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ABSTRACT 

The degradation of textile dyes using microbes has been recently identified as most promising, cost effective, 
and eco-friendly technique than any physiochemical techniques. On this backdrop, a potential Reactive Black 
5 dye degrading bacterium was isolated from effluent sediment samples of a textile industry, Salem district, 
Tamil Nadu, India which was identified as a Bacillus cereus SKB12 based on morphological and biochemical 
methods. This bacterium exhibited promising dye degradation of Reactive Black 5 which was initiated 
from first hours of lag phase and showed its maximum dye degradation of 88.7% at the end decline growth 
phase (144 hours). Furthermore, this strain revealed the synthesis of laccase, veratryl alcohol oxidase, lignin 
peroxidase, polyphenol oxidase, and azoreductase enzymes with the presence of Reactive Black 5 dye. These 
overall observations proved that this strain, B. cereus SKB12 has the possibility to use as a potential textile dye 
effluent bioremediation agent.

1. INTRODUCTION
During the recent years, water bodies have been largely polluted 
due to the increasing industrialization. The textile industry is one 
among the leading contributors to such pollutions. Even a minute 
quantity of organic dyes can form intense color in the water bodies 
and make the water aesthetically unpleasant which can eventually 
cause possible harmful effects in the whole ecosystem [1]. Some 
of the dyes used in the textile industries in coloration process 
are toxic, mutagenic, and even carcinogenic which can badly 
affect the life of human, animals, and plants. All these conditions 
recommend the necessity of dye contaminated water to be treated 
before entering into any ecosystem.

During the past decades, many physicochemical decolorization 
techniques have been developed for the remediation of dyes; 
however, very few methods have been accepted by the textile 
industries [2,3]. The continuous progress of these accepted 
techniques slowly revealed their disadvantages as they are 

expensive, formation of excessive sludge and toxic substances [4]; 
furthermore, some of these methods are ineffective of removing 
their organic metabolites completely which are the ultimate cause 
of the secondary pollution [5].

Nowadays, it is well understood that the water pollution affects the 
quality of life in many aspects including the health and life span 
of all living beings; therefore the remediation of toxic pollutants 
will require much attention in the near future. On this backdrop, 
there is an urgent need for the cost effective and environmentally 
friendly methods for the removal of toxic dyes. As an appreciable 
alternative technique, biological methods which include several 
taxonomic groups of microbes such as bacteria and fungi have been 
received increasing attention due to their cheap cost, production 
of very less sludge, and their environmental friendliness [6]. 
Bacteria from many trophic groups are reported for their higher 
degree of dye-degradation and can process a complete degradation 
of many dyes under standardized conditions [7]. In the recent 
years, remediation of textile effluent using microbial sources 
has been considered as the most potential method than any other 
physiochemical techniques [8].

Reactive Black 5 is a bis(azo) compound with two aryldiazenyl 
moieties placed at positions 2 and 7 on a multi-substituted 
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naphthalene with its absorption maximum at 595 nm. It has a 
molecular formula of C16H21N5Na4O19S6 with a molecular weight 
of 991.8 g/mol. It is one of the most commonly used synthetic 
dyes in the textile industries of many developing nations, like 
India; furthermore, huge amounts of this dye are being used and 
discharged in the water columns every year. Therefore, it requires 
an urgent step to develop an effective treatment method since 
small amounts of this dye are clearly visible and detrimental 
to the water environment [8]. Based on these backdrops, the 
present investigation aimed to isolate and characterize a potential 
Reactive Black 5 dye degrading bacterium from textile industry 
effluents that might be considered for use in the industrial dye 
based bioremediation process.

2. MATERIALS AND METHODS

2.1. Sample Collection
Three effluent sediment samples were procured with a 100 
m distance from a textile industry situated at Salem, Tamil 
Nadu, India, using sterile spatula where all the possible aseptic 
techniques were followed while collecting the samples to avoid 
contamination. These samples were immediately transported to 
the laboratory in 250 ml pre-sterilized bottle containers which 
were stored at 4°C until further processing.

2.2. Isolation of Dye Degrading Bacteria
The collected effluent samples were processed immediately in 
the laboratory in which 1 g of samples was serially diluted using 
pre-sterilized bacteriological saline water and 0.1 ml of dilutions 
were spread plated individually on the pre-sterilized nutrient agar 
Petri plate medium. After 48 hours incubation at 37°C, individual 
colonies with distinct colony morphology were chosen and further 
purified by culture on fresh nutrient agar Petri plates medium and 
axenic cultures were lyophilized for further studies.

2.3. Screening and Identification of Potential Dye Degrading 
Bacterium
All the axenic bacterial strains were individually tested for the 
biodegradation of Reactive Black 5 dye. Nutrient broth was used 
as the culture medium supplemented with 10 µg/ml concentration 
of Reactive Black 5 dye and the screening process was carried 
out in 30 ml screw cap tubes. The dye degrading potentials of the 
isolated strains were studied after 4 days incubation at 37°C using 
the remaining dye concentration in the cell free supernatant which 
were read at an optical density (OD) of 595 nm under UV Visible 
spectrophotometer. Furthermore, the standards were prepared 
using known values of Reactive Black 5 in distilled water for the 
study of dye degradation percentage. The potential strain showing 
the best dye degradation percentage was identified using Bergy’s 
Manual of Determinative Bacteriology [9].

2.4. Growth Kinetics Profile as a Function of Time on Dye 
Degradation
The potential bacterium was optimized for its peak time of dye 
degradation with reference to the cell growth which was studied 
under regular time interval of 12 hours from lag to decline growth 

phase. The experiment was performed in a 250 ml conical flask 
with 100 ml working volume of nutrient broth as the medium 
supplemented with 10 µg/ml Reactive Black 5 dye concentration 
along with the basal conditions of pH 7.0, 37°C temperature 
and 150 rpm agitation. The inoculum was prepared using the 
log growth phase culture of the potential bacterium in the same 
nutritive medium conditions, where the (OD 620 nm) of the 
inoculum was adjusted to 0.1 according to McFarland turbidity 
0.5 standards which was equivalent to 1 × 108 cfu/ml bacterial 
concentration. The evaluations were monitored from a portion of 
cultured broth followed by the separation of cell pellet and cell 
free supernatant using centrifugation at 3,000 rpm for 15 minutes. 
Bacterial growth estimations were done using the dry weight of 
cell biomass concentration obtained from centrifuged cell pellets 
which was hot air oven dried at 50°C for 30 minutes and dye 
degradation efficiency was determined in cell free supernatant as 
per the screening procedure mentioned above. All the experiments 
were performed in triplicate and the results were represented as 
mean ± standard deviation. 

2.5. Degradative Enzymes Study
At the above-mentioned regular time intervals on the study of 
growth kinetic profile, a set of seven degradative enzymes were also 
evaluated. A portion of cultured broth was sonicated at 4°C under 
20 KHz for 45 seconds using Ultra-sonicator (Hielscher, USA) 
and centrifuged the lysed broth at 3,000 rpm for 15 minutes. The 
supernatant was studied for the activities of seven different enzymes 
using the following experimental assay procedures mentioned 
below. All enzyme assays were performed in triplicate, and the 
results were represented as mean ± standard deviation.

2.5.1. Laccase assay
Laccase activity was evaluated using the oxidation method of 
2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) 
[10]. The nonphenolic dye, ABTS is oxidized to a more stable 
cation radical state by laccase enzyme. The concentration of the 
cation radical is directly proportional to the intense blue-green 
color development which can be read at 420  nm [11]. The reaction 
mixture has 2.450 ml citrate phosphate buffer (pH 4.0), 500 μl 
ABTS (1.5 mM), and 50 μl of lysed cell supernatant and incubated 
for 5 minutes. The estimation of ABTS oxidation was evaluated 
by the increase in A420 (ε420 = 36mM−1 cm−1). The absorbance 
was monitored at 420 nm and the enzyme activity was expressed 
as Unit/ml/min. 

2.5.2. Veratryl alcohol oxidase assay
The veratryl alcohol oxidase activity was spectrophotometrically 
examined by the changes in the absorbance at 310 nm at 30°C [12]. 
The reaction mixture has 1.0 ml of veratryl alcohol (10 mmol/l), 
0.4 ml of lysed broth supernatant and 1.5 ml of sodium tartrate 
buffer (100 mmol/l, pH 3.0), and then the reaction was initiated 
by the addition of 0.1 ml of H2O2 (10 mmol/l). Veratryl alcohol 
oxidase activity was expressed in international units (U), one unit 
is equal to 1 μmol of veratryl alcohol oxidized per minute. The 
standards were done using veratraldehyde which is the oxidation 
product of veratryl alcohol. 
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2.5.3. Lignin peroxidase assay
The lignin peroxidase activity was studied using the oxidation 
of azure B dye [13]. The reaction mixture has 1 ml of 125 mM 
sodium tartarte buffer (pH 3.0), 500 μl of 0.160 mM azure 
B, 500 μl of the lysed broth supernatant, and 500 μl of 2 mM 
hydrogen peroxide. The reaction was initiated by the addition of 
10 mmol/l hydrogen peroxide and one unit of enzyme is equal 
to the O.D. decrease of 0.1 units/minute/ml of the lysed broth 
supernatant.

2.5.4. Manganese peroxidase assay
Manganese peroxidase activity toward 2,6-dimethoxyphenol 
(DMP) was performed as per the method of Wariishi et al. [14]. 
Oxidation of DMP by manganese peroxidase results in the 
coerulignone formation, which can be spectroscopically measured 
by the absorbance at 469 nm. Reaction mixture has 200 μl of 
50 mM sodium tartrate (pH 7.0) containing 5 μg/ml manganese 
peroxidase extract from lysed broth supernatant, 0.5 mM DMP, 1 
mM MnSO4, and 0.1 mM H2O2 and the reaction was performed at 
30°C. One unit of manganese peroxidase activity is equal to the 
amount of enzyme oxidize 1 mmol of 2,6-DMP/minute.

2.5.5. Polyphenol oxidase assay
The enzymatic activity was estimated as per the method earlier 
described by Liu et al. [15]. The reaction mixture has 20 μl lysed 
broth supernatant and 180 μl substrate solution (0.2 M L-tyrosine 
in 0.05M phosphate buffer solution at pH 6.8). The reaction was 
performed at 25°C, the absorbance was monitored at 410 nm and 
the activity was estimated using a microplate spectrophotometer. 
One unit of enzyme activity was represented as an increase of 
0.001 absorbance units/minute/ml.

2.5.6. Azoreductase assay
The azoredutase activity was examined using a UV–Vis 
spectrophotometer [16]. Reaction mixture has lysed broth 
supernatant which was carried out in 1 ml final volume containing 
50 mM pH 7.0 sodium phosphate buffer, 150 μM NADH, 50 μM 
FMN, and 25 μM methyl red at 30°C. The reaction was initiated 
by adding NADH prepared in 50 mM sodium phosphate buffer 
at pH 7.0 to a final volume of 1 mM. Azoreductase activity 
was expressed by the reduction of absorbance at 430 nm over 1 
minute duration with the help of UV/Vis spectrophotometer. The 
extinction coefficient for methyl red was 23,360 M−1 cm−1 at 430 
nm. A unit of enzyme activity was expressed as the reduction in 
azo dye concentration (μM/min).

2.5.7. NADH-DCIP reductase assay
Nicotinamide adenine dinucleotide + hydrogen - 2,6-dichlorophe-
nolindophenol (NADH-DCIP) reductase activity was evaluated 
by the reduction of DCIP concentration at 590 nm. The reaction 
mixture has lysed broth supernatant which was performed in the 
final volume of 3 ml containing 50 M DCIP, 50 mM potassium 
phosphate buffer solution at pH 7.4 and 50 M NADH [17]. One 
unit of NADH-DCIP reductase activity is equal to one microgram 
of DCIP reduced/minute/ml.

3. RESULTS AND DISCUSSION

3.1. Isolation, Screening and Identification of a Potential Dye 
Degrading Bacterium
All the collected three sediment effluent samples were individually 
studied for the bacterial strains. After incubation, the agar plates 
were visualized for the distinct colony morphologies which 
were isolated and axenic cultured on the same culture medium 
conditions. Totally, 22 pure cultured strains were isolated and 
named as SKB1–22. These strains were screened to identify the 
most promising Reactive Black 5, dye-degrading bacterium. 
Among these isolates, SKB12 showed appreciable activity of 
73% dye degradation followed by SKB16 revealed 66.5% dye 
degradation, but the other strains showed poor activities within 
10%–30% dye degradation. Based on this potentiality, the strain 
SKB12 was chosen for further dye degradation and its degradative 
enzymes study, further, the potential strains were identified as 
Bacillus cereus based on the morphological and biochemical 
uniqueness as specified in the Bergy’s Manual of Determinative 
Bacteriology [9]. 

The biochemical characterization results of the B. cereus SKB12 
was shown in the Table 1. A similar investigation was carried 
out by Kumar and Saravanan [18] isolated 13 bacterial strains 
from the textile effluent of Kanchipuram, Tamil Nadu, India in 
which the strain no. DD4 revealed the potential biodegradation 
of the malachite green used in their study and it was identified as 
Staphylococcus species. Likewise, Olukanni et al. [19] isolated 
18 bacterial strains from a textile effluent which were belonging 
to the genera of Bacillus, Acinetobacter, Staphylococcus, 

Table 1. Identification of the potential bacterium, B. cereus SKB12 based 
on morphological and biochemical characterization, indications: + and – 
indicates positive and negative results.

Identification test B. cereus SKB12

Gram stain Gram positive

Shape Rod

Indole −

Catalase +

Gelatin digested +

Acid production from

Arabinose −

Glucose +

Glycogen +

Mannitol −

Maltose −

Mannose −

Rhamnose −

Salicin +

Sucrose +

Xylose −

Enzyme activity

β-Galactosidase −

Leucine arylamidase −

Glycine arylamidase −
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Legionella, and Pseudomonas. These strains were investigated 
for the textile effluent degrading potentiality, in which 
Bacillus and Legionella were found to be effective in effluent 
bioremediation treatments.

3.2. Growth Kinetic Profile with Reference to Dye Degradation 
Potential
The growth kinetic profile with reference to Reactive Black 5, dye 
degradation by the strain B. cereus SKB12 as a function of time 
revealed that the dye degradation was initiated during the first 
hours of lag phase and observed till the end period (144 hours) 
of decline growth phase and the peak time of dye degradation 
was observed from the middle of the logarithmic growth phase 
(48 hours) till the end of exponential phase (108 hours) (Figs. 1  
and 2). Furthermore, the maximum cell biomass concentration of 6 
± 0.13 g/l was observed during 60 to 108 hours of time incubation 
which constituted the exponential growth phase of the B. cereus 
SKB12 and maximum dye degradation of 88.7% was evidenced at 
the end of decline growth phase. 

The results revealed that the metabolites involved in the dye 
degradation process of B. cereus SKB12 were both primary and 
secondary metabolites. A similar investigation was done by Chen 
et al. [20] identified Aeromonas hydrophila as the promising 
dye decolorizing bacteria and the maximum color removal was 
estimated under anaerobic conditions. More than 90% degradation 
of Red RBN dye was achieved in 8 days and this strain revealed 
a similar pattern of growth kinetics with reference to dye 
degradation.

3.3. Degradative Enzymes Synthesis of the Potential Bacterium
Dye decolorization is mainly associated with interaction of 
enzyme molecules with the dye substrates resulting into the 
formation of dye products [21]. There were seven degradative 
enzymes were studied during the biodegradation of Reactive 
Black 5 with an intervals of 12 hours from lag to decline growth 
phase of B. cereus SKB12. Among the studied enzymes, the 
potential bacterium showed promising production of laccase 
enzyme with its peak synthesis of 2.23 U/ml at 108 hours; 
furthermore, the bacterium showed growth dependent production 
of laccase (Fig. 3).

Likewise, this strain showed the potential production of veratryl 
alcohol oxidase which was maximum at 108 hours with its 
0.59 U/ml/minute, further, the biosynthesis of veratryl alcohol 
oxidase was observed during the exponential growth phase 
which representing it as secondary metabolite (Fig. 3). Similarly, 
potential production of lignin peroxidase was observed in this 
study which was high during 108 hours with its 0.9 U/ml/minute; 
furthermore, the production was evidenced that as secondary 
metabolite (Fig. 3).

Moreover, appreciable biosynthesis of polyphenol oxidase and 
azoreductase were also observed which were high at 108 hours 
with their 3.01 U/ml/minute and 0.81 U/ml/minute, respectively. 
Furthermore, the polyphenol oxidase production acts as secondary 
metabolite whereas the azoreductase biosynthesis acts as primary 
metabolite (Fig. 3).
Furthermore, the strain SKB12 showed poor synthesis of 
manganese peroxidase and NADH-DCIP reductase enzymes  

0 hour 144 hours

Figure 1: Conical flasks showing the biodegradation of Reactive Black 5 dye 
using the potential strain, B. cereus SKB12 at the start (0 hour) and end (144 

hours) of the dye degradation experiment.

Figure 2: Growth kinetics profile as a function of time on biodegradation of 
reactive black 5 dye using B. cereus SKB12.

Figure 3: Quantitative biosynthesis of seven different degradative enzymes 
during biodegradation of Reactive Black 5 dye.
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(Fig. 3). Interestingly, none of the studied seven degradative 
enzymes were synthesized in control which was not added with 
Reactive Black 5 dye in the culture medium. This observation 
clearly evidenced that these degrading enzymes were produced 
with the presence of a textile dye in the growth medium.

Likewise, Thanavel et al. [22] revealed a significant increase in 
the level of dye degradation enzymes such as tyrosinase, laccase, 
lignin peroxidase, riboflavin reductase, and azoreductase which 
was observed in A. hydrophila SK16 during the biodegradation of 
textile dyes, viz., Reactive Red 180, Reactive Black 5 and Remazol 
Red. Phugare et al. [23] developed a microbial consortium using 
Providencia sp. SDS and Pseudomonas aeuroginosa BCH which 
were isolated from a dye contaminated soil. The consortium 
was found to be effective in decolorizing the Red HE3B when 
compared to the individual strains. Furthermore, the consortium 
revealed 100% decolorization of Red HE3B and evidenced a 
significant increase in the synthesis of veratryl alcohol oxidase, 
laccase, azoreductase and DCIP reductase when compared to 
control. 

4. CONCLUSION
In the present study, the isolated bacterium, B. cereus SKB12 
from a textile effluent showed significant Reactive Black 5 dye 
degradation capability. This strain revealed dye degradation from 
the first hours till the end of decline phase of bacterial growth. 
Furthermore, the strains showed promising activities of five 
different dye degradation enzymes, viz., laccase, veratryl alcohol 
oxidase, lignin peroxidase, polyphenol oxidase, and azoreductase 
enzymes. Taking all together, the isolated bacterium, B. cereus 
SKB12 evidenced its strong dye degradations efficiency and 
showed the possibilities of an effective effluent dye bioremediation 
process in near future.
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