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ABSTRACT

Objective: The aim of this study was to investigate the laccase production of Trametes versicol-
or under submerged fermentation condition. Then, dye decolorization by laccase was optimized
using Box-Behnken methodology.

Methods: The optimal culture conditions for producing high amount of laccase were deter-
mined using Taguchi methodology. The experiments were designed with five factors (glucose,
yeast extract, CuSO,, inoculum size and pH) at three levels with orthogonal array layout of
L27 (3°). Then, the optimum conditions for high decolorization activity of Reactive Blue 49 by
obtained crude laccase were also investigated using Box-Behnken methodology.

Results: The optimum culture conditions for production of high amounts of laccase were de-
tected as 2 g L' of glucose, 5 g L™ of yeast extract, 2mM of CuSO,, 4% of inoculum amount and
pH 5.5. Yeast extract was the most effective factor, followed by CuSO,, inoculum, glucose and
pH. Under these conditions, predicted values were in a good agreement with the actual experi-
mental one. The predicted results showed that the maximum of Reactive Blue 49 decolorization
as 98% could be obtained under the optimum conditions of pH 2.95, initial dye concentration
55.6 mg L', enzyme amount 0.76 mL and reaction time 46.91 min. The validity and practicabil-
ity of this statistical optimization strategy was confirmed with the relation between predicted
and experimental values.

Conclusion: The results suggested that Taguchi method can be used in the optimization of lac-
case production process. Production of laccase by Trametes versicolor 2008001 can be effec-
tively used for enzymatic decolorization according to the results of decolorization experiments
in optimal levels.
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OZET

Amag: Caligmanin amaci, batik fermentasyon kosullari altinda Trametes versicolor 2008001
susu ile lakkaz {iretimini aragtirmaktir. Daha sonra iiretilen lakkaz enzimi ile Box-Behnken
metodu kullanilarak boyar madde dekolorizasyonunun optimizasyonu amaglanmistir.

Metod: Yiiksek aktivitede lakkaz enzimi liretimi i¢in en uygun kiiltiir kosullari, Taguchi yon-
temi kullanilarak belirlenmistir. Deneyler L, (3°) ortogonal dizi diizeni ile 5 faktor (glukoz,
maya 9ziitli, CuSO,, inokulum miktar1 ve pH) 3 diizey kullanilarak tasarlanmistir. Daha sonra,
elde edilen ham lakkaz ile Reaktif Mavi 49’un yiiksek renk giderimi igin en uygun kosullar,
Box-Behnken yontemi kullanilarak incelenmistir.

Bulgular: Yiiksek aktiviteye sahip lakkaz enziminin iiretimi i¢in en uygun kiiltiir kosullari, 2 g
L' glukoz, 5 g L' maya 6ziitii, 2mM CuSO,, %4 inokulum miktar1 ve pH 5,5 olarak belirlen-
mistir. Maya 6ziitii en etkili faktdrdiir, bunu CuSO,, inokulum miktari, glukoz ve pH takip et-
mistir. Bu kosullar altinda tahmini degerler ile deneysel degerler arasinda uyum s6z konusudur.
Onerilen sonuglar, pH nin 2,95, baslangi¢ boya konsantrasyonunun 55,6 mg L-1, enzim mikta-
rinin 0,76 mL ve reaksiyon siiresinin 46,91 dakika oldugu kosullarda en yiiksek Reaktif Mavi
49 renk gideriminin %98 oldugunu géstermistir. Bu istatistiksel optimizasyon stratejisinin ge-
cerliligi ve uygulanabilirligi, tahmini ve deneysel degerler arasindaki iliski ile dogrulanmustir.
Sonu¢: Sonuglar Taguchi yonteminin lakkaz tiretim siirecinde optimizasyon i¢in kullanilabile-
cegini gostermistir. Ayrica en uygun kosullardaki renk giderimi deneylerinin sonuglarina gore,
Trametes versicolor 2008001 ile tretilen lakkaz enzimi etkin bir sekilde enzimatik renk gide-
riminde kullanilabilir.

Anahtar Kelimeler: Lakkaz, Taguchi yontemi, Box-Behnken yontemi, renk giderimi.

Cikar Catismasi: Yazarlarin ¢ikar ¢atismasi yoktur.

298 ISSN 1303-829X (electronic) 0250-4685 (printed)



Introduction

Laccase (benzenediol: oxygen oxidoreductase; E.C.
1.10.3.2) is a copper containing enzyme that oxidizes
various phenolic and aromatic amine compounds by re-
ducing molecular oxygen to water [1].

Laccases have broad substrate specificity and therefore,
they could be used in various biotechnology applications
such as pulp delignification [2-5], textile dye bleaching
[6,7], detoxification of industrial effluents [2,8], desul-
phurization of coal [9], xenobiotic detoxification [10-
12], biosensor preparation [13], detergent manufactur-
ing, transformation of antibiotics and steroids [6] and
catalysts for the manufacture of anti—cancer drugs [14].

Various organisms such as plants, insects, bacteria and
fungi could produce this enzyme [15]. However, laccase
activity has mainly been demonstrated in Basidiomyce-
tes, Ascomycetes and Deuteromycetes [16]. White rot
fungi belong to Basidiomycetes are known as a major
producers of this enzyme. Trametes (Coriolus) versi-
color is an effective laccase producer white rot fungus.

Laccase production ability of those fungi could be in-
duced using different inducers and/or different cultiva-
tion conditions [17-22]. Traditional procedures require
an alteration of one factor at a time and this optimization
procedure enables to assess the impact of those particu-
lar parameters on the process performance [23]. These
techniques are inconvenient, which require more time
and experimental data sets, and cannot give any infor-
mation about the interactions among all of the variables.
Taguchi method of orthogonal array (OA) experimental
design (DOE) determines the effect of factors, optimal
level of conditions [24].

Textile wastewaters contain various dyes which are
hardly decolorized by conventional treatment system.
These dyes could negatively affect the ecosystem by
decreasing the photosynthetic activity and oxygen con-
centration. Therefore, new and effective methods must
be used to decolorize textile dyes [25]. There are many
studies on textile dye decolorization activity of laccases
from white rot fungi and the strain mentioned above [19,
26-28]. This decolorization activity could be induced
by optimizing the conditions. The application of experi-
mental design in treatment process of textile effluents
was able to result in improved decolorization, reduced
process time and overall costs. Besides, possible syner-
gic interactions between the investigated factors may be
evaluated [29].

The aim of this study was to investigate the laccase pro-
duction of 7. versicolor under submerged fermentation
condition. The optimal culture conditions for producing
laccase were determined using Taguchi methodology.
Then, dye decolorization by laccase was optimized us-
ing Box-Behnken methodology.
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Materials and Methods

Microorganism, culture conditions and dye

Trametes versicolor ATCC (200801) originally isolated
and cultured by Dr. O Yesilada was used in this study.
This fungus was subcultured on Malt Extract Agar (MA)
plates of 30 °C and stored at 4 °C.

Laccase production of T versicolor was tested under agi-
tated culture conditions. To this end, firstly this fungus
was cultured at 30 °C on slant MA for one week. Then,
mycelial suspension was prepared and this suspension
was inoculated into 250 mL Erlenmeyer flask containing
100 mL Potato Dextrose Broth (PDB). This culture was
incubated at 30 °C and 150 rev min" for 4 days. After
that, the culture was homogenized and determined cul-
ture of homogenized culture was transferred in 250 mL
Erlenmeyer flasks with 100 mL Stock Basal Medium
(SBM) that contain K,PO,: 0.2 g L', CaCl,.2H,0: 0.01
g L', MgSO,.7H,0: 0.05 g L', NHH,PO,: 0.5 g L",
FeSO,.7H,0: 0.035 g L, glucose:2-5-10 g L', yeast ex-
tract: 0.5-2-5 g L-1, CuSO,. 5H,0: 0-2-4 mM [19] and
incubated under agitated conditions at 30 °C and 150 rev
min™! for 7 days.

Reactive Blue 49 (RB49) which was kindly provided by
Sarar Textile Co., Turkey, was used. The maximum ab-
sorbance peak wavelength of RB49 was determined prior
to use.

Taguchi Methodology for laccase production

Design of experiment aims to find the relationship be-
tween the output and experimental factors in a process.
The Taguchi approach is a special type of design of ex-
periment which was developed by Genichi Taguchi to
improve the implementation of total quality control in
Japan [30]. It is one of the leading approaches to optimize
design for performance, quality and cost. The main pur-
pose of this method is to determine the optimal and robust
process characteristic that is minimally sensitive to noise
[31]. A noise factor is a thing that causes a measurable
product or process characteristic to deviate from its target
value [32]. Target values are defined as follows:

“The larger the better” quality characteristic is chosen
when goal is to maximize the response. The S/N ratio is
can be calculated as given below in Eq. (1).

n

S/N= —10*log10(% %) 1)

i=1

In order to get more robust product or process, the best
combination of control parameters was searched. The Ta-
guchi experimental design uses standard orthogonal ar-
rays with the help of linear graph, an interaction table,
and special techniques. A Taguchi experiment considers
only main effects and some pre-determined two-factor in-
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Figure 1. Structure formula of Reactive Blue 49.

teractions, as higher order interactions are assumed to be
nonexistent [33].

In this study, optimization of culture conditions by Ta-
guchi methodology was investigated for high amount of
laccase production. The experiments were designed with
five factors (glucose, yeast extract and inoculum amounts,
CuSO, concentration, and also pH) at three levels with

orthogonal array layout of L27 (3°). All statistical ex-
perimental results were analyzed by using Minitab 16 for
Windows (Minitab Inc.). All the samples were studied in
250 mL flask with 100 mL growth medium. The agita-
tion rate and temperature were 150 rev min™' and at 30 °C,
respectively. The samples were incubated for 7 days and
then, laccase activity was determined. All experiments for
laccase production were performed in duplicate.

Laccase activity was measured spectrophotometrically
at 465 nm by monitoring the oxidation of guaicol at 37
°C for 15 min. The assay mixture contained 0.1 mL of
culture supernatant and 4.9 mL sodium acetate buffer (50
mM, pH 4.5) containing 1 mM guaiacol as substrate. 1 U
of enzyme activity was defined as the amount of enzyme
that elicited an increase in A465 of 1 absorbance unit per
minute [18].

Box-Behnken Methodology for Dye Decolorization

Structural formula of Reactive Blue 49 was given in Fig-
ure 1. The optimum conditions for dye decolorization
were determined by means of Box-Behnken methodol-

Table 1. L27 (3°) orthogonal array of Taguchi experimental design

Experiment Glucose Yeast extract Cuso, Inoculum amount pH Laccase activity (U ml™)
No (gL (gL (mM) (%)
(A) (B) (@) (D) (E) Repetition 1 Repetition 2
1 2.0 0.5 2.0 4.5 0.832 3.687
2 2.0 0.5 20 5.0 0.520 0.602
3 2.0 0.5 2.0 55 0.529 0.727
4 2.0 2.0 2.0 4.0 45 6.148 6.628
5 2.0 20 2.0 4.0 5.0 16.033 18.185
6 2.0 2.0 2.0 4.0 55 19.917 18.029
7 2.0 5.0 4.0 6.0 4.5 13.285 12.640
8 2.0 5.0 4.0 6.0 5.0 20.365 18.9
9 2.0 5.0 4.0 6.0 55 20.008 20.151
10 5.0 0.5 2.0 6.0 4.5 0.370 4.149
11 5.0 0.5 2.0 6.0 5.0 0.380 0.374
12 5.0 0.5 2.0 6.0 55 0.374 0.409
13 5.0 2.0 4.0 2.0 4.5 0.393 0.536
14 5.0 20 4.0 2.0 5.0 0.398 0.396
15 5.0 2.0 4.0 2.0 55 0.352 0.384
16 5.0 5.0 4.0 4.5 19.244 19.859
17 5.0 5.0 4.0 5.0 18.131 20.580
18 5.0 5.0 4.0 55 18.040 18.493
19 10.0 0.5 4.0 4.0 4.5 0.391 0.4514
20 10.0 0.5 4.0 4.0 5.0 0.383 0.504
21 10.0 0.5 4.0 4.0 55 0.376 0.452
22 10.0 2.0 6.0 4.5 2.287 3.59
23 10.0 2.0 6.0 5.0 2.398 2.782
24 10.0 2.0 6.0 5.5 3.409 4185
25 10.0 5.0 2.0 2.0 4.5 18.027 15.098
26 10.0 5.0 2.0 2.0 5.0 22.272 21.015
27 10.0 5.0 2.0 2.0 55 22.078 19.243
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ogy, one of the most principal of Response Surface Meth-
odology (RSM). The RSM consist of a group of empirical
techniques devoted to the evaluation of the relationship
existing between the independent variables and measured
responses [34].

In this study, decolorization studies were conducted using
the dye solution in 10 mL of tubes at 30°C under static
conditions. For minimizing the number of experiments
required, Box-Behnken design matrix (BBM) has been
used. Design-Expert statistical software package was
used to analyze the data. By using four factors at three
levels BBM with 29 runs, the effects of independent vari-
ables (pH, temperature, incubation period and inoculum
amount) coded as x , X, X,, X, were selected for optimiza-
tion. Design-Expert statistical software package has been
used to analyze the data. pHs of the tubes were adjusted
to the values 2.5, 4.5 and 6.5 suggested by the used ex-
perimental design. For pH 2.5 and 4.5, sodium acetate
buffer adjusted pH with acetic acid; for pH 6.5 Na HPO,—~
NaH,PO, buffer were used. Decolorization tubes included
various enzyme amounts (0.05-0.525-1 mL), and 9 mL
of several initial dye concentrations (25-62.5-100 mg L)
for different incubation times (5-62.5-120 min). All ex-
periments were performed in triplicate. Dye decoloriza-
tion was monitored using the maximum wavelength of
this dye (587 nm). The reaction mixture containing dye
solution with heat denaturated enzyme was used as con-
trol. The absorbances of the solutions were measured us-

Table 2. Results of the ANOVA for laccase production

ing a UV/VIS spectrophotometer (Schimadzu-UV2550)
and they were compared with a standard curve plotted us-
ing different concentrations of the dye value.

Results and Discussion

Taguchi Methodology for laccase production

Several studies have been carried out to determine the
most effective laccase producer; to choose the most suit-
able culture medium; to develop suitable, reproducible,
and cheap isolation procedures and to optimize enzyme
production [15,22,35].

The interaction effects of the parameters were not taken
into account. The validity of this assumption was checked
by confirmation experiments conducted at the optimum
conditions.

As shown in Table 1, the effects of five factors on lac-
case production named as glucose amount, yeast extract
amount, CuSO, concentration, inoculum amount and pH
were studied. The appropriate experimental design was
determined and the analysis of data was performed by
the Minitab 16 for Windows (Minitab Inc.). The experi-
ments were designed with five factors at three levels with
orthogonal array layout of L27 (3°). Table 1 shows the
results of laccase production determined with the Taguchi
experimental design.

Analysis of variance (ANOVA) is a most widely used

ANOVA Table for S/N ratio

Source DF Seq SS Adj SS Adj MS F p
Glucose (g L) 2 571.24 571.24 285.62 45.67 0.000
Yeast extract (g L") 2 4416.75 4416.75 2208.38 353.14 0.000
CuSO4 (mM) 2 521.28 521.28 260.64 41.68 0.000
Inoculum amount (%) 2 313.49 313.49 156.74 25.07 0.000
pH 2 3.01 3.01 1.51 0.24 0.789
Error 16 100.06 100.06 6.25
Total 26 5925.83
$=2.50 R-Sq=9831% R-Sq(adj)=97.26%
ANOVA Table for means
Source DF Seq SS Adj SS Adj MS F p
Glucose (g L") 2 84.95 84.95 42.48 5.78 0.013
Yeast extract (g L") 2 1531.16 1531.16 765.58 104.21 0.000
CuSO, (mM) 2 141.53 141.53 70.77 9.63 0.002
Inoculum amount (%) 2 99.54 99.54 49.77 6.78 0.007
pH 2 26.96 26.96 13.48 1.84 0.192
Error 16 117.54 117.54 7.35
Total 26 2001.69
$=2.71 R-5q=94.13% R-Sq(adj) = 90.46%
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Table 3. Response table for means and S/N ratios for laccase production

Means S/N Ratio
Glucose Yeast CusoO, Inoculum pH Glucose Yeast Cuso, Inoculum pH
(gL") extract (mM) Amount (gL") extract (mM) Amount
(gL (%) (gL (%)

Level

1 14.679 -5.913 10.76 5.028 8.682 10.9548 0.8617 7.7719 7.0605 7.0897

2 3.414 7.877 13.46 13.368 9.126 6.8257 5.8917 11.5961 11.2136 9.1232

3 9.214 25.344 3.087 8.911 9.499 7.719 18.7461 6.1314 7.2253 9.2864
Delta 11.265 31.257 10.373 8.34 0.817 4.1291 17.8844 5.4646 4.1531 2.1967
Rank 2 1 3 4 5 4 1 2 3 5

method to determine the significant parameters on the
response. The ANOVA results for means and S/N Ratio
were shown in Table 2. The ratio between the variance of
process parameters and F-test determine whether the pa-
rameter has a significant effect on the performance char-
acteristics. The F-test value of the parameter is compared
with the standard F Table value with corresponding de-
grees of freedom v , v,, (F ) at the 5% significance level.
If F-test value is greater than 0.05, the process parameter
is considered as significant [36]. In this study, it could be
concluded that all parameters except pH have a significant
effect on laccase activity.

The optimum level of process parameter depends on the
level with highest S/N value. The response table of S/N
ratios and means were displayed in Table 3. According
to these findings, laccase activity is maximum at the first
level of glucose, third level of yeast extract, second level
of CuSO,, second level of inoculum amount, third level
of pH. The amount of yeast extract was found to be the
most effective factor for laccase production, and pH was
the least significant one. Maria and coworkers found that
fungal laccase production was induced up to four times
through the addition of yeast extract [37].

One of the important parameters for fungal cultivation is
pH of the medium. The optimum pH value for high lac-
case production was detected as 5.5. This value was re-
ported as 5.0-5.5 for Pleurotus ostreatus 180 cultivated
under submerged culture conditions with the best glucose
concentration as 2.0 g L' [23,38]. Periasamy and Palvan-
nan found that glucose had a higher effect at Level 3 (2.0
g L) for laccase production [39]. In our study, copper
positively affected the laccase production of 7. versicolor.
Although high amounts of copper may have toxic effect,
it is also an important metal for laccase production by
white rot fungi [21]. This metal may play an important
role in laccase genes regulation at transcription level as
showed in 7. versicolor [40].

Optimization in the Taguchi experiment involves find-
ing the factor level combination that gives the optimal
response. In this study, the larger is the indication of bet-
ter performance. Therefore, “the larger the better” perfor-
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mance characteristics were selected to obtain the suitable
levels. The optimum conditions for each factor in terms
of achieving higher laccase activity were summarized as
shown in Table 4.

The confirmation experiment is conducted to verify the
conclusions based on Taguchi’s parameter design ap-
proach. The confirmation experiment is performed by
conducting a test with a specific combination of the op-
timum levels. Based on Table 4, the level of a parameter
with highest value of S/N ratio is the best combination
level. In this study, three additional experiments were car-
ried out at the optimum levels. The confirmation experi-
ment levels for the laccase activity were shown in Table
5. The results of the three confirmation experiments were
close to the experimental findings. These data, confirma-
tion test in triplicate and % error were presented in Table
5. The responses for optimal point fell into the predic-
tion interval (20.98; 34.61). The experimental results

Table 4. Optimum conditions for 7. versicolor fermentation

Factors Levels

Actual Coded
Glucose (g L") 2.0 1
Yeast extract (g L) 5.0 3
CusO, (mM) 2.0 2
Inoculum amount (%) 4.0 2
pH 5.5 3

Table 5. Comparative results for confirmation tests for laccase

production

Test Experimental results Error %
1 26.42 -3.5

2 27.23 -0.5

3 26.88 -1.8
Average % error -1.93
Note: (actual-pred)/actual*100=error formulation was used

Gedikli et al.



Table 6. Box—Behnken design matrix for variables of RB49 decolorization

Run no. Independent values Response
Initial dye concentration Enzyme amount pH Reaction time Avarage
(mg L") (ml) (min) % dec.
X, X, X, X, X, X, X, X, Y(observed)?
(coded) (uncoded) (coded) (uncoded) (coded) (uncoded) (coded) (uncoded)
1 -1 25 -1 0.05 0 45 0 62.5 53.82
2 1 100 -1 0.05 0 4.5 0 62.5 45.81
3 -1 25 1 1 0 4.5 0 62.5 78.13
4 1 100 1 1 0 4.5 0 62.5 77.92
5 0 62.5 0 0.525 -1 25 -1 5 80.82
6 0 62.5 0 0.525 1 6.5 -1 5 0.32
7 0 62.5 0 0.525 -1 25 1 120 929
8 0 62.5 0 0.525 1 6.5 1 120 9.35
9 -1 25 0 0.525 0 4.5 -1 5 39.07
10 1 100 0 0.525 0 45 -1 5 66.95
1 -1 25 0 0.525 0 4.5 1 120 89.63
12 1 100 0 0.525 0 4.5 1 120 90.57
13 0 62.5 -1 0.05 -1 2.5 0 62.5 79.69
14 0 62.5 1 1 -1 25 0 62.5 86.97
15 0 62.5 -1 0.05 1 6.5 0 62.5 0.32
16 0 62.5 1 1 1 6.5 0 62.5 7.94
17 -1 25 0 0.525 -1 25 0 62.5 95.17
18 1 100 0 0.525 -1 25 0 62.5 91
19 -1 25 0 0.525 1 6.5 0 62.5 1.46
20 1 100 0 0.525 1 6.5 0 62.5 6.96
21 0 62.5 -1 0.05 0 4.5 -1 5 10.44
22 0 62.5 1 1 0 4.5 -1 5 59.38
23 0 62.5 -1 0.05 0 4.5 1 120 67.02
24 0 62.5 1 1 0 4.5 1 120 85.44
25 0 62.5 0 0.525 0 4.5 0 62.5 82.98
26 0 62.5 0 0.525 0 4.5 0 62.5 85.87
27 0 62.5 0 0.525 0 4.5 0 62.5 83.67
28 0 62.5 0 0.525 0 4.5 0 62.5 92.71
29 0 62.5 0 0.525 (0] 4.5 0 62.5 91.42
Yoa indicates the average % decolorizaiton of triplicate experiments (n=2).
Table 7. Analysis of variance (ANOVA) for RB49 decolorization
Source Sum of Squares df Mean Square F p
Model 31786.25 8 3973.281 43.39058 <0.0001
X, 40.07708 1 40.07708 0.437665 0.5158
X, 1602.679 1 1602.679 17.5022 0.0005
X, 20850 1 20850 227.6944 <0.0001
X, 2638.257 1 2638.257 28.81133 <0.0001
x,? 272.5453 1 272.5453 2.976356 0.0999
X,? 1859.921 1 1859.921 2031144 0.0002
X32 5618.426 1 5618.426 61.35653 <0.0001
X42 942.9617 1 942.9617 10.2977 0.0044
Residual 1831.403 20 91.57013
Lack of Fit 1751.28 16 109.455 5.464404 0.0561
Pure Error 80.1222 4 20.03055
Cor Total 33617.65 28
Turk J Biochem 2014; 39(3):298-306 303 Gedikli et al.
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Figure 2. Response surface curves for RB49 decolorization showing the interactions between (a) initial dye concentration and enzyme
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and enzyme amount (f) reaction time and pH.

confirmed the validity of the applied technique to find the
optimal point for laccase production.

the effects of independent variables: initial dye concentra-
tion (x,), enzyme amount (x,), pH (x,), and reaction time
(x,) were systematically investigated. The levels of fac-
tors used in this study for the responses of decolorization
of RB49 were shown in Table 6.

Box-Behnken Methodology for dye decolorization
By using Box-Behnken design, 29 experiments contained
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The first degree effects of factors, except initial dye con-
centration, and the second degree effects of all factors
were significant. However, X, factor was not omitted from
the model. By eliminating the insignificant model terms,
the reduced second-order polynomial function for dye de-
colorization (Y) in terms of coded independent variables
was presented in Eq. (2):

it decoomion = 8733 + 1.82 %, + 1155 x, ~ 41.68 X3 +
14.82x,—6.48x 2-16.93x 2—29.43x 2~ 12.05x}  (2)

where x,, X,, X, X, are initial dye concentration, enzyme
amount, pH and reaction time, respectively.

The quadratic model was suggested given in Eq. (2)
with the value of R? (0.9455). The experimental data of
the predicted R=0.8790 was in a good agreement with
the adjusted R?>=0.9237. According to ANOVA given in
Table 7, a high F-value (43.39) and a very low probability
(p<0.0001) indicates that the model adequately predicts
the experimental results. The ANOVA results confirmed a
satisfactory adjustment of the reduced quadratic model to
the experimental data.

The three dimensional surface plots are for the graphi-
cal representation of regression equations. Figure 2 (a)-
(f) showed the interactions between variables, while the
other two were kept constant at their central values. For
all the interaction of variables, actual factors were en-
zyme amount 0.53 mL, pH 4.5, 62.5 min of reaction time
and 62.5 mg L' of initial dye concentration. Figure 2 (a)
showed that decolorization increased with the increase
in enzyme amount up to one point. Surface plot of 1 (b)
showed that dye decolorization did not change with in-
crease of dye concentration while decolorization increased
with decreasing of pH value considerably. An analysis of
Figure 2 (c) indicated that decolorization increases with
increasing of reaction time and dye decolorization did
not change with increase of dye concentration. Figure 2
(d) represented the effect of pH and enzyme amount on
the dye decolorization and its surface plot showed the in-
crease in dye decolorization with decrease on pH value
while decolorization increased with increase in enzyme
amount. Figure 2 (e) illustrated that increase in both re-
action time and enzyme amount provided an increase of
decolorization in the response surface. It could be seen
from Figure 2 (f) that decreasing the pH and increasing
the reaction time increased decolorization.

One of the important parameters for dye decolorization
is pH of the decolorization reaction. The optimum pH
value for dye decolorization was detected as 2.95. Nyan-
hongo et al. [41] found that pH 4.5 for Acid Blue 225 and
Reactive Black 5 and pH 3.0-4.0 for Acid Violet 17; pH
3.0-4.5 for Basic Red 9 for decolorization [41]. Enzyme
concentration was an important parameter for optimal de-
colorization. In our study, the optimum enzyme amount
was obtained as 0.76 mL. Li et al. found that enzyme
amount as 0.8 mL for enzymatic decolorization of Congo
red by manganese peroxidase [42]. The optimal initial dye
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concentration for dye decolorization was determined as
55.6 mg L. Lu and coworkers reported that initial dye
concentration for decolorization was obtained as 100 mg
L [43]. In this study, the maximum decolorization per-
centage was observed 46.91 min.

Under the optimal conditions, 97.53% of decolorization
was experimentally achieved for RB49, which is in good
agreement with the decolorization predicted by the model.

Conclusion

According to the statistical analysis, Taguchi’s technique
revealed that yeast extract is the most significant factor
and pH has the lowest impact on the laccase production.
The optimum conditions for laccase production were ob-
tained on the first level of glucose (2.0 g L), the third lev-
el of yeast extract (5.0 g L"), the second level of CuSO,
(2.0 mM), the second level of inoculum amount (4.0%)
and third level of pH (5.5). The results suggested that Ta-
guchi method can be used in the optimization of laccase
production process.

The predicted results showed that the maximum removal
efficiency (98.03%) of Reactive Blue 49 could be ob-
tained under the optimum conditions of pH 2.95, initial
dye concentration 55.6 mg L', enzyme amount 0.76 mL,
reaction time 46.91 min. Experimentally achieved decol-
orization of 97.53 %, was within the confidence interval
(89.83; 106.24) which was within the predicted optimum
of maximum removal efficiency. According to the veri-
fication experiments conducted in optimal levels, actual
and predicted responses were in a good agreement.
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