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ABSTRACT

Release of azo dyes into wastewater streams is considered a potential threat to water sources, because of their hazardous
nature. This study was undertaken to isolate bacteria possessing high potential to degrade Reactive Black-5 azo dye in liquid
medium. Two hundred and forty strains of bacteria were isolated through enrichment technique by using Reactive Black-5 azo
dye as the source of carbon and nitrogen in the mineral salt medium. Bacterial strains showing high decolorization rate were
used to optimize the decolorization of Reactive Black-5 azodye in liquid culture. The optimum conditions determined for the
five selected bacterial strains for decolorization of Reactive Black-5 (100 mg L) were pH 7.0, temperature 35°C, when dye
solution was supplemented with 0.4% yeast extract as a co-substrate. Out of these five strains, two strains N7 (Klebsiella
oxytoca) and N11 (Acinetobacter calcoaceticus) showed an excellent potential to decolorize 100 mg L™ Reactive Black-5 in 6

h in the liquid broth. © 2012 Friends Science Publishers
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INTRODUCTION

Azo dyes containing an azo group (-N=N-) are very
commonly used colorant. Over one million tons of dyes are
produced annually, of which more than 50% are azo dyes
(Ollgaard et al., 1999; Stolz, 2001; Pandey et al., 2007).
Azo dyes are being widely used in pharmaceutical, textile
dying, food, cosmetics and paper printing; however, textile
sector is a major sink of these dyes. High stability, low cost
and variety in colors of azo dyes are the primary reasons of
their increasing use in different industrial sectors especially
in textile. When they are applied to the fabric, large quantity
of these dyes is released directly into the wastewater during
textile processing depending upon the relative low
efficiencies in dyeing and finishing. Amount of loss in
industrial effluent vary with the class of dyes i.e., 50%
release for reactive dyes and 2% for basic dyes in
wastewater has been reported (Tan et al., 2000; Boer et al.,
2004).

Discharge of textile effluent into the surrounding
environment has a humber of implications. The presence of
azo dyes as contaminant in surface water leads to aesthetic
problems, obstruct light penetration and oxygen transfer into
water bodies, thus affecting photosynthetic activities of
aquatic plants (Ozturk & Abdullah, 2006). During
degradation of these dyes, aromatic amines are produced
which are highly mutagenic and carcinogenic (Van der Zee
& Villaverde, 2005; Umbuzeiro et al., 2005). Microbes
alone or in combination with other strategies can be

employed to remove azo dyes from the wastewater. Some
studies have documented the ability of certain strains of
bacteria, fungi and yeast to degrade azo dyes (Stolz, 2001).
However, only a limited number of microbes can directly
utilize azo dyes as source of carbon and nitrogen and quite
often, it is a co-metabolic process requiring a co-substrate
(source of carbon, nitrogen & reducing equivalents). In a co-
metabolic process, reducing equivalent produced from
degradation of co-substrate is used to reductively cleave azo
bond (Van der Zee & Villaverde, 2005). Transfer of
reducing equivalents is catalyzed by bacterial azoreductases,
resulting in production of colorless aromatic amines which
are further degraded under aerobic conditions (Chang &
Kuo, 2000; Van der Zee & Villaverde, 2005). Moreover,
rate of degradation increases in the presence of co-substrates
for those microbes utilizing azo dyes as source of C and N
(Massovi et al., 2005; Saraswathi & Balakumar, 2009).
Therefore, for good microbial growth and accelerated
degradation, presence of co-substrates in dye solution is
necessary (Prasad et al., 2011). Unfortunately, textile
wastewater has very poor sources of other C and N. Further,
microbes prefer one co-substrate over the others to
decolorize dye contaminated water. Some other factors such
as pH and temperature also affect rate of biodegradation of
azo dyes (Jadhav et al., 2007; Khan et al., 2009; Prasad et
al., 2011). Textile wastewater has wider range of pH and
temperature, depending upon the amount of salts and
temperature required for dying of fabrics. Although,
microbes are very sensitive to temperature and pH, some
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strains have the potential to perform their activities over
wider range. Therefore, there is need to determine optimum
pH and temperature conditions for maximum effectiveness
of microbes for removing dye from wastewater at
accelerated rate, finding out suitable C and N sources as
well as optimization cultural conditions such as temperature
and pH to accelerate the azo dye degradation process by
bacteria under optimized conditions would be a great
improvement of the microbial technology for the removal of
dyes from textile wastewater.

MATERIALS AND METHODS

A series of experiment was conducted under
laboratory conditions to study the potential of bacteria
isolated from textile wastewater for decolorizing texturally
different azo dyes used in textile processing industry.
Collection of samples: Water samples were collected from
Paharang drain near Bawa Chak, Faisalabad, Pakistan.
Samples were collected from the wastewater stream from
different locations. Sampling sites were selected on the basis
of the outlet of different textile processing units (Table I).
The collected samples (approximately one liter) were
brought to laboratory in polythene bags, labeled with
identification number and stored in the refrigerator. These
samples were analyzed for electrical conductivity (EC), total
soluble salts (TSS) and pH before isolation of bacteria.
Isolation of azo dye degrading bacteria: Bacterial strains
were isolated through enrichment technique and Reactive
Black-5 azo dye was used as the source of carbon and
nitrogen in the mineral salt medium (Khalid et al., 2008a).
The composition of mineral salt medium (MSM) of pH
7.2+0.02 used for the isolation of bacteria was (g L™): NaCl
(1.0), CaCl,-2H,0 (0.1), MgS0,-7H,0 (0.5), KH,PO, (1.0)
and Na,HPO, (1.0), yeast extract (4.0) and agar (for solid
medium only) 15. Dilution plate technique was employed to
obtain pure culture of bacterial strains.

Bacterial strains were isolated from different
wastewater samples of textile industry to use them as
inocula. The 100 mg L™ broth MSM was taken into conical
flasks (250 mL), and spiked with Reactive Black-5 (100 mg
L) as the sole source of carbon and nitrogen. The mixture
was inoculated with 5 mL of wastewater. The flasks were
incubated at 30°C for 5-6 days under static conditions. After
incubation, cell suspensions from each flask were plated
onto MSM agar medium and incubated at 30°C for 24 h.
Microbial colonies that appeared on the agar medium were
re-suspended into the flasks containing fresh MSM broth
spiked with the Reactive Black-5 dye. After an incubation
of 5-6 days at 30°C, the cell suspensions were once again
plated onto the agar medium. About 240 actively growing
colonies on the medium were selected from different
wastewater samples. They were purified by streaking twice
on agar medium. The purified cultures were preserved in
refrigerator for subsequent studies.

Preparation of inocula: Liquid broth was prepared by
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Table I: Samples of wastewater collected from different
textile units and their representative identification
number

Samples Name Sample Identification Number

Nishat Textile N
Jaugar Processing J
Mubarak Textile M
Crescent Textile and Processing C
Dawood Processing D
Arif Processing A
Bawa Sam B
Mubarak Processing MP
Siddique Processing S
Zafar Fabric Textile and Processing 4
AhsanHabib Processing AH
Qadafi Textile Q
Ashraf Textile As
Kohinoor Textile K
Arshad and Fatima Noor Textile Aand N

following the MSM composition described by Khalid et al.
(20084a). The pH of the broth was adjusted to 7. The 100 mL
of broth in 250 mL conical flask were inoculated with the
respective isolated strains. Inoculated flasks were incubated
under static conditions for period of 48 h at 30°C. After 48 h
of incubation, optical density of 0.6£0.01 was achieved at
590 nm wavelength, using OD meter to maintain a uniform
cell density. One mL of inocula was added in 10 mL
medium for inoculation
Screening of azo dye degrading bacteria: Screening was
done to single out the efficient bacterial strains capable of
decolorizing Reactive Black-5 azo dye using modified
MSM in a triplicate study. For this purpose, liquid MSM
medium was prepared and it was spiked with 100 mg L™
dye. The medium was inoculated with the respective inocula
(240 isolates) and incubated at 30°C for 48 h. After 48 h, the
medium was centrifuged at 10000 rpm for 10 min. Then
decolorization was determined with the help of
spectrophotometer at 597 nm by using Reactive Black-5 as
standard. Also uninoculated blanks were run to determine
abiotic decolorization. Percent decolorization was calculated
and the five best isolates exhibiting maximum decolorization
ability was selected for further experimentation.

The five most effective bacterial isolates (N7, N11,
M8, B5 & A16) were further examined for their
decolorization potentials in glass test tubes. Ten milliliters
of the sterilized MSM broth containing Reactive Black-5 at
the concentration of 100 mg L™ was added to the autoclaved
test tubes supplemented with yeast extract (4 g L™) as a co-
substrate. The medium was inoculated with the respective
bacterial strains by adding inocula of uniform cell density.
The test tubes were tightly sealed to provide reduced
conditions. The tubes were incubated at 30°C under static
conditions. Uninoculated MSM containing azo dye in the
test tubes was also incubated under similar conditions to
check abiotic decolorization of the dye. The decolorization
was measured at 597 nm by spectrophotometer as described
by Khalid et al. (2008a).
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Optimization of environmental factors: Various factors
were optimized to achieve the highest decolorization rate of
Reactive Black-5 by the selected isolates of bacteria. All the
experiments were conducted in triplicate. Preliminary
studies were conducted to select the standard conditions
such as substrate concentration (100 mg L™), pH (7),
temperature (30°C) and static incubation.

Azo dye concentration: Five levels (50, 100, 150, 200 &
250 mg L) of Reactive Black-5 azo dye were used to find
the best concentration for maximum decolorization. The
inoculum was added to the medium (10 mL) at inoculum:
broth ratio of 1:50. Incubation temperature was 35°C.
Decolorization was determined by taking 1.5 mL aliquots
periodically from different test tubes and centrifuging the
solutions at 10,000 rpm for 10 min to remove the cells. The
absorbance of the supernatants was measured at the 597 nm,
for Reactive Black-5 by using spectrophotometer.
Uninoculated blank was run to check the abiotic
decolorization. Each dye level was replicated thrice.
Carbon source: In order to assess the effects of different
carbon sources on bacterial decolorization, four carbon
sources, namely glucose, maltose, mannitol and yeast
extract were used at the rate of 4 g L™. The MSM spiked
with Reactive Black-5 at the concentration of 100 mg L™
was used. Incubation temperature was 35°C. Decolorization
was determined by using the protocol as described above.
The experiment was conducted in three replications.

pH: Effect of different pH ranging from 5 to 9 was
examined on the decolorization efficiency of the selected
five bacterial isolates. MSM that was enriched with
Reactive Black-5 at the concentration of 100 mg L™ was
used. Incubation temperature was maintained at 35°C. The
pH was adjusted by using 0.01 M HCI or 0.01 M NaOH
solutions.

Temperature: Decolorization of Reactive Black-5 by the
selected bacterial isolates was studied at different
temperatures such as 25, 30, 35, 40 and 45°C. Medium used
for this purpose was mineral salt media (MSM), which was
enriched with Reactive Black-5 at the concentration of 100
mg L™. pH of the MSM was maintained at 7. Decolorization
was determined as described above.

Statistical analysis: Data were analyzed statistically by
using Microsoft® Excel 2007 and standard deviations were
calculated for significant differences in treatment means.

RESULTS

Isolation and screening of azo dye decolorizing bacteria:
All of the 240 bacterial isolates from the enrichment culture
were screened for their efficiency to remove azo dyes from
spiked broth. The bacterial isolates were categorized into
three groups. The results are summarized in Table II.
Bacterial isolates showed variable potential to decolorize
100 mg L Reactive Black-5 in broth medium. Only 5-12%
isolates were able to decolorize the dye more than 75% in
24 h as compared to abiotic control. The majority of these
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Table II: Decolorization of Reactive Black-5 azo dye by
bacterial isolates originated from different textile
wastewater samples

Isolates Percent of isolates exhibiting azo dye Decolorization
High Medium Low
decolorization  decolorization (50- decolorization
(>75%) 75%) (< 50%)
Al-A20 5 35 60
AH1- AH 20 - 25 75
B1-B20 5 75 20
Cl1-C20 - 90 10
D1-D20 - 35 65
Su 1-Su-20 - 65 35
J1-J20 - 90 10
M1-M 20 5 40 55
MP1 - MP 20 - 65 35
S1-S20 - 70 30
N7 —N11 10 80 10
Z21-220 - 45 55

Fig. 1: Decolorization of Reactive Black-5 azo dye in
liquid medium by the selected bacterial isolates (LSD =
3.42 at P <0.05). The data are mean of three replicates
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isolates showed medium potential of decolorization of the
dye, which ranged between 50 to 75% as compared to
control.

Fig. 1 shows that the most efficient bacterial isolates
had excellent potential to degrade Reactive Black-5 and
percent decolorization ranged from 91 to 100. The most
efficient bacterial isolate in decolorizing the Reactive Black-
5 was N7 that completely removed dye color. It was
followed by 96% decolorization by N11. Next effective
strains in descending order were Mub8 and A16. The strain
B5 was the least efficient decolorizing strain. Based on these
results, the most efficient isolates exhibiting the highest
potential of decolorization in 24 h were selected for further
experiments. The selected isolates were N7, N11, M8, Al16
and B5.

Optimization of factors for accelerated decolorization of
azo dyes by selected bacterial isolates: Five selected
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strains of bacteria (N7, N11, M8, B5 & A16) were further
investigated for the  optimization of  various
incubation/environmental conditions for decolorizing the
azo dye in liquid medium. Optimization factors include
various levels (50, 100, 150, 200 & 250 mg L™) of an azo
dye Reactive Black-5, different co-substrates/carbon sources
(yeast extract, maltose, glucose & mannitol), pH (5 to 9),
temperature (25 to 45°C) and decolorization by the selected
isolates over a period of time.

Substrate/dye concentration: The dye concentrations
significantly affected the decolorization potential of
bacteria. It is very clear from Fig. 2 that decolorization of
Reactive Black-5 by all the strains increased sharply when
the dye concentration increased from 50 to 100 mg L™
Maximum decolorization was observed at 100 mg L™ of
substrate concentration. Then, the rate of decolorization was
reduced with the increase in dye concentration. A variation
in decolorization rate by different strains of bacteria was
also observed. Strain N7 showed the highest decolorization
at all dye concentration and complete color removal of 100
mg dye L* was observed after 24 h. The rate of
decolorization by strain N11 was almost comparable with
that of N7 at all tested concentration of dye. Other three
strains such as M8, A16 and B5 were relatively less efficient
to remove color of the dye at different dye concentration
compared to N7 and N11. However, like N7 and N11, they
also showed maximum decolorization of the dye at 100 mg
L™ dye concentrations. The rate of deocorization by these
three strains was also significantly lower at other dye
concentrations such as 50, 150, 200 and 250 mg dye L™ In
general, strain B5 was least effective to decolorize Reactive
Black-5 at all concentrations of the dye.
Co-substrates/carbon sources: The data regarding the
effect of different carbon sources such as yeast extract,
maltose, mannitol and glucose on decolorization of Reactive
Black-5 azo dye by bacterial isolates are presented in Fig. 3.
Maximum decolorization of Reactive Black-5 by the
selected five strains of bacteria was observed when yeast
extract at the rate of 4 g L™ was applied to the liquid
medium containing 100 mg L™ dye. Decolorization ranged
between 70 to 100% in 24 h. Once again, strain N7 showed
the most promising results and completely removed color of
the dye in the presence of yeast extract in liquid medium.
Next effective strain was N11. However, decolorization rate
by all the tested strains reduced significantly when other
carbon sources such as mannitol, glucose and maltose were
applied as co-substrates. The decolorization of the dye was
15 to 25% in the broth medium supplemented with glucose,
while it ranged 13 to 22% when mannitol was used as a co-
substrate. However, rate of decolorization by all the tested
strains was lowest when maltose was supplied as a carbon
source. Maximum decolorization of up to 9% was observed
in the presence of maltose. In general, strain N7 performed
best at all carbon sources, however significant difference
with other strains was observed only in the presence of yeast
extract.
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Fig. 2: Effect of co-substrates/ carbon sources on
decolorization of Reactive Black-5 by the selected
bacterial strains. (LSD = 2.966 at p < 0.05). The data
are mean of three replicates
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Fig. 3: Effect of co-substrates/ carbon sources on
decolorization of Reactiv Black-5 by the selected
bacterial strains (mean of three replicates)
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pH: Selected strains of bacteria were able to decolorize the
dye over a wide range of pH. However, maximum
decolorization by all the tested strains was recorded at pH 7
(Fig. 4). Decolorization of the dye ranged from 78 to 100%
at this pH. A significant increase in decolorization was
observed as the pH increased from 5 to 7. However,
relatively a rapid decrease in decolorization was found when
pH was increased from 7 to 9. Overall, decolorization
ranged from 58 to 75% at pH 5, 64 to 85% at pH 6, 80 to
100% at pH 7, 40 to 70% at pH 8 and 25 to 55% at pH 9.
The strain N7 was the most efficient in decolorizing
Reactive Black-5 at all levels of pH, followed by strain N11.
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Fig. 4: Effect of different levels of pH on decolorization
of Reactive Black-5 by the selected bacterial strains
(LSD = 3.971 at P < 0.05). The data are mean of three
replicates
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Decolorization rate of both strains was significantly
different from that of M8, A16 and B5 strains at all pH
levels. In general, pH 7 favored all tested strains to
decolorize the dye.

Temperature: Incubation temperature ranging from 25 to
45°C was used to find out optimal temperature for the
decolorization of azo dyes by the selected strains of bacteria
in liquid medium. It was observed that an increase in the
temperature from 25 to 35°C had positive effect on the
decolorization of Reactive Black-5 (Fig. 5). There was a
significant increase in the decolorization of dye by all the
strains with the increase in temperature. Optimal temperature
to decolorize Reactive Black-5 azo dye for all the tested
strains was 35°C. However, decolorization rate in all strains
dropped sharply as the temperature increased from 35 to
40°C. After that, there was a significant decrease in the
decolorization of dye as the temperature increased from 40 to
45°C. Overall, strain N7 performed best at all tested
temperatures and differed markedly from other strains in
terms of decolorization of azo dye. In general, a similar trend
was observed in case of temperature regarding the
decolorization potential of different bacterial strains as it was
observed in case of other environmental factors.

Rate of Decolorization of Reactive Black-5: Fig. 6
revealed that bacterial strain N7 was the most significant
strain in decolorizing Reactive Black-5 azo dye and caused
72, 95 and 100% decolorization in 2, 4 and 6 h, respectively.
A similar trend was observed in case of strain N11 that was
able to completely remove 100 mg dye L™ in 6 h under
static conditions. Rate of decolorization was relatively
slower in strains M8, A16 and B5 compared to N7 and N11.
Strain M8 was able to decolorize about 93% dye in 6 h and
100% in 8 h. It was followed by the strain A16 which
caused 88% decolorization in 6 h, while it could decolorize
100% dye in 8 h. The strain B5 was found to be the least
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Fig. 5: Effect of incubation temperature on
decolorization of Reactive Black-5 by  the selected
bacterial strains (LSD = 3.765 at P < 0.05). The data
are mean of three replicates
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Fig. 6: Rate of decolorization of Reactive Black-5 by
selected strains of bacteria (LSD = 3.231 at P < 0.05.
The data are mean of three replicates
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efficient decolorizer of the dye among the tested strains.
Overall, a sharp increase in the decolorization of Reactive
Black-5 by all tested strains was observed in first 2 h and
then there was a gradual increase in the rate of
decolorization. However, a complete removal of 100 mg
dye L™ was achieved in 6-8 h under static conditions.

DISCUSSION

In this study, isolation of bacteria was carried out from
dye-contaminated wastewater of textile industry by using
Reactive Black-5 as the sole source of C and N. The results
demonstrated that the bacterial strains isolated through
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enrichment of liquid media with this dye were capable of
decolorizing Reactive Black-5 azo dye under static
conditions but with highly variable potential. Out of 240
isolates, only 2% were able to remove >75% color of the
azo dye, 60% strains showed 51 to 75% decolorization
while remaining 38% isolates were less efficient in
decolorizing Reactive Black-5 azo dye. Various researchers
have also reported a highly variable potential of different
strains of bacteria to decolorize different azo dyes (Maier et
al., 2004; Khalid et al., 2008b).

It was found that the bacterial strain N7 (Klebsiella
oxytoca) was the most efficient and completely removed
100 mg L™ of Reactive Black-5 in 6 h. This may imply that
certain bacteria can be effectively used for the removal of
Reactive Black-5 from textile industrial effluent. Other
researchers have also reported the high potential of some
bacteria to decolorize test azo dyes (Chen et al., 2011).
Since the incubation was carried out under the static
conditions continuously, it is highly likely that azoreductase
was the key enzyme, which decolorized the Reactive Black-
5. Azoreductase is reported to be the key enzyme expressed
in azo-dye-degrading bacteria and catalyses the reductive
cleavage of the azo bond. Azoreductase activity had been
identified in several species of bacteria, such as Caulobacter
subvibrioides strain C7-D, Xenophilus azovorans KF46F,
Pigmentiphaga kullae K24, Enterobacter agglomerans,
Enterococcus faecalis, P. aeruginosa, Staphylococcus
aureus and Shewanella putrefaciens Pseudomonas luteola,
Aeromonas hydrophila and P. hauseri), (Hsueh & Chen,
2007, 2008; Hsueh et al., 2009; Zhang et al., 2010; Chen et
al., 2010, 2011).

It was further noted that the decolorization of Reactive
Black-5 was concentration dependent and maximum
biodecolorization by all five bacterial strains was observed at
100 mg dye L7 liquid medium when yeast extract was
applied at the rate of 0.4% as a co-substrate. Decolorization
rate of all the five strains reduced when the concentration of
dyes was either less or more than 100 mg L™ liquid medium.
Relatively low rate of decolorization of the dyes at the
concentration less than 100 mg L™ might be due to the fact
that the enzymatic system involved in this reaction remained
unsaturated at this substrate level or bacterial growth was not
optimum at this level. On the other hand decrease in
decolorization at high substrate concentration might be due
to the toxic effect of the dye against the bacterial growth or
enzymatic activity responsible for the degradation of the dye.
Previous investigations have shown that the dye
concentration does affect the rate of biodegradation and the
optimum dye level could also vary from species to species,
and in general higher color removal efficiencies have been
observed at medium dye concentrations (Rajaguru et al.,
2000; Kapdan & Oztekin, 2003; Sponza & Isik, 2005;
Khalid et al., 2008 a, b).

In this study, different carbon sources including yeast
extract, mannitol, maltose and glucose were investigated for
their impact on the decolorization of Reactive Black-5 by
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the selected bacterial culture. Among these, only yeast
extract supported the biodegradation reaction while
mannitol, maltose and glucose suppressed the reaction of
decolorization by the inocula. This might be due to
enhanced enzymatic activity in the presence of yeast extract,
while the other three carbon sources might have negative
impact on the enzymatic system involved in the reaction. It
is also very likely that addition of mannitol, maltose and
glucose might have switched away inoculum from the target
substrate (Reactive Black-5). Guo et al. (2008) reported that
bacterial strains grew well and completely decolorized K-
2BP when yeast extract or peptone was present in the
medium; however, glucose, glycerol, sucrose, lactose and
starch resulted in lower rates of growth and decolorization
of these dyes. Other researchers also have reported the
maximum decolorization of azo dyes in presence of yeast
extract by the bacteria they used (Hu, 1998; Moosvi et al.,
2005). The effect of glucose on decolorization and
degradation of azo dyes by bacterial strains is controversial
because some scientists (Ambrosio & Takaki, 2004)
reported positive effect of glucose on the decolorization
while other group of scientists (Chung et al., 1978; Chen et
al., 2003) had opposite opinion. The negative effect of
glucose on anoxic decolorization has been attributed either
to a decrease in pH due to acid formation, or to catabolic
repression (Chen et al., 2003). It is also very likely that the
positive or negative effect of glucose on the decolorization
of azo dyes by microbial culture may depend on the
concentration of glucose used to amend the media.

Another limiting factor for microbial activities and azo
dye decolorization is the pH of medium. Optimum pH varies
among microbial strains and type of azo dye. Generally
bacterial strains perform well in alkaline pH, while fungal
strains prefer acidic pH. In our study it was noticed that an
increase in pH from 5 to 8 significantly enhanced the rate of
decolorization. However, decolorization rate was the highest
between 7-8 pH. Beyond pH 8, a decrease in decolorization
by all selected bacterial strains (N7, N11, M8, Al6 & B5)
was observed. The pH 7 was proved to be the best pH for all
selected isolates and decolorization up to 100% was
observed in case of N7 and N11 at this pH. So from this
study it could be concluded that the neutral pH supported
bacterial activity to decolorize Reactive Black-5 in liquid
medium. Textile effluent has alkaline pH due to substantial
presence of salts during dying process. High pH level of
textile effluents is one of problems in their biological
treatment. Therefore, tolerance to high pH is important to
make this technology valuable. Prasad et al. (2011) reported
that Bacillus. Endophyticus VITABR13 strain can effectively
decolorize azo dyes over a wide range of pH (6-9). However,
optimum pH for growth and decolorization was found to be
8 because maximum decolorization (90%) was recorded at
this pH. It is also likely that pH might also have affected the
enzymatic activity involved in decolorization of dye, in
addition to the cellular growth of inocula.

Incubation temperature is also one of the most
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important parameters to study biotreatment of wastewater,
as it determines the growth rate of inocula and has the
impact on specific enzymatic activity. Decolorization of
Reactive Black-5 by the selected isolates was investigated
over a temperature range of 25-45°C. Increase in
temperature from 25 to 35°C caused increase in
decolorization. Similarly further rise in temperature from
35°C to onward had negative effect on decolorization of
Reactive Black-5. Decrease in decolorization at higher
temperature may be due to the thermal deactivation of the
enzyme responsible for decolorization. It is very likely that
all selected isolates were mesophilic bacteria because they
all showed better decolorization in the temperature range of
25 to 35°C. Previously, Guo et al. (2008) reported optimum
range of temperature of 28 to 35°C for the decolorization of
dye contaminated by the inocula. The percentage of
decolorization reached the highest value of 98% at 30°C.
Over a range of 20-45°C, the specific decolorization rate
increased as the temperature rose. The mesophilic range is
traditionally used (Varel et al., 1980) since it is generally
thought that maintaining high temperature would be
uneconomical, while degradation within the psychrophilic
range is too slow. Fortunately, a wide range of bacteria
degrade organic pollutants efficiently in mesophilic range.

In conclusion, bacterial species can be studied further
for bioremediation of dye-polluted waters including rate of
degradation of azo dyes other than Black-5, high salt
concentration or bioaugumentation etc.
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