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ABSTRACT

Pali city in Rajasthan has been a major environmental concern in the terms of extensive water pollution
caused by the textile industries. The textile effluents are characterized by remarkably strong colour,
high pH, BOD and COD. The major culprits are the direct diazo dyes and one such dye is Direct Red 28.
To develop an effective bioprocess for dye degradation, bacteria were screened from different
stages of the common effluent treatment plant situated in Mandia Road, Pali. The most potential bacteria
was an isolate from aeration tank and characterized as Alcaligenes sp. TEX S6 by 16S rDNA
sequencing. The dye removal efficacy of the strain was expressed as a reduction in absorbance
maxima of the dye. The strain removed the dye (0.15 g/L) up to 86% within 48 hours of static
incubation utilizing fructose and peptone at 37°C and pH 7. The inoculum concentration had no effect
on the decolourisation process. A significant increase in bioefficacy of the strain was observed with
respect to abiotic control. TLC chromatogram and FTIR spectra of the pure dye compound and the
decolourised dye was suggestive of enzymatic degradation in accordance with biodecolourisation.

INTRODUCTION

Rapid industrialization has undoubtedly led to tremendous
growth of economy, but at the same time has proved to be
catastrophic for environment. Textile industry isthe major
consumer of synthetic dyesand utilizes enormous volumes
of water for itsdifferent processes (Shah 2014a) and likewise
generates huge volumes of wastewater (Saranrgj et a. 2010),
whichin most casesis discharged directly into the adjoining
surface waters (Rajendran et al. 2011, Ponrgj et a. 2011).
Pali, a digtrict headquarters located in the south western
Rajasthan, isknown for itstextile dyeing and printing work.
Approximately, 800 textile dyeing and printing units stu-
ated at Pali discharge about 49 million litresper day (MLD)
effluents in the Bandi River which owes its origin in Luni
basin (Rathore 2012). The untreated effluentsflow regularly
in the dry bed of river about 45 km downstream Pali city
(Khandelwal & Chauhan 2005). Dyesarewidely used inthe
textile, rubber, paper, printing, colour photography, pharma-
ceuticals, cosmeticsand many other industries Amongst these,
azo dyes represent the largest and most versatile class of
synthetic dyes (Keharia et al. 2004). Dyes usualy have a
synthetic origin and complex aromatic molecular structures
contributeto their stability and impart recal citrance to them.
Azo dyes have found widespread use in textile industries
because of the ease in synthesizing them as compared to
their natural counterparts and are designated as major envi-
ronmental contaminants (Shah et al. 2013).

Azodyesare difficulttotresat by conventional wastewater
treatment. Existing treatment strategy for textile effluent
utilizes neutralization of alkaline pH, coagulation,
flocculation followed by aerabic biological treatment, but
complete removal of recalcitrant dyesfrom effluentsisnot
attainable, which may be attributed to the colour fastness
and stability of dyesto degradation (Anjaneyulu et al. 2005).
Biotreatment, most popularly known as bioremediation is
the microbial clean up approach which leads to
biomineralization and biotransformation of toxic chemi-
calstolessharmful formsby using microorganisms. In addi-
tion to being cost-effective, the most satisfactory aspect of
biotreatment isits being environmental friendly with mini-
mal sludge generation (Chen et al. 2003). The process of
bioremediation gains momentum if the microbes used in
the bioprocess are adapted to the system rather than using
the non adapted forms. Screening of potential microorgan-
isms based on their specificity and adaptability which gov-
erns the microbial activity isacritical step in devising an
effective bioprocess.

A number of bacterial isolates Pseudomonas sp. (ISk &
Sponza 2003, Perumd et al. 2012, Soundararajan et al. 2012,
Rajaet al. 2013, Shah 2014b), Proteus sp., Salmonella sp.,
Klebsiella sp. (Saranrg) et a. 2010, Perumal et a. 2012),
Aeromonas hydrophila (Chen et al. 2003, Bumpus 2004),
have been reported for their rolein dye decol ourisation proc-
ess. The present study is aimed at optimizing decol ourisa-
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tion of azo dye, which formsthe main constituent of textile
wastewater generated by textile industries located at Pali,
by indigenous bacterial species to attain an accelerated
bioprocess.

MATERIALS AND METHODS
Chemicalsand Dye Used

All chemicals and reagents used in the study were of ana-
Iytical grade. The dye used in the study was of commercial
grade and procured from the local market with the specifi-
cations mentioned in Table 1.

Screening and Char acterisation of I ndigenousBacteria

Indigenousbacteria strainswereisolated from textile efflu-
ent and qualitatively screened by plate assay (Shah 2014b).
For plate assay athin layer of cotton was wrapped onto a
match stick and sterilised at 121°C for 15 minutes. A single
colony was picked from the pure culture and aseptically
transferred onto the plates as single spots containing BHA
andincubated at 37°C for 24 to 48 hours. Following incu-
bation, clear zonesaround spots were observed and diam-
eter around spots was measured in mm and compared with
uninoculated plates which served as negative or abiotic
controls. Identification of strain was carried out by 16S
rDNA sequencing. Upon isolation of DNA, fragments of
16S rDNA gene were amplified by PCR. Forward (27F)
and reverse (1542R) DNA seguencing reaction of PCR
ampliconwas carried out with forward and reverse primers
using BDT v3.1 Cycle sequencing kit on ABI 3730x| Ge-
netic Analyser. The 16SrDNA gene sequence was used to
carry out BLAST.

Acclimatization of Screened | solate

I noculum prepar ation: The screened isolatewas initially
grown in nutrient broth (NB) with composition (g/L): Beef
extract-3g, NaCl-5g, Peptone-5g and incubated at 37°C for
24 to 48 hours under agitated conditions (120 rpm) till a
desired (O.D, = 0.6 ) has attained (Suizhou et al. 2006).

Growth curveof isolate: Theactively growing strain (O.D. .,
=0.6) innutrient broth was inoculated as monoculture 1%
v/v in a 250 mL Erlenmeyer flasks containing 100 mL of
Bushnell & Haas Broth (BHB) with the following composi-
tion (g/L): Magnesium sulphate = 0.2; Calcium chloride =
0.02; Monopotassium phosphate = 1.0; Dipotassium phos-
phate= 1.0; Ammonium nitrate = 1.0; Ferric chloride = 0.05;
pH = 7.0, supplemented with diazo dye in a minimum con-
centration (0.1g/L) and wereincubated at 37°Cfor 24 to 48
hours under agitated conditions (120 rpm). Negative biotic
controls were also maintained which were devoid of dye
under study. O.D.  for both the set of experiments was
monitored at regular intervals.

Dye Decolourisation by Optimization of Process
Par ametersby OFAT Approach

Decolourisation of diazo dye by bacteria was studied in a
cell free extract (CFE). Aliquotsof 1.5 mL werewithdrawn
in2mL vialsfrom the monocultures of acclimatized bacte-
rial strains. The aliquots were then centrifuged at 10,000
rpmfor 15 minutes. The decol ourisation activity was moni-
tored spectrophotometrically in cell free extract at the ab-
sorption maximaof thedye (A =495.5 nm) and measured
as % decolourisation of dye:

Table 1: Physico-chemical properties of Direct Red 28 (Shinde & Thorat 2013)

S.No Specification Properties
1 CAS number 573-58-0
2 Molecular mass 696.66g/mol
3 Molecular formula C,H,N,Na,OS,
4 IUPAC name Disodium 4-amino-3-[4[4-(1-amino-4-sulfonato-naphthal en-2-yl)
diazenylphenyl]diazenyl-naphthal ene-1-sulphonate
4 Molar extinction-coefficient 45,000[L]/[mol].[cm]
5 Absorption maxima 490-495 nm
6 Chromopheric group (Az0)-N=N-
NHa MH;
OO Nﬂ”:'“ O
. =
7 Chemical structure
0:7 =" Conge red & _S‘ =
¢ we* CrpHopNgag O 5y 07 Ma*
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For optimizing the process, onefactor at atime (OFAT)
approach was used in which one parameter under consid-
eration was varied keeping other factors constant (Fig. 1).
The parameter under cons deration wasfixed inadecolouri-
sation assay and expressed as percent decolourisation as
explained earlier. The process was repeated until all the
parameterswere optimized (Moharrery et al. 2012).

Incubation hour: Actively growing strain (O.D. = 0.6)
wasinoculated in 100mL BHB in 250 mL Erlenmeyer flasks
amended with dyein the concentration (0.1 g/L) and incu-

bated for 24, 48, 72 and 96 hours.

Temper atur e; Different temperatures, psychrophilic (4°C),
mesophilic (27°C, 37°C) and thermophilic (60°C) were se-
lected to study their effect on decol ourisation whilst keep-
ing other factors constant.

pH: The effect of pH on dye decolourisation was consid-
ered by varying the pH in the range from 2-10.

Carbon sour ces. Different carbon sources were used like
starch, dextrose, sucrose, fructose, mannitol, glucose+
fructose. These carbon sources were amended into the
medium in the concentration of 0.1% w/v prior to
sterilisation.

Nitrogen sources. Different nitrogen sources were used
like yeast extract, tryptone, peptone, beef extract and urea.
These nitrogen sources were amended into the medium in
the concentration of 0.1% wi/v prior to sterilisation.

Inoculum percent: Different inoculum concentrations of
0.1%, 0.5 %, 1%,1.5%, 2% and 2.5% v/v were used in the
medium.

Dye concentration: To study the effect of dye concentra-
tion on decolourisation, different concentrations of the dye
were used in the range (100-400) mg/L.

Incubation condition: To study the effect of incubation
condition on the process of decol ourisation, two variations
in incubation conditions were studied, static and shaking.

DYE DEGRADATION STUDIES
Thin Layer Chromatography

For initial conformational changeinthedi azo moiety after
the treatment, thin layer chromatography (TLC) was
performed with decolourised broth. The bacterial isolate
was allowed to grow till the maximum decol ourisation has
attained. 5 mL samples were withdrawn from the
decolourised broth cultureinasterile 100 mL vial. The sam-
ple was centrifuged at 10,000 g or 10,258 rpm for 15 min-

[ Incubation hour (24, 48, 72, 96) ]
3

[ Temperature (4°C, 27°C. 37°C, 60°C) ]
3

[ pH(2.4.6.7.8. 10) ]

[ Carbonsources l
(Glucose. fiuctose. glucosetfiuctose. starch. mannitol)

[ Nifrogen sources(beel exiract, yeast l
extract. frvptone. peptone, urea)

[ Dye concentration(0.1-0.4g/L) l
L 2

[ Inoculum percent(0.1-2.5%v/v) ]
L 2

[ Incubation condition (Static and Agitating) l

Fig. 1. Different process parametres for OFAT approach for
optimisation of decolourisation process.

utes at 4°C and Cell Free Decolourised Supernatant (CFDS)
was extracted with equal volume of ethyl acetate. A pinch
of sodium sulphate (Na,SO,) was added to the extract. The
extractswere evaporated to drynessand further dissolvedin
1 mL of methanol. The control sample, which wasonly de-
void of inoculum, was processed in a similar manner. 100
pL of samples were loaded as spots using micropipette on
commercially available TLC plates coated with silica gel
60F 254 on aluminium foil having dimensions1-0 cm x 5
cm x 0.25 mm (Merck, Germany). The solvent system used
waswater: ethanol: acetone (4:4:1) for Direct Red 28. Upon
drying, the plateswere observed under UV translluminator
(365 nm) (Mali et a. 2000).

FTIR Spectroscopy

Biodegradation of Direct Red 28 was finally monitored by
FTIR spectroscopy. For this 100 mL sample was procured
after decolourisation. Centrifugation was carried out at
10,000 rpm for 15 minutes and the metabolites were ex-
tracted from CFDS using equal volume of ethyl acetate. The
extract was dried over anhydrous Na,SO, and evaporated to
drynessin a rotary vacuum flash evaporator. The treated
Congo Red dye was characterized by Fourier Transform In-
frared Spectrometer (Perkin Elmer Spectrum 65) and com-
pared with abiotic control and reference dye. The samples
were mixed with spectroscopically pure KBr in the ratio of
1:100 and pressed to obtain |R-transparent pellet. The pel-
let was placed in sample holder and the analysiswascarried
out in the mid IR region of 500-4000 cm* with 16 scan
speed (Shinde & Thorat 2013).
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Fig. 2A: Abiotic control B-J:Plate assay of different strains representing clear zone around colonies (mm).

<= 1500 bp

Lane 1 2

Fig. 3: Gel Image of 16S rDNA amplicon (Lane 1: 16S rDNA
amplicon and; Lane 2: DNA marker).

Statistical Analysis

Data were analysed by one-way analysis of variance
(ANOVA) with the Tukey-Kramer multiple comparisonstest.

RESULTS
Screening of I ndigenousBacteria

A total of 9 bacterial isolateswere screened at different stages
of CETP for their dye decolourising potential which was
expressed in terms of appearance of clear zones around
colonies(Fig. 2A-J).

Strain G, encoded as Tex S6, exhibited maximum zone
of clearance (0.6 mm) around colonies as compared with
abiotic control, and was selected for further dye degrada-
tion studies.

Identification of Strain Tex S6

Molecular characterization of strain Grevealed asingledis-
crete PCR amplicon band of 1500 bp onagarosegel (Fig. 3).
Based on the nucl eotide homol ogy and phylogenetic analy-
sis, the strain was identified as Alcaligenes sp. TEXS6
(GenBank Accession Number: KF534470.1) (Fig. 4).

Acclimatization and Growth Curve Analyssof thel solate

The effect of dye on bacterial growth profile indicated that
inthe presence of dye bacteria, growth wasaccel erated sig-
nificantly (p<0.01), presumably utilizing dye as the sole
source of energy when compared with the negative biotic
control (Fig. 5). The blue line indicates growth in presence
of dye and red line depicts bacterial growth in absence of
dye. A ggnificant increasein bacteria growth wasobserved
with increase in duration of incubation.

Dye Decolourisation Studies by Process Optimization

Effect of incubation hour on decolourisation process. The
duration of incubation plays a significant role in a
microbially mediated decolourisation process, which may
be attributed to optimal growth of the speciesin concern. A
significant increase (p<0.01) in decolourisation was ob-
served withincreasein duration of incubation from 24 hours
to 96 hours (Fig. 6) with 1% v/v inoculum size under static
conditionswith aninitial dyeconcentration of 0.1 g/L, with
no additional carbon and nitrogen sources and pH of the
medium wasfixed to 7 and temperature 37°C. The acclima-
tized strain had attai ned growth exponentialy after 48 hours

Vol. 18 No. 1, 2019 e Nature Environment and Pollution Technology
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Fig. 5: Effect of Direct Red 28 on growth of Alcaligenes sp. TEX S6.
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Fig. 6: Effect of incubation duration on decolourisation by Alcaligenes sp. TEX S6.

of incubation as elucidated earlier and dye removal effi-
ciency was related to the growth profile of Alcaligenes sp.
TEX S6. After 24 hours, the dye removal efficiency of the
strain was found to be 26.78% which was continuously in-
creased up to 67.41% after 72 hours. Although, adeclinein
growth was observed after 96 hours of incubation, but a

significant increase in dye removal efficiency of the strain
(77.03%) was attainable, which may be attributed to
biosorption of the dye by biomass during the early station-
ary phase of growth. The abiotic control had witnessed mini-
mal decolourisationin therange of 1.78%-13.48% after 96
hours of incubation.

Nature Environment and Pollution Technology @ Vol. 18, No. 1, 2019
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Fig. 7: Effect of temperature on decolourisation by Alcaligenes sp. TEX S6.
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Fig. 9: Effect of different carbon sources on decolourisation by Alcaligenes sp. TEX S6

Effect of temper ature on decolourisation process. Tem-
perature isthe quintessential factor which governsthe mi-
crobia growth and enzymati ¢ activity. The most pronounced
bacterial activity is observed in mesophilic range (25°C-
40°C). In our study, the best temperature for optimum de-

colourisation (72%) wasfound to be 37°C attained after 72
hours for Alcaligenes sp. TEX S6 with 1% v/v inoculum
size under static conditions with an initial dye concentra-
tion of 0.1 g/L, with no additional carbon and nitrogen
sources and pH of the medium at 7, followed by 63.9%

Vol. 18 No. 1, 2019 e Nature Environment and Pollution Technology
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Fig. 10: Effect of different nitrogen sources on decolourisation by Alcaligenes sp. TEX S6.
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Fig. 11: Effect of dye concentration on decolourisation by Alcaligenes sp. TEX S6.
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Fig. 12: Effect of inoculum size(v/v)on decolourisation by Alcaligenes sp. TEX S6.

15

(27°C) and negligible decol ourisation was attained at both
psychrophilic (4.63%) and thermophilic (14.06%) range
under same physiological conditions which was found to
be statistically different from abiotic control group (Fig. 7).

Effect of pH on decolourisation process: Thevariationin
pH of the growth medium results in change in activity of
bacteria, and hence the bacterial growth rate aswell as de-
colourisation also gets affected. Bacteria are active over

certain range of pH. The optimum pH for the growth isthe
same for the dye decolourising activity asit is mainly the
metabolic process. A significant difference in colour re-
moval efficacy of Alcaligenessp. TEX S6 was observed at
different pH values (Fig. 8). The maximum colour removing
efficiency of 65.5% wasobserved at pH 7 at 37°C and after
72 hours of static incubation with no additional carbon and
nitrogen wherein the concentration of dyewas 0.1 g/L. It

Nature Environment and Pollution Technology @ Vol. 18, No. 1, 2019
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Fig. 13: Effect of incubation condition on decolourisation

by Alcaligenes sp. TEX S6.

Fig. 15: TLC chromatogram representing degradation of Direct Red
28 by Alcaligenes sp. TEX S6 (Lane 1 and Lane 2: Decolourised
medium; Lane 3 and Lane 4: Abiotic control).

wasfollowed by 51.95% at pH 8; 35.97% at pH 6; 14.8% at
pH 10; 7.4% at pH 4 and 2.34% at pH 2.

Effect of different carbon sources on the process of de-
colourisation: Textile effluent isusually considered as be-
ing deficient in carbon (Bhatt et al. 2012). The decolourisa-
tion process was optimized for effective biodecol ourisation
in presence of wide range of carbon sources like glucose,
fructose, glucose and fructose in combination, starch, man-
nitol and lactose. Significant changes in decolourisation

Fig. 14: Colour removal by Alcali-
genes sp. TEX S6 with respect to
abiotic control.

on utilization of different carbon sourcesby Alcaligenes p.
TEX S6 was observed. Maximum decol ourisation of 68.6%
at concentration of 0.1 g/L of the dye was attained within
72 hours of gtatic incubation wherein the pH of the medium
was 7, incubation temperature 37°C, and inoculum size 1%
v/v in presence of fructose (1% w/v) asaco-substrate. This
was followed by starch (61.9%), glucose (36.6%), mannitol
(24.34%), glucose and fructose in combination (14.15%)
under similar culture conditions. Very less decolourisation
(1.8-6%) was observed for abiotic controlsunder smilar cul-
ture conditions (Fig. 9).

Effect of nitrogen sour ceson the process of decolourisa-
tion: Nitrogenisanimportant factor which governsthe mi-
crobial growth and henceforth the process of decolourisa-
tion which is directly or indirectly linked to microbial
growth. Amongst various nitrogen sources like yeast ex-
tract, beef extract, tryptone, peptone and urea; maximum
decolourisation (70.41%) by utilization of peptone and dye
(0.1g/L) was attained within 72 hours of static incubation,
wherein the pH of the medium was 7, incubation tempera-
ture 37°C, inoculum size 1% v/v and fructose as a co-
subgtrate. It wasfoll owed by yeast extract (64.98%), tryptone
(48%), beef extract (37%), urea (26.33%) under similar cul-
ture conditions. Statistically significant differencesin de-
colourisation were found between abiotic control (2-9%)
and different nitrogen substrates (Fig. 10).

Effect of dye concentration on the process of decolourisa-
tion: The effect of dye concentration on the decolourisa-
tion of dye by Alcaligenes sp. TEX S6 was studied over a
range of 0.1 g/L t0 0.4 g/L. A significant decrease in de-
col ourisation was observed with increasein dye concentra-

Vol. 18 No. 1, 2019 e Nature Environment and Pollution Technology
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Fig. 16b: Interferogram of DR 28 treated by Alcaligenes sp. TEX S6.

tion from 0.1 g/L to 0.25 g/L. Further, the decolourisation
attained for the dye concentration in the range from 0.25 g/
L to 0.4 g/L was found to be nonsignificant and almost
steady. Maximum decolourisation of 83.1% of dye at 0.1 ¢/
L was attained after 72 hours of static incubation, wherein
the pH of the medium was 7, incubation temperature 37°C,
inoculum size 2.5% v/v with fructose and peptone as co-
subgtrates. Under similar conditionsof incubation, decolouri-
sation attai ned with 0.15 g/L (66.09%); with 0.2 g/L (62.4%));
with 0.25 g/L (52.37%); with 0.3 mg/L (53.1%); with 0.35
0/L (52.76%) and with 0.4 g/L (52.62%). Significant differ-
encesin decolourisation with respect to abiotic control (1.2-
7.9%) wereappreciable (Fig. 11).

Effect of inoculum size on the pr ocess of decolourisation:
The inoculum size is aso an important factor upon which
the decolourisation is dependent. With increase in inocu-

lum size from 0.1% v/v to 2.5% v/v, the decolourisation
efficiency of Alcaligenessp. TEX S6 marginally increased.
After 72 hours of incubation under static conditionsat 37°C,
pH 7, fructose and peptone (both 1% wi/v) with 0.1% v/v,
the decolourisation of dye (0.1 gm/L) was found to be
63.31% which was non significantly increased to 67.98%
at 2.5% inoculum size; although significant difference in
decol ourisation by abiotic controls (4-14.4%) was observed
(Fig. 12).

Effect of incubation condition on theprocessof decolouri-
sation: A significant difference in the decolourisation po-
tential of Alcaligenessp. TEX S6 was observed when incu-
bation conditionswere varied from static to agitating. After
72 hrs of incubation under static conditions at 37°C, pH 7,
fructose and peptone (both 1% w/v) with 2.5 % v/v inocu-
lum concentration, the decol ourisation of dye (0.1 g/L) was

Nature Environment and Pollution Technology @ Vol. 18, No. 1, 2019
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found to be 84.7%, whereas keeping all the culture condi-
tions same with a variation in incubation condition from
gtatic to agitating, decolourisation was found to be 64.66%
(Table13 & 14).

Dye Degradation Studies

Thin layer chromatography: The dye decolourisation
study of Alcaligenes sp. TEX S6 was further supported by
thin layer chromatography (TLC) analysis. Upon observa-
tion under UV light (365 nm), TLC chromatogram com-
prised of four lanes (Fig. 15). Lane 1 and Lane 2 comprised
of treatment group which represented biotic decol ourised
medium, whereas L ane 3 and L ane 4 comprised the abiotic
control which was devoid of the grain. The spot correspond-
ingto R value of Direct Red 28 = 0.35 (Table 2) was ob-
served in abiotic control and no spot corresponding to this
R, value was observed in the decol ourised medium indicat-
ing that decolourisation was due to its degradation into
unidentifiedintermediates. Additionally, inLane 1 and Lane
2, two spots corresponding to R, values 0.87 and 0.51 (Ta-
ble 2) were observed, possibly indicating the degradation
of dye by induced enzymes like plausibly azoreductases.

Fourier Transform InfraRed (FTIR) spectroscopy: FTIR
spectrum of the parent dye compound essentially revealed
peaks at 515-690 cm (A- alkyl halides); 610-700 cnmr?(B-
alkynes); 720-725 cnmr!(C- alkanes); 1050 cm*(D- aliphatic
amines); 1150 cm* (E- alkyl halides); 1200 cm™ (F- diphatic
amines); 1250 cm? (G- aromatic amines); 1550 et (H- nitro
compounds) which ischaracteristic feature of an azo group
(-N=N-); 1600 cnr*(l- aromatics); 2250-2500 cn (- nitriles
and alkynes) (Fig. 16 @). The FTIR spectrum of metabolites
obtained after decolourisation of Direct Red 28 by Alcali-
genes sp. TEX S6 showed compl ete di sappearance of peaks
at 1550 cm* (C) characteristic of -N=N- group indicatesthat
the dye has been degraded by bacteria and possibly the azo
bond hasbeen cleaved by itsenzymatic activity. Additional
peaks at 2050 cm (D), indicative of C=C for acetylinic
compounds stretching vibration, indicates formation of an
additional product or metabolite of bacterial activity (Fig.
16b).

DISCUSSION

The bacteria strain Alcaligenes sp. TEX S6 isolated from
activated sudge of CETP exhibited a tremendous potential
in degrading the dye (84.7%) under optimized process pa-
rameters like incubation conditions and effect of co
substrates. Previoudy, Aeromonas hydrophila strain DN322
was isolated from activated sludge of textile printing
wastewater treatment plant, Guangzhou, China, and found
to decolourise a wide variety of synthetic dyes including

Table 2: Summary of TLC chromatogram indicating presence of
additional spots in biotic group.

Groups Solvent(cm) Spots(cm) R, value
Biotic (Lane 1 and 2) 13.4 11.7, 6.9 0.87, 0.51
Abiotic (Lane 3 and 4) 13.4 4.8 0.35

azo, anthroquinone and triphenylmethane (Suizhou et al.
2006). A multitude of reports pertaining to decolourisation
of textiledyesby Alcaligenes sp. isolated from textil e efflu-
ent and soil contaminated with dyes are widely available
hence suggesting Alcaligenes sp. to be apromising isolate
for dye decolourisation studies (Pandey & Dubey 2012,
Sethi et al. 2012, Palani Velan et al. 2012, Vivekanandan et
al. 2013). Our study revealed that Alcaligenes sp. TEX S6
decolourised dye within 72 hours of incubation. The dura-
tion of incubation isan important factor which governsthe
processof decol ourisation, whichisacatabolic process car-
ried out by enzymes or biosorption as the processis found
to be growth linked (Sridevi & Rao 2013). Compl ete degra-
dation of Congo Red had been attained by Bacillus
megaterium DMZ 32 (X60629) in 16 hours of incubation,
isolated from sugarcane industrial wastewater (Pradhan et
al. 2011). In our study, the optimum temperature for effec-
tive decolourisation by Alcaligenes sp. TEX S6 was found
to be 37°C which supports the findings of previous studies
conducted. Maximum decol ourisation of Remazol Black B
by Bacillus ETL-2012 was observed at 37°C (Shah 2013).
The hydrogen ion concentration has a profound effect on
the efficacy of the decolourisation process and the optimal
pH for obliteration of colour from the system usually ranges
from 6-10 (Kilic et al. 2007). The optimum pH in our study
wasin accordance with previous sudieswhere optimum pH
for removal of Congo Red by Pseudomonas stutzeri ETL -4
hasbeen found to be 7 (Shah 2014b). The azo dyereduction
and the rate is dependent upon the presence and availabil-
ity of a co-substrate because it acts as an electron donor
(Derle et al. 2012). Therate of azo reduction process also
dependson the type of co-substrate used and chemical struc-
ture of azo dye. In our study, the best co-substrates were
found to be fructose (70.41%) and peptone (68.6%). 100%
decolourisation of Reactive Red R195 was attained by Mi-
crococcus glutamicus NCIM 2168 in the presence of su-
crose followed by 90.05% in presence of glucosewhile 88-
89% of decol ourisation was shown in presence of yeast ex-
tract and peptone (Leelangkriangsak & Borisut 2012). The
dye concentration in which 83.1% decol ourisation was at-
tained by Alcaligenes sp. TEX S6was 0.1 g/L (Verma &
Madamwar 2003) which suggests that decolourisation de-
celerateswith increasein dye concentration, which may be
attributed to stronger inhibition at high concentration. In-
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oculum size also plays animportant rolein decolourisation
activity as the process is growth linked. In our study, the
inoculum size, which yielded 67.98% decolourisation by
Alcaligenes sp. TEX S, was found to be 2.5% v/v. A 4%
v/v inoculum has been used to attain decolourisation of
textile effluent by Bacillus subtilis and Streptococcus
faecalis isolated from activated sudge (Rajeshwari et al.
2012). Theliterature suggeststhat the process of decolouri-
sation is more favoured in static conditions as opposed to
agitating conditions, because under aerobic conditions azo
dyesaregenerally resistant to attack by bacteria(Hu 1994),
and our study was also in accordance with decolourisation
being on a higher side under static incubation conditions.
Bacillus boro-niphilus showed about 100% decolourisa-
tion of Reactive Yellow 145 within 9 hours under static
conditions (Derle et al. 2012). Whereas as opposed to our
findings, Shah (2014b) reported 61.8% of Congo Red un-
der agitating conditions as opposed to 57% under static
conditions.

Thin layer chromatography preliminarily investigates
the degradation of dyes which may be associated with ex-
pression of enzymes. Our TL C chromatogram wassuggestive
of dye degradation asthe R, value of abiotic control sample
was 0.35, whereasthat of decol ourised dye wasfound to be
0.57 and 0.81. Previous study on degradation of Reactive
Red 195 by Micrococcusglutamicus NCIM 2168 suggested
R, value of pure dye as 0.9, whereas the degraded product
showed R, value 0.6 (Sahasrabudhe et al. 2012).

FTIR gtudies conducted to confirm the degradative prop-
ertiesof indigenous microbes have been phenomenal in sug-
gesting the role of inducible enzymes, which carry out the
metabolic process of dye degradation. Our study revealed
that the dye was degraded as the peak at 1587.66 cm for
N=N stretching vibrations, ischaracteritic of the diazo bond
and its complete disappearance suggests the degradation
into acetylinic components exhibiting stretching vibration
at 2050 cm*which was in accordance with the study con-
ducted previously aimed at establishing the bioefficacy of
Fusariumsp. to degrade Congo Red dye (Shinde & Thorat
2013).

CONCLUSION

Thiswork was carried out to screen, characterize the iso-
lated bacteria from activated sludge of a common effluent
treatment plant. The most potential strain was found to be
Alcaligenessp. TEX S6identified by 16SrDNA sequencing.
The strain removed 86.7% of Direct Red 28 dye which finds
itscommon usage intextileindustry. FTIR analysisrevealed
that the dye had been removed from the culture medium
which was expressed as reduction in absorption maxima of

dye. The process of decol ourisation was attributed to degra-
dation of dye.

Hence, thereisan urgent need for simpleand cost-effec-
tive treatment methods for this problem of water pollution
caused by untreated or partially treated textile effluentsre-
leased in surface waters. Microbial degradation with de-
colourisation of dyes gives us a hope to circumvent this
problem as it is environment friendly, cost-effective and
produce no harmful intermediates.
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