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Abstract
Azo dyes are recalcitrant carcinogenic compounds and have dermal and immunological effect on human beings. Conventional
methods are not effective in the treatment of azo dyes. Enzymatic decolourization of the azo dye is an effective treatment, which is
based on pH, temperature, enzyme activity and the concentrations of H2O2 and dye. In this study attempt peroxidase was
extracted and partially purified from Bitter gourd, Carrot, Little gourd, Potato and Tomato by ammonium sulphate precipitation
method and the maximum Peroxidase enzyme activity was found in bitter gourd, carrot and potato. Based on the decolourization
of azo yellow dye their performance was evaluated in the form of free enzyme and vegetable Peroxidase (free enzyme) was also
used for textile effluent treatment. Optimal conditions for Textile effluent treatment by vegetable Peroxidase were pH 6, 45°C –
50°C Temperature, incubation time 4- 6 hours and crude enzyme concentration 0.5-1.5ml. Under the optimal conditions, the free
enzymes of bitter gourd, carrot and potato were treated the azo dyes in range of 76-80%, 78-81% and 65-70% respectively. Using
LC-MS analysis treated and untreated samples were analyzed.
Keywords: Peroxidase, Vegetables, Azo yellow dye, Textile effluent, LC-MS and Biobleaching
1. Introduction
Wastewater from the textile industry is one of the most
problematic to treat due to its color, high chemical oxygen
demand (COD), biochemical oxygen demand (BOD),
suspended solids, and turbidity and toxic compounds. Dye
color interferes with penetration of sunlight into waters,
retards photosynthesis, inhibits the growth of aquatic biota and
affects gas solubility in water bodies. Furthermore, many dyes
are believed to be carcinogenic or are synthesized from known
carcinogens such as benzidine (Dalel Daassi et al., 2013) [5].
There are more than 105 kinds of commercially available dyes
with over 8×105 metric tons of dye stuffs is lost and released
to industrial effluents (Palmieri et al., 2005) [12]. Dyes can be
hardly degraded in the environment because of their resistance
to the oxidizing agents, light and water due to their chemical
structure (O'Neill et al., 1999) [11].
Textile dyes were classified as azo, diazo, cationic, basic,
anthraquinone and metal complex based, depending on the
nature of their chemical structure (Gottlieb et al., 2003) [8]. The
dyes can be removed from industrial effluents by various
methods including photolysis, adsorption, chemical oxidation
and reduction, and electrochemical treatment. These
treatments are generate large amounts of sludge and hazardous
by products, which leads to secondary pollution and its capital
cost and operating speed also disadvantage of these methods
(Yang Soo Lee et al., 2011) [18]. The use of bacteria in the
biological treatment of dye effluents may result in the
generation of colourless, dead-end aromatic amines which are
generally more toxic than the parent compounds and thus may
have poor adaptability and limited application to a wide range
of dye wastewater (Yi-Chin Toh et al., 2003) [19]. Recently an
enzymatic approach has attracted much interest in the removal
of dyes from effluent as an alternative method to the

conventional chemical as well as microbial treatments (Bhunia
A et al., 2001) [4]. Enzymes from various sources (fungus and
plant based) are used for the treatment of dye-based
compounds. The electron-withdrawing nature of the azo
linkages obstructs the susceptibility of azo dye molecules to
oxidative reactions (Vasantha Laxmi Maddhinni et al., 2006)
[17]
.
Peroxidase (EC 1.11.1.7) is one of the key enzyme controlling
plant growth, differentiation and development (Suha, O. A., et
al 2013) [15]. The role of peroxidase play in the living plant is
not completely understood, although they have been
associated with cell wall bio- synthesis, response to injury,
disease resistance, and wound repair. Peroxidases consist of a
family of isozymes that catalyse the same or similar reactions
(Prestamo, G and Manzano, P., 1993) [13]. Other application of
this enzyme is widely employed in microanalysis and for the
construction of enzyme electrodes. More than 80% of
immunoenzymatic kits contain peroxidase as labelling
enzyme. Recently, peroxidases have been used for
biotransformation of organic molecules (Adam et al., 1999) [1].
Peroxidase can act on the soluble azo dye substrate in the
presence of hydrogen peroxide, leading to a non-soluble
product which can be easily removed by precipitation or
filtration (Nabila Boucherit., 2012) [10]. Plant based sources of
Peroxidase for synthetic dye decolorization such as
Solanaceae, cucurbitaceous and Apiaceae family contain
higher amount of peroxidase i.e. Tobacco, Potato, Tomato,
Bitter gourd, Little gourd, Cucurbita pepo, Carrot, Turnip and
Horse radish (Farrukh Jamal., 2011) [7].
In this study, the biobleaching of yellow dye and textile
effluent by the peroxidase was investigated. The influence of
pH, temperature, time and concentration of enzyme on
enzymatic colour removal were determined. To our
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knowledge, yellow textile dye has not been investigated for
degradation by vegetable peroxidase before. We found that the
azo dye was decolorized with the use of peroxidase, and we
then optimized the decolorization.
2. Materials & Methods
Collection of Enzyme sources and dye sample
Vegetable sources of Peroxidase such as Bitter gourd, little
gourd, Potato, Tomato, Carrot and yellow dye were collected
from Kallakurichi, Villupuram, Tamil Nadu in India. Textile
effluent was collected from Kancheepuram, Tamil Nadu,
India.
Extraction of Crude Peroxidase
Vegetables such as Bitter gourd, little gourd, Potato, Tomato
and Carrot were thoroughly washed with tap water. Then each
vegetable was separately cut into small pieces and
homogenized with 0.1M Phosphate buffer pH 7. An extract
was filtered to remove traces of fibrous particles and then
centrifuged at 10000 rpm for 10 minutes at 4°C to remove cell
debris (Suha, O. A et al., 2013) [15].
Peroxidase assay & protein estimation
The assay mixture contained 3.3 ml of 0.1M phosphate buffer,
0.1ml of 3% hydrogen peroxide and 0.1ml of 4% guaiacol
(freshly prepared). Then 500 μl of enzyme extract was added
and after two minutes Peroxidase activity was monitored at
470 nm at room temperature. Peroxidase activity was
expressed as Units of enzyme activity (U) (Maehly 1954) [9].
During Peroxidase assay guaiacol was converted into
tetraguaiacol (or 3-dimethoxy-4- biphenoquinone) with
peroxide. Units of peroxidase activity were calculated
according to the empirical formula (Demetri M. Kokkinakis
and James L. Brooks 1979) [6].
∆OD/min x dilution factor
Units/ml =

x 1000
mL of enzyme used in assay

Biuret method was used for protein estimation.
Ammonium sulphate precipitation
Various percentage of ammonium sulphate (50%, 60%, 70%,
80%, 90% and 100%) was used for the precipitation of crude
enzyme sample. Crude enzyme of 5ml solution was taken in
centrifuge tube and 5ml of various concentration of
ammonium sulphate such as (50%, 60%, 70%, 80%, 90% and
100%) were added to enzyme solution at 4°C for overnight.
The precipitated sample was centrifuged at 10000 rpm for 15
minutes and pellet was dissolved in sodium phosphate buffer
and stored at 4°C (Demetri M. Kokkinakis and James L.
Brooks., 1979) [6].
Biobleaching of azo dyes
Dye samples were centrifuged at 3000 rpm for 10 minutes and
clear supernatant was collected and absorbance measured at
470 nm for control measurement. Yellow dye was incubated
with peroxidase from different vegetables in 0.1M sodium
phosphate buffer, pH 6.8 at 37°C in the presence of 10mM
hydrogen peroxide for 4 hours. Dye decolorization was
monitored at 470nm and the percent decolorization was
calculated by taking untreated dye solution as control 100%
(Subramaniam Sivakumar et al., 2010) [16].

The textile dye effluent diluted with distilled water in equal
volume. The pH of the solution was adjusted to 6. For enzyme
treatment, the reaction mixture containing 10 ml of the
effluent, various concentrations (0.4, 0.8, 1.2, 1.6, 2.0, and 2.4
ml) of Peroxidas (in phosphate buffer, 0.1 M; pH 7.0) were
added. The reaction mixture was incubated at different
temperature 30°C to 80°C for 3-8 hours. Each 1 h, the color
intensity of the effluent was measured at 490 nm and the
percent decolorization was calculated by taking untreated dye
solution as control 100%. Boiled enzyme was used as a
control (Selvam, K et al., 2003) [14].
Decolorization Percentage (%)
Ab. of control – Ab. of test
=
Ab. of control

x 100

Effect of pH, Temperature, Concentration and Time on
dye decolorization
The effects of pH and temperature in azo dye degradation
action of peroxidase were studied by treating yellow dye and
textile effluent at different pH values from
3.0 – 8.0 and different temperature from 35°C - 85°C in the
presence of hydrogen peroxide. The effect of time duration
and enzyme concentration in dye degrading action of
peroxidase was studied by treating peroxidase with yellow dye
at different time intervals (1 – 6hrs) and different
concentrations of soluble peroxidase (0.1ml – 1.0ml) in 0.1M
sodium phosphate buffer, pH 5 at 35°C in the presence of
10mM hydrogen peroxide (Akhtar Suhail and Qayyum
Husain., 2006 ) [3].
LCMS analysis
Analyses were performed with LC- MS system with a Column
C- 18 (4.6 x 75 mm, 3.5 µm) from IICPT. Water with 0.1 %
Formic acid and Methanol with 0.1% Formic acid were used
as a mobile phases A and B respectively. Elution was adjusted
in a gradient from 5% to 95% for B for 24min, with a flow
rate of 1.0mL/min. 10µl of sample was injected at 35°C and
analyzed using PDA detector in the range of 254nm
(Ahlstrcom L.H et al., 2005) [2].
Result & Discussion
The crude peroxidase was extracted from bitter gourd, carrot,
little gourd, potato and tomato. The maximum enzyme
activities were found in crude peroxidase from bitter gourd,
carrot and potato. Extraction of peroxidase from vegetables
were observed by Prestamo G. and Manzano. P., (1993) [13].
Using ammonium sulphate crude vegetable peroxidases were
precipitated for partial purification. The maximum enzyme
activity was found to be 75 ± 9 Unit/mL in 70% of ammonium
sulphate fraction of carrot.
Dye decolorization
Based on enzyme activity bitter gourd, Carrot and potato were
used for dye decolorization. Biobleaching of azo dyes
percentage was given in Table-1. Azo dyes were effectively
decolorized by peroxidase obtained from bitter gourd, carrot
and potato. Bitter gourd peroxidase decolorized 76-80% of
dye, 78-81% of dye was decolorized by Carrot peroxidase and
69% of dye was decolorized by Potato peroxidase.
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Table 1: Dye decolorization percentage
Sample
Decolorization percentage (%)
Bitter gourd
76-80
Carrot
78-81
Potato
65-70

Bittergourd peroxidase decolorization
This study was carried out on Azo dyes decolorization by

varying PH, temperature, incubation time and enzyme
concentration. The optimum PH, temperature, time and
enzyme concentration for decolorization of a yellow dye by
BGP were found to be 6, 45°C, 4hrs and 0.5 ml respectively
(Figure- 1). Subramaniam Sivakumar et al., (2010) [16]
obtained that the similar results for decolorization by bitter
gourd peroxidase.

Optimization of azo yellow dye decolorization

Fig 1: Optimization of Decolorization by BGP

Carrot peroxidase decolorization
The optimum PH, temperature, time and enzyme
concentration for decolorization of yellow dye by Carrot
peroxidase were found to be 6, 45°C, 4hrs and 0.4 ml
respectively (Figure - 2).

Optimization of carrot peroxidase studied and similar results
were obtained by Suha, O. A et al., (2013) [15]. They suggested
optimum PH and temperature for CP was 5 and 40°C.
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Fig 2: Optimization of yellow dye decolorization by Carrot peroxidase

Potato peroxidase decolorization
The optimum PH, temperature, time and enzyme
concentration for decolorization of dye by potato peroxidase
were found to be 6, 45°C, 4hrs and 0.5 ml respectively.
Optimization of carrot and potato peroxidase studied and
similar results were obtained by Suha, O. A et al., (2013) [15].
They suggested optimum PH and temperature for CP and POP
was 5 and 40°C.

enzyme concentration for decolorization of dye by BGP were
found to be 6, 50°C, 6hrs and 1.5 ml respectively (figure- 3).

Optimization of textile effluent treatment Bitter gourd
peroxidase treatment
This study was carried out on textile effluent treatment by
varying PH, temperature, incubation time and enzyme
concentration. The optimum PH, temperature, time and

LC-MS Analysis
LC-MS analysis of decolorization by vegetable Peroxidase
LC-MS chromatogram of yellow dye was obtained by PDA
detector. Azo yellow dye was confirmed by LC-MS.
Concentration of yellow dye in treated sample was
determined.

Carrot peroxidase decolorization
The optimum PH, temperature, time and enzyme
concentration for decolorization of dye by Carrot peroxidase
were found to be 6, 50°C, 6-7hrs and 1.6 ml respectively
(figure- 4).

Fig 3: Optimization of textile effluent treatment by Bitter guard Peroxidase
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Fig 4: Optimization of textile effluent treatment by carrot Peroxidase

A

B

Fig 5: LC-MS analysis of azo yellow dye decolorization. A. carrot peroxidase decolorization and B. bitter gourd peroxidase decolorization.
Table 2: LC-MS analysis of decolorization by vegetable Peroxidase
Peak
1
2

Samples
Carrot
Bitter gourd

Channel
Ch1
Ch1

Name
Azo dye
Azo dye

Ret. Time
0.26
0.262

The retention time for azo yellow dye was 1.26 and
concentration of dye in treated sample by CP was 28.9mg/L. It
was shown in Figure- 5 (a). The retention time for azo yellow
dye was 0.262 and concentration of dye in treated sample by
BGP was 37.62mg/L. It was shown in Figure – 5 (b).

Area
220102
28582

Area %
100
100

Height
11575
77468

Conc. mg/L
28.97
37.622

LC-MS analysis of textile effluent treatment by bitter
gourd Peroxidase
The retention time for textile effluent was 0.188 and
concentration of azo dyes in the treated sample was 10.35%. It
was shown in Figure- 6 and Table – 3. From LCMS analysis
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nearly 80% textile effluent was treated by bitter guard

peroxidase.

Table 3: LC-MS analysis of textile effluent treatment by bitter gourd Peroxidase
ID#
1

Channel
Ch1 254nm

Ret. Time
0.188

Area Height
22329 9057

Concentration (%)
10.35

Name
Azo dyes

Azo dye/0.188/22329

Data file Name: Commercial 98 Azo dye sa mple.lcd
Sample Name: Commercial 98 sample Azo dye
Sample ID: Commercial 98 sample Azo dye

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25min

Fig 6: UHPLC Chromatogram for Treated Dye Sample

From LCMS result vegetable Peroxidase was treated azo dyes
in an effective manner, nearly ± 80% concentration of azo
dyes were removed from textile effluent. The strong
chromophore linkage of azo dye was weakened by vegetable
peroxidase therefore harmful azo dye was removed from
water. Chromatogram of the treated effluent sample showed 3
peaks in it with 1 major peak and 2 minor peaks. The retention
time and the % of area obtained for the compounds (peaks) in
the chromatogram were not that of the aromatic amines and as
the retention time of all the amines were more than 3 min. It
was thus confirmed the textiles effluent sample treated with
the combination A13 under shaking condition was not found
to produce any toxic aromatic amines at the end of five days
of incubation.
Phytotoxicity test
Green gram was used for phytotoxicity test and germination
percentage of green gram plant in normal water is ±95% and ±
90% of germination was observed in Textile effluent treated
water. Seventh day only germination was observed on treated
water but in normal water germination observed on fifth day.
Root system, stem and leaves were analyzed on 15th day. In
normal water large size and dark color leaves were observed
but in treated water plant small and pale green leaves
observed. Similarly height and thickness of the stem is varying
from normal plant to treated water plant. In root system, no
differences in length between these two plants but more root
hairs are observed in normal plant compare to treated water
plant.
Conclusion
In this study Peroxidase was extracted from bitter gourd,
carrot, little gourd, potato and tomato. The maximum
Peroxidase activity (70 U/ml) was achieved and peroxidase
was partially purified by ammonium sulphate precipitation.
Yellow dye was effectively decolorized by using partially
purified Peroxidase of bitter gourd, carrot and potato (±75%,
±82% and ±69%). The maximum decolorization percentage
was obtained from Carrot. The textile effluent was effectively

treated by bitter gourd Peroxidase (±80%) and the carrot
Peroxidase and potato Peroxidase was decolorized the textile
effluent in the range of ±78% and ±65% respectively.
The process parameters such as pH, temperature, and
incubation time and enzyme concentration were studied for
yellow dye decolorization and textile effluent treatment by
partially purified vegetable Peroxidase. Finally I concluded
that the optimum temperature for decolorization by was found
to be 45°C-50°C, optimum pH was found to be 6 and optimum
incubation time was found to be 4 -6 hours and enzyme
concentration was found to be 0.5- 1.5ml of Peroxidase. Using
phytotoxicity test proved that the treated effluent was not
hazardous to plant growth.
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