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Abstract:

Every kind of life is seriously threatened by textile dye-related water contamination. Wastewater and
textile effluents containing hazardous dyes can be cleaned up and detoxified by bacteria. The purpose of this
study was to assess the bacterial strains' capacity to degrade the azo dye methylene blue. Using Pseudomonas sp.,
the best degrading efficiency was attained. Based on the preliminary screening results, Pseudomonas sp. was
selected for further degradation trials because it was the most potent strain, exhibiting 96.68% degradation
activity. Response Surface Methodology approach was used to optimize the conditions for degradation, and the
resultant solution indicated that the greatest bacterial strain degradation capability can be reached at 27°C, pH 7,

and yeast extract concentrations up to 2.89 g/100 mL.
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Introduction:

The dye and dying industries have
experienced rapid growth during the last few
decades. Several potentially dangerous organic
compounds have been introduced into various
environmental components during the production of
various synthetic colors. This process is still
ongoing today and is speeding up exponentially.
The ongoing contamination of soil, ground water,
sediments, surface water, etc. due to the disposal of
such dangerous compounds as waste is disturbing.
Industrial, agricultural, energy-producing, textile,
and printing industries have been identified as the
primary producers of the vast quantities of trash that
eventually make their way into the environment.
Because to their refractory nature, carcinogenicity,
mutagenicity, and toxic consequences, dyes and the
products derived from them are of interest to
environmental researchers. Even though dyes are
immortal, some of them can undergo incomplete
biotic or abiotic degradation, which results in
compounds that are more poisonous than the
original dyes. The apparent hue of several azo dyes
is effectively destroyed when they are converted to
their intermediate structure. Several of these
intermediates are side-group-contain  aromatic
amines. The issue of visual pollution is resolved by
reducing the dye compounds to their intermediates,
but a new, bigger, and more harmful issue can
result. More of these intermediates have been found
to be poisonous, mutagenic, and carcinogenic
(Brown and DeVito, 1993). Further degradation of
the dye complex is required due to the poisonous
potential of several aromatic amines if the scientific

community is to seriously consider and try to find
out some effective strategy to address the many sites
that are contaminated by hazardous substances and
other substances. An organic molecule with
auxochrome and chromophore groups connected to
a benzene ring is referred to as a dye. Auxochrome
gives the molecule its electrolytic dissociation
property, while chromophore gives it colour. It is
frequently insufficient for the chromogen-
chromophore structure to impart solubility and
cause dye to cling to fibre. The amine, hydroxyl,
carboxyl, and sulfonic radicals, or their derivatives,
are the auxochromes or bonding affinity groups.
Azo dyes are distinguished by the nitrogen-
nitrogen (N=N) atom present in their chemical
structure. Azo dyes can take on a wide variety of
structures because monoazo dyes only have one
N=N double bond, while diazo and triazo dyes,
respectively, include two and three N=N double
bonds (Zollinger, 1991). The azo groups can be
linked to aromatic heterocycles or enolizable
aliphatic groups in addition to the usual benzene and
naphthene rings. These side groups are essential for
giving the dye its colour, which can take on a wide
range of colours and intensities (McCurdy, 1992).
Many azo dyes with various structural differences
are produced and employed in industry as a result of
the variety of dye components that are readily
available for synthesis. Most reactive dyes (between
80 and 95 percent) are based on the azo chromogen
(Zollinger, 1991; Edwards, 2000). Colored
substances known as reactive dyes have one or two
functional groups that can establish covalent
connections with the active sites in fibres. To
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hydroxyl groups in cellulose, amino, thiol, and
hydroxyl groups in wool, or amino groups in
polyamides, a carbon or phosphorous atom from the
dye molecule will bond. The majority of fiber-
reactive azo dyes are used to colour cotton and other
cellulosic textiles, and they are a significant source
of dye waste in textile effluents.

The term "bioremediation" refers to the
employment of biological systems (mostly microbes
and plants) to remediate contaminated air, water, or
other environmental components. The largest user of
water is the textile industry. Reusing municipal and
industrial waste water following adequate treatment
and the removal of any potential pollutants has
become necessary due to the reduction in water
supplies caused by fast population increase and
industrial ~ development.  Traditional treatment
methods have long been used to get rid of several
dangerous compounds that are bad for the
environment and public health. At a large scale,
these traditional approaches have their own
drawbacks (Keharia and Madamwar, 2003). Most
substances can be broken down by microorganisms
for their needs in development and/or energy. In
some situations, the same metabolic processes that
organisms employ for their own healthy growth and
development can also be used to break down
molecules of pollution. Although microorganisms
are not immediately benefited by this process,
researchers have taken advantage of this phenomena
and applied it to the bioremediation process. Each
chemical that is completely degraded eventually
produces water and either carbon dioxide or
methane. The breakdown products produced by
incomplete degradation may or may not be less
harmful than the original pollutant (Alleman and
Lesson, 1999; Alexander and Lustigman, 1996).

Many bacteria have been found to
decolorize and change to entirely mineralize azo
dyes in the recent several years. A reductive
cleavage of the azo link, which results in the
production of amines, triggers the bacterial
degradation of azo dye. The aromatic amines
produced during these reactions may be aerobically
destroyed (Stolz A., 2001).

It has been  demonstrated  that
microorganisms such as bacteria, actinomycetes,
fungus, and algae may breakdown and biotransform
azo dyes (Banat et al., 1996). Algae and fungi have
been used to successfully decolorize dyes. White rot
edible mushrooms can grow effectively on sludge
and produce significant amounts of laccase, which
lowers the sludge's toxicity. The efficacy of fungal
systems is nevertheless constrained by a slow rate of
decolorization, the complexity of textile effluents,
and a protracted growth cycle. In contrast, it is
known that many reactive azo dyes are degraded
and mineralized more quickly by bacteria. The
hydroxylase and oxygenase generated by the
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bacteria can also breakdown the intermediate
compounds created during dye decolorization
(Banat et al., 1996; Elisangela et al., 2009; Wang et
al., 2009). Many bacterial species reductively break
the azo dye complexes into colourless amines.
Aerobic bacteria that thrive in the presence of azo
chemicals frequently exhibit this behaviour. (D.
Mubarak Ali. 2011) Aerobic degradation is a
possibility for the intermediate sulfonated amines
produced by this procedure. Sulfonated azo
compounds are used in the textile industries as
dyeing agents. Under anaerobic conditions, it can be
challenging to decompose molecules with SO3H as
a substituent. It has been demonstrated that
sulfonated azo dyes can be reduced by a mixed
culture of aerobically growing bacteria in 6-
aminonaphthalene-2-sulfonic acid. In order to break
down combinations of 3-chlorobenzoate and
phenols, Pseudomonas aeruginosa 3MT and
Pseudomonas sp. CP4 utilise the ortho and meta ring
cleavage pathway (Babu et al., 1995). Through the
use of 4-chlorobenzoate, Pseudomonas sp. CPE1l
may totally mineralize 4-Chlorobiphenyl. Certain
substances, including chlorobenzenes,
chloroanilines, and polyaromatic hydrocarbons,
which are adsorbed to clay and organic debris,
hinder the microbial breakdown of dyes
(Puvaneswari et al., 2006).
Materials and Method:
Selection of Potential strain by plate method

The pure culture of Staphylococcus aureus
and Pseudomonas aeruginosa which was available
in our lab used as a bacterial species for the
potential degradation of dyes. The screening
medium (nutrient agar) supplemented with 0.01%
(10 mg/100 mL) of dye concentration were prepared
followed by autoclaving at 121°C for 20 minutes.
After solidification, the plates were inoculated with
bacterial species and incubated for 48-72 hours at
30°C. Clear zone around the bacterial spot indicates
dye degradation. The potential strain was selected
by maximum zone of clearance in the screening
plate
Degradation of dye at different concentration

For quantitative estimation, the nutrient
broth was supplemented with different concentration
of dye such as 20, 40, 60, 80 and 100 mg / 100 mL
in a conical flask. After sterilization, 1 mL of
overnight grown culture of potential strain was
inoculated into the entire flask and placed on rotary
shaker at 120 rpm for 5 days at room 30°C. OD was
measured at the interval of 24 hours at respective £-
max for individual dye. Decolorization was
expressed in terms of percentage. After incubation
the culture broth was centrifuged at 10,000 rpm for
10 min at 4°C. The supernatant was collected from
all the concentrations and its absorbance value was
measured by colorimetric method (Shinde et al.,
2013). The percentage of dye decolourizing was
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calculated by applying the absorbance value to the
formula described by Muthezhilan.

Decolourization % =
Initial Absorbance - Final Absorbance

x100

Initial Absorbance

Optimization using Response surface
methodology and Box-Behnken design

RSM is a collection of mathematical and
statistical methods used to model and analyse a
process that is affected by many different factors.
Process optimisation using the traditional one factor
at a time design method is tedious, time-consuming,
and insufficient (Ibrahim et al., 2011). RSM uses
full factorial search to examine all effective
variations of key components simultaneously and
systematically, predicts a model, and identifies
potential interactions, higher order effects, and
operational conditions for the greatest desired result
(Box et al., 1978). Based on three-level incomplete
factorial designs, Box-Behnken designs are a family
of second-order designs that are rotatable or nearly
rotatable (Ferreira et al., 2007). For effective
decolorization of Methylene blue (MB) dye using
the Pseudomonas sp., the present study used RSM
with the three factorial Box-Behnken experimental
design to examine the synergistic effect of
significant process  variables (incubation
temperature, 25°C - 35°C; pH, 6-8; concentration of
yeast extract (YE), 0-3.5 g/100 mL). To create the
regression equation, linear and second order
polynomials were fitted to the experimental data.
This design requires an experimental number of runs
according to:
Experiments and Results:
Selection of Potential strain by plate method
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N= K*+K+C,

Where K is the factor number, which in this
case is 3, and C, is the number of replications at the
centre point, which in the current study has been
fixed at 5. 15 experimental runs were produced by
the design that was created using Minitab
programme (trial version). To maximise the effects
of unexplained variability in the observed responses
due to relevant and irrelevant factors, these
experimental runs were randomised. Table 2 lists
the experimental settings and Box-Behnken design
levels that were employed and were chosen based
on earlier investigations. Below is a description of
the relationship between the coded and real values

Xa—-Xo
Xc=———
AXf

Where Xc and Xa represent the independent
variable's coded and real values, respectively. The
independent variable's actual value at the centre
point is denoted by Xo, and its step change is
denoted by Xf. To estimate the dependant variable's
reaction and forecast the ideal point, a second
degree polynomial was fitted to the experimental
data. The quadratic response model can be stated as
follows when all the linear terms, square terms, and
linear interaction items are taken into account:

Y= bo +bA+b,B+ b3C + b1,AB + b13BC + b23AC
+ by A + bpB’ + bysC?

Where Y is predicted response, A, B and C are
independent variables, by is offset term, by, by, bs are
linear effects and by, by, b3z are squared terms and
b1y, bys, bys interaction terms.

Figure 2- Qualitative and quantitative degradation of Dyes

Figure-2. The screening medium (nutrient agar) was
prepared and autoclaved at 121°C for 20 minutes.
The dye concentration was added at 0.01% (10
mg/100 mL). Methyl violet, methylene blue, methyl
orange, and carbol fuschin dyes were subjected to
degradation by Pseudomonas and Staphylococcus
species. Following solidification, bacterial species
were added to the plates, and they were then
cultured at 30°C for 48-72 hours. Degradation of
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the dye is indicated by the clear area surrounding the
bacterial speck. The highest zone of clearance in the
screening plate was used to choose the potential
strain. The results are shown in
Screening of dye decolorizing bacteria
(quantitative)

The bacterial species were tested for
quantitative degradation of selected dyes on which
potential degradation was observed in a plate
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method. Results of plate method suggested that
pseudomonas species shown clear zone against
methylene blue and methyl violet while
Staphylococcus species shows against methylene
blue and carbol fuschin. In a conical flask, various
dye concentrations of 20, 40, 60, 80, and 100
mg/100 mL were added to the Nutrient broth.
Following sterilization, 1 mL of an overnight-grown
potential strain culture was added to the conical
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flask and shaken for 5 days at 30°C in a rotary
shaker at 120 rpm. OD for each dye was measured
at its respective £-max every 24 hours. The degree
of decolorization was given as a percentage. The
culture broth was centrifuged at 10,000 rpm for 10
min at 4°C following incubation. The OD was
measured at 610 nm (methylene blue), 535 nm
(methyl violet) and 520 nm (carbol fuschin). The
results are shown in table 1-4 and Figure-3-6.

Table 1 - Degradation of Methylene Blue by Pseudomonas sp.

Concentration of
dye (mg/100mL)

Incubation period and % degradation of dye

01 day

| 02day |

03 day

| 04day | 05 day

Methylene Blue (Pseudomonas sp.)

20 mg 80.19 87.19 88.36 97.73 96.68
40 mg 69.0 84.00 87.00 90.00 96.16
60 mg 52.00 51.92 72.71 83.77 85.15
80 mg 67.61 74.10 83.47 86.22 89.52
100 mg 61.32 64.35 73.68 73.80 76.48
Table 2 - Degradation of Methylene Violet by Pseudomonas sp.
Concentration of Incubation period and % degradation of dye
dye (mg/100mL) | 0lday | 02day | 03day | 0O4day | 05day
Methylene Violet (Pseudomonas sp.)
20 mg 4.32 12.86 14.90 19.11 22.19
40 mg 5.8 14.84 15.77 18.52 20.49
60 mg 1.03 5.11 8.94 11.22 13.56
80 mg 4.11 5.06 9.22 13.45 14.99
100 mg 1.14 2.64 4.25 7.10 9.08

Table 3 - Degradation of Methylene Blue by Staphylococcus sp.

Concentration of
dye (mg/100mL)

Incubation period and % degradation of dye

01 day |

02 day

| 03day

| 04day | 05day

Methylene Blue (Staphylococcus sp.)

20 mg 72.99 85.71 89.79 91.28 95.52
40 mg 62.84 73.22 83.65 94.55 95.38
60 mg 12.49 68.19 75.25 78.41 82.05
80 mg 9.28 69.30 79.84 83.72 89.35
100 mg 17.51 69.09 69.55 76.92 80.09

Table 4 - Degradation of Carbol fuschin by Staphylococ

cus sp.

Concentration of Incubation period and % degradation of dye
dye (mg/100mL) | 0l1day | 02day | 03day | 04day | 05day
Carbol fuschin (Staphylococcus sp.)

20 mg 11.75 16.22 36.82 47.11 56.33
40 mg 11.24 15.48 29.91 39.62 46.22
60 mg 9.71 15.26 27.69 33.28 42.11
80 mg 5.45 9.19 19.22 27.49 34.87
100 mg 3.59 7.92 18.53 26.59 31.08
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% degradation of Methylene blue dye by Pseudomonas
Species
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Figure 3 - Degradation of Methylene Blue by Pseudomonas sp.

% degradation of Methyl violet dye by Pseudomonas
25 Species

S

8 15 -

o

§ 10 =40 Eg

S g

5 80mg
0 T T T T 100 mg
1 2 3 4 5
Incubation period (Days)
Figure 4 - Degradation of Methylene Violet by Pseudomonas sp
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Figure 5 - Degradation of Methylene Blue by Staphylococcus sp.
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% degradation of Carbol fuschin dye by Staphylococcus
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Figure 6 - Degradation of Carbol fuschin by Staphylococcus sp.

Optimization using surface
methodology
The Box-Behnken design

Three independent process parameters—
incubation temperature, pH, and yeast extract
concentration—were selected as the significant
factors that influence the decolorization process
based on the findings from preliminary analysis of

bio-decolorization process variables and supporting

Response

literatures (Aruna et al., 2015;, Khehra et al., 2005;,
Palanivelan et al., 2014, Sharma et al., 2009).

The expected response values obtained using
quadratic model fitting methods are displayed in
Table 56 & 7. In order to ascertain the ideal
physiological circumstances leading to the greatest
decolorization of methylene blue dye, the proposed
second degree polynomial was fitted to the data
collected using multiple linear regressions.

% Degradation = |-462+ 11.9 Temperature+ 91 pH+ 56.9 Yeast Extract

- 0.527 Temperature*Temperature- 11.33 pH*pH

- 9.38 Yeast Extract*Yeast Extract+ 2.46 Temperature*pH
- 0.19 Temperature*Yeast Extract + 0.36 pH*Yeast Extract

Model Adequacy

According to the sparsity-of-effects
principle, main effects and low-order interactions
typically dominate multivariable systems (higher-
order interactions like three-factor interactions are
extremely uncommon (Anderson et al., 2005;
Montgomery 2008). As a result, we have taken into
account two-way interactions for the system at hand.
The experimental data were fitted to linear,
interactive, quadratic, and cubic models to derive
the regression equations. The findings of the
sequential model Sum of Squares, Lack of Fit Test,
and Model Summary Statistics were used to
determine which model, out of those used by the
Pseudomonas sp., was the most qualified to depict
the elimination of the Methylene blue dye (Table-
6). There is insufficient evidence to conclude that
the model does not accurately represent the data,
according to all p-values for lack-of-fit (greater than
0.05 for all replies). In other words, the model's
chosen form, which explains how the components
relate to the answer, is accurate (Anderson et al.,
2005; Montgomery 2008; Kim et al., 2003). A
distorted cubic model was discovered. Sequential
model sum of squares' p value was less than 0.01
according to the quadratic model (see supplemental
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material Table 8), and it had an insignificant lack of
fit compared to other models. Moreover, model
summary statistics revealed that the quadratic model
had the highest "Adjusted R-Squared” and
"Predicted R-Squared” values whereas the cubic
model that was excluded was aliased. The final
model was created to retain the model hierarchy
after an ANOVA revealed that all three linear
factors (A, B, and C) and three 2FI terms (AB, AC,
and BC) are significant at the 0.05 probability level
(Anderson et al., 2005). The basis for using the
complete model to predict the response is thus laid
by the quadratic model's inclusion of lower-order
linear and two-factor interaction elements. The least
PRESS (predicted residual sum of squares) is
another characteristic of the quadratic model that
indicates how accurate it is at predicting future
events (Anderson et al., 2005).
Fitting of second-order polynomial equation and
statistical analysis

Analysis of variance (ANOVA) was used to
determine the significance of the fit of the second-
order polynomial for the percentage of Methylene
blue dye decolorization. The findings are displayed
in Table 10. When the p-value is less than 0.05, the
model is considered significant; when it is greater
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than 0.1000, the model is considered non-significant
(Anderson et al., 2005, Montgomery 2008, Zhang et
al., 2009). Having a model F-value of 5.64 and a
matching p-value of 0.036 indicates that the model
is significant, and there is only a 0.01% possibility
that noise may be the cause of such a high F-value.
The variance caused by an inadequate model is
indicated by the lack-of-fit term in the residual. The
40.34 lack of fit F-value is not significant because
the related p-value is 0.024 (>0.05), and a poor lack
of fit is required to fit the model. The coefficient of
determination R? is a measurement of the degree of
fit and is defined as the ratio of the explained
variation to the overall variation. An R-squared
value of at least 0.8 is predicted to result from a
strong model fit (Filho et al., 2011). As a result, an
R-squared value of 91.03% shows that the observed
and predicted responses are highly correlated. The
pred. R? of 0.00% and the adj. R? of 74.89% are in
fair agreement. The suitability of the model is
indicated by close values of R-squared and Adj. R?
(Table 9).

Table 5 - Design Summary
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Effect of various parameters on RG-19 dye
removal efficiency

The graphical representations of the
regression equation are called three-dimensional
response plots. Via 3D surface plots and their
associated contour plots, the link between the
percentage of decolorization of Methylene blue dye
and the three independent parameters (incubation
temperature, pH, and yeast extract concentration) is
displayed (Figure 6). With the second variable set to
zero, each plot compares the effects of two variables
within the examined ranges. The contour plot's form
can be used to make predictions about the type and
size of interactions between two independent
variables. A large interaction is shown by an
elliptical contour plot, whereas a negligible effect is
shown by a circular contour plot (Montgomery
2008, Myers et al., 2009). The corresponding 2D-
contour plots and 3D-surface plots are shown in
Figure 8-13.

Factors: 3 Replicates: 1
Base runs: 15 Total runs: 15
Base blocks: 1 Total blocks: 1
Table 6 - Design Table
Run Blk A B C
1 1 -1 -1 0
2 1 1 -1 0
3 1 -1 1 0
4 1 1 1 0
5 1 -1 0 -1
6 1 1 0 -1
7 1 -1 0 1
8 1 1 0 1
9 1 0 -1 -1
10 1 0 1 -1
11 1 0 -1 1
12 1 0 1 1
13 1 0 0 0
14 1 0 0 0
15 1 0 0 0
Table 7 - Experiment design matrix and Response
Std Order | Run Order | Pt Type | Blocks Temperature pH Yeast Extract | % Degradation
1 1 2 1 25 6 1.75 87.03
2 2 2 1 35 6 1.75 7.70
3 3 2 1 25 8 1.75 89.49
4 4 2 1 35 8 1.75 59.28
5 5 2 1 25 7 0.00 7.70
6 6 2 1 35 7 0.00 7.77
7 7 2 1 25 7 3.50 82.49
8 8 2 1 35 7 3.50 76.92
9 9 2 1 30 6 0.00 7.77
10 10 2 1 30 8 0.00 7.77
11 11 2 1 30 6 3.50 81.59
12 12 2 1 30 8 3.50 84.14
13 13 0 1 30 7 1.75 89.42
14 14 0 1 30 7 1.75 82.12
15 15 0 1 30 7 1.75 84.62

Jaya K. Dipani, Sachin T. Yerpude, Alok R. Rai

189



IJAAR

Vol.12 No.4

Response Surface Regression: % Degradation versus Temperature, pH, Yeast Extract
Table 8- Coded Coefficients
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Term Coef | SE Coef| 95% CI | T-Value | P-Value |VIF
Constant 85.4 10.6 | (58.1,112.7) 8.04 0.000
Temperature -14501 6.51 |(-31.22,2.23)| -2.23 0.076 |1.00
pH 7.07 6.51 |(-9.65,23.80)| 1.09 0.327 |1.00
Yeast Extract 36.64| 6.51 |(19.91,53.36)|] 5.63 0.002 |1.00
Temperature*Temperature|-13.18| 9.58 (13174%) -1.38 0.227 |1.01
(-35.95,
* - -
pH*pH 11.33] 9.58 13.29) 1.18 0.290 |1.01
Yeast Extract*Yeast (-53.36, -
Extract -28.74| 9.58 4.12) -3.00 0.030 |1.01
Temperature*pH 1228|920 | L3701 153 | 0240 |1.00
' ' 35.93) ' ' '
Temperature*Yeast (-25.30,
Extract -1.65| 9.20 22.00) -0.18 0.865 |1.00
oH*Yeast Extract | 064 | 920 | (2302 | 407 | 0048 |1.00
) ) 24.29) ) ) )
Table 9- Model Summary
S R-sq |R-sq(adj) |PRESS |R-sq(pred) |AICc |BIC
18.4036|91.03%|74.89%  [26716.9/0.00% 223.47(143.25
Table 10- Analysis of Variance
Source DF | SeqSS |Contribution| AdjSS | Adj MS |F-Value VaPI-ue
Model 9 17190.6 91.03% 17190.6 | 1910.1 | 5.64 | 0.036
Linear 3 12818.9 67.88% 12818.9 | 4273.0 | 12.62 | 0.009
Temperature 1 1681.6 8.90% 1681.6 | 1681.6 | 4.96 0.076
pH 1 400.3 2.12% 400.3 400.3 1.18 | 0.327
Yeast Extract 1 10737.0 56.86% 10737.0 | 10737.0 | 31.70 | 0.002
Square 3 3756.0 19.89% 3756.0 | 1252.0 | 3.70 | 0.097
Temperature*Temperature| 1 397.6 2.11% 641.6 641.6 1.89 0.227
pH*pH 1 308.7 1.63% 473.8 473.8 1.40 | 0.290
veastoXachYeast | 1 | 30496 | 1615% | 30496 | 30496 | 9.00 | 0030
2-Way Interaction 3 615.8 3.26% 615.8 205.3 0.61 0.639
Temperature*pH 1 603.3 3.19% 603.3 603.3 1.78 0.240
Temperature™yeast |, | 4199 0.06% 109 | 109 | 003 | 0.865
Extract
pH*Yeast Extract 1 1.6 0.01% 1.6 1.6 0.00 0.948
Error 5 1693.5 8.97% 1693.5 | 338.7
Lack-of-Fit 3 1665.9 8.82% 1665.9 | 555.3 | 40.34 | 0.024
Pure Error 2 27.5 0.15% 27.5 13.8
Total 14 18884.1 100.00%
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Pareto Chart of the Standardized Effects
(response is % Degradation, a = 0.05)

Term 257
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B pH

[ Yeast Extract
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Figure 7 — Pareto Chart of the standardized effects
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Figure 8 — Contour plot of % degradation vs pH, Temperature
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ER
% Degradation
< 0
30 H o- =2
0 - 40
40 - 80
25 W s0- =0
W =0 - w0
5 u > 100
=
e
£ Hald Values
" BH 7
7
&
=
<

300

Temperature

Figure 9 — Contour plot of % degradation vs Yeast extract, Temperature

Contour Plot of % Degradation vs Yeast Extract, pH
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Figure 10 — Contour plot of % degradation vs Yeast Extract, pH

Surface Plots of % Degradation:

Surface Plot of % Degradation vs pH, Temperature
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Figure 11 — Surface plot of % degradation vs pH, Temperature
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Figure 13 — Surface plot of % degradation vs Yeast Extract, pH

Model validation and confirmation

A limited number of confirmation
experiments were conducted to verify the optimum
combination of the variables found using RSM (see
Supplementary information Table 11 and Figure
14). For the purpose of determining the models'
sufficiency and validity, verification tests were
carried out under the predicted conditions. In order
to verify the accuracy of the statistical experimental
techniques with experimental data, one of the
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solutions was then chosen for additional process
research.

The incubation temperature, 27.02 °C; pH,
7.01; and yeast extract content, 2.89 mg/100 mL,
were the ideal decolorization conditions. Within 24
hours of incubation, the average decolorization rate
at this condition was 101.65%. The observed
confirmatory experiment results were discovered to
be in excellent agreement with the predicted results
and to be quite near to them. The model created as a
result was regarded as accurate as well as reliable.

192



IJAAR

Table 11- Response Optimization: % Degradation
Solution:
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. Yeast | % Degradation | Composite
Solution|  Temperature pH Extract Fit Desirability
1 27.0202 7.01010| 2.89899 101.658 1
Multiple Response Prediction
Variable Setting
Temperature 27.0202
pH 7.0101
Yeast Extract 2.89899
Response Fit SE Fit | 95% CI | 95% PI
% (75.8, (47.7,
Degradation 1017 101 127.5) | 155.6)
Optimal ) Temperat pH Yeast Ex
s _Hr’| 32?3.cséucz] 37.2\1001] jz.BéggC]
Low 250 6.0 {a1]
e S

% Degrad
Maximnum
y = 101.6530
d = 1.0000

Figure 14 — Response Optimization: % Degradation

Discussion:

In the present work both the
isolates Pseudomonas and Staphylococcus sp.
shown a potential degradation of dyes. In a plate
method qualitative degradation was observed by
clear zone around the line of streaking. Furthermore,
guantitative degradation was observed at different
concentration of dyes. Pseudomonas sp. has shown
potential % degradation against methylene blue dye.
As a result suggested the maximum efficiency of
Pseudomonas sp. for methylene blue removal/
degradation; the optimization studies were carried
out using Response Surface Methodology (RSM).
Box-Behnken Design was chosen for the said
optimization using three parameters includes
incubation temperature, pH and yeast extract
concentration. The model summary, design matrix
were subjected to ANOVA analysis suggesting that
the model is fit. The validation of response is further
carryout for the confirmation of potential
degradation of methylene blue dye using
Pseudomonas sp.

Conclusion:

1. Both the bacterial species namely pseudomonas
and  staphylococcus  shown  qualitative
degradation of dyes.
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2.

Pseudomonas sp. shows the better degradation
potential  (quantitative) as compared to
staphylococcus against methylene blue dye.
Optimization studies shows that the incubation
temperature, pH and yeast extract concentration
have influence on efficiency of dye degradation
by bacterial species.

Validation of model suggest the incubation
temperature, 27.02 °C; pH, 7.01; and yeast
extract content, 2.89 mg/100 mL, were the ideal
decolourization conditions.
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