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The strain Penicillium oxalicum RF3 isolated from textile dye effluent was
evaluated for its ability to decolorize the acid dye Nitonol Green BLS. Percentage
decolorization of the dye by fungi was taken as the response to screen and optimize
the media constituents using statistically valid Plackett-Burman and response
surface methodology (RSM) design of experiments, respectively. The significance
of the factors was analyzed in the form of ANOVA, in which individual factors did
not show any significant effects. Therefore, interaction effects among factors were
analyzed, which indicated that glucose - potassium dihydrogen phosphate and
sodium sulphite - potassium dihyrogen phosphate showed significant effect on dye
decolorization. Response surface methodology used in optimizing the important
media constituents for enhancing the decolorization of Nitonol Green BLS,
revealed optimum combinations of all factors which gave maximum percent dye
decolorization of 71% with incubation duration=119.99 hours, Sucrose=0.97%,
Glucose=1%, Na2SO3=0.5%, MgSO4=0.96%, KH2PO4=0.52%, NH4Cl=1% and pH
7, temperature 25°C, dye concentration 0.01%, inoculum size=10%. The Pareto
chart plotted for all seven factors indicated that incubation duration, MgSO4 and
NH4Cl positively influenced the dye decolorization process. The degradation of
Nitonol Green BLS into different metabolites by the isolate was confirmed using
Fourier transform infrared spectroscopy. These results suggest that the isolated
fungi are suitable for the biological treatment of dye-containing wastewater.
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INTRODUCTION
Synthetic dyes are extensively used in the textile industry. Due
to inefficiencies of the industrial dyeing process, 10-15% of
the dyes are lost in the effluents of textile units, rendering
them highly colored (Vaidya et.al, 1982; Boer et.al, 2004). It
is estimated that 280,000 tons of textile dyes are discharged in
such industrial effluents every year worldwide (Mass and
Chaudhari, 2005). Direct discharge of these effluents causes
formation of toxic aromatic amines under anaerobic conditions
in the receiving media. In addition to their visual effect and
their adverse impact in terms of chemical oxygen demand,
many synthetic dyes are toxic, mutagenic and carcinogenic
(Chung and Stevens, 1993). The efficient removal of dyes
from textile industry effluents is still a major environmental
challenge (Baldrian and Gabriel, 2003). The frequently high
volumetric rate of industrial effluent discharge in combination
with increasingly stringent legislation makes the search for
appropriate treatment technologies an important priority (Neil
et.al., 1999).
There are many effective wastewater treatments; however
these technologies are highly expensive. Biological treatments
that have been conventionally applied present certain
drawbacks. Some textile dyes are relatively resistant to
microbial degradation (Yesilada et.al, 2002). Therefore, in
recent years there have been intensive researches on fungal
decolorization of textile wastewater. The use of fungi is a

promising alternative to replace or supplement current
treatments (Conneely et.al, 1999; Dos Santos et.al, 2004; Fu
and Viraraghavan, 2001).

Response surface methodology (RSM) is an efficient
experimental strategy to determine optimal conditions for a
multivariable system rather than optimization by the
conventional method. Optimization of conditions for
maximum removal of Nitonol Green BLS by statistical
approach has been planned to determine the exact conditions
for removal by Penicillium oxalicum which would be useful
for industrial applications. RSM approach is used to generate
the best conditions for a system comprising of many variables,
to calculate the combined effect of selected variables (Liu and
Tzeng, 1998; Myers and Montgomery, 1995). Hence, the
present study was aimed to examine the most influential
variables for maximum decolorization of the acid dye through
Plackett-Burman experimental design using Penicillium
oxalicum RF3. The degradation process was assessed by FT-
IR spectroscopy.

MATERIALS AND METHODS
Chemicals

The chemicals used for the experiments were of highest
available purity and were obtained from Hi-Media
Laboratories (Mumbai, India). The textile dye, Nitonol Green
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BLS was provided by Karnataka Silk Industries Corporation
(Mysore, India). All other reagents were of analytical grade.

Isolation and Screening of Dye Decolorizing Fungi

Acid dye decolorizing fungi were isolated from raw effluent
collected from KSIC, textile industry in Mysore.  One ml of
the effluent was transferred into 9 ml of distilled water in
sterile test tubes. Serial dilution was done up to10-7 by
thorough mixing. 0.1 ml of sample from each dilution was
spread on potato dextrose agar plates containing
chloramphenical with the help of an L-rod. The petridishes
were incubated at room temperature for 5 days (Ponraj et.al,
2011). The predominant isolates were screened for
decolorizing activity of the dye. Inoculum (10-5 spores/ml) of
each isolate were added to 100 ml of Sabouraud dextrose
broth supplemented with 0.01% dye and incubated at 25°C for
5 days and effective decolorization was observed visually.
Those isolates showing decolorization of textile dye were
selected for further studies. Out of the 5 fungal isolates
screened, one was found to be a potential dye degrader.
Further, identification of the dye degrading fungi was carried
out at Chromous Biotech Pvt. Ltd, Bangalore, India using
16sRNA gene sequencing and construction of phylogenetic
tree.

Preservation and maintenance

Pure fungal isolate were obtained on the PDA plates; this
isolate was further sub-cultured on PDA slants and incubated
at room temperature. After sufficient growth was obtained, the
slants were stored in refrigerator and served as stock cultures.
Subcultures were routinely made every 30-60 days (Ponraj
et.al, 2011).

Spore suspension preparation
A mycelium disc of 1.2 cm diameter obtained from 5 days old
culture plates of fungus were transferred to 25 ml PD broth in

250 ml conical flask and incubated at 25°C for 5 days. At the
end of incubation period, 30 ml of sterile water was added to
each culture and the flasks were kept on a shaker for 1 hour.
Then the contents of each conical flask were filtered through
glass wool. The filtrate containing spore suspension was used
for decolorization experiments (Ponraj et.al, 2011).

Decolorization assay

Decolorization assay was carried out in triplicates, by taking
100 ml of SD broth with 0.01% dye, pH 7 and 10% inoculum,
in 250 ml conical flask and were subjected to the experimental
setup as shown in Table 2. To monitor the decolorization
process, the degraded samples were taken from the
experimental system and centrifuged at 6000 rpm for 20 min
to remove the cells. The absorbance of supernatant was
measured at maximum wavelength of the dye. The maximum
absorbance of  Nitonol Green BLS was estimated by using
UV-Visible Spectrophotometer 108 (Systronics) and the λmax

was found to be at 491 nm. The response % decolorization
was calculated using the following formula:

D = [A₀-A1/A₀] × 100
Where D decolorization; A₀ initial absorbance; A1 final
absorbance.

Molecular characterization of the fungal strain

The isolated fungal strain was identified using 16SrRNA
sequence. The extraction of genomic DNA from fungal isolate
was done using the fungal genomic DNA isolation kit
(RKT13). The forward and reverse primers were applied for
the amplification of the 16SrRNA gene. The ~500 bp ITS
region was amplified using high –fidelity PCR polymerase.
Polymerase chain reaction was performed as follows: Initial
denaturation: 94 for 5 min, denaturation: 94 for 30 sec,
annealing: 55 for 30 sec, extension: 72 for 1min, final
extension: 72 for 5 min, Mgcl2: 1.5mM final conc.-35 cycles.
Nucleotide sequencing for this sample was performed using
ABI 3500XL Genetic Analyzer at Chromous Biotech Pvt. Ltd,
Bangalore, India. The nucleotide sequences of the isolate
obtained were compared to the sequences available in the
public database using BLAST software
(www.ncbi.nlm.nih.gov). Neighbor-joining method (Saitou
and Nei, 1987) was employed to construct the phylogenetic
tree using MEGA4 software (Tamura et.al, 2007) and the
maximum likelihood method was adopted for calculating the
evolutionary distance.

Optimization of culture media for dye decolorization by
Response surface methodology

To approach a near optimal response region of the medium

composition, a fractional factorial Plackett-Burman design
was applied. A total of eight experimental runs including two
center-point replicates were used to screen the media
constituents for their effects on Nitonol Green BLS by

Figure 1: Structure of Nitonol Green BLS

Table 1: Experimental range and levels of
media constituents used in Plackett-Burman

design for screening

Parameters
Range and  levels
-1 +1

Incubation duration (hr) 72 120
Sucrose % 0.5 1.0
Glucose % 0.5 1.0
Na2SO3 % 0.5 1.0
MgSO4 % 0.5 1.0
KH2PO4 % 0.5 1.0
NH4Cl % 0.5 1.0

Table 2 Plackett-Burman design matrix for screening the media constituents
Run Incubation

duration (hrs)
Sucrose

(%)
Glucose

(%)
Na2SO3

(%)
MgSO4

(%)
KH2PO4

(%)
NH4Cl

(%)
Decolorization

(%)
1 120 1.0 0.5 1.0 1.0 0.5 0.5 53.84
2 120 0.5 1.0 1.0 0.5 0.5 1.0 53.84
3 120 1.0 0.5 0.5 0.5 1.0 1.0 46.15
4 72 0.5 0.5 0.5 1.0 1.0 1.0 41.66
5 120 0.5 1.0 1.0 1.0 1.0 0.5 46.15
6 72 1.0 1.0 1.0 1.0 0.5 1.0 50.0
7 72 1.0 1.0 1.0 0.5 1.0 0.5 25.0
8 72 0.5 0.5 0.5 0.5 0.5 0.5 41.66
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Penicillium oxalicum. The experimental range and levels of
media constituents used in Plackett-Burman design is shown
in Table 1. The Plackett-Burman design under RSM was
employed in order to get the combination of value that
optimizes the response within the region of 3D spaces. RSM
was carried out using the statistical software, SAS Version
9.2. Seven factors mentioned in Table 1 were included in this

model to optimize the media components for enhancing the
percentage of dye decolorization. All variables were prepared
at two levels and were coded as -1 for low level and +1 for the
high level.

Degradation Studies
The metabolites produced after decolorization of dye mixture
were extracted by using equal volume of ethyl acetate. The
extracted product metabolites were completely dried and then
dissolved in a small volume of HPLC grade methanol.  This
sample was then subjected to FT-IR analysis to confirm
degradation (Moosvi et.al, 2005; Jadhav et.al, 2010).

FTIR analysis was carried out using Perkin Elmer 783
Spectrophotometer and changes in % transmission at different
wavelengths were observed.  The FT-IR analysis was done in
the mid-infrared region of 400-4000 cm-.

RESULTS AND DISCUSSION

Molecular Identity of the Potential Strain

The isolate used in this study was identified on the basis of
16S rRNA gene sequencing. The closest neighbor in GenBank
database was found to be Penicillium oxalicum RF3 with the
homology of 99.0%.
The sequence was submitted to GenBank with an accession

number GQ856686.1 The phylogenetic relationship of the
isolate is shown in Fig.2
the MS owing to the model by the MS owing to error.

The ANOVA indicates that none of the individual factors were
significantly influencing the process of dye decolorization.
Therefore, ANOVA for interaction of factors was carried out
which indicated that glucose - potassium dihydrogen
phosphate and sodium sulphite - potassium dihyrogen
phosphate showed significant effect on dye decolorization.
The coefficient of variation (CV) indicated the degree of

precision with which the experiments were compared. The
lower reliability of the experiment is usually indicated by high
value of CV. In the present case, a low CV (19.09) denoted
that the experiments performed were highly reliable. The
model’s goodness of fit was checked by the determination co-

Table 3 Analysis of variance for Nitonol Green BLS decolorization

Parameter
Medium

components
Degree of
freedom

Sum of
Square Mean Square F value P value t Value

Significance
Level

A Incubation duration 1 216.9444 216.9444 3.35 0.1171 1.83 NS
B Sucrose 1 8.6528 8.6528 0.09 0.7781 -0.29 NS
C Glucose 1 8.6528 8.6528 0.09 0.7781 -0.29 NS
D Na2SO3 1 12.7661 12.7661 0.13 0.7316 0.36 NS
E MgSO4 1 78.1250 78.1250 0.89 0.3824 0.94 NS
F KH2PO4 1 203.8180 203.8180 3.04 0.1318 -1.74 NS
G NH4Cl 1 78.1250 78.1250 0.89 0.3824 0.94 NS

Figure 2 Phylogenetic tree of the fungal strain P.oxalicum based on 16S rRNA gene sequence
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Effects of process parameters on decolorization of Nitonol
Green BLS by Penicillium oxalicum RF3

The effect of process parameters (independent variables) such
as incubation duration, sucrose, glucose, sodium sulphite,
magnesium sulphate, potassium dihydrogen phosphate and
ammonium chloride on decolorization and degradation of
Acid dye Nitonol green BLS by P.oxalicum RF3 was studied.
Experiments were performed as per combinations of factors
shown in Table 2.

The corresponding response for dye decolorization varied
from 25 to 53.84%.The results of dye decolorization were
analysed in the form of ANOVA, which is a statistical
technique that subdivides the total variation in a set of data
into component parts associated with specific sources
variation for the purpose of testing the null hypotheses on
the parameters of the model (Montgomery, 1991). The
mean sum of squares (MS) of the model term is obtained
from the ratio of sum of squares (SS) and degrees of
freedom (df). The Fisher’s F value is calculated by dividing
efficient (R2 = 0.87). In this study, the value of R2 was
closer to 1, which denoted better correlation between the
observed and the predicted responses. Similar observations
were reported by an earlier study (Usha et.al, 2011). Using
RSREG procedure in response surface methodology,
optimized media compositions as well as culture conditions
were obtained. The estimated optimal response for Nitonol
Green BLS dye decolorization was incubation
duration=119.99 hours, sucrose=0.97%, glucose=1%,
Na2SO3=0.5%, MgSO4=0.96%, KH2PO4=0.52% and
NH4Cl=1% with pH 7, temperature 25°C, dye concentration
0.01% and inoculum size=10%.

Validation of the experimental model

To validate the optimum combination of the process variables,
confirmatory experiments were carried out. The selected
combinations of the seven variables resulted in 64%
decolorization. Hence, maximum decolorization of the dye can
be obtained by using the following factors: pH 7, temperature
25°C, dye concentration 0.01%, inoculum size=10%,
incubation duration=119.99 hours, sucrose=0.97%,
glucose=1%, Na2SO3=0.5%, MgSO4=0.96%, KH2PO4=0.52%
and NH4Cl=1%.

Figure 3: The Pareto chart illustrates the order of significance
of the variables affecting dye decolorization. Factors such as
incubation duration, MgSO4 and NH4Cl positively influenced
the dye decolorization process whereas potassium dihydrogen
phosphate and sodium sulphite negatively influenced the
decolorization process.

Optimization of the media constituents using RSM

To investigate the interactive effect of two factors on the
decolorization and degradation of dye, response surface
methodology was used and surface plots were drawn.
Response surface plots of two factors at a time, maintaining all
other factors at fixed levels, are more helpful in understanding
both the main and interactive effects of two factors. Some
typical response surface plots to illustrate these salient
findings on the interaction between the media constituents on
Green BLS decolorization are depicted in Fig 4 The quadratic
polynomial equation was used to facilitate plotting of response
surfaces. The equation can generally be represented as

b0 = Intercept

Two parameters were plotted at any one time on the 1 and 2

axes respectively, with the other remaining parameters set at
their optimized values (pH 7, temperature 25°C, dye
concentration 0.01%, inoculum size=10%, incubation
duration=119.99 hours, sucrose=0.97%, glucose=1%,
Na2SO3=0.5%, MgSO4=0.96%, KH2PO4=0.52% and
NH4Cl=1%.

Figure 4: Three dimensional response surface plot for the
effect of (A) glucose, incubation duration (B) Na2SO3, sucrose
(C) glucose, sucrose (D) NH4Cl, KH2PO4 (E) KH2PO4, Na2SO3

(F) KH2PO4, MgSO4

Figure 3: Pareto chart for Plackett-Burman design for 7 factors on
Nitonol Green BLS decolorization by Penicillium oxalicum

A

A

B
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from the ratio of sum of squares (SS) and degrees of
freedom (df). The Fisher’s F value is calculated by dividing
efficient (R2 = 0.87). In this study, the value of R2 was
closer to 1, which denoted better correlation between the
observed and the predicted responses. Similar observations
were reported by an earlier study (Usha et.al, 2011). Using
RSREG procedure in response surface methodology,
optimized media compositions as well as culture conditions
were obtained. The estimated optimal response for Nitonol
Green BLS dye decolorization was incubation
duration=119.99 hours, sucrose=0.97%, glucose=1%,
Na2SO3=0.5%, MgSO4=0.96%, KH2PO4=0.52% and
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Validation of the experimental model

To validate the optimum combination of the process variables,
confirmatory experiments were carried out. The selected
combinations of the seven variables resulted in 64%
decolorization. Hence, maximum decolorization of the dye can
be obtained by using the following factors: pH 7, temperature
25°C, dye concentration 0.01%, inoculum size=10%,
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methodology was used and surface plots were drawn.
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other factors at fixed levels, are more helpful in understanding
both the main and interactive effects of two factors. Some
typical response surface plots to illustrate these salient
findings on the interaction between the media constituents on
Green BLS decolorization are depicted in Fig 4 The quadratic
polynomial equation was used to facilitate plotting of response
surfaces. The equation can generally be represented as
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Effects of process parameters on decolorization of Nitonol
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Degradation product analysis

FTIR spectral comparison between the dye and its product
formed after decolorization by the fungal strain confirmed
biodegradation of the dye into different metabolites.
The FTIR spectrum of extracted metabolites showed
significant changes in position of peaks when compared with
the control dye spectrum as shown in Fig 5.

In FTIR spectra, the original dye mixture showed N=N
stretching at 2134 cm-1 showing presence of the azo bond.

Peak at 1644 cm-1 indicated presence of C=O. The other peaks
were NH stretching at 3200 cm-1, NH2 stretching at 3600 cm-1

and OH peak at 3400 cm-1. The degraded compound showed
disappearance of N=N stretching band, thereby indicating the
process of dye degradation. The degraded mixture contained
groups such as NH2 and OH.

CONCLUSION
The present study demonstrates that P.oxalicum RF3 present
in the textile industry effluent has the potential to decolorize
the dye. With further experimentation, involving other carbon
and nitrogen sources and suitable culture conditions, it would
be possible to enhance the percent decolorization to a greater
extent. The potential of this fungus can be exploited for the
removal of residual dyes from the wastewater streams for
environmental cleanup and restoration of ecosystem.
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