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Abstract

Calcium-alginate pectin entrapped bitter gourd peroxidase (BGP) has been employed for the treatment of disperse dyes: Disperse
Brown 1 (DB 1) and Disperse Red 17 (DR 17). Peroxidase alone was unable to decolorize DR 17 and DB 1. However, the investigated
dyes were decolorized maximally by BGP in the presence of 0.2 mmol/L redox mediator, violuric acid (VA). A slow decrease in percent
decolorization was observed when VA concentration was higher than 0.2 mmol/L which could likely be due to the high reactivity of its
aminoxyl radical (> N-O") intermediate, that might undergo chemical reactions with aromatic amino acid side chains of the enzyme
thereby inactivating it. Maximum decolorization of the dyes was observed at pH 3.0 and 40°C within 2 hr of incubation. Immobilized
peroxidase decolorized 98% DR 17 and 71% DB 1 using 35 U of BGP in batch process in 90 min. Immobilized enzyme decolorized
85% DR 17 and 51% DB 1 whereas soluble enzyme decolorized DR 17 to 48% and DB 1 to 30% at 60°C. UV-visible spectral analysis
was used to evaluate the degradation of these dyes and their toxicity was tested by Allium cepa test. The generally observed higher
stability of the bioaffinity bound enzymes against various forms of inactivation may be related to the specific and strong binding of
enzyme with bioaffinity support which prevents the unfolding/denaturation of enzyme. Thus entrapped peroxidase was found to be

effective in the decolorization of the investigated dyes.
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Introduction

Azo dyes represent the largest and most versatile group
of dyes, which occupy 70% of all dyestuff consumed
(McMullan et al., 2001). The impact of dyes discharged
into environment is of great concern. They cause water
bodies to become colored, which in turn interferes with
photosynthesis and aquatic ecosystem (Khenifi et al.,
2007). Moreover, a wide range of textile dye toxicity
has been reported, which might cause both chronic and
acute toxicity. The presence of these dyes in the aqueous
ecosystem is thus, the cause of serious environmental and
health concerns (Asad et al., 2007).

Enzymes catalyze reactions with high specificity and
efficiency. In addition, due to mild operating conditions of
enzymatic processes, they can be performed in relatively
simple equipment, short time and are easy to control
(Fernandez-Sanchez et al., 2002; Husain, 2006). The capa-
bility of oxidoreductive enzymes to degrade chromophore
substrates such as triarylmethane, indigoid, azo and an-
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thraquinonic dyes suggests their potential application in
textile dye bleaching processes (Abadullah et al., 2000;
Husain and Husain, 2008). However, these processes have
been hindered due to unfavorable kinetics between the
enzyme and dye. The use of small molecules capable to
act as electron transfer mediators between the enzyme
and dye has been regarded as a feasible solution to this
drawback (Matto et al., 2009). The feasibility of these
molecules as effective electron donors is governed by
the redox potential difference between the enzyme and
mediator, which strongly depends on the pH at which the
reaction takes place (Fernandez-Sanchez et al., 2002). The
catalytic activity of the enzyme has also been regarded
to be strongly dependent upon the interaction between a
specific enzyme and the redox mediator (Soares et al.,
2001; Husain and Husain, 2008).

The widespread industrial applicationm of enzymes 1S
often hampered by their lack of long term operational
stability and shelf-storage life, their cuthbersome recovery
and re-use. These drawbacks can gengrally be overcome
by the immobilization of enzymes and|a major challenge
in industrial biocatalysis is the development of stable,
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robust and preferably insoluble biocatalysts. The entrap-
ment of pre-immobilized enzymes prevented the leakage
of enzymes from polymeric matrices (Matto and Husain,
2006; Satar et al., 2008). Moreover, immobilization inside
the pores of the support could reduce any negative inter-
action between enzyme and the sol-gel matrix (Betancor
et al., 2005). Enzyme immobilization may also improve
enzyme stability by multipoint or multi-subunit attachment
(Mateo et al., 2007).

In this study, calcium alginate-pectin entrapped con-
canavalin A (Con A)-bitter gourd peroxidase (BGP) was
used for the remediation of water polluted with azo
disperse dyes. The effects of pH, heat, time, and con-
centrations of violuric acid (VLA) and enzyme on the
decolorization of such dyes have been optimized. The
operational stability of soluble and entrapped BGP for
treatment of dyes has been compared in batch processes
at different temperatures and with varying enzyme concen-
trations.

1 Materials and methods

1.1 Materials

Disperse dyes: Disperse Brown 1 (DB 1) and Disperse
Red 17 (DR 17) were the gift from Atul Chem. Co. (India).
o-Dianisidine HCl were obtained from Sigma Chemical
Co. (USA). Ammonium sulphate, VLA and Tween 20
were obtained from SRL Chemicals (Mumbai, India).
Bitter gourd was purchased from local vegetable market.
Other chemicals and reagents employed were of analytical
grade and were used without any further purification.

1.2 Ammonium sulphate fractionation of bitter gourd
proteins and preparation of Con A-BGP complex
via entrapment into calcium alginate-pectin beads

Bitter gourd (250 g) was homogenized in 500 mL of 0.1
mol/L sodium acetate buffer, pH 5.5 (Akhtar et al., 2005).

Con A-BGP complex (1350 U) was prepared using
sodium alginate (2.5%) and pectin (2.5%) (Satar et al.,
2008; Matto and Husain, 2006). Beads were then washed
and stored in 0.1 mol/L sodium acetate buffer, pH 5.5 at
4°C for further use.

1.3 Preparation of synthetic dye solutions and proce-
dure for dye treatment

DR 17 and DB 1 were solubilized using 0.025% (V/V)
Tween 20 prepared in 0.1 mol/L glycine HCI buffer, pH 3.0
(Satar and Husain, 2009a).

DR 17 (25 mg/L, 5.0 mL) and DB 1 (50 mg/L, 5.0 mL)
were independently incubated with BGP (0.15 U/mL) in
0.1 mol/L glycine HCI buffer, pH 3.0 in the presence of
0.75 mmol/L H,O, for indicated times at 40°C. Redox me-
diator, VLA, was added at concentrations specified in each
section. Dye decolorization was determined spectrophoto-
metrically as described by Satar and Husain (2009a).

1.4 Effect of varying concentrations of VLA on BGP
catalyzed dye decolorization

Each dye (5.0 mL) was incubated independently with

soluble and immobilized BGP (0.15 U/mL) in the presence
of varying concentrations of VLA (0.1-0.6 mmol/L) and
0.75 mmol/L H,O; in 0.1 mol/L glycine HCI buffer, pH 3.0
for 2 hr at 40°C. The reaction was stopped and the intensity
of color was recorded as described earlier.

1.5 Effect of pH and time on BGP catalyzed dye decol-
orization

Dye solutions were prepared in the buffers of different
pH (3.0-10.0). The buffers used were glycine-HCI (pH
2.0 and 3.0), sodium acetate (pH 4.0 and 5.0), sodium
phosphate (pH 6.0-8.0) and Tris-HCI (pH 9.0 and 10.0).
The molarity of each buffer was 0.1 mol/L. Each dye
(5.0 mL) was treated independently with soluble and
immobilized BGP (0.15 U/mL) in the buffers of various
pH (3.0-10.0) in the presence of 0.75 mmol/L H,O, and
0.2 mmol/L VLA for 2 hr at 40°C. Dye decolorization
was monitored at the respective Ap,x of each dye: 510
nm and 460 nm for DR 17 and DB 1, respectively. The
percent decolorization was calculated by taking untreated
dye solution in each buffer as control and activity at pH 3.0
as 100%.

Each dye solution (5.0 mL) was treated independently
with soluble and immobilized BGP (0.15 U/mL) in the
presence of 0.75 mmol/L H,O, and 0.2 mmol/L VLA in
0.1 mol/L glycine HCI buffer, pH 3.0 at 40°C for varying
time intervals. The reaction was stopped by keeping in a
boiling water bath for 5 min.

1.6 Effect of temperature and enzyme concentration on
treatment of dyes in batch process

In order to check the stability of BGP at higher
temperatures, decolorization of the dyes by soluble and
immobilized BGP was monitored in stirred batch processes
at 40, 50 and 60°C for 4 hr. Dye solutions (250 mL each)
were treated independently with soluble and immobilized
BGP (35 U) in the presence of 0.75 mmol/L. H,O, and 0.2
mmol/L VLA for varying times under stirring conditions.
Aliquots from the treated dyes were taken at indicated time
intervals for the measurement of remaining color.

In subsequent experiments, decolorization of the dyes
was monitored in stirred batch processes in the presence
of 25 U and 15 U of soluble and immobilized BGP
independently at 40°C. Treatment of dye solutions (250
mL each) was carried out as mentioned above.

1.7 Dye decolorization reusability of immobilized BGP
and storage stability of soluble and immobilized
BGP

Each dye (5.0 mL) was incubated with immobilized
BGP (0.15 U/mL) in the presence of 0.75 mmol/L H,O,
and 0.2 mmol/L VLA in 0.1 mol/L glycine HCI buffer,
pH 3.0 for 2 hr at 40°C. After the reagtion, enzyme was

separated by centrifugation and stored [in assay buffer for
over 12 hr at 4°C. The similar dye dedolorization experi-
ment was repeated seven times with th¢ same preparation
of immobilized BGP and each time with a fresh batch of
dye solutions. Dye decolorization wag monitored at’the
respective Apmax of each dye. The perdent decolorization
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was calculated by taking untreated dye solution as control
(100%).

Soluble and immobilized BGP were incubated in 0.1
mol/L glycine-HCI buffer, pH 3.0 at 4°C for 30 days. Ap-
propriate aliquots from each BGP preparation were taken
out in triplicates at the gap of 5 days and were analyzed for
remaining enzyme activity. The enzyme activity measured
on first day was considered as control (100%) for the
calculation of remaining storage activity.

1.8 Allium cepa test for BGP treated dyes

The Allium cepa bioassay for the dye samples was
carried out according to the method described by Fiskesjo
(1985). Boiling tubes were filled with undiluted and 1:1
diluted control and treated dye samples consisting of BGP
(0.15 U/mL), 0.75 mmol/L. HO, and 0.2 mmol/L VLA
in 0.1 mmol/L glycine HCI buffer, pH 3.0. All the experi-
ments were performed in dark for 7 days and distilled water
was used as control in all experiments (Satar and Husain,
2009b). Inhibition in the growth of Allium cepa roots was
considered as an index for the degree of toxicity.
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1.9 UV-Visible spectral analysis of dyes, measurement
of peroxidase activity and statistical analysis

Spectra for treated and control dye samples were record-
ed on UV-Visible spectrophotometer (UV mini 1240,
Shimadzu, Japan). Dye decolorization of the treated and
control samples were determined by monitoring the ab-
sorbance in UV-Visible range.

Peroxidase activity and statistical analysis was per-
formed as described by Satar and Husain (2009a).

2 Results and discussion

2.1 Effect of varying concentration of VLA on BGP
catalyzed dye decolorization

Dyes were decolorized maximally in the presence of
0.2 mmol/L VLA (Fig. 1a). However, the concentrations
of VLA above 0.2 mmol/L resulted in gradual decrease
in BGP catalyzed dye decolorization. At all the indicated
concentrations of VLA, entrapped BGP decolorized dyes
more efficiently as compared to its soluble counterpart.
A reason for this could be the rigidity provided by the
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Fig. 1 Effect of VLA concentration (a) and pH (b) on BGP catalyzed decolorization; (c) decolorization reusability of immobiliz¢d BGP; and (d) storage

stability of soluble BGP (S-BGP) and immobilized BGP (I-BGP).



http://www.jesc.ac.cn

1138 Journal of Environmental Sciences 2011, 23(7) 1135-1142 / Rukhsana Satar et al.

Vol. 23

support via bond formation between the enzyme and
the matrix or lower restriction to substrate diffusion in
case of immobilized BGP. Several reports are available
where the use of redox mediator-enzyme system en-
hanced dye decolorization to several folds. However, these
redox mediators were required in very high concentra-
tions: 5.7 mmol/L VA/laccase system, 11.0 mmol/L of
HOBT/laccase system, 2.0 mmol/L HOBT/laccase system,
2.0 mmol/L HOBT/turnip peroxidase system (Soares et
al., 2001; Claus et al., 2002; Kulshrestha and Husain,
2007). Such high concentrations may be suitable for some
processes, particularly in closed-loop systems where the
mediator is retained. However, high concentrations may
not be appropriate for applications, such as wastewater
treatment processes where important considerations in-
clude the potentially prohibitive costs of mediators and
the possibility of creating negative impacts on effluent
toxicity (Kim and Nicel, 2006). In this study, very low
concentration of VLA, 0.2 mmol/L, has been used to
enhance the rate of BGP-catalyzed dye decolorization.

2.2 Effect of pH and time on BGP catalyzed dye decol-
orization

Enzymes have a characteristic pH at which they show
maximum activity, the pH optimum being dependent on
the nature of substrate used (Fernandez-Sanchez et al.,
2002; Ghodake et al., 2009). Results revealed that BGP
could decolorize higher level of dyes in acidic pH range
3.0-6.0 (Fig. 1b). However, the dyes were maximally
decolorized at pH 3.0. DR 17 was decolorized to an extent
of 63% and 92% by soluble and immobilized BGP, while
DB 1 was decolorized 42% and 59%, by these BGP
preparations, respectively. Thus, the investigated dyes
were decolorized to greater extent by immobilized BGP.
This implies that immobilized BGP has a higher stability
against the pH variation owing to the protection of enzyme
by immobilization. However, it has been demonstrated
that entrapment of enzymes in gel beads provides a mi-
croenvironment of the enzyme, which plays an important
role in the state of protonation of the protein molecules
(Mattoo and Husain, 2006, Matto et al., 2009). The extent
of decolorization was remarkably decreased as pH of
treated samples increased above 6.0. This observation
was in agreement with earlier studies where peroxidase
could decolorize and degrade dyes maximally at acidic
pH (Akhtar et al., 2005; Ghodake et al., 2009; Satar and
Husain, 2009a). Above and below this pH, decolorization

was found to be decreased. Reports are available where
decolorization of azo dyes/real wastewaters was maximum
at acidic pH and the dye removal dropped significantly
from pH 6 to 10 (Maddhinni et al., 2006; Dayaram and
Dasgupta, 2008; Matto et al., 2009).

Table 1 shows the effect of time on the decolorization
of DR 17 and DB 1. Maximum decolorization of the
dyes was observed within 120 min of incubation. DR 17
and DB 1 were decolorized 60% and 41% by soluble
BGP while entrapped BGP decolorized DR 17 and DB
1 more efficiently to 90% and 59% within 120 min,
respectively. However, there was no effective increase in
dye decolorization on further incubation for longer times.
This could be due to the end product inhibition which is
more in case of soluble enzymes. Sufficient amount of DR
17 was decolorized within 30 min while the decolorization
of DB 1 was slow. It has been reported that decolorization
rate varies, depending upon the type of dye to be treated
(Camarero et al., 2005). Further, it was observed that an
incubation period of 60 min was sufficient for maximum
decolorization of dyes in batch process by soluble BGP
and no further increase in decolorization was observed on
incubation for longer periods. This could be due to end
product inhibition of soluble BGP. This observation was
in accordance with the findings reported earlier, however,
immobilized BGP was able to decolorize dyes more ef-
ficiently as compared to soluble BGP (Satar and Husain,
2009a).

2.3 Effect of temperature and enzyme concentration on
treatment of disperse dyes in batch processes

Treatment of dyes by BGP in stirred batch processes
at different temperatures showed a significant loss of
color from dye solutions (Table 2). Dyes were decolorized
maximally at 40°C in batch process in the presence of 35
U of soluble and immobilized BGP. However, at 50°C and
60°C percent decolorization decreased gradually. The rate
of decolorization depends upon enzyme activity which in
turn depends upon the reaction conditions. BGP shows its
maximum activity at around 40°C, above this temperature
activity decreases and this leads to a considerable decrease
in dye decolorization. However, at any indicated tempera-
ture, decolorization by immobilized BGP was significantly
higher as compared the soluble enzyme. This improve-
ment in the thermal stability of calcium alginate-pectin
entrapped BGP may be attributed to multipoint attachment
of the enzyme with the matrix which provides enhanced

Table 1 Effect of time on BGP catalyzed decolorization

Time (min) Decolorization (%)
DR 17 DB 1
S-BGP I-BGP S-BGP I-BGP

15 30.09 +2.24 57.14 + 1.67 16.10 + 1.34 T2 =158
30 39.11 = 1.35 66.08 + 1.23 21.11 £2.14 36.15 £ 1.62
60 45.13 £ 2.15 76.10 = 1.76 27.12 +1.98 41.08 +2.65
90 51.12 £2.46 83.07 £ 2.14 35.14 + 1.64 50.10 = 1.86
120 60.15 + 1.68 90.09 + 1.49 41.14 + 2.38 59.12 + 1.34
150 60.14 + 1.47 90.10 + 2.25 41.10 + 1.55 60.09 + 2.78

Each dye solution (5.0 mL) was treated independently with soluble and immobilized BGP (0.15 U/mL) in the presence of 0.7 mmol/L H,O, and'0.2

mmol/L VLA in 0.1 mol/L glycine HCI buffer, pH 3.0 at 40°C for varying time.
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Table 2 Effect of different temperatures on BGP catalyzed decolorization (%) in batch process
Time (min) 40°C 50°C

DR 17 DB 1 DR 17 DB 1

S-BGP 1I-BGP S-BGP I-BGP S-BGP I-BGP S-BGP I-BGP

15 46.11 +2.82 78.08 + 1.57 33.09 +£2.34 50.11 £0.97 40.14 +2.32 74.08 = 1.26 25.11 £2.18 41.15+2.89
30 54.09 +2.86 87.14 + 1.34 41.11 £ 1.73 59.08 +1.82  46.15+2.78 81.11 + 1.89 29.13 + 1.56 50.14 +2.14
60 73.08 + 2.64 95.13 +1.85 50.12 £2.42 64.15 +2.89 58.08 + 1.57 90.10 = 1.57 38.10 + 1.56 56.10 £ 2.16
90 73.12 £2.34 98.09 + 1.43 50.10 + 1.68 71.13 £2.46 58.12 +2.41 94.12 +2.12 38.12+ 1.78 60.10 + 1.8
120 73.11 +1.89 98.07 + 1.36 50.14 £2.14 71.10 = 1.73 59.14 £ 1.26 94.15 +2.53 38.12 £ 2.89 60.14 +2.14
150 73.15 +2.18 98.13 + 1.82 50.09 + 1.36 71.08 + 1.68 59.12 +2.78 94.15 +2.53 38.15+243 60.08 + 1.89
180 73.07 + 1.85 98.12 + 1.89 50.08 +2.42 71.12 +2.89 59.10 + 1.89 94.12 £ 2.41 38.08 +2.43 60.10 + 2.16
210 73.09 + 1.57 98.12 +2.86 50.12 +£2.46 71.12 £ 0.97 59.08 +2.67 94.09 +2.12 38.11 +1.78 60.11 + 1.84
240 7312+ 143 98.09 + 2.64 50.11 £2.67 71.09 + 1.11 59.11 + 2.65 94.14 +2.32 38.11 £ 2.67 60.12 + 1.84
Time (min) 60°C

DR 17 DB 1

S-BGP I-BGP S-BGP I-BGP

15 34.10 + 0.95 70.09 + 1.48 18.12 + 1.67 34.12 £2.16
30 41.13 £2.12 74.5 £2.83 23.12 + 1.68 38.10 £2.22
60 48.08 + 1.45 79.12 +2.14 30.15 +2.81 45.13 +2.16
90 48.10 + 1.98 85.11 £2.12 30.09 + 1.43 5112 +2.14
120 48.12 + 1.21 85.14 + 1.56 30.08 + 1.12 51.13 £2.22
150 48.10 £ 2.12 86.13 + 1.32 30.10 + 1.68 51.09 +2.12
180 48.08 + 1.45 85.11 £2.14 30.13 +2.81 51.10 £ 0.95
210 49.00 + 1.98 85.14 +2.14 30.11 +1.43 5112+ 1.12
240 48.15 + 1.21 85.08 £ 1.32 30.09 +£2.14 51.15 + 1.56

Dye solutions DR 17 (250 mL) and DB 1 (250 mL) were treated with soluble and immobilized BGP (35 U) in the presence of 0.75 mmol/L H,O, and
0.2 mmol/L VLA in 0.1 mol/L glycine HCI buffer, pH 3.0 for 4 hr at 40°C under stirring conditions. Aliquots of dye solutions were taken at indicated
time intervals to monitor decolorization. The percent decolorization was calculated by taking untreated dye solution at each temperature as control

(100%).

resistance to the immobilized enzyme (Matto et al., 2009).
Decolorization of dyes by soluble BGP at the indicated
temperatures increased continuously with time only till 60
min while decolorization of the dyes by entrapped BGP
was continuously increased up to 90 min at all the three
investigated temperatures. Incubation of dye solutions with
immobilized BGP beyond 120 min did not show any
further enhancement in decolorization at the indicated
temperatures. Lack of improvement in dye decolorization
with further increase in incubation time might be attributed
to the end product inhibition which was found to be more
in case of soluble enzyme. The disappearance of 73% and
50% of color from DR 17 and DB 1 by soluble BGP was
observed within 60 min of incubation at 40°C, respectively,
while DR 17 and DB 1 were decolorized to 98% and 71%
by entrapped BGP in 90 min at 40°C. Decolorization of
DR 17 and DB 1 was maximum 58% and 38% in 60 min
by soluble BGP at 50°C, whereas maximum decolorization

by entrapped BGP was 94% for DR 17 and 60% for DB 1
within 90 min incubation time. However, DR 17 and DB
1 were decolorized to 48% and 30% by soluble BGP in
60 min at 60°C, respectively, whereas decolorization by
entrapped BGP was 85% for DR 17 and 51% for DB 1 in
90 min at this temperature.

Table 3 demonstrates the effect of varying concentration
of soluble and immobilized BGP on the decolorization
of DR 17 and DB 1 at different times of incubation in
batch process. Decolorization of the dyes in batch process
decreased by decreasing the concentration of enzyme. DR
17 and DB 1 were decolorized to 64% and 40% by soluble
BGP in 60 min in the presence of 25 U whereas maximum
decolorization by immobilized BGP was 93% for DR 17
and 60% for DB1 in 90 min. In presence of 15 U, soluble
BGP could decolorize 50% DR 17 and 29% DB 1 in 90
min. However, DR 17 and DB 1 were decolorized to an
extent of 80% and 48%, respectively, by entrapped BGP

Table 3 Effect of enzyme concentration on BGP catalyzed decolorization (%) in batch process

Time (min) 25 U of BGP 15 U of BGP
DR 17 DB 1 DR 17 DB 1
S-BGP I-BGP S-BGP I-BGP S-BGP I-BGP S-BGP I-BGP

15 39.12 + 1.34 70.11 £2.82 23.14 £ 2.14 42.09 £ 1.11 31.10 £ 2.67 60.11 £ 1.8 16.12 + 2.65 34.15 + 1.89
30 46.09 +2.18 79.12 £ 2.67 33.12 £ 1.36 50.15 £ 1.82 36.14 £2.43 68.11 +2.78 24.13 + 1.89 41.09 +2.34
60 64.11 +£2.64 88.09 + 1.85 40.15 £2.42 54.08 +2.89 50.12 £ 1.56 79.12 £ 1.57 20.11 £2.32 46.14 £ 2.16
90 64.11 £ 1.57 93.15+1.43 41.11 + 1.68 60.10 + 2.46 52.11 £ 1.78 80.10 + 2.41 30.10 £21 AT =184
120 64.13 + 1.89 93.12 £+ 2.86 41.09 = 0.97 60.11 £ 1.73 52.11 £2.89 81.09 + 1.26 30.11 £2.53 49.10 £ 2.14
150 64.12 +2.18 93.15 £ 2.67 41.12 + 1.36 60.12 + 1.82 52.08 +£2.43 81.12 +2.78 30.14 ¥ 1.89 49.10 £ 2.34
180 64.15 £2.64 93.11 £ 1.85 41.11 242 60.12 +2.89 52.11 £ 1.56 81.11 £ 1.57 30.14 £ 2.32 49.11 £ 2.16
210 64.11 + 1.57 93.11 £ 1.43 41.11 £ 1.68 60.14 £ 2.46 52.10 £ 1.78 81.15 +2.41 30.13 £ 2.12 49.12 + 1.84
240 64.10 + 1.89 93.12 £2.86 41.10 £ 0.97 60.12 £ 1.73 52.12 £2.89 81.14 £ 1.26 31.11 $£2.53 49.11 £2.14

Dye solutions DR 17 (250 mL) and DB 1 (250 mL) were independently treated with 25 and 15 U of soluble and immobilized BGP in the presence.of

0.2 mmol/L VLA and 0.75 mmol/L H,O; in 0.1 mol/L glycine HCI buffer, pH 3.0 for 4 hr at 40°C.
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in 90 min. There was no significant enhancement in the
decolorization of these dyes after 60 and 90 min by soluble
and immobilized BGP, respectively. The optimization of
enzyme concentration was carried out to achieve high dye
decolorization efficiency. A very low concentration of BGP
(0.15 U/mL) was sufficient for maximum decolorization
of dyes, indicating high potential of plant peroxidases
in the treatment of industrial wastewaters. Increase in
enzyme concentration above this value showed no sig-
nificant increase in decolorization (data not shown). In
an earlier investigation, a similar observation has been
reported where two-fold increase in concentration of HRP
beyond 14.985 U/mL showed no significant increase in
decolorization of Remazol Turquoise Blue G 133%. In
order to check the efficiency of BGP in batch process,
decolorization was carried out in the presence of 25 U and
15 U. However, in batch process, 35 U of BGP resulted
in maximum decolorization (data in Table 2 at 40°C),
enzyme concentration more than this value did not show
any increase in decolorization (data not given). Enzyme
concentration less than this showed decreased decoloriza-
tion (Table 3). On the basis of such findings, it can be
concluded that optimization of enzyme concentration is
of great importance because higher enzyme concentrations
have been reported to show no significant influence on dye
decolorization (Ulson de Souza et al., 2007).

2.4 Decolorization reusability of immobilized BGP and
storage stability of soluble and immobilized BGP

Reusability is one of the significant indices to evaluate
the application of immobilized enzymes in industries. The
dye decolorization reusability of soluble BGP was contin-
uously decreased on its repeated use (Fig. 1c). However,
immobilized BGP decolorized DR 17 to 57% and DB 1 to
28% even after its 7th repeated use. Reports are available
which show that immobilized peroxidase could efficiently
be used for the decolorization of dyes (Matto et al.,
2009). Our findings have suggested that calcium alginate—
starch entrapped BGP has more advantages in removing a
significant percentage of color from dye solutions. Thus
this preparation could be exploited for the continuous
decolorization of dyes for longer durations in a reactor.

The activity of soluble BGP decreased continuously
when stored at 4°C for 30 days (Fig. 1d). At the end of the
day 30 soluble BGP retained only 68% of its initial activity,
while entrapped BGP retained 87% of its initial activity
on storage under identical conditions. These observations
suggest that entrapped BGP preparation could be used in

enzymatic reactors for longer durations without much loss
in activity.

2.5 Determination of phytotoxicity of decolorized prod-
uct

To examine the toxicity of BGP decolorized product of
disperse dyes, phytotoxicity experiments were performed
using Allium cepa test with used dyes and their decolorized
product. Table 4 shows the growth of Allium cepa roots
in terms of length in cm and percent inhibition brought
about by treated and untreated dye solutions. Allium cepa
incubated with undiluted untreated DR 17 solution for 7
days showed 92% inhibition in root length while as 1:1
dilution of the same solution with distilled water exhibited
an inhibition of 85% in root length. The average root length
was recorded to be 0.35 and 0.62 cm in undiluted and
diluted untreated samples of DR 17 as compared to 4.0
cm in control while BGP treated undiluted and diluted DR
17 revealed an inhibition of 77% and 65%, respectively.
Minimum inhibition in root length was 70% and 55% for
undiluted and 1:1 diluted BGP treated DB 1 product as
compared to control. Untreated undiluted and 1:1 diluted
DB 1 exhibited 87.5% and 80% inhibition in root length,
respectively.

Although toxicity of the treated samples was reduced
as compared to the untreated samples, certain extent of
toxicity still persisted. Such an extent of detoxification by
peroxidase has also been reported earlier (Kulshrestha and
Husain, 2007; Satar and Husain, 2009b). The toxicity of
several dyes, including azo compounds, was reduced after
enzymatic treatment, although there was no strict correla-
tion between decolorization and detoxification (Abadulla
et al., 2000; Pereira et al., 2009). In another study, the
addition of redox mediator led to 96% decolorization,
however, the detoxification was somewhat less effective
(Murugesan et al., 2009). Such biological tests are neces-
sary to evaluate the pollution in effluents or water bodies
and serve to determine the toxic potential of aromatic
pollutants (Palegrini et al., 2007).

2.6 UV-Visible absorbance spectra of the dyes treated
with immobilized BGP

To confirm the removal of aromatic compounds from
the BGP treated dye solutions in the presence of redox
mediators, spectral analyses were also performed. The de-
crease in absorbance at Ay, of each treated dye was a clear
indication of dye decolorization and loss of chromophoric
groups from the solution (Fig. 2). The diminution in the

Table 4 Allium cepa test for BGP treated dyes

Dye Test solution Root length (cm) (1x dilution) Inhibition (%) Root length (cm) (2x dilution) Inhibition (%)
Control 4.00 + 1.24 - 4.00 £ 1.72 -

DR 17 Untreated 0.35+1.54 92.12 £ 2.61 0.62 +2.64 35T =16¢
Treated 091 +£2.13 77.11 = 1.86 141 £241 65.11 £2.12

DB 1 Untreated 0.52 +2.42 87.51 +£2.17 0.84 + 1.68 80.15 £ 2.15
Treated 1.11 £2.11 70.15 £ 1.64 1.81 £2.16 55.12 +£1.82

Onion bulbs were placed at the top of each tube containing control and treated samples with root primordial downwards touchfing the liquid. Distilled
water was used as control for all the samples. In order to prevent the gap between onion bulbs and the liquid, respective sampjles were added to/each
tube after a gap of 12 hr. The experiments were carried out for 7 days in dark. Inhibition in the growth of Allium cepa roots with respect to control was

considered as an index for the degree of toxicity.
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Fig. 2 UV-Visible absorption spectra of DR 17 and DB 1.

peaks at Ayax (510 nm for DR 17 and 460 nm for DB 1)
in visible region was quite marked in case of immobilized
BGP treated solutions of DR 17 and DB 1. The electron-
withdrawing nature of the azo linkages obstructs the
susceptibility of azo dye molecules to oxidative reactions.
It is well documented that only specialized enzymes are
found to degrade azo dyes (Husain, 2006; Ghodake et al.,
2009; Satar and Husain, 2009b). Moreover, color is usually
the first contaminant to be recognized in a wastewater,
as very small amounts of synthetic dyes in water (10—
15 mg/L) are highly visible, affecting the aesthetic merit,
transparency and gas solubility of water bodies (Pereira
et al., 2009). Thus the main interest of this study, using
dye solutions containing single dye at low concentrations,
has been the development of an enzymatic method for
the decolorization of water-insoluble disperse dyes. The
experimental results indicated that the use of such an
efficient immobilized enzymatic treatment process could
be a basic and valuable approach for the degradation of
disperse dyes from wastewaters. Significant loss of color
in visible region indicated the suitability of this enzyme-
mediator system in the treatment of colored effluents.

3 Conclusions

On the basis of findings of this work, it can be concluded
that immobilized BGP has more potential in the decol-
orization of dyes even at higher temperatures. Entrapped
BGP was better suited for the decolorization/removal of
colored compounds from dye solutions in batch processes.
These observations may provide a reasonable basis for the
application of peroxidase that is easily available, inexpen-
sive and efficient at low concentration in the development

of an effective biotechnological process for the removal of
colored pollutants from textile effluents at large scale.
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