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Abstract
Azo dyes are released into wastewater streams without any pretreatment and pollute water and soil

environments. To prevent contamination of our vulnerable resources, removal of these dye pollutants is of great
importance. For this purpose, wastewater samples were collected from dye-contaminated sites of Faisalabad. About
200 bacterial isolates were isolated through enrichment and then tested for their potential to remove Remazol
Black-B azo dye in liquid medium. Five bacterial isolates capable of degrading Remazol Black-B azo dye efficiently
were screened through experimentation on modified mineral salt medium. Isolate SS1 (collected from wastewater of
Supreme Textile Industry) was able to completely remove the Remazol Black-B dye from the liquid medium in 18 h.
Further, the isolate showed the best performance at the dye concentration of 100 mg L-1 medium (pH 7) and at
temperature 35oC. Similarly, yeast extract proved to be the best carbon source for decolorization purpose. The
results imply that the isolate SS1 could be used for the removal of the reactive dyes from textile effluents.
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Introduction
Environmental pollution caused by the release of a

wide  range  of  azo  dyes  through  industrial  wastewater  is  a
serious problem in present days. The annual world
production of azo dyes is estimated to be around one
million tons, and more than 2000 structurally different azo
dyes are currently in use (Vijaykumar et al., 2007). Azo
dyes are used in a number of industries such as textile
dyeing, food, cosmetics, paper printing, with the textile
industry as the largest consumer. Textile industry is known
for using large quantities of water and variety of chemicals
(Qin et al., 2007). The high quality water is a crucial factor
in many processes such as cleaning, rinsing, dyeing and
washing (Fersi et al., 2005). Furthermore, most of areas of
Pakistan fall under arid and semi arid climate, where water
shortage is a limiting factor for crop production (Ali et al.,
2009). So, treatment of such high amount of wastewater
could help to meet irrigation requirement of the crops.

The discharge of these highly colored industrial
effluents can be very dangerous to the receiving water
resources, as these dyes in the water absorb sunlight, which
in result decreases the intensity of light absorbed by water
plants and phytoplankton, ultimately reducing
photosynthesis and the oxygenation of water reservoirs.
Also, physical appearances of the colored water badly
impact its aesthetic value. These dyes are xenobiotic in
nature and in some cases are mutagenic and carcinogenic

(Daneshvar et al., 2007; Dafale et al., 2010). Allergic
effects of these dyes have also been reported by several
scientists (Saunders et al., 2004; Sasaki et al., 2008).

So, azo dyes-contaminated effluents have emerged as a
serious issue because of their negative impact on water
ecosystems and human. Due to polluted water, very serious
health issues are arising (Jamil et al., 2009). Different
factors which reduce degradation of dyes include high
water solubility, high molecular weight and fused aromatic
ring structures, which inhibit permeation through biological
cell membranes (Elisangela et al., 2009; Hsueh et al., 2009;
Mansour et al., 2009). Various physiochemical methods can
be  used  for  the  removal  of  azo  dyes  from the  wastewater.
Some of these methods are effective but are quite expensive
because they generate significant amounts of chemical
sludge waste whose disposal in a secure landfill increases
process cost. Also, there is disposal problem of such waste
material to a proper place that also limit the use of these
methods (Aguedach et al., 2005; Sanghi et al., 2007;
Hernandez et al., 2008).

Therefore, in such situations, biological treatment may
be a real hope. These methods have the advantages of being
environment friendly. Microorganisms have developed
enzyme system for the decolorization and mineralization of
azo dyes under certain environmental conditions (Hao et
al., 2007; Pandey et al., 2007; Khalid et al., 2008).  So,
present study was designed to isolate efficient azo dye
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decolorizaing bacterial strains from the textile effluents.
Since the bacterial isolates were originated from the dye-
contaminated textile wastewater of local industry, so they
can easily adapt to the prevailing local environment.
Therefore, such bacteria can be used to develop an effective
biological treatment system for the wastewaters
contaminated with azo dyes.

Materials and Methods
Sampling

Water and sludge samples were collected from
Paharang drain near Bawa Chak, Faisalabad around which
many textile processing units are situated. Samples were
taken from drain at different locations and sampling sites
were selected on the basis of the allocation of outlet from
textile units. Electrical conductivity (EC) and pH were
determinedtoassess the presence of total soluble salts (TSS)
and acidity or alkalinity of the collected samples (Table 1).

Table 1: Total soluble salts (TSS) and pH of the dye-
contaminated textile effluent and sludge

Isolation of azo dye decolorizing bacteria
Bacterial strains were isolated from water and sludge

samples. Isolates from each inoculum source were first
enriched using MSM medium amended with an azo dye
Remazol Black-B as the sole source of C and N (Khalid et
al. 2008). Dye was added at a concentration of 100 mg L-1.
The cultures containing 200 mL of MSM broth with dye in
500 mL Erlenmeyer flasks were inoculated with 10 mL

volume of wastewater or sludge suspensions. The flasks
were incubated at 30 °C for 7 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 washed gently with sterile water and resuspended into
the  flasks  containing  fresh  MSM  broth  spiked  with  the
Remazol Black-B dye. About 200 actively growing
colonies were selected for purification.

Purification of bacterial isolates
Selected isolates were purified by streaking on MSM

medium containing agar at the concentration of 16 g L-1.
Streaking was done thrice in zig zag manner. The purified
cultures were preserved in a refrigerator for subsequent
study.

Screening efficient azo dye decolorizing
bacterial isolates

Screening was done to find out the efficient bacterial
strains capable of decolorizing the Remazol Black-B azo
dye using modified MSM. For this purpose, 200 isolates
having the ability to decolorize Remazol Black-B from all
samples were selected. After that decolorization, ability of
each isolate was tested in the liquid medium.  Media
inoculated with the respective inocula were incubated at 35
oC for 24 h. After 24 h, the respective cells were harvested
by medium centrifugation at 10000 rpm for 10 minutes.
Then decolorization was determined with the help of
spectrophotometer at 597 nm. Uninoculated blanks were
run to determine abiotic decolorization. The five most
effective bacterial isolates (SS1, SS2, MT, BS and AP)
from the final screening were further examined for their
decolorization potentials in test tubes at different time
periods. Ten milliliters of the sterilized MSM broth
containing Remazol Black-B at the concentration of 100 mg
L-1 was added to autoclaved test tubes supplemented with
0.4% yeast extract as a co-substrate. The medium was
inoculated with the respective bacterial strains by adding
inocula  of  uniform  cell  density  (OD:  0.6)  at  597  nm.  The
test tubes were tightly sealed and incubated at 35 °C under
static conditions. Uninoculated test tubes with MSM
containing azo dye plus yeast extract were incubated under
similar conditions to check for abiotic decolorization of
dye. Decolorization was measured after 6, 12, 18 and 24 h
at 597 nm by spectrophotometer as described by Khalid et
al. (2008).

Optimization of environmental factors for
efficient decolorization

Factors like substrate concentration, temperature and
pH were optimized during the experimentation for

Sampling Site
(sampling code)

TSS
(meq L-1)

pH Notes

Ahsan Habib Processing
(AH)

55.2 8.7 effluent

Arif Processing (AP) 76.2 10.2 effluent
Bawa Sam  (BS) 80.4 8.0 effluent
Crescent Textile and
Processing (C)

52.8 8.0 effluent

Dawood Processing (D) 88.7 10.7 effluent
Jaugar Processing (J) 59.1 7.2 effluent
Mubarak Textile (MT) 83.5 9.9 effluent
Mubarak Processing
(MP)

57.8 12.4 effluent

Siddique Processing (S) 60.4 8.2 effluent
Supreme Textile and
Processing (Su )

147.6 8.1 sludge

Sludge taken from Baw
Sam near Supreme
Textile and Processing
(SS)

93.7 7.7 sludge

Zafar Fabrics and
Processing (Z)

60.13 6.8 effluent
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maximizing decolorizing efficiency of the isolates.
Different carbon sources (glucose, yeast extract, mannitol
and maltose) at the concentration of 4 g L-1 were also tested
as co- substrate in the decolorization process. Optimization
studies   included various concentration of dye (50, 100,
150, 200 and 250 mg L-1), pH values (5, 6, 7, 8, 9) and
temperatures (25, 30, 35, 40, 45 oC). All the bacterial
isolates SS1, SS2, MT, BS, and AP were tested to optimize
their decolorization efficiency. While culture conditions
were the same as used in decolorization experiment i.e.,
minimal salt medium was used along with the 100 mg L-1

of Remazol Black-B azo dye.  Uninoculated blanks were
run to check the abiotic decolorization during the
experimentation.

Statistical analysis
Data were entered in a Microsoft® Excel 2007

spreadsheet, and means and standard deviations were
calculated.

Results
Efficiency of the bacterial isolates to decolorize

Remazol Black-B was examined by measuring color
intensity in liquid medium. Based upon the relative
decolorization efficiency of different isolates, five the most
efficient isolates (SS1, SS2, MT, AP, and BS ) with more
than 75% decolorizing efficiency were selected for further
experiments (Data not shown).

Biodecolorization of Remazol Black-B by
selected bacterial isolates

Biodecolroization of Remazol Black-B by the selective
bacterial isolates (SS1, SS2, MT, AP and BS) was
confirmed by conducting another experiment in liquid
medium at different time periods (Figure 1). It was found
that different bacterial isolates had variable potential to
remove Remazol Black-B in the growing cultures. The
most efficient bacterial isolate to decolorize the Remazol
black-B was SS1 with 100% color removal efficiency in 18
h incubation period while remaining isolates displayed
maximum decolorization in 24 h. Isolate SS2 was the
second most efficient bacterial isolate and it decolorized the
Remazol Black-B up to 94% in 24 h. Similarly, MT, AP
and BS isolates had decolorization potential of 84, 82 and
76%, respectively.

Factors affecting biodecolorization of
Remazol Black-B in liquid medium

Potential of selected isolates (SS1, SS2, MT, AP, and
BS) was further investigated for the optimization of various
incubation/ environmental conditions for decolorizing the
azo dye in liquid medium.
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Figure 1:  Biodecolorization of Remazol Black-B in
liquid medium by selected isolates of
bacteria. Standard deviation is presented as
bars on each level

Substrate concentration
It was evident (Figure 2) that Remazol Black-B azo

dye decolorization sharply increased up to 100 mg L-1 of
substrate concentration and maximum decolorization was
observed at 100 mg L-1 of substrate concentration. Then,
there was a gradual decrease in the azo dye decolorization.
Isolate SS1 was the most efficient azo dye decolorizing
strain with complete removal of the color i.e., 100%
decolorization at 100 mg L-1 and minimum decolorization
was recorded at 50 mg L-1 while after 100 mg L-1 substrate
concentration, again SS1 showed a decreasing trend. Isolate
SS2 was the second at the rank with 93% decolorization at
100 mg L-1. The same trend of decolorization was followed
in case of SS2, MT, and BS as observed in the case of SS1.
But, AP showed different trend from the other isolates, it
indicated enhanced decolorization up to 200 mg L-1 (82%).

Types of carbon sources
Effects of different carbon sources such as maltose,

mannitol, glucose and yeast extract were evaluated on
Remazol Black-B decolorization by bacterial isolates
(Figure 3). It was found that maximum decolorization
occurred with 4% yeast extract in all selected strains (75 to
100%) that was followed by glucose in which
decolorization occurred in the range of 20 to 27%.
However, least decolorization was observed in the case of
mannitol (15 to 18%). Similarly, maltose application also
showed decolorization in the lower range (up to 20%).

Effect of pH
For studying effect of pH value, different levels of pH

ranging from 5 to 9 were used and incubation of all selected
isolates was done at these levels (Figure 4). Initially with
the increase in pH value from 5 to 7, decolorization
increased and maximum occurred at 7 pH. Similarly,
further  increase  in  pH  from  7  to  9  had  negative  effect  on



Decolorization of an azo dye by bacteria10

decolorization capacity of various isolates. The maximum
decolorization was observed with the isolate SS1 (100%) at
pH 7 while minimum decolorization occurred at pH 9.
Similar trends in remaining isolates SS2, MT, AP, and BS
were  observed  at  pH  7.  Overall,  it  was  noted  that  all  the
bacterial isolates showed optimum decolorization from pH
5 to 7.
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Figure 2: Effect of substrate (Remazol Black-B)
concentration on bacterial decolorization.
Standard deviation is presented as bars on
each level
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Figure 3: Effect of different sources of carbon on
biodecolorization of Remazol Black-B by
bacterial isolates. Standard deviation is
presented as bars on each level

Effect of incubation temperature
Five levels (25, 30, 35, 40, and 45oC) of temperature

were used for assessing optimal biodecolorization of
Remazol Black-B by selected bacterial isolates. It is evident
(Figure 5) that when the temperature raised from 25 to 35
oC  there  was  inconsistant  trend  in  decolorization  by
different isolates. The SS1, SS2, and BS isolates showed
gradual increase in decolorization while one isolate MT
displayed maximum decolorization at 25 oC and isolate AP
displayed maximum value at 30 oC. Remaining three
bacterial isolates (SS1, SS2 and BS) with a gradual rise
from 25 to 35 oC showed maximum decolorization at 35 oC.
As the temperature increased further from 35 oC to 45 oC,
there was sharp decline in decolorization capacity in all the

isolates. It was also observed that with rise in temperature,
abiotic decolorization also increased. Maximum
decolorization was observed with the isolate SS1 (100%) at
35 oC and it is followed by SS2 (92%) at the same
temperature. Least decolorization was observed at 45 oC in
all the selected isolates.
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Figure 4:  Effect of different levels of pH on
biodecolorization of Remazol Black-B by
bacterial isolates. Standard deviation is
presented as bars on each level
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Figure 5: Effect of incubation temperature on
biodecolorization of Remazol Black-B by
bacterial isolates. Standard deviation is
presented as bars on each level

Discussion
The release of colored wastewater into water streams

by textile industry represents a serious environmental
problem and a public health concern. Major portion of this
wastewater contains azo dyes which are increasingly used
in industries because of their ease and cost-effectiveness in
synthesis compared to natural dyes.

Relative effectiveness of the isolated bacteria for the
decolorization of Remazol Black-B clearly implies that
these can be effectively used for the removal of Remazol
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Black-B from contaminated industrial wastewater.
Azoreductase is reported to be the key enzyme expressed in
azo-dye-degrading bacteria and catalyses the reductive
cleavage of the azo bond (Nachiyar and Rajkumar, 2005;
Khalid et al., 2008). Azoreductase activity had been
identified in several species of bacteria recently, such as
Staphylococcus aureus, Shewanella putrefaciens,
Shewanella strain J18 143 and Pseudomonas sp (Nachiyar
and Rajkumar, 2005; Khalid et al., 2008; Li and Guthrie,
2010; Lin et al., 2010)

It was indicated that increase in substrate concentration
from its optimum level had negative effect on
decolorization capacity of isolates. Investigations with
different dye concentrations in other experiments also
reported higher net color removal efficiencies at lower dye
concentrations (Cruz and Buitron, 2001; Kapdan and
Oztekin, 2003; Sponza and Isik, 2005). Decrease in
decolorization ability at high substrate concentration might
be due to the toxicity of the dye (and co contaminants)
(Chen et al., 2003). Azo dyes generally contain one or more
sulphonic-acid groups on aromatic rings, which might act
as detergents to inhibit the growth of microorganisms (Chen
et al., 2003).  Another reason of the toxicity at higher
concentration may be due to the presence of heavy metals
(metal-complex dyes) and/or the presence of non-
hydrolyzed reactive groups which may retard the bacterial
growth (reactive dyes) ( Sponza and Isik, 2005). Similarly,
reduction in decolorization at low concentration of the
substrate might be due to the decrease in enzyme ability to
recognize the substrate efficiently.

Whereas in case of different carbon sources tested
yeast extract proved to be the best amongst tested carbon
source. Our results were in agreement with the research
conducted by Guo et al. (2008), in which the bacterial
strains grew well and completely decolorized K-2BP where
either 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 studies also reported the maximum
decolorization of azo dyes in the presence of yeast extract
by bacteria (Hu, 1998; Moosvi et al., 2005).

In  case  of  pH  as  a  variable,  decolorization  was  on
higher side at pH 7. Whereas higher pH values (alkaline
conditions) decreased the decolorization efficiency of all
the tested isolates. So, from this study, it could be concluded
that neutral pH supported bacterial activity to decolorize
Remazol Black-B in liquid medium (Mali et al., 1999;
Chang et al., 2000). Temperature is another very important
parameter for anaerobic treatment of wastewater. Selected
isolates were mesophilic bacteria because they all showed
better decolorization in the temperature range of 25 to 35

°C. Similar results were also reported by Guo et al. (2008).
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.

Overall, one of the selected isolate (SS1) of bacteria
was  able  to  completely  remove  color  of  the  dye  in  18  h.
However, these isolates should be tested at large scale
treatment system to examine their potential for
bioremediation of dye-polluted wastewaters.

References
Aguedach,  A.,  S.  Brosillon,  J.  Morvan  and  E.  K.  Lhadi.

2005. Photocatalytic degradation of azo-dyes reactive
Black  5  and  Reactive  Yellow  145  in  water  over  a
newly deposited titanium dioxide. Applied Catalysis B:
Environmental 57: 55–62.

Ali,  M.S.,  S.  Muhammad,  M.N.  Choudhry  and  M.  Sadiq.
2009. Irrigation quality of ground water of twenty
villages in Lahore district. Soil and Environment 28(1):
17-23.

Chang, J.S., T.S. Kuo, Y. Qu, J. Guo, P. Wang and H.
Zhang. 2000. Azo dye decolorization with a mutant
Escherchia Coli strain. Biotechnology Letters 22: 807-
812.

Chen, K.C., J.Y. Wu, D.J. Liou and S.C.J. Hwang. 2003.
Decolorization of the textile dyes by newly isolated
bacterial strains. Journal of Biotechnology 10: 57–68.

Cruz, A. and G. Buitron. 2001. Biodegradation of Disperse
Blue 79 using sequenced anaerobic/aerobic biolters.
Water Science and Technology 44: 159–166.

Dafale, N., L. Agrawal, A. Kapley, S. Meshram, H. Purohit,
S. Wate. 2010. Selection of indicator bacteria based on
screening  of  16S  rDNA  metagenomic  library  from  a
two-stage anoxic–oxic bioreactor system degrading azo
dyes. Bioresource Technology 101: 476–484.

Daneshvar,  N.,  M.  Ayazloo,  A.R.  Khatae  and  M.
Pourhassan. 2007. Biological decolorization  of  dye
solution  containing  malachite  green  by microalgae
Cosmarium sp. Bioresource Technology 98: 1176-
1182.

Elisangela,  F.,  Z.  Andrea  and  D.G.  Fabio.  2009.
Biodegradation of textile azo dyes by a facultative
Staphylococcus arlettae strain  VN-11  using  a
sequential microaerophilic/aerobic process.
International Biodeterioration and Biodegradation
63:280-288.

Fersi,  C.,  L.  Gzara  and  M.  Dhahbi.  2005.  Treatment  of
textile effluents by membrane technologies.
Desalination 185: 399–409.

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V24-40F1PT3-2&_user=3415627&_coverDate=11%2F30%2F2000&_rdoc=1&_fmt=full&_orig=search&_cdi=5692&_sort=d&_docanchor=&view=c&_acct=C000060496&_version=1&_urlVersion=0&_userid=3415627&md5=8a48d8da858fd227ec1660b642e405d3#bib3
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V74-4VDGTFW-4&_user=3415627&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000060496&_version=1&_urlVersion=0&_userid=3415627&md5=ce58e58e3495c13f276333304a50f855#bbib4#bbib4


Decolorization of an azo dye by bacteria12

Guo, J., J. Zhou, D. Wang, C. Tian, P. Wang and M. Salah
Uddin. 2008. A novel moderately halophilic bacterium
for decolorizing azo dye under high salt condition.
Biodegradation 19: 15-19.

Hao J.J., F.Q. Song, F. Huang, C.L. Yang, Z.J. Zhang, Y.
Zheng and X.J. Tian. 2007. Production of laccase by a
newly isolated deuteromycete fungus Pestalotiopsis sp.
and its Decolorization of azo dye. Journal of Industrial
Microbiology and Biotechnology 34: 233–240.

Hernandez, J.M.P., M.V. Yunny, F.J. Rodríguez, T.W.
Chapman, M.I. Maldonado and L.A. Godínez. 2008.
Comparison of hydrogen peroxide-based processes for
treating dye-containing wastewater: decolorization and
destruction of Orange II azo dye in dilute solution.
Dyes Pigments 76: 656–662.

Hsueh, C.C., B.Y. Chen and C.Y. Yen. 2009.
Understanding effects of chemical structure on azo dye
decolorization characteristics by Aeromonas
hydrophila. Journal of Hazardous Materials 77: 2101–
2108.

Hu, T.L. 1998. Degradation of azo dye RP2B by
Pseudomonas luteola. Water Science and Technology
38: 299-306.

Jamil, Y., M.R. Ahmad, K. Ali, A. Habeeb and M. Hassan
2009. Use of solar energy for disinfection of polluted
water. Soil and Environment 28(1): 13-16.

Kapdan, I.K. and R. Oztekin. 2003. Decolorization of
textile dyestuff Reactive Orange 16 in fed-batch reactor
under anaerobic condition. Enzyme and Microbial
Technology 33: 231–235.

Khalid,  A.,  M.  Arshad  and  D.E.  Crowley.  2008.
Accelerated decolorization of structurally different azo
dyes by newly isolated bacterial strains. Applied
Microbiology and Biotechnology 78: 361-369.

Li, T. and J.T. Guthrie. 2010. Colour removal from aqueous
soloution of metal complex azo dyes using bacterial
cells of Shewanella strain J18 143. Bioresource
Technology 101: 4291-4295.

Lin,  J.,  X.  Zhang,  Z.  Li,  L.  Lei.  2010.  Biodegradation  of
Reactive Blue 13 in a two-stage anaerobic/aerobic
fluidized beds system with a Pseudomonas sp. isolate.
Bioresource Technology 101: 34–40.

Mali, P.L., M.M.Mahajan, D.P. Patil and M.V. Kulkarni.
1999. Biodecolorisation of members of
triphenylmethane and azo groups of dyes. Journal of
Scientific and Industrial Research 59:221-224.

Mansour,  H.B.,  R.  Mosrati,  D.  Corroler,  K.  Ghedirab,  D.
Barilliera and L. Chekir. 2009. In vitro mutagenicity of
Acid Violet 7 and its degradation products by
Pseudomonas putida mt-2: Correlation with chemical
structures. Environmental Toxicology and
Pharmacology 27: 231–236.

Moosvi, S., H. Keharia and D. Madamwar. 2005.
Decolourization of textile dye Reactive Violet 5 by a
newly isolated bacterial consortium. World Journal of
Microbiology and Biotechnology 21:667–672.

Nachiyar, C.V. and G.S. Rajkumar. 2005. Purication and
characterization of an oxygen insensitive azoreductase
from Pseudomonas aeruginosa. Enzyme and Microbial
Technology 36: 503–509.

Pandey, A., P. Singh and L. Lyengar. 2007. Bacterial
decolourisation and degradation of azo dyes.
International Biodeterioration and Biodegradation 59:
73-84.

Qin, J.J., M. Htun and K.A. Kekre. 2007. Nanofiltration for
recovering wastewater from a specific dyeing facility.
Separation and Purification Technology 56: 199–203.

Sanghi, R., B. Bhattacharya and V. Singh. 2007. Seed gum
polysaccharides and their grafted co-polymers for the
effective coagulation of textile dye solutions. Reactive
and Functional Polymers 67: 495–502.

Sasaki, K., M. Sakai, K. Matusita, Y. Masuda and K. Sato.
2008. Chmical structure analysis for azo type disperse
dyes by mass spectroscopy and detection of dyestuff in
textile products causing allergic contact dermatitis. The
Japan Society for Analytical Chemistry 57: 833-850.

Saunders, H., T. O’Brien and R. Nixon. 2004. Textile dye
allergic contact dermatitis following
paraphenylenediamine sensitization from a temporary
tattoo. Australasian Journal of Dermatology 45: 229-
231.

Sponza, D.T. and M. Isik. 2005. Reactor performances and
fate of aromatic amines through decolorization of
Direct Black 38 dye under anaerobic/aerobic
sequential. Process Biochemistry 40: 35–44.

Varel, V.H., A.G. Hashimoto and Y.R. Chen. 1980. Effect
of temperature and retention time on methane
production from beef cattle waste. Applied and
Environmental Microbiology 40: 217–222.

Vijaykumar, M.H., P.A. Vaishampayan, Y.S. Shouche and
T.B. Karegoudar. 2007. Decolourization of
naphthalene-containing sulfonated azo dyes by
Kerstersia sp. strain VKY1. Enzyme and Microbial
Technology 40: 204–211.

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V74-4VDGTFW-4&_user=3415627&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000060496&_version=1&_urlVersion=0&_userid=3415627&md5=ce58e58e3495c13f276333304a50f855#bbib10#bbib10

	Moosvi, S., H. Keharia and D. Madamwar. 2005. Decolourization of textile dye Reactive Violet 5 by a newly isolated bacterial consortium. World Journal of Microbiology and Biotechnology 21:667–672.
	Moosvi, S., H. Keharia and D. Madamwar. 2005. Decolourization of textile dye Reactive Violet 5 by a newly isolated bacterial consortium. World Journal of Microbiology and Biotechnology 21:667–672.


