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ABSTRACT

A design of various dyes decolorization was conducted with the adsorbents obtained from
Trametes pubescens pellets in submerged cultures. The results demonstrated that the adsor-
bents prepared by moist heat sterilization exhibited preferable decolorization capacity on azo
dye Congo Red. A maximum decolorization rate of Congo Red of 72.31% was observed,
which was all around 2.25 times higher than that of anthraquinone dye Disperse Blue B at
the same level. Moreover, the decolorization rate-dependent influencing factors, i.e. salinity,
Tween80, temperature, pH, and dye concentration, were optimized by Box–Behnken full fac-
torial design. When they were 1.06% (m/V), 3.50% (V/V), 41.0˚C, 6.15, and 114.34mg/L
respectively, the decolorization rate was up to 100% after a 7-day incubation period. Adsorp-
tive decolorization was caused by the electrostatic forces between dye molecules and adsor-
bents obtained from T. pubescens pellets, amido group played a major role during the
biosorption process, and this course did not alter any functional groups at all, as evidenced
by fourier transform infrared spectroscopy, chemical modifications, and scanning electron
microscope data. All the results indicated that the adsorbents performed well at lowering the
possible limitations arising out of the poor stability and enhancing convenient operability.

Keywords: Trametes pubescens pellet adsorbent; Dye adsorptive decolorization; Moist heat
sterilization; Box–Behnken full factorial design; Biosorption characterization

1. Introduction

Nowadays, dyes have been used increasingly in
the textile and dyeing industries because of their ease
and cost-effectiveness in synthesis, firmness, high
stability to light, temperature, detergent, microbial
attack, and variety in color [1]. Over 7� 105 ton and
approximately 10,000 different dyes and pigments are
produced annually worldwide, about 10% of which
may be found in wastewater [2]. Color being the most

discernable indicator of pollution in aqueous environ-
ment, is the first to attract the attention of even an
environmentally indifferent person [3]. It interferes
with penetration of sunlight into water, retards photo-
synthesis, inhibits the growth of aquatic biota and dis-
rupts gas solubility in water bodies [4,5]. In addition,
many dyes are believed to be toxic or to be prepared
from known carcinogens such as benzidine or other
aromatic compounds that might be formed as a result
of microbial metabolism [6,7]. Hence, removal of these
dyes from effluents is of major scientific interest.*Corresponding author.
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Many conventional methods are available for
wastewater removal including adsorption on activated
carbon, electrokinetic coagulation, filtration, chemical
flocculation, chemical oxidation (ozonation, hydrogen
peroxide, and chlorine), deep-well injection, ion
exchange, incineration, solvent extraction, Fenton
agents, irradiation, and so on [8,9]. However, high
cost and secondary pollution of these physicochemical
treatments have stimulated increasing interest to use
biological methods for wastewater treatment, which
are much cheaper and environment-friendly [10,11]. A
large number of bacteria, plants, and fungi are well
known to degrade textiles wastewater. They are able
to depolymerize and even mineralize the dyes, and
have the peculiar capability to synthesize a series of
relevant hydrolytic and oxidative extracellular
enzymes [12–14]. However, the extracellular enzymes
sometimes displayed unstability and deactivation, and
one solution to this problem is biosorption treatment
based on dead micro-organisms or plants [15]. Bio-
sorption is an attractive method for the treatment of
wastewater as its low cost, simplicity of design, ease
of operation, and insensitivity to toxic pollutants [16].
This process is attributed to the adsorbent’s relatively
heterogeneous surface area and high binding affinity
of ionic exchanging sites. Extracellular polymers on
the cell wall consist of surface functional groups, such
as carboxyl, phosphate, and amino, which are consid-
ered to be responsible for removing anionic species
such as dye and other contaminants via electrostatic
interaction or hydrogen bonding [17]. Sulaymon et al.
found that the binding capacity and desorbing effi-
ciency of dead micro-organisms separated from
sludge were significantly higher than that of live
micro-organisms at the same tested conditions [18].

In the last decade, there has been an increasing
interest to find cheaper and more easily obtained
adsorbents. Previous studies concerning biosorption of
dye removal were mostly centered on certain bacteria
and plants such as rice husk, Posidonia oceanic and
Pseudomonas [16–19]. However, there were scanty
studies on the dye adsorption by fungi, and mainly
focused on Aspergillus and Penicillium [20,21]. Only a
few studies of dead macro-fungi applied to dye
adsorption were carried out [22]. To date, several
researches were conducted to decolorize dyes by
macro-fungus Trametes pubescens assisted with immo-
bilization treatment, physicochemical methods or its
degraded enzymes [23–25]. However, no studies on
the biosorption of azo dyes by dead macro-fungus
T. pubescens were reported.

Therefore, this paper reports the dye uptake poten-
tials of dead fungal pellets from T. pubescens prepared
by moist heat sterilization treatment. The decolorization

rate-dependent influencing factors, viz. salinity,
Tween80, temperature, pH, and dye concentration,
were optimized to enhance the dye decolorization via
Box–Behnken full factorial design (BBD). Additionally,
biosorption mechanism, modification of functional
groups, and morphology changes of cell walls were also
characterized by Fourier transform infrared spectros-
copy (FTIR) and scanning electron microscope (SEM).

2. Materials and methods

2.1. Dyes

Table 1 presents the dyes used in this study and
their color index numbers, chemical classes, and
wavelengths at pH 7.0; the dye solutions were pre-
pared by filtration through a 0.22lm membrane to
remove bacteria before use.

2.2. Fungus and inocula preparation

T. pubescens is a common white rot fungus and it
has a wide distribution in China [26,27]. Its strain Cui
7571 used in the present study was collected from
Guangdong Province of China and maintained through
periodic (monthly) transfer on yeast extract glucose
agar (YGA) at 4˚C. The YGA medium used for the
experiment contained (g/L of distilled water): yeast
extract 5, glucose 20, agar 20, KH2PO4 1, MgSO4·7H2O
0.5, ZnSO4·7H2O 0.05 and Vitamin B1 0.01, and the pH
value of the medium was adjusted to 5.0 before
sterilization.

Prior to use, the stored fungal strain was inocu-
lated onto the newly prepared YGA plates and grown
at 28˚C statically. Five mycelial disks (1 cm diameter)
were removed from the peripheral region of the YGA
plates and then used to inoculate into a 250-mL
Erlenmeyer flask containing 100mL of yeast extract
glucose medium (YG, identical to YGA without agar).
The cultures were incubated at 28˚C and 150 rpm for
five days, and then they were homogenized using an
Ace Homogenizer (Hengao Co., Tianjin, China) at
5,000 rpm for 30 s. The homogenized suspensions were
prepared as inocula for next study.

2.3. Adsorbents preparation and FTIR analysis

An aliquot of 10mL of inocula (0.087 g, dry
weight) was inoculated into a 250mL Erlenmeyer
flask containing 100mL of YG medium, and incubated
at 28˚C and 150 rpm. The cultures were harvested
after five days and killed by moist heat sterilization at
121˚C for 20min. After the supernatant was removed
by centrifugation at 12,000 rpm for 20min, the pellets
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were rinsed four times, dried at 105˚C to constant
weight, triturated, and sieved with 100 mesh screen.
Then the dry powders were the adsorbents used for
further analysis.

To determine the functional groups distribution the
FTIR analysis was done on Perkin–Elmer, spectrum
one instrument in the mid IR region of 400–4,000 cm�1

with 16 scan speed (Spectrum One, Perkin Elmer,
USA). Discs were prepared by first mixing 2mg dried
samples with 200mg KBr in an agate mortar. The
resulting mixture was pressed at 10MPa for 3min
using a YP-2 tablet press (Shanghai, China).

2.4. Dye decolorization

An aliquot of 50mg of dry powders was inoculated
into a 250mL Erlenmeyer flask containing 100mL of
100mg/L of selected dyes solutions, and the cultures
were incubated for 7 days at 28˚C and 150 rpm in the
dark to avoid dye polymerization by light. Uninocu-
lated (without dry powders) flasks and inoculated
(with fresh pellets) flasks with addition of media YGA
were selected as controls under identical conditions.
Experiments were all performed in triplicate.

Ten milliliters of samples were withdrawn and cen-
trifuged at 12,000 rpm for 15min, and then the superna-
tant was used for decolorization capacity determination.
The UV-Visible adsorption spectra of the dyes solutions
before and after decolorization by the adsorbents
obtained from T. pubescens pellets were recorded
between 200 and 800nm with a UV-Visible spectropho-
tometer (UNICO 4802, Younike Co., Shanghai, China).
Then the decolorization rate (%) was expressed in terms
of percentage and calculated as follows:

Decolorization rate ð%Þ ¼ ½ðinitial absorbance� final

absorbanceÞ=initial absorbance�
� 100

2.5. Decolorization rate-dependent influencing factors
optimization

One BBD was carried out in order to optimize the
factors, i.e. salinity (NaCl, m/V, %), Tween80 (V/V,
%), temperature (˚C), pH, and dye concentration (mg/
L), which influenced the target dye decolorization
capacity by the adsorbents obtained from T. pubescens
pellets. Amounts of these factors and experimental
design of BBD were specified according to Table 2 for
each treatment. After sterilization, a 100mL volume of
the target dye solution, with salinity, Tween80, pH,
and dye concentration as specified, was pipette into a
250mL Erlenmeyer flask. The cultures were inoculated
with 50mg of dry powders and incubated at 150 rpm
in dark and specified temperature for 7 days. Experi-
ments were all performed in triplicate. Decolorization
rate (%) determination and expression were men-
tioned in Section 2.4.

The main effects for each of the factors evaluated
on the response were:

bi ¼ ðyþi Þ � ðy�i Þ ð1Þ

where bi was the effect of the ith factor on the
response, yi

+ and yi
� were the mean responses for the

upper (+) and the lower (�) levels of the ith factor,
respectively. Interactions of two factors were also

Table 1
Decolorization of chemically various dyes by the adsorbents obtained from Trametes pubescens pellets

Dye Color index
number

Chemical class Wavelength
(pH7.0)

Decolorization rate (%)

Adsorbents Pellets

Reactive Brilliant Blue
X-BR

61,205 Anthraquinone 603 34.50 44.13

Disperse Blue B 61,500 Anthraquinone 640 32.15 46.15

Congo Red 22,120 Azo 497 72.31 73.34

Methyl Red 13,020 Azo 523 66.25 62.23

Sudan Black B 26,150 Azo 498 62.51 68.32

Trypan Blue 23,850 Azo 607 63.64 67.28

Neutral Red 50,040 Heterocycle 553 47.94 69.84

Methylene Blue 52,015 Thiazine 661 45.54 14.21

Crystal Violet 42,555 Triphenylmethane 595 58.33 65.20

Ethyl Violet 42,600 Triphenylmethane 596 57.48 59.92

Victoria Blue 44,045 Triphenylmethane 599 50.51 53.45

Brilliant Green 42,040 Triphenylmethane 623 51.28 57.12
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calculated by this equation. The general equation was
a first-degree polynomial:

Y ¼ b0 þ
X

biXi þ
X

bijXij þ e ð2Þ

where Y was the estimated response, b0 was the gen-
eral mean, R biXi was the sum of main effects of the
factors, R bijXij was the sum of two-factor interaction
effects, and e was the lack of fit of the model (error).

2.6. Chemical modification

An aliquot of 1.0 g of adsorbents inoculated into
the 250mL Erlenmeyer flask containing 75mL of ace-
tone was heated to reflux for 6 h to scavenge fungal
surface lipids. Another aliquot of 1.0 g of adsorbents
inoculated into the 250mL Erlenmeyer flask contain-
ing 40mL of triethyl phosphate and 30mL of nitro-
methane was heated to reflux for 6 h for phosphate
esterification. Another aliquot of 1.0 g of adsorbents
inoculated into the 250-mL Erlenmeyer flask contain-
ing 20mL of methanal and 40mL of methanoic acid
was incubated at 28˚C and 150 rpm for 6 h for amido
methylation. Another aliquot of 1.0 g of adsorbents
inoculated into the 250-mL Erlenmeyer flask contain-
ing 60mL of acetic anhydride was heated to reflux for
10 h for amido acetylation. Another aliquot of 2.0 g of
adsorbents inoculated into the 250-mL Erlenmeyer
flask containing 130mL of methanol and 1.2mL of
concentrated hydrochloric acid was incubated at 28˚C
and 150 rpm for 6 h for carboxyl esterification.

The modified adsorbents by chemical methods
were recorded as (a) lipid removal, (b) phosphate
esterification, (c) amido methylation, (d) amido acety-
lation, and (e) carboxyl esterification, respectively. All
of them were centrifuged at 12,000 rpm for 20min,
and the water-insoluble fractions were dried at 105˚C
to constant weight for dye decolorization. Target dye
solution containing adsorbents without any chemical
modifications was selected as control. Experiments
were all performed in triplicate. Decolorization rate
(%) determination and expression were mentioned in
Section 2.4.

2.7. Biosorption characterization

Once complete decolorization was achieved, the
adsorbents were taken photomicrographs by SEM to
detect the structural modifications of cell walls.
Samples of untreated and treated adsorbents were
prepared by attaching these on a specimen stub using
double-coated tape and sputter-coated with AuPd
prior to imaging with a HITACHI-S3400N SEM

(Hitechi Ltd., Tokoyo, Japan) using an accelerating
voltage of 2 kV.

FTIR analysis of the adsorbents after complete dye
decolorization followed the Section 2.3.

2.8. Statistical data analysis

The results obtained during experimentation were
expressed in terms of means and standard error
means. Data were subjected to statistical analysis of
one-way analysis of variance (ANOVA), T-test and
LSD test by using Microsoft excel and MSTAT soft-
wares. Correlation between different parameters was
calculated by SPSS software. Probability (p value) less
than 0.05 or 0.01 was considered significant or highly
significant, respectively. The results obtained from
BBD were tested by Design Expert V.7.1.6. Software.

3. Results and discussion

3.1. FTIR analysis

To verify the functional groups distribution of
dead fungal adsorbent surface, the FTIR analysis was
conducted primarily. As shown in Fig. 1(a), the FTIR
spectrum of adsorbent obtained from T. pubescens
pellets displayed peaks at 3,284 and 1,509 cm�1 indi-
cating –N–H stretching. Peaks at 3,000–3,500, 1,617,
and 1,232 cm�1 displayed –C=O– stretching. The
stretching vibrations at 1,145 and 1,022 cm�1 repre-
sented –P=O and –P–O stretching, respectively. This
spectrum was elucidated according to the previously
described researches [28–31]. In order to explore the
contribution of surface functional groups during the
dye biosorption, the chemical modifications were
implemented in Section 3.4.

3.2. Dye decolorization

To confirm the enhancement in adsorptive decolor-
ization capacities of various dyes due to the different
treatments, i.e. adsorbents obtained from T. pubescens
pellets prepared by moist heat sterilization and fresh
pellets of T. pubescens, the various dyes solutions were
submitted to shaking cultivation at 28˚C and 150 rpm
for 7 days and the decolorization rates of which were
displayed in Table 1.

When the 12 various dyes were subjected to the
adsorbents treatment, the cultures turned light color
from initial dark hue, which further became colorless.
An apparent increase in azo dye Congo Red
decolorization efficiency occurred, and a maximum
decolorization rate of 72.31% was observed after a
7-day incubation period, which was all around
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Table 2
Box–Behnken full factorial design to investigate the influences of five selected variables (X1, X2, X3, X4, and X5) on azo
dye Congo Red decolorization rate (%) by the adsorbents obtained from Trametes pubescens pellets

Indications Factors Low level High level

X1 Salinity (NaCl, m/V, %) 0.50 5.00

X2 Tween80 (V/V, %) 1.00 3.50

X3 Temperature (˚C) 30.0 150.0

X4 pH 1.0 10.0

X5 Dye concentration (mg/L) 20.0 500.0

Run number X1 X2 X3 X4 X5 Dye decolorization rate (%)

1 2.75 1.00 90.0 10.0 260.0 80.37

2 5.00 2.25 90.0 5.5 500.0 80.69

3 5.00 2.25 90.0 5.5 20.0 83.74

4 2.75 2.25 90.0 1.0 20.0 80.68

5 0.50 2.25 90.0 1.0 260.0 77.38

6 0.50 3.50 90.0 5.5 260.0 94.23

7 5.00 2.25 30.0 5.5 260.0 87.32

8 2.75 2.25 150.0 10.0 260.0 75.97

9 2.75 2.25 30.0 5.5 500.0 77.60

10 2.75 3.50 30.0 5.5 260.0 95.64

11 2.75 1.00 90.0 5.5 20.0 89.47

12 2.75 3.50 90.0 5.5 20.0 93.57

13 2.75 2.25 30.0 1.0 260.0 79.12

14 2.75 2.25 90.0 5.5 260.0 93.32

15 0.50 2.25 90.0 5.5 500.0 77.45

16 2.75 2.25 90.0 5.5 260.0 94.38

17 5.00 1.00 90.0 5.5 260.0 89.47

18 2.75 2.25 90.0 10.0 20.0 78.53

19 0.50 2.25 30.0 5.5 260.0 89.21

20 0.50 1.00 90.0 5.5 260.0 85.36

21 2.75 2.25 90.0 5.5 260.0 95.15

22 2.75 3.50 150.0 5.5 260.0 84.21

23 2.75 2.25 30.0 10.0 260.0 78.20

24 2.75 1.00 90.0 1.0 260.0 77.57

25 2.75 2.25 90.0 5.5 260.0 94.63

26 2.75 2.25 90.0 1.0 500.0 68.35

27 0.50 2.25 90.0 5.5 20.0 94.57

28 2.75 2.25 30.0 5.5 20.0 90.52

29 2.75 2.25 150.0 1.0 260.0 75.51

30 2.75 1.00 90.0 5.5 500.0 78.24

31 0.50 2.25 90.0 10.0 260.0 82.56

32 5.00 2.25 90.0 10.0 260.0 74.27

33 2.75 2.25 90.0 5.5 260.0 94.97

34 2.75 2.25 90.0 5.5 260.0 94.84

35 2.75 2.25 90.0 10.0 500.0 70.25

36 2.75 3.50 90.0 10.0 260.0 80.12

37 0.50 2.25 150.0 5.5 260.0 86.39

38 5.00 2.25 150.0 5.5 260.0 84.54

39 2.75 2.25 150.0 5.5 20.0 85.36

(Continued)
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2.25-fold higher than that of anthraquinone dye Dis-
perse Blue B at the same level. Therefore, the azo dye
Congo Red was selected as the target dye for the next
experiment.

It is well known that industrial effluents generally
contain a mixture of dyes and so, nonspecific method
of decolorization is a requirement [22]. Because vari-
ous chromophores were present in different dyes,
other special factors could be responsible for the
higher dye decolorization capacity. One factor was
that the nonspecific property of the fungal strain
caused an increase in cell permeability and mass
transfer speed, thus leading to an increase in dye
decolorization rate [32]. The other factor was that
there existed one biosorption mechanism between dye
molecules and adsorbents, which caused the dye
decolorization course to occur [33,34]. Hence, these
results suggested that the adsorbents obtained from
T. pubescens pellets had potentials to decolorize textile
dyes with different chemical structures, which could
be developed into novel bioremediation strategies.

Furthermore, compared to the general treatment
with fresh T. pubescens pellets, no dramatic variations
were observed from the experimental decolorization

rates by the adsorbents obtained from T. pubescens
pellets. Thus, the results also indicated that the treat-
ment by adsorbents obtained from dead fungal pellets
performed well at lowering the possible limitations
arising out of the poor stability and enhancing
convenient operability for dye decolorization.

3.3. Decolorization rate-dependent influencing factors
optimization

Compared with the traditional “one-factor at a
time” technique, statistically based experimental design
is a more efficient approach to deal with a large num-
ber of variables [35,36]. As a useful statistical technique,
BBD has been applied to optimization of medium
components and conditions widely and successfully
[37,38]. In this study, the five factors, viz. salinity
(NaCl, m/V, %), Tween80 (V/V, %), temperature (˚C),
pH, and dye concentration (mg/L), were chosen on the
basis of previous studies [37,39–41], and they were
optimized to enhance the target dye Congo Red
decolorization rate by the adsorbents obtained from
T. pubescens pellets.

Table 2 (continued)

Run number X1 X2 X3 X4 X5 Dye decolorization rate (%)

40 5.00 2.25 90.0 1.0 260.0 80.37

41 2.75 1.00 150.0 5.5 260.0 90.24

42 5.00 3.50 90.0 5.5 260.0 86.91

43 2.75 3.50 90.0 5.5 500.0 81.65

44 2.75 3.50 90.0 1.0 260.0 83.64

45 2.75 1.00 30.0 5.5 260.0 83.52

46 2.75 2.25 150.0 5.5 500.0 78.35

Fig. 1. FTIR spectra of the adsorbents obtained from Trametes pubescens pellets (A) before dye decolorization and (B) after
dye decolorization.

J. Si and B. Cui / Desalination and Water Treatment 51 (2013) 7088–7100 7093



Table 2 listed the levels and actual values of the
five variables as well as the experimental design and
results of BBD. A total number of 46 runs were
required for the optimum experimentation. Based on
the levels of five variables and the experimental
results, the statistical analysis was summarized in
Table 3 by Design Expert V.7.1.6. Software analysis.
The model terms of X1, X2, X3, X5, X1X2, X1X4, X1X5,
X2X3, X2X4, X3X5, X4X5, X1

2, X2
2, X3

2, X4
2, and X5

2

were highly significant (p< 0.01), but X4 and the inter-
active effects of X1X3, X2X5 and X3X4 were not signifi-
cant (p> 0.05). It meant that salinity, Tween80,
temperature, and dye concentration as well as their
interactions had remarkable effects on Congo Red
decolorization rate, and this model was applicable to
the optimum experimentation. In addition, the multi-
ple regression model obtained from dye decolorization
gave the following second-order polynomial equation:

Y ¼ 94:55� 1:24� X1 þ 1:61� X2 � 1:28� X3

� 0:15� X4 � 5:24� X5 � 2:86� X1X2 þ 0:01

� X1X3 � 2:82� X1X4 þ 3:52� X1X5 � 4:54

� X2X3 � 1:58� X2X4 � 0:17� X2X5 þ 0:34

� X3X4 þ 1:48� X3X5 þ 1:01� X4X5 � 3:38

� X2
1 � 1:74� X2

2 � 4:45� X2
3 � 12:68� X2

4

� 7:17� X2
5 ð3Þ

In the above-mentioned Eq. (3), Y was the target
dye Congo Red decolorization rate (%) as well as X1,
X2, X3, X4 and X5 were the coded levels of salinity
(NaCl, m/V, %), Tween80 (V/V, %), temperature (˚C),
pH, and dye concentration (mg/L), respectively. The
equation represented the mathematical model relating
the dye decolorization rate with the independent

Table 3
Statistical analysis of the results obtained from Box–Behnken full factorial designa

Source Sum of squares df Mean square F value p Value

Model 2355.128000 20 117.756400 313.891000 0.0000⁄⁄

X1—Salinity 24.601600 1 24.601600 65.577950 0.0000⁄⁄

X2—Tween80 41.377060 1 41.377060 110.294600 0.0000⁄⁄

X3—Temperature 26.419600 1 26.419600 70.424000 0.0000⁄⁄

X4—pH 0.345156 1 0.345156 0.920047 0.3466

X5—Dye concentration 439.531200 1 439.531200 1171.613000 0.0000⁄⁄

X1X2 32.661220 1 32.661220 87.061660 0.0000⁄⁄

X1X3 0.000400 1 0.000400 0.001066 0.9742

X1X4 31.809600 1 31.809600 84.791570 0.0000⁄⁄

X1X5 49.491230 1 49.491230 131.923700 0.0000⁄⁄

X2X3 82.355630 1 82.355630 219.526900 0.0000⁄⁄

X2X4 9.985600 1 9.985600 26.617580 0.0000⁄⁄

X2X5 0.119025 1 0.119025 0.317273 0.5783

X3X4 0.476100 1 0.476100 1.269091 0.2706

X3X5 8.732025 1 8.732025 23.276060 0.0000⁄⁄

X4X5 4.100625 1 4.100625 10.930610 0.0029⁄⁄

X1
2 99.974440 1 99.974440 266.491500 0.0000⁄⁄

X2
2 26.384740 1 26.384740 70.331080 0.0000⁄⁄

X3
2 172.660000 1 172.660000 460.242100 0.0000⁄⁄

X4
2 1403.653000 1 1403.653000 3741.573000 0.0000⁄⁄

X5
2 448.815900 1 448.815900 1196.362000 0.0000⁄⁄

Residual 9.378762 25 0.375150 — —

Lack of fit 7.210079 20 0.360504 0.831159 0.6566

Pure error 2.168683 5 0.433737 — —

Corrected total 2364.506000 45 — — —

Std. Dev. = 0.612495 R2 = 0.996034

Mean= 84.313700 Adj. R2 = 0.992860

C.V. %= 0.726448 Pred. R2 = 0.986482

Press = 31.963220 Adeq. precision = 65.735800

a⁄⁄p< 0.01, highly significant; ⁄p< 0.05, significant.

7094 J. Si and B. Cui / Desalination and Water Treatment 51 (2013) 7088–7100



process variables X1 to X5, and the second-order
polynomial coefficient for each term of the equation
was determined through multiple regression analysis
using Design Expert V.7.1.6. Software. Since the
regression equation obtained from ANOVA displayed
that the multiple correlation coefficient R2 was
0.996034, it seemed to be that the model could explain
99.6034% variation in the response. The value of the
adjusted determination coefficient (Adj. R2 = 0.992860)
was also very high to advocate for a high significance

of model. The model F value of 313.891000 implied
the model to be significant and was calculated as the
ratio of mean square regression and mean square
residual. According to the statistical results, the above
model was adequate to predict the dye decolorization
rate within the range of variables studied.

As presented in Fig. 2, the parity plot demon-
strated that the distribution of the actual values,
which was defined as the difference between the
observed and the predicted, could form a straight line,
and these residual values were normally distributed
on both sides of the line. It revealed that experimental
point was reasonably aligned with the predicted
value.

Fig. 3 showed that the residuals distributed ran-
domly about zero, suggesting that the regression
terms were not correlated with one another. This plot
ruled out the impact of run number which might
influence the results.

The contour plots were generally the graphical
representations of regression equation, and they were
demonstrated in Fig. 4. The main goal of response
surface was to track for the optimum values of the
variables efficiently such that the response was
maximized. Each contour curve plot represented an
infinite number of combinations of two variables with
the others maintained at their respective zero level.
From the contour plots, it was easy and convenient to
understand the interactions between two factors and
also locate their optimum levels. The circular contour
plots of response surfaces implied that the interaction
was negligible between the corresponding variables.
An elliptical or saddle nature of the contour plots
indicated that the significance of the interactions
between the corresponding variables. Contour plots in
Fig. 4 displayed that there were significant mutual
interactions between salinity and Tween80 (X1X2)
(Fig. 4(a)), salinity and pH (X1X4) (Fig. 4(c)), salinity
and dye concentration (X1X5) (Fig. 4(d)), Tween80 and
temperature (X2X3) (Fig. 4(e)), Tween80 and pH
(X2X4) (Fig. 4(f)), temperature and dye concentration
(X3X5) (Fig. 4(i)) as well as pH and dye concentration
(X4X5) (Fig. 4(j)). However, no obvious interactions of
salinity and temperature (X1X3) (Fig. 4(b)), Tween80
and dye concentration (X2X5) (Fig. 4(g)), as well as
temperature and pH (X3X4) (Fig. 4(h)) were observed
from the relatively circular nature of contour plots.

The optimal conditions were extracted by Design
Expert V.7.1.6. Software with its optimization menus:
salinity 1.06% (m/V), Tween80 3.50% (V/V), tempera-
ture 41.0˚C, pH 6.15, and dye concentration
114.34mg/L, and then the azo dye Congo Red decol-
orization rate reached to its peak of 100% after 7 days
of incubation. The validation experiment showed that

Fig. 2. The parity plot showing the distribution of
experimental vs. predicted values of azo dye Congo Red
decolorization rate.

Fig. 3. Residual vs. the run number.
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Fig. 4. The contour plots of Box–Behnken full factorial design (A) salinity (X1) and Tween80 (X2) (B) salinity (X1) and
temperature (X3) (C) salinity (X1) and pH (X4) (D) salinity (X1) and dye concentration (X5) (E) Tween80 (X2) and
temperature (X3) (F) Tween80 (X2) and pH (X4) (G) Tween80 (X2) and dye concentration (X5) (H) temperature (X3) and
pH (X4) (I) temperature (X3) and dye concentration (X5), as well as (J) pH (X4) and dye concentration (X5). Other
variables were held at zero level.
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the experimentally determined production values
were in close agreement with the statistically
predicted ones, confirming the model’s authenticity.

3.4. Chemical modification

To confirm the contribution for dye biosorption
made by the functional groups of the adsorbents
surface, the results of the target dye Congo Red
decolorization rates by adsorbents with chemical
modifications were demonstrated in Fig. 5. There was
no effect on Congo Red adsorptive decolorization by
adsorbents without lipids (Fig. 5(A)). It was evident

that the lipids were not the dye adsorptive sites
of adsorbents. Fig. 5(B) displayed that no notable
changes of decolorization rate were observed
compared to the control after modified by triethyl
phosphate and nitromethane. It implied that phosphate
groups were not involved with charges transfer. As
shown in Fig. 5(C), the Congo Red decolorization
efficiency decreased by 34.15% after amido methylation
compared to the control. Due to the conversion from
R-NH2 group to R-N(CH3)2 group of adsorbents sur-
face, an decrease in accepted sites of hydrion occurred
and then the biosorption capacity of the adsorbents cut
down obviously. However, the reduction was not

Fig. 4. (Continued)
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extremely serious. Fig. 5(D) suggested that amido acet-
ylation urged the adsorbents to lose their protonated
sites and diminish the surface charges, thereby leading
to a dramatic decrease in the electrostatic force
between adsorbents and dyes. After a 7-day incubation
period, the decolorization rate was merely 14.52%.
Moreover, there was no influence on Congo Red decol-
orization rate by adsorbents modified by carboxyl
esterification compared to control (Fig. 5(E)).

These results suggested that the dye adsorptive
decolorization was attributed to the electrostatic
attractions between negatively charged dyes and
positively charged cell walls of adsorbents induced by

amido protonation [17,18]. The amido group played a
major role in adsorption of azo dye Congo Red at the
optimum pH value. On the contrary, desorption could
be achieved by means of breaking down the electro-
static force as well.

3.5. Biosorption characterization

SEM photomicrographs of the adsorbents obtained
from T. pubescens pellets before and after dye treat-
ment were presented in Fig. 6, which confirmed that
the biosorption occurred. Fig. 6(A) showed that the
surface of unadsorbed T. pubescens adsorbent was typ-
ically wrinkled polymeric network with irregular
pores. In addition, a porous internal structure was
observed. After adsorption of azo dye Congo Red,
adsorbent pores were not visible. This demonstrated
that a dye thin layer had covered the entire external
adsorbent surface and the dye had densely and homo-
geneously adhered to the adsorbent surface (Fig. 6(B)).
These observations indicated that the dry powders
obtained from T. pubescens pellets were very effective
adsorbents due to their highly developed porosities
and heterogeneous surface areas.

As demonstrated in Fig. 1(B), the FTIR spectrum of
adsorbent after dye decolorization displayed several
peaks, which were extremely similar to those before
decolorization (Fig. 1(A)). The result indicated that the
dye decolorization by the adsorbents obtained from
T. pubescens pellets was absolutely a biosorption
course, and this course did not alter any surface func-
tional groups at all.

Fig. 5. Influences of the adsorbents modified by chemical
methods on azo dye Congo Red decolorization rate (A)
lipid removal (B) phosphate esterification (C) amido
methylation (D) amido acetylation, and (E) carboxyl
esterification.

Fig. 6. SEM photomicrographs of the adsorbents obtained from T. pubescens pellets (A) before dye decolorization and (B)
after dye decolorization.

7098 J. Si and B. Cui / Desalination and Water Treatment 51 (2013) 7088–7100



4. Conclusions

A design of the efficient color removal of dyes was
conducted, with the adsorbents obtained from white
rot fungus T. pubescens pellets prepared by moist heat
sterilization. Mathematical models of BBD were devel-
oped for optimizing the effects of salinity, Tween80,
temperature, pH, and dye concentration, as well as
their interactions on azo dye Congo Red adsorptive
decolorization. Additionally, biosorption was caused
by the electrostatic forces between dye molecules and
adsorbents; amido group played a major role during
the biosorption process and this course did not alter
any functional groups at all, as evidenced by FTIR,
chemical modifications, and SEM data. These results
indicated that the adsorbents obtained from T. pubes-
cens pellets were suitable candidates to accelerate azo
dye Congo Red decolorization.
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