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Bio-degradation of Azo Dye Acid Orange-10 by a New Isolate
of Bacillus subtilis Isolated from Soil Sample around Textile
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Untreated effluents from the textile industry affect aquatic life irreversibly. Synthetic
dyes not only change the color of water resources but also make them hazardous.The main
objective of the study was to evaluate the decolorizing potential of a new isolate of Bacillus
subtilis from soil samples contaminated with industrial effluent in and around textile industrial
area in South Karnataka. This isolate of Bacillus subtilis has high decolorizing potential and
took only 24 hrs for complete decolorization of acid orange-10 azo dye at 200ppm. Different
parameters like temperature, pH, aeration, dye concentration and inoculum size were optimized
for complete decolorization of Acid orange-10 azo dye by this isolate of Bacillus subtilis. The
dye was completely decolorized at 40°C within 24 hrs and it was capable of decolorizing
700 ppm dye in 72 hrs. Optimum pH was found to be 8.5 and maximum decolorization was
achieved under static conditions. As the inoculum size increased, the time taken for complete
decolorization of Acid orange-10 dye was decreased from 36 hrs at 1% to 16 hrs at 10% of
inoculum size. The new isolate decolorizes 100 ppm of dye completely (i.e.100%) within 12hrs
of incubation. The time taken for the complete decolorization increased with increase in the
concentration of Acid orange-10 azo dye. In conclusion, the new isolate of Bacillus subtilis from
soil samples contaminated with textile industrial effluent was found to be a potential candidate
for decolorization of Acid orange-10 azo dye in textile effluents.

Keywords: Bacillus subtilis,Acid orange-10, Azo dye, textile effluent, Decolorization,
Optimization of parameters.

Synthetic dyes are important industrial
coloring agents. Dyes are characterized by
chromophore bunches in their compound
structures and are primarily grouped as azo colors,
anthraquinone colors, phthalocyanine dyes etc.!
They are used as scatter colors for polyester and
reactive dyes for cotton. The absorbance spectrum
of azo dyes lies in the visible region,which can be
attributed to theircommon structure, consisting of
at least one azo bond (- N=N-).2

*Corresponding author E-mail: hema_h_t@yahoo.co.in

Globally, 2.8x10° tons of colored chemical
compounds are allowed to drain into the ecological
water system each year.> Azo compounds are the
most widely useddyes, on account of their simpler
synthesis, concoction dependability and the decent
variety of hues accessible when contrasted with
normal dyes.* They are generally utilized intextiles,
leather,pharmaceutical,paper, food, makeup, and
pharmaceutical industries. Analyses indicate that
10-15% of the coloring agents utilized in coloring
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process do not bind with the textile strands and get
released into effluents.’

Discharge of the dye-containing wastes
from different industrial practices into surrounding
water bodies is of significant concern, and has many
unfavorable consequences, including diminished
aquatic photosynthesis, exhaustion of available DO
and harmful impact on different life forms. These
colored effluents not only cause a disagreeable
appearance of water bodies, but alsorelease
poisonous colorless amines by breakdown of
the dyes, which aremutagenic, carcinogenic and
capable of causing other health hazards.*’

Different research activities uncovered
the utilization of physico-chemical methodology
strategies for removal of dyes from the effluents.*’
These techniques incorporate use of adsorption
agents, particle pair extractions, coagulation, and
chemical processes, which also posesignificant
connected issues, for example, high expense and
production of a lot of slime after treatment, disposal
of which is cumbersome and hazardous.

Various studies available on utilization
of microorganisms for dye degradation in
effluents, recommend it to be an eco-friendly and
economically viable technique.'® ! The advantages
of microbial/enzymatic methodology also include
less slime production and hence more practical.'*"
With this backdrop, the present study was aimed at
studying the effect of various physical parameters
on azo dye Acid orange-10 decolorization by a new
isolate of Bacillus subtilis.

MATERIALS AND METHODS

Chemicals required

The Acid orange-10 dye was obtained from
Shailaja textile industry, Sholapur Maharashtra,
India. Dehydrated culture medium obtained from
Hi-media and other chemicalsand reagents used
are of analytical grade.
Acid Orange-10 Decolorizing Bacteria-Isolation,
Screening and Identification

The dye decolorizing bacteria were
isolated from the soil samples in and around textile
industrial area in South Karnataka. 10 gm of soil
sample was suspended in 100 ml of complete
medium broth supplemented with Acid orange-10
(100mg/L) individually and acclimatized for 5 days
at 30°C at 150 rpm. Bushnell and Haas medium

(BHM) containingMgSO,-0.2, K,HPO,-1.0, CaCl,-
0.02, FeCl1,-0.05, NH,NO,-1.0 (g I'') supplemented
with glucose and yeast extract (0.1% and 0.05%
w/v) respectively,at pH 7.0.

The dye decolorizing bacteria were
isolated on BHM agar (pH 7.0) containing Acid
orange-10 (100mg/L.) from acclimatized soil
sample using serial dilution. All the bacterial
isolates were studied by inoculating them in
complete medium broth supplemented with dye.
The inoculated liquid broth medium was incubated
at 30°C /37°C under shaking condition at 150
rpm for 1-5 days. The decolorization was visually
observed. The isolates showing considerable
decolorization of the dyes were selected for further
investigation. Morphological and biochemical tests
for identification of the selected bacterial isolates
were based on the Bergey’s Manual of Systematic
Bacteriology.'

Decolorization assay

The decolorized supernatant (aliquots
of 2 ml each) at regular intervals of time were
collected and subjected to centrifugation at 10000
rpm for 10 min to remove any cells to avoid
interference with the spectroscopic measurement.
The supernatant was used for spectrophotometric
analysis (Shimadzu 1900) at 300-700 nm. The
absorbance maximum of Acid orangelO is at
480nm (Fig.1). The efficiency of decolorization
was determined using the given formula
D=[A’A"/A’A']x 100
Where,

D - Decolorization (%)

A? - Initialabsorbance before decolorization
A' - Final absorbance after decolorization
Identification of Metabolites

The culture medium after complete
decolorization of Acid orange-10 was subjected
to centrifugation at 10,000 rpm for 15 min. The
200 ml of the supernatant was taken after bringing
pH to 7 and extracted twice with diethylether (500
ml). The extraction was repeated after adjusting the
pH of the remaining aqueous layer was brought to
2, using 1IN HCI. The acidic and alkaline extracts
were combined and evaporated using anhydrous
Na,SO, under a reduced pressure at 30°C. Then
the residue was suspended in 0.5ml of methanol
and then subjected to TLC.

Thin Layer Chromatography (TLC)
TLC of extracted compounds was
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performed to identify the components of the
decolorized medium. An aqueous slurry of silica
gel- G (40% w/v) with binder was coated over a
glass plate (200x100x2 mm) dimension for TLC.
10 pl each of standard Acid orange-10 dye and of
the extracted fractions was loaded on the glass plate
coated with silica gel.The solvent system used for
developing the TLC plateconsisted of propanol:
water: acetic acid (80:19:01). The chromatogram
was developed by exposing the plate to Iodine
vapors. The diazotization and carbylamines test
were used for the identification of metabolites.
Standardization of Various Operational and
Environment Conditions

Different operational and environmental
conditions were standardized, by varying only
oneparameter, maintaining the other constant at

Table 1. Morphological and Biochemical
Characteristics shown by the new isolate
of Bacillus subtilis

a time. Following parameters were standardized
and their effects were observed on decolorization
of Acid orangel0. Effect of temperature on
decolorization was studied between 20-50°C,
different pH levels ranging from 4-10 at an interval
of 0.5, different inoculum sizes ranging from
1-10% in 100 ml of culture media containing 30
ppm dye and different dye concentration 50-1000
mg/L and shaking rpm in the range of 50-200 rpm.

Bushnell and Haas medium as mentioned
earlier was used for all the studies.

RESULTS

Isolation, Screening and Identification of Acid
Orange-10 Decolorizing Bacteria

Bacterial species capable of decolorizing
Acid Orange-10 were isolated from different
sources using Bushnell-Hass medium containing
100 ppm dye at 37°C. The isolates efficient in
decolorizing Acid orange-10 were selected through
visual observation up to 72hrs of incubation.

Test Result The isolate which took shortest period of 16
. hrs for complete decolorization was used for
Gram’s Staining + . .
Shane Rod further studies. A series of tests was performed
M otIi)lity Motile according to the Bergey’s manual to identify the
Indole Production . microorganism, the results of which are presented
Methyl Red - in Table 1. According to the results obtained in
Voges-Prausker + these tests, the isolate was identified as Bacillis
Citrate utilization + subtilis.
Catalase +
Oxidase -
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Fig. 1. UV-Visible Spectrum of Acid orange-10.
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Identification of Metabolic Intermediates
The products of dye degradation were
separated on TLC plates using solvent system

- i

Fig. 2. TLC experiments showing the different
R, values of control dye solution and decolorized
samples.
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propanol: water: acetic acid (80:19:01). The
separated products of TLC plates when exposed
to iodine vapors showed two degraded products
with 0.75 and 0.56 R, values, whereas control R,
value is 0.50 (Figure 2). Each degraded product
was analyzed by diazotization and carbolamine
test, both the degraded compounds with R, values
of 0.75, 0.56 gave positive results, identified and
confirmed as aromatic amines.
Optimization of Different Parameters for Acid
orange-10 Decolorization
Effect of Incubation Time

The samples were removed at different
intervals of time during incubation viz. 6, 12, 18 and
24 hrs and scanned for € of Acid orange-10. The
results indicated a gradual disappearance of émax
peak(at 480nm) to complete disappearance in 24
hrs. These observations indicate the disappearance
of the Acid orange-10dye in its original form and
could be due to modification or breakdown of dye
by the bacterium.
Effect of shaking

Aeration may be either favorable or
inhibitive towards microbial decolorization of dyes.
To study the effect of acration on decolorization of
Acid orange10, Bacillus subtilis cells were cultured
in nutrient broth containing dye under static and
shaking cultural conditions; while the time taken

150

200

SHAKING (RPM)

Fig. 3. Effect of shaking on complete decolorization of Acid orange-10 by the new isolate of Bacillis subtilis
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for complete decolorization at static conditions was
24 hrs, at a shaking speed of 50 rpm, it took 36
hrs for complete decolorization; further increase
in speed of shaking to 100, 150 and 200 rpm, the
time taken for 100% decolorization was increased
to 48 hrs, 72 hrs and 96 hrs respectively, indicating
that the decolorization process was inhibited upon
increase of aeration (Figure 3).
Effect of Temperature

The temperature between 35-45°C was
found to be an optimum range for the complete

60

HRS
=} o

o

decolorization of Acid orangel0. At 40°C the
complete decolorization (i.e.100%) was found with
in the shortest time of 22hrs, hence 40°C could be
taken as the optimum. At 20°C the decolorization
of Acid Orange10 was very slow and it took almost
72 hrs for 100%decolorization. At 60°C the time
required increased to 84hrs while above 60°C
complete decolorization did not occur (Figure 4).
Effect of pH

The results of the present study depict that
this isolate was capable of 100% decolorization of
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Fig. 4. Effect of temperature on complete decolorization of Acid orange-10 by the new isolate of Bacillis subtilis
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Fig. 5. Effect of pH on complete decolorization of Acid orange-10 by the new isolate of Bacillis subtilis
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Acid orange10 at a wide range of pH i.e .6.00 to
9.50. The optimum decolorization occurred at pH
8.50 wherein 300 ppm of the dye was decolorized
within 24 hours. At pH 5.5 and below and also at
pH 10, 100% decolorization could not be achieved

(Fig.5).
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Effect of Dye Concentration

As the concentration of Acid orange-10
increases the time taken for the complete
decolorization also increases. The bacterium
decolorized 100 ppm of dye completely (i.e.100%)
in 12hrs of incubation whereas 100% decolorization
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Fig. 6. Effect of dye concentration on complete decolorization of Acid orange-10 by the new isolate of Bacillis
subtilis
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Fig. 7. Effect of inoculum size on complete decolorization of Acid orange-10 by the new isolate of Bacillis
subtilis
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0f 200 ppm of Acid orange-10 dye was found at 24
hrs. Further increase in dye concentration to 300,
400, 500, 600 and 700 ppm, the time required for
complete decolorization of the azo dye increased
to 32,48, 56, 62 and 72hrs respectively. The isolate
decolorized the Acid orange-10 completely up to a
maximum concentration of 700 ppm, but the time
taken was 72 hrs. A dye concentration above 700
ppm was not completely decolorized even after
extended incubation period (Fig.6).
Effect of Inoculum size

The study of effect of the inoculum
size of the newly isolated Bacillus subtilis on
the decolorization of Acid Orange-10 (300 ppm)
indicated that increase in the inoculum size
from 1-10% progressively, decreased the time
required for the complete decolorization. The
minimum inoculum size of 1% required 37hrs
for 100% decolorization of Acid orange-10, and
as the inoculum size increased the time taken for
complete decolorization of Acid orange-10 dye
was decreased from 37hrs at 1% to 17hrs at 10%
of inoculum size (Fig.7).

DISCUSSION

The isolate showed the characteristics
of Bacillis subtillis in the assays performed for
identification of the organism as shown in the Table
1. Similar kind of observations were reported by
Ponraj et al.®

Decolorization and degradation of azo dyes
can be either due to biosorption (adsorption on the
microbial biomass) or enzymatic biodegradation.
Decolorization of Acid orangelO by Bacillus
subtilis in our study was not due to adsorption,
because when bacterial cell mass was collected and
treated with solvents methanol or chloroform, there
was no release of color from the cells. Appearance
of aromatic amines in the TLC of decolorized
culture supernatant indicates degradation of the
dye by the bacterium. Biodegradation of textile
azo dyes has been suggested as the best model
because of removal of practically all of the dye
with minimal disadvantages presented by the
physico-chemical procedures. Various studies also
emphasize on the utilization of microorganisms for
dye containing wastewater treatment as an eco-
friendly and cost-effective technique.'® !

Study of available literature study shows

that bacterial degradation of azo dyes involves
azo-reductase mediated disruption of azo bond
(- N=N-) under anaerobic conditions, leading to
formation of colorless, hazardous aromatic amines,
which could be removed further.'®'” Formation of
colorless aromatic amines by reductive cleavage
of -N=N- (azo) bond is suggested to be the initial
step in bacterial degradation of dyes.

Earlier studies have reported Bacillus
subtilis’®, Aeromonas hydrophilia ¥ and Bacillus
cereus® culture capable of degrading azo
dyes. Lalnunhlimi and Krishnaswamy report a
consortium of different Bacillus species fit for
decolorization of direct blue 151 and 31 up to
95%.2' Presence of aromatic amines in TLC in the
current study is an indication that decolorization
was due to degradation of the Acid orange-10 dye
into intermediate products.

Time taken by the bacterial isolatein
the present study was much less than previous
reports. Jothimani and Prabhakaran report that
Pseudomonas and Bacillus species can remove
59% dye from industrial effluents in a period of
14 days.*? Bacterial decolorization of direct blue
dye by Bacillus sp. ETL-1979, with an incubation
period of 168 hr was reported by Shah et al. #
96.4% decolorization of black WNN (100mg/L)
was obtained in 48 hr by Paenibacillus alvei
MTCC 10625.2* Decolorization of direct blue 151
at a concentration of 200 mg/L was reported to be
95.25% in 5 days.”!

Inhibition of dye decolorization at higher
speed of shaking indicates that decolorization
process was inhibited in presence of higher
concentration of oxygen whereas lower rpm ort
static condition i.e. lower concentration of oxygen
was required to enhance decolorization.The reports
of current study are in concurrence with results
reported by Verma and Madamwar wherein the
authors have reported that under static conditions
decolorization was high and under agitation,
decolorization was negligable.”

Azoreductase is a cytoplasmic enzyme
with low specificity, and is responsible for
reduction of azo bonds in the azo dyes, degrading
them to their corresponding amines. The reaction
is slowed down or is inhibited by the presence of
O,, since it is a strong terminal electron acceptor
compared to the azo groups during the oxidation
of reduced electron carriers like NADH.?*” Under
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static conditions, electrons required for azo bond
cleavage are readily accessible to the enzyme from
NADH; while under shaking, the availability of
O, prevents the azoreductase from receiving the
electrons.?*

Kumar and Sawhney reported that
Bacillus subtilis (RA 29) caused decolorization
of Congo red to the extent of 95.67% at 37°C.*
Bayoumi et al., had reported maximum bacterial
decolourization of Acid orange 7 and Direct blue
750ccurs at an optimum incubation temperature of
35°C.A

The findings of our study with respect to
the effect of pH on decolorization of acid orange-10
are in agreement with other studies in which
decolorization of Methyl Red was maximal in pH
range of 6-8 by a strain of Micrococcus*. Removal
of Acid red 2 and Acid orange 7 by Bacillus* and of
Acid Orange by a strain of Staphylococcus hominis
was also found to be maximum in the range of
6-8 pH.* Bayoumi et al., reported that neutral to
moderately alkaline pH enhance the removal of
azo dyes.*!

Karunya et al., reported that the dye
concentration at 200mg/l was completely
decolorized in 48 hrs by Pseudomonas aeruginosa,
but beyond this, the decolorization was not
effective.

The percentage decolorization of azo dye
has linear relationship with inoculum size. The
results of the current study are in corroboration with
the reports of Kumar et al.*® Gurulakshmi et al.,
reported that maximal decolorization by B.subtilis
strain was achieved at 20% inoculum size.”’

CONCLUSION

Under static condition the new isolate of
Bacillus subtilis from soil sample contaminated
with textile effluent could completely decolorize
the Acid orange-10 mono azo dye. Optimization of
various parameters like temperature, pH, inoculum
size, aeration and incubation period were done
to enhance the decolorization process of Acid
orange-10. The currentlyisolated Bacillus subtilis
could efficiently decolorize the dye even at higher
concentrations up to 700 ppm. Hence the new
isolate of the microorganism Bacillus subtilis is
found to be potential candidate for Acid orange-10
azo dye decolorization in textile effluents. Further

studies can help to successfully employ this
bacterium for treating the textile effluents before
they are released into the surroundings.
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