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ABSTRACT

Treatment of effluents from dye-based industries poses a major problem but
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biological treatment of bacterium with saw dust seems to be a viable option. In this

study, Bacillus sp, a commonly was used to biodegrade of several synthetic dyes
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namely azo, anthraguinone, thiazine and vat dyes. The decolorization potential of
Bacillus sp for four dyes namely, crystal violet, Congo red, mthylene blue and
safranin was studied. The effect of various operational parameters namely dyes
concentration (500-1000 mg/l), sodium aliginate beads, bacterial immobilized
beads, saw dust with sodium alginate and bacteria immobilized in saw dust with
sodium aliginate were carried out. The maximum percentage decolorization was

I ntroduction

Environmental pollution has  been
recognized as one of the mgjor hazard of the
modern world. Due to rapid
industriaization, lot of chemicals including
dyes manufactured and used in day to day
life (Moorthi et al., 2007). Dyes usualy
have a synthetic origin and complex
aromatic molecular structures which make
them more stable and more difficult to
biodegrade (Aksu, 2005). Approximately
10,000 different dyes and pigments are used
industrially and over 0.7 million tons of
synthetic dyes are produced annualy,
worldwide.

Dyes are classified according to their
application and chemical structure. They are
composed of a group of atoms responsible
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for the dye colour, caled chromophores. The
most important chromophore are azo(N=N),
Carbony (-C=0), methane (-CH=), NO2) and
quinoid groups. The most important
auxochrome are amine (-NH3), Carboxyl (-
COOH), sulfonate (-SO-H) and hydroxyl (-
OH) (Welelham,2000).

The fixation rate of synthetic dyesis not 100%,
thus they enter into the environment as
wastewater. The dye concentrations in the
textile processing wastewaters are in the range
of 10-200mgl—1. As dyes are designed to be
chemicaly and photolyticaly stable, they are
highly persstent in naturd environment. The
release of dye containing wastewater in the
natura environment may cause eco-toxic
hazards (Sharmaet al., 2009).
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The three most common groups of dyes are
azo, anthraguinone and phthalocyanine
(Axelsson et al., 2006), most of which are
toxic and carcinogenic. Disposal of these
dyes into the environment causes serious
damage, since they may significantly affect
the photosynthetic activity of hydrophytes
by reducing light penetration and also toxic
to aguatic organisms due to ther break
down products (Hao et al., 2000; Aksu et
al., 2007).

Waste water generated by different
production steps of a textile mill has high
pH, Temperature, detergents, oil, suspended
and dissolved solids, dispersants, leveling
agents, toxic and non-biodegradable matter,
color and alkalinity. Waste water from
fabric and yarn printing and dyeing pose
serious environment problems both because
of their color and high COD and BOD
(Kumar et al., 2000). Important pollutantsin
textile effluent are mainly recalcitrant
organics, color, toxicants and surfactants,
chlorinated compounds. Direct discharge of
huge amount of industrial effluent in
combination with increasingly stringent
legidlation; makes the search for appropriate
treatment technologies an important priority
(Neill et al., 1999).

The current state of the art for the treatment

of waste waters containing dye is
physicochemical techniques, such as
adsorption, precipitation, chemical

oxidation, photodegradation, or membrane
filtration (Churchley, 1994; Panswed and
Wongehaisuwan, 1986). All of these have
serious restrictions as economically feasible
methods for decolorizing textile waste water
such as high cost, formation of hazardous
by-products or intensive energy
requirements (Y eh and Thomas, 1995). This
has resulted in considerable interest in the
use for biological systems for the treatment
of waste water.

866

Extensive studies have been carried out to
determine the role of the diverse groups of
bacteria in the decolorization of different
textile dyes. Pure bacteria strains such as,
Pseudomonas luteola, Aeromonas
hydrophila, Bacillus subtilis, Pseudomonas
spp. and Proteus mirabilis decolorized dyes
under anoxic conditions (Chang et al.,
2001). Several bacterial strains that can
aerobically decolorize dyes have been
isolated during the past few years. Many of
these strains require organic carbon sources,
as they can’t utilize dyes as the growth
substrate (Stolz, 1999).

In this present work, experiments on
decolorization of the dyes were carried out
in batch mode using isolated Bacillus sp free
cells, to study the decolorization of four
structurally different dyes and hence to find
the optimum conditions viz.,, initid
concentrations of the dyes. Attempt has also
been made for whole cells immobilization
using sodium alginate entrapment, due to the
gentle gelation procedure compared to that
of chemical polymerization procedures.
Similar to that of free cells, studies were
also carried out using immobilized beads
with saw dust.

Materialsand Methods

| solation of Bacteria

Bacteria were isolated from air by exposing
the nutrient agar medium in the college
campus. The plates were incubated at 37 C
for 24 hrs. Then it was used for further
study.

of

Enrichment and isolation

degrading microbes

dye

Isolated bacterial culture was used as the
parent source of inoculum in this study. For
enrichment of total population of dye
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degrading isolates in the samples, all
colonies was aseptically transfer to 100 ml
of enrichment medium, containing 1% (w/v)
glucose as carbon source. The flasks were
incubated in shaker condition at 150 rpm at
28'C for 6 days (Akhilesh et al., 2010).
After incubation, plated the culture in
nutrient agar medium then pure culture of
different colony morphology were selected
and maintained on nutrient agar dants at
4C.

Biochemical identification  of
degrading isolates

dye

Based upon the growth -characteristics,
staining reactions and biochemical tests, the
isolates were identified according to
Bergey's Manua of Determinative
bacteriology (Holt et al., 1994).

Screening of effective isolates for dye
decolorization

Plate assay was performed for detection of

dye decolorizing activity of bacteria.
Prepared nutrient agar medium
supplemented  with  different  dyes

(500ug/100ml)  separately. Then it was
autoclaved at 121°C for 15 min. The isolated
culture was inoculated in centre of the
medium. All the plates were incubated at
37° for 2 days. Clear zone was formed
around the colony, it indicated that those
bacteria able to degrade the dye (Chen et al .,
2003).

Decolorization of dyes by the isolated
bacteria

Prepared 100 ml of nutrient broth medium
containing dye in 250ml conical flask, it was
inoculated with 3.0ml of Bacillus sp culture
for  bacteria decolorization  study.
Uninoculated dye medium served as control.
All the flasks were incubated at 30 C for 5
days under shaker condition at 150 rpm. The
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culture broth was centrifuged at 8000 rpm
for 15 min. Clear supernatant was measured
in UV-Vis spectrophotometer (HITACHI,
U-2000). The percentage decolorization of
dye was determined by using the formula:

% decolorization =C — T/Tx 100

Where,

C = Absorbance of control flask,

T = Absorbance of the isolate containing
flask.

I mmobilization of bacteria

Dissolve 15 grams of sodium aginate in
500ml of distilled water to make a 3%
solution. Sodium alginate solution is best
prepared by adding the powder to warm
water to avoid the formation of clumps.
Prolonged stirring with heating may be
necessary to achieve the complete dissolving
of sodium alginate. After sodium alginate is
completely dissolved by leave the solution
undisturbed for 30 min to eliminate the air
bubbles that can later be entrapped and
cause the beads to float.

Mix approximately 15 mg of cells with 10
ml of 3% sodium alginate solution (the
concentration of sodium alginate can be
varied between 6-12% depending on the
desired hardness. Form the beads by
dripping the polymer solution from a height
of approximately 20 cm into an excess
(100ml) of stirred 0.2 M calcium chloride
solution with a syringe and a needle at room
temperatures (the beads size can be
controlled by pump pressure and the needle
gauge.

A typical hypodermic needle produces beads
of 0.5-2.0 mm in diameter. Other safe can be
obtained by using mold whose wall is
permeable to calcium ions. Leave the beads
in the calcium solution to cure for 30 min to
3 hrs.
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Immabilization of agricultural waste with
microbes

5g of agriculture waste was prepared as fine
powder mixed with 20ml of 24 hrs culture to
make a thick past and to make small beads.
The beads were dipped in the sodium
alginate solution for the immobilization. The
immobilized beads (5g) were added
with100ml solution of different
concentration of different dyes. All the
procedure was carried out in aseptically. The
clear supernatant was collected by
centrifugation at 7000 rpm for 15 min. The
intensity of the color was measured at
maximum  absorbance wavelength  of
particular dye. The percent of adsorbed dye
was calculated from the above mentioned
formula.

Result and Discussion

In our study, dye degradation microbes are
isolated by exposing the nutrient agar
medium in the air. The isolated bacteria
were further confirmed the dye degradation
ability by plate assay method. The result of
morphological and biochemical  tests
indicate that the dye degrading bacteria
belonging to the genus Bacillus sp (Table 2).
In this study, different chemical dyes
(crystal violet, methylene blue, safranin,
malachite green) were used to perform for
degradation by bacteria (Table 1). The effect
of decolorization of different concentration
of different dyes by isolated Bacillus sp was
shown in Table 3.

The degradation ability of the Bacillus sp
are varies from dye to dye and also various
concentration. Maximum decol orization was
obtained at 72 hrs (64.10%) in 600 ug
concentration of methylene blue and at 120
hrs (92.30%) in 2250 pg concentration of
safranin.  But 100% degradation was
occurred at 24hrsin the concentration ranges
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from 1250ug to 2500 pg of malachite green
and crystal violate.

Chemical dyes are relatively resistant to
biodegradation by microbes in the
environment. The inability of many bacteria
to degrade crystal violate has been attributed
to the fact that these dyes are toxic to many
microorganisms. ldaka et al. (1985) studied
in crystal violet degradation in waste water
by using activated dudges that has been
assimilated with crystal violet for 40 or 60
days. Oxidative red yeast Rhodotorula sp
and Rhodotorula rubra readily degrade

crysta violet to undetectable levels
(Kwasniewska, 1985). Bumpus and Brock
(1988) reported that Penicillium

chrysosporium is able to degrade crystal
violet.

Bacterial biomass, cell surface are important
for uptake and removal of dye effectively
(Guang-feiliu e al., 2006). The
microorganisms can degrade MG to less
harmful product and an absorbed or
decolorize the compound through fixation
and secretion of secondary metabolites
(Enzymes and organic acid).

Table 4 shows that the effect of
decolourization of dyes by sodium aginate
(empty) beads. Maximum % of degradation
was observed (40.27 %) in crystal violet,
(49.19 %) in methylene blue, (52.24 %) in
safranin and (55.74 %) in malachite green at
120hrs the sodium alginate polysaccharides
can adsorbed the dye compounds.

Recently, the application of immobilized
cell has been receiving increasing attention
in the field of wastewater decolorization.
Many researchers have studied the effect of
immobilized whole cells and enzymes on
decolorization characteristics, since
immobilization provides distinct stability
over free cells (Yuxing and Jian, 1997; Hela
et al., 2002).
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Radha et al. (2005) reported that 98% of
decolorization is achieved for Methyl violet
and Acid orange, whereas Vat magenta,
Methylene blue, Congo red and Acid red
114 showed 88-92% of decolorization.
Decolorization was far less for Acid green,
which showed only 75%.The maximal
percentage decolorization of the individual
dyes and it is evident that P. chrysosporium
shows the potential to transform the dyes to
colorless substances.

Methyl violet had a high percentage of
decolorization due to the sequentia
demethylation with the remova of penta,
tetra and trimethyl groups (Bumpus and
Brock, 1988). The tentative metabolic
pathways of methyl violet decolorization by
different species are explained by Sarnaik
and Kanekar (1992). Chizuko et al. (1981)
reported, the presence of hydroxyl group in
the para position of the aromatic ring leads
to a faster cleavage of the bond by the
organisms. This could be the reason for the
fast decolorization as the Acid orange has a
hydroxyl group in the para position. The
percentage decolorization of methyl violet
upto an initial concentration of 0.2 g/l are at
maximum and nearly uniform whereas for
concentrations greater than 0.2 g/l, a sudden
drop in percentage decolorization was
observed.

Table 5 shows that the effect of
decolourization of dyes by sodium alginate
immobilized bacterial beads. Maximum %
of degradation was observed (45.79 %) in
crystal violet, (59.19 %) in methylene blue,
(51.22 % ) in safranin and (50.79 %) in
malachite green at 120hrs.

Immobilizing bacteria will increase the
density of bacteria within the bioreactor
which in terms will increase the rate of
degradation within the bioreactor (Chen et
al., 2005). In a bioreactor containing
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immobilized bacteria the substrate will
diffuse through the gel surface allowing the
bacteria to degrade the substance in laminar
flowing conditions inside the gel bead.
Having the bacteria stuck to or inside a
carrying surface network has other
advantages as well, such as the possibility
for bacteria to be washed out of the system
is reduced and therefore the bacteria can be
reused. The carrier can aso provide
anaerobic conditions for the bacteria which
in degradation of azo dyes has been shown
to be of great importance. This because
when azo dyes are degraded the degradation
can be inhibited by enzymatic reduction in
presence of oxygen (Chen et al., 2003).

Table 6 shows that the effect of
decolourization of dyes by saw dust.
Maximum % of degradation was observed
(62.22 %) in crystal violet, (77.02 %) in
methylene blue, (49.42 %) in safranin and
(67.12 %) in malachite green at 120hrs. The
rice bran showed 90, 64 and 80% adsorption
for textile dye RNB HEZ2R, mixture of
textile dyes and textile industry wastewater,
Respectively( Kadam et a.,2011). Rice bran
is a cheap adsorbent for the removal of
textile dyes (Hashemian et a., 2008) One
gram of rice bran contained 183mg of total
sugars and 160mg of protein content. Rice
bran is low cost carbon and nitrogen rich
medium for growth of microorganisms and
production of industrial enzymes under solid
state condition (Ng et al., 2010). The initia
dye concentration was 200mgl-1 after
adsorption 20mgl-1 dye was retained in the
solution, hence the dye adsorbed on 5 g rice
bran was given as 180mgl-1 as demonstrated
in  (Robinson and Nigam, 2008).
Pseudomonas sp. SUK1, A. ochraceus
NCIM-1146 and consortium-PA showed 62,
38 and 80% decolorization of RNB HE2R
adsorbed on rice bran under shaking
condition (120 rpm) respectively, within 24
h.
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Table.1 Dyes used in the experiment

S.no | Name of the dyes Maximum Wave length
1 Methylene blue 660nm
2 Malachite green 620nm
3 Crydtal violate 580nm
4 Safranin 530nm

Table.2 Biochemical tests of isolated strains

Biochemical tests Results
Gram staining + Rod
Indole production -
Methyl red +

V ogues praskauer

+ 1

Citrate utilization
H2s production
Catalase

Oxidase

Starch hydrolysis

+|+ [+

Table.3 Effect of decolorization of different concentration of different
dyes by isolated bacterial strain

Name of the Timein 500pg 600 g 700 ug 800 g 900 g 1000 pg
dye hrs/conc.
Methylene 24 30.93 41.0 21.58 17.26 12.23 6.47
blue 48 58.27 64.2 50.35 60.43 56.83 56.83
72 60.17 64.10 52.32 63.12 57.22 58.72
96 61.20 57.15 59.12 47.10 45.60 50.23
120 64.02 58.27 60.43 48.20 46.76 51.27
Malachite Timelconc. | 1250 ug | 1500 g | 1750 g | 2000 ug | 2250 ug | 2500 g
green 24 100 100 100 100 100 100
48 100 100 100 100 100 100
72 100 100 100 100 100 100
96 100 100 100 100 100 100
120 100 100 100 100 100 100
Crystal violate | Time/conc. | 1250pug | 1500 g | 1750 pg | 2000 pg | 2250 ug | 2500 pg
24 100 100 100 100 100 100
48 100 100 100 100 100 100
72 100 100 100 100 100 100
96 100 100 100 100 100 100
120 100 100 100 100 100 100
Safranin Time/conc. | 1250 ug [ 1500pg | 1750pug | 2000 ug | 2250 ug | 2500 ug
24 70.14 69.15 59.18 60.19 49.15 55.16
48 72.73 73.60 60.12 64.15 50.19 55.50
72 76.92 74.61 63.07 67.69 52.30 55.67
96 79.23 76.92 86.15 86.92 52.30 56.13
120 90.76 91.53 92.30 92.30 92.30 57.96
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Table.4 Effect of decolorization of dyes by sodium alginate (empty) beads

Name of the | Timein 100 pg 200 ug 300 pg 400 pg 500 pg 600 pg
dye hrs/conc.
Methylene 24 23.87 12.73 10.25 5.03 40.19 38.15
blue 48 25.15 20.17 15.23 10.72 42.85 39.36
72 30.82 22.25 16.75 15.83 40.23 40.32
96 35.90 25.19 20.45 21.52 44.50 45.20
120 36.73 26.15 24.25 23.19 49.19 49.19
Malachite Time/conc. 100 pg 200 pg 300 pg 400 pg 500 pg 600 g
green 24 40.56 38.52 50.96 37.86 30.72 25.81
48 43.63 40.05 51.27 38.15 32.96 23.75
72 45.22 41.17 51.97 39.28 35.15 25.18
96 49.18 45.28 53.18 42.18 37.28 27.32
120 50.23 45.73 55.74 45.03 27.32 29.76
Crystal Time/conc. 100 pg 200 g 300 ug 400 g 500 g 600 ug
violate 24 34.66 24.22 38.11 27.19 22.15 12.22
48 35.12 22.19 35.24 28.29 20.18 13.25
72 37.22 23.76 32.92 27.92 21.72 15.56
96 38.46 25.13 33.18 30.15 23.19 18.32
120 40.27 28.30 35.27 31.38 25.72 20.58
Safranin Time/conc. 100 pg 200 ug 300 ug 400 ug 500 ug 600 ug
24 45.50 42.75 38.12 25.62 2.62 24.66
48 47.28 43.19 39.63 24.18 1.08 23.24
72 49.55 45.72 40.12 26.32 3.05 22.19
96 50.15 46.19 41.73 28.12 5.24 24.73
120 52.24 48.33 44.19 30.72 8.34 27.52
Table.5 Effect of decolorization of dyes by immobilized bacterial beads
Name of thedye | Timein 500 ug 600 ug 700 ug 800 ug 900 ug 1000 pg
hrs/conc.
Methylene blue 24 45.56 43.19 52.66 40.82 33.72 27.81
48 47.63 42.18 53.29 4212 35.12 28.17
72 49.22 45.23 55.17 44.32 38.64 29.63
96 51.19 51.42 58.22 46.40 40.19 32.24
120 53.28 55.53 59.19 50.27 44.37 38.17
Malachite green Time/conc. 500 ug 600 ug 700 ug 800 ug 900 ug 1000 pg
24 50 43.75 40.62 28.12 3.19 26.66
48 38.27 45.60 41.12 29.10 6.29 30.12
72 40.10 46.72 43.72 3177 12.17 32.40
96 43.12 49.72 45.16 32.37 15.30 33.76
120 45.19 50.79 49.12 39.40 11.22 39.40
Crystal violate Time/conc. 500 pg 600 ug 700 pg 800 ug 900 ug 1000 pg
24 36.66 26.66 40 33.33 23.33 13.33
48 38.27 27.55 39.50 35.23 25..19 26.45
72 40.29 29.11 41.43 39.19 27.22 25.77
96 43.12 30.24 43.54 42.14 29.14 29.63
120 45.79 32.44 45.65 45.18 36.87 3142
Safranin Time/conc. 500 pg 600 ug 700 g 800 ug 900 ug 1000 pg
24 28.88 15.55 11.11 6.66 44.44 40
48 30.17 23.22 17.15 12.32 46.13 43.27
72 34.21 26.18 20.17 17.40 47.22 44.15
96 37.40 28.19 23.40 23.53 49.12 49.20
120 42.30 30.15 29.50 28.14 51.22 51.19
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Table.6 Effect of decolorization of dyes by immobilized saw dust

Name of the Timeinhrs | 500 ug 600 g 700 ug 800 ug 900 g 1000 g
dye
Methylene blue | 24 74.30 70.18 64.15 60.52 56.07 69.52
48 78.37 75.67 66.21 64.86 58.10 71.61
72 72.47 75.67 74.32 66.21 68.91 77.02
96 70.60 76.19 64.82 59.08 69.19 69.22
120 71.62 77.02 68.91 62.16 70.27 70.27
Malachite green | Time/conc. | 500 pg 600 ug 700 ug 800 ug 900 ug 1000 g
24 43.27 40.18 45.68 37.68 47.50 52.30
48 47.12 42.18 47.12 39.12 53.19 53.19
72 49.10 45.27 49.27 43.27 62.75 55.66
96 50.13 49.34 50.32 49.54 65.96 57.61
120 57.18 52.60 52.79 53.79 67.12 60.71
Crystal violate | Time/conc. | 500 g 600 ug 700 g 800 ug 900 ug 1000 pg
24 36.66 40.22 46.12 30.12 57.06 40.18
48 39.52 42.43 48.67 32.18 58.76 42.19
72 40.18 46.27 50.53 39.72 59.22 45.67
96 43.19 52.66 52.17 43.18 60.18 47.18
120 50.28 53.66 54.27 45.22 62.22 49.76
Safranin Time/conc. | 500 ug 600 ug 700 ug 800 ug 900 ug 1000 g
24 40.18 26.72 30.12 37.18 12.60 15.76
48 42.22 27.62 32.87 38.12 15.72 16.22
72 45.76 29.34 35.68 42.24 18.15 19.75
96 47.22 32.77 40.12 45.37 19.15 23.35
120 42.18 36.75 43.76 49.42 27.50 32.50
Table.7 Effect of decolorization of dyes by bacteriaimmobilized with saw dust
Name of the dye Time 500 pg 600 g 700 ug 800 g 900 g 1000 pg
(hrs)/conc.
Methylene blue 24 52.17 49.56 26.08 20.0 8.6 ----
438 56.62 53.17 32.04 27.19 175 24.08
72 71.30 67.82 52.17 57.39 40.86 37.39
96 73.32 69.19 54.24 60.18 42.08 40.22
120 83.19 70.20 69.28 72.20 59.24 43.08
Malachite green Time/conc. 500 pg 600 pg 700 pg 800 ug 900 pg 1000 pg
24 22.76 38.18 42.18 39.32 42.29 19.50
48 27.12 39.19 43.20 38.12 43.18 20.15
72 29.25 42.22 45.19 40.18 47.39 22.18
96 30.22 44.18 48.24 39.19 49.18 24.19
120 32.49 49.24 50.12 36.26 78.13 39.22
Crystal violet Time/conc. 500 ug 600 pg 700 ug 800 ug 900 pg 1000 pg
24 33.67 42.18 43.50 53.67 52.18 60.18
438 37.22 46.32 44.12 55.73 53.22 63.96
72 42.18 49.22 46.80 56.12 57.60 67.92
96 53.96 53.76 52.96 63.80 63.76 69.78
120 60.72 56.92 55.76 65.96 67.96 76.72
Safranin Time/conc. 500 ug 600 pg 700 ug 800 ug 900 g 1000 ug
24 2712 29.76 32.93 45.15 50.15 32.12
48 32.22 33.16 38.12 46.22 51.22 32.66
72 37.96 36.36 39.15 48.29 57.60 37.12
96 39.76 39.46 43.86 49.46 58.77 38.79
120 45.29 40.78 45.76 52.74 59.99 40.12
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PLATE:-1 SCREENING OF DYES DEGRADING PLATE :- 2 SCREENING OF DYE
BACTERIA BY PLATE ASSAY METHOD DEGRADING BACTERIA BY TUBE METHOD

MALACHITE GREEN
TEST

SAFRANIN TEST

SAFRANIN TEST MALACHITE GEEN TEST

METHYLENE BLUE CRYSTAL VIOLET
TEST TEST

PLATE 2= 3
MICROSCOPIC VIEW
OF ISOLATED
BACTERIA

CRYSTAL VIOLET

METHYLENE BLUE TEST
TEST

FLATE :- 4 EFFECT OF DECOLOURIZATION
OF DYES BY S0DIUM ALGIMATE BEADS

PLATE: -5 EFFECT OF DECOLOURZATION OF DYES BY
IMMOBILIZED BACTERIAL BEADS

PLATE :- 6 EFFECT OF DECOLOURIZATION OF DYES
BY BACTERIA IMMOBILIZED WITH SAW DUST
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The effect of decolourization of dyes by
bacteria immobilized with saw dust.
Maximum % of degradation was observed
(76.72 %) in crystal violet, (83.19 %) in
methylene blue, (59.99 %) in safranin and
(78.13 %) in malachite green at 120hrs
(Table 7). These results suggest that
bacteria immobilized with saw dust has
the ability to degrade dyes at higher
concentration than microbes aone.
Robinson et al. (2002) reported that sugar
beet waste is a good adsorbent for
methylene blue and Congo red. Our results
were coincided with the finding of Shah,
(2013) reported that 10 ml extract of
agricultural waste rice husk and rice straw,
decolorization of 100% and 82.6% is
achieved within 24 h. Lower
decolorization of 30.1% and 12.2% is
observed with sugarcane baggase powder
and wood straw respectively.

References
Ahmad, M.A., Rahman, N.K. 2011
Equlibrium, Kinetics and

thermodynamic of Remazol Brilliant
Orange 3R dye adsorption on coffee
husk-based activated carbon. Chem.
Eng. J. 170: 154-161.

Akhilesh, D., Neergj, M, Neha, S, Abhina,
S., Shivendra, V. 2010. Isolation of
dye degrading microorganism. Elec.
J. Environ. Agri. Food Chem,
9(9):1534-9.

Aksu, Z. 2005. Application of biosorption
for the removal of organic pollutants:
A review. Proc. Biochemist.,, 40:
997-1026.

Aksu, Z., Kilic, N, Ertugrul, V. and
Donmez, G. 2007. Inhibitory effects
of chromium (VI) and Remazol black
on chromium (VI) and dye stuff
removals by Trametes versicolor.
Enz. Microbial Technol., 40: 1167—
1174.

874

Al-Degs, Y.S,, Khraisheh, M.A.M., Allen,
S.J., Ahmad, M.N. 2009. Adsorption
characteristics of reactive dyes in
columns of activated carbon. J.
Hazard. Mater., 165: 944-949.

Anto, H., Patel,U., Trivedi, H. 2006.
Alpha amylase production by
Bacillus cereus MTCC 1305 using
solid-state ~ fermentation. Food
Technol. Biotechnol., 44: 241-245.

Axelsson, J., Nilsson, U., Terrazas, E.,
Aliaga, T.A., Welander, U. 2006.
Decolorization of the textile dyes
reactive red 2 and reactive blue for
using Bjerekandera sp. strain Bol 13
in a continuous rotating biological
contactor reactor. Enz. Microbial
Technol., 39: 32-37.

Azouaou, N., Sadaoui, Z., Djaafri, A.,
Mokaddem, H. 2010. Adsorption of
cadmium from aqueous solution onto
untreated coffee grounds:
Equilibrium, Kinetics and
thermodynamics. J. Hazard. Mater.,
184: 126-134.

Bake, M.H., ljagbemi, C.O., O, S.J,, Kim,
D.S. 2010. Remova of Maachite
Green from agueous solution using
degreased coffee bean. J. Hazard.
Mater., 176: 820-828.

Blackburn, R.S. 2004. Natural
polysaccharides and their interactions
with ye molecules: Applications in

effluent treatment. Environ. &oi.

Technol., 38: 4905-4909.
Boonamnuayvitaya, V., Chaya, C,,

Tanthapanichakoon, W.,

Jarudilokkul, S. 2004. Removal o
heavy metals by adsorbent prepared
from pyrolyzed coffee residues and
clay. Sep. Purif. Technol., 35: 11-22.

Bumpus, JA., Brock, B.J. 1988.
Biodegradation of crystal violet by
the white rot fungus Phanerochaete
chrysosporium. ~ Appl.  Environ.
Microbioal., 54: 1143-50.



Int.J.Curr.Microbiol.App.Sci (2014) 3(12): 865-882

Chang, J., Chou, S, Lin, Y., Ho, J., Hu,
T.L. 2001. Kinetic characteristic of
bacterial Azo dye decolorization by
Pseudomonas luteola. Water Res., 35:
2041-2850.

Chen, K.C., Wu, J.Y., Liou, D.J., Hwang,
S.C.J. 2003. Decolorization of the
textile azo dyes by newly isolated
bacterial strains, J. Biotechnol., 101:
57-68.

Chen, H., Hopper, S., Cerniglia, C. 2005.
Biochemical and molecular
characterization ofan azoreductase
from Saphylococcus aureus, a
tetrameric NA DPH-dependent
flavoprotein. Soc. Gen. Microbiol.,
151: 1433-14411.

Chizuko, Y., Toshihiko, O., Daishuke, K.,
Eiichi, I. 1981. Biodegradability of
azo and triphenylmethane dyes by
Pseudomonas pseudomallei 13NA. J.
Soc. Dyers Color, 97: 166-9.

Christie, R. 2001. Color chemistry. In: The
royal society of  chemistry,
Cambridge, United Kindeom, 222 Pp.

Churchley,JH., 1994. Removal of dye
waste water color from sewage
effluent —the use of afull scale ozone
plant. Water Sci. Technol., 30: 275
284.

Crini, G. 2006. Non-conventional low-cost
adsorbents for dye removal: A
review. Bioresour. Technol., 97:
1061-1085.

Fiorentin, L.D., Trigueros, D.E.G,,
Modenes, A.N., Espinoza-Quifiones,
F.R., Pereira, N.C., Barros, S.T.D.,
Santos, O.A.A. 2010. Biosorption of
reactive blue 5G dye onto drying
orange bagasse in batch system:
Kinetic and equilibrium modeling.
Chem. Eng. J., 163: 68-7

Franca, A.S., Oliveira, L.S,, Ferreira, M.E.
2009. Kinetics and equilibrium
studies of Ethylene blue adsorption
by spent coffee grounds.

875

Desalination, 249: 267-272.

Gandolfi Boer, C., Obici, L., Giatti
Marques de Souza, C., Peralta, R.M.
2004. Decolorization of synthetic
dyes by solid state cultures of
Lentinula (Lentinus) edodes
producing manganese peroxidase as
the main ligninolytic enzyme. Biores.
Technol., 94: 107-112.

Hao, O.J., Kim, H., Chaing, P.C. 2000.
Decolorizationof wastewater critical
reviews. Environ. Sci. Technol., 30:
449-505.

Hashemian, S., Dadfarnia, S., Nateghi,
M.R., Gafoori, F. 2008. Sorption of
acid red 138 from aqueous solutions
onto rice bran. Afr. J. Biotechnal., 7:

600-605.
HE, F., Hu, W, Li, Y. 2004
Biodegradation mechanisms and

Kinetics of azo dye 4BS by a
microbia consortium. Chemosphere,
57: 293-301.

Holt, JG., Krig, N.R., Sneath, P.H.A.,
Staley, J.T., Williams, S.T. 1994.
Bergey's manual of determinative
bacteriology, 9" edn. Williams and
Wilkins, Baltimore, Maryland.

Jalandoni-Buan A.C., Decena-Soliven
A.L.A., Cao E.P., Barraguio V.L.,
Barraguio, W.L., 2009. Congo red
decolorizing activity under
microcosm and decolorization of
other dyes by Congo red decolorizing
bacteria. Philipp. J. Sci., 138: 125
132.

KameS.G., Ghodake, S. Govindwar,
2007. Red HE7B degradation using
desulfonation by  Pseudomonas
desmolyticum NCIM 2112, Int.
Biodeter. Biodegrad., 60: 327-333.

Kalyani, D.C., Pdtil, P.S, Jadhav, P.J,
Govindwar, SP. 2008.
Biodegradation of reactive textile dye
red BLI by an isolated bacterium
Pseudomonas sp SUK1. Bioresour.



Int.J.Curr.Microbiol.App.Sci (2014) 3(12): 865-882

Technol., 99: 4635-4641.

Kaushik, C.P., Tutga, R., Kaushik, N.,
Sharma, JK. 2009. Minimization of
organic chemical load in direct dyes
effluent using low cost adsorbents.
Chem. Eng. J. 155: 234-240.

Kaushika, P., Malik, A. 2009. Fungal dye
decolorization: recent advances and
future potential. Environ. Int., 35:
127-141.

Konaganti, V.K., Kota, R., Patil, S,
Madras, G. 2010. Adsorption of
anionic dyes on chitosan grafted

poly(alkyl methacrylates). Chem.
Eng. J., 158: 393-401.
Kumar, K., Dadtidar, M.G. and

Sreekrishnan, T.R. 2009. Effect of
process parameters on aerobic
decolorization of reactive azo dye
using mixed culture. World Acad. <ci.
Engg. Technoal., 58: 962-965.

Kumar, P., Prasad, B., Mishra, .M.,
Chand, S. 2000. HAz. Mater, 149:
26-34.

Kyzas, G.Z., Kostoglou, M., Vassiliou,
AA., Lazaridis, N.K. 2011.
Treatment of real effluents from
dyeing reactor: Experimenta and
modeling approach by adsorption
onto chitosan. Chem. Eng. J., 168:
577-585.

Marina Tisma, Marij Komar, Marina
Rajic, Hrvoje pavlovic and Bruno
Zelic. 2012. Decolorization of dyes
by Aspergillus ochraceus cultivated
under solid state fermentation on
sugar beet waste. Chem. Eng.
Transact., 27:145-150.

Mathew, S., Madam war, D. 2004.
Decolorization ofranocid fast blue
dye by bacterial consortium SV5.
Appl. Biochem. Biotechnol., 118:
371-381.

Medina, A., Jakobsen, I., Vassilev, N.,
Azcon, R., Larsen, J 2007,
Fermentation of sugar beet waste by

876

Aspergillus niger facilitates growth
and P uptake of external mycelium of
mixed populations of arbuscular
mycorrhizal  fungi. Soil  Biol.
Biochem., 39: 485-492.

Mishra, G., Tripathy, M. 1993. A critica
review of the treatments for
decolourization of textile effluent.
Colourage, 40: 35-38.

Mishra, G., Tripathy, M. 2006. A critical
review of the treatments for
decolourization of textile
effluent.Colourage, 40: 35-38.

Crini, G. 2006. Non-conventional low-cost
adsorbents for dye remova: A
review. Bioresour. Technol., 97:
1061-1085.

Moorthi, P.S., Selvam, S., Saskalaveni, A,
Murugesan, K., Kalaichelvan, P.T.
2007. Decolorization of textile dyes
and their effluents using white rot
fungi. Afr. J. Biotech., 6(4): 424-429.

Neill, C., Hawkes, F.R., Hawkes, D.L.,
Lourengco, N.D., Pinheiro, H.M.,
Delée, W. Colour in textile
effluents—sources, measurement,
discharge consents and simulation: A
review. J. Chem. Technol.
Biotechnol., 74: 1009-1018.

Neill, C., Hawkes, F.R., Hawkes, D.L.,
Lourenco, N.D., Pinheiro, D., Delee,
W. Color in textile effluents sources,
measurement. Biotechnol., 74: 1009
1018.

Ng, C., Li, S, Chan, J., Chir, P., Chen, C,,
Tong, S, Yu, T., Ho. High-leve
production of a thermo acidophilic _-

glucosidase from Penicillium
citrinum  Y$40-5by  solid-state
fermentation  with  rice  bran,

Bioresour. Technol., 101: 1310-131.
Oliveira, L.S., Franca, A.S., Ales, T.M,,
Rocha, S.D.F. 2008. Evauation of
untreated coffee husks as potential
biosorbents for treatment of dye
contaminated waters. J. Hazard.



Int.J.Curr.Microbiol.App.Sci (2014) 3(12): 865-882

Mater., 155: 507-512.

Pandey,A., Selvakumar, P., Soccol, C.R.,
Nigam, P. 1999. Solid state
fermentation for the production of
industrial enzymes. Curr. ., 77:
149-162

Panswed, J., Wongehaisuwan, S. 1986.
Mechanism of dye waste water color
removal by magnesium carbonate
hydrate basic. Water Sci. Technal.,
18: 139-144.

Papinutti, L., Mouso, N., Forchiassin, F.
2006. Remova and degradation of
the fungicide dye malachite green
from agueous solution using the
system wheat bran—Fomes
sclerodermeus.  Enzyme  Microb.
Technol., 39: 848-853.

Parshetti, G.K., Kame, S.D., Gomare,
SS., Govindwar, SP. 2007.
Biodegradation of reactive blue-25 by
Aspergillus ochraceus NCIM-1146.
Bioresour. Technol., 98: 3638-3642.

Ponrgj, M., Gokila, K., Vassudeo
Zambare. 2011. Bacterial
decolorization of textile dye-orange
3R. Int. J. Adv. Biotechnol. Res., 2:
168-177.

Robinson, T., Chandran, B., Nigam, P.,
2002. Studies on desorption of
individual textile dyes and a synthetic
dye effluent from dye-adsorbed
agricultural residues using solvents.
Biores. Technol., 84: 299-301.

Robinson, T., Chandran, B., Nigam, P.
2002. Studies on desorption of
individual textile dyes and a synthetic
dye effluent from dye-adsorbed
agricultural residues using solvents.
Biores. Technol., 84: 299-301.

Robinson, T., McMullan, G., Marchant,
R., Nigam, P. 2001. Remediation of
dyes in textile effluent: A critica
review  on current  treatment
technologies with a proposed
aternative. Bioresour. Technol., 77:

877

247-255.

Sara Tale, G.D., Kale, S.D., Govindwar,
S.P. 2006. Decolorization of textile
dyes by Aspergillus ochraceus
(NCIM-1146). Indian J. Biotechnal.,
5: 407-410.

Saratale, G.D., Kalme, S.D., Bhosale, S.S,,
Govindwar, SP. 2007.
Biodegradation of kerosene by
Aspergillus ochraceus NCIM-1146,
J. Basic Micrabiol., 47: 400-405.

Sarioglu, M., Atay, U.A. 2006. Removal
of methylene blue by using biosolid.
Global NEST J., 8: 113-120.

Sarnaik, S, Kanekar, P. 1992.
Biodegradation of methyl violet
Pseudomonas mendocina MCM B-
402. Appl. Microbiol. Biotechnal.,
52: 251-4.

Sarnthima, R., Khammuang, S., Svasti, J.
2009.  Extracellular  ligninolytic
enzymes by Lentinus polychrous Lév
under solid-state fermentation of
potential agro industrial wastes and
their effectiveness in decolorization
of synthetic dyes. Biotechnol.
Bioprocess. Eng., 14: 513-522.

Sharma, S., Singh, P., Swami, R., Sharma,
K. 2009. Exploring fish bioassay of
textile dye wastewaters and their
selected constituents in terms of
mortality and erythrocyte disorders.
Bull. Environ. Contam. Toxicol., 83:
29-34.

Stolz, A.1999. Degradation of substituted
naphthalenesulfonic acid by
Shingomonas xenophaga BNG6. J.
Ind. Microbiol. Biotechnol., 23: 391-
399.

Sun, Q., Yang, L. 2003. The adsorption of
basic dyes from aqueous solution on
modified peat-resin particle. Water
Res., 37: 1535-1544.

Tang W., Ja R. Zhang D. 2011.



Int.J.Curr.Microbiol.App.Sci (2014) 3(12): 865-882

Decolorization and degradation of
synthetic dyes by Schizophyllum sp.
F17 in a novel system. Desalination,
265: 22-27.

Tapalad, T., Neramittagapong, A.,
Neramittagapong, S., Boonmee, M.
2008. Degradation of Congo red dye
by ozonation. Chiang Mai J. ci., 35:
63-68.

Telke A.A., Kalyani, C.D., Jadha, U.U.,
Parshetti, G.K., Govindwar, S.P.
20009. Purification and
characterization of an extracellular
laccase from a Pseudomonas sp.
LBC1 and its application for removal
of biphenyl A. J. Mol. Catal. B
Enzyme, 61. 252—260.

Wang, H., Su, J.Q., Zheng, X.W., Tian,
Y., Xiong, X.J.and Zheng, T.L. 2009.
Bacterial decolorization and
degradation of the reactive dye
Reactive Red 180 by Citrobacter sp.
CK3q. Int. Biodeterioration
Biodegradation. 63: 395-399.

Watanable, K., Biker, P.W. 2000.
Environmentally relevant
microorganisms. J. Biosci. Bioeng.,
89: 1-11.

Welelham, A. 2000. The theory of dyeing
(and the secret of life). J. Soc. Dyers
Colour, 116: 142-143.

Yeh, RY.L., Thomas, A. 1995. Color
difference measurement and color
removal from dye waste water using
different adsorbents. Chem. Technol.
Biotechnol., 63: 55-59.

Yuxing, W., Jian, Y. 1997. Laccase-
catalyzed decolorization of synthetic
dyes. Water Res., 33(16): 3512-20.

Zollinger, H. 1987. Color chemistry:
synthesis, properties and applications
of organic dyes and pigments. Wiley-
VCH Verlag GmbH: Weinheim,
Germany.

878



