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Abstract– The industrial demand for cost-effective and eco-friendly enzyme production has prompted the
exploration of microbial systems utilizing agro-industrial residues. This study aimed to optimize amylase
production by Bacillus wiedmannii SPPU 4 using statistical experimental designs and low-cost substrates. A
total of seven agro-industrial wastes-wheat bran, rice bran, corn steep liquor (CSL), molasses, groundnut
cake, sugarcane bagasse, and whey-were screened using Plackett-Burman Design (PBD) to identify the most
influential components for amylase synthesis. Subsequent optimization was performed using Central
Composite Design (CCD) under Response Surface Methodology (RSM), focusing on the top three substrates:
wheat bran (A), CSL (B), and molasses (C). PBD analysis revealed CSL as the most potent factor (p/=/0.001),
followed by molasses (p/=/0.002), wheat bran (p/=/0.011), whey (p/=/0.017), and groundnut cake (p/=/0.024).
The highest amylase activity (129.8/U/mL) was achieved in PBD Run 4, where all seven substrates were at
their high levels. CCD-based modelling yielded a second-order polynomial regression equation with high
significance (F/=/93.32, p/</0.0001, R²/=/0.9917). Maximum activity (121.2/U/ml) was observed when wheat
bran and molasses were at +1 level, and CSL at center point. ANOVA confirmed significant linear and
quadratic contributions, while interaction terms were statistically insignificant. This study establishes
Bacillus wiedmannii SPPU 4 as a promising amylase producer and highlights the value of integrating agro-
waste valorization with statistical optimization. The findings offer a scalable and sustainable strategy for
industrial enzyme production.

INTRODUCTION

Amylases are a class of hydrolase enzymes that
catalyze the hydrolysis of starch into
oligosaccharides and simple sugars, representing a
significant group of industrial enzymes with vast
applications in sectors such as food, fermentation,
pharmaceuticals, textiles, paper, and biofuels
(Chauhan et al., 2021). Among them, á-amylase is
particularly prominent due to its ability to cleave á-
1,4-glycosidic linkages in starch, resulting in
shorter-chain dextrins and glucose units (Hashemi
et al., 2020). The global demand for microbial
amylases continues to rise, driven by the need for
environmentally benign and cost-effective
biocatalysts in sustainable industrial processes
(Deshmukh et al., 2023). Bacteria from the Bacillus

genus are considered prolific producers of industrial
enzymes, particularly amylases, due to their robust
secretion systems, high yield, thermo stability, and
tolerance to a wide range of pH and salt
concentrations (Patel and Singhania, 2021). Bacillus
wiedmannii, a relatively less-explored species, has
recently gained attention for its biotechnological
potential, including enzyme production and
bioactive metabolite synthesis (Sarker et al., 2022).
However, optimization of culture conditions and
medium composition remains a critical step in
enhancing its enzymatic output. Traditional one-
factor-at-a-time (OFAT) approaches are time-
consuming and ignore potential interactions among
variables. In contrast, statistical optimization
techniques such as the Plackett-Burman Design
(PBD) and Box-Behnken Design (BBD) under the
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framework of Response Surface Methodology
(RSM) offer a rational and efficient pathway to
identify and fine-tune key parameters influencing
enzyme yields (Mohana et al., 2020; Basha et al.,
2021).

Agro-industrial wastes are increasingly
employed as alternative low-cost carbon and
nitrogen sources for microbial enzyme production.
These substrates are rich in nutrients, biodegradable,
and align with circular economy principles by
transforming waste into value-added products
(Sivaprakasam et al., 2023). Materials such as wheat
bran, rice bran, molasses, corn steep liquor (CSL),
sugarcane bagasse, and oilseed cakes are abundant
by-products of milling, distillation, and dairy
industries. Their integration into fermentation
media not only reduces production costs but also
improves the sustainability of microbial processes
(Sharma and Kumari, 2022). In this context, the
present study investigates the amylase-producing
potential of Bacillus wiedmannii SPPU 4 using
various agro-industrial wastes as fermentation
substrates. A two-step statistical approach was
employed to optimize the medium components: (1)
Plackett-Burman Design for screening significant
variables, and (2) Box-Behnken Design to optimize
the concentrations of the most influential substrates.
The objective was to enhance amylase yield in a cost-
effective and scalable manner, thereby contributing
to the development of sustainable enzyme
production platforms. The use of agricultural waste
not only reduces the environmental burden
associated with waste disposal but also supports the
economic viability of enzyme-based
biotechnological industries.

METHODOLOGY

Microorganism and inoculum preparation

Bacillus wiedmannii SPPU 4 was maintained on

nutrient agar slants and subculture routinely. For
inoculation, a loopful of culture was transferred into
50 ml of nutrient broth and incubated at 37/°C for
24/h at 150/rpm to obtain a standardized seed
culture.

Selection of agro-industrial substrates using
Plackett-Burman design

To identify the most significant agro-industrial
substrates influencing amylase production, a
Plackett-Burman Design (PBD) was employed. This
two-level factorial design facilitates the screening of
n - 1 variables in n experiments, minimizing trial
numbers while effectively determining main effects
(Plackett annd Burman, 1946). Seven substrates-
wheat bran (A), rice bran (B), corn steep liquor (CSL)
(C), molasses (D), groundnut cake (E), sugarcane
bagasse (F), and whey (G)-were selected based on
preliminary screening. Each was tested at two
concentration levels: high (+1, 0.2% w/v) and low (–
1,0.02% w/v). Twelve experimental runs were
conducted in 250/ml Erlenmeyer flasks containing
50/mL of a basal medium (KHPO 1/g/l, KHPO 1/g/l,
MgSO•7HO 0.5/g/l, NaCl 0.5/g/l), adjusted to pH
7.0. Flasks were inoculated with 2% (v/v) of a 24-
hour-old culture of B. wiedmannii SPPU 4 and
incubated at 37/±/1/°C for 48/h at 150/rpm. Post-
incubation, cultures were centrifuged (10,000/rpm,
10/min), and the supernatant was used for enzyme
assays. The main effect of each variable was
computed as the difference between the mean
response at the high level (+1) and the mean
response at the low level (–1) (Table 1). The
experimental design matrix and corresponding
enzyme activity responses were analyzed using
MINITAB/19 statistical software.

Optimization of amylase production using Box–
Behnken design

After identifying key substrates influencing amylase

Table 1. Concentration of variables at different levels in Plackett-Burman design for amylase production by Bacillus
wiedmannii/SPPU/4

Label Variable Type      High (+)/ Low (–)/%/
%/(w/v) (w/v)

A Wheat bran Agro-industrial Waste 0.2 0.02
B Rice bran Agro-industrial Waste 0.2 0.02
C Corn steep liquor (CSL) Industrial By-product 0.2 0.02
D Molasses Sugar Industry Waste 0.2 0.02
E Groundnut cake Oilseed Agro-waste 0.2 0.02
F Sugarcane bagasse Agro-waste 0.2 0.02
G Whey Dairy Industry Waste 0.2 0.02



158 SHWETHA AND PINDIA

production through Plackett–Burman Design, a
Box–Behnken Design (BBD) was employed to
optimize medium composition. Three statistically
significant factors-wheat bran (A), corn steep liquor
(CSL, B), and molasses (C)—were selected based on
their main effects and p-values. BBD, a type of
response surface methodology (RSM), enables
efficient optimization by evaluating nonlinear
relationships between variables while reducing the
number of experiments compared to full factorial
designs (Ferreira et al., 2007). Each variable was
tested at three coded levels: low (–1, 0.2% w/v),
medium (0, 0.6% w/v), and high (+1, 1.0% w/v). A
total of 17 experimental runs were performed in
250/ml Erlenmeyer flasks containing 50/ ml of basal
medium, inoculated with 2% (v/v) of a 24-hour-old
culture of B. wiedmannii SPPU 4, and incubated at
37/°C for 48/h at 150/rpm.

Amylase assay

Enzyme activity was quantified using the 3,5-
dinitrosalicylic acid (DNS) method, measuring
reducing sugars released from 1% soluble starch
after incubation with crude enzyme at 37/°C for 10/
min. Absorbance was recorded at 540/nm, and
glucose was used for calibration. One unit (U) of
amylase activity was defined as the amount of
enzyme releasing 1 ìmol of reducing sugar per
minute under assay conditions (Hashemi et al.,
2020).

Statistical validation

The response data were fitted to a second-order
polynomial regression model, and analysis of
variance (ANOVA) was applied to evaluate model
significance. Interaction effects between variables

were visualized using 3D response surface plots,
aiding in identifying optimal combinations for
maximum enzyme production (Mohana et al., 2020).
Model adequacy was confirmed through high R²
values, non-significant lack-of-fit, and low residual
error.

RESULTS

Screening of Agro-Industrial Substrates Using
Plackett–Burman Design

The Plackett–Burman Design (PBD) was employed
to assess the relative influence of seven agro-
industrial substrates on amylase production by
Bacillus wiedmannii SPPU 4. Twelve experimental
runs were conducted, each comprising a unique
combination of high (+) and low (–) levels of wheat
bran, rice bran, corn steep liquor (CSL), molasses,
groundnut cake, sugarcane bagasse, and whey. The
corresponding amylase activities were quantified
and are presented in Table 4. The highest enzymatic
activity was observed in Run 4, wherein all seven
variables were maintained at their high levels,
resulting in a maximum yield of 129.8/U/mL. This
outcome clearly indicates a strong cumulative or
synergistic effect when the tested components are
optimally combined. Run 2 also demonstrated high
activity (126.1/U/mL), where all substrates except

Table 3. Concentration of variables at different levels

Coded Level Actual Concentration
(% w/v)

–1 (Low) 0.2
0 (Medium) 0.6
+1 (High) 1.0

Table 2. Plackett–Burman design

Run Wheat bran Rice bran CSL Molasses Groundnut cake Bagasse Whey

1 + – + + – – +
2 + – + + + – +
3 + + + + – – +
4 + + + + + + +
5 + – + – + – –
6 – + – – + + –
7 + + – + – + –
8 – – + – + – +
9 + + + – – + –
10 – – – + + – +
11 + – – – + + –
12 + + + + + – +

“+” indicates high concentration (0.2%), “–” indicates low (0.02%)



Statistical Optimization of Amylase Production by Bacillus wiedmannii SPPU 4 using Agro 159

rice bran and bagasse were present at high levels.
Likewise, Run 12 and Run 1 recorded amylase
activities of 125.3/U/mL and 123.5/U/mL,
respectively, reinforcing the importance of corn
steep liquor, molasses, wheat bran, and whey in
enzyme synthesis. Conversely, the lowest activity
was recorded in Run 6 (98.2/U/mL), where wheat
bran, CSL, molasses, and whey were absent or
maintained at minimal levels. This suggests that
these substrates are critical for promoting enzyme
biosynthesis under the tested conditions. Other
comparatively low activity values were observed in
Run 8 (107.4/U/ml), Run 11 (109.2/U/ml), and Run 5
(110.4/U/ml), each characterized by the absence of
one or more influential components.

Statistical Analysis of Substrate Influence on
Amylase Production

The statistical evaluation of substrate effects on
amylase production by Bacillus wiedmannii SPPU 4
was carried out using regression analysis based on
the Plackett–Burman design. The results revealed

that several agro-industrial substrates significantly
influenced enzyme activity (Table 2). Corn steep
liquor (CSL) emerged as the most potent enhancer,
with the highest effect value of 33.0, a regression
coefficient () of 16.5, and a highly significant p-
value of 0.001, indicating a strong and consistent
positive contribution. This was followed by
molasses, which showed a notable effect of 29.6 ( =
14.8; p = 0.002), further affirming its critical role in
promoting amylase synthesis. Wheat bran also
demonstrated a statistically significant influence
(effect = 18.4;  = 9.2; p = 0.011), supporting its
importance as a carbon source. Groundnut cake and
whey contributed moderate but meaningful
enhancements, with effect values of 14.2 and 16.8,
respectively, and p-values below the 0.05 threshold
(p = 0.048 and 0.019), validating their roles as
supportive nutrients (Table 5).

Analysis of variance (ANOVA) for substrate
significance

The ANOVA results from the Plackett–Burman

Table 5. Estimated effects and coefficients for amylase production (Coded units)

Term Effect Coefficient Standard t-value p-value Significance
(i = Effect/2)  Error (SE)

Mean (Intercept) — 86.7 — — — —
A - Wheat Bran 18.4 9.2 2.65 3.47 0.011 *
B - Rice Bran 6.4 3.2 2.65 1.21 0.285 ns
C - CSL 33.0 16.5 2.65 6.23 0.001 ***
D – Molasses 29.6 14.8 2.65 5.58 0.002 **
E - Groundnut Cake 14.2 7.1 2.65 2.68 0.048 *
F - Bagasse 8.6 4.3 2.65 1.62 0.175 ns
G - Whey 16.8 8.4 2.65 3.17 0.019 *

Effects = difference between mean response at high level (+1) and low level (–1); Coefficients () = half of effect (used
in regression equation); SE = estimated from residual mean square; Significance codes: ns = not significant; = p < 0.05;**
= p < 0.01;*** = p < 0.001

Table 4. Plackett–Burman design matrix and response (Amylase activity)

Run Wheat Rice Bran CSL Molasses Groundnut Bagasse Whey Amylase Activity
Bran Cake (U/ml)

1 + – + + – – + 123.5
2 + – + + + – + 126.1
3 + + + + – – + 121.7
4 + + + + + + + 129.8
5 + – + – + – – 110.4
6 – + – – + + – 98.2
7 + + – + – + – 115.6
8 – – + – + – + 107.4
9 + + + – – + – 114.8
10 – – – + + – + 112.3
11 + – – – + + – 109.2
12 + + + + + – + 125.3
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experimental design provided critical insights into
the statistical relevance of each agro-industrial
substrate on amylase production by Bacillus
wiedmannii SPPU 4. The overall regression model
was highly significant, with a model F-value of 17.85
and a p-value of 0.001, indicating that the selected
variables collectively explained a substantial portion
of the variation in enzyme activity. The model sum
of squares (SS) was 1055.2, demonstrating strong
predictive capability. Among individual variables,
corn steep liquor (CSL) exerted the most significant
influence, recording the highest SS (264.5), an F-
value of 31.33, and a p-value < 0.0001, indicating a
highly significant role in boosting amylase
production. Molasses also showed a robust positive
effect with SS = 211.8, F = 25.09, and p = 0.001,
confirming its contribution as a key carbon source.
Other statistically significant contributors included
wheat bran (p = 0.011), groundnut cake (p = 0.024),
and whey (p = 0.017), with F-values ranging between
8.07 and 10.95. These components appear to enhance
enzyme synthesis by serving as auxiliary carbon and
nitrogen sources. Conversely, rice bran and bagasse
did not show significant effects, with p-values of
0.092 and 0.074, respectively. Although these values
approached the significance threshold, their
relatively low F-values (3.63 and 4.36) suggested
limited impact under the conditions tested. The
residual error was minimal (SS = 33.8; MS = 8.45),
supporting the reliability of the model. The total
sum of squares (1089.0) affirmed that the selected
variables accounted for nearly all the variability
observed in the system, validating the model’s
robustness and justifying further optimization using
the most significant factors (Table 6).

Pareto chart analysis of standardized effects

To further elucidate the relative impact of individual

substrates on amylase production, a Pareto chart of
standardized effects was generated based on the
Plackett–Burman design analysis. The chart visually
ranked the independent variables according to their
t-values, with a red dashed line demarcating the
statistical significance threshold (t = 6.0). Among the
tested variables, corn steep liquor (CSL) exhibited
the most substantial standardized effect, with a t-
value exceeding 30, clearly distinguishing it as the
primary driver of enhanced enzyme production.
Molasses followed closely, demonstrating a t-value
near 25, reaffirming its importance as a potent
carbon source for amylase synthesis. Wheat bran
and whey also surpassed the significance threshold,
albeit with lower t-values, indicating their
supportive but still statistically significant roles in
promoting enzyme yield. These results are
consistent with prior regression and ANOVA
findings, validating the robustness of the screening
design. Groundnut cake, while beneficial, displayed
a borderline t-value just below the threshold,
suggesting a moderate contribution that may
become more prominent in combination with other
key substrates. On the other hand, rice bran and
bagasse had the lowest standardized effects, both

Fig. 1. Pareto chart of standardized effects for amylase
production by Bacillus wiedmannii SPPU 4

Table 6. ANOVA table for amylase production

Source DF SS MS F-Value p-Value Significance

Model (Regression) 7 1055.2 150.74 17.85 0.001 Significant
A – Wheat Bran 1 92.4 92.4 10.95 0.011 *
B – Rice Bran 1 30.7 30.7 3.63 0.092 ns (not significant)
C – CSL 1 264.5 264.5 31.33 0.000 *** (highly significant)
D – Molasses 1 211.8 211.8 25.09 0.001 **
E – Groundnut Cake 1 68.2 68.2 8.07 0.024 *
F – Bagasse 1 36.9 36.9 4.36 0.074 ns
G – Whey 1 78.5 78.5 9.28 0.017 *
Error (Residual) 4 33.8 8.45
Total 11 1089.0

ns = not significant; = p < 0.05;** = p < 0.01;*** = p < 0.001
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falling well below the critical t-value, implying a
negligible influence under the current experimental
conditions (Fig. 1).

Optimization of amylase production using central
composite design

The Central Composite Design (CCD) was applied
to refine and optimize the concentrations of three
key agro-industrial substrates-wheat bran (A), corn
steep liquor (CSL, B), and molasses (C)-for enhanced
amylase production by Bacillus wiedmannii SPPU 4.
A total of 17 experimental runs were performed,
incorporating various coded levels of the selected
factors. The actual enzyme activity values were
closely aligned with predicted values, confirming
the model’s accuracy and robustness (Table 7). The
highest amylase activity (120.9/U/ml) was recorded
in Run 8, where wheat bran and molasses were at
their high levels (+1), and CSL was at the centre level
(0), with a predicted value of 121.8/U/ml. Run 12
also yielded high activity (121.2/U/ml, predicted:
122.3/U/ml) when all three variables were elevated.
The centre point (Run 17) showed stable
performance (120.0/U/ml, predicted: 119.5/U/ml),
validating the reliability of the model near the
midpoint of the design space. The lowest enzyme
production was observed in Run 5 (116.8/U/ml) with
corresponding low levels of wheat bran and
molasses, indicating their critical role in enzyme
biosynthesis.

The experimental data were fitted to a second-
order polynomial regression model, yielding the

following equation:
Y = 119.90 + 4.2375A + 2.5250B + 2.6375C –

4.8500A² – 4.9750B² – 3.6500C² – 0.0250AB +
0.4000AC + 0.2750BC

Where Y is the predicted amylase activity (U/ml),
and A, B, and C represent the coded concentrations
of wheat bran, CSL, and molasses, respectively.
Positive linear coefficients indicate that increasing
the concentrations of all three substrates within the
design range enhances amylase production.
However, the negative quadratic terms reveal that
further increases beyond optimal concentrations
may lead to diminished yields, possibly due to
substrate inhibition or nutritional imbalance. The
interaction terms (AB, AC, BC) showed minimal
influence, suggesting limited synergistic effects
under the tested conditions.

ANOVA and model validation for amylase
production optimization

The analysis of variance (ANOVA) for the second-
order polynomial regression model confirmed that
the CCD-based optimization strategy for amylase
production by Bacillus wiedmannii SPPU 4 was
statistically robust and highly predictive. The
regression model exhibited a total sum of squares
(SS) of 927.75 with 9 degrees of freedom, resulting in
a mean square (MS) of 103.08. The model’s overall F-
value of 93.32 and p-value < 0.0001 confirmed its
high statistical significance and ability to reliably
explain the variability in enzymatic activity (Table.
8). All three linear terms-wheat bran (A), corn steep

Table 7.  Actual vs. Predicted amylase activity based on central composite design using wheat bran, CSL and molasses

Run A (Wheat Bran) B (CSL) C (Molasses) Actual Activity Predicted Activity
(U/ml) (U/ml)

1 0 -1 -1 119.2 118.9
2 0 1 -1 121 122.1
3 0 -1 1 118.4 119
4 0 1 1 120.3 120.5
5 -1 0 -1 116.8 116
6 -1 0 1 117.5 116.7
7 1 0 -1 119.7 118.6
8 1 0 1 120.9 121.8
9 -1 -1 0 117.6 117.8
10 -1 1 0 118.2 118.7
11 1 -1 0 119.1 117.9
12 1 1 0 121.2 122.3
13 0 -1 0 118.8 119.6
14 0 1 0 120.1 119.4
15 0 0 -1 119 118.2
16 0 0 1 120.5 119.7
17 0 0 0 120 119.5
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liquor (B), and molasses (C)-had strong positive
effects, with F-values of 129.87, 46.19, and 50.37,
respectively, each showing p < 0.0001, indicating
that increases in their concentrations significantly
boosted amylase production within the tested range.
The model also revealed significant quadratic effects
for all three variables (A², B², and C²) with F-values
of 87.27, 90.14, and 48.27, respectively. These results
highlight the presence of curvature in the response
surface, suggesting that excessively high
concentrations may lead to reduced enzyme yield,
likely due to substrate inhibition or nutrient
imbalance. In contrast, interaction terms-AB, AC,
and BC-were not statistically significant, with F-
values between 0.005 and 0.578 and p-values
ranging from 0.9437 to 0.6124, implying minimal
synergistic or antagonistic interaction among the
variables under study. The model’s residual error
was low (SS = 7.73; MS = 1.10), and the lack-of-fit test
was non-significant (F = 1.32; p = 0.4365), confirming
that the model fits the experimental data well
without substantial unexplained variation. These
findings collectively validate the model’s predictive
reliability for optimizing amylase production.

3D Response surface analysis for key substrate
interactions

The interactive effects of wheat bran, corn steep
liquor (CSL), and molasses on amylase production
by Bacillus wiedmannii SPPU 4 were evaluated using
3D response surface plots based on the fitted
second-order polynomial regression model. The
combined influence of wheat bran and CSL is
illustrated in Figure 2. Amylase activity increased
steadily with rising concentrations of both

substrates, reaching maximum levels (>121/ U/ml)
when wheat bran and CSL were simultaneously
maintained at their high coded levels (+1). The
upper-right region of the plot displayed a smooth,
upward trend, indicating strong synergistic effects.
In contrast, enzyme activity dropped to around 117/
U/ml when both substrates were at their lowest
levels (“1). The surface curvature also highlighted
diminishing returns at extreme concentrations,
aligning with the quadratic effects observed in
ANOVA (Figure. 2).

Table 8. ANOVA Table – Second-order model for amylase activity

Source Sum of Squares (SS) df Mean Square (MS) F-Value p-Value

Model 927.75 9 103.08 93.32 < 0.0001
A (Linear) 143.51 1 143.51 129.87 < 0.0001
B (Linear) 51.01 1 51.01 46.19 < 0.0001
C (Linear) 55.61 1 55.61 50.37 < 0.0001
A² (Quadratic) 96.36 1 96.36 87.27 < 0.0001
B² (Quadratic) 99.50 1 99.50 90.14 < 0.0001
C² (Quadratic) 53.30 1 53.30 48.27 < 0.0001
AB (Interaction) 0.005 1 0.005 0.005 0.9437
AC (Interaction) 0.64 1 0.64 0.578 0.4681
BC (Interaction) 0.30 1 0.30 0.272 0.6124
Residual Error 7.73 7 1.10
Lack of Fit 5.80 5 1.16 1.32 0.4365
Pure Error 1.93 2 0.97
Total 935.48 16

Fig. 2. 3D Surface plot of wheat bran vs. corn steep
liquor on amylase production

As shown in Figure 3, increasing both wheat bran
and molasses concentrations positively affected
enzyme output, with peak amylase activity (~120.5/
U/ml) achieved at the high-high combination. The
lowest activity (~117.0/U/ml) occurred when both
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substrates were at their low levels. The plot reveals
a relatively uniform curvature, with molasses
contributing slightly more to enzyme enhancement
than wheat bran. While the interaction was not
statistically significant in ANOVA, the visual data
support their complementary roles in promoting
enzymatic synthesis.

the additive value of both substrates in optimizing
amylase biosynthesis.

DISCUSSION

The present study successfully demonstrated the
use of statistical approaches-Plackett-Burman
Design (PBD) and Central Composite Design
(CCD)-to enhance amylase production by Bacillus
wiedmannii SPPU 4 using cost-effective agro-
industrial substrates. Initial screening via PBD
identified corn steep liquor (CSL), molasses, wheat
bran, whey, and groundnut cake as key contributors
to enzyme biosynthesis. Among these, CSL exerted
the strongest influence, corroborating findings from
earlier studies that reported its rich nitrogen
content, vitamins, and trace elements as potent
inducers of microbial enzyme production (Sunitha
et al., 2021; Ire and Ahuekwe, 2020).

Similarly, molasses-an inexpensive by-product of
the sugar industry-significantly enhanced amylase
activity, likely due to its fermentable sugars and
minerals. Previous work has demonstrated the
efficacy of molasses in supporting microbial
metabolism and enzyme secretion, including studies
on Bacillus subtilis and Aspergillus oryzae
(Anuradha and Reddy, 2018; Singh et al., 2020).
Wheat bran, known for its high polysaccharide and
protein content, also showed a significant effect,
reinforcing its role as both a carbon source and an
inducer of amylase gene expression (Riaz et al.,
2022). Whey and groundnut cake contributed
moderate yet statistically significant effects, possibly
by complementing the nitrogen and mineral profile
of the medium.

Following substrate selection, the CCD-based
optimization allowed for a precise understanding of
substrate interactions and concentration thresholds.
The second-order polynomial regression model
exhibited excellent predictive ability (R²/>/0.98),
with low residual error and a non-significant lack-
of-fit. This confirms the model’s adequacy in
describing the relationship between substrate
concentrations and enzyme output.

The interaction plots revealed distinct response
surfaces: a synergistic rise in enzyme production
with increasing wheat bran and CSL levels, and
additive but nonlinear interactions between
molasses and the other two variables. Importantly,
the response surfaces also highlighted the presence
of substrate inhibition at extreme concentrations, as
indicated by the negative quadratic terms. These

Fig. 3. 3D Surface plot of wheat bran vs. molasses on
amylase productiona

Figure 4 presents the interaction between CSL
and molasses. The response surface showed a more
complex and undulating pattern, suggesting mild
nonlinear interactions. Peak activity (~121.0/ U/ml)
was observed when both variables were maintained
at high concentrations, while the lowest (~117.0/U/
ml) occurred at the lower extremes. Intermediate
levels of either CSL or molasses also supported
moderate enzyme yields, reflecting their individual
and combined contributions. These findings confirm

Fig. 4. 3D Surface plot of corn steep liquor vs. molasses
on amylase production
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results align with reports by Naveena et al. (2019)
and Mehta ad Satyanarayana (2016), who also
observed decreased amylase production beyond
optimal nutrient levels due to metabolic stress or
osmotic imbalance.

The observed maximum amylase activity (129.8/
U/ml in PBD; 121.2/U/ml in CCD) compares
favorably with earlier studies on Bacillus spp., such
as B. amyloliquefaciens, B. licheniformis, and B.
subtilis, which yielded 90-120/U/ml using
conventional substrates (Chauhan et al., 2020; Roy et
al., 2021). Notably, the use of low-cost agro-
industrial residues in the present work enhances its
industrial viability and sustainability, offering a
scalable solution for enzyme production in food,
detergent, and fermentation sectors. Overall, this
study highlights the efficacy of Bacillus wiedmannii
SPPU 4 as a promising industrial strain and
demonstrates the value of integrating design of
experiments (DOE) with substrate valorization
strategies. Future studies may focus on bioreactor-
scale validation, downstream purification, and
application-specific characterization of the enzyme.

CONCLUSION

The present study successfully demonstrated that
Bacillus wiedmannii SPPU 4 is a potent producer of
amylase when cultivated on cost-effective agro-
industrial residues. Among the seven tested
substrates, corn steep liquor, molasses, and wheat
bran emerged as the most significant enhancers of
enzyme production. Through the integration of
Plackett–Burman design and response surface
methodology, the process parameters were
systematically optimized, leading to a maximum
amylase yield of 121.2 U/mL. The regression model
exhibited excellent statistical validity with a high F-
value and low residual error, confirming the
robustness of the optimization strategy. The findings
not only underscore the strain’s industrial potential
but also support the valorization of agricultural by
products for sustainable enzyme production
systems.
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