

17 6.9 (-1) 4.2 (-1) 13.8 (-1) 5.6 (-1) 3.2 (?1) 69 68 0.5296 0.6170

18 16.9 (?1) 4.2 (-1) 13.8 (-1) 5.6 (-1) 3.2 (?1) 69 71 0.5872 0.5361

19 6.9 (-1) 10.2 (?1) 13.8 (-1) 5.6 (-1) 3.2 (?1) 96 94 0.2688 0.3302

20 16.9 (?1) 10.2 (?1) 13.8 (-1) 5.6 (-1) 3.2 (?1) 95 98 0.2734 0.3266

21 6.9 (-1) 4.2 (-1) 33.8 (?1) 5.6 (-1) 3.2 (?1) 65 65 0.3278 0.2968

22 16.9 (?1) 4.2 (-1) 33.8 (?1) 5.6 (-1) 3.2 (?1) 66 64 0.3232 0.2555

23 6.9 (-1) 10.2 (?1) 33.8 (?1) 5.6 (-1) 3.2 (?1) 98 102 0.3720 0.2680

24 16.9 (?1) 10.2 (?1) 33.8 (?1) 5.6 (-1) 3.2 (?1) 98 103 0.3555 0.3039

25 6.9 (-1) 4.2 (-1) 13.8 (-1) 13.6 (?1) 3.2 (?1) 69 70 0.6354 0.4653

26 16.9 (?1) 4.2 (-1) 13.8 (-1) 13.6 (?1) 3.2 (?1) 70 69 0.6406 0.4678

27 6.9 (-1) 10.2 (?1) 13.8 (-1) 13.6 (?1) 3.2 (?1) 95 97 0.3371 0.3168

28 16.9 (?1) 10.2 (?1) 13.8 (-1) 13.6 (?1) 3.2 (?1) 95 97 0.3488 0.3967

29 6.9 (-1) 4.2 (-1) 33.8 (?1) 13.6 (?1) 3.2 (?1) 66 66 0.4135 0.3984

30 16.9 (?1) 4.2 (-1) 33.8 (?1) 13.6 (?1) 3.2 (?1) 67 60 0.3898 0.4405

31 6.9 (-1) 10.2 (?1) 33.8 (?1) 13.6 (?1) 3.2 (?1) 100 103 0.4501 0.5079

32 16.9 (?1) 10.2 (?1) 33.8 (?1) 13.6 (?1) 3.2 (?1) 100 100 0.4445 0.6273

33 0.008 (-a) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 100 96 0.3665 0.4786

34 23.79 (?a) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 100 100 0.3697 0.3764

35 11.9 (0) 0.065 (-a) 23.8 (0) 9.6 (0) 2.4 (0) 14 22 0.2868 0.5972

36 11.9 (0) 14.34 (?a) 23.8 (0) 9.6 (0) 2.4 (0) 100 88 0.4300 0.2385

37 11.9 (0) 7.2 (0) 0.016 (-a) 9.6 (0) 2.4 (0) 75 72 0.5144 0.6522

38 11.9 (0) 7.2 (0) 47.58 (?a) 9.6 (0) 2.4 (0) 80 80 0.5149 0.4960

39 11.9 (0) 7.2 (0) 23.8 (0) 0.086 (-a) 2.4 (0) 88 81 0.4012 0.4877

40 11.9 (0) 7.2 (0) 23.8 (0) 19.11 (?a) 2.4 (0) 88 91 0.4277 0.4601

41 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 0.497 (-a) 91 89 0.4622 0.6030

42 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 4.305 (?a) 93 90 0.4114 0.3894

Biodegradation (2010) 21:501–511 505

123



(ANOVA), which is a statistical technique that

subdivides the total variation in a data set into

component parts associated with specific sources of

variation for the purpose of testing null hypotheses on

the parameters in a model (Montgomery 1991).

Table 3 presents the ANOVA of percentage dye

decolourization and specific dye removal at maxi-

mum LiP enzyme activity, in which the mean sum of

squares (MS) of the model terms was obtained from

the ratio of sum of squares (SS) and degrees of

freedom (df); the Fisher’s F value was calculated by

dividing the MS owing to the model by the MS owing

to error. Generally, a large F value and a correspond-

ing low value of P for a term in the model indicate

high significance of the term (Montgomery 1991).

Therefore, from the ANOVA table, the term for main

effects of media constituents in both the models for

percentage dye decolourization and specific dye

removal were highly significant at P value less than

0.01. Table 3 also shows a term for error in the

models, the MS value of which indicates that the

amount of variation in the response data that was left

unexplained by the models is low. To assess the

significance of each individual medium constituent

on percentage dye decolourization and specific dye

removal, Student’s t-test was performed and the

results are presented in Table 4. From this table,

glucose was found to have a maximum effect on

percentage dye decolourization followed by KH2PO4,

NH4Cl and veratryl alcohol; however, only CaCl2 and

MgSO4�7H2O were found to significantly effect

specific removal of the dye. Hence, out of the seven

media constituents, the five media constituents of

glucose, KH2PO4, veratryl alcohol, CaCl2 and

MgSO4�7H2O were further chosen for optimizing

their levels. In a similar study by Mohana et al.

(2008), glucose and such media components were

studied to be important in decolourization of Direct

Black 32 dye by a bacterial consortium. Moreover,

the observation that NH4Cl did not show any

significant effect on both the responses was found

to be in conformity with the literature where it is

reported that under nitrogen excess conditions

enzyme activity shown by the fungus is low, which
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Fig. 1 LiP activity and DR-80 decolourization profiles

obtained in experimental run no. 1 of the Plackett-Burman

screening design

Table 2 continued

Exp.

run

no.

Experimental variables (mg l-1) Percentage dye

decolourization (%)

Sp. dye removal

(mg U-1)

X1 X2 X3 X4 X5 Exp. Pred. Exp. Pred.

43 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 96 96 0.2671 0.2772

44 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 97 96 0.2704 0.2772

45 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 98 96 0.2708 0.2772

46 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 97 96 0.2646 0.2772

47 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 97 96 0.2702 0.2772

48 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 97 96 0.2702 0.2772

49 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 97 96 0.2702 0.2772

50 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 97 96 0.2702 0.2772

51 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 97 96 0.2702 0.2772

52 11.9 (0) 7.2 (0) 23.8 (0) 9.6 (0) 2.4 (0) 97 96 0.2702 0.2772

X1 = Glucose (g l-1), X2 = Veratryl alcohol (mM), X3 = KH2PO4 (g l-1), X4 = MgSO4 (g l-1), X5 = CaCl2 (g l-1)

Coded levels of the factors are indicated in parentheses
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therefore results in poor degradation of xenobiotics

(Tien and Kirk 1983; Nagarajan and Annadurai 1999).

Optimization using response surface methodology

Table 2, which was earlier referred to present the

experimental combinations of the levels of screened

media constituents in the optimization study, also

presents the results of percentage dye decolourization

and specific dye removal. Based on the results

obtained, regression model equations were developed

for depicting relationship between the various media

constituents and the responses on percentage dye

decolourization and specific dye removal. These two

models are presented in equations 3 and 4 respectively.

f ðXÞ ¼ �13:9þ 11:56X2 þ 1:29X3 þ 4:63X4

þ8:61X5 � 0:81X2
2 � 0:03X2

3 � 0:12X2
4

�1:88X2
5 þ 0:097X2X3 þ 1:01X2X5

�0:01X3X4 � 0:68X4X5 ð3Þ

f ðXÞ ¼ 3:08� 0:16X2 � 0:578X3 � 0:11X4

� 0:62X5 þ 0:002X2
2 þ 0:005X2

3 þ 0:002X2
4

þ 0:056X2
5 þ 0:002X2X3 þ 0:021X2X5

þ 0:002X3X4 þ 0:015X4X5 ð4Þ

ANOVA results of the models for percentage dye

decolourization and specific dye removal (mg l-1)

were obtained as before in the screening study, and

are given in Table 5. The Fisher’s F values of both

the models owing to regression were found to be

high, which indicates that most of the variation in the

responses can be explained by the regression model

equations. The associated P value, which is used to

judge whether F is large enough to indicate statistical

significance or not, suggest that all the interaction

terms in both the regression models were found to be

highly significant (P \ 0.03). Overall, the regression

models for percentage dye decolourization and spe-

cific dye removal was found to be highly accurate

with P value less than 0.003. Also, from Table 2,

Table 3 ANOVA of percentage dye decolourization and specific dye removal in the screening study

Source Percentage dye decolourization (%) Specific dye removal (mg U-1)

SS df MS F P SS df MS F P

Main effects 11252.7 8 1406.58 18.92 0.000 0.45784 8 0.06789 3.03 0.031

Curvature 751.9 1 751.89 10.11 0.005 0.1070 3 0.0356 1.59 0.233

Residual error 1264.0 17 74.35 0.33628 15 0.02241

Pure error 1148.2 14 82.01 0.04028 14 0.00287

Total 13268.5 26 26

df degrees of freedom, SS sum of squares, MS mean sum of squares

Table 4 Student t test for screening of media constituents by the Plackett-Burman method

Media constituents Sp. dye removal due to maximum LiP activity (mg U-1) Percentage dye decolourization (%)

T P- value T P- value

Constant 21.81 0.000 42.35 0.000

Glucose 1.24 0.236* 5.33 0.000

Ammonium chloride 1.25 0.230* -3.91 0.001

Potassium di hydrogen phosphate -0.48 0.635* -9.45 0.000

Calcium chloride 3.01 0.009 -0.40 0.692*

Magnesium sulphate 1.91 0.075* 0.07 0.944*

Tween 20 -1.72 0.106* 1.68 0.111*

Veratryl alcohol 0.26 0.801* -3.39 0.004

Inoculum Size 0.95 0.357* 2.01 0.060*

* Indicates insignificant values of the factors at P [ 0.050)
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both the experimental and predicted values of the two

responses were found to match well with each other.

These findings indicate that the second-order poly-

nomial models for percentage dye decolourization

and specific dye removal were adequate in represent-

ing the actual relationship between the media

constituents and the responses. To determine signif-

icance of the regression coefficient of the factors in

these models, the results were further subjected to

Student t-test which is presented in Table 6. This

particular result reveals that regression coefficients

for the linear terms due to veratryl alcohol (X2) and

MgSO4 (X4) in the model for percentage dye

decolourization were found to be highly significant

(P \ 0.02); also, the coefficient of KH2PO4 (X3) was

significant at P \ 0.05 compared to those of other

media constituents. However, the term for glucose

(X1) was found to be only slightly significant.

Compared to the findings on the significance of

coefficients of linear terms in the models, all the

coefficients of the quadratic terms in the model were

found to be highly significant (P \ 0.05). On

the other hand, most of the regression coefficient

terms for two-way interaction between factors, i.e.

X1 9 X2, X1 9 X3, X1 9 X4, X1 9 X5, X2 9 X4 and

X3 9 X5, were found to be statistically insignificant

(P [ 0.05) on both the responses.

In general, 2D response surface contour plots are

graphical representation of relationship between

response and experimental variables that can be used

for determining the optimum conditions (Haider and

Pakshirajan 2007; Tanyildizi et al. 2005). These

contour plots show relative effects of any two

variables when the concentration of the remaining

variable is held constant at its center-point value;

from the nature of the response surface contours

whether elliptical, circular or saddle point, interaction

between the variables may be predicted. Figures 2, 3,

4 and 5 depict response surface contour plots with

significant interaction effects between the media

constituents obtained in the study. The response

surface contour plots between the variables CaCl2
and veratryl alcohol and that between KH2PO4 and

veratryl alcohol (Figs. 2 and 3, respectively) were

found to be elliptical and, hence, indicated significant

interactions on percentage dye decolourization. Simi-

larly, contour plot of mutual interaction between the

variables KH2PO4 and veratryl alcohol (Fig. 4) on

specific dye removal due to maximum enzyme

activity indicated good significance. The interaction

between glucose and KH2PO4 also showed good

importance on the response (Fig. 5) which was,

however, not revealed from the Student t test results

presented earlier in Table 6. Ravikumar et al. (2005)

also demonstrated such interaction effects between

independent variables using contour plots on the

removal of Astrazone Blue FRR (Basic Blue 69) and

Teflon Blue ANL (Acid Blue 125) by a novel

adsorbent based on 1:1 ratio of carbon and fly ash.

The model equations for percentage dye decolou-

rization and specific dye removal due to maximum

enzyme activity were solved by partially differenti-

ating the equation and then equating it to zero.

Corresponding local maxima were further checked by

second-order sufficient condition using a Hessian

matrix, and the optimized levels of the screened

media constituents were thus obtained to be glucose:

11.9 g l-1, veratryl alcohol: 12.03 mM, KH2PO4:

23.08 g l-1, CaCl2: 2.4 g l-1, MgSO4: 10.47 g l-1.

The optimum values of the constituents were also in

Table 5 ANOVA of percentage dye decolourization and specific dye removal in the optimization study

Source Percentage dye decolourization (%) Specific dye removal (mg U-1)

SS df MS F P SS df MS F P

Regression 13182.7 20 659.13 25.84 0.000 1.22805 20 0.06140 3.14 0.002

Linear 8614.9 5 1722.99 67.55 0.000 0.40173 5 0.08035 4.11 0.006

Square 3772.4 5 754.47 29.58 0.000 0.30597 5 0.06119 3.13 0.021

Interaction 795.4 10 79.54 3.12 0.007 0.5202 10 0.05204 2.66 0.018

Residual error 790.7 31 25.51 0.60619 31 0.01955

Pure error 9 0.12 0.00004 9 0.00001

Total 13973.4 51 51

df degrees of freedom, SS: sum of squares, MS mean sum of squares
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Table 6 Estimated regression coefficients and their significance in the models for percentage dye decolourization and specific dye

removal in the optimization study

Term Percentage dye decolourization (%) Specific dye removal (mg U-1)

Coef SE Coef T P Coef SE Coef T P

Constant (C) 96.38 1.59 60.716 0.000 0.27720 0.0440 6.307 0.000

Glucose (X1) 2.00 1.825 1.099 0.280 -0.0510 -0.0505 1.011 0.320

Veratryl alcohol (X2) 32.95 1.825 18.053 0.000 -0.18 0.0505 -3.549 0.001

KH2PO4 (X3) 3.73 1.825 2.042 0.050 -0.078 0.0505 -1.545 0.132

MgSO4 (X4) 4.60 1.825 2.522 0.017 -0.014 0.0505 -0.273 0.786

CaCl2 (X5) 0.51 1.825 0.281 0.781 -0.107 0.0505 -2.114 0.043

X1
2 1.85 3.735 0.494 0.625 0.150 0.1034 1.454 0.156

X2
2 -41.15 3.735 -11.02 0.000 0.141 0.1034 1.360 0.184

X3
2 -20.30 3.735 -5.436 0.000 0.297 0.1034 2.871 0.007

X4
2 -10.33 3.735 -2.766 0.009 0.197 0.1034 1.902 0.067

X5
2 -6.64 3.735 -1.779 0.085 0.220 0.1034 2.118 0.042

X1 X2 2.6 5.050 0.515 0.611 0.109 0.1398 0.782 0.440

X1 X3 -5.21 5.050 -1.032 0.310 0.056 0.1398 0.400 0.692

X1 X4 -5.78 5.050 -1.144 0.261 0.118 0.1398 0.844 0.405

X1 X5 -5.60 5.050 -1.109 0.276 0.176 0.1398 1.258 0.218

X2 X3 16.45 5.050 3.267 0.003 0.364 0.1398 2.609 0.014

X2 X4 0.96 5.050 0.190 0.851 0.195 0.1398 1.399 0.172

X2 X5 13.71 5.050 2.715 0.011 0.285 0.1398 2.039 0.050

X3 X4 -2.61 5.050 -0.518 0.608 0.358 0.1398 2.562 0.015

X3 X5 -8.58 5.050 -1.699 0.099 0.059 0.1398 0.422 0.676

X4 X5 -12.45 5.050 -2.465 0.019 0.276 0.1398 1.971 0.058

Coef coefficient, SE Coef coefficient of standard error

Fig. 2 2D contour plot showing interaction between calcium

chloride and veratryl alcohol on the dye decolourization

efficiency by P. chrysosporium

Fig. 3 2D contour plot showing interaction between KH2PO4

and veratryl alcohol on the dye decolourization efficiency by P.
chrysosporium
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close agreement with those found from the response

surface contour plots (Figs. 2, 3, 4 and 5). Further,

maximum predicted percentage dye decolourization

and specific dye removal were found from the surface

confined in the smallest curve of the contour diagrams.

Experimental validation of the results were performed

at the optimized settings of the media constituents in

batch shake-flasks, and the corresponding percentage

dye decolourization and specific dye removal were

found to be 99.98% and 0.24 mg U-1 respectively,

which perfectively matched with the predicted values

of 99.99% of dye decolourization and 0.23 mg U-1 of

specific dye removal.

Overall, the study not only gave good insight into

the effect of various media constituents on DR-80 dye

decolourization and LiP activity by the fungus, but

also proved helpful in significant enhancement in dye

decolourization by the fungus.

Conclusion

The present study clearly demonstrated enhancement in

DR-80 decolourization efficiency by P. chrysosporium

following screening and optimization of media

constituents. Based on the Plackett-Burman design

for screening the media constituents, glucose,

MgSO4, KH2PO4, veratryl alcohol and CaCl2 were

found to be the most influential factors affecting the

percentage dye decolourization and specific dye

removal due to maximum enzyme activity by the

fungus. At the RSM optimized levels of the media

constituents, P. chrysosporium showed complete

(100%) dye decolourization efficiency with a specific

DR-80 removal 0.24 mg U-1 due to its maximum

LiP activity.

Acknowledgments This study was funded by the Council of

Scientific and Industrial Research (CSIR), India, under Scheme

No. 38(1171)/07/EMR-II.

References

Aleboyeh N, Daneshvar N, Kasiri MB (2008) Optimization of

C.I. Acid Red 14 azo dye removal by electrocoagulation

batch process with response surface methodology. Chem

Eng Process 47:827–832

Asgher M, Bhatti HN, Ashraf M, Legge RL (2008) Recent

developments in biodegradation of industrial pollutants by

white rot fungi and their enzyme system. Biodegradation

19:771–783

Bakshi DK, Gupta KG, Sharma P (1999) Enhanced bio deco-

lourization of synthetic textile dye effluent by Phanero-
chaete chrysosporium under improved culture conditions.

World J Microbiol Biotechnol 15:507–509

Bumpus JA, Brock BJ (1988) Biodegradation of crystal violet

by the white rot fungus Phanerochaete chrysosporium.

World J Microbiol Biotechnol 54:1143–1150

Chang JS, Lin YC (2000) Fed-batch bioreactor strategies for

microbial decolorization of azo dye using a Pseudomonas
luteola strain. Biotechnol Prog 16:979–985

Chen HC (1994) Response surface methodology for optimizing

citric acid fermentation by Aspergillus foetiudes. Process

Biochem 29:399–405

Cripps C, Bumpus JA, Austin SD (1990) Biodegradation of azo

and heterocyclic dyes by Phanerochaete chrysosporium.

Appl Environ Microbiol 56:1114–1118

Fig. 4 2D contour plot showing interaction between KH2PO4 and

veratryl alcohol on specific dye removal by P. chrysosporium

Fig. 5 2D contour plot showing interaction between KH2PO4

and glucose on specific dye removal by P. chrysosporium

510 Biodegradation (2010) 21:501–511

123



Dias AA, Bezerra MR, Lemos MP, Pereira NA (2003) In vivo

and laccase catalysed decolourization of xenobiotic azo

dyes by a basidiomycetous fungus: characterization of its

ligninolytic system. World J Microbiol Biotechnol 19:

969–975

Haider MA, Pakshirajan K (2007) Screening and optimization

of media constituents for enhancing lipolytic activity by a

soil microorganism using statistically designed experi-

ments. Appl Biochem Biotechnol 141:377–390

Hassan MM, Hawkyard CJ (2002) Ferral-catalyzed ozonation

of aqueous dyes in a bubble column reactor. Catal Com-

mun 3:281–286

Hatakka A (1994) Lignin-modifying enzymes from selected

white-rot fungi: production and role in lignin degradation.

FEMS Microbiol Lett 13:125–135

Keharia H, Madamwar D (2003) Bioremediation concepts for

treatment of dye containing waste water: a review. Indian

J Exp Biol 41:1068–1075

Kirk TK, Tien M, Kersten PJ, Kalyanaraman N, Hammel KE,

Farrels R (1990) Lignin peroxidase from fungi: Phan-
erochaete chrysosporium. Meth Enzymol 188:159–171

Korbahti BK, Rauf MA (2008) Application of response surface

analysis to the photolytic degradation of Basic Red 2 dye.

Chem Eng J 138:166–171

Lin SH, Chen ML (1997) Treatment of textile wastewater by

chemical methods for reuse. Water Res 31:868–876

Linko S, Haapala R (1993) A critical study of lignin peroxidase

activity assay by veratryl alcohol oxidation. Biotechnol

Tech 7:75–80

Mahmoodi NM, Arami M, Limaee NY, Tabrizi NS (2005)

Decolourization and aromatic ring degradation kinetics of

Direct Red 80 by UV oxidation in the presence of hydrogen

peroxide utilizing TiO2 as a photocatalyst. Chem Eng J

112:191–196

Mechichi T, Mhiri N, Sayadi S (2006) Brilliant Blue R

decolorization by the laccase from Trametes trogii. Che-

mosphere 64:998–1005

Mohana S, Shrivastava S, Divecha J, Madamwar D (2008)

Response surface methodology for optimization of med-

ium for decolourization of textile dye Direct Black 22 by a

novel bacterial consortium. Bioresour Technol 99:562–

569

Moller P, Wallin H (2000) Genotoxic hazards of azo pigments

and other colorants related to 1-phenylazo-2-hydro-

xynaphthalene. Mutat Res 462:13–30

Montgomery DC (1991) Design and analysis of experiments,

3rd edn. Wiley, New York

Nagarajan G, Annadurai G (1999) Biodegradation of reactive

dye (Verofix Red) by the white rot fungus Phanerochaete
chrysosporium using Box-Behnken experimental design.

Bioprocess Biosyst Eng 20:435–440

Nigam P, Banat IM, Singh D, Marchant R (1996) Microbial

process for the decolorization of textile effluent contain-

ing azo, diazo and reactive dyes. Process Biochem 31:

435–442

Pointing SB (2001) Feasibility of bioremediation by white-rot

fungi. Appl Microbiol Biotechnol 57:20–33

Purama RK, Goyal A (2008) Screening and optimization of

nutritional factors for higher dextransucrase production by

Leuconostoc mesenteroides NRRL B-640 using statistical

approach. Bioresour Technol 99:7108–7114

Radha KV, Regupathi I, Arunagiri A, Murugesan T (2005)

Decolourization studies of synthetic dyes using Phan-
erochaete chrysosporium and their kinetics. Process Bio-

chem 40:3337–3345

Ravikumar K, Pakshirajan K, Swaminathan T, Balu K (2005)

Optimization of batch process parameters using response

surface methodology for dye removal by a novel adsor-

bent. Chem Eng J 105:131–138

Reddy LVA, We Y-J, Yun J-S, Ryu H-W (2008) Optimization

of alkaline protease production by batch culture of

Bacillus sp. RKY3 through Plackett-Burman and response

surface methodological approaches. Bioresour Technol

99:2242–2249

Sayadi S, Ellouz R (1995) Roles of lignin peroxidase and

manganese peroxidase from Phanerochaete chrysospori-
um in the decolourization of olive mill wastewaters. Appl

Environ Microbiol 61:1098–1103

Sheth NT, Dave SR (2009) Optimisation for enhanced deco-

lourization and degradation of Reactive Red BS C.I. 111

by Pseudomonas aeruginosa NGKCTS. Biodegradation

20: 827–836

Stolz A (2001) Basic and applied aspects in the microbial

degradation of azo dyes. Appl Microbiol Biotechnol 56:

69–80

Tanyildizi MS, Ozer D, Elibol M (2005) Optimization of a-

amylase production by Bacillus sp. using response surface

methodology. Process Biochem 40:2291–2296

Tien M, Kirk TK (1983) Lignin peroxidase of Phanerochaete
chrysosporium. Science 221:661

Tir M, Moulai-Mostefa N (2008) Optimization of oil removal

from oily wastewater by electrocoagulation using response

surface method. J Hazard Mater 158:107–115

Biodegradation (2010) 21:501–511 511

123


	Enhanced decolourization of Direct Red-80 dye by the white rot fungus Phanerochaete chrysosporium employing sequential design of experiments
	Abstract
	Introduction
	Materials and methods
	Chemicals and reagents
	Microorganism and its maintenance
	Plackett-Burman design for screening of media constituents
	Optimization of media constituents using response surface methodology
	Analytical methods
	Estimation of lignin peroxidase enzyme  and DR-80 dye concentration


	Results and discussion
	Lignin peroxidase activity and dye decolourization profiles
	Plackett-Burman design for screening of media constituents
	Optimization using response surface methodology

	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


