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Abstract A bacterial consortium was constructed using five different bacterial strains isolated from the effluent
with the ability to degrade Acid Blue, a diazo dye. These organisms were identified as Pseudomonas putida (2
strains-designated as A & B), Bacillus subtillis, Psesudomonas aeruginosa (2 strains) using 16S rRNA analysis. The
consortium was found to degrade 90% of the dye by 22 h in 80% diluted textile effluent supplemented with glucose
and ammonium nitrate. Optimization studies using Response Surface Methodology have confirmed that the
degradation process was predominantly influenced by agitation and pH where as glucose was found to have negative
effect. TLC analyses indicated the presence of metanilic acid and peri acid in 24 h sample which disappeared by 48
h. The GC-MS analysis has confirmed the presence of methyl salicylic acid, catechol and B-ketoadipic acid with the
RT values of 7.71, 10.88 and 15.04 respectively confirming the complete degradation of Acid Blue.
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1. Introduction

Our biosphere is under constant threat from continuing
environmental pollution. Impact on its atmosphere,
hydrosphere and lithosphere by anthropogenic activities
on water, air and land have negative influence over biotic
and abiotic components on different natural ecosystems.
In recent years different approaches have been discussed
to tackle man made environmental hazards. Clean
technology, eco-mark and green chemistry are some of the
most highlighted practices in preventing and or reducing
the adverse effect on our surroundings. Among many
engineering disciplines, Textile Engineering has direct
connection with environmental aspects to be explicitly and
abundantly considered. The main reason is that the textile
industry plays an important role in a country like India and
it accounts for around one third of total export. Out of
various activities in textile industry, chemical processing
contributes about 70% of pollution. The control of water
pollution has found increasing attention in the recent year
by the governments especially after record findings of
cancer cases of unidentified causes. A known case where
azo dyes were found to be potential carcinogenic in the
Cristais River of Brazil close to a textile azo dye
processing plant where its effluent is disposed and has
impacts on a drinking water of the surrounding area [1].
The release of dyes into the environment constitutes only
a small proportion of water pollution, but dyes are visible
in small quantities due to their brilliance. The advanced

oxidation processes are costly in terms of installation,
operation and maintenance costs. Biological processes are
cheaper than the others. Investment costs for biological
processes are five to twenty times less than chemical ones
such as ozone or hydrogen peroxide and the running costs
are three to ten times less. In view of the above adverse
effects, the textile industry effluent is to be treated and
discharged according to the standards prescribed under
Central Water (Prevention and Control of Pollution) Act,
1974. Biodegradation using microorganisms is gaining
importance as it is cost effective, environment friendly
and produce less sludge [2]. The bioremediation process is
mediated by suitable microbes (bacteria and fungi) which
completely decolourise and mineralize the pollutants on
site from the dye laden effluent. The advantages of such a
decolourization and degradation (of azo dyes) process
stems from the fact that it is an aerobic treatment system
where toxic intermediates like aromatic amines produced
in the effluent by abiotic and biotic means are completely
mineralized by the bacteria themselves [3]. Several
investigators [4,5,6,7] have investigated microbial
biodegradation of azo dyes used in different industries and
characterized the degradation products. While number of
reports are available on dye degradation using single
microorganism like bacteria [8,9], fungi [10,11,12],
actinomycetes [13,14], very few reports are available that
reveal the use of microbial consortia or with more than
one organism [15] for degradation as they are found to be
more effective for the treatment of effluent containing
diverse group of dyes [16]. Acid Blue is a commercially
important diazo dye used extensively in textile industry
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and in tannery. Degradation of this dye by chemical and
biological means is gaining momentum which is evident
from the number of reports available. Chemical methods
of degradation concentrate mainly on the photocatalytic
degradation using TiO2 [17,18] as well as nano TiO2 by
Advanced Oxidation Processes [19,20] while microbial
degradation of this dye was studied using Pseudomonas
aeruginosa [21], Bacillus subtilis [22] and Kulyvera
cryocrescens ATCC 33435 [23]. Even though these
organisms were found to be highly efficient in bringing
about complete degradation of Acid Blue, we cannot
solely depend on them for the treatment of dye containing
effluent which warrants the construction of consortia.
Therefore, an attempt has been undertaken to construct an
aerobic bacterial consortium capable of degrading Acid
Blue in textile effluent. Further, optimization of culture
conditions for the maximum degradation of this dye and
identification of intermediate products have been carried
out.

2. Materials and Methods

2.1. Chemicals

All the solvents used were of analytical grade,
purchased from Merck Pvt. Ltd. The chemicals used for
the preparation reagent, solutions and microbiological
growth media were purchased from Hi-Media
Laboratories Pvt. Ltd, Mumbai, India. The dye Acid Blue
was a generous gift from local textile industry of
Ankleshwar, India.

2.2. Effluent Collection

Effluent samples were collected from local textile
industry of Ankleshwar, India.

2.3. Microorganisms

The bacteria present in the effluent were isolated by
serial dilution method and their dye degrading ability was
checked by pour plate method on nutrient agar. All the
bacterial cultures were maintained on nutrient agar slants
and were used for biodegradation studies after
preculturing in nutrient broth for 12 h. The bacterial cells
were cultivated in nutrient broth for 24 h and the cells
after centrifugation were resuspended in 20% glycerol and
stored at —20°C as stock cultures. The purity of the
glycerol stocks were checked on nutrient agar plates
before sub culturing on nutrient agar slants for inoculum
preparation.

2.4. Consortia Development

The consortia was developed by aseptically transferring
the 2% inoculum containing approximately 2 x 10° cells
per ml of 12 h grown culture of each individual strains in
different combinations in 250 ml Erlenmeyer flasks
containing 50 ml of medium and 50 mg/l dye solution at
optimized conditions [21]. Individual strains were
inoculated with 2% (v/v) aliquots of 12 h grown culture,
respectively, to maintain the same cell count in the pure
culture and in the consortium. The bacterial strains in the
consortia are identified by the standard 16S rRNA analysis
by isolating and sequencing the 16S rDNA sequence

followed by comparison with the public databases
(Genbank, EMBL and DDBJ) and BLASTN sequence
match routines.

2.5. Experimental Design

Evaluation and optimization of culture medium was
carried out using Response Surface Methodology (RSM).
RSM consists of a group of empirical techniques devoted
to the evaluation of relations existing between a cluster of
controlled experimental factors and the measured
responses, according to one or selected criteria. A prior
knowledge and understanding of the process and the
process variables under investigation are necessary for
achieving a more realistic model [24]. This design of
experiment was done using Minitab 16. Based on the
results obtained in preliminary experiments, glucose,
agitation and pH were found to be major variables in the
dye degradation [21]. Hence, these variables were selected
to find the optimized condition for higher dye degradation
using response surface approach by central composite
design. The range and the levels of the experimental
variables investigated in this study are given in Table 1.
The central values (zero level) chosen for experiment
design were agitation, pH and glucose. In developing the
regression equation, the test factors were coded according
to the equation.

Response = 0.082 + 0.011 * A - 6.194-003 * B + 4.883
- 003*C + 9.750 - 003*A*B - 0.016*A*C -0.014*B*C -
9.962 - 003* A2 - 8.725 - 003 * B2-0.013* C2

A, B, C are the variables pH, glucose and agitation
respectively.

2.6. Media and Culture Conditions

The screening studies for the dye degradation were
carried out in 250 ml conical flasks containing 50 ml
mineral salt media whose composition was described
elsewhere [17] with 100 mg/l of dye. The medium was
inoculated with 12 h old 2% inoculum containing
approximately 2 X 108 cells and incubated in an incubator
shaker at 200 rev min™ at 30°C. Degradation of the Acid
Blue was monitored spectrophotometrically by reading the
n-butanol extract of the culture medium at 585 nm [25].
Degradation studies with the acid blue containing effluent
were carried out in 80% diluted textile effluent. 50 ml of
textile effluent supplemented with 5 g/l glucose and 1 g/l
ammonium nitrate was taken in 250 ml flask inoculated
and incubated in orbitary shaker at 200 rev min™.
Degradation was followed as explained previously.

2.7. ldentification of Metabolites

The culture medium after the incubation period was
centrifuged and the supernatant was extracted thrice, with
equal volume of ethyl acetate, dried over anhydrous
Na,SO,, and then the solvent was evaporated in a rotary
evaporator. GC-MS analysis of the ethyl acetate extract
was performed by using GC-MS-QP 2010 [SHIMADZU]
MS spectrometer. The column used was VF-5 ms, 30 m x
0.250 mm dia with the film thickness of 0.25 pm and the
column oven was programmed between 70 and 300°C at
the rate of 10°C per minute with the injection temperature
of 240°C. Mass spectra were recorded under scan mode in
the range of 40-1000 m/z. Compounds were identified
using WILEYS. LIB.
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3. Results and Discussion

Dye degradation is a complex process that involves
multiple steps. Even though, there are a number of
bacteria which can bring about dye degradation efficiently;
each one is specific for a particular group of dyes. But for
the treatment of dye containing effluent they cannot be
depended as the effluent will contain different groups of
dyes. Under such condition, microbial consortia with
organisms having different specificities can perform the
treatment of dye containing effluent more efficiently
which is difficult or even impossible for individual strains
or species [28]. The isolates for the consortium developed
were selected based on three factors, their ability to
degrade the dyes efficiently (>90%), rapidity and their
ability to degrade a wide variety of dyes. Further, many
researchers have mentioned that a higher degree of
biodegradation and mineralization can be expected when
co-metabolic activities within a microbial community
complement each other [29,30]. Hence, the present work
was undertaken to investigate the dye degradation
potential of the developed aerobic bacterial consortium,
isolated and identified from different textile effluents from
different places with optimized physiological conditions
to degrade Acid Blue, a commercially important dye used
in textile industries.

3.1. Isolation, Identification and Construction
of Bacterial Consortia

Initial screening studies have resulted in the isolation of
10 bacterial cultures with dye degrading ability based on
the zone of clearance on Acid Blue containing nutrient
agar plates. The results of degradation after 24 h and 48 h
were given in Figure 1. All these 11 bacteria were used in
different combinations in the construction of 30 consortia
and their respective decolorization percentages were given
in Table 1. The difference in degradation individually and
in combination with other bacteria may be due to the
compatibility of these bacteria with one another,
displaying synergistic activity in the process of
degradation [29,30,31]. Of these 30 consortia, E1 was
found to degrade 97% of Acid Blue at 100 mgl-1 in 80%
diluted effluent supplemented with glucose and
ammonium nitrate. These bacteria individually as well as
in consortia were unable to degrade the dye in the absence
of the above mentioned supplements as these are required
for the production of biomass. This indicates that
degradation of azo dye by these bacteria is dependent on
carbohydrate metabolism and the dye degradation takes up
a co-metabolic pathway [21]. This finding is supported by
previous reports in which the organisms bring about dye
degradation in the presence of carbohydrate rather than
using the dye as sole substrate [32,33]. The requirement of
nitrogen source in the culture medium for maximum
degradation may be explained on the basis of requirement
of reduced nucleotides for the oxidative hydroxylation
enzyme system [26]. Several investigations carried out
earlier also reported the requirement of electron donating
co-substrates such as glucose and yeast extract for the
reduction of azo bonds by bacteria [31]. The organisms
constituting E11 obtained from effluent characterized
molecularly using 16S rRNA analysis were identified as
Bacillus subtillis, Aeromonas spp, Pseudomonas putida

and Pseudomonas aeruginosa of different strains. The
other organism constituting the consortia namely
Pseudomonas aeruginosa, known as super bug, is an
excellent candidate for xenobiotics biodegradation studies
[21-35] and is also extensively studied for their ability to
degrade a wide variety of azo dyes [36,37] including the
pathways [7]. The time course of degradation was
followed in terms of degradation percentage, protein
concentration (as an index of growth) and glucose
utilization for individual as well as for consortia (Figure 2).
All the individual organisms and also consortia started to
degrade the dye in their late lag phase and 90%
degradation was achieved after 26 h (Pseudomonas
putida), 30 h (Pseudomonas aeruginosa), 28 h (Bacillus
subtillis), 42 h (Aeromonas spp) but the consortia could
degrade 90% of the dye by 22 h reaching a maximum of
96% by 24 h. Biomass production was found to be
proportional to glucose utilization. The reducing
equivalents from glucose metabolism might have been
involved in the dye degradation [38]. With reference to
growth, the consortia reached its decline phase by 44 h
when compared to the individual organisms which
remained in their late stationary phase by that time.
Khehra et al. [39] have reported a similar result for the
decolorization of a group of azo dyes by consortia HM-4

containing Bacillus cereus, Pseudomonas putida,
Pseudomonas  fluorescens and  Stenotrophomonas
acidaminiphila. They have attributed the higher

decolorization efficiency of consortium to the concerted
activities of the constituent strains. The individual cultures
might have transformed the dye to intermediates which
acted on the redox mediators for efficient transfer of
reducing equivalents from the strains, leading to an
enhanced decolorization potential of the consortium.

Table 1. Construction of consortia using isolated bacterial cultures
and their decolorization percentages

. . Acid Blue Decolorization (%)
Consortium Bacterial Isolate > 28h
E1l 2,3,4,6,7,10 95.11 97
E2 1,2,3,4,6,7 80.87 84.05
E3 1,2,3,4,6,9 80.83 87.31
E4 1,2,4,6,7,9 71.29 81.29
E5 1,2,3,4,6,911 78.70 78.69
E6 12,345 80.70 82.74
E7 1,2,3,4,6 80.85 83.09
E8 1,3,4,6,9 80.58 80.57
E9 1,2,4,6,7 82.99 85.74
E10 12,34 80.79 83.17
E11 2,3,4,6 84.75 89.25
E12 12,45 77.33 83.57
E13 2,34 76.60 83.35
E14 12,4 81.38 86
E15 1,3,6 75.38 81
E16 2,6,7,11 74.51 82.35
E17 3,6,7,11 68.63 78.43
E18 3,6,9,11 70.37 80.39
E19 2,6,9,11 66.67 83.3
E20 1,11,5,3,2,6,7,4 68.75 81.25
E21 1,11,2,.3,4,6,7 72.73 72
E22 1,11,6,7 69.64 83.92
E23 2,3,4,6,7 73.47 79.59
E24 10,11, 9 76.47 76.47
E25 10,11,9,1,6 67.92 81.13
E26 4,6,1,10,11 67.92 79.24
E27 2,6,11,3,10 70.00 84
E28 11,10,9,7 74.51 84.31
E29 6,11,3,7 71.43 80.85
E30 6,4,7,11,10 77.27 84.48
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Figure 2. Time course of Acid Blue degradation by selected isolates and consortia

3.2. Response surface approach by central
composite design

This is a very useful tool to determine the optimal level
of factors and their interaction with each other. Our earlier
study [7] reported the factors glucose, agitation and pH to
be the significant components in the degradation of dye.
Hence, CCD was used for further optimization using the
above variables. Table 2 gives the variation levels of the
factors which were subjected for the dye degradation,
along with the average values of dye degradation showing
the observed response and the predicted value calculated
by using the mathematical model derived from the
coefficients of the model. The Fishers F-test with a very
low probability value demonstrates a very high
significance for the regression model. The goodness of fit
of the model was checked by the determination coefficient

(R). In this case, the value of the determination coefficient
(R=0.983) indicates that only 5.90% of the total variations
are not explained by the model. The value of the adjusted
determination coefficient (Adj. R=0.980) is also very high,
which indicates a high significance of the model. A higher
value of the correlation coefficient (R=0.980) signifies an
excellent correlation between the independent variables
(Table 3). The fitted response for the above regression
model was plotted and 3D graphs were generated for the
pairwise combination of these factors while keeping the
other one at its optimal levels for degradation process
(Figure 3). The dye degradation was predominantly
influenced by agitation and pH variation. Hence, these two
factors were therefore the key factors which influence the
degradation process. At higher concentrations of both
factors, changes in the effect were observed. Glucose was
also an important factor which had a negative approach
towards the degradation.
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Trials Variables Dye degradetion (Values)
pH Glucose (g/l) Agitation (rpm) Observed Predicated Residual
1 5.0 0.1 150.0 0.0820 0.0802 -0.0018
2 8.0 0.6 75.0 0.0665 0.0665 0.0000
3 11.0 0.1 0.0 0.0744 0.0731 -0.0012
4 13.0 0.6 75.0 0.0727 0.0716 -0.0012
5 8.0 -0.2 75.0 0.0836 0.0836 0.0000
6 8.0 0.6 75.0 0.0665 0.0665 0.0000
7 8.0 0.6 -51.1 0.0564 0.0555 -0.0009
8 8.0 0.6 75.0 0.0665 0.0665 0.0000
9 11.0 1.0 150.0 0.0661 0.0659 -0.0001
10 11.0 1.0 0.0 0.0524 0.0528 0.0004
11 5.0 0.1 0.0 0.0669 0.0671 0.0002
12 8.0 0.6 75.0 0.0685 0.0665 0.-0020
13 5.0 1.0 0.0 0.0446 0.0468 0.0022
14 8.0 0.6 201.1 0.0776 0.0775 -0.0001
15 8.0 0.6 75.0 0.0665 0.0665 0.0000
16 8.0 13 75.0 0.0494 0.0494 0.0001
17 3.0 0.6 75.0 0.0603 0.0615 0.0012
18 8.0 0.6 75.0 0.0655 0.0665 0.0010
19 5.0 1.0 150.0 0.0616 0.0599 -0.0017
20 11.0 0.1 150.0 0.0824 0.0862 0.0038
Table 3. Test of significance for dye decolorization

Predictor Co-efficient SE Co-efficient T-value P-value

Constant 0.064349 0.001301 49.48 0.0010

pH 0.001003 0.0001352 7.42 0.0025

Glu -0.02256 0.0009011 -25.03 0.0005

Agi 8.73E-05 5.41E-06 16.15 0.0010

**<0.005 is considered to be significant
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3.3. Identification of Intermediate
Compounds

TLC plates developed by chloroform: dichloromethane:
ethanol has revealed a spot with Rf value 0.94
corresponding to metanilic acid. This spot was present up
to 24 h of incubation and disappeared completely after 48
h. When chloroform: ethanol were used for the
identification of peri acid, TLC plates have shown three
distinct spots with Rf values of 0.57 (corresponding to peri
acid), 0.25 and 0.11 in the sample incubated for 12 h.
While the spots corresponding to Rf values of 0.25 and
0.11 disappeared completely after 24 h of incubation,
there is a slight change in the Rf value of peri acid (0.47)
indicating that the compound is undergoing certain
chemical changes. This spot has also disappeared by 48 h.
The FTIR spectrum of the dye containing effluent taken at
different incubation periods clearly showed a
characteristic peak at 1635 cm-1 in sample taken at 0 h
and 24 h corresponding to -N=N-group and this peak

shifted to 11635 cm-1 at 72 h indicating that azo bond was
undergoing certain chemical changes. The presence of
new broad region between 2400 and 2500 cm-1 indicated
the presence of carboxylic acid and ammonium ions
suggesting partial mineralization. The presence of new
peaks at 880 and 690 cm-1 associated without of plain
bending vibrations of meta substituted benzenes implies
that the products were undergoing irreversible chemical
changes probably due to concomitant biodegradation and
auto oxidation reaction of the products formed during the
reductive dye degradation [40]. The ethylacetate extract
containing the degradation products of Acid Blue was
subjected to GC-MS analysis. The chromatogram and
spectra are given in (Figure 4) in which three prominent
peaks with RT values of 7.71, 10.88 and 12.11 can be seen.
Mass spectra corresponding to the peak with RT value of
7.71 indicates a fragmentation pattern with m/z 120, 92
and 65 signals which confirm the presence of Methyl
Salicylic acid. Methyl salicylic acid might have formed
from Salicylic acid during the extraction process with
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ethyl acetate. Fragments with m/z 110 and 81 signals for
RT value of 10.88 may be due to the presence of catechol.
A small peak with the RT value of 15.04 gave mass
spectra with m/z 115, 101 and a strong signal at 43 may be
due to the presence of P-ketoadipic acid [41]. The
bacterial degradation of azo dyes was reported to start
with the reduction of azo bond which is generally a non-
specific and presumably extracellular process in which the
reducing equivalents from an external electron donor
(biologically or chemically generated) are transferred to
the dye resulting in the production of aromatic amines
[42,43,44]. In this case, metanilic acid and peri acid
identified through TLC and 1, 4-diaminonaphthalene (not
identified). This reduction usually takes place in the
absence of oxygen and many microorganisms are known
to possess an enzyme azoreductase that may be oxygen
insensitive [27,32,45,46,47]. These aromatic amines
require the presence of oxygen for further breakdown as
these oxygen molecules has to be inserted into such
molecules which initiate other metabolic degradation [48].
The presence of salicylic acid confirmed by GC-MS
clearly indicates that the naphthalene part of the dye must
have undergone oxidative degradation followed by
decarboxylation to catechol whose presence has also been
identified in the GC-MS spectra [49]. The catechol might
have come from the benzene part of the dye through
oxidative deamination. This catechol must have taken up
the ortho pathway reaction producing B-ketoadipic acid
which enters the TCA cycle.

4. Conclusion

Water pollution control is presently one of the major
areas of scientific activity. Effluent discharge from textile
and dyestuff industries to neighboring water bodies and
wastewater treatment systems is currently causing
significant health concerns to environmental regulatory
agencies. Color removal, in particular, has recently
become of major scientific interest, as indicated by the
multitude of related research reports. As microbes, the
powerful weapon of bioremediation process, offer
advantages of completely mineralizing the pollutants,
investigations are warranted in the present research work
focused on the possibilities of using constructed aerobic
microbial consortium for decolorization and complete
mineralization of azo dyes in dye laden textile effluent.
This consortium was effective in degrading the azo dye
Acid Blue 113 to B-ketoadipic acid which can be utilized
by the bacteria for their normal metabolism.
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