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Abstract

The dye removal bacteria Brevibacillus laterosporus (TS5) was isolated from dye contaminated soil, and it's
identified by 16S rDNA sequencing method. The prospective bacterial strain exhibited a highest
decolorization (97.8%) in Luria-Bertani broth medium. Among the operational factors, Plackett-Burman
design, experimental results indicated that pH, incubation period, and yeast extract significantly
contributed for the dye decolorization. Also, dye concentration, starch, temperature, and inoculum size
noted as insignificant factors on dye decolorization. Central composite design applied for optimization of
important factors to enhance the dye decolorization by Brevibacillus laterosporus (TS5). The optimal
values of significant factors were determined by the Response surface methodology (RSM) as follows:
0.60% (w/v) yeast extract, 7.23 pH and 61.45 hrs incubation period, which assisted for Brevibacillus
laterosporus (TS5) to attain 90.66% dye removal. Brevibacillus laterosporus (TS5) showed 90.08%
decolorization in validation experiments by the support of optimal factors, and implies that explored strain

yellow

could be a suitable candidate for bioremediation of dye containing effluents.

1. Introduction

The disposal of waste from textile industries is considered as
major environmental problem in the worldwide. Particularly,
the discharging of textile industry effluent into the ecosystem is
hazardous one, as it contains bio-recalcitrant dye stuffs (Sarayu
and Sandhya 2012). Textile effluent includes a mixture of dyes,
organic and inorganic chemicals (Doble and Kumar 2005).
Dyes are recognized as a first pollutant in textile waste water,
since it possesses higher visibility in colored effluent (Kilic et al.
2007).

Azo dyes are normally recognized as the most imperative group
of synthetic dyes. They are carcinogenic aromatic compound
that disturbs the transparency, gas solubility nature of water
bodies, and inhibits the growth of aquatic plants (Rodriguez
Couto et al. 2009). Some of the azo dyes induce bladder cancer,
chromosomal aberrations in humans (Medvedev et al. 1988).
The effluents containing complex structure of azo dyes makes it
difficult to treat in conventional methods (Jadhav et al. 2016).
Various physical and chemical technologies are employed in
textile industries for the removal of dye molecules from colored
effluents (Yaseen et al. 2018). They are utilizing the large
amount of chemicals, and electricity for their mode of action,
which produce the secondary pollutants (Karthik et al. 2015;
Sweety et al. 2018). These secondary pollutants described as
sludge, inorganic salts, metals, and carcinogenic substance
possess risk to human health and aquatic fauna (Vikas and
Sandip 2013). From these points, the investigation aimed on
environmental friendly methods for removal of dyes using
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microorganisms. Several textile dye decolorization studies have
been reported with bacteria, fungi, and yeast.

Among microbial decolorization, the use of bacteria is
comparatively faster, economical, and can be applied to wide
range of dye degradation and mineralization (Saratale et al.
2011). Bacterial dye degradation mainly occurs in aerobic,
anaerobic, anoxic, microaerophilic, and sequential process (Ajaz
et al. 2019). Generally, azo dye reduction take place in bacteria
through synthesizing of azoreductase enzyme and cleavage of
azo bonds under oxygen limited conditions (Coughlin et al.
2003).

The most important cultural factors are carbon source, nitrogen
source, dye concentration, pH, inoculum size, temperature,
and the incubation period is dynamically affected the efficiency
of microbial activity and decolorization processes (Garg et al
2017). Consequently, their relevant factor optimization is
prerequisite one, prior to real effluent studies, to avoid any
inhibitory effect on dye degradation process. Therefore, the
necessity found in the screening of robust bacteria which are
able to adopt, and decolorize the textile effluent in an adverse
condition. Also, key factors optimization by response surface
methodology (RSM) approach can enhance the performances of
bacterial dye decolorization and its effectiveness (Mohana et al.
2008).

Mostly statistical tools employed to simplify the operations,
chemical consumption, and the time involved in a process.
Moreover, RSM is an efficient chemometric empirical approach
that can be used to eliminate insignificant variables, and to study
the relationship between a set of significant factors in optimized
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process (Chen, 1994). In this view, the present study focused on
the exploration of textile dye decolorizing bacteria Brevibacillus
laterosporus (TS5) isolated from the dye contaminated soil, and
its dye decolorization efficacy was enhanced via optimization by
screening of influencing factors in dye removal process with
Plackett-Burman design, followed by application of response
surface methodology with central composite design.

2. Material and methods
2.1 Screening of dye decolorizing bacteria

The dye contaminated soil sample was collected from a textile
dyeing industry located in Tirupur district of Tamil Nadu, India.
The bacterial colonies were isolated and enumerated by nutrient
agar medium (pH 7.0+0.2) containing, 5 (g/1) Peptone, 5 (g/1)
Sodium chloride, 3 (g/1) Yeast extract, 20 (g/1) Agar. The pour
plate method employed plates were incubated at 35+2 °C, and
45%2 °C for 24 - 48 hrs incubation. The decolorizing ability of
bacterial colonies was determined in Luria Bertani agar plates
containing, 10 (g/1) Casein enzymic hydrolysate, 5 (g/1) Yeast
extract, 10 (g/1) NaCl, 15 (g/lI) Agar, amended with various
concentrations (50, 100, 150, 200 and 250 mg/l) of remazol
golden yellow (RNL) dye, and incubated at 37 °C for 4 days. The
bacterial colonies which showing clear zones on the agar plates
were selected for decolorization studies.

2.2 Identification of dye decolorizing bacteria

The dye decolorizing bacterial strain TS5 was identified by 16S
rDNA sequencing method. The genomic DNA isolation,
extraction, PCR amplification, and 16S rDNA sequencing was
carried out in Xcelris Labs Ltd, Ahmedabad, India. The generated
16S rDNA sequences were compared to sequences of the NCBI
server using BLASTN tool. The closely related sequences were
aligned with multiple alignment program Clustal W.
Phylogenetic tree was constructed by the neighbour-joining (N])
method in MEGA version 5. The sequences have been deposited

in NCBI GenBank (http://www.ncbi.nlm.nih.gov) under

accession number JQ885974.
2.3 Effect of nutritional substrates in dye decolorization

The effect of co-substrates on dye decolorization using
Brevibacillus laterosporus (TS5) was carried out in the various
broth compositions (100 ml each) Luria Bertani broth (g I1):
Casein enzymic hydrolysate 10.0, yeast extract 5.0, NaCl 10.0;
Yeast extract broth (g 1-1): yeast extract 5.0, NaCl 5.0; Bushnell
and Hass broth (g I'1): MgS0a4 0.2, K2zHPO4 1.0, CaClz 0.02, FeCls
0.05, NH4NOs 1.0 (remazol golden yellow dye concentration, 100
mg/1). About 1 ml of inoculum with an optical density of 1.0 was
inoculated. Experimental flasks were incubated statically at 37
°C for 3 days with abiotic control. The samples were withdrawn
at 24 hrs intervals, and centrifuged at 5000 rpm for 20 min. The
absorbance value of the cell free supernatant was analyzed in UV
spectrophotometer (Cyberlab UV-100 USA) at 412 nm.
Triplicate experiments were performed in simultaneously, and
decolorization percentage was calculated using the Equation (1).

Initial absorbance value - Final absorbance value y
Initial absorbance value

Decoloriza tion (%) = 100

Equation (1)

2.4 Plackett- Burman design - Screening of significant factors for
dye decolorization

The Plackett-Burman design, a fractional factorial design, was
used to select the most important factors that influencing in
remazol golden yellow dye decolorization by strain Brevibacillus
laterosporus (TS5). Table 1 provides the information about
testing factors range and their actual values. The levels of the
factors were selected based on previous literatures, selective
carbon and nitrogen sources were obtained from preliminary
experiments. The effect and relative importance of each factor
on dye decolorization was determined in 12 combinations of
Plackett- Burman design matrix shown in Table 2, which are
based on the following first-order model Equation (2)

Table 1. Actual values of the factors Plackett-Burman design screening

Test variables Starch Yeastextract pH Temperature Inoculumsize Dye concentration Incubation period
% (W/v) % (w/v) (°C) % (v/v) (mg/1) (hrs)
Low level (+) 0.1 0.1 5 30 5 100 24
High level (-) 1.0 1.0 9 45 10 300 72
Table 2. Plackett-Burman design for screening of major factors on dye decolorization
Starch Yeast Temperatures Ir_loculum Dye . Inc1.1bati0n
Run order % (w/v) 0extract pH C) size concentrations periods DV-1 DV-2
Yo (W/V) % (v/v)  (mg/l) (hrs)
1 1.0 0.1 9 30 5 100 72 1
2 1.0 1.0 5 45 5 100 24 1
3 0.1 1.0 9 30 10 100 24 -1
4 1.0 0.1 9 45 5 300 24 -1 -1
5 1.0 1.0 5 45 10 100 72 -1 -1
6 1.0 1.0 9 30 10 300 24 1 -1
7 0.1 1.0 9 45 5 300 72 -1 1
8 0.1 0.1 9 45 10 100 72 1 -1
9 0.1 0.1 5 45 10 300 24 1
10 1.0 0.1 5 30 10 300 72 -1
11 0.1 1.0 5 30 5 300 72 1 -1
12 0.1 0.1 5 30 5 100 24 -1 -1

Ul
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Y=Bo+ZBiXi+ZByXi2+ZByXiXi
Equation (2)

Where Y is the response (Percentage of dye decolorization), X is
factor levels, i is factor number, fo is the model intercepts term,
Biis the linear effect, Bii is the squared effect, 8ij is the interaction
effect between Xi and Xj on dye decolorization process. As per the
design, experiments were carried out in flask culture under
static incubation. All the runs were performed in triplicate, and
the averages of decolorization percentage were considered as
the response. Statistical analysis of the Plackett-Burman design
results were performed by using statistical software Minitab
Version 15.0.

2.5 Response surface methodology - Optimization of dye
decolorization

The concentrations of yeast extract, incubation period, and pH
were the significant factors for effective dye decolorization was
identified from results of Plackett-Burman design. Response
surface methodology was used to study the optimal region of
significant factors, and their interactions on remazol golden
yellow dye decolorization using strain Brevibacillus laterosporus
(TS5), a full factorial central composite design was employed.
Each significant factor was studied at five levels (-a, -1, 0, +1 and
+a) and their actual values are shown in Table 3. Where a = 21/3;
here “n” corresponds to the number of factors and “0”
corresponds to the central point. The Equation (3) was adopted
to calculate the actual values of significant factors.

Actual value - (high level + low level) /2
(High level - low level) /2

Coded value =

Equation (3)

Table 3. Actual values of significant factors in central composite
design

results. The significant factors optimal value was established
from Central composite design results with response surface
analyzer. Under optimal values of these key factors, the
validation study was performed, and enhancement of dye
decolorization efficiency was evaluated by comparing the
experimental results with predicted values

Table 4. Central composite design for optimization of dye
decolorization

R P bods e neweton
% (w/v)
1 1 1 0.1 5 24
2 1 1 1 5 24
3 1 1 0.1 9 24
4 1 1 1 9 24
5 1 1 0.1 5 72
6 1 1 1 5 72
7 1 1 0.1 9 72
8 1 1 1 9 72
9 -1 1 -0.20 7 48
10 -1 1 1.31 7 48
11 -1 1 0.55 3.63 48
12 -1 1 0.55 10.36 48
13 -1 1 0.55 7 7.63
14 -1 1 0.55 7 88.36
15 0 1 0.55 7 48
16 0 1 0.55 7 48
17 0 1 0.55 7 48
18 0 1 0.55 7 48
19 0 1 0.55 7 48
20 0 1 0.55 7 48

3. Results and Discussion

3.1 Isolation and Screening of dye decolorizing bacteria

Variables Unit Five levels of variables

-o (-1.68179) -1 0 1 +a (+1.68179)
Yeast % -0.20681 0.1 0.5 1 1.306807
extract (w/v)
pH - 3.636414 5 7 9 10.36359
Incubation  Hrs 7.636972 24 48 72 88.36303

Period

A total of 42 mesophilic and thermotolerant bacterial strains
were isolated and enumerated from the dye contaminated soil.
The development of a significant number of bacteria in the dye
contaminated soil denotes its ability to degrade the toxic dye
substances (Rajee et al. 2011). Among these, eighteen isolates

The experimental model of central composite design was given
in Table 4. The other cultural factors were maintained in
constant range, such as, sodium chloride 0.5% (w/v), starch
0.55% (w/v), dye concentration 200 mg/l, inoculum size 7.5%
(v/v), and temperature 37 °C. The experimental results obtained
from the central composite design were established in second
order polynomial model Equation (4) for the prediction of
decolorization efficiency, and the significant factor interactions
within testing range.

Y= Bo + B1X1 + B2Xz + B3X3 + P11X12 + P22X22 + B33X32 + P12X1Xo+
B13X1X3 + B23X2X3

Equation (4)

Where Y is the response, o is the intercept term, f1, 2 and 3
are linear coefficient of tested factors, 11, B22, B33 are quadratic
coefficient, B12, B13, B23 are interaction coefficient, and X1, X2, X3,
X4 are coded factors. All the experiments were carried out in
triplicate, and the statistical software package Minitab Version
15.0 was used to mathematical interpretation of experimental
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made the clear zone around the colony in Luria-Bertani agar
plates amended with 100mg/] concentration of remazol golden
yellow dye. The colony which showed >1.0 cm of clear zone was
found to be effective dye decolorizer (Tiwari et al. 2012).
Whereas, the isolated bacteria TS5 proficiently showed the clear
zone with diverse concentrations of dye amended plates. Wang
et al. (2012) stated that indigenous microorganisms have the
capability to decolorize various classes of dyes with high
efficiency.

3.2 Identification of dye decolorizing bacteria

The BLAST analysis of the 16S rDNA amplicon, indicated that the
strain TS5 was belonging to the member of Brevibacillus genus.
The phylogenetic relationship of strain TS5 with other
Brevibacillus species was shown in Figure 1 exhibited 100%
similarity with Brevibacillus laterosporus 1AM 12465 (D16271)
from the GenBank database. The bacterial strain was identified
as Brevibacillus laterosporus (TS5). Earlier on this, few studies
reported the enzymatic role of B. laterosporus in the textile dye
decolorization (Gomare et al. 2009a and Kurade et al. 2011).
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Brevibacillus formosus DSM 9885T (AB112712)
Brevibacillus brevis NBRC 15304 (AB271756)
Brevibacillus limnophilus DSM 6472 (AB112717)
Brevibacillus choshinensis DSM 8552T (AB112713)
Brevibacillus reuszeri DSM 9887T (AB112715)
Brevibacillus agriDSM 6348T (AB112716)
Brevibacillus parabrevis IFO 12334T (AB112714)
Brevibacillus centrosporus NRRL NRS-664 (D78458)

Brevibacillus invocatus LMG 18962 (AF378232)
Brevibacillus panacihumi DCY35 (EU383033)
Brevibacillus borstelensis DSM 6347T (AB112721)
Brevibacillus thermoruber DSM 7064 (Z26921)
Brevibacillus levickii LMG 22481 (AJ715378)

Brevibacillus ginsengisoli G soil 3088 (AB245376)

Brevibacillus fluminis CJ71 (EU375457)
Brevibacillus laterosporus TS5 (JQ885974)
Brevibacillus laterosporus 1AM 12465 (D16271)

99
34
31
98
78
22
64
79
49
99
49
73
78 83
100
100
81
95

Jeotgalibacillus campisalis SF-57 (AY190535)

Bacillus psychrosaccharolyticus ATCC23296 (AB021195)
Bacillus bataviensis LMG 21833 (AJ542508)

Bacillus pocheonensis G soil 420 (AB245377)

Figure 1. Phylogenetic tree of Brevibacillus laterosporus (TS5) showing relationship between selected bacterial strains. The percent
numbers at the nodes indicate the levels of bootstrap support based on neighbour-joining analyses of 1000 replicates. Brackets

represents sequence accession numbers.
3.3 Effect of nutritional substrates

Suitable substrates of broth composition on decolorization by
Brevibacillus laterosporus (TS5) were investigated in batch
studies. The dyes are recalcitrant to biodegradation in nature,
and it’s not acting as a nutritional source for microorganisms
(Lellis et al. 2019; Jamee et al. 2019). Thus require additional
co-substrates for its degradation, and mineralization (Dos
Santos et al 2007). In the present study, Brevibacillus
laterosporus (TS5) showed 2.55% and 29.31% of dye reduction
in yeast extract broth composition at 24 hrs intervals. On this,
incubation time extended up to 72 hrs, and the 73.6%
decolorization was found. Moosvi et al. (2007) observed that
25% removal of Reactive Violet 5R (100ppm) by bacterial
consortium JW-2 with yeast extract broth composition. The
absence of carbon substances in the yeast extract medium
confirms the reason for lower decolorization of dyes. Whereas,
25.49%, and 97.8% dye removal observed in Luria-Bertani
broth, and its components found as effective nutritional
substrates. Casein enzymic hydrolyzate in LB broth enhanced
the bacterial growth characteristics and decolorization ability.
The Luria-Bertani broth combined nutritional composition
indicates the induction for an efficient dye decolorization.
Similarly, Marinobacter sp. strain HBRA effectively decolorized
the 100 mg/1 concentration of Direct Blue-1 dye in LB broth
under static conditions (Arun Prasad et al. 2013). Diversified
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results revealed that broth composition playing a vital role in
dye decolorization experiments. There was no sign of
decolorization was observed in bushnell hass broth medium
without nutritional substrates. It indicates the inability of
bacteria for utilizing the dye as a sole of energy, and agreed with
many confirmed reports that the obligate requirement of co-
substrate for proficient dye decolorization (Karim et al.2018).

3.4 Screening of significant factors on dye decolorization

The influence of operational factors in remazol golden yellow
decolorization by Brevibacillus laterosporus (TS5) was
scrutinized in Plackett-Burman design and the results are
ranging from 0.68 to 53.69% (Table 5),itreflected the
significant effect of factors in dye removal process. The diverse
culture conditions were responsible for the decolorization
performance of Brevibacillus laterosporus was denoted by
Gomare et al. (2009c¢). Standardized effects in a pareto chart
(Figure 2) illustrates the significant factors of dye
decolorization, which was yeast extract, pH and incubation
period respectively. Analysis of estimated effects and regression
coefficient represents the factors significance level (Table 6).
The coefficient value of yeast extract, pH, and incubation period
indicates the positive effect accumulated via increased their
concentration. The availability of carbon/nitrogen sources
determines the rate of dye decolorization, since it acts as an
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electron donor for the reduction of the dye (Kurade et al
2011). Waghmode et al. (2012) found that addition of yeast
extract regenerated the NADH, which acts as an electron donor
for decolorization of Rubin GFL. Similarly in presence of yeast
extract, A. hydrophila effectively decolorized, and reduced RED
RBN dye into azo bonds (Chen et al 2003). Microbial
decolorization of dyes is generally reported in neutral to alkaline
pH range. Kurade et al. (2012) also reported that neutral pH
and 40 °C temperature was an effective factor for significant
decolorization of Rubine GFL by Brevibacillus laterosporus.
Thus the influence of finest pH on dye decolorization could be a
supportive factor in industrial scale application. On the other
hand, concentration of dye, starch, temperature, and inoculum
size indicates the insignificant condition for dye decolorization.
Beyond the optimum temperature, loss of its cell viability, and
inhibition of oxido-reductive enzyme activities lead the reduced
decolorization (Kurade et al. 2012). In general, lower
decolorization was observed with higher dye concentration
demonstrates the toxicity of dye molecules effect on
microorganisms. Kurade et al. (2013a) reports the decreased

Table 5. Plackett-Burman design decolorization (%) results

Disperse Brown 118 decolorization by B. laterosporus with an
increasing of initial dye concentration. In the present study,
minimum decolorization with decreasing inoculum volume was
observed, because to lesser bacterial cells rapidly entered the
death phase from the exponential growth phase, and cause the
declined decolorization. (Kolekar et al. 2008). Gomare et al.
(2009b) reported the better decolorization of Navy Blue-3G by
exponential phase of B. laterosporus, as at this stage produced
the highest amount of biotransformation enzymes for their dye
degradation activity. Starch is a carbon source often utilized in
the various processes of textile industries (Ramesh babu et al.
2007). Thus the use of starch as a co-substrate by bacteria would
be favorable for the removal of dye from textile effluents.
However, previous studies stated that carbon sources like
glucose and starch have an inhibitory effect on the enzyme
system responsible for dye decolorization (Kurade et al. 2011).
Hence, the interactive effect of factors could be a reason for
distinguished observation noted in this study, compared to
previous reports.

Yeast Inoculum Dye Incubatio  Percentage decolorization
Run Starch Temperatures . . .
order % (w/v) extract pH (C) size concentrations n periods i i
% (w/V) % (v/v) (mg/1) (hrs) Experimental  Predicted
1 1.0 0.1 9 30 5 100 72 19.43 17.59
2 1.0 1.0 5 45 5 100 24 18.90 23.03
3 0.1 1.0 9 30 10 100 24 38.48 34.83
4 1.0 0.1 9 45 5 300 24 6.19 6.01
5 1.0 1.0 5 45 10 100 72 35.30 31.03
6 1.0 1.0 9 30 10 300 24 18.46 22.54
7 0.1 1.0 9 45 5 300 72 53.69 48.05
8 0.1 0.1 9 45 10 100 72 18.67 26.31
9 0.1 0.1 5 45 10 300 24 1.63 0.20
10 1.0 0.1 5 30 10 300 72 0.68 091
11 0.1 1.0 5 30 5 300 72 29.48 33.12
12 0.1 0.1 5 30 5 100 24 5.56 3.37
Pareto Chart of the Standardized Effects
(response is % of decolourisation, Alpha = 0.10)
2.132
1
Yeast Extract -
PH ~
Incubation period 4
E
i Starch A
2
Dye concentration -
Temperature -
Inoculum size
0 1 2 3 4 5 6
Standardized effect

Figure 2. Effects of operational factors on dye decolorization in Pareto chart

55



Palanivelan et al./Archives of Ecotoxicology (2020) 51-60

Table 6. Statistical analysis of Plackett-Burman design

S.No Variables Effects Coef SE Coef T P

1 Constant - 20.400 2.036 10.02 0.001*
2 Starch -7.697 -3.848 2.036 -1.89 0.132
3 Yeast extract 23.407 11.703 2.036 5.75 0.005*
4 Ph 10.983 5.492 2.036 2.70 0.054*
5 Temperature 3.947 1.973 2.036 0.97 0.387
6 Inoculum size -2.930 -1.465 2.036 -0.72 0.512
7 Dye concentration -4.597 -2.298 2.036 -1.13 0.322
8 Incubation period 10.933 5.467 2.036 2.68 0.055*

R-Sq = 93.08% R-Sq (adj) = 80.98%

*Significant

Usually large t-value associated with low P-value specifies the
high significance of the model term. The significant factors effect
on the decolorization process is explicated in regression
equation number 5. Determination of correlation coefficient (R2
=0.9308) is nearer to 1, demonstrates the model was fittest one.
It showed a good statistical simulation between the
experimental and predicted response, which implies that the
model can be explain up to 93.08% variation in the experiment.

Y=20.400 - 3.848 x starch + 11.703 x yeast extract + 5.492 x pH
+ 1.973 x temperature -1.465 x inoculum size - 2.298 x dye
concentration + 5.467 x incubation period

Equation (5)

ANOVA of linear model explains the factors affecting on remazol
golden yellow decolorization (Table 7). The fisher’s F - test

Table 7. Analysis of variance for Plackett-Burman design

value of the response is 7.69 and its delivered that the model was
significant one, the value of Probability (P) > F is less than 0.034.
The operational factors P-value were less than 0.10 indicates,
that the model and those factors are highly significant.

3.5 Optimization of dye decolorization

From the results of Plackett-Burman design, yeast extract, pH
and incubation period found as the most important factors and
their levels were optimized in response surface methodology
(RSM) for maximum decolorization of remazol golden yellow by
Brevibacillus laterosporus (TS5). The experimental results of %
dye decolorization involving central composite design were
varied from 5.62 to 87.15% (Table 8).

S.No Source DF Seq SS Adj SS Adj MS F P

1 Main effects 7 2677.72 2677.72 2677.72 7.69 0.034*
2 Starch 1 177.72 177.72 177.72 3.57 0.132
3 Yeast extract 1 1643.62 1643.62 1643.62 33.04 0.005*
4 pH 1 361.90 361.90 361.90 7.27 0.054*
5 Temperature 1 46.73 46.73 46.73 0.94 0.387
6 Inoculum size 1 25.75 25.75 25.75 0.52 0.512
7 Dye concentration 1 63.39 63.39 63.39 1.27 0.322
8 Incubation period 1 358.61 358.61 358.61 7.21 0.055*
9 Residual error 4 198.99 198.99 49.75 - -

Total 11 2876.71
*Significant
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Table 8. Central composite design decolorization (%) results

Incubation Percentage decolorization

. Yeast pH . .

Trails extract (X1) (X2) period _ _ Residual
(X3) Experimental Predicted

1 0.1 5 24 10 12.52 -2.52
2 1 5 24 8.5 6.08 241
3 0.1 9 24 6.45 1.67 4.77
4 1 9 24 5.62 5.60 0.01
5 0.1 5 72 17.5 19.55 -2.05
6 1 5 72 24 30.81 -6.81
7 0.1 9 72 25.5 29.95 -4.45
8 1 9 72 52.07 51.58 0.48
9 -0.20 7 48 8.45 6.89 155
10 1.31 7 48 21 19.66 1.33
11 0.55 3.64 48 7.5 3.14 435
12 0.55 10.36 48 10 11.47 -1.47
13 0.55 7 7.63 24 27.76 -3.76
14 0.55 7 88.36 79 72.34 6.65
15 0.55 7 48 85.65 86.63 -0.98
16 0.55 7 48 87 86.63 0.36
17 0.55 7 48 86 86.63 -0.63
18 0.55 7 48 86.5 86.63 -0.13
19 0.55 7 48 87.15 86.63 0.51
20 0.55 7 48 87 86.63 0.36

The decolorization result (%) was fitted with second order
polynomial model equation (6) to explain the confidence of dye
removal percentage. The estimated regression coefficient for the
model was given in Table 9. The small p-value corresponding to
larger t-value explains that the factors and model term are
significant. Also, correlation coefficient (R2) was found to be
99.18% that reveals the presence of a good correlation between
studied and predicted decolorization (%).

Y=86.632 +3.796 x X1+ 2.478 x X2+ 13.253 x X3- 25.933 x X12-
28.045 x X22- 12.931x X32+ 2.592 x X1 x Xz + 4.425 x X1 x X3+
5.313 x X2x X3 Equation (6)

Table 9. Estimated regression coefficients of CCD results

Where Y is response (percentage of dye decolorization), X1, Xz
and Xs were the coded values of yeast extract, pH and incubation
period respectively. In analysis of variance determined data
(Table 10), the calculated F-value = 134.59 and probability
value P=0 shows the model as a significant one. The enhanced
effects, linear (p=0.000), quadratic (p=0.000) and interaction
(p=0.006) are found between the factors in dye removal. The
significant factors interaction and their effects on dye
decolorization were graphically shown in response contour
plots (Figure 3a, b, c).

S.No Variables Coef SE Coef T P
1 Constant 86.632 1.785 48.534 0.000*
2 Yeast extract 3.796 1.184 3.206 0.009*
3 pH 2.478 1.184 2.093 0.063*
4 Incubation period 13.253 1.184 11.191 0.000*
5 Yeast extract*Yeast extract -25.933 1.153 -22.494 0.000*
6 pH*pH -28.045 1.153 -24.326 0.000*
7 Incubation period*Incubation period -12.931 1.153 -11.216 0.000*
8 Yeast extract*pH 2.592 1.547 1.675 0.125
9 Yeast extract*Incubation period 4.425 1.547 2.860 0.017*
10 pH*Incubation period 5.313 1.547 3.433 0.006*
R-Sq =99.18% R-Sq (adj) = 98.44%

*Significant

Table 10. Analysis of variance for central composite design
S.No Source DF Seq SS Adj SS Adj MS F P
1 Regression 9 23201.6 23201.6 2577.95 134.59 0.000*
2 Linear 3 2679.5 2679.5 893.18 46.63 0.000*
3 Square 3 20085.9 20085.9 6695.29 349.55 0.000*
4 Interaction 3 436.2 436.2 145.40 7.59 0.006*
5 Residual error 10 191.5 191.5 19.15 - -
6 Lack-of-fit 5 189.7 189.7 37.93 100.88 0.000*
7 Pure error 5 1.9 1.9 0.38 - -

Total 19 23393.1 - - -
*Significant
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The response surface methodology predicated optimal values of
significant factors were 0.60% (w/v) yeast extract, 7.23 pH and
61.45 hrs incubation period, which capable to yield 90.66%
removal of remazol golden yellow dye by Brevibacillus
laterosporus (TS5). In the optimal values validation, the
Brevibacillus laterosporus (TS5) using predicted concentrations
of significant factors attained the color removal by 90.08%, and
it's agreed with expected result (90.66%). Whereas,
Brevibacillus laterosporus MTCC 2288, was reached 74% color
removal for Golden Yellow HER dye by pH 7 and 30 °C
temperature (Gomare et al. 2009c). Under optimized
condition, Acid Red GR color removal by Dyella ginsengisoli LA-
4 achieved at 98.36%, its resemblance to predicted value
98.47% from RSM (Zhao et al. 2010). These studies support
that the RSM was effective and reliable for optimization of dye
decolorization. It was found that a range of pH mainly affects the
bacterial decolorization rate. Similar to present results, the
93.06% of Direct Orange 39 (Orange TGLL) color removal
occurred at pH 7 by Pseudomonas aeruginosa (Jadhav et al
2010). Microorganisms show differences in the uptake of
nutritional sources, as it depends upon their dye degradation
mechanisms. The optimization study confirmed the yeast extract
contribution, and their significant role in the dye decolorization
by Brevibacillus laterosporus (TS5), and that carbon source was
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Figure 3. Response contour plots on decolorization efficiency
(%); (a) Effect of incubation period and pH on dye decolorization
(%), (b) Effect of incubation period and yeast extract on dye
decolorization (%), (c) Effect of pH and yeast extract on dye
decolorization (%).

found as insignificant one. It indicates the carbon sources
have an inhibitory effecton the dye decolorizing enzymes.
Senthilkumar et al. (2012) reported that Pseudomonas sp.
effectively decolorizes the reactive dyes with RSM accounted
concentrations of dye, carbon source, and nitrogen source.
Likewise, decolorization was found between 3 to 4% in the
presence of glucose and starch, as cells preferred the utilization
of additional carbon substrates, and ensured the dye derivatives
was not functioning as carbon source (Kurade et al. 2011).
While in extend incubation hours, cultured cells
could augmentthe  various biotransformation enzymes
responsible for dye decolorization. Moreover, the maximum
decolorization of Navitan Fast Blue S5R was found in the late
exponential growth phase of Pseudomonas aeruginosa (Valli
Nachiyar et al. 2003). Inspite of, Abd el-rahim et al. (2003)
reported that low decolorization efficiency of bacteria at the end
of 21 days incubation, which was 20% for direct yellow and 25%
for red dyes (10 mg/l). Since, the toxic nature of dye
intermediates, and their concentration varied among dyes
inhibits the growth of bacteria, the subsequently reduced
decolorization occurred. These are the findings denotes the
operational factors influence, and significant factor optimized
levels enhances the decolorization rate of Brevibacillus
laterosporus (TS5).
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Conclusion

The present study demonstrated that the decolorization
potentiality, and statistical optimization of bacterium
Brevibacillus laterosporus (TS5) for an effective dye
decolorization process. The precise ranges of various
operational factors affect the dye decolorization rate of bacteria.
Plackett-Burman design approach eliminated the insignificant
factors from multiple factors of the optimization process. In
these, the contribution of starch seems to be less effective in
promoting decolorization. However, decolorization
augmented with the addition of yeast extract asa nitrogen
source. It indicates the bacterial cells, either utilized dye as
carbon source instead of added starch. The bacteria showed a
maximum dye removal capacity with neutral pH highlights their
positive interaction of dye molecules. The robust dye
decolorization obtained with assistance of significant factors,
optimal level, and confirms the important factors interactions on
decolorization. Hence, this result suggested that the isolated
bacteria and their optimized condition could be an effective role
in the removal of dyes from textile waste water treatment
system.

Acknowledgements

The authors are sincerely thankful to Vice Chancellor and
Registrar of Periyar University, Salem for the financial support
of University Research Fellowship (URF) to accomplish my
research work.

Declaration of interest
The authors reports no conflicts of interest.
References

1. Abd El-Rahim, W. M., Moawad, H., & Khalafallah, M. (2003).
Microflora involved in textile dye waste removal. Journal of Basic
Microbiology, 43(3), 167—174. https://doi.org/10.1002/jobm.200390019

2. Ajaz, M., Shakeel, S., & Rehman, A. (2019). Microbial use for azo dye
degradation—a strategy for dye bioremediation. International
Microbiology, 23(2), 149-159. https://doi.org/10.1007/s10123-019-
00103-2

3. Arun Prasad, A. S., Satyanarayana, V. S. V., & Bhaskara Rao, K. V.
(2013). Biotransformation of Direct Blue 1 by a moderately halophilic
bacterium Marinobacter sp. strain HBRA and toxicity assessment of
degraded metabolites. Journal of Hazardous Materials, 262, 674-684.
https://doi.org/10.1016/j.jhazmat.2013.09.011

4. Chen, H.-C. (1994). Response-surface methodology for optimizing citric
acid fermentation by Aspergillus foetidus. Process Biochemistry, 29(5),
399-405. https://doi.org/10.1016/0032-9592(94)80006-5

5. Chen, K.-C., Wu, J.-Y., Liou, D.-J., & Hwang, S.-C. J. (2003).
Decolorization of the textile dyes by newly isolated bacterial strains.
Journal of Biotechnology, 101(1), 57-68. https://doi.org/10.1016/S0168-
1656(02)00303-6

6. Coughlin, M. F., Kinkle, B. K., & Bishop, P. L. (2003). High
performance degradation of azo dye Acid Orange 7 and sulfanilic acid in
a laboratory scale reactor after seeding with cultured bacterial strains.
Water Research, 37(11), 2757-2763. https://doi.org/10.1016/S0043-
1354(03)00069-1

7. Doble, M., & Kumar, A. (2005). Degradation of Dyes. Biotreatment of
Industrial Effluents, 111-122. https://doi.org/10.1016/B978-075067838-
4/50011-7

8. Dos Santos, A. B., Cervantes, F. J., & van Lier, J. B. (2007). Review
paper on current technologies for decolourisation of textile wastewaters:
Perspectives for anaerobic biotechnology. Bioresource Technology,
98(12), 2369-2385. https://doi.org/10.1016/j.biortech.2006.11.013

9. Garg, S. K., & Tripathi, M. (2017). Microbial Strategies for
Discoloration and Detoxification of Azo Dyes from Textile Effluents.
Research Journal of Microbiology, 12(1), 1-19.
https://doi.org/10.3923/jm.2017.1.19

59

10. Gomare, S. S., & Govindwar, S. P. (2009a). Brevibacillus laterosporus
MTCC 2298: a potential azo dye degrader. Journal of Applied
Microbiology, 106(3), 993-1004. https://doi.org/10.1111/j.1365-
2672.2008.04066.x

11. Gomare S.S., Kalme, S.D., & Govindwar, S.P. (2009b). Biodegradation
of Navy Blue-3G by Brevibacillus laterosporus MTCC 2298. Acta
Chimica Slovenica. 56:789-796.

12. Gomare, S. S., Tamboli, D. P., Kagalkar, A. N., & Govindwar, S. P.
(2009c). Eco-friendly biodegradation of a reactive textile dye Golden
Yellow HER by Brevibacillus laterosporus MTCC 2298. International
Biodeterioration & Biodegradation, 63(5), 582-586.
https://doi.org/10.1016/j.ibiod.2009.03.005

13. Jadhav, J. P., Kalyani, D. C., Telke, A. A., Phugare, S. S., & Govindwar,
S. P. (2010). Evaluation of the efficacy of a bacterial consortium for the
removal of color, reduction of heavy metals, and toxicity from textile dye
effluent. Bioresource Technology, 101(1), 165-173.
https://doi.org/10.1016/j.biortech.2009.08.027

14. Jadhav, 1., Vasniwal, R., Shrivastav, D., & Jadhav, K. (2016).
Microorganism-Based Treatment of Azo Dyes. Journal of
Environmental ~ Science and  Technology, 9(2), 188-197.
https://doi.org/10.3923/jest.2016.188.197

15. Jamee, R., & Siddique, R. (2019). Biodegradation of synthetic dyes of
textile effluent by microorganisms: an environmentally and
economically sustainable approach. European Journal of Microbiology
and Immunology, 9(4), 114-118.
https://doi.org/10.1556/1886.2019.00018

16. Karim, M. E., Dhar, K., & Hossain, M. T. (2018). Decolorization of
Textile Reactive Dyes by Bacterial Monoculture and Consortium
Screened from Textile Dyeing Effluent. Journal of Genetic Engineering
and Biotechnology, 16(2), 375-380.
https://doi.org/10.1016/j.jgeb.2018.02.005

17. Karthik, T., & Rathinamoorthy, R. (2015). Recycling and Reuse of
Textile Effluent Sludge. Environmental Footprints and Eco-Design of
Products and Processes, 213-258. https://doi.org/10.1007/978-981-287-
643-0_9

18. Kilig, N. K., Nielsen, J. L., Yiice, M., & Donmez, G. (2007).
Characterization of a simple bacterial consortium for effective treatment
of wastewaters with reactive dyes and Cr(V1). Chemosphere, 67(4), 826—
831. https://doi.org/10.1016/j.chemosphere.2006.08.041

19. Kolekar, Y. M., Pawar, S. P., Gawai, K. R., Lokhande, P. D., Shouche,
Y. S., & Kodam, K. M. (2008). Decolorization and degradation of
Disperse Blue 79 and Acid Orange 10, by Bacillus fusiformis KMK5
isolated from the textile dye contaminated soil. Bioresource Technology,
99(18), 8999-9003. https://doi.org/10.1016/j.biortech.2008.04.073

20. Kurade, M. B., Waghmode, T. R., & Govindwar, S. P. (2011).
Preferential biodegradation of structurally dissimilar dyes from a mixture
by Brevibacillus laterosporus. Journal of Hazardous Materials, 192(3),
1746-1755. https://doi.org/10.1016/j.jhazmat.2011.07.004

21. Kurade, M. B., Waghmode, T. R., Kagalkar, A. N., & Govindwar, S. P.
(2012). Decolorization of textile industry effluent containing disperse
dye Scarlet RR by a newly developed bacterial-yeast consortium BL-
GG. Chemical Engineering Journal, 184, 33-41.
https://doi.org/10.1016/j.cej.2011.12.058

22. Kurade, M. B., Waghmode, T. R., Kabra, A. N., & Govindwar, S. P.
(2013a). Degradation of a xenobiotic textile dye, Disperse Brown 118,
by Brevibacillus laterosporus. Biotechnology Letters, 35(10), 1593—
1598. https://doi.org/10.1007/s10529-013-1253-z

23. Kurade, M. B., Waghmode, T. R., Tamboli, D. P., & Govindwar, S. P.
(2012). Differential catalytic action of Brevibacillus laterosporus on two
dissimilar azo dyes Remazol red and Rubine GFL. Journal of Basic
Microbiology, 53(2), 136-146. https://doi.org/10.1002/jobm.201100402

24. Lellis, B., Favaro-Polonio, C. Z., Pamphile, J. A., & Polonio, J. C.
(2019). Effects of textile dyes on health and the environment and
bioremediation potential of living organisms. Biotechnology Research
and Innovation, 3(2), 275-290.
https://doi.org/10.1016/j.biori.2019.09.001

25. Medvedev, Z. A., Crowne, H. M., & Medvedeva, M. N. (1988). Age
related variations of hepatocarcinogenic effect of azo dye (3'-MDAB) as
linked to the level of hepatocyte polyploidization. Mechanisms of Ageing
and Development, 46(1-3), 159-174. https://doi.org/10.1016/0047-
6374(88)90123-6

26. Mohana, S., Shrivastava, S., Divecha, J., & Madamwar, D. (2008).
Response surface methodology for optimization of medium for
decolorization of textile dye Direct Black 22 by a novel bacterial
consortium. Bioresource Technology, 99(3), 562-569.
https://doi.org/10.1016/j.biortech.2006.12.033

27. Moosvi, S., Kher, X., & Madamwar, D. (2007). Isolation,
characterization and decolorization of textile dyes by a mixed bacterial



https://doi.org/10.1002/jobm.200390019
https://doi.org/10.1007/s10123-019-00103-2
https://doi.org/10.1007/s10123-019-00103-2
https://doi.org/10.1016/j.jhazmat.2013.09.011
https://doi.org/10.1016/0032-9592(94)80006-5
https://doi.org/10.1016/S0168-1656(02)00303-6
https://doi.org/10.1016/S0168-1656(02)00303-6
https://doi.org/10.1016/S0043-1354(03)00069-1
https://doi.org/10.1016/S0043-1354(03)00069-1
https://doi.org/10.1016/B978-075067838-4/50011-7
https://doi.org/10.1016/B978-075067838-4/50011-7
https://doi.org/10.1016/j.biortech.2006.11.013
https://doi.org/10.3923/jm.2017.1.19
https://doi.org/10.1111/j.1365-2672.2008.04066.x
https://doi.org/10.1111/j.1365-2672.2008.04066.x
https://doi.org/10.1016/j.ibiod.2009.03.005
https://doi.org/10.1016/j.biortech.2009.08.027
https://doi.org/10.3923/jest.2016.188.197
https://doi.org/10.1556/1886.2019.00018
https://doi.org/10.1016/j.jgeb.2018.02.005
https://doi.org/10.1007/978-981-287-643-0_9
https://doi.org/10.1007/978-981-287-643-0_9
https://doi.org/10.1016/j.chemosphere.2006.08.041
https://doi.org/10.1016/j.biortech.2008.04.073
https://doi.org/10.1016/j.jhazmat.2011.07.004
https://doi.org/10.1016/j.cej.2011.12.058
https://doi.org/10.1007/s10529-013-1253-z
https://doi.org/10.1002/jobm.201100402
https://doi.org/10.1016/j.biori.2019.09.001
https://doi.org/10.1016/0047-6374(88)90123-6
https://doi.org/10.1016/0047-6374(88)90123-6
https://doi.org/10.1016/j.biortech.2006.12.033

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

60

Palanivelan et al./Archives of Ecotoxicology (2020) 51-60

consortium JW-2. Dyes and Pigments, 74(3), 723-729.
https://doi.org/10.1016/j.dyepig.2006.05.005

Rajee, O., & Patterson, J. (2011). Decolorization of Azo Dye (Orange
MR) by an Autochthonous Bacterium, Micrococcus sp. DBS 2. Indian
Journal of Microbiology, 51(2), 159-163.
https://doi.org/10.1007/s12088-011-0127-0

Ramesh Babu, B., Parande, A.K., Raghu, S., & Prem Kumar T. (2007).
Cotton Textile Processing: Waste Generation and Effluent Treatment.
The Journal of Cotton Science. 11:141-153.

Rodriguez, A., Garcia, J., Ovejero, G., & Mestanza, M. (2009).
Adsorption of anionic and cationic dyes on activated carbon from
aqueous solutions: Equilibrium and kinetics. Journal of Hazardous
Materials, 172(2-3), 1311-1320.
https://doi.org/10.1016/j.jhazmat.2009.07.138

Sarayu, K., & Sandhya, S. (2012). Current Technologies for Biological
Treatment of Textile Wastewater—A Review. Applied Biochemistry and
Biotechnology, 167(3), 645-661. https://doi.org/10.1007/s12010-012-
9716-6

Saratale, R. G., Saratale, G. D., Chang, J. S., & Govindwar, S. P. (2011).
Bacterial decolorization and degradation of azo dyes: A review. Journal
of the Taiwan Institute of Chemical Engineers, 42(1), 138-157.
https://doi.org/10.1016/j.jtice.2010.06.006

Senthilkumar, S., Basha, C. A., Perumalsamy, M., & Prabhu, H. J.
(2012). Electrochemical oxidation and aerobic biodegradation with
isolated bacterial strains for dye wastewater: Combined and integrated
approach. Electrochimica Acta, 77, 171-178.
https://doi.org/10.1016/j.electacta.2012.05.084

Sweety. (2018). Bioremediation of Textile Dyes: Appraisal of
Conventional and Biological Approaches. Phytobiont and Ecosystem
Restitution, 459-487. https://doi.org/10.1007/978-981-13-1187-1 23
Tiwari, S., Rai, P., Yadav, S. K., & Gaur, R. (2012). A novel
thermotolerant Pediococcus acidilactici B-25 strain for color, COD, and
BOD reduction of distillery effluent for end use applications.
Environmental Science and Pollution Research, 20(6), 4046-4058.
https://doi.org/10.1007/s11356-012-1339-5

Valli Nachiyar, C., & Suseela, R.G. (2003). Degradation of a tannery and
textile dye, Navitan Fast Blue S5R by Pseudomonas aeruginosa. World
Journal of Microbiology and Biotechnology, 19, 609-614.
https://doi.org/10.1023/A:1025159617260

Vikas, G., & Sandip, S. (2013). A General Review on Various Treatment
Methods for Textile Wastewater. Journal of Environmental Science,
Computer Science and Engineering & Technology. 3. 29-39.
Waghmode, T. R., Kurade, M. B., Lade, H. S., & Govindwar, S. P.
(2012). Decolorization and Biodegradation of Rubine GFL by Microbial
Consortium GG-BL in Sequential Aerobic/Microaerophilic Process.
Applied Biochemistry and Biotechnology, 167(6), 1578-1594.
https://doi.org/10.1007/s12010-012-9585-z

Wang, W., Zhang, Z., Ni, H., Yang, X., Li, Q., & Li, L. (2012).
Decolorization of industrial synthetic dyes using engineered
Pseudomonas putida cells with surface-immaobilized bacterial laccase.
Microbial Cell Factories, 11(1), 75. https://doi.org/10.1186/1475-2859-
11-75

Yaseen, D. A., & Scholz, M. (2018). Textile dye wastewater
characteristics and constituents of synthetic effluents: a critical review.
International Journal of Environmental Science and Technology, 16(2),
1193-1226. https://doi.org/10.1007/s13762-018-2130-z

Zhao, L., Zhou, J., Jia, Y., & Chen, J. (2010). Biodecolorization of Acid
Red GR by a newly isolated Dyella ginsengisoli LA-4 using response
surface methodology. Journal of Hazardous Materials, 181(1-3), 602—
608. https://doi.org/10.1016/j.jhazmat.2010.05.055



https://doi.org/10.1016/j.dyepig.2006.05.005
https://doi.org/10.1007/s12088-011-0127-0
https://doi.org/10.1016/j.jhazmat.2009.07.138
https://doi.org/10.1007/s12010-012-9716-6
https://doi.org/10.1007/s12010-012-9716-6
https://doi.org/10.1016/j.jtice.2010.06.006
https://doi.org/10.1016/j.electacta.2012.05.084
https://doi.org/10.1007/978-981-13-1187-1_23
https://doi.org/10.1007/s11356-012-1339-5
https://doi.org/10.1023/A:1025159617260
https://doi.org/10.1007/s12010-012-9585-z
https://doi.org/10.1186/1475-2859-11-75
https://doi.org/10.1186/1475-2859-11-75
https://doi.org/10.1007/s13762-018-2130-z
https://doi.org/10.1016/j.jhazmat.2010.05.055

