
D
s

O
a

b

a

A
R
R
A
A

K
D
A
B
L
A
P

1

e
p
b
r
c
a
t
[
a
t
s
t
m
t
a
w
m
d
l

0
d

Journal of Hazardous Materials 190 (2011) 351–358

Contents lists available at ScienceDirect

Journal of Hazardous Materials

journa l homepage: www.e lsev ier .com/ locate / jhazmat

ecolorization of sulfonated azo dye Metanil Yellow by newly isolated bacterial
trains: Bacillus sp. strain AK1 and Lysinibacillus sp. strain AK2

. Anjaneyaa, S. Yogesh Soucheb, M. Santoshkumara, T.B. Karegoudara,∗

Department of Biochemistry, Gulbarga University, Gulbarga - 585106, Karnataka, India
National Centre for Cell Science, Ganeshkhindi, Pune - 411007, India

r t i c l e i n f o

rticle history:
eceived 3 December 2010
eceived in revised form 8 February 2011
ccepted 14 March 2011
vailable online 21 March 2011

eywords:

a b s t r a c t

Two different bacterial strains capable of decolorizing a highly water soluble azo dye Metanil Yellow
were isolated from dye contaminated soil sample collected from Atul Dyeing Industry, Bellary, India.
The individual bacterial strains Bacillus sp. AK1 and Lysinibacillus sp. AK2 decolorized Metanil Yellow
(200 mg L−1) completely within 27 and 12 h respectively. Various parameters like pH, temperature, NaCl
and initial dye concentrations were optimized to develop an economically feasible decolorization process.
The maximum concentration of Metanil Yellow (1000 mg L−1) was decolorized by strains AK2 and AK1
ecolorization
zo dyes
acillus sp. AK1
ysinibacillus sp. AK2
zoreductase
hytotoxicity

within 78 and 84 h respectively. These strains could decolorize Metanil Yellow over a broad pH range
5.5–9.0; the optimum pH was 7.2. The decolorization of Metanil Yellow was most efficient at 40 ◦C and
confirmed by UV–visible spectroscopy, TLC, HPLC and GC/MS analysis. Further, both the strains showed
the involvement of azoreductase in the decolorization process. Phytotoxicity studies of catabolic products
of Metanil Yellow on the seeds of chick pea and pigeon pea revealed much reduction in the toxicity of
metabolites as compared to the parent dye. These results indicating the effectiveness of strains AK1 and

textil
AK2 for the treatment of

. Introduction

Azo dyes constitute the largest class of dyes with the great-
st variety of colors, having wide applications in textile, food,
rinting and cosmetic industries [1]. Azo dyes are characterized
y the presence of one or more azo bonds –N N–, which are
esponsible for their coloration. When such a bond is broken the
ompound loses its color [2]. The annual world wide production of
zo dyes was estimated to be around one million tons and more
han 10,000 structurally different azo dyes are currently in use
3,4]. It is reported that about 300,000 tons of different dyestuffs
re used per year for textile dyeing operations. Thus the dyestuff,
extile, paper, and leather industries are the major consumers of
ynthetic azo dyes and produce effluents that are usually resistant
o the physico-chemical treatments and consequently served as the

ajor source of water pollution. It is estimated that 10–15% of the
otal dye consumed in dyeing processes may be found in wastew-
ter. This led to severe contamination of both surface and ground

ater [5,6]. Unless the wastewater is properly treated, these dyes
ay significantly affect the photosynthetic activity of aquatic life

ue to reduced light penetration as well as toxic to some aquatic
ife [7].

∗ Corresponding author. Tel.: +91 8472 263289; fax: +91 8472 245632.
E-mail address: goudartbk@rediffmail.com (T.B. Karegoudar).

304-3894/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2011.03.044
e effluents containing azo dyes.
© 2011 Elsevier B.V. All rights reserved.

Metanil Yellow (Acid Yellow 36) is a highly water-soluble dye is
extensively used for the coloring of soap, spirit lacquer, shoe pol-
ish, bloom sheep dip, for the preparation of wood stains, dyeing
of leather, manufacture of pigment lakes and for staining paper
[8]. Though Metanil Yellow is a non-permitted colorant, but still it
is widely used as a colorant in sweet meat, ice creams, soft drinks
and beverages. Due to its orange-yellow color, the dye is also exten-
sively used for coating turmeric. The dye is highly suitable for the
preparation of colored water-fast inks [9].

Toxicity data reveals that oral feeding or intraperitoneal and
intratesticular administration of Metanil Yellow in animals pro-
duces testicular lesions due to which seminiferous tubules suffer
damage and results in the decreased rate of spermatogenesis
[10]. Studies have shown that 13.6% of the orally administered
dose of Metanil Yellow (15 mg 200 g−1 rat) is retained even
after 96 h in the gastrointestinal tract, which may be responsi-
ble for decreased mucin secretion from the intestinal mucous
cells [11]. On oral consumption, it causes toxic methaemoglobi-
naemia [12] and cyanosis [13] in humans, while skin contact
results into allergic dermatitis [14]. Metanil Yellow also has
tumour-producing effects and can create intestinal and enzymic

disorders in human body [11]. Though it is not mutagenic but
can alter the expression of genes [15]. Thus, keeping the haz-
ardous effects of this dye in view, attempts have been made by
various researchers to remove Metanil Yellow from wastewater
[10,16,17].

dx.doi.org/10.1016/j.jhazmat.2011.03.044
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:goudartbk@rediffmail.com
dx.doi.org/10.1016/j.jhazmat.2011.03.044
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Removal of Metanil Yellow from wastewater has become a
ajor scientific interest. Several physico-chemical methods have

een used to eliminate the Metanil Yellow from colored effluents
n wastewater. These methods are rather costly and sometimes pro-
uce hazardous byproducts [18]. Therefore, there is still a demand
o develop alternative methods for dye decolorization. The inno-
ative biological methods are able to provide a more natural and
omplete clean-up of the pollutants in a more economical way.
icrobial decolorization is an eco-friendly, cost-competitive, alter-

ative to chemical decomposition process [19].
In the present investigation, we have reported the isolation

nd identification of micro-organisms from textile effluent con-
aminated soil capable of decolorizing Metanil Yellow. The various
arameters such as initial dye concentration, temperature, pH and
aCl concentration have been optimized to achieve the maximum
ye decolorization. The intermediate metabolites formed during
he degradation of Metanil Yellow have been characterized by using
arious analytical techniques. The information obtained from this
tudy is expected to provide the basis for the development of practi-
al decolorization process for Metanil Yellow using these bacterial
trains as biocatalysts. To our knowledge, this could be the first
eport on the decolorization of sulfonated azo dyes by Lysinibacillus
p.

. Materials and methods

.1. Chemicals and decolorization medium

The dyes Metanil Yellow, Amaranth, Congo Red, Reactive Black
, Ponceau S and Fast Red were gifted from Mayura Dyes, Mumbai,

ndia and all other chemicals were procured from S.D Fine Chemi-
als, Mumbai, India. The culture media ingredients were purchased
rom Hi-Media, Mumbai, India. The composition of decolorization

edium was (g L−1): K2HPO4 6.3; KH2PO4 1.8; NaCl 5; NH4NO3
; MgSO4·7H2O 0.1; MnSO4 0.1; CaCl2·2H2O 0.1; FeSO4·7H2O 0.1;
aMoO7·7H2O 0.006; pH 7.2 ± 0.1. This medium was supplemented
ith yeast extract (2.5 g L−1) and Metanil Yellow (200 mg L−1). All

ther chemicals used in this study were of analytical grade.

.2. Isolation and identification of bacterial strains

Dye contaminated soil sample was collected in and around the
tul Dyeing Industry, Bellary, India. A soil sample of 10 g was agi-

ated in 50 mL of saline (0.8% NaCl) solution and kept on an orbital
haker at 180 rpm for 30 min. The supernatant was collected after
llowing the soil to settle down for 30 min. The microorganisms
aving the ability to degrade dye were screened by inoculating
mL of supernatant on nutrient agar plates (g L−1; peptone 5, yeast
xtract 2.5, NaCl 5, agar 25) containing 100 mg L−1 of Metanil Yel-
ow and incubated at 37 ◦C for 1 week. The colonies were selected
n the basis of their ability to form clear zones on these plates. Such
olonies were subsequently transferred to nutrient broth contain-
ng Metanil Yellow.

.3. 16S rDNA sequencing

Single colony was suspended in 20 �l of Tris–HCl–EDTA–saline
pH 8.0). The bacterial suspension was incubated for 10 min at
5 ◦C and centrifuged at 18,600 × g for 2 min. The supernatant was
ransferred to fresh tubes and used as total genomic samples. The

acterial 16S rDNA gene was amplified from the total genomic
NA using universal eubacteria specific primers viz: 16F27 (5′-
CA GAG TTT GAT CMT GGC TCA G-3′) and 26R1525XP (5′-TTC
GC AGT CTA GAA GGA GGT GWT CCA GCC-3′) (Life Technolo-
ies, Pvt. Ltd., India), which yielded a product of approximately
s Materials 190 (2011) 351–358

1500 bp. The PCR conditions were 35 cycles at 95 ◦C denatura-
tion for 1 min, annealing at 55 ◦C for 1 min and extension at 72 ◦C
for 1 min, in addition one cycle of extension at 72 ◦C for 10 min.
The PCR product was purified by PEG–NaCl precipitation and the
purified sample was directly sequenced using Big Dye-terminator
kit as described earlier [20]. The sequencing reactions were run
on ABI-PRISM automated sequencer (ABI-3730 DNA analyzer). The
nucleotide sequence analysis of the sequences was done at Blast-n
site at NCBI server (www.ncbi.nih.gov/BLAST). The alignment of the
sequences were done using CLUSTALW program V1.82 at European
Bioinformatics site (www.ebi.ac.uk/clustalw). The analysis of 16S
rDNA gene sequence was done at Ribosomal Database Project (RDP)
II (http://rdp.cme.msu.edu). The phylogenetic tree was constructed
using the aligned sequences by the neighbor joining method using
Kimura-2-parameter distances in MEGA 2.1 software [21].

2.4. Decolorization studies of Metanil Yellow in liquid medium

The decolorization experiments were performed in 250 mL
Erlenmeyer flasks containing decolorization medium. Metanil
Yellow (200 mg L−1) was added to decolorization medium and inoc-
ulated with 2 mL of cultures broth (6 × 109 CFU mL−1). The flasks
were incubated at 40 ◦C under static condition till the decoloriza-
tion was completed. The samples were withdrawn at different
time intervals and analyzed for decolorization efficiency. The decol-
orization was monitored spectrophotometrically (Specord 50 BU.,
Germany) by reading the decrease in absorbance (430 nm) of the
dye in culture supernatant. Uninoculated controls were used to
compare abiotic color loss during the decolorization studies. Decol-
orizing activity is expressed in terms of percentage decolorization
[22].

2.5. Assay of azoreductase

Azoreductase activity was measured according to the method
described previously [4]. The bacterial cultures grown in the
medium containing Metanil Yellow (200 mg L−1) was centrifuged at
10,000 rpm for 10 min at 4 ◦C. The cell pellet was washed twice with
50 mM potassium phosphate buffer (pH 7.0) and resuspended in
the same buffer. The cells were disrupted in cold condition by soni-
cation (30 s, 70% output, 5×) using Vibra Cell Ultrasonicator (Model
VC 375, USA). The sonicated cells were centrifuged at 15,000 rpm
for 30 min at 4 ◦C and the supernatant was used as the crude enzyme
source. To 50 mM phosphate buffer (pH 7.0) containing 150 �M
Metanil Yellow, 100 �L of crude enzyme was added and this reac-
tion mixture (1 mL) was pre-incubated for 3 min followed by the
addition of 2 mM NADH. The azoreductase activity was determined
spectrophotometrically at room temperature by monitoring the
decrease in absorbance at 340 nm. One unit of enzyme activity was
defined as the amount of enzyme that catalyses the 1 �mol of sub-
strate per minute. All experiments including enzyme assay were
carried out in triplicate.

2.6. Study of physico-chemical parameters

Decolorization ability of strains AK1 and AK2 on Metanil Yel-
low was studied at different pH (4–9) and temperatures values
(15–50 ◦C). It was observed that pH 7.2 and temperature 37 ◦C
were found to be optimal for the decolorization activity. Based on
the optimal decolorization, pH 7.2 and temperature of 37 ◦C were
selected to study the decolorization process under various physico

chemical factors such as dye concentration (200–1000 mg L−1),
NaCl concentration (5–20 g L−1) and continuous addition of Metanil
Yellow in the decolorization medium. Further, the decolorization of
various azo dyes was studied by incubating the medium containing
respective dye with individual strains AK1 and AK2. Decoloriza-

http://www.ncbi.nih.gov/BLAST
http://www.ebi.ac.uk/clustalw
http://rdp.cme.msu.edu/
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Table 1
Characterization of bacterial isolates.

Sl. no. Characteristic Bacillus sp. AK1 Lysinibacillus sp. AK2

Morphological characteristics
1. Shape Rod short Rod short
2. Gram staining + +
3. Spore staining + +
4. Motility Motile Motile

Biochemical tests
1. H2S production − +
2. Gelatin hydrolysis − −
3. Citrate utilization + −

tified as, Bacillus sp. strain AK1 and Lysinibacillus sp. strain AK2
respectively. To analyze the phylogenetic position, the 16S rDNA
sequences of the strains AK1 and AK2 were determined. Fig. 1a
and b shows the phylogenetic relationship between the isolated
bacterial strains and other related bacteria found in the GenBank

a

b  Lysinibacillus fusiformis strain WH22
 Lysinibacillus sphaericus strain G.C
 Lysinibacillus sp. 631 
 Lysinibacillus fusiformis strain HT15
Lysinibacillus sphaericus strain PRE1
 Lysinibacillus fusiformis strain X-25
 Lysinibacillus fusiformis strain X-9 
 Bacillus sphaericus strain D45

Lysinibacillus sp. Strain AK2
 Lysinibacillus fusiformis strain 111X
 Bacillus fusiformis DQ420171
Bacillus fusiformis strain: c84. AB16

 Bacillus fusiformis strain: c74. AB16
 Lysinibacillus sp. R-31191 
 Bacillus fusiformis strain: c81. AB16
 Lysinibacillus fusiformis strain 28XG
 Lysinibacillus sp. ZY020 
 Lysinibacillus fusiformis strain XW18
 Bacillus fusiformis 
 Lysinibacillus sp. R-30912
 Lysinibacillus sp. R-27019 
 Lysinibacillus fusiformis strain IBL1
 Lysinibacillus fusiformis AB245423

39

52

7

7

7

7

7

9

44

52

25

 Bacillus safensis strain 81-4c
 Bacillus safensis strain KL-052
 Bacillus safensis strain SAFN-037
 Bacillus safensis strain 55YG60
 Bacillus safensis FO-036b
 Bacillus safensis strain SAFN-001

Bacillus sp. Strain AK1
 Bacillus safensis strain 51-3
 Bacillus safensis strain SAFN-027
 Bacillus safensis strain SAFN-036
 Bacillus safensis strain FO-033
Bacillus safensis strain 82-2c
 Bacillus safensis strain 84-1c

99

95

0.01
O. Anjaneya et al. / Journal of Haz

ion of different dyes was monitored by measuring the change in
bsorbance of culture supernatants at the maximum absorption
avelength (�max) of the respective dye. These experiments were
erformed in 250 mL Erlenmeyer flask under static condition in
riplicate.

.7. Analysis of degradation products of Metanil Yellow

The complete decolorized culture broths were centrifuged
nd the resulting supernatant was clarified by passing through
.45 �m filter. The filtrate was extracted with equal volume of
thyl acetate and the organic phase was dried in an evapora-
or (Heidolph, Laborota 4000, Germany). The resulting residue
as dissolved in methanol. The metabolic intermediates were

nalyzed and separated by TLC (Silica gel G, solvent-ethyl
cetate:butanol:water:glacial acetic acid 3:3:1:0.2, v/v) and the
hromatograms were observed under UV light (254 nm) and
hen exposed to iodine vapors in an iodine chamber. The
xtracted metabolites were also analyzed by HPLC (Waters, reverse
hase C-18 column), 25 ◦C, with an isocratic condition, eluent
methanol:water (50:50, v/v). The injection volume was 10 �L

nd the flow rate was 1 mL min−1. Gas chromatography–mass
pectroscopy (GC/MS) analysis was carried out using a Shimadzu
ystem.

.8. Phytotoxicity studies

Phytoxicity studies of control dye, Metanil Yellow and its
egradation products of ethyl acetate extracts (acidic and neutral
ractions) were investigated. Tests were carried out on two kinds of
eeds commonly used in the Indian agriculture; Pigeon pea (Cajanus
ajan) and Chickpea (Cicer arietinum). The concentration of Metanil
ellow (0.4 g L−1) showing inhibitory effect on the growth of seeds
as selected for further studies. Ten seeds were taken to germinate

n a bedded filter paper with daily watering of 10.0 mL solutions for
espective samples (control dye/acidic/neutral fractions). Simulta-
eously, a control set with the plain water was carried out. The
oxicity was measured in terms of percent germination and lengths
f plumule and radical after 10 days. Relative seed germination, rel-
tive root elongation and germination index (GI) were calculated
y the following formulae [23];

elative Seed Germination (%)

= No. of Seeds germinated in the extract
No. of Seeds germinated in the control dye

× 100

elative root elongation (%)

= Mean root elongation in the extract
Mean root elongation in the control dye

× 100

ermination Index (%)

= (% Seed germination) × (% Root elongation)
100

. Results and discussion

.1. Identification and phylogenetic position of bacterial isolates
Two different bacterial strains having remarkable Metanil Yel-
ow decolorization capacity were isolated from dye contaminated
oil sample collected in and around the Atul Dyeing Industry, Bel-
ary, India. The identification of the strains was done on the basis
f morphological and biochemical characteristics (Table 1) and 16S
4. Catalase activity + +
5. Lactose utilization
5a. Gas production − −
5b. Acid production + −

rDNA gene sequences. Bacterial strains AK1 and AK2 were iden-
 Lysinibacillus fusiformis strain 62XG

0.01

Fig. 1. Phylogenetic tree: (a) Bacillus sp. Strain AK1 and (b) Lysinibacillus sp. Strain
AK2. Numbers at the nodes show the % bootstrap value.
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Table 2
Decolorization of Metanil Yellow by various methods.

Method Decolorization Reference

1. Adsorption 86.9 mg/g [17]
99% [10]

2. Photocatalytic degradation 90% [16]
3. Electrochemical oxidation 90% [18]

4. Microbial system
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ences, higher molecular weight and presence of inhibitory groups
likes –NO2 and –SO3Na in the dyes [30]. The present study confirms
the ability of strains AK1 and AK2 to decolorize six structurally dif-
ferent azo dyes with decolorization efficiency of more than 50%
in short time. Thus, the strains AK1 and AK2 could be successfully

Table 3
Decolorization of various azo dyes by Bacillus sp. AK1 and Lysinibacillus sp. AK2.

Azo dye �max (nm) Bacillus sp. AK1 (%
decolorization)

Lysinibacillus sp. AK2 (%
decolorization)

Metanil Yellow 430 99 100
Amaranth 520 97 99
Congo Red 502 80 98
Oenococcus oeni ML34 30% [41]
Bacillus sp. AK1 100% Present study
Lysinibacillus sp. AK2 100% Present study

atabase. The homology assay results indicated that the strains
K1 and AK2 were in the phylogenetic branch of the genus Bacil-

us and Lysinibacillus respectively. Bacillus sp. is usually dominant in
he activated sludge system, decolorizing and eventually degrading
zo dyes [24,25]. Chen et al. [26] reported the phenol tolerance of
ndigenous phenol degraders such as Klebsiella sp. and Lysinibacil-
us sp. isolated from Northeast Taiwan. To our knowledge this is the
rst report on decolorization of azo dyes by Lysinibacillus sp. Both
f these bacterial strains AK1 and AK2 are deposited in National
ollection of Industrial Microorganisms (NCIM), Pune, India with
ccession No NCIM 5332 and 5333 respectively for public access.
he 16S rDNA gene sequences available in GeneBank database with
he accession number FJ888394 and FJ888395 respectively.

.2. Time course for decolorization of Metanil Yellow in liquid
edium

These two bacterial cultures were subjected to further screen-
ng for their ability to decolorize Metanil Yellow in liquid medium.
he strain AK2 exhibited dye decolorization at a faster rate as com-
ared to strain AK1 when incubated under static condition. At an
arly 6 h of incubation 37% and 9% of decolorization was exhib-
ted by both the strains AK2 and AK1 respectively. It could be seen
hat AK2 exhibited high decolorization activity and could achieve
00% decolorization within 10–12 h. However, the decolorization
ctivity of Metanil Yellow by strain AK1 was very slow and it could
how only 22% decolorization within 12 h and 99% decolorization
ould be achieved within 27 h. Vijaykumar et al. reported that 99%
ecolorization of sulfonated azo dyes by Kerstersia sp. under static
ondition [4]. The maximum decolorization (100%) of Metanil Yel-
ow by Bacillus sp. AK1 and Lysinibacillus sp. AK2 observed in the
resent study was compared with those of other methods used to
ecolorize Metanil Yellow in Table 2.

.3. Azoreductase activity

The major mechanism involved in the microbial biodegrada-
ion of synthetic azo dyes is based on their biotransformation by
nzymes [27]. The initial step involved in the biodegradation of azo
yes is the reductive cleavage of azo bond (–N N–) with the azore-
uctase [28]. The decolorization of Metanil Yellow by azoreductase
ctivity was monitored over the time intervals. Fig. 2 shows the
ecolorization of Metanil Yellow along with the respective azore-
uctase activity with time intervals for strains AK1 and AK2. A
ignificant increase in the azoreductase activity of 1615 nmol/mg
rotein/min and 1630 nmol/mg protein/min was observed in the
trains AK1 (Fig. 2a) and AK2 (Fig. 2b) respectively. Further, a signif-
cant induction in the activity of azoreductase was observed in the

ell free extracts of both the strains AK1 and AK2 during Metanil
ellow decolorization when compared to the control cells. Such

nductive pattern of azoreductase was observed during decoloriza-
ion of sulfonated azo dyes by Kerstersia sp. strain VKY1 [4] and
alactomyces geotrichum MTCC 1360 [29]. From these results it is
24211815129630
Incubation time (h)

Fig. 2. Azoreductase activity of (a) Bacillus sp. AK1 and (b) Lysinibacillus sp. AK2.

evident that the strains AK1 and AK2 degrade Metanil Yellow by
enzymatic reduction with azoreductase.

3.4. Decolorization of structurally different azo dyes with strains
AK1 and AK2

Dyes of different structures were often used in the textile pro-
cessing industry, and therefore, the effluents from the industry are
markedly variable in composition [30]. Strains AK1 and AK2 were
tested for their ability to decolorize six structurally different azo
dyes such as Metanil Yellow, Amaranth, Congo Red, Fast Red, Pon-
ceau S and Reactive Black 5. The bacterial strains AK1 and AK2
had shown effective decolorization of all the six structurally dif-
ferent azo dyes (Table 3). The rapid decolorization of all azo dyes
was observed by strain AK2 as compared to strain AK1. The slower
decolorization with individual strains was due to structural differ-
Fast Red 512 62 71
Ponceaus S 470 46 58
Reactive Black 596 31 43

The cultures were incubated with azo dye at 37 ◦C under static conditions; 12 h for
strain AK1 and 24 h for strain AK2.
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mployed for the treatment of industrial wastewater containing
etanil Yellow, Amaranth, Congo Red, Fast Red, Ponceaus S and

eactive Black 5 efficiently.

.5. Effect of initial dye concentration and repeated use of cells

The percentage decolorization of Metanil Yellow by strains AK1
nd AK2 was carried out at different initial dye concentrations
100–1000 mg L−1). It was observed that decrease in percentage
f decolorization of Metanil Yellow with increase in concentration
nder static condition by both the strains. Strain AK2 could effec-
ively decolorize Metanil Yellow with decolorization percentage of
00% for 200 mg L−1 and 62% for 1000 mg L−1 dye concentration
uring 12 h and 78 h of incubation respectively. The decolorization
ercentage of 100% for 200 mg L−1 and 75% for 1000 mg L−1 dur-

ng 24 h and 84 h of incubation respectively with strain AK1. Lower
ecolorization percentage at high dye concentration was reported
nd was expected to be due to the inhibitory effects of high dye
oncentration [2]. Similar observations have been recorded earlier
or decolorization of synthetic dyes using a batch decolorization
ssay [31]. The repeated use of cells of strains AK1 and AK2 degrade
etanil Yellow (200 mg L−1) up to nine cycles, but with an increase

n time and reduction in percentage decolorization. The initial four
ycles of dye decolorization with AK1 and AK2 degraded 100% dye
t 12 h and 24 h respectively, but for the next remaining five cycles
ncrease in time with reduced percentage of dye decolorization was
bserved for both the strains (data not shown).

.6. Effect of temperature on decolorization of Metanil Yellow

The temperature effect on the decolorization of Metanil Yel-
ow was significant for both the strains. When the decolorization
f the dye was tested for a wide range of temperatures from 15
o 50 ◦C, it was observed that the increase in decolorization of

etanil Yellow with increase in temperature and was optimum
t 37 ◦C for both the strains AK1 and AK2. Further increase in the
emperature increases the decolorization of dye up to 40 ◦C and
bove this temperature a decreased dye decolorization was noticed
Fig. 3a). To understand the effect of low temperature, room tem-
erature and high temperature on the decolorization of dye, the
ssay was carried out at different temperature range from 15 to
0 ◦C. The decrease in dye decolorization at high temperature can
e attributed to the decline in microbial activity that led to the inac-
ivation of the enzyme and eventually the loss of cells viability [32].
hese results further showed that there is no thermal deactivation
f decolorization activity under operational temperatures. There-
ore, these strains AK1 and AK2 could acclimatize to broad range
f temperature. Kapilkumar et al. [33] observed that the decrease
n the decolorization efficiency of mixed cultures for color removal
eyond 35 ◦C, which was predicted as thermal deactivation of the
ecolorization enzymes.

.7. Effect of pH on decolorization of Metanil Yellow

The effect of pH on the decolorization of Metanil Yellow by both
he strains was determined over a wide range of pH (4.0–9.0). Both
he bacterial strains AK1 and AK2 showed maximum dye decol-
rization at pH 7.2 (Fig. 3b). At this optimum pH, the strain AK1
howed 98.5% and that of strain AK2 showed 99.9% of decoloriza-
ion of Metanil Yellow. At pH 8.0, both the strains AK1 and AK2
howed 80% and 84% decolorization of Metanil Yellow respectively.
hereas at pH 4.0, both the strains showed only 8.0% and 15% dye
ecolorization respectively. Similar results were also reported by
ukumar et al. [34]. Chan and Kuo reported that the neutral pH
ould be more favorable for decolorization of the azo dyes and is

uitable for industrial applications [35].
Fig. 3. Effect of (a) temperature and (b) pH on the decolorization of Metanil Yellow
by both the strains AK1 and AK2.

3.8. Effect of NaCl concentration on decolorization of Metanil
Yellow

The high salt concentration is a consequent product of batch
processes in both the dye manufacturing and dye-consuming
industries where the salt concentration is up to 15–20% [36]. Gen-
erally, sodium concentration above 3 g L−1 can cause moderate
inhibition of most bacterial activities [37]. In the present study, the
effect of NaCl concentration on the decolorization of Metanil Yellow
by both the strains was examined. Both the strains AK1 and AK2
Exhibit 99% decolorization at 5 g L−1 NaCl concentration. Further,
the NaCl concentration up to 10 g L−1 did not show any effect on
dye decolorization by both cultures. At this concentration of NaCl,
90% and 95% of decolorization of Metanil Yellow was achieved by
strains AK1 and AK2 respectively. Further, increase in concentration
of NaCl results in decreased percentage of decolorization. The con-
centration of 20 g L−1 of NaCl drops the percentage decolorization
up to 41% and 44% by strains AK1 and AK2 respectively.

3.9. Analysis and characterization of Metanil Yellow degradation
products

The decolorization of Metanil Yellow by strains AK1 and AK2 was
investigated spectrophotometrically at 430 nm at different hour of
incubation period (Fig. 4). After complete decolorization of Metanil
Yellow by strain AK1 within 12 h and by strain AK2 within 24 h, the
spent medium was extracted with ethyl acetate and the residue

was subjected for TLC, HPLC and GC/MS analysis. The TLC analysis of
ethyl acetate extract of the spent medium showed two spots with
different Rf values (0.28 and 0.86) for both strains AK1 and AK2.
The Rf value of 0.28 corresponded well with the authentic metanil-
lic acid and that of the Rf value 0.86 coincided with the Rf value of
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ig. 4. UV–visible spectrophotometric analysis of Metanil Yellow decolorization by
acillus sp. AK1 and Lysinibacillus sp. AK2.

uthentic p-aminodiphenylamine. The HPLC analysis for the ethyl
cetate extract of the spent medium taken at the beginning of
tatic incubation showed a major peak with RT value of 28.21 min
Fig. 5a), which represents the RT value of authentic Metanil Yel-
ow. This corresponding peak was absent in the dye decolorization

edium treated with strains AK1 and AK2 (Fig. 5b). The metabo-
ites extracted from the spent medium showed different RT values.

etanil Yellow showed a major peak with RT value 28.21, whereas
etanil Yellow degradation products showed major peaks with

T values 24.1 and 2.8 for both strains AK1 and AK2. The peak
ith RT value 2.8 corresponds to Metanillic acid and the peak with

T value 24.1 corresponds to p-aminodiphenylamine [38]. GC/MS
nalysis was also carried out to investigate the metabolites formed

uring the biodegradation of Metanil Yellow by both strains. The
ass spectrum analysis of both the strains (Fig. 6a and b) displayed

he m/z value at 183, which corresponding to Metanillic acid and
/z value at 195, which corresponding to p-aminodiphenylamine.
ased upon the TLC, HPLC and GC/MS results as well as the presence

ig. 5. HPLC analysis of (a) Metanil Yellow and (b) its degradation products by both
he strains AK1 and AK2.
Fig. 6. GC/MS analysis of metabolites of Metanil Yellow by (a) Bacillus sp. AK1 and
(b) Lysinibacillus sp. AK2.

of azoreductase activity, a partial degradation pathway of Metanil
Yellow by both the strains AK1 and AK2 is shown in Fig. 7.

3.10. Phytotoxicity studies of Metanil Yellow and its degradation
products

Seed germination and plant growth bioassays are the most com-
mon techniques used to evaluate the phytotoxicity of toxicants
[30,39,40]. We investigated the phytotoxicity of Metanil Yellow
and acidic and neutral fractions of ethyl acetate extracts of the
cultures grown spent medium. Table 4 illustrates the significant
different lengths of plumule and radical of the seeds of pigeon
pea (C. cajan) and chickpea (C. arietinum) in the water, control
dye (Metanil Yellow) and degradation products (acidic and neu-
tral fractions) of strains AK1 and AK2 treated samples. The relative

seed germination and relative root elongation of pigeon pea was
85.71 and 55.8% for AK1 respectively and that of AK2 was 86.25
and 65.3% respectively; whereas that of chickpea was 83.33 and
28.2% for AK1 respectively and that of AK2 was 85.12 and 30.2%
respectively. However, germination index of pigeon pea and chick-

Fig. 7. A proposed pathway of Metanil Yellow degradation by both the strains AK1
and AK2.
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pea was 478 and 234 respectively. Phytotoxicity results suggested
that degradation products of Metanil Yellow were much less toxic
to the seeds of pigeon pea and chick pea. Jadhav et al. [39] showed
the mean of plumule length and radical length of common wheat
(Triticum aestivum) was 10.4 ± 0.13 and 10.4 ± 0.06 cm, respectively
in 5000 ppm concentration of the tested samples. Saratale et al. [40]
showed the phytotoxic effect of Navy Blue HER on the germina-
tion of Phaseolus mungo and Sorghum vulgare. Both the plant seeds
inhibited 90% germination when seeds were treated with 1500 ppm
concentration of Navy blue HER. On the contrary, no phytotoxic
effect (100% germination) was observed at the same concentration
of degradation products.

4. Conclusion

Bacterial decolorization proves to be a very efficient method for
complete decolorization of sulfonated azo dyes (Metanil Yellow,
Amaranth, Congo Red, Fast Red, Ponceau S and Reactive Black 5).
The two bacterial strains Bacillus sp. strain AK1 and Lysinibacillus sp.
strain AK2 are potential for decolorization and partial degradation
of azo dye Metanil Yellow under static condition. The induction of
azoreductase by Metanil Yellow was observed in both the strains.
An enzyme azoreductase would be a good material for further
research on the enzymological mechanism of dye decolorization
in bacteria. Further, the strains AK1 and AK2 are proved to be effi-
cient for conventional wastewater treatment and bioremediation of
recalcitrant azo dyes under normal parameters. Furthermore, phy-
totoxicity studies of both the strains suggested that the degradation
products of Metanil Yellow were much less toxic to the seeds of
pigeon pea and chick pea. Therefore, Bacillus sp. AK1 and Lysinibacil-
lus sp. AK2 are the highly promising microorganisms both for the
application in the treatment of dyeing wastewater and in bioreme-
diation of recalcitrant Metanil Yellow and other azo dyes. However
the complete degradation of Metanil Yellow is under progress from
these two strains.
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