3 Biotech (2013) 3:143-152
DOI 10.1007/s13205-012-0079-z

ORIGINAL ARTICLE

Optimization of culture condition for enhanced decolorization
and degradation of azo dye reactive violet 1 with concomitant
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Abstract The strain Ganoderma cupreum AG-1 (Gen-
bank accession no. HQ328947) isolated from the decayed
wood was evaluated for its ability to decolorize azo dye
reactive violet 1 as well as for the production of lignino-
lytic enzymes. In the initial decolorization study, the strain
was capable of decolorizing 19 different azo dyes. The
strain was capable of decolorizing dye over a pH range of
4.5-6 at 30 °C. The optimum pH was found to be 4.5.
Various other process parameters like additional carbon
and nitrogen source and initial dye concentration were also
optimized. The decolorization medium was supplemented
with appropriate nitrogen source (yeast extract, 5 g 17"
and carbon source (mannose, 2 g 1_1); the decolorization
obtained was 98 %. The pattern of enzymes involved in the
biodegradation was studied and laccase and MnP were
found to be the major enzymes. High laccase activity
shown by G. cupreum AG-1 and its ability to decolorize
dyes are a good indication of its possible use in the treat-
ment of textile effluents.

Keywords Ganoderma cupreum AG-1 -
Reactive violet 1 - Laccase - MnP - Decolorization

M. Gahlout - A. Gupte (PX)

Natubhai V. Patel College of Pure and Applied Sciences,
Vallabh Vidyanagar 388 120, Gujarat, India

e-mail: akshaya_gupte @hotmail.com

S. Gupte

Ashok and Rita Patel Institute of Integrated Study
and Research in Biotechnology and Allied Sciences,
New Vallabh Vidyanagar 388 121, Gujarat, India

Introduction

Environmental pollution has increased with increasing
industrial development (Osman et al. 2006). Contamination
of water by wide range of pollutants is a serious environ-
mental problem due to their potential human toxicity. The
textile finishing generates large amount of dyes, pigments,
dispersing agents, salts, leveling agents and heavy metals
(Noroozi et al. 2007). The total world colorant production
is estimated to be about 8,00,000 tons per year, and at least
10-15 % of the dyes/dyestuffs are released into the envi-
ronment through the effluents (Revanker and Lele 2007).
Owing to their chemical structures, dyes are resistant to
fading on exposure to light, water and many chemicals and
are difficult to be eliminated by conventional chemical and
biological waste treatment methods, due to the effluents
high degree of polarity.

Decolorization of dye waste water is a challenging
process to the textile industry, and the great potential of
microbial decolorizing can be adopted as an effective tool.
In the recent past there has been an intensive research on
bioremediation of dyes, and the use of white rot fungi/
ligninolytic fungi is turning into a promising alternative to
replace or supplement present treatment processes (Dos-
Santos et al. 2004; Asgher et al. 2006). The abilities of
white rot fungi in mineralization of xenobiotics to CO, and
water through the highly oxidative and nonspecific lig-
ninolytic system are well documented, which are also
responsible for decolorization and degradation of wide
range of dyes (Boer et al. 2004; Patel et al. 2009) The
extracellular enzyme system includes Laccase (E.C.
1.10.3.2), Manganese peroxidase (MnP, E.C. 1.11.1.13),
Lignin peroxidase (LiP, E.C. 1.11.1.14) that are able to
decolorize various dyes of different chemical structures
(Levin et al. 2004).
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The present study aims to enhance the ability of the
white rot fungi Ganoderma cupreum AG-1 to decolorize
various azo dyes. In order to exploit the potential of the
new isolates various process parameters like carbon,
nitrogen, initial dye concentration, pH and temperature
were optimized to develop an economic decolorization
process. Furthermore, relationship between ligninolytic
enzyme production and decolorization of reactive azo dye
by G. cupreum AG-1 was assessed. Degradation analysis
was studied using UV-Visible, HPTLC and FTIR.

Materials and methods
Chemicals and dyes

Ortho-dianisidine was purchased from Sd-fine chemicals
(Mumbai, India). 2,2-Azino-bis (3-ethylbenzthiozoline-6-
sulphonic acid) (ABTS) was purchased from Sigma, (St.
Louis, MO, USA). 2,6-Dimethoxyphenol (DMP) was pur-
chased from Lancaster (Lancs, UK). All other solvents and
chemicals used were of analytical grade, unless otherwise
stated. The Dyes used in this study were obtained from
Meghmani Enterprise Pvt. Ltd., Ahemadabad, Gujarat, India.

Screening, isolation and identification of fungal strain

Various fruiting bodies from the rotted wood samples were
collected from different biotopes in Anand, Gujarat, India.
A small portion of wood sample was transferred in plates
containing 2 % malt extract agar amended with chloram-
phenicol (0.5 g 17") and incubated at 30 °C. The cultures
isolated were subcultured on modified Sabaroud dextrose
agar (SDA) containing (g 17"): glucose 20; peptone 10;
NaCl 2.5; agar—agar 30; and penicillin G 0.06; strepto-
mycin sulfate, 0.0001. After 7 days of incubation at 30 °C,
fungal cultures were transferred on the same medium
without antibiotics until pure colonies were obtained.
Fungal cultures having similar microscopic characteristics
were selected for storage. SDA incorporated with 0.1 g 17
ortho-dianisidine was used for the screening of phenol
oxidase. Further confirmation of potential isolates for
phenol oxidase activity was carried out using SDA plate
containing 0.1 g 17" ABTS and 0.1 g1~ Guaiacol as a
chromogenic substrate. The selected isolate was further
identified using ITS 1 and ITS 2 gene sequencing. Potential
isolate was subculutred and maintained at 4 °C on malt
extract agar slants.

Decolorization studies

Erlenmeyer flasks (250 ml) containing 100 ml of basal
culture medium containing (g17') Glucose 5.0, Yeast
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Extract 0.5, MgS0O,4-7H,0-0.5, KH,PO,4 0.5, KCI 0.5 were
autoclaved at 121 °C for 15 min, cooled and then inocu-
lated with 8 agar plugs of size 8 mm diameter punched
from the leading edge of pre-grown fungal culture on MEA
plates and incubated at 30 °C for 4 days. On the 5th day of
incubation 100 pl of sterilized dye (10,000 ppm in water)
was added to the flasks and incubated for 4 days at 30 °C.
Uninoculated nutrient medium served as control. Dye
decolorization was determined spectrophotometrically by
monitoring the absorbance of samples at 4 max of the
respective dyes using a UV-Visible spectrophotometer
(Shimadzu UV 1800, Japan). Results are reported as the
mean amount of decolorization for three replicates. The
decolorization expressed in % of the initial dye concen-
tration was calculated as follows:

% Decolorization = 100 x (A¢ — A;)/A¢

where A is the absorbance value of the initial dye con-
centration and A, is the absorbance value of the dye con-
centration in sample at time f.

Sample extraction

A sample of 2 ml from inoculated flasks was withdrawn at
a regular interval of 24 h and centrifuged at 10,000 rpm at
4 °C for 15-20 min. The clear supernatant obtained was
used as the sample for dye decolorization and Lignin
modifying enzyme (LME) activity analysis.

Enzyme assay

Laccase, MnP and MnlIP activity were assayed spectro-
photometrically (Shimadzu UV 1800, Japan) in extracted
sample. Laccase activity (E.C. 1.10.3.2) was determined by
measuring the oxidation of 2,2-Azino-Bis-3-ethyl-benz-
thiozoline-6-sulphonic acid (ABTS) at 420 nm as descri-
bed by Niku et al. (1990). Manganese peroxidase (MnP,
E.C. 1.11.1.13) activity was measured by oxidation of 2,6-
dimethoxy phenol (DMP) at 469 nm and MnP activity was
corrected for manganese-independent peroxidase (MnIP)
activity by subtracting the MnlP activity obtained at pH
3.25 in absence of MnSO, at 469 nm as described by
Martinez et al. (1996). One unit of enzyme activity was
defined as the amount of enzyme that oxidized 1 uM of
substrate per min at room temperature.

Optimization of process parameters for enhanced
decolorization of reactive violet 1 (RV 1) dye

A traditional stepwise strategy was adopted for the opti-
mization of the decolorization of RV 1 dye by varying one
factor at a time. All the decolorization experiments were
performed in triplicates.
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Effect of static and shaking condition

The flask containing 100 ml medium was inoculated with 8
agar plugs supplemented with 100 ppm RV 1 dye and
incubated at static and shaking condition (150 rpm) at
30 °C for 4 days. Abiotic control was also kept and the %
decolorization was measured as mentioned earlier.

Effect of carbon and nitrogen source

During this study the organism was supplemented with
additional carbon and nitrogen sources. To enhance
decolorization performance of RV 1, the decolorization
medium was supplemented with different carbon sources
like glucose, fructose, mannose, xylose, starch, lactose and
mannitol, individually added at a concentration of 5 g 17"
Similarly, in another set various organic nitrogen sources
(yeast extract, peptone, urea) and inorganic nitrogen
sources (Ammonium sulfate, ammonium nitrate, ammo-
nium ferric citrate) were added at a concentration of
5 g 17! to the medium to study the effect on decolorization
process.

Effect of physicochemical parameters

Physicochemical parameters like temperature (25-45 °C)
and pH (3-10) were monitored to study the effect on
decolorization of RV 1 dye. The flask containing 100 ml
medium was inoculated with 8 agar plugs supplemented
with 100 ppm dyes and incubated at 30 °C under shaking
conditions. Abiotic control (without culture) was also kept
and the decolorization efficiency was measured as men-
tioned earlier.

Effect of initial dye (RV 1) concentrations

In order to examine the effect of initial dye concentration
on decolorization under shaking condition, 0.1-5 g 17! of
RV 1 was added to the medium and inoculated with 8 agar
plugs and incubated at 30 °C. The % decolorization and
ligninolytic enzyme production was determined after 4th
day of incubation. Abiotic control (without culture) was
always included.

Decolorization of repeated addition of (RV 1) dye
aliquots

Repetitive decolorizing ability of the culture G. cupreum
AG-1 was studied by repeated spiking of dye (100 mg 171
at each cycle. After each decolorization cycle, samples
were withdrawn for percent decolorization with respect to
time of each cycle.

Degradation analysis

Decolorization was monitored by UV-Visible spectro-
scopic analysis (Shimadzu UV 1800, Japan), whereas
biodegradation was monitored using HPTLC and FTIR
spectroscopy. The HPTLC analysis was carried out using
precoated silica gel 60 F254 plate (Merck, Germany).
A 5 pl of the sample was spotted on TLC plates using
micro syringe (HPTLC, Camag, Linomat 5). The solvent
system used was n-propanol:ethyl acetate:methanol:water:
2:1:1:1. The dye chromatogram was observed by exposing
to the ultraviolet light (254 nm) and in visible light using
Camag TLC scanner 3. The biodegradation of RV 1
was further characterized by FTIR spectroscopy (Fourier
transform infrared spectroscopy, Perkin Elmer Spectra
GX). The FTIR analysis was carried out in the mid IR
region of 400—4,000 cm™"'. The control and degraded dye
samples were mixed with spectroscopically pure KBr in
the ratio of 5:95 to form a uniform pellets, which was
then fixed in sample holder, and the analysis was carried
out.

Results and discussion
Isolation and identification of ligninolytic fungi

A total of 25 fruiting bodies were collected and screened
for the detection of LME using Ortho-dianisidine
(0.1 g 17" as a chromogen on SDA plates. The dark brown
colored zone surrounding the agar plug of fungi on SDA
Ortho-dianisidine plate is an indication of Bevandam’s
reaction. Nine isolates showing positive Bevandam reac-
tion were further confirmed for the presence of phenol
oxidase on ABTS (0.1 g¢17") and Guaiacol (0.1 g17")
supplemented SDA plates. The culture designated as AG-1,
from the positive nine isolate, was found to be substantial
producer of phenol oxidase as compared with other eight
isolates. The mycelium of AG-1 shows green color zone on
ABTS (0.1 g17") SDA plates and brown color zone on
guaiacol (0.1 g 17") SDA plates. The phenol oxidase pro-
ducing strain AG-1 was thus selected for our further study.
Morphological examination of AG-1 shows the strain grew
well, covering the entire petri-plate surface in 8—10 days.
The isolate was found to be non-sporulating, with abundant
clamp connection forming in mycelia, which are charac-
teristics of basidiomycetes fungi. The identification of AG-
1 culture was further corroborated by studies on its ITS 1
and ITS 2 gene sequences carried out by Xplorigen, Pvt.
Ltd. (New Delhi, India). Blast similarity search analysis
based on ITS 1 and ITS 2 gene sequences revealed that
isolates belong to the genus Ganoderma. The closest
Phylogenetic neighbor was found to be G. cupreum SUT
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Fig. 1 Phylogenetic
dendogram for G. cupreum AG-

—— Perenniporia fraxinea isolate T74 [FJ462770.1 ]

1 based on ITS 1 and ITS 2 gene
sequencing

—— Fomitella fraxinea strain xsd0049 [FJ919746.1 ]
Basidiomycetes
Perenniporia fraxinea strain xsd08028 [EU918697.1 ]
—— Uncultured fungus clone TSPF 13 [FJ213508.1 ]

—— Perenniporia fraxinea isolate XSD-60 [EU326210.1 ]

Uncultured fungus clone TSPF 31 [F1213527.1 ]

L Uncultured fungus clone TSPF 30 [FJ213526.1 ]

Fungi

Uncultured fungus clone TSPF 33 [FJ213529.1 ]
Perenniporia fraxinea [AM269794.1 ]
—— AG-1 Contig

HI (AY 569450.1) with 86 % homology. Phylogenetic
relationship could be inferred through the alignment and
cladistic analysis of homologues nucleotide sequences of
known fungi (Fig. 1). The gene sequences have been
deposited in the Gen Bank database of NCBI under
accession number EU 867248 (1,147 bp). The strain
Ganoderma sp. AG-1 was thus identified as G. cupreum
AG-1.

Dye decolorization experiments in liquid medium

The G. cupreum AG-1 was tested for its ability to
decolorize various textile dyes (Table 1) as waste water
from the textile industries containing mixture of dyes. It
was found that the strain was able to decolorize variety of
different dyes within 4-8 days, with as low as 18 %
(reactive red BS) to a maximum of 91 % (RV 1) decol-
orization. The variation in decolorization efficiency and
the time required for decolorization may be due to
molecular complexity of the dyes, culture conditions and
the enzyme system produced by the fungi (Katia et al.
2006; Santos et al. 2006). A slower rate of decolorization
can also be attributed to higher molecular weight and the
presence of inhibitory group like —-NO, and —SO3 groups
in the dyes (Hu and Wu 2001). Xiu et al. (2009) reported
Decolorization of azo, triphenylmethane and anthraqui-
none dyes, Varied in between 30 and 97 % in 7 days by
Trametes sp. SQO1 with concomitant production of lac-
case. Ismat et al. (2010) reported Novosal direct dyes’
decolorization by Agaricus biotrocus A66 which varied in
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L Ganoderma cupreum isolate SUT HI [AY569450.1 ]

Table 1 Decolorization of textile dyes by G. cupreum AG-1 in liquid
medium

Sr. No Dyes Amax Decolorization Time of
% incubation
(days)
1. Acid green 617 86 6
2. Green ME4BL 639 31 5
3. Reactive red M5B 534 71 8
4. Reactive red ME4BL 534 45 5
5. Reactive violet-1 517 91 4
6. Reactive G yellow MR 414 32 8
7. Reactive red BS 517 18 8
8. Reactive yellow GR 413 82 8
9. Reactive blue 3R 577 74 6
10. Yellow 3RW 419 21 7
11. Red-10 567 26 4
12. Acid red-131 531 62 5
13. Di-red 521 56 5
14. Reactive red HESD 548 43 8
15. Reactive black 31 568 67 6
16. Reactive black V5B 601 45 6
17. Reactive violet 5 560 23 5
18. Reactive blue M4GD 616 57 4
19. Acid blue 617 71 8

Bold value indicates the maximum decolorized dye Reactive Violet 1,
thus selected as model azo dye

the region of 26-78 % in 4 days. Katia et al. (2006)
reported decolorization of 28 reactive dyes using Trametes
villosa and P. sanguineus.
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Effect of static and shaking condition on decolorization
process

In order to evaluate the decolorization efficiency of
G. cupreum AG-1 the flasks were incubated under shaking
condition (150 rpm) and static condition at 30 °C. Shaking/
agitated condition favored the decolorization of RV 1 with
about 90 % decolorization being obtained in 4 days,
whereas, 73 % decolorization was obtained under static
condition in 4 days, thus suggesting shaking condition is
favorable for decolorization. The higher % decolorization
obtained under shaking condition may be attributed to
increase in biomass and oxygen transfer between the cells
and medium. In the present study no residual color was
observed on the biomass, suggesting that the decolorization
and degradation may have occurred because of the action
of the ligninolytic enzymes produced by the culture during
the decolorization process. To confirm whether the decol-
orization occurred due to change in pH or not, change in
pH was recorded which was in the range of 4.5-5.5 under
shaking as well as static condition. The pH was almost
similar to the pH of the original medium thus suggesting
the action of the ligninolytic enzymes. Jarsoz et al. (2002)
reported agitated cultures of Bjerkandera fumosa, Kueh-
neromyces mutabilis and Strofaria rugoso-annulata for
100 % decolorization of Acid red 183 dye and 75-100 %
decolorization of Basic Blue 22 and Basic Blue 20 dyes,
respectively.

Effect of carbon and nitrogen source on decolorization
process

To increase the decolorization efficiency the decolorization
medium was supplemented with different carbon sources
(glucose, fructose, mannose, xylose, starch, lactose and
mannitol) at a concentration of 5 g 17" (Fig. 2a). Maxi-
mum decolorization obtained was 91 % in the flask
receiving mannose as an additional carbon source; fol-
lowing mannose, medium supplemented with glucose and
fructose showed higher dye decolorization efficiency as
compared with other carbon sources used. Laccase was the
major enzyme (371 U ml™") produced in the flask receiv-
ing mannose as an additional carbon source as compared
with MnP (118 U ml™"). Ligninolytic enzyme production
of G. cupreum AG-1 with various carbon sources was also
consistent with the decolorization pattern. The decolor-
ization ability of G. cupreum AG-1 decreased in the
absence of the carbon source. This suggests that the dye
molecule does not serve as a sole source of carbon and an
addition of external co-substrate seems to be effective to
promote the decolorization of RV 1 dye (Fig. 2a). Fazli
et al. (2010) reported glycerol as best carbon source for
maximum decolorization (95.3 %) of reactive blue dye by

Ganoderma species on the 5th day of incubation. Fur-
thermore, the effect of different mannose concentrations
(2-20 g 17" on dye decolorization was also studied;
maximum dye decolorization 91-93 % was obtained with a
concentration of 2 g1”'. Figure 2b depicts, with an
increase in concentration of mannose, a decrease in dye
decolorization, and ligninolytic enzyme production was
observed. This may be because higher concentration of
mannose may create highly acidic condition or catabolite
repression leading to a negative effect on dye decoloriza-
tion. The results obtained are in accordance with other
reports wherein carbon-limited conditions trigger lignino-
lytic enzyme activity in white rot fungi, which is required
for pollutant degradation (Kapdan and Kargi 2002).

In case of nitrogen source Fig. 2c depicts a maximum of
96 % decolorization with laccase and MnP activity of 462
and 144 U ml™", respectively, on the 4th day of incubation
when yeast extract was used as nitrogen sources. Peptone
and urea showed lower efficiency for dye decolorization
than yeast extract. However, the uses of inorganic nitrogen
sources were found to be less efficient in the decolorization
of RV 1 dye. The result obtained is in agreement with those
of Saratale et al. (2009) who studied addition of yeast
extract in synthetic media that showed maximum decol-
orization of Navy blue HER by Trichosporon beigelii.
Ponraj et al. (2011) also found yeast extract as the most
effective nitrogen source for the decolorization of True
blue dye by Aspergillus flavus. However, Kashif et al.
(2011) reported ammonium sulfate as the best nitrogen
source for maximum decolorization (89.1 %) of Sollar
Golden Yellow R dye with 253.67 Uml™' of laccase
activity by Pleurotus osttreatus species. The presence of
various carbon and nitrogen sources in the medium might
be leading to stimulatory or inhibitory effect on the
induction of enzyme system, involved in decolorization of
RV 1 dye resulting in the variation of % decolorization.

Effect of pH on decolorization process

The pH of the culture medium is critical to the growth,
metabolic activity, ligninolytic enzyme production and
xenobiotic pollutant degradation by white rot fungi. To
investigate the effect of pH on RV ldye decolorization by
G. cupreum AG-1, the initial pH of the medium was
adjusted in the range of 3—10. The results obtained indicate
that G. cupreum AG-1 was capable of decolorizing RV 1
dye efficiently between pH range of 4.5-6. Maximum
decolorization (98 %) was obtained at pH 4.5 with
high activity of Laccase (2,358 U ml™") and MnP (1,352 U
ml~") enzyme activity (Fig. 3a), thus suggesting that acidic
condition favors RV 1 dye decolorization. However, neg-
ligible decolorization was observed at pH 3 and pH 7-10,
as varying low and high pH lead to inhibitory effect on the
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growth of the microorganisms. At high pH values, reactive
dye solutions are more negatively charged, and dye
removal efficiency by white rot fungi is readily decreased
(Tak et al. 2004). Various researchers reported optimum
ligninolytic enzyme production as well as dye decoloriza-
tion capabilities in acidic pH range between 4 and 6.
(Mazmanci and Ali 2010; Shazia and Safia 2011; Ali and
Mohamedy 2012).

Effect of temperature on decolorization process

Incubation temperature is an important process parameter
that varies from one microorganism to other microorganisms.
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A slight change in the incubation temperature may affect the
growth and enzyme activities of microorganisms. The effect
of varying incubation temperatures on decolorization of RV
1 by G. cupreum AG-1 is shown in Fig. 3b. The fungus
exhibited better dye decolorization in the lower incubation
temperature ranges (25-35 °C). The maximum decoloriza-
tion (98 %) was observed in the shake flask incubated
at 30 °C for 4 days with 2,244 Uml™' laccase and
1,244 U ml~" MnP. The dye decolorization ability of fungal
culture was found to decrease with an increase in incubation
temperature up to 45 °C. Similar results were also shown by
Abedin (2008) for the decolorization of crystal violet and
malachite green by Fusarium solani. Haq et al. (2008)
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also reported 30 °C as an optimum temperature for the
decolorization of Cibacron Red FN-2BL dye by Schizo-
phyllum commune IBL 6.

Effect of varying dye (RV 1) concentrations

Actual concentration of the dyes in dye house effluent have
been reported to a range from 60 to 250 mg 1~' (Bhatt
et al. 2005) In the present study different concentrations of
the dye were used to investigate the effect of initial dye
concentrations on activities of laccase, MnP and dye
removal efficiency under optimum conditions. The dye
solutions were varied with dye concentration increasing
from 0.1 to 5.0 g1~'. The dye was well tolerated and
decolorized by the fungus in all the tested dye concentra-
tions. It was observed that at lower concentrations, the %
decolorization was higher and reached up to 98 % with the
lowest concentration of 0.1 g 17'. When concentration of
dye was increased from 0.1 to 5.0 g 17", the decolorization
efficiency of organism decreased marginally from 98
to 93 % (Fig. 4). However, the ligninolytic enzymes
activity increased within increase in dye concentration
up to 3 g 17" (Laccase and MNP activity was 2,607 and

1,167 Uml™" at 0.1 g17' dye concentration whereas at
3 g 17!, Laccase and MNP activity reached to 6,788 and
2,583 U ml™ ', respectively). This suggests that the higher
concentration of dye induces the ligninolytic enzyme pro-
duction which in turn results in the decolorization of RV 1
dye. Vaithanomast et al. (2010) reported the induction of
different types of ligninolytic enzyme depends on the
structure of dye. Laccase activity in all the system flasks
was much higher than MnP, which indicates that laccase
could be mainly responsible for the dye decolorization
process. Kashif et al. (2011) reported 78 % decolorization
of 0.5 g 17" of solar golden yellow R dye by Pleurotous
Ostreatus. Vaithanomast et al. (2010) reported more than
90 % decolorization of 1.0 g 17" reactive dye RBBR and
RBS5 by Datronia species, whereas Shazia and Safia (2011)
denoted 0.2 g 17! of AR151 dye as maximum limit to be
decolorized (60-70 %) by three indigenous Aspergillus
species.

Effect of repeated addition of dye

Repeated dye decolorization of RV 1 was studied under
optimized condition. The prime intention of this study was
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to evaluate the efficiency of our fungal isolate to decolorize
RV 1 dye by repeated addition of 100 mg 1~' RV 1 dye.
Fig. 5 shows that G. cupreum AG-1 was able to decolorize
RV 1 dye consecutively up to 11 cycles with gradual
reduction in decolorization efficiency ranging from 96 to
70 % for 1-11 cycles, respectively. In first cycle, 96 %
decolorization was obtained within 24 h. The subsequent
addition of dye results in faster rate of decolorization
process till the 7th cycle. Maximum decolorization rate
(21 mg 17" h™") was obtained at the 7th cycle of decolor-
ization process. From 8th cycle to last cycle the decolor-
ization efficiency of organism gradually decreased and
required more time for decolorization of RV 1 dye. The
eventual cessation of decolorization may be obtained due
to the nutrient depletion in system flasks that may lead to
the unstable enzyme production and uncontrolled growth
of fungal mycelium (Saratale et al. 2006). Jadhav et al.
(2009) showed six cycles of decolorization process by
Comamonas sp UVS with more than 70 % decolorization
of direct blue GLL dye,whereas Saratale et al. (2009)
reported four cycles of Navy blue HER dye decolorization
by Trichosporon beigelii.

Fig. 5 Effect of repeated
addition of dye aliquots on
decolorization of RV 1 dye by
G. cupreum AG-1
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Degradation analysis

UV-Visible analysis has been used to confirm the decol-
orization of dyes. In the present study decolorization of RV
1 was due to the biodegradation and is not a merely a
visible decolorization. Spectrophotometric analysis of RV
1 showed a maximum absorbance at 560 nm and decrease
in absorbance of samples withdrawn after decolorization
using G. cupreum AG-1. If the removal of dye is attributed
to the process of biodegradation, a major visible light
absorbance peak would completely disappear or a major
peak will appear Chen et al. (2003). The result obtained
indicates that color removal may be largely due to bio-
degradation. Similar results were also reported by Saratale
et al. (2009). Furthermore, the appearance of four different
spots in the degraded sample with Ry values of 0.90, 0.85,
0.73, 0.27 as compared with the Ry value (0.93) of original
dye confirming the degradation of RV 1 dyes. The FTIR
spectrum of control dye compared with degraded product is
as shown in Fig. 6a and b. In case of control dye (Fig. 6a)
peak around 1,500 cm™!, assigned to (N=N) Azo-bond
vibration, peaks around 1,602 and 1,434 cm™! may be

——Rate of decolorization

Rate of decolorization (mgl-h-!)
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Fig. 6 FTIR analysis of RV 1 dye (a) and its degraded product (b) by G. cupreum AG-1

characteristics of C=C aromatic skeletal vibration and azo
linkages (-N=N-) on aromatic structures, bands at region
2,960-2,850 cm™' originate from CHj; asymmetric, CH;
symmetric vibrations and CH, asymmetric stretching
vibration. The peaks at region 1,160-1,040 cm~! can be
assigned to CO, CN or phenolic C-O vibration. The FTIR
spectrum of degraded product (Fig. 6b) showed major
changes in the finger print region. The FTIR spectra of
degraded metabolite by G. cupreum AG-1 display a peak at
1,632 cm~! which points towards the formation of C=0
stretching. This C=0 group may be generated by the oxi-
dizing action of laccase enzyme which may have converted
the aromatic structure to quinone-like structure. The peak
generated at 1,405, 1,521, 1,123 cm™! represents O=H
stretching, nitroalkane and C-O-C stretching, The FTIR
pattern of degraded metabolite does not have a peak at
1,500 cm ™', which indicates the loss Azo bond. Generation
of similar peaks has also been reported for different dyes
by other researchers (Kalme et al. 2007; Rajeshwari et al.

2011; Jadhav et al. 2007; Kumar et al. 2010; Beata et al.
2003).

The isolate G. cupreum AG-1 has an excellent potential
for bioremediation of reactive violet-1 dye. The culture can
efficiently decolorize the dye at a high concentration up to
5¢ 17! under acidic pH, using mannose as additional
carbon source and yeast extract as nitrogen source.
Although high concentration of dyes might have toxic
effect on fungi, it was found that even at a high concen-
tration of 5 g 17", the reactive dye was tolerated and
degraded by the G. cupreum AG-1. Laccase seems to play
a major role for oxidative breakdown of RV 1 dye. Hence
the indigenous strain could be utilized for the treatment of
dye containing waste water.

Acknowledgments Mayur Gahlout wishes to thank the Department
of Biotechnology (DBT), New Delhi, India, for providing Junior
Research Fellowship. The financial support received from the Depart-
ment of Biotechnology, Ministry of Science and Technology, Gov-
ernment of India, New Delhi, India, is highly acknowledged. Mayur

Pislase clloll yao .
acsr@mmq m:fau @ Springer



152

3 Biotech (2013) 3:143-152

Gahlout also wants to acknowledge Sophisticated instrumentation
Centre for Applied Research and Testing, Vallabh Vidyanagar-388 120,
Gujarat, India (SICART) for providing instrumentation facilities.

Conflict of interest The authors declare that they have no conflict
of interest.

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.

References

Abedin RMA (2008) Decolorization and biodegradation of crystal
violet and malachite green by Fusarium solani (martius)
saccardo. A comparative study on biosorption of dyes by the
dead fungal biomass. Am Euras J Bot 1:17-31

Ali NF, Mohamedy RSRE (2012) Microbial decolorization of textile
waste water. J Saudi Chem Soc 16:117-123

Asgher M, Shah SAH, Ali M, Legge RL (2006) Decolorization of
some reactive textile dyes by white rot fungi isolated in Pakistan.
World J Microbiol Biotechnol 22:449-453

Beata Z, Joanna G, Antoni WM (2003) Photocatalytic decomposition
of textilie dyes on TiO,-Tytanpol All and TiO,-Degussa P25.
J Photochem Photobiol A Chem 157:65-70

Bhatt N, Patel KC, Keharia H, Madamwar D (2005) Decolorization of
diazo dye reactive blue 172 by Pseudomonas aeruginosa. J Basic
Microbiol 45:407-418

Boer CG, Obici I, Souza CG, Piralta RM (2004) Decolorization of
synthetic dyes by solid state culture of Lantinula encodes
producing manganese peroxidase as main lignolytic enzyme.
Bioresour Technol 94:107-112

Chen KC, Jane YW, Liou DJ, Hwang SCJ (2003) Decolorization of
the textile dyes by newly isolated bacterial strains. J Biotechnol
101:57-68

Dos-Santos AZ, Neto JMC, Tavares CRG, Da-Costa SMG (2004)
Screening of filamentous fungi for the decolorization of a
commercial reactive dyes. J Basic Microbiol 44:288-295

Fazli MM, Mesdaghinia AR, Naddafi K, Nasseri S, Yunesian M,
Assadi MM, Rezaie S, Hamzehei H (2010) Optimization of
reactive blue 19 decolorization by Ganoderma sp. using response
surface methodology. Iran J Environ Health Sci Eng 7:35-42

Haq NB, Akram N, Muhammad A (2008) Optimization of culture
conditions for enhanced decolorization of Cibacron Red FN-2BL
by Schizophyllum commune 1BL-6. Appl Biochem Biotechnol
149:255-264

Hu TL, Wu SC (2001) Assessment of the effect of azo dye Rp2B on
the growth of nitrogen fixing cyanobacterium—Anabena sp.
Bioresour Technol 77:3-95

Ismat B, Haq NB, Muhammad A, Ijaz AB (2010) Enhanced
decolorization of NOVASOL direct black textile dye by
Agaricus biotroqus A66. Int J Chem Reactor Eng 88:1-17

Jadhav JP, Parshetti GK, Kalme SD, Govindwar SP (2007) Decol-
orization of azo dye methyl red by Saccharomyces cerevisiae
MTCC 463. Chemosphere 68:394-400

Jadhav UU, Dawkar VV, Telke AA, Govindwar SP (2009) Decol-
orization of direct blue GLL with enhanced lignin peroxidase
enzyme production in Comamonas sp UVS. J Chem Technol
Biotechnol 84:126-132

Jarsoz WA, Kochmanska-rdest J, Malarczyk E, Wardas W, Leono-
wicz A (2002) Fungi and their ability to decolourize azo and
anthraquinonic dyes. Enzyme Microb Technol 30:566-572

el Lol ay .
;ACST;;LAUIq ru:f;uo @ Springer

Kalme SD, Parshetti GK, Jadhav SU, Govindwar SP (2007) Biodeg-
radation of benzidine based dye direct blue-6 by Pseudomonas
desmolyticum NCIM 2112. Bioresour Technol 98:1405-1410

Kapdan IK, Kargi F (2002) Biological decolorization of textile dyestuff
containing wastewater by Coriolus versicolo in a rotating biolog-
ical contactor. Enzyme Microb Technol 30:195-199

Kashif J, Muhammad A, Haq NB, Zahid M (2011) Shake flask
decolorization of direct dye solar golden yellow R by Pleurotus
ostreatus. J Chem Soc Pak 33:209-214

Katia MCM, Lucina CAC, Rubio OM, Luiz HR, Mercia HS (2006)
Biodegradation of reactive textile dyes by basidiomycetous fungi
from Brazilian ecosystems. Braz J Microbiol 37:481-487

Kumar GV, Ramalingam P, Kim MJ, Yoo CK, Kumar MD (2010)
Removal of acid dye (violet 54) and absorption kinetics model of
using musa spp. waste: a low coast natural sorbent material.
Korean J Chem Eng 27:1469-1475

Levin L, Papinutti L, Forchiassin F (2004) Evaluation of Argentinean
white rot fungi for their ability to produce lignin-modifying
enzymes and decolorize industrial dyes. Bioresour Technol
94:169-176

Martinez MJ, Ruiz-Duenas FJ, Guillen FA, Martinez AT (1996)
Purification and catalytic properties of two manganese-peroxi-
dase isoenzymes from Pleurotus eryngii. Eur J Biochem
237:424-432

Mazmanci MA, Ali U (2010) Decolorization efficiency of Funalia
trogii under static condition: effect of C:N ratios. Afr J
Biotechnol 9:6539-6544

Niku PML, Raaska L, Itavaara M (1990) Detection of white-rot fungi
by a non-toxic strain. Mycol Res 94:27-31

Noroozi B, Sorial GA, Bahrami A, Arami M (2007) Equilibrium and
kinetic adsorption study of a cationic dye by a natural
adsorbent—Slikworm pupa. J Hazard Mater 139:167-174

Osman G, Kaya A, Dincer A (2006) The reuse of dried activated
sludge for adsorption of reactive dye. J Hazard Mater
134:190-196

Patel H, Gupte A, Gupte S (2009) Biodegradation of Fluoranthene by
basidiomycetes fungal isolates Pleurotus ostreatus HP-1. Appl
Biochem Biotechnol 157:367-376

Ponraj M, Jamunarani P, Zambare V (2011) Isolation and optimiza-
tion of culture conditions for decolorization of true blue using
dye decolorizing fungi. Asian J Exp Biol Sci 2:270-277

Rajeshwari K, Subhashkumar R, Vijayaraman K (2011) Biodegrada-
tion of mix textile dyes by bacterial strains isolated from dye
waste effluent. Res J Environ Toxicol 5:97-107

Revanker MS, Lele SS (2007) Synthetic dye decolorization by white
rot fungas, Ganoderma sp. WR-1. Bioresour Technol 98:775-780

Santos R, Dixit A, Guha S (2006) Sequential batch culture studies for
the decolorization of reactive dye by Coriolus versicolar.
Bioresour Technol 97:396-400

Saratale GD, Kalme SD, Govindwar SP (2006) Decolorization of textile
dyes by Aspergillus ochraceus. Ind J Biotechnol 5:407-410

Saratale RG, Saratale GD, Chang JS, Govindwar SP (2009) Decoloriza-
tion and biodegradation of textile dye Navy blue HER by
Trichosporon beigelii NCIM-3326. ] Hazard Mater 166:1421-1428

Shazia E, Safia A (2011) Comparision of dye decolorization efficiency
of indigenous fungal isolates. Afr J Biotechnol 10:3399-3411

Tak HK, Lee Y, Yang J, Lee B, Park C, Kim S (2004) Decolorization
of dye solutions by a membrane bioreactor (MBR) using white-
rot fungi. Desalination 168:287-293

Vaithanomast P, Apiwatanapiwat W, Petchoy O, Chedchant J (2010)
Decolorization of reactive dye by white-rot fungus Datronia sp.
KAPI 0039. Kasetsart J 44:879-890

Xiu QY, Xiao XZ, Cheng YL, Yuan Z, Shi JQ (2009) Decolorization
of azo, triphenylmethane and anthraquinone dyes by a newly
isolated Trametes sp. SQO1 and its laccase. Process Biochem
44:1185-1189



	Optimization of culture condition for enhanced decolorization and degradation of azo dye reactive violet 1 with concomitant production of ligninolytic enzymes by Ganoderma cupreum AG-1
	Abstract
	Introduction
	Materials and methods
	Chemicals and dyes
	Screening, isolation and identification of fungal strain
	Decolorization studies
	Sample extraction
	Enzyme assay
	Optimization of process parameters for enhanced decolorization of reactive violet 1 (RV 1) dye
	Effect of static and shaking condition
	Effect of carbon and nitrogen source
	Effect of physicochemical parameters
	Effect of initial dye (RV 1) concentrations
	Decolorization of repeated addition of (RV 1) dye aliquots
	Degradation analysis

	Results and discussion
	Isolation and identification of ligninolytic fungi
	Dye decolorization experiments in liquid medium
	Effect of static and shaking condition on decolorization process
	Effect of carbon and nitrogen source on decolorization process
	Effect of pH on decolorization process
	Effect of temperature on decolorization process
	Effect of varying dye (RV 1) concentrations
	Effect of repeated addition of dye
	Degradation analysis

	Acknowledgments
	References


