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a b s t r a c t

The present work deals with the application of response surface methodology (RSM) to study the 
effects of various operational parameters on the decolorization of Congo red (CR) from dye wastewa-
ter. The live fungal biomass of Neurospora crassa along with wheat bran was used as a dual adsorbent 
for the removal of CR color from aqueous solution. Decolorization experiments were conducted in 
batch mode by varying experimental factors such as initial pH, initial dye concentration, wheat bran 
dosage, live biomass dosage, wheat bran particle size, and agitation speed. The process parameters 
were optimized using central composite design (CCD) to attain the maximum percentage decol-
orization. Predicted values of percentage color removal were found to be in good agreement with 
experimental values, which indicates that the suitability of the model and the success of CCD in 
optimization of CR color removal process. Graphical response surface and contour plots were used 
to locate the optimum points. The regression model equation for percentage CR color removal was 
established. The optimum pH, dye concentration, wheat bran dosage, live biomass dosage, wheat 
bran particle size and agitation speed were found to be 6, 200 mg L–1, 12.5 g L–1, 2% (w/v), 150 µm, 
150 rpm, respectively for CR color removal. Further, the batch experiments were conducted to study 
the effect of electrolytes, surfactants, mixture of dyes, and temperature on dye decolorization. We 
concluded that the live fungal biomass of Neurospora crassa with wheat bran was shown to be suitable 
dual adsorbent for adsorption of CR and it can be used effectively in wastewater treatment. 
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1. Introduction

Dyes are ionic, synthetic origin and complex aromatic 
organic compounds which are extensively used in the tex-
tile, paper, printing, plastic, cosmetic, food, and pharma-
ceutical industries [1]. In textile industry, large amount of 
effluent is discharged from dyeing process whereby 10–15% 
of dyes are estimated to be lost in the effluent [2]. World-
wide, the total dye consumption of the textile  industry is 

in excess of 107 kg/y [3]. However, approximately 1 million 
kg of textile dyes are discharged into industrial effluents 
every year [4]. Generally, color is visible in the effluents 
from textile-dyeing processes when the dye concentration 
is greater than 1 mg L–1 and at an average concentration of 
300 mg L–1 [5]. The synthetic dye Congo red [1-naphthalene 
sulfonic acid, 3,3-(4,4-biphenylenebis(azo))bis (4-amino-) 
disodium salt] is a popular water soluble diazo anionic dye, 
which is known to metabolize benzidine, a human carcin-
ogen [6]. It shows a high affinity for cellulose fibers and is 
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used in textile processing industries. Azo dyes are highly 
toxic, mutagenic, carcinogenic and usually constitute health 
hazards [7]. CR has been known to cause an allergic der-
matitis, skin, eye, and gastrointestinal irritation [3,8]. It is 
investigated as a mutagen and reproductive effector. It may 
affect blood factors such as clotting, and induce somnolence 
and respiratory problems [9]. Even a low concentration of 
CR dye causes various harmful effects such as difficulties 
in breathing, diarrhea, nausea, vomiting, abdominal and 
chest pain, severe headache, etc. [10]. Furthermore, dyes 
can significantly affect the dissolved oxygen concentration 
and photosynthetic activity in aquatic systems [11]. The 
effluents must be treated to bring down the concentration 
of dyes present in it to permissible and bearable limit before 
discharging into water bodies as required under environ-
mental regulation act [8]. Therefore, the removal of CR from 
waste effluents is also of great environmental importance.

Many conventional methods such as chemical precip-
itation, ion exchange, membrane filtration, electrochem-
ical oxidation, photo-catalytic degradation, ozonation, 
Fenton process, sonication, etc. have been widely used for 
the treatment of dyes bearing wastewater [12–14]. How-
ever, these technologies have several disadvantages such 
as high capital and operating cost, complexity of the treat-
ment processes, sludge disposable problem, and the need of 
chemicals, which may in turn pollute the water [15,16]. Due 
to these limitations, there is a vital need for a more envi-
ronmentally benign and cost-effective method. Further-
more, these methods cannot be used effectively to treat the 
wide range of dye wastewater [17]. Adsorption is a widely 
used technique as it provides an attractive alternative treat-
ment, especially if the adsorbent is inexpensive and readily 
available. This process is becoming a superior and promis-
ing technology because of its simplicity, ease of operation 
and handling, insensitivity to toxic pollutants and sludge-
free operation [13]. Additionally, this process is more 
eco-friendly because it does not result in the formation of 
harmful substances [3,13]. Optimized adsorption process 
have higher efficiency and adsorption capacity resulting in 
a high quality treated effluent. Adsorption on commercial 
activated carbon is the most popular adsorbent in many 
industries because of its excellent adsorption capacity and 
is used to remove various dyes from industrial effluents. 
However, activated carbon usage is limited due to high cost 
and its regeneration and reuse make it more costly [18]. 
However, in view of the high cost and associated problems 
of regeneration, there is a need for alternate low cost, easily 
available and more effective adsorbents [13]. These include 
agricultural by-products, such as pine tree leaves [19], cat-
tail roots [20], sunflower stalks [21], castor seed shells [22], 
soy meal hull [23], wheat bran [24], etc., which have been 
used for removing color from dye wastewater. 

In biological treatments, microbial decolorization of 
dye can be classified into two kinds according to their life 
state: For living cells, the major mechanism is biodegrada-
tion because they can produce lignin modifying enzymes 
such as, laccase, manganese peroxidase (MnP) and lignin 
peroxidase (LiP) to biodegrade/biotransform the synthetic 
dyes. For dead cells, the mechanism is biosorption, which 
involves physico-chemical interaction between adsorbate 
and adsorbent [14,25]. Various types of live fungal biomass 
such as Phanerochate chrysosporium [26], Pleurotus ostreatus 

[27], Rhizopus oryzae [28], Irpex lacteus [29], Funalia trogii [30], 
among others, can be used to remove color from dye waste-
water. The potential of using live biomass with wheat bran 
as effective dual adsorbent to remove azo dyes has not been 
explored. The dual adsorbent had better adsorption effi-
ciency in the removal of color from dye wastewater when 
compared to the individual adsorbents and the process 
with dual adsorbent is rapid [31,32]. The literature survey 
indicates that color removal from dye effluents using live 
biomass with agricultural waste are limited. Decoloriza-
tion of selected toxic dye compounds with few types of live 
fungal biomass and the use of agricultural by-product as 
a low-cost adsorbent of dye molecules have been studied. 
Therefore, the present paper focused an economical treat-
ment process to remove the CR color from its aqueous solu-
tion using dual adsorbent consisting of live fungal biomass 
of Neurospora crassa and wheat bran. The effect of various 
parameters on CR color removal process were optimized 
using response surface methodology to achieve the best 
overall optimization of the dual adsorbent system. Neuros-
pora crassa (the common pink bread mould) is a filamentous 
non-pathogenic ascomycete fungus and ease of growth in 
nutrient (broth) medium [33,34]. Wheat bran is the outer 
shell of wheat grain, and an agricultural by-product of the 
wheat milling operation; furthermore, wheat bran is an eco-
nomically viable and most readily available natural mate-
rial in India. 

2. Materials and methods

2.1. Preparation various adsorbent (agricultural by-product) 

Various agricultural by-products such as rice husk, 
wheat straw, sugarcane bagasse, coir pith and saw dust 
were collected locally in Udupi District, Karnataka state, 
India. Wheat bran and rice bran were procured from M/s 
Ganesh flourmill industries, Kolkata, India. The above 
materials were dried under sunlight to remove the moisture 
and ground to fine powder using pulverizer. The materi-
als were washed with distilled water to remove all the dirt 
particles. Then, the materials were dried in a hot-air oven 
at the temperature of 333 K for 24 h, ground, and screened 
to obtain particles < 100 µm in size [35]. Various materials 
were then stored in different airtight plastic bottles for fur-
ther use. 

2.2. Preparation of Neurospora crassa live fungal biomass

The filamentous fungus Neurospora crassa (MTCC 1852) 
used in this study was obtained from the Institute of Micro-
bial Technology, Chandigarh, India, and was stored at 277 
K. A loopful of inoculum (stock culture of the organism) was 
streaked on potato dextrose agar plates and it was grown 
at 298 K for 4 days, and plates were maintained at 277 K 
until use. New culture plates were prepared every 25 days. 
The potato dextrose broth medium of 100 mL was inocu-
lated with the live fungal culture in Erlenmeyer flasks (base 
diameter of the flask = 7.5 cm) under sterile conditions. The 
fungi were allowed to grow (submerged cultivation) for 
one week in a shake flask in an incubator shaker rotated 
at a speed of 120 rpm at 298 K to get maximum amount of 
fungal biomass [33,34]. After sufficient growth, the live fun-
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gal biomass was filtered to remove from the liquid medium 
using Whatman filter paper (grade 41).

2.3. Pre-treatment of glassware

Dyes can strongly adsorb on the glass. To minimize this 
effect, all glassware to be used in contact with dye solutions 
were steeped before use for 24 h in a solution (1000 mg L–1) 
of a cationic surface-active agent, cetyltrimethylammo-
nium bromide (CTAB), which is preferentially adsorbed. 
The glass surfaces were then thoroughly rinsed with water 
before use [36].

2.4. Chemicals required

An anionic dye Congo red (Dye content ≥35%, Molecu-
lar formula = C32H22N6Na2O6S2, Molecular weight = 696.66, 
λmax = 498 nm) supplied by Sigma Aldrich, India was used 
in the study. The dye was of analytical reagent grade, and of 
99.8% purity. The other anionic dyes like Coomassie violet, 
Remazol brilliant blue, and Acid green 25 were also obtained 
from Sigma Aldrich, India. The analytical grade potato dex-
trose agar and potato dextrose broth were obtained from 
Himedia, India. All other chemicals used were of analytical 
grade (Merck, India). 

2.5. Preparation of CR dye stock solution

A stock solution of 1000 mg L–1 was prepared by dis-
solving accurate quantity of CR dye powder in distilled 
water. The experimental solution of required initial dye 
concentration was obtained by diluting the stock solution 
with pH adjusted distilled water by adding 0.1 N HCl or 0.1 
N NaOH. After dilution (adjusting the pH), the required pH 
of the dye solution was measured. 

2.6. Analytical measurements

The pH of the dye solution was observed by a digital 
pH-meter (Systronics 335). The surface area and pore vol-
ume of the wheat bran were determined using a Brunauer–
Emmett–Teller (BET) surface analyzer (Smart Instruments, 
India). The average particle size of the wheat bran was 
evaluated by a particle size analyzer (Cilas 1064, France). 
A double-beam UV/visible spectrophotometer (Shimadzu 
UV-1800) was used to determine the unknown residual con-
centration of CR dye solution.

2.7. Batch adsorption studies

The required amount of live fungal biomass and wheat 
bran were added to the CR dye aqueous solution to initi-
ate the decolorization experiments. Batch experiments were 
conducted by varying the level of one factor and keep-
ing the level of other factors constant on the other hand. 
Adsorption studies were carried out at 303 K to examine 
the effect of initial pH, initial dye concentration, wheat 
bran dosage, live biomass dosage, wheat bran particle size, 
and agitation speed on the removal of CR color from aque-
ous solution using live biomass-wheat bran (LB-WB) dual 

adsorbent. Furthermore, the experiments were conducted 
to study the effect of electrolytes, surfactants and tempera-
ture on dye decolorization in batch mode. The experiments 
were conducted by stirring CR dye aqueous solution at 150 
rpm for 10 h at 303 K with required initial dye concentration 
in each flask containing fixed quantity of live biomass and 
wheat bran dosage. A known amount of solution was with-
drawn at regular time intervals. Then, the samples were 
centrifuged (Remi CPR-24 Plus) at 12000 rpm for 10 min 
to settle down the suspended particles [3]. After centrifu-
gation, the clear supernatant liquid was obtained and ana-
lyzed for the residual dye concentration. The percentage CR 
color removal was determined by the following Eq. (1) [37]:

%   CR color removal
C C

C
o t

o

=
−( ) × 100   (1)

where Co and Ct (mg L–1) are the liquid-phase concentra-
tions of CR at initial and time t, respectively. Decoloriza-
tion (adsorption) experiments were conducted at 10 h. The 
microbial growth and enzyme activity of the samples were 
not analyzed during the process. 

2.8. Experimental design and optimization of process 
 parameters

The experimental design was constructed through 
Minitab 16 statistical software and CCD was applied to 
conduct decolorization experiments. CCD consist of a fac-
torial design with centre points, augmented with a group 
of axial (or star) points that allow the estimation of curva-
ture to fit the quadratic model [38]. The influencing factors 
such as initial pH (X1), initial dye concentration (X2), wheat 
bran dosage (X3), live biomass dosage (X4), wheat bran par-
ticle size (X5), and agitation speed (X6) were chosen as the 
independent variables while the percentage color removal 
was set as the response (dependent) variable. The required 
experimental runs are calculated using the following Eq. (2) 
[39]:

N = 2f + 2f + No   (2)

while, f represents the number of variables, 2f represent the 
number of factorial points, 2f represents the axial points 
and the center points are represented by No. A total of 53 
experiments were conducted including 32 cube points, 
12 axial points, and 9 center points using 26 half factorial 
design. The repetition of central point gives an estimated 
error. The levels of independent variables were coded as -2 
(very low), -1 (low), 0 (central point), 1 (high), and 2 (very 
high). The coded values of process variables were obtained 
from Eq. (3) [40]:

xi
i oX X

X
=

−( )
δ

  (3)

where xi is the dimensionless value of a process variable; Xi 
is the real value of an independent variable; Xo is the value 
of Xi at the center point and dX denotes the step change. The 
polynomial expression for the relation between the inde-
pendent and response variables is given as [40]:
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Y = βo + ∑βixi + ∑βiixi
2 + ∑βijxi   (4) 

where Y is the predicted response variable of percentage 
decolorization; βo is the offset term; and βi, βii, and βij are 
the regression coefficients for linear, quadratic, and interac-
tion effects, respectively. Analysis of variance (ANOVA) is 
a statistical technique that is widely employed to assess the 
significance of various variables in the decolorization pro-
cess. Both value and sign in ANOVA table are important for 
the regression coefficients. The positive sign increases the 
response, while the negative sign decreases the response. 
These analyses were done by means of main effects, inter-
action effects, coefficients of the model, standard deviation 
of each coefficient, probability level, Fisher’s ‘F’-test, and 
Student ‘T’-test. The probability level, P, was used to verify 
the significance of each of the interactions among the fac-
tors and T-tests were applied to evaluate the significance of 
the regression coefficients of the parameters. Larger magni-
tude of T and lower values of P (P < 0.05) indicates that the 
linear, quadratic, and interaction effects are more significant 
in the chosen model at the corresponding coefficient terms. 
The suitability of the response surface model was assessed 
by the values of regression coefficient (R2), coefficient of 
variation, adequate precision and by the analysis of lack of 
fit. The value of R2 between zero and one (0 < R2 < 1) and 
the larger value was better. The central point carried out 
in duplicate was useful to obtain the standard error of the 
coefficients [40–42]. The significant factors are arranged in 
ascending order with respect to their significance and hence 
the most significant factor is determined easily.

2.8.1 Residuals analysis

The predicted responses obtained from RSM were 
compared to the actual responses, for verification of the 
predicted data. The root mean squares error (RMSE) and 
the absolute average deviation (AAD) are used to predict 
the adequate precision of the model equation. The RMSE 
and AAD were determined using Eqs. (5) and (6), respec-
tively [41].

RMSE
N

= ∑ −( )



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1 2
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where ya is the actual response value, yp is the predicted 
response value obtained from the RSM, and N is the num-
ber of experiments.

3. Results and discussion

3.1. Selection of suitable agricultural by-product

Adsorption experiments were performed using various 
agricultural by-products such as rice husk, wheat straw, 
sugarcane bagasse, coir pith, saw dust, wheat bran and 
rice bran at room temperature to evaluate the maximum 
 percentage of CR color removal and the results were shown 

in Fig. S1 of supplementary materials. It showed that max-
imum decolorization of CR was observed in the adsorbent 
wheat bran. The maximum percentage color removal using 
wheat bran was 82.05% at pH 6. It may be due to availabil-
ity of more number of active sites in the wheat bran surface. 
Therefore, out of seven different adsorbent options, wheat 
bran was found to exhibit better results and was studied for 
further analysis.

3.2. Characterization of the adsorbent

The BET surface area of the wheat bran was 1.93 m2 
g–1. The pore volume of the wheat bran was found to be 
1.64 mm3 g–1 with the average particle size of 61.50 µm. The 
active sites present in wheat bran surface area with live fun-
gal biomass are responsible for CR dye uptake. 

3.3. Analysis of various parameters in batch adsorption studies

Adsorption experiments were conducted at 10 h. The 
intensity of the peaks of synthetic CR dye effluent was mea-
sured before and after treatment. During this 10 h, the peak 
wavelength (λmax) of treated synthetic CR dye effluent was 
similar to original untreated CR dye wavelength of con-
centration 200 mg L–1. The intensity of the peaks reclined 
considerably after treatment which indicates that CR dye 
molecules were adsorbed on LB-WB dual adsorbent in 10 
h (Fig. S2 of supplementary materials). Therefore, absor-
bance values of all the experiments were measured at 498 
nm before and after treatment in 10 h.

3.3.1. Effect of initial pH

To analyze the effect of the initial pH on CR dye decol-
orization under a strongly acidic pH was difficult because 
of the formation of protonated species, which may lead to 
a change in the structure of the dye. The CR dye in aque-
ous solution was black in color at acidic pH (<5), due to 
the formation of a quinonoid structure [31,43]. The red color 
remained stable in the pH range of 6–12, and it becomes 
unstable if the solution pH decreased less than 6. The color 
of CR in aqueous solutions is strongly pH-dependent due 
to its structure transformation [31]. Therefore, the effect of 
initial pH on color removal from aqueous solution was ana-
lyzed between pH 6–12.

As shown in Fig. 1, the decolorization of CR was found 
to decrease from 97.27 to 55.68% with the increase in pH 
from 6–12. More than 80% color removal is observed in the 
pH range of 6–9. The maximum decolorization of CR was 
observed at pH 6. Therefore, further decolorization exper-
iments were carried out at pH 6. At pH 6, the surface of 
LB-WB dual adsorbent gets positively charged and adsorbs 
the negatively charged dye anions through significant elec-
trostatic forces of attraction. So, the decrease in CR removal 
with increasing pH, in the present study, can be attributed 
to decrease in electrostatic attractions between active sites 
in the dual adsorbent and CR dye molecules. As the pH 
of the system increases, the number of negatively charged 
sites increases and the number of positively charged sites 
decreases. A negatively charged surface sites on the LB-WB 
dual adsorbent does not favor the decolorization of dye 
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anions due to the electrostatic repulsion. Also, lower per-
centage decolorization of CR observed at basic pH may be 
due to competition between the excess hydroxyl ions and 
the negatively charged dye ions for the available adsorption 
active sites [44].

3.3.2. Effect of initial dye concentration

The influence of CR dye concentration on color removal 
was analysed by varying the initial dye concentration 
from 50 to 400 mg L–1. The percentage color removal of CR 
decreased from 98.71 to 73.46% with the increase in dye 
concentration (Fig. 2). This is due to accumulation of dye 
molecules in the available binding sites and competition 
between more dye anions at the positive charge of fixed 
binding sites of the LB-WB dual adsorbent. The percentage 
color removal declined gradually upto 200 mg L–1, how-
ever, drops drastically above 200 mg L–1. As the initial dye 
concentration was increased, the vacant sites on the surface 
of the dual adsorbent were saturated (i.e., enhances the 
interaction between dye molecules and active sites on the 
dual adsorbent surface, therefore, lack of available active 
sites), leading to the decrease of the percentage decoloriza-
tion [45]. 

3.3.3 Effect of wheat bran and live biomass dosage 

The effect of wheat bran dosage on color removal was 
analyzed by varying the wheat bran dosage from 0.25–1.75 g 
per 100 mL of dye solution with an initial dye concentration 
of 300 mg L–1 at pH 6. From the Fig. S3 of supplementary 
materials, it can be seen that the decolorization efficiency 
of CR increased from 64.90 to 90.34% with the increase in 
the wheat bran dosage. The increase in the percentage color 
removal with the wheat bran dosage can be attributed to the 
availability of greater surface area resulted in the increase 

in the availability of adsorption active sites. Similarly, the 
effect of live biomass dosage was studied by varying the 
dosage from 0.5 to 3% (wet % by w/v). The increase in 
live biomass dosage increased the color removal percent-
age from 81.33 to 91.74% (Fig. S4 of supplementary mate-
rials). This may be due to availability of more adsorption 
active sites at higher concentrations of the adsorbent for the 
removal of CR dye. Thus the competition for the availability 
of active sites for the adsorption of dye decreases with the 
increase in the adsorbent dosage. In other words, at higher 
adsorbent (wheat bran/live biomass)-to-dye concentration 
ratios, adsorption onto the dual adsorbent surface is very 
rapid, thus producing a lower dye concentration in the 
solution, compared to that obtained for a lower dual adsor-
bent-to-dye concentration ratio [35]. Therefore, increase in 
adsorbent dosage resulted in a decrease in the dye concen-
tration in the solution. 

3.3.4. Effect of wheat bran particle size

The influence of wheat bran particle size on color 
removal was studied by varying the wheat bran particle 
size from 100 to 600 µm. The results show that the decol-
orization efficiency was dependent on the particle size. 
There was a gradual increase of percentage decolorization 
with the decrease in particle size. From the Fig. S5 of sup-
plementary materials, the decolorization of CR decreased 
gradually from 90.55 to 70.92% with an increase in wheat 
bran particle size from 100 to 600 µm. The higher per-
centage color removal with smaller particle size may be 
attributed to the fact that the small particles provided a 
larger surface area per unit mass [24]. Also, the smaller 
particles will have a shorter diffusion path, thus allowing 
the dye molecules to penetrate deeper into the wheat bran 
particles quickly, resulting in a higher percentage adsorp-
tion [40].

Fig. 1. Effect of initial pH on CR color removal by LB-WB dual 
adsorbent. 
(Initial dye concentration: 200 mg L–1; wheat bran dosage: 10 g L–1; 
live biomass dosage: 1.5% (w/v); wheat bran particle size: <100 µm; 
agitation sped: 150 rpm; temperature: 303 K; contact time 10 h).

Fig. 2. Effect of initial dye concentration on CR color removal by 
LB-WB dual adsorbent. 
(Initial pH: 6; wheat bran dosage: 10 g L–1; live biomass dosage: 
1.5% (w/v); wheat bran particle size: <100 µm; agitation speed: 
150 rpm; temperature: 303 K; contact time 10 h).
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3.3.5. Effect of agitation speed

The effect of agitation speed in a batch process is 
important to overcome the external mass transfer resis-
tance. Influence of agitation speed on color removal was 
evaluated by varying the agitation speed from 0 to 250 
rpm (250 rpm = 25.51 g; base diameter of the Erlenmeyer 
flask = 7.5 cm, volume = 250 mL). Fig. S6 of supplementary 
materials illustrates that the CR color removal increased 
from 36.24 to 94.36% with increasing agitation speed. The 
increase in removal efficiency may be due to increase in tur-
bulence attributable to decrease in the film boundary layer 
thickness (film resistance) surrounding the dual adsorbent, 
thus increasing external film diffusion and uptake of CR 
dye molecules [46]. This phenomenon may be explained by 
increasing the contact surface of dual adsorbent-dye solu-
tion and favouring the transfer of dye molecules to the dual 
adsorbent active sites [47]. 

3.3.6. Effect of temperature 

Textile effluents are released at relatively high tem-
perature (323–333 K); so temperature will be an important 
parameter affecting the color removal efficiency in the real 
application of adsorption by LB-WB dual adsorbent. The 
effect of temperature on color removal was analyzed by 
varying the temperature from 303 to 333 K and the results 
are shown in Fig. 3. From this figure it shows that the decol-
orization of CR increased from 90.56 to 98.24% with increas-
ing temperature. However, maximum color removal was 
obtained at a temperature of 333 K. This phenomenon may 
be due to an increase in the mobility of CR dye molecules 
across the boundary layer with increasing temperature. An 
increasing number of dye molecules may also acquire suf-
ficient energy to undergo an interaction with active sites at 
the dual adsorbent surface [48]. The enhancement of per-
centage color removal might be due to chemical interaction 

between adsorbate and adsorbent, creation of some new 
adsorption active sites or the increased rate of intraparticle 
diffusion of CR dye molecules into the pores of the adsor-
bent (wheat bran) at higher temperatures [49,31]. Further-
more, increasing temperature may produce a swelling effect 
within the internal structure of the wheat bran enabling 
more dye molecules to penetrate further [48].

3.4. Interruption of other parameters on CR dye decolorization

3.4.1. Effect of electrolytes

Dyeing processes consume large amounts of dis-
solved inorganic salts. The presence of salt concentration 
in the industrial effluent (ionic strength of the solution) 
is one of the important factors which influence the decol-
orization efficiency [50]. Therefore, sodium chloride 
(NaCl), sodium bicarbonate (NaHCO3), sodium nitrate 
(NaNO3), calcium chloride (CaCl2), and magnesium chlo-
ride (MgCl2) were chosen as model inorganic salts [51]. 
The concentrations of the electrolytes were varied from 0 
to 1.5% (w/v) and the results were plotted in Fig. 4. The 
results suggested that the percentage colour removal for 
various electrolytes gradually increased with increase in 
their concentration. Theoretically, when the electrostatic 
forces between the adsorbent surface and electrolytes 
were attractive, there will be a decrease in the percentage 
decolorization of CR dye. Conversely, when the electro-
static attraction is repulsive, an increase in ionic strength 
will increase the percentage color removal of CR dye. The 
increase in color removal at high concentration of electro-
lyte was caused by increase in dimerization of dye mole-
cules in solution [52]. A number of intermolecular forces 
such as van der Waals forces; ion-dipole forces; and 
dipole-dipole forces have been suggested to explain this 

Fig. 3. Effect of temperature on CR color removal by LB-WB dual 
adsorbent. 
(Initial pH: 6; initial dye concentration: 300 mg L–1; wheat bran 
dosage: 12.5 g L–1; live biomass dosage: 2% (w/v); wheat bran par-
ticle size: <100 µm; agitation speed: 150 rpm; contact time 10 h).

Fig. 4. Effect of electrolytes on CR color removal by LB-WB dual 
adsorbent. 
(Initial pH: 6; initial dye concentration: 300 mg L–1; wheat bran 
dosage: 12.5 g L–1; live biomass dosage: 2% (w/v); wheat bran 
particle size: <100 µm; agitation speed: 150 rpm; temperature: 
303 K; contact time 10 h).
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aggregation. These forces which occur between dye mol-
ecules and it may be increased upon the addition of salt 
to the dye solutions [53]. Generally salt ions, forces the 
dye molecules to aggregate and enhancing the extent of 
percentage color removal. Hence the studied adsorption 
processes holds good even with the presence of consid-
erable quantity of the electrolytes. A similar observation 
has been reported elsewhere [16,52]. 

3.4.2. Effect of surfactants

Surfactants are generally used in textile dyeing pro-
cess and thus may be present in industrial effluent. The 
effect of various surfactants such as CTAB (cationic sur-
factant), sodium dodecylbenzene sulfonate (SDS, anionic 
surfactant), Polysorbate-80 (Tween-80, non-ionic sur-
factant), and polyoxyethyleneglycol t-octylphenyl ether 
(Triton X-100, non-ionic surfactant) were carried on the 
decolorization process at optimized conditions. The effect 
of surfactant on color removal was studied by varying the 
surfactant concentration from 0 to 1.5% (w/v) for CTAB, 
SDS and from 0 to 2% (v/v) for non-ionic surfactants. The 
experiments were carried out for 10 h and the results were 
shown in Figs. 5 and 6. It was revealed from Fig. 5 that 
non-ionic surfactants slightly increased the decoloriza-
tion of CR from 90.56 to 96.22% for Tween-80 and from 
90.56 to 94.79% for Triton X-100 respectively. This may 
be due to electrostatic forces between the dual adsorbent 
surface and surfactants were repulsive [52]. The ionic sur-
factants CTAB and SDS reduce the decolorization of CR 
to 38.62% and 19.88% respectively (Fig. 6). This phenom-
enon may be explained by the existence of barrier energy 
between the ionic surfactants and dye molecules or dual 
adsorbent. A similar observation has been reported else-
where [16].

3.4.3. Effect of mixture of dyes

The optimal values of various experimental factors 
which is obtained from batch studies and CCD were used to 
remove COD from mixture of dyes such as Congo red (CR), 
Coomassie violet (CV), Remazol brilliant blue R (RBBR), 
and Acid green 25 (AG 25). The effect of mixture of dyes on 
COD removal was studied by contacting 100 mL mixture of 
above dyes of various concentration from 50 to 400 mg L–1 at 
room temperature (303 K). The other experimental factors 
were kept constant. The COD removal of mixture of dyes 
decreased from 87.13 to 60.18% with increase in initial con-
centration of mixture of dyes as shown in Fig. 7. As the ini-
tial dye concentration was increased, the available binding 
sites on the surface dual adsorbent were saturated, leading 
to the decrease of percentage COD removal. The intensity of 
the peaks of mixture of dye solution was measured before 
and after decolorization. The intensity of peaks declined 
considerably after treatment using LB-WB dual adsorbent 
(Fig. 8). Therefore, live fungal biomass-wheat bran dual 
adsorbent was effectively used to decrease the pollutant 
level from mixture of dyes in aqueous solution. 

3.5. Analysis of factorial experimental design and optimization 
of process parameters (Analysis of variance) 

The important factors depends on decolorization were 
initial pH, initial dye concentration, wheat bran dosage, 
live biomass dosage, wheat bran particle size, and agitation 
speed. Various groups of independent variables were used 
to study the mutual effect of different parameters using sta-
tistically designed experiments. The experimental ranges 
and levels of various independent variables in CR color 
removal are given in Table 1. The comparison of predicted 
response values with experimental results is reported in 
Table 2. The results were analyzed by ANOVA and are 

Fig. 5. Effect of non-ionic surfactants on CR color removal by 
LB-WB dual adsorbent. 
(Initial pH: 6; initial dye concentration: 300 mg L–1; wheat bran 
dosage: 12.5 g L–1; live biomass dosage: 2% (w/v); wheat bran 
particle size: <100 µm; agitation speed: 150 rpm; temperature: 
303 K; contact time 10 h).

Fig. 6. Effect of ionic surfactants on CR color removal by LB-WB 
dual adsorbent. 
(Initial pH: 6; initial dye concentration: 300 mg L–1; wheat bran 
dosage: 12.5 g L–1; live biomass dosage: 2% (w/v); wheat bran 
particle size: <100 µm; agitation speed: 150 rpm; temperature: 
303 K; contact time 10 h).
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given in Table 3. The coefficients for the linear effect of ini-
tial pH, initial dye concentration (X2), wheat bran dosage, 
live biomass dosage, and agitation speed were the primary 
significant factors (P = 0.000). Wheat bran particle size was 
the second important factor (P = 0.017). The coefficients for 
the linear effect of all the factors were highly significant on 
the effect of decolorization of CR by LB-WB dual adsorbent. 
The coefficients of the quadratic effect of all the variables 
(X1, X2, X3, X4, X5, X6) are not significant. The coefficient of 
the interaction effect between initial pH (X1) and initial dye 

concentration (X2) was the first important factor (P = 0.000). 
The coefficients of the interaction effect between X2X4 and 
X4X5 were the second and third important factors respec-
tively (P = 0.009, P = 0.017). However, the coefficients of the 
other interactive effects among the variables did not appear 
to be very significant. The linear effect of X3, X4, X6 and qua-
dratic effect X1, X4 have positive effects on response. Sim-
ilarly, the interaction effect between X1X3, X2X4, X3X4, X3X5, 
X4X5, X4X6 have positive effects and others have negative 
effects on response. The larger value of Fstatistics indicates that 
most of the variation in the response can be explained by the 
regression model equation [40]. According to the results, an 
empirical relation between independent variables and the 
response was gained and stated in the following second-or-
der polynomial Eq. (7):

% CR removal = 88.7806 – 1.5126 X1 − 4.4222 X2 + 1.0046 X3 

+ 1.5811 X4 – 0.6175 X5 + 1.2256 X6 + 0.0522 X1
2 – 0.3897 X2

2
 

− 0.1104 X3
2
 + 0.0407 X4

2
 – 0.1794 X5

2 – 0.1970 X6
2 –1.1447 X1 X2 

+ 0.1653 X1 X3 − 0.0347 X1X4 – 0.2172 X1X5 – 0.3228 X1X6  
– 0.3591 X2X3 + 0.7909 X2X4 − 0.4841 X2X5 – 0.3759 X2X6  
+ 0.2172 X3X4 + 0.3972 X3X5 – 0.2434 X3X6 + 0.7222 X4X5  
+ 0.0166 X4X6 – 0.1084 X5X6   (7)

The regression coefficient, R2 quantitatively evaluates the 
correlation between the experimental data and the pre-
dicted responses. The coefficient of variation shows the 
unexplained changes in the data, based on a percent of 
the response variable mean. The predicted response val-
ues match the experimental data’s reasonably well with 
R2 of 0.9537, which indicates that 95.37% of the variations 
in response could be described by this model and this also 
means that the model does not explain only about 4.63% of 
the variation. Adjusted R2 (0.9037) is a tool to measure the 
goodness of fit, but it is more suitable for comparing models 
with various operating parameters. It corrects the R2 value 
for the number of terms in the model and the sample size 
by using the degrees of freedom in its computations. Pre-
dicted R2 (0.7055) can prevent overfitting the model and can 
be calculated from predicted residual error sum of squares 
(PRESS) statistics. Larger values of predicted R2 suggest 
models of greater predictive ability. This may indicate that 

Fig. 8. Profile of synthetic dye effluent mixture before and after 
COD removal. 
(Initial pH: 6; initial dye mixture concentration: 100 mg L–1; 
wheat bran dosage: 12.5 g L–1; live biomass dosage: 2% (w/v); 
wheat bran particle size: <100 µm; agitation speed: 150 rpm; 
temperature: 303 K; contact time 10 h).

Table 1 
Experimental range and levels of independent variables for CR 
color removal by live biomass with wheat bran dual adsorbent 

Independent variables Range and level

–2 –1 0 1 2

Initial pH (X1) 5.6 5.8 6.0 6.2 6.4
Initial dye concentration, 
mg L–1 (X2)

200 250 300 350 400

Wheat bran dosage, g (X3) 0.75 1.0 1.25 1.5 1.75
Live biomass dosage, %  
w/v (X4)

1 1.5 2 2.5 3

Wheat bran particle size, 
µm (X5)

100 125 150 175 200

Agitation speed, rpm (X6) 90 120 150 180 210

Fig. 7. Effect of initial dye concentration on mixture of dyes by 
LB-WB dual adsorbent.
(Initial pH: 6; wheat bran dosage: 12.5 g L–1; live biomass dosage: 
2% (w/v); wheat bran particle size: <100 µm; agitation speed: 
150 rpm; temperature: 303 K; contact time 10 h).
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Table 2 
Six factor half factorial central composite design matrix for CR color removal by LB-WB dual adsorbent 

Run no. X1 X2 (mg L–1) X3 (g) X4 (% w/v) X5 (µm) X6 (rpm) Decolorization efficiency (%) 
Experiment Predicted

1 1 1 1 –1 1 –1 77.98 77.37
2 0 0 0 0 0 0 88.79 88.78
3 1 1 1 –1 –1 1 81.62 81.19
4 1 1 1 1 1 1 84.55 84.28
5 0 0 0 0 0 0 88.78 88.78
6 –1 –1 1 –1 1 –1 90.72 91.15
7 0 0 0 0 0 0 88.94 88.78
8 –1 –1 –1 –1 –1 –1 89.26 89.76
9 0 0 0 0 0 0 88.60 88.78
10 0 0 –2 0 0 0 85.48 85.77
11 1 1 –1 –1 1 1 75.46 76.19
12 0 0 0 0 –2 0 90.24 89.23
13 0 0 0 0 0 0 88.79 88.78
14 –1 –1 –1 –1 1 1 91.45 91.99
15 –1 1 –1 1 1 1 89.38 88.71
16 1 –1 1 –1 –1 –1 91.26 92.16
17 –1 1 1 1 1 –1 89.62 88.73
18 –1 –1 1 1 –1 –1 92.53 92.02
19 0 0 0 0 0 0 89.14 88.78
20 0 0 0 2 0 0 93.78 92.77
21 –1 1 –1 –1 –1 1 86.85 87.07
22 0 0 0 0 0 –2 82.78 84.75
23 0 0 0 –2 0 0 84.87 85.25
24 1 1 –1 1 1 –1 80.51 80.55
25 1 –1 –1 1 –1 –1 90.44 89.44
26 0 0 0 0 0 0 88.62 88.78
27 –1 –1 1 –1 –1 1 94.78 94.96
28 0 0 2 0 0 0 91.46 90.55
29 0 –2 0 0 0 0 97.45 97.09
30 1 –1 –1 1 1 1 92.13 92.47
31 0 0 0 0 0 0 88.58 88.78
32 –1 –1 –1 1 –1 1 93.25 94.08
33 –2 0 0 0 0 0 95.82 92.67
34 1 1 1 1 –1 –1 84.39 84.07
35 –1 1 –1 1 –1 –1 85.94 86.96
36 1 –1 1 1 1 –1 94.38 94.38
37 –1 1 –1 –1 1 –1 79.81 80.27
38 1 –1 1 1 –1 1 95.18 94.94
39 1 –1 1 –1 1 1 93.64 92.84
40 1 –1 –1 –1 –1 1 91.96 93.07
41 –1 –1 1 1 1 1 96.12 97.82
42 0 0 0 0 0 2 93.18 90.58
43 –1 1 1 –1 –1 –1 84.39 84.28
44 –1 1 1 1 –1 1 87.20 90.16
45 0 2 0 0 0 0 76.33 76.06
46 0 0 0 0 2 0 85.92 86.30
47 1 1 –1 –1 –1 –1 81.04 79.56
48 –1 1 1 –1 1 1 82.46 83.68
49 0 0 0 0 0 0 88.57 88.78
50 1 1 –1 1 –1 1 84.32 84.12
51 2 0 0 0 0 0 82.96 85.48
52 –1 –1 –1 1 1 –1 89.88 90.53
53 1 –1 –1 –1 1 –1 89.85 87.12
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over fitted model will not predict any new observations 
nearly as well as it fits the existing data. The term PRESS 
statistics is used to predict the responses of a new exper-
iment and the smaller value of PRESS is more ideal [41]. 
The suitability of the model was evaluated by the residuals 
which is the difference between actual and the predicted 
response values. The lower value of RMSE (1.21) and AAD 
(1.17) yield best fit model equation. The ANOVA table 
shows the residual error, which measures the elements of 
variation in the response that cannot be explained by the 
model, and their occurrence in a normal distribution.

Fig. 9a shows that the observed residuals are plotted 
against the expected values, given by normal distribution. 

It is a useful way to examine the hypothesis of normality 
of the observations. If the distribution of residuals is nor-
mal, the resulting diagram will be a straight line. It can be 
observed that the residuals from the analysis do not have 
any effect on the result and are the best residuals. If the cor-
rect model and hypotheses are fulfilled, the residuals must 
have a special relation to the other variables like the pre-
dicted response. Fig. 9b depicts the plot of residuals based 
on the predicted amounts of percentage decolorization. The 
residuals in this plot appear to be randomly scattered above 
and below the zero line. The greater spread of residuals in 
this plot signifies the increase in the fitted values. Fig. 9c 
shows the histogram of the residuals. A long tail in the plot 

Table 3
ANOVA for percentage CR color removal using live biomass with wheat bran dual adsorbent from the data of CCD experiments 

Term Coefficient SE of 
coefficient

Tstatistics DF Seq SS Adj SS Adj MS Fstatistics Probability

Constant 88.7806 0.5292 167.778
Regression 27 1302.32 1302.32 48.234 19.08 0.000
X1 –1.5126 0.2416 –6.261 1 99.10 99.10 99.100 39.20 0.000
X2 (mg L–1) –4.4222 0.2416 –18.304 1 847.04 847.04 847.039 335.03 0.000
X3 (g) 1.0046 0.2416 4.158 1 43.71 43.71 43.713 17.29 0.000
X4 (% w/v) 1.5811 0.2416 6.544 1 108.27 108.27 108.274 42.83 0.000
X5 (µm) –0.6175 0.2416 –2.556 1 16.51 16.51 16.514 6.53 0.017
X6 (rpm) 1.2256 0.2416 5.073 1 65.06 65.06 65.062 25.73 0.000
X1 * X1 0.0522 0.2064 0.253 1 0.59 0.16 0.162 0.06 0.802
X2 (mg L–1) *X2 (mg L–1) –0.3897 0.2064 –1.889 1 7.97 9.02 9.018 3.57 0.071
X3 (g) * X3 (g) –0.1104 0.2064 –0.535 1 0.48 0.72 0.724 0.29 0.597
X4 (% w/v) * X4 (% w/v) 0.0407 0.2064 0.197 1 0.26 0.10 0.098 0.04 0.845
X5 (µm) * X5 (µm) –0.1794 0.2064 –0.869 1 1.63 1.91 1.910 0.76 0.393
X6 (rpm) * X6 (rpm) –0.1970 0.2064 –0.955 1 2.31 2.31 2.305 0.91 0.349
X1 * X2 (mg L–1) –1.1447 0.2811 –4.072 1 41.93 41.93 41.930 16.58 0.000
X1 * X3 (g) 0.1653 0.2811 0.588 1 0.87 0.87 0.875 0.35 0.562
X1 * X4 (% w/v) –0.0347 0.2811 –0.123 1 0.04 0.04 0.039 0.02 0.903
X1 * X5 (µm) –0.2172 0.2811 –0.773 1 1.51 1.51 1.509 0.60 0.447
X1 * X6 (rpm) –0.3228 0.2811 –1.148 1 3.33 3.33 3.335 1.32 0.262
X2 (mg L–1) * X3 (g) –0.3591 0.2811 –1.277 1 4.13 4.13 4.126 1.63 0.213
X2 (mg L–1) * X4 (% w/v) 0.7909 0.2811 2.814 1 20.02 20.02 20.019 7.92 0.009
X2 (mg L–1) * X5 (µm) –0.4841 0.2811 –1.722 1 7.50 7.50 7.498 2.97 0.097
X2 (mg L–1) * X6 (rpm) –0.3759 0.2811 –1.337 1 4.52 4.52 4.523 1.79 0.193
X3 (g) * X4 (% w/v) 0.2172 0.2811 0.773 1 1.51 1.51 1.509 0.60 0.447
X3 (g) * X5 (µm) 0.3972 0.2811 1.413 1 5.05 5.05 5.048 2.00 0.170
X3 (g) * X6 (rpm) –0.2434 0.2811 –0.866 1 1.90 1.90 1.896 0.75 0.395
X4 (% w/v) * X5 (µm) 0.7222 0.2811 2.569 1 16.69 16.69 16.690 6.60 0.017
X4 (% w/v) * X6 (rpm) 0.0166 0.2811 0.059 1 0.01 0.01 0.009 0.00 0.953
X5 (µm) * X6 (rpm) –0.1084 0.2811 –0.386 1 0.38 0.38 0.376 0.15 0.703
Residual error 25 63.21 63.21 2.528
Lack-of-fit 17 62.91 62.91 3.701 101.19 0.000
Pure error 8 0.29 0.29 0.037
Total 52 1365.53

Regression coefficient R2 = 0.9537, R2 (Pred) = 0.7055, R2 (adj) = 0.9037, S = 1.59006, PRESS = 402.082. Where SE, standard error of  
coefficient; DF, degree of freedom; Seq SS, sequential sum of squares; Adj SS, adjusted sum of squares; Adj MS, adjusted mean squares; 
PRESS,  prediction residual error sum of squares; S, value of S chart.
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indicates the skewed distribution. The one or two bars that 
are far from the others may be outliers. The non-uniform 
bars in the plot represent the more fitted values. The chrono-
logical drawing data could be useful in the identification of 
residuals coordination. Fig. 9d illustrates the residuals in 
the order of corresponding observations. It was observed 
that the residuals in the plot fluctuate in a random pattern 
(chronological order) around the zero line in the order of 
observation, and this was used to determine the non-ran-
dom error [41,54].

3.5.1 Contour and response surface plots

An elliptical shaped contour plot indicates the mutual 
interactions between the variables for percentage color 
removal of CR as shown in Figs. 10a–10d. The coordinates 
of the central point in each of these plot indicate the opti-
mal value of the respective constituents. The central point 
is the point at which the slope of the contour is zero in all 
directions. The maximum predicted percentage decolor-
ization is shown by the minimum curvature of the contour 
plot. Fig. 10a shows that the contour plot of percentage 
color removal CR as a function of initial dye concentration 
and initial pH. It occurs when the dye concentration ranges 
between 200 and 215 mg L–1, pH in the range of 5.75–6.4, and 
the effect is insignificant. Fig. 10b shows that the maximum 
predicted response occurs when the initial dye concentra-
tion ranges between 200 and 215 mg L–1 and the wheat bran 
dosage ranges from 1.25 to 1.75 g. Fig. 10c shows that the 

maximum predicted yield occurs when the wheat bran dos-
age ranges between 1.625 and 1.75 g, and the live biomass 
dosage in the range of 2.875–3 % (w/v). Fig. 10d shows that 
the maximum predicted percentage decolorization occurs 
when the agitation speed ranges between 195 and 210 rpm 
and the wheat bran particle size ranges from 100 to 125 µm, 
and the effect is not very significant.

The three-dimensional response surface plot was used to 
understand the main and interaction effects among the vari-
ables and to determine the maximum (optimum) response 
level of each variable. Response surface plots are developed 
as a function of two factors while maintaining all other fac-
tors at fixed levels. The optimum situations of the relative 
variables will resemble with the coordinates of the central 
point in the upmost level in each of these figures [41,55]. 
The response surface curves for percentage removal of CR 
are shown in Figs. 11a–11d. Fig. 11a shows the surface plot 
of the response variable as a function of initial pH and initial 
dye concentration. It clearly shows that the decolorization 
efficiency increased with the decrease in the pH and initial 
dye concentration. The value of pH in the range of 5.75–6.4 
does not have significant effect, while a dye concentration 
ranges between 200 and 400 mg L–1 has a significant effect 
on the decolorization of CR using LB-WB dual adsorbent. 
Fig. 11b shows that the increase in dye concentration, the 
less the decolorization efficiency, and more the wheat bran 
dosage, the better the removal efficiency. The response sur-
face plot of wheat bran dosage ranges between 1.25 and 1.75 
g does not have significant effect, while a dye concentra-

Fig. 9. Residual plots for CR color removal by LB-WB dual adsorbent. (a) Normal probability plot of residuals, (b) Residuals versus 
fitted values, (c) Frequency of observation versus residuals (d)  Residuals versus the order of the data.
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tion in the range of 200–400 mg L–1 shows a significant effect 
on color removal. Fig. 11c shows that the percentage color 
removal of CR increased with increase in live biomass dos-
age and decrease in wheat bran particle size. The response 
plot of live biomass dosage ranges between 1 and 3% (w/v) 
versus the wheat bran particle size in the range of 100–200 
µm shows a significant effect on color removal. Similarly, 
Fig. 11d shows that with an increase in the agitation speed 
and decrease in wheat bran particle size, the decolorization 
efficiency improves. The response surface plot of wheat 
bran particle size in the range of 100–200 µm versus the agi-
tation speed in the ranges between 90 and 210 rpm shows a 
significant effect on color removal of CR from aqueous solu-
tion. The optimal response values obtained from these plots 
are in close agreement with those values obtained from the 
experiment and regression model equation.

3.5.2 Process model validation 

Three solutions with different values of ideal condi-
tions were used to predict the optimum conditions for 

CR dye decolorization by LB-WB dual adsorbent which 
is shown in Table 4. Experiments were done under fixed 
conditions and the results were compared to the pre-
dicted responses. The maximum color removal percentage 
(97.45%) was obtained in the experiment number 1, com-
pared to the other two experiments. The optimal values of 
the process independent variables for maximal percentage 
of CR color removal are given in Table 5. The compari-
son between actual and predicted responses shows a good 
relation between them, and it suggests that the empirical 
model resulted from the design could as well be used for 
describing the relation between factors and the response in 
CR dye decolorization.

3.6. Comparison of decolorization efficiency between individual 
adsorbents and LB-WB dual adsorbent 

The batch experiments for the removal of CR color were 
carried out with individual adsorbents and dual adsorbent 
in separate batches for comparison purpose. The initial CR 
dye concentration was fixed as 300 mg L–1 and was treated 

 

 

Fig. 10. Contour plots for interactive effect of (a) initial dye concentration and pH (b) initial dye concentration and wheat bran dosage 
(c) wheat bran dosage and live biomass dosage (d) agitation speed and wheat bran particle size.
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with 32.5 g L–1 of wheat bran and Neurospora crassa live bio-
mass in separate batches. The percentage color removal was 
calculated for regular time intervals and compared with the 
decolorization efficiency of the dual adsorbent (12.5 g L–1 of 

wheat bran and 20 g L–1 of Neurospora crassa live biomass). 
The results were shown in Fig. 12 and was observed that the 
dual adsorbent had better decolorization efficiency when 
compared to the individual adsorbents. 

 

 

Fig. 11. Surface plots for interactive effect of (a) initial pH and dye concentration (b) wheat bran dosage and initial dye concentration 
(c) live biomass dosage and wheat bran particle size (d) agitation speed and wheat bran particle size.

Table 4
Validation of process model

Expt. Process conditions CR color removal (%)

X1 X2 (mg L–1) X3 (g) X4 (% w/v) X5 (µm) X6 (rpm) Actual value Predicted value

1 6 200 1.25 2 150 150 97.45 98.24
2 5.8 250 1.5 2.5 125 120 92.56 94.62
3 6 300 1.25 2 150 150 88.57 90.36

Table 5
Optimal values of the process independent variables for maximum percentage color removal of Congo red dye 

Process parameters Optimum value CR color removal (%)

Initial pH (X1) 6 97.45
Initial dye concentration, mg L–1 (X2) 200
Wheat bran dosage, g (X3) 1.25
Live biomass dosage, % w/v (X4) 2
Wheat bran particle size, µm (X5) 150
Agitation speed, rpm (X6) 150
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4. Conclusion

The present study clearly demonstrated the applica-
bility of a dual adsorbent consisting of live fungal biomass 
of Neurospora crassa and wheat bran for the removal of CR 
color from an aqueous solution. In addition, the fungus 
used was nonpathogenic. The adsorption was found to be 
strongly dependent on initial pH, initial dye concentration, 
wheat bran dosage, live biomass dosage, wheat bran particle 
size, and agitation speed. Under optimal values of process 
parameters, effective adsorption (decolorization) of CR was 
determined. This study clearly showed that response surface 
methodology was one of the suitable methods to optimize 
the best operating conditions to maximize the color removal. 
The predicted response values fitted well with the actual val-
ues (R2 = 0.9537, RMSE = 1.21, and AAD = 1.17). Analysis of 
variance confirms the accuracy of the model by using larger 
value of F, lower value of P, non-significant lack of fit, and 
the maximum value of regression coefficient. A removal per-
centage of 97.45% was attained, which was good compared 
to the predicted value 98.24% using regression model equa-
tion. This shows that the quadratic model properly explains 
the influence of the chosen variables on CR color removal by 
the dual adsorbent system. The effect of other factors such 
as electrolytes, surfactants, temperature, and mixture of dyes 
were also studied. Comparison of decolorization efficiency 
between individual adsorbents and dual adsorbent resulted 
in the findings that the dual adsorbent had better decoloriza-
tion efficiency. It was concluded from the results the LB-WB 
dual adsorbent as a promising adsorbent for effective decol-
orization of anionic dyes from industrial effluents.

Symbols and abbreviations

AAD — Absolute average deviation
Adj MS  — Adjusted mean squares

Adj SS  — Adjusted sum of squares
AG  — Acid green
ANOVA  — Analysis of variance
BET  — Brunauer–Emmett–Teller
CCD  — Central composite design
COD  — Chemical oxygen demand (mg L–1)
CR  — Congo red dye
CTAB  — Cetyltrimethylammonium bromide
Co  —  Initial dye concentration in solution (mg L–1)
Ct  —  Dye concentration in solution at any time t 

(mg L–1)
CV  — Coomassie violet 
DF  — Degree of freedom
F  — Fisher’s ‘F’-test
f  — Number of variables
MTCC  — Microbial type culture collection
N  — Numbers of experimental runs
No  — Center points
P  — Probability value
PRESS  — Predicted residual error sum of squares 
R2  — Linear regression correlation coefficient
RBBR  — Remazol brilliant blue R 
RMSE  — Root mean square error 
RSM  — Response surface methodology
S  — Value of S chart
SD  — Standard deviation
SDS  — Sodium dodecylbenzenesulfonate
SE  — Standard error
Seq SS — Sequential sum of squares
Tstatistics — Student ‘T’-test
xi —  Dimensionless value of a process variable Xi
Xi  — Real value of an independent variable
Xo  — Value of Xi at the center point
X1  — Initial pH of the dye solution
X2  — Initial dye concentration (mg L–1)
X3  — Wheat bran dosage (g)
X4  — Live biomass dosage (g)
X5  — Wheat bran particle size (µm)
X6  — Agitation speed (rpm)
Y  —  Predicted response variable of percentage 

decolorization
ya  —  Actual response variable of percentage 

 decolorization
2f  — Number of factorial points
2f  — Axial points 

Greek letters

β0  — Offset term
βi  — Regression coefficients for linear effect
βii  :  Regression coefficients for quadratic effect
βij  —  Regression coefficients for interaction effect
dX  — Step change
λmax  — Maximum wavelength of CR dye (nm)
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Supplementary materials

Optimization of batch process parameters for Congo 
red color removal by Neurospora crassa live fungal biomass 
with wheat bran dual adsorbent using response surface 
methodology

1. Introduction

The optimization of all those variables using the univar-
iate procedure is very tedious, because by varying just one 
factor by the time; other parameter were kept at a constant 
level. This procedure does not study the interactive effects 
among the variables, so the best condition could not be 
attained. The approach has more number of experiments, 
which is not economical and is also time-consuming. In 
order to overcome the disadvantages in the univariate pro-
cedure, multivariate statistical design of experiments can 
be carried out to achieve the best optimization of the sys-
tem. Response surface methodology utilizes the polynomial 
equation to describe the behavior of experimental data. The 
objective of the response surface method is to optimize the 
levels of variables [1].

2. Materials and methods

2.1 Factorial experimental design 

Factorial experimental design is used to study the 
effects of several factors on optimization of a particular 
process. It also determines factors which have important 
effects on a response as well as how the effect of each fac-
tor varies with the level of the other factors. The linear, 
quadratic, and interactions effects of process factors on 
the response were studied with the help of the empirical 
model developed using RSM [2]. Response surface meth-
ods are used to [3]

a) find factor settings (operating conditions) that pro-
duce the best response;

b) find factor settings that satisfy operating or process 
specifications;

c) examine the relationship between response variable 
and a set of quantitative experimental factors.

Fig.S3. Effect of wheat bran dosage on CR color removal by  
LB-WB dual adsorbent.
(Initial pH: 6; Initial dye concentration: 300 mg L–1; live biomass 
dosage: 1.5% (w/v); wheat bran particle size: <100 µm; agitation 
speed: 150 rpm; temperature: 303 K; contact time 10 h).

Fig. S1. Selection of suitable agricultural by-product for the re-
moval of CR dye.
(Initial pH: 6; Initial dye concentration: 100 mg L–1; adsorbent 
dosage: 5 g L–1; adsorbent particle size: <100 µm; agitation 
speed: 150 rpm; temperature: 303 K; contact time 12 h).

Fig. S2. Synthetic CR dye effluent decolorization profile obtained 
in batch studies at 10 h using LB-WB dual adsorbent compared 
with untreated effluent profile.
(Initial pH: 6; Initial dye concentration: 200 mg L–1; wheat bran 
dosage: 10 g L–1; live biomass dosage: 1.5% (w/v); wheat bran 
particle size: <100 µm; agitation speed: 150 rpm; temperature: 
303 K; contact time 10 h)
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Fig. S4. Effect of live biomass dosage on CR color removal by 
LB-WB dual adsorbent .
(Initial pH: 6; initial dye concentration: 300 mg L–1; wheat bran 
dosage: 12.5 g L–1; wheat bran particle size: <100 µm; agitation 
speed: 150 rpm; temperature: 303 K; contact time 10 h).

Fig. S5. Effect of wheat bran particle size on CR color removal by 
LB-WB dual adsorbent. 
(Initial pH: 6; initial dye concentration: 300 mg L–1; wheat bran 
dosage: 12.5 g L–1; live biomass dosage: 2% (w/v); agitation 
speed: 150 rpm; temperature: 303 K; contact time 10 h).

Fig. S6. Effect of agitation speed on CR color removal by LB-WB 
dual adsorbent. 
(Initial pH: 6; initial dye concentration: 300 mg L–1; wheat bran 
dosage: 12.5 g L–1; live biomass dosage: 2% (w/v); wheat bran 
particle size: <100 µm; temperature: 303 K; contact time 10 h).


