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ABSTRACT

Carbofuran is a N-methyl carbamate pesticide that is used for pest control in
many countries including Nigeria. The pesticide has been classified as acutely
toxic and as such its persistence in the environment for a long time can be
detrimental to the environment. Pseudomonas sp. strain SAB2 (PX375346) was
isolated and identified from contaminated farmland soil in research conducted
previously. A statistical optimization tool was used to optimize the degradation
efficiency of strain SAB2. The degradation efficiency of the isolate is
determined by the various factors affecting its growth and as such Plackett—
Burman Design was applied in other to limit the factors to only significant in
other to manage resources, PBD was able to identify the factors: temperature,
pH, inoculum size, and carbon source as significant factors affecting the isolate's
degradation efficiency. The optimum temperature, pH, inoculum size and carbon
source (sucrose) found was: 38°C, 6, 0.5% and 1.25 g/L respectively. Second
order polynomial regression model showed the best fit to the experimental data
with an R? value (0.9907), adjusted R? (0.9821), predicted R? (0.9547) and F
value (114.61) which means the model has strong predictive capability. The
results found demonstrate the metabolic capability of Pseudomonas sp. strain
SAB?2 for carbofuran biodegradation. This study highlights the promise of strain
SAB?2 as a candidate for environmentally sustainable remediation of carbofuran-
contaminated sites and provides a framework for further scale-up and field-level
application.
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INTRODUCTION

Carbofuran  (2,3-dihydro-2,2-dimethyl-7-benzofuranyl
methylcarbamate) can be classified as non-selectively N-
methyl carbamate pesticide that is used extensively in
agricultural practices as a form of pest control (Ariffin &
Rahman, 2020). It is a highly effective systemic
insecticide as has been used for produce like: maize, rice,
vegetables, and fruits. Its mechanism of action is such that
it inhibits the enzyme acetylcholinesterase and such

action stops the breakdown of acetylcholine and that leads
to its continuous build-up leading to various neurological
symptoms like: paralysis, spasms and death (Randika et
al., 2022). Although carbofuran is effective against target
pests the down side of it broad spectrum nature can lead
to undesirable consequences such as affecting birds, fish,
mammals and also humans which lead to some developed
countries to ban its use (Bello et al., 2026).

Carbofuran is still be extensively used in a lot of
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developing countries and as such this has caused
significant environmental contamination leading to
ecosystem disruption (Bello et al., 2026). The extensive
usage of carbofuran has led to its persistence in the
environment and as such its residues have been found in
soils, waterways and agricultural crops and as such levels
that can be detrimental to ecosystems and humans (Bello
et al., 2026; Mishra et al., 2020). The already established
methods of carbofuran remediation such as: adsorption,
incineration, and chemical oxidation are effective but
with a downside of being expensive, energy-intensive,
and may generate secondary pollutants. Consequently,
biological remediation strategies have been developed
and are sustainable and environmentally friendly
alternative for detoxification of carbofuran-contaminated
environments (Kaur & Balomajumder, 2020).

The Bacterial genus Pseudomonas have been reported for
its ability to degrade a wide range of compounds
including pesticides like carbamates (Bello et al., 2026;
Mishra et al., 2020). They possess the ability to utilize
carbofuran as either sole carbon/nitrogen source for its
metabolism and growth and in the process degrade it into
less harmful compounds (Zhang et al., 2020). The
efficiency of bacterial degradation is influenced by the
levels of factors that have been found to influence their
growth such as: temperature, pH, inoculum size,
incubation time, initial substrate concentration, and
nutrient availability. Optimization of these factors is
therefore critical to enhance biodegradation efficiency
and to enable potential large-scale applications (Ibrahim
etal., 2016a; Ibrahim et al., 2016b)

Traditional optimization approach like one-factor-at-a-
time (OFAT) are time-consuming, resource intensive and
fail to account for interactive effects between variables
(Ibrahim et al., 2020a). In other to improve on its lapses
statistical optimization technique for optimization like
Response Surface Methodology (RSM) was developed
and has a robust statistical and mathematical framework
for evaluating multiple variables simultaneously and
determining their optimal levels with reduced
experimental runs while simultaneously taking into
account potential interactive effects (Bas & Boyaci, 2007;
Ibrahim et al.,, 2020b). Screening designs such as
Plackett—Burman Design (PBD) are particularly useful
for identifying significant factors among many variables
(Plackett & Burman, 1946), while Central Composite
Design (CCD) enables modeling of quadratic and
interaction effects to develop predictive second-order
polynomial models. RSM has been successfully applied
in optimizing various biodegradation processes (lbrahim
et al., 2015; Lukman et al., 2024).

In a previous study, a carbofuran-degrading
bacterium identified as Pseudomonas sp. strain SAB2
(GenBank accession no. PX375346) was isolated from
carbofuran contaminated agricultural soil. The strain was
found to be effect in degrading carbofuran and as such the
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degradation efficiency of the isolate is needed to be
maximized by statistical optimization process.
Therefore, the present study aimed to optimize
carbofuran-degrading parameters of Pseudomonas sp.
strain SAB2 using a two-stage statistical approach
involving Plackett Burman Design for significant factor
screening followed by Central Composite Design under
Response Surface Methodology. The study further
evaluated model adequacy and validated the optimized
conditions, with the ultimate goal of enhancing
carbofuran biodegradation efficiency for potential
environmental bioremediation applications.

MATERIALS AND METHODS

Chemicals and Reagents

Analytical-grade carbofuran (purity > 98%) was procured
from Sigma Aldrich (USA). All other chemicals and
reagents used in this study were of analytical grade.
Nutrient agar (NA), nutrient broth (NB), and mineral salt
medium (MSM) components were obtained from
standard microbiological suppliers. Stock solutions of
carbofuran were prepared in sterile distilled water and
stored at 4°C until use.

Bacterial Strain and Maintenance

The carbofuran-degrading bacterium used in this study,
Pseudomonas sp. strain SAB2 (GenBank accession no.
PX375346), was previously isolated from agricultural
soil contaminated with pesticide residues. The strain was
maintained on nutrient agar slants at 4°C and subcultured
periodically to ensure viability. For experimental
purposes, a loopful of the culture was inoculated into
nutrient broth and incubated at 30-37°C (as applicable)
for 18-24 h to obtain an actively growing culture. For
long term storage, the isolated carbofuran-degrading
bacterium was maintained on well labelled slant and
stored at 4°C for routine use or stored at -20 °C in
Microbank™ (PRO-LAB Diagnostics) vials (beads in a
cryopreservative fluid) for long term-storage.

Preparation of Inoculum

An overnight culture of Pseudomonas sp. SAB2 was
centrifuged at 5000 rpm for 10 min, washed twice with
sterile saline solution (0.85% NaCl), and resuspended in
sterile distilled water. The optical density (OD) was
adjusted to approximately 0.5 at 600 nm, corresponding
to ~1.0 x 10® CFU/mL, and used as the standardized
inoculum for degradation experiments.

Mineral Salt Medium (MSM) Composition

The biodegradation experiments were conducted in
mineral salt medium (MSM) containing (per liter):
KH:PO: (1.0 g), K:HPOs (1.0 g), NHiNOs (1.0 g),
MgSO04-7H20 (0.2 g), CaCl: (0.02 g), FeSO4-7H20 (0.01
g), and trace elements solution (1 mL) (Thongmee and
Sukplang 2024). The pH of the medium was adjusted to
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7.0 before sterilization at 121°C for 15 min. Carbofuran
was added aseptically to the sterilized medium to achieve
the desired concentration.

Experimental Design for Optimization
Plackett-Burman Design

Plackett-Burman Design was employed to screen
significant variables affecting carbofuran bacterial
growth and degradation by the utilization of 12
experimental runs. The parameter levels were fixed in
accordance to the work of Fareed et al. (2017). Selected
independent variables included temperature (32 - 38°C),
pH (6 - 8), inoculum size (0.5 - 1.5), carbofuran
concentration (40 - 70 mg/L), carbon source (0.75 - 1.25),
and additional nutrient sources (0.75 - 1.25). Each
variable was evaluated at two levels (high and low), and
experimental runs were generated using Design-Expert®
software (version 13.0.5).

Optimization Using Central Composite Design (CCD)
Central composite design is employed if the relationship
between two independent variables need to be studied on
how they collectively affect the response variable
(Babandi et al., 2021). Significant factors identified from
PBD were taken a step further to be optimized using CCD
under the Response Surface Methodology (RSM). CCD
uses the significant factors identified previously with five
levels of the factors, which are; low (-1), high (+1), center
(0), axial low and high (-+a). The experimental matrix
was experimentally tested after which result with p-value
<0.05 were considered to be statistically significant. Data
were fitted to a second-order polynomial equation for
each dependent variable Y (Equation 1) (Lukman et al.,
2024; Ibrahim et al., 2020b). A second-order polynomial
equation was used to describe the relationship between
independent variables and carbofuran bacterial growth
was used as the response variable, Y.

Y =B + XZBixi + X Buxt + X Bijxix; @)

where Y is the predicted response parameter, Po, is the
constant regression coefficient of the model, B; is the
linear coefficient term, Bii is the squared coefficients, Bj
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is the interaction coefficients, and x; and x; are the
independent parameters. The experimental design and the
statistical analysis of the data was then analyzed using
Design-Expert version 13.0.5. Experimental runs were
conducted in triplicate, and the adequacy of the model
was evaluated using analysis of variance (ANOVA),
coefficient of determination (R?), adjusted R?, predicted
R2, lack-of-fit test, and adequate precision.

Model Validation

To validate the developed model, experiments were
performed under predicted optimal conditions, and the
experimental degradation efficiency was compared with
the model-predicted value. The closeness between
predicted and observed results confirmed model
reliability.

Statistical Analysis

All experiments were conducted in triplicate, and results
were expressed as mean = standard deviation. Statistical
analyses were performed using Design-Expert®
software. Significance was considered at p < 0.05.
RESULTS AND DISCUSSION

Screening of Significant parameters Using Plackett-
Burman Design

A 12 experimental matrix was conducted using stated
parameters in PBD as shown in Table 1. The experimental
results demonstrated noticeable variation in the bacterial
growth efficiency across different combinations of tested
factors, indicating that the process is strongly dependent
on environmental and nutritional conditions. The highest
growth was observed at run 3 with an OD600nm of 0.56
while the lowest growth was found at run 5 with an
0OD600nm of 0.27. This result indicates that higher level
of the factor tested stimulated the organism to have a
higher growth while lower levels of tested factors resulted
in lower growth. This result is in contradiction with the
work of Mustapha et al. (2020) which found that medium
level of factors provided the highest growth and that
could be attributed to the fact that different bacteria,
isolates were used and as such they likely possess distinct
metabolic capability.

Table 1: Biodegradable Effect of Pseudomonas sp. Strain SAB2 on a Key Determinants

Run A B C D E F Bacterial growth
(OD 600nm)
1 32 8 1.5 40 1.25 1.25 0.51
2 32 6 1.5 40 1.25 1.25 0.40
3 37 8 0.5 70 1.25 1.25 0.56
4 32 8 1.5 70 0.75 0.75 0.43
5 32 6 0.5 40 0.75 0.75 0.27
6 37 8 0.5 40 0.75 1.25 0.48
7 37 6 1.5 70 1.25 0.75 0.51
8 37 6 0.5 40 1.25 0.75 0.41
9 32 6 0.5 70 0.75 1.25 0.30
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10 37 8 1.5 40 0.75 0.75 0.55
11 32 8 0.5 70 1.25 0.75 0.43
12 37 6 1.5 70 0.75 1.25 0.48

A = Temperature (°C), B = pH, C = Inoculum size (%
v/v), D = Initial carbofuran concentration (mg/L), E =
Carbon source (g/L), F = Nitrogen source (g/L)

In this study, the PBD analysis of variance results (Tables
2) revealed distinct sets of significant factors for bacterial
growth. Statistical analysis revealed that temperature, pH,
inoculum size, and carbon source significantly influenced
Pseudomonas sp. strain SAB2 growth efficiency and
degradation (p < 0.05), whereas, initial carbofuran
concentration and nitrogen source concentration showed

comparatively lower effects (Tables 2). The positive
regression coefficients observed for temperature and
inoculum size suggest that increased metabolic activity
and higher biomass concentration enhanced carbofuran
utilization. Conversely, elevated carbofuran
concentration exhibited a negative coefficient, indicating
possible substrate inhibition at higher levels. This result
is in contradiction to the work of Mustapha et al.(2020)
which identified both nitrogen source and carbofuran
concentration as significant factors while temperature
was not significant.

Table 2: Analysis of variance for quadratic model of strain SAB2 bacterial growth for carbofuran degradation from

PBD

Source Sum of | df Mean F-value p-value

Squares Square
Model 0.0899 9 0.0100 51.46 0.0192 Significant
A 0.0229 1 0.0229 118.17 0.0084
B 0.0190 1 0.0190 97.99 0.0101
C 0.0109 1 0.0109 55.90 0.0174
D 0.0005 1 0.0005 2.38 0.2626
E 0.0036 1 0.0036 18.62 0.0497
F 0.0012 1 0.0012 6.25 0.1296
AB 0.0001 1 0.0001 0.2893 0.6445
AF 0.0000 1 0.0000 0.0890 0.7936
DE 0.0003 1 0.0003 1.43 0.3538
Residual 0.0004 2 0.0002
Cor Total 0.0903 11
R? 0.9957
Adj R? 0.9764
Adeq. Precision | 22.6561

A = Temperature (°C), B = pH, C = Inoculum size (%
v/v), D = Initial carbofuran concentration (mg/L), E =
Carbon source (g/L), F = Nitrogen source (g/L)

The model’s F-value (51.46) and low p-value (0.0192)
confirmed the statistical significance of the screening
model. The coefficient of determination (R?) indicated
good agreement between experimental and predicted
values, demonstrating the suitability of PBD for
identifying critical parameters prior to optimization. The

model revealed that initial carbofuran concentration and
nitrogen source were not significant parameters for
Pseudomonas sp. strain SAB2 for carbofuran
degradation, which is contrary to the work of Mustapha
et al. (2020) which found that both initial carbofuran
concentration and nitrogen source were significant
factors affecting the degradation efficiency of the isolate.
Figure 1 shows the similarity plot between the predicted
and the actual value obtained in the PBD for SAB2, which
can be expressed as Equation 2 and 3 respectively.
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Figure 1: Similarity plot of predicted vs actual values of bacterial growth for Pseudomonas sp. Strain SAB2.

Coded Equation of PBD for Pseudomonas sp Strain
SAB2

Y =0.446125 + 0.051275 * A + 0.0466917 * B +
0.0368333 * C + 0.00728333 * D + 0.0237667 * E +
0.0150833 * F +-0.003975 * AB + -0.0018 * AF +
0.00885 * DE 2
Actual Equation of PBD for Pseudomonas sp Strain
SAB2

Y =-1.19763 + 0.03452 * A + 0.101547 * B +
0.0736667 * C +-0.00187444 * D + -0.0347333 *E +
0.159693 * F +-0.00159* A*B +-0.00288 * A* F +
0.00236 * D * Carbon source 3)

Optimization of Significant Factors Using Central
Composite Design

The significant variables identified by PBD were further
optimized using Central Composite Design (CCD) under
Response Surface Methodology. The experimental
results obtained from CCD showed substantial
improvement in Pseudomonas sp. Strain SAB2 growth
efficiency and carbofuran degradation compared to non-
optimized conditions. The results obtained from the
central composite design experimental matrix was found
to fit the second order polynomial equation and could
explain the dependence of carbofuran degradation on the
various factors. Through the use of RSM, the effects of
the independent factors and their interaction were
represented and their response was predicted. Table 3
shows the experimental design and result of CCD on
carbofuran degradation by strain SAB2.

Table 3: Experimental design and result of CCD on carbofuran degradation by strain SAB2

Run A B C D Experimental Predicted value
value
1 32 6 1.50 1.25 0.56 0.56
2 35 7 1.00 1.00 0.36 0.37
3 38 8 0.50 0.75 0.58 0.58
4 32 6 1.50 1.25 0.44 0.42
5 37 6 1.50 1.25 0.49 0.49
6 35 5 1.00 1.00 0.57 0.57
7 35 7 1.00 1.00 0.44 0.46

60




Enhanced Biodegradation of Carbofuran by ...  Ahmad et al. JOBASR2026 4(2): 56-66
8 35 7 1.00 1.00 0.59 0.61
9 35 7 2.00 1.00 0.54 0.53
10 35 9 1.00 1.00 0.40 0.41
1 32 8 0.50 0.75 0.50 0.49
12 32 8 0.50 125 0.52 0.52
13 32 8 1.50 0.75 0.54 0.54
14 38 6 0.50 125 0.60 0.60
15 38 8 0.50 125 0.42 0.42
16 30 7 1.00 1.00 0.49 0.49
17 35 7 1.00 1.00 0.51 0.51
18 38 6 0.50 125 0.48 0.49
19 35 7 1.00 1.00 0.47 0.47
20 35 7 0.50 1.00 0.58 0.58
21 35 7 1.00 0.50 0.48 0.47
22 37 8 150 125 0.46 0.46
23 38 6 1.50 0.75 0.56 0.55
24 35 7 1.00 1.50 0.59 0.59
25 32 6 0.50 125 0.51 0.51
26 38 8 1.50 0.75 0.45 0.46
27 35 7 1.00 1.00 0.50 0.49
28 32 8 1.50 125 0.46 0.47
29 40 7 1.00 1.00 0.49 0.49
30 32 6 0.50 0.75 0.46 0.46

A = Temperature (°C), B = pH, C = Inoculum size (%
v/v), D = Carbon source (g/L)

Analysis of variance (ANOVA) for the quadratic
polynomial model shows that generated to predict
degradation efficiency was statistically significant (p <
0.05), with a high R2 value, indicating strong correlation
between predicted and experimental responses. The
adjusted R2 and predicted R2? values were in reasonable
agreement, confirming model reliability. More so, the
difference between R? predicted Bacterial growth and R 2
adjusted bacteria growth is within 0.2, affirming the

suitability of the model. Furthermore, the non-significant
lack-of-fit (p > 0.05) demonstrated that the model
adequately described the experimental data (Table 4).
Babandi et al. (2021) reported that if the lack of fit of a
model is found to be significant then it cannot be used to
predict the response variable. The p-value shows that this
model for the response is statistically significant with the
prob > F value for the model parameter that is < 0.05. The
result obtained shows that C, D, AB, AD, BD, CD, A?,
B2, C% and D? were significant model terms.

Table 4: Analysis of variance for quadratic model of strain SAB2 bacterial growth for carbofuran degradation from

CCD

Source Sum of Df Mean Square | F-value p-value

Squares
Model 0.1057 14 0.0076 114.61 <0.0001 | Significant
A 0.0001 1 0.0000 0.2405 0.631
B 0.0002 1 0.0000 0.3858 0.5438
C 0.0057 1 0.0057 86.91 < 0.0001
D 0.0221 1 0.0221 335.09 < 0.0001
AB 0.0111 1 0.0111 169.02 < 0.0001
AC 0.0003 1 0.0000 0.6763 0.4237
AD 0.0067 1 0.0067 101.75 < 0.0001
BC 0.0001 1 0.0001 1.09 0.313
BD 0.0007 1 0.0007 11.33 0.0042
CD 0.0245 1 0.0245 372.11 < 0.0001
A2 0.0219 1 0.0219 332.87 < 0.0001
B2 0.0018 1 0.0018 27.48 < 0.0001
C? 0.0053 1 0.0053 80.72 < 0.0001

61




Enhanced Biodegradation of Carbofuran by ... Ahmad et al. JOBASR2026 4(2): 56-66
D2 0.0011 1 0.0011 16.27 0.0011

Residual 0.001 15 0.0001

Lack of Fit 0.0008 10 0.0001 1.98 0.2329 Not Significant
Pure Error 0.0002 5 0.0000

Cor Total 0.1067 29

R? 0.9907

Adj. R? 0.9821

Pred R? 0.9547

Adeg. 41.85

Presidion

Adequate precision measures the signal to noise ratio
which should be > 4 is advantageous (lbrahim et al.,
2015). The ratio of 41.85 signifies that the models could
be used to predict the response, while the coefficient of
variation (CV) at lower value showed that the experiment
were precise and reliable. Table 4 shows the model
coefficient and their significances estimated by multiples
linear regression for carbofuran degradation time. By
applying multiple regression analysis with neglecting the
non-significant values, the simplified quadratic model
was in the form of the following equation. The result
showing the p-value <0.05 and a lack of fit that is not
significant (0.2329) shows that the model is a very good
predictor of the response variable. This is in agreement
with the work of Mustapha et al. (2020) which found a
significant model and not significant lack of fit shows
good predictive capability of the reponse variable.

Coded equation of CCD for SAB2

Y = 0.493033 + -0.0008125 * A + 0.00102917 * B +
0.0154458 * C + 0.0303292 * D + -0.0263812 * AB +
0.00166875 * AC +0.0204688 * AD +-0.00211875 * BC
+0.00683125 * BD + -0.0391437 * CD + 0.028276 * A?
+-0.00812396 * B2 + -0.013924 * C% + 0.00625104 * D?

(4)
NB; A= Temperature, B= pH, C= Inoculum size, D =
Carbon source
Actual equation of CCD for SAB2
Y = 2.5261699074075 +-0.18704351851852 *
A +0.39945833333333 * B +0.44615833333332 *
C + -0.91205000000002 * Carbon source + -
0.0087937499999999 * A * pH +
0.0011125000000003 * A * C +
0.027291666666667 * A * D + -

0.0042374999999995 * B * C +
0.027325000000001 *B* D +-0.31315 *

C* D+ 0.0031417824074074 * A2 + -
0.0081239583333334 * B2 + -0.055695833333333

* C2+0.10001666666667 * D2 (5)
Figure 2 shows the similarity plot of Predicted vs Actual
bacterial growth of strain SAB2. The data suggest that
since both the predicted and experimental values have a
significantly high degree of proximity to each other the
model can be considered to be highly reliable and suitable
model for the prediction of response variable. The R?
values of 0.9907 for SAB2 or bacterial growth indicate a
strong correlation between the actual and predicted
responses.

62




Enhanced Biodegradation of Carbofuran by ...

Figure 2:
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Similarity plot of predicted vs actual bacterial growth in CCD for Pseudomonas sp. strain SAB2
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The three-dimensional (3D) plots in Figure 3 (A - F)
visually illustrate the relationship between bacterial
growth and the different independent variables that affect
the degradation capability of isolate SAB2 respectively.
These plots depict similar trends, showing how bacterial
growth varies with different combinations of process
factors such as Temperature, pH, inoculum size and
Carbon source. The plots illustrated the interactive effects
of variables on for Pseudomonas sp. strain SAB2. The
interaction between temperature and pH showed a
pronounced synergistic effect, with maximum

degradation observed within a moderately neutral pH
range and mesophilic temperature conditions. This may
be attributed to optimal enzyme activity and membrane
transport  efficiency under these environmental
conditions. This is similar to the work of Mustapha et al.
(2020) which also found that maximum degradation was
observed neutral pH and mesophilic temperature.
Similarly, interaction between inoculum size and
carbofuran concentration indicated that an adequate
biomass concentration was required to counteract
potential substrate toxicity and enhance biodegradation
efficiency.
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Validation of experiment

The optimized conditions predicted by the RSM model
resulted in a maximum carbofuran degradation efficiency
of strain SAB2 exceeding that observed during
preliminary  experiments.  Validation  experiments
conducted under predicted optimal conditions closely
matched the model’s predicted value, confirming the
robustness and predictive capability of the statistical
model. The model predicted temperature (35°C), pH (7),
inoculum size (1%) and carbon source (1g/L) while
keeping the remaining factors constant. An experiment
was conducted under optimal conditions as predicted by
RSM for verification. T-test result showed that there was
no significant difference between the predicted mean
Bacterial growth (M = 0.4930) and the experimented
bacterial growth mean (M = 0.5295) which indicates that
experimentation is confirmed to be valid.

The enhancement in degradation efficiency under
optimized conditions highlights the importance of
parameter interaction in microbial bioprocesses.
Compared to the conventional one-factor-at-a-time
approach, RSM significantly improved process
performance while reducing experimental runs and
operational cost.

The bacterial isolate SAB2 was found to be a good
candidate for carbofuran degradation and can potentially
be effective in the degradation of other carbamate
pesticides. Members of the genus Pseudomonas have
been found to possess carbofuran hydrolase enzymes that
break it down into less toxic intermediates. The
degradation efficiency of the isolate was found to be
maximized by fine tuning the physicochemical
parameters affecting the growth of the isolate. The
degradation efficiency obtained in this study compares
favorably with previously reported carbofuran-degrading
strains e.g. Enterobacter cloacae (Fareed et al., 2017),
Enterobacter sp (Mustapha et al.,, 2020) and
Pseudomonas aeruginosa strain SO07 (Patowary et al.,
2023) suggesting that strain SAB2 has promising
potential for bioremediation applications.

CONCLUSION

This study optimized carbofuran degradation by
Pseudomonas sp. strain SAB2 using Response Surface
Methodology.  Plackett-Burman  Design identified
temperature, pH, inoculum size, and carbon source as
significant factors (P<0.05), while Central Composite
Design generated a statistically significant predictive
model (p<0.05, R?=0.9907). Degradation efficiency was
markedly enhanced under optimized conditions achieving
the highest bacterial growth OD600nm of 0.60 which
shows the effectiveness of the CCD model in increasing
the bacterial growth of the isolate. Experimental
validation confirmed model reliability by showing that
predicted mean Bacterial growth (M = 0.4930) and the
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experimented bacterial growth mean (M = 0.5295) were
not statistically significantly different. Pseudomonas sp
strain SAB2 can be potentially used for effective
remediation of carbofuran contaminated sites.
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