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ABSTRACT
The local industrial sugar cane waste water sample was collected from Meerut, Uttar Pradesh for the
isolation of dye degrading bacteria. The isolate SCWS5 was selected based on its maximum
decolorization of dyes Methyl orange, Congo red and Malachite green (each 150mg/L). Phenotypic
characterization and phylogenetic analysis based on 16S rDNA sequence confirmed SCWS5 as Bacillus
sp. On physiochemical parameters optimization, Bacillus sp. SCWS5 degraded 10.13% (0.15mg/mL.),
11.76% (0.11mg/mL) and 9.32% (0.8mg/mL) of Methyl orange, Congo red and Malachite green,
respectively within 2h whilst 100% degradation (2.97mg/mL) at 18h for Methyl orange, 100%
(2.43mg/mL) at 16h for Congo red and 100% (3.18mg/mL) at 20h for Malachite green were recorded.
The degraded products were found non-toxic in nature while bacterial cells showed elongation and

membrane rupturing under SEM taken from dye degraded media.
Keywords: Decolorization, Azo-dye, Triphenylmethane dye, SEM, Toxicity plasma parameters.

INTRODUCTION

Dyes are usually aromatic, heterocyclic
compounds and often recalcitrant, some of them
being toxic and even carcinogenic [1]. Various
types of synthetic dyes and pigments are
extensively  used  (approximately 100,000
tons/year) worldwide in textile sector [2]. During
synthesis and usage, an estimated 10 to 15% of
total dye content is released into the environment
[3]. These are chemically diverse and divided into
azo, anthraquinone, heterocyclic polymers and
triphenylmethane dyes. Most of these are stable
against light, temperature and biodegradation and
have therefore accumulated in the environment as
recalcitrant compounds [4]. Thus, the wastewater

must be treated before releasing into the
environment. For biological treatment of
wastewater containing dyes, microbial

decolorization and degradation of dyes has been of
considerable interest [5]. Numerous studies have
demonstrated on the ability of bacteria in
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monoculture to degrade dyes anaerobically and
aerobically [6]. Many microorganisms are capable
of degrading azo dyes, including bacteria, fungi
and yeast [7]. Also the aerobic degradation of
triphenylmethane dyes has been also demonstrated
repeatedly; however these dyes resisted
degradation in activated sludge systems [8].
Although research on biodegradation of different
dyes by microbial consortia from polluted sites
have been reported internationally but limited
reports have been published on the dye
degradation by the bacteria isolated from local
industrial wastes. The present study emphasized
on the degradation of three dyes belonging to
monoazo, diazo and triphenylmethane group by
the bacteria isolated from local industrial waste,
which can be useful in providing an alternate
method to accomplish dye degradation of a wide
range of dyes in an eco-friendly manner.
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MATERIALS AND METHODS

Dyes and chemicals The dyes Methyl orange
(Fig.1a), Congo red (Fig.1b) and Malachite green
(Fig.1c) used in the study were of analytical grade
procured from Himedia, Mumbai, India. The
Methyl orange is a mono azo dye of the 4-
dimethylaminoazobenzene-4'-sulfonic acid sodium
salt and Congo red is the sodium salt of
benzidinediazo-bis-1-naphtylamine-4-sulfonic
acid, a secondary diazo dye whereas Malachite
green is the triphenylmethane dye of {4-[(4-
dimethylaminophenyl)-phenyl-methylidene]-
dimethyl-azanium chloride}. The Methyl orange,
Congo red and Malachite green has maximum
absorbance (Amax) of light at 444nm [9], 530nm
[10] and 620nm [11], respectively.

Isolation and identification of dye degrading
bacteria The wastewater sample of local sugar
cane industry collected from Meerut, Uttar
Pradesh, India was screened for the dye degrading
bacteria. The screening and routine sub culturing
of dye decolorizing bacterial isolate was carried
out on nutrient media (in g¢/L: Peptone, 10;
Sodium chloride, 5; Yeast extract, 5) at pH 7 on
35°C. The wastewater sample was tenfold serially
diluted and 100pL of 10° dilution was spread
plated on the nutrient agar plates. After 24h
incubation, morphologically distinct colonies
obtained were picked, purified by streak plate
method and inoculated into the separate liquid
medium amended with individual 150mg/L
Methyl orange, Congo red and Malachite green
dyes to analyze their decolorizing ability.
Following 10h interval, aliquot of 1mL was
withdrawn and centrifuged at 10,000rpm for
10min. The clear supernatant obtained was used
to measure the dye decolorization at their
respective absorbance maxima (Amax) using
spectrophotometer where a medium without dye
and inoculum was used as blank while medium
with dye but without inoculum was taken as
control. The absorbances for all the isolates were
taken similarly up to 50h. All the experiments
were carried out in triplicates and the mean value
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was taken. The decolorization of dyes was
calculated by the given formula [12] as;
Decolorization efficiency (%)=I-F/1 x100, Where
I=Absorbance of media prior to incubation,
F=Absorbance of decolorized media.  After
calculating the percentage decolorization of dyes
up to 50h, the bacterial isolate with the strongest
decolorizing ability, designated as SCWS5, was
selected and preserved on slant and broth as stock.
The isolate SCWS5 was initially studied for the
phenotypic characteristics on the nutrient agar
media followed by Gram staining [13] and then
outsourced to Bioserve Biotechnologies Pvt. Ltd,
Hyderabad, India, for molecular identification by
16S rDNA technique. The 16S rDNA sequence
obtained was initially analyzed at NCBI server

(http://www.ncbi.nlm.nih.gov/) using BLAST
(Blastn) tool and corresponding sequences
downloaded were then further wused for

phylogenetic analyses using MEGA version 4
[14].

Study of physiochemical parameters The
isolated strain SCWS5 was further studied for the
physiochemical parameters to check their effect on
the dyes decolorization taking different carbon
sources (1%), nitrogen sources (1%), pH (4, 5, 6,
7, 8, 9 and 10), temperature (25, 30, 35 and 40°C),
various dye concentrations (150, 200, 250, 300
and 350mg/L), different volumes of inoculum
(100, 150, 200, 250 and 300uL) and static/shaker
condition. The dyes decolorization was monitored
as described in the earlier section.

The decolorization analysis of the dyes was then
further observed wusing all the optimized
parameters with respect to time after every 2h
interval while the cell pellets obtained were dried
at 85°C and weighed mass was then expressed in
mg/mL.

Study of decolorization mode of SCWS5 on
dyes and Scanning Electron Microscope
Decolorization of dyes may take place by
adsorption [15] or degradation [16]. Dye
adsorption can be also easily judged by an
evidently colored cell pellet, whereas those
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retaining their original colors are accompanied by
the occurrence of biodegradation [7]. The three
sets of optimized nutrient broth (25mL)
inoculated (1% v/v) with pure bacterial isolate
SCWS5 were incubated overnight and before
addition of dyes (individuallyl50mg/L in separate
flask), one flask from each set were autoclaved at
121°C for half an hour while the unautoclaved
served as control. After 24h incubation, samples
from the flasks were withdrawn and centrifuged at
10,000rpm for 10min. The supernatant was used
for monitoring the dye decolorization as described
earlier.

To determine the effect of dyes on the isolate
SCWS5 cell morphology, visualization of the 24h
old cultures grown in normal and individual dye
(150mg/L) amended optimized nutrient broth were
performed under scanning electron microscope
(SEM) [17].

Toxicity study  Microbial  toxicity and
phytotoxicity test were performed in order to
assess the toxicity of dyes and their degraded
products formed. The degraded products of each
150mg/L Methyl orange, Congo red and Malachite
green from the 50mL optimized nutrient media
were extracted in equal volume of ethyl acetate,
dried and dissolved in 5mL sterilized distilled
water to make a final concentration of 500ppm and
1000ppm. These final concentrations were then
used for the microbial toxicity studies carried out
in relation to  Staphylococcus  aureus,
Pseudomonas aeruginosa and Aspergillus niger
while the respective concentrations of dyes were
taken as control. The growth inhibition zones of
microbes (diameter in cm) were recorded after 24h
and 48h incubation at 35°C for the bacterial and
fungal strains, respectively.

The phytotoxicity study of Methyl orange, Congo
red, Malachite green and their degraded products
(50mL dye degraded media extracted in ethyl
acetate, dried and final concentration of 100ppm in
5mL) was also carried out (at room temp) in
relation to Triticum aestivum and Phaseolus
mungo (10 seeds each) by watering separately
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5mL sample of control Methyl orange, Congo red
and Malachite green and their degraded product
(100ppm per day). The control set was watered
with  distilled water simultaneously  whilst
germination (%), length of plumule (shoot) and
radicle (root) was recorded after 10 days.

RESULTS

Screening and identification of dye degrading
bacteria A bacterial isolate SCWS5 was able to
degrade 65.17% of Methyl orange, 69.41% of
Congo red and 53.23 % of Malachite green within
50h incubation in individual dye amended nutrient
broth (Fig.2).

The isolate SCWS5 colonies were white, glossy,
round with regular margins and 1 to 3mm in
diameter and was observed to be Gram-positive
rods. Sequence analysis of 16S rDNA showed
that the isolate SCWS5 had highest similarity of
100% with Bacillus megaterium DMZ 32
(X60629). Based on the phenotypic
characteristics and phylogenetic analysis, isolate
SCWS5 was identified as Bacillus sp.
Phylogenetic relationship between the isolate
SCWS5 with different members of the Bacillus sp.
are illustrated in the Fig.3. The 16S rDNA
sequence of Bacillus sp. SCWS5 have been
deposited in Gene Bank with accession number
JQ900757.

Analysis of physiochemical parameters

Effect of carbon and nitrogen sources

The dye decolorization efficiency of the bacterial
strain SCWS5 was monitored with 1% different
carbon and nitrogen sources as supplement in the
nutrient media. Results concluded that among the
different carbon sources, glucose showed
maximum decolorization of 48.7, 51.8 and 49.9%
for the Methyl orange, Congo red and Malachite
green, respectively (Fig.4).

Whilst among the different nitrogen supplements
used, beef extract  showed maximum
decolorization of 49.7, 44.3 and 42.6% for the
Methyl orange, Congo red and Malachite green,
respectively (Fig.5).
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Effect of pH and temperature The strain SCWS5
represented lowest dye degradation of 2.67, 4.34
and 1.21% at pH 4 while maximum degradation of
52.4, 59 and 50.7% were observed for Methyl
orange, Congo red and Malachite green,
respectively at pH 7(Fig.6).

The lowest dyes degradation of 26.2, 29.6 and
25.8% at temperature of 25°C while maximum dye
degradation of 69.5, 72.3 and 67.4% at 40°C were
observed for Methyl orange, Congo red and
Malachite green, respectively (Fig.7).
Decolorization on static and shaker conditions
It was monitored that under static condition,
isolate SCWS5 degraded 56.3, 57 and 51.7% of
the Methyl orange, Congo red and Malachite
green, respectively whereas higher degradation of
59.3, 61.8 and 58.9% for Methyl orange, Congo
red and Malachite green, respectively were
recorded on the shaker condition (Fig.8).

Effect of inoculum and dye concentration The
decolorization of 58.3, 61.3 and 57.1% were
recorded for the 100uL volume of inoculum
whereas 100% decolorization were recorded with
the use of 300uL volume of inoculum for the 150
mg/L of Methyl orange, Congo red and Malachite
green after 24h incubation at 35°C (Fig.9).

The study also recorded that at 150mg/L
concentration the isolate showed 58.3, 61.3 and
57.1% decolorization which decreased to 14.2,
17.1 and 10.4% for the 350mg/L of Methyl
orange, Congo red and Malachite green,
respectively (Fig.10).

Effect of total physiochemical parameters The
decolorization efficiency of the bacterial isolate
SCWS5 on individual 150mg/L dyes and its
biomass was calculated using all of the optimized
parameters with respect to time (Fig.11). It
was deduced that bacteria degraded 10.1%
(0.15mg/mL), 11.7% (0.11mg/mL) and 9.32%
(0.08mg/mL) of Methyl orange, Congo red and
Malachite green, respectively within 2h whilst
100% degradation (2.97mg/mL) at 18h for Methyl
orange, 100% (2.43mg/mL) at 16h for Congo red
and 100% (3.18mg/mL) at 20h for Malachite

Int ] Cur Res Rev, Oct 2012 / Vol 04 (20),

green were recorded.  This proves that the
combined effect of optimized parameters
attributed to the decolourization of the dyes by the
isolated bacteria Bacillus sp. SCWS5.
Decolorization mode of Bacillus sp. SCWS5 and
SEM analysis In the heat-killed bacterial cultures,
only 6.22, 6.9land 7.87% decolorization of
Methyl orange, Congo red and Malachite green
were recorded after 24h incubation while in the
control culture 100% decolorization of Methyl
orange, Congo red and Malachite green were
obtained in 24h (Fig.12) and the cell pellets were
not pigmented.

Moreover, the scanning micrographs showed
elongation and cell membrane rupturing for cells
taken from the dye degraded media as compared to
the normal media as depicted in Fig.13 (a, b, ¢, d),
revealed the toxic effect of dyes on the bacteria.
Microbial toxicity and phytotoxicity study The
inhibition zones were observed with control
Methyl orange, Congo red and Malachite green
with all bacterial strains studied, whereas their
degraded products did not show any growth
inhibition (Tablel). During phytotoxicity study,
germination (%) of both Triticum aestivum and
Phaseolus mungo seeds were less in parent dyes
compared to their respective degraded products,
verified no toxicity of the degraded products
(Table 2).

DISCUSSION

This study has been aimed at isolating and
characterizing the potential dye degrading bacteria
from the local industrial wastes. The strain
Bacillus sp. SCWS5, isolated from sugarcane
waste water used glucose and beef extract as
carbon and nitrogen supplement respectively.
Although effects of some other carbon sources on
bacterial decolorization performance have been
studied in former researches where lactate,
peptone, succinate, yeast extract and formate were
proved to enhance decolorization but sucrose and
dextrin resulted in lower decolorization activities
[18]. It was also reported that addition of
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inorganic nutrients like nitrogen does not always
enhance degradation of organic compounds,
because there are many other factors which many
decrease microbial activity [19]. Urea when
dissolved in liquid culture causes a shift of pH
more towards acidic side, which decreased the
color removal, growth as well as enzyme activity
of strains. Also presence of nitrate in culture
media might slow down color removal process
[20]. The strain Bacillus sp. SCWS5 showed
maximum dye decolorization at neutral pH, was in
accordance with the report that optimum pH for
color removal often exists between 6.0 and 10.0
[21]. Further, the isolate Bacillus sp. SCWS5
showed highest dye degradation on shaker must be
because of dissolved oxygen concentration which
creates the micro-aerophillic environment in the
glass vessel for the bacteria bringing about the
decolorization of dyes at a faster rate [22]. Results
also concluded that for 100pL inoculum, 350mg/L
dye acted as inhibitor for the bacterial growth and
resulted in less decolorization whereas 300uL
inoculum showed 100% decolorization of
150mg/L of dyes within 24h, suggested that the
concentration of dye as substrate can influence the
efficiency of dye removal through a combination
of factors including the toxicity of dyes at higher
concentrations and the ability of the enzyme to
recognize the substrate efficiently at very low
concentrations [23]. Further, the toxicity results
for Methyl orange, Congo red and Malachite green
coincides with the other research work reported
for the respective dyes degradation using other
bacteria [24, 10, 11]. The non-toxicity of dye
degraded products can be suggested because of
hydroxylase and oxygenase produced by the
bacteria [25].

CONCLUSION

It was inferred that the bacterial strain Bacillus sp.
SCWS5 shows 100% degradation with the
optimized physiochemical parameters. Since, the
degraded products of the dyes showed no toxic
effect on the microbes and plants, implies that
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maximum degradation of a wide range of different
dyes can be meted out by employing the potential
bacterial strains from the local industrial wastes
using optimized physiochemical parameters as it
renders the ability to bio transform the toxic dyes
into non-toxic products without any additional
treatment. This study further recommends the
identification, purification of enzymes and their
kinetics involved in the degradation of dyes by the
isolate and exploitation of potential bacterial
consortium from the local industrial wastes in the
treatment of dye polluted waste water which
would be cost-effective and can contribute to
eradication of the dye pollution from the water
bodies.
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Figures and Tables
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Fig.1: The chemical structure of dyes: (a) Methyl orange (b) Congo red and (c) Malachite green
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Fig.2: Percentage degradation of dyes by the isolate SCWS5 during screening of dye degrading bacteria
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Fig.3: Phylogenetic tree of the bacterial isolate SCWSS5 in relation to genus Bacillus
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Fig.13: Scanning micrographs of Bacillus sp. SCWS5 from normal media (a), Methyl orange media (b),
Congo red media (c) and Malachite green media (d)

Int ] Cur Res Rev, Oct 2012 / Vol 04 (20),

Page 48



Pratiksha Pradhanet al

DEGRADATION OF AZO AND TRIPHENYLMETHANE DYE BY THE BACTERIA ISOLATED

FROM LOCAL INDUSTRIAL WASTE

Tablel: Microbial toxicity study of Methyl orange, Congo red, Malachite green and their degraded product

Diameter of zone of inhibition in growth of Bacteria (cm)

Dyes Aspergillus | Staphylococcus Pseudomonas
niger aureus aeruginosa

Control (500 ppm) 0.6 0.9 0.4
DP-SCWS5 (500 ppm) NI NI NI
Methyl orange Control (1000 ppm) 1.2 1.4 0.9
DP-SCWS5 (1000 ppm) NI NI NI
Control (500 ppm) 0.7 0.4 0.4
DP-SCWS5 (500 ppm) NI NI NI
Congo red Control (1000 ppm) 1.1 0.7 0.6
DP-SCWS5 (1000 ppm) NI NI NI
Control (500 ppm) 0.6 0.8 0.5
DP-SCWS5 (500 ppm) NI NI NI
Malachite green Control (1000 ppm) 1.0 12 0.8
DP-SCWS5 (1000 ppm) NI NI NI

* NI- No Inhibition, DP = Degraded product

Table 2: Phytotoxicity study of Methyl orange, Congo red, Malachite green and their degraded products

Parameter studied |
Selected plants used (10 seeds in each plate) Germination | *Plumule(cm) | *Radical(cm)
(%)
H,0 90 16.68 £1.23 8.56 +1.12
Dye 70 45+ 0.35 1.4 £0.45
Methylorange I sows 90 723+067 | 397 £0.76
Triticum H,0 100 16.68 £1.23 8.56 +1.12
aestivum Congo red Dye 75 55+0.39 1.7+0.20
DP-SCW5 95 8.70 + 0.54 5.19 £ 0.66
H,0 100 16.68 £1.23 8.56 +1.12
Malachite green Dye 80 3.5 +0.45 1.4 +£0.56
DP-SCW5 92 8.23 £0.87 3.13 +0.67
H,0 100 2.12+0.29 1.82+0.24
Methyl orange Dye 75 1.45+0.25 0.49£0.04
DP-SCW5 95 1.82+0.33 1.82 +£0.42
Phaseolus H,0 100 2.12+0.29 1.82+0.24
mungo Congo red Dye 80 0.88 +0.10 0.24 £0.04
DP-SCW5 86 1.62 £ 0.23 1.41+0.32
H,0 100 2.12+0.29 1.82+0.24
Malachite green Dye 80 0.98 +£0.15 0.34+0.03
DP-SCW5 90 2.22+0.23 1.80 +£0.32

* NI- No Inhibition, DP=degraded Product, H, O = UV treated water
*Plumule and *Radical length from all seed’s was taken in average of germinated seed
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