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ABSTRACT: Bioremediation of textile dyes has been of considerable interest because it is inexpensive, eco-
friendly and produces a less amount of sludge. An attempt was made to evaluate the potential of two bacterial
strains for decolorization of Alizarin red S were isolated from textile dye effluents. The bacterial strains
Pseudomonas sp. and Escherichia coli were identified by morphologically and biochemically. Physico-chemical
parameters like pH, temperature, dye concentration, carbon source, nitrogen source, combination of carbon source
and nitrogen source and the effect of immobilized bacterial cells were optimized. The optimal condition for
decolorization of Alizarin red S for both Pseudomonas sp. and Escherichia coli was found to be 1% glucose, 1%
peptone, pH 7.0, 37°C, 500 mg/L dye concentration, combination of 1% glucose and 1% peptone and 50
immobilized bacterial cells per 100ml of Mineral Salt Medium. The highest decolorization rate was found to be
69.17% and 78.04 % for Escherichia coli and Pseudomonas sp. respectively. The results revealed that Pseudomonas
sp. was found to be more efficient in dye decolorization than Escherichia coli.. The FTIR spectrum of control
Alizarin red S displayed a peak at 3409.86 cm-1 indicates an OH stretching of phenols. Peaks at 2926.07, 1648.24,
1383.56 and 1066.10 showed CH stretching of alkanes, CC stretching of alkenes, nitro compounds and CO
stretching of alcohols, ethers, carboxylic acids and esters respectively. The FTIR spectrum of the products formed
after decolorization displayed a peak at 3448.24 showed OH stretching of phenols. Peaks at 1641.04 and 1080.47
indicate a CC stretching of alkenes.
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INTRODUCTION

Rapid development of industrialization and urbanization leads to several environmental problems such as water
scarcity, pollution and population explosion. Various industries such as textile, rubber, paper, leather, plastics, food,
pharmaceutical and cosmetics consume wide range of dyes for coloring the products [1]. The effluent from textile
industries carries a large number of dyes and other additives which are added during the coloring process [2]. Dyes
are aromatic organic compounds with aryl ring structure which makes them more stable, it brings some difficulties
to remove in conventional water treatment procedures of these pollutants [3]. Discharge of effluents from various
dyeing industry to the water bodies is a major human concern. Among them, Alizarin (1, 2-dihydroxy
anthraquinone) a prominent red dye principally used for dyeing textile fabrics and are known to undergo biological
or photochemical degradation once they reach the aquatic environment. The parent compounds are less harmful
whereas the degradation products may be more harmful and persistent [4]. It is important to safeguard the
environment from such contaminants which are a potential hazard to living organisms.
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Traditionally broad ranges of methods were applied for the treatment of waste effluents generated from dyeing
industries involves light, biological, physical, chemical and activated sludge techniques are very expensive [5,6].
Bioremediation of textile dyes has been of considerable interest because it is inexpensive, eco-friendly and produces
a less amount of sludge. Biotechnological tools also have been applied for the degradation of various textile dyes
and it was found that up to 70% color removal was noticed with different micro flora [7]. Nowadays many
researchers have demonstrated partial or complete biodegradation of dyes by pure and mixed cultures of bacteria,
fungi and algae. Preliminary characterization of the bacterial isolate regarding its morphological, biochemical
characters and decolorization activity as well as the molecular identity gives useful information with regard to the
further application of strain for various purposes [8]. In the present study, an attempt was made to evaluate the
potential of bacterial strains for decolorization effluent containing a dye, Alizarin red S with respect to various pH,
temperature, carbon (glucose) source, nitrogen (peptone) source and different dye concentration were optimized.

MATERIALS AND METHODS
Chemicals and media
Textile dye, Alizarin Red S and dye effluents were collected from a dying industry located at Erode, Tamil Nadu.
All microbiological media and medium ingredients were procured from HiMedia Laboratories, Mumbai (India).
Isolation, screening and identification of dye degrading bacteria
Microbial isolations were carried out by serially diluting textile effluent in sterile distilled water subsequently plated
onto nutrient agar medium added with 100mg/l Alizarin red S and incubated at 37° C for 12 hrs. After incubation
the presence of dye degrading bacterial colonies were checked by observing the zone of clearance/decolorization on
the respective plates [9]. Those colonies that exhibited dye degradation were isolated and maintained in nutrient
broth medium. Further the identification of dye degrading bacterial strains were carried out on the basis of
morphological and biochemical analysis.
Decolorization Assay
Decolorization activity was expressed in terms of percentage decolorization and was determined by monitoring the
decrease in absorbance at absorption maxima (Amax) of respective dyes (i.e. 423nm for Alizarin red S). The un-
inoculated nutrient broth supplemented with respective dye was used as reference. The culture suspension was
centrifuged at 8,000 rpm for 10 min for removal of the biomass. The degree of decolorization of the tested dye was
measured at its respective maximum absorbance wavelength using supernatant by UV-visible spectrophotometer.
Based on decolorization potential, strain was selected for further studies. The decolorization assay was calculated
according to the following formula [10, 11].
Percentage of Decolorization = [A-B /A] x 100
Where A= Initial absorbance

B= Observed absorbance
Effect of pH and temperature on dye decolorizing activity
The effect of pH on the dye decolorization was determined by measuring the relative activity using different buffers
at 37°C. Sodium acetate (pH 4.0 to 5.5), Tris (pH 6.0 to 8.5) sodium carbonate (pH 9.0) buffers were used for the
estimation of relative activity at different pH conditions. The maximum activity was considered as 100%, and used
as reference in determining relative activities at different pH values. The effect of temperature on the reaction rate
was determined by performing the standard reaction at different temperatures in the range of 20-100°C. The relative
activity was expressed considering maximum activity as 100%.

Effect of different concentration of dye on dye decolorizing activity

The effect of different concentration of dye was determined by measuring the relative activity using different
concentration (100 mg/l, 500 mg/1 and 1000 mg/1) at 37° C.

Effect of different concentration of carbon and nitrogen source on dye decolorizing activity

The effect of different concentration of carbon (glucose-0.25g, 0.5g, 0.75g and 1.0g) and nitrogen source (peptone-
0.25g, 0.5g, 0.75g and 1.0g) individually and in combination of both (glucose 1.0g and peptone 1.0g) on dye
decolorizing activity were monitored at specific wavelength at 37°C.

Fourier Transform Infrared Spectroscopy

The biodegraded dye samples were characterized by FTIR spectroscopy. Infrared spectroscopy experiments were
performed using GX-FTIR model, Perkin Elmer, USA spectrophotometer. The samples were mixed with
spectroscopically pure KBr (1:99) and pelleted by pressed pellet technique. The changes in % transmission at
different wavelength were observed. The data were recorded within a scanning range of 4000-400 cm-1.
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RESULTS AND DISCUSSION

Isolation, screening and identification of dye degrading bacteria

The textile dye effluent sample was collected from textile industries located at Erode, Tamil Nadu. Textile
industries play a positive role in the Indian economical reformation [12]. The industrial units are now looking
forward to cost effective solutions for reduction of pollution. Normally bacterial decolorization is faster and
nonspecific. Previously reported an array of bacteria as degraders of dyes such as Bacillus subtilis, Escherichia coli,
Enterococcus sp., Pseudomonas sp., Rhabdobacter sp., Lactobacillus sp., Staphylococcus sp., Clostridium sp.,
Micrococcus dermacoccus, Acinetobacter sp., Geobacillus, Rhizobium, Proteus sp., Morganella sp., Aeromonas sp.,
Alcaligenes sp. and Klebsiellla [13]. In the present study, the isolated morphologically distinct colonies showed
decolorization zone on nutrient agar plate containing Alizarin red S dye. By microscopic and biochemical
characters, the bacterial cultures were identified as Pseudomonas sp. and Escherichia coli.

Effect of pH and temperature on dye decolorization

The effect of pH for both Escherichia coli and Pseudomonas species on dye decolorization activity was determined
in different buffers (pH 3.0 to 9.0). The decolorization rate was increased when pH increased from pH 3.0 (45%) to
pH 7.0 (57%) for Escherichia coli and from pH 3.0 (47%) to pH 7.0 (61%) for Pseudomonas species. Maximal
activity of decolorization rate was observed at pH 7.0 i.e 57% and 61% activity were observed for Escherichia coli
and Pseudomonas species, respectively (Fig.1 a&b).

The effect of temperature for both Escherichia coli and Pseudomonas species on dye decolorization activity was
determined in various temperatures (28°C, 37°C and 42°C). Maximal activity of decolorization rate was observed at
temperature 37°C. In this temperature Escherichia coli and Pseudomonas species showed 55% and 64% activity,
respectively (Fig.2 a&b). Increase in temperature resulted in marginal reduction in decolorization activity of the
bacterial culture. Decline in decolorization activity at higher temperature can be attributed to the denaturation of the
azo-reductase enzyme [14]. The decolorization of the dye Acid Orange 10 by Pseudomonas putida MTCC 102
showed optimum pH and temperature of 7.0 and 37 °C, respectively [15].
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Fig. 1 Effect of dye decolorization at different pH.

(a) S1- Dye decolorization by Escherichia coli at different pH. (b) S2- Dye decolorization by Pseudomonas sp.at
different pH.
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Fig. 2 Effect of dye decolorization at different temperature.

(a) S1- Dye decolorization by Escherichia coli at different temperature. (b) S2- Dye decolorization by Pseudomonas
sp.at different temperature.

Effect of different concentration of dye

Decolorization activity of both Pseudomonas species and Escherichia coli was studied at different concentrations
varying from 100 to 1000 mg/l. The optimum dye concentration for decolorization by Pseudomonas species and
Escherichia coli was found to be 500 mg/1 (Fig.3a&Db). Further increase in dye concentration resulted in reduction
in decolorization rate. Lower decolorization efficiency is due to higher inhibition at high dyestuff concentration
[16].

Effect of glucose as carbon source on dye decolorization

Different concentrations of glucose (0.25g, 0.5g, 0.75g and 1.0g) as carbon source were evaluated for dye
decolorization. Among various concentrations, the highest concentration i.e 1g/l of glucose showed maximum
activity for decolorization of dye for both Escherichia coli and Pseudomonas species as shown in Fig.4 a&b.
Pseudomonas aeruginosa GSM3 showed complete decolorization in the presence of glucose when compared to
lactose and sucrose [17].

Effect of peptone as nitrogen source on dye decolorization

In present study, different concentrations of peptone (0.25g, 0.5g, 0.75g and 1.0g) as nitrogen source were evaluated
for dye decolorization. Among them 1g/1 of peptone concentration was found to be optimum for both Escherichia
coli and Pseudomonas species to make the dye decolorization process economical (Fig.5 a&b). There is a report
that peptone is the ideal nitrogen source for decolorization of Red 3BN dye by Bacillus sp [18].

Combined effect of carbon and nitrogen source on dye decolorization

A combination of 1.0g carbon source (glucose) and 1.0g of nitrogen source (peptone) was very effective for dye
decolorization of both Escherichia coli and Pseudomonas species when compared to addition of carbon and
nitrogen source separately into the medium (Fig.6 a&b).
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Fig. 3 Effect of different concentration of Dye
(a) S1- Dye decolorization by Escherichia coli at different dye concentration. (b) S2- Dye decolorization by
Pseudomonas sp.at different dye concentration.
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Fig. 4 Effect of glucose as carbon source on dye decolorization

(a) S1- Dye decolorization by Escherichia coli at different concentration of glucose as carbon source. (b) S2- Dye
decolorization by Pseudomonas sp.at different concentration of glucose as carbon source.
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Fig. 5 Effect of peptone as nitrogen source on dye decolorization

(a) S1- Dye decolorization by Escherichia coli at different concentration of peptone as nitrogen source. (b) S2- Dye
decolorization by Pseudomonas sp.at different concentration of peptone as nitrogen source.
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Fig. 6 Combined effect of glucose and peptone as carbon and nitrogen source respectively on dye
decolorization
(a) S1- Dye decolorization by Escherichia coli at different concentration of peptone as nitrogen source and
glucose as carbon source. (b) S2- Dye decolorization by Pseudomonas sp. at different concentration of
peptone as nitrogen source and glucose as carbon source.
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FTIR spectrum of control and sample

The FTIR spectrum of control (Fig.7a) displayed a peak at 3409.86 cm-1 indicates an OH stretching of Phenols.
Peaks at 2926.07, 1648.24, 1383.56 and 1066.10 showed CH stretching of alkanes, CC stretching of alkenes, Nitro
compounds and CO stretching of alcohols, ethers, carboxylic acids and esters respectively. The FTIR spectrum of
the products formed after decolorization (Fig.7b) displayed a peak at 3448.24 showed OH stretching of phenols.
Peaks at 1641.04 and 1080.47 indicate a CC stretching of alkenes. However the FT-IR spectra of degradation
product displayed peaks at different positions indicating the complete breakdown of Alizarin Red S dye.
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Fig. 7 Fourier Transform Infrared spectroscopy analysis.
(a) FTIR spectrum of control- Alizarin Red S dye
(b) FTIR spectrum of degraded product.

CONCLUSION

The present study confirms the ability of bacteria to degrade the dye, Alizarin red S with degradation efficiency
(68%) and (72%) for Escherichia coli and pseudomonas species, thus suggesting its application for degradation of
dye bearing of industrial wastewaters. Presence of a co-substrate (Glucose and peptone), and optimum physical
parameters (pH and temperature) are the essential conditions for attaining maximum degradation efficiency.
Decolorization of dye was confirmed by UV/VIS spectrophotometer and FTIR. From this study, it has been
concluded that Pseudomonas species had degraded Alizarin red S effectively, when compared to Escherichia coli.
Nevertheless, both the species of bacteria can be inferred as good agents for the degradation of Alizarin Red S dye.
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