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Abstract

Chitosan is an emerging raw material with increasing global demand, traditionally derived from
crustaceans. Its production faces challenges such as high cost and inconsistent yields, necessitating
the search for new chitosan precursors. This study investigates Melanoplus differentialis, a differen-
tial grasshopper, for sustainable chitosan production. Chitin was extracted from M. differentialis via
sequential demineralization, deproteination, and decolorization, and then deacetylated. Response
Surface Methodology (RSM), using the Box-Behnken design, was used to optimize NaOH concen-
tration, NaOH:Chitin ratio, and deacetylation time. Statistical analysis identified NaOH concentra-
tion as the most significant factor influencing yield. The optimal process conditions of 40.5% NaOH,
16.8 mL/g NaOH: chitin ratio, and 69.3 minutes resulted in 60.62+0.79% chitosan yield. FTIR
confirmed the transformation of chitin to chitosan. This study shows M. differentialis as a promising,
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unconventional chitosan precursor.
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Introduction

Chitosan is a biopolymer obtained from the partial deacetyla-
tion of the natural polysaccharide chitin, which is primarily
isolated from crustaceans, mollusks, and fungi (Pakizeh et al.
2021; Aranza et al. 2021). Chitosan is the second most abun-
dant biopolymer after cellulose (Choi et al. 2016); it is
mainly composed of B-(1—4)-linked units of either D-glu-
cosamine or N-acetyl-D-glucosamine (Fig. 1). Chitin
presents a variety of advantageous properties, including
biocompatibility, biodegradability, low toxicity, and antimi-
crobial activity (Elieh-Ali-Komi and Hamblin, 2016; Reshad
et al. 2021) making it very important in a range of industrial
applications. This multifunctional property of the molecule
can be attributed to the presence of a large number of reactive
amino and hydroxyl groups in its structure. All these traits
make chitosan a biopolymer of economic interest. The
increasing global demand for chitosan and its by-products as

a result of their versatile applications in new research fields
necessitates the discovery of new chitosan precursors. This
study investigates the potential of Melanoplus differentialis,
a differential grasshopper, as a chitosan precursor.

Chitosan stands out in nano medicine for its biocompatibility,
making it a great fit for various medical applications like
drug delivery systems, tissue engineering, and wound healing
(Frigaard et al. 2022; Triunfo et al. 2022; de Sousa et al.
2020; Jiménez-Gomez and Antonio, 2020). It is also biode-
gradable, thus reducing issues of long-term environmental
pollution. Chitosan is gaining traction in sustainable practic-
es, such as wastewater treatment, where it effectively adsorbs
heavy metals and other pollutants (Verma and Quraishi,
2021; Hahn et al. 2020).

*Corresponding author’s e-mail: enebi.jasper@dou.edu.ng
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Fig. 1. Molecular structures of chitin and chitosan (Struszczyk, 2002)

The applications have been found in crop protection (Wang et
al. 2024; Teixeira-Costa and Andrade, 2021) and textile
technology (Elamri et al. 2023).

Traditionally, crustaceans are used for commercial chitin
production; however, lately, insects are being recognized
as a more sustainable option. Unlike crustaceans, whose
use could lead to environmental concerns such as
overfishing, high processing costs, and inconsistent yields
(Machado et al. 2024; Zainol Abidin et al. 2020), insects
provide a more reliable and eco-friendly option. Insects
reproduce quickly, have short life spans, and are not
affected by seasonal changes because they can be bred all
through the year (Triunfo et al. 2022). They also require
fewer resources like land, water, and feed, and produce
lower greenhouse gas emissions (Espinosa-Solis et al.
2024). Chitin derived from insects has advantages in
consideration of cost and zero waste generation (Mei et al.
2024; Rehman et al. 2023).

The synthesis of chitosan via the deacetylation of chitin is
influenced by several factors such as time, temperature,
alkali volume, and alkali-to-chitin ratio. The utilization of
the Response surface methodology (RSM), a multivariate
statistical technique, serves to optimize analytical process-
es in which a response of interest is influenced by several
factors. It enables simultaneous optimization of the levels
of these factors to achieve the best process performance.
RSM enables the simultaneous optimization of multiple
factors by using polynomial regression models fitted to
experimental data, enabling precise statistical predictions
and process optimization (Bezerra ef al. 2008). Unlike the
traditional one-factor-at-a-time (OFAT) approach, RSM
allows for the efficient study of factor interactions through
multifactor experiments, reducing cost and time while
enhancing the understanding of factor interactions for
optimal performance. According to Montgomery (2017),
the technique typically consists of three main steps:
conducting statistically designed experiments, developing
a regression model that approximates the true response

surface, and assessing the model to determine optimal
conditions. When modeling quadratic responses, the most
widely used experimental designs in RSM are Central
Composite Design (CCD) and Box-Behnken Design
(BBD), which offer efficiency and accuracy (Ferreira et al.
2007; Myers et al. 2016). RSM has been especially helpful
in bioprocess optimization, where improving yield and
quality requires the simultaneous control of multiple inter-
dependent variables.

Box Behnken design (BBD), a type of RSM, was employed
in this study. In addition to optimizing the factor settings, it
evaluates the interaction effect of NaOH concentration,
time, and the ratio of NaOH to chitin in relation to the yield
of chitosan. The BBD was chosen over other Response
surface methodologies like the Central Composite Design
because it avoids factor combinations at extreme settings,
enhancing laboratory safety, especially when handling
reagents like highly alkaline NaOH. It also improves
environmental efficiency while providing statistically valid
results. The efficacy of BBD has also been proven with
crustacean shells and stems of mushrooms as chitin sources
(Huang and Tsai, 2020; Amoo et al. 2019; Gamal et al.
2016; Vaingankar and Juvekar, 2014). The optimization
method reiterates the potential of derived biopolymers of
insects (Kaya et al. 2015). The optimization of the devel-
opment of pea-starch-chitosan novel edible product was
also enabled by the application of Box-Behnken RSM
(Thakur et al. 2017).

Synthesized polymers are largely implicated in fouling the
environment owing to environmental disposal challenges due
to their non-biodegradability and enormous space occupation
(Bello and Olafadehan, 2021). Biopolymers such as chitosan
are a suitable replacement for such synthesized variants
because of their properties of biocompatibility, non-toxicity,
and biodegradability. The search for such biopolymers
addresses an important research gap. Recent research reports
that fungal-derived chitosan is superior to that derived from
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crustacean sources also stimulated the direction this research.
(Milbreta et al. 2025; Almeida et al. 2023).

This research focuses on optimizing the yield of chitosan
obtained from Melanoplus differentialis and studying the
influence of factors such as NaOH concentration, NaOH:
Chitin ratio, and deacetylation time. using the Box; Behnken
design. The chitin is extracted from the insect by a series of
demineralization, deproteination, and decolorization process-
es, after which it is deacetylated. The successful transforma-
tion of the precursor to chitosan was confirmed using Fourier
Transform Infrared spectrophotometry (FTIR).

room temperature with a 3.5 % sodium hypochlorite
solution at a solvent-to-solid ratio of 10:1(w/v). The
decolorized residue was then rinsed thoroughly with
deionized water until neutral. The resultant product was
chitin.

Synthesis of Chitosan via Deacetylation of Chitin Derived
from Melanoplus differentialis Using the Box-Behnken
Design (BBD)

To assess the effects and interactions of process parame-
ters on chitosan yield, a three-factor three-level

Table 1. Factor levels in the Box-Behnken experimental design for the production of chitosan from M.

differentialis
Factor Box- Behnken levels
Code Low(-1) Middle (0) High (+1)
NaOH concentration (%) A 30 40 50
Solvent: solid ratio (mL/g) B 10 15 20
Deacetylation time(min) C 30 60 90

Materials and methods

Melanoplus differentialis was used as the chitin precursor in
this research. Reagents used include NaOH, HCI, and
sodium hypochlorite, which were all Analar grade. All
solutions for this study were prepared using de-ionized
water.

Extraction of chitin from melanoplus differentialis

Dried Melanoplus differentialis samples from the Tudun
Wada area of Kaduna Metropolis in Nigeria were initially
washed with tap water to remove dust. The cleaned
samples were then oven-dried at 100°C until a constant
weight was achieved. Dried M. differentialis was convert-
ed to chitin via demineralization and deproteinization
using acid and alkaline treatment, respectively. For
demineralization, 10 g of M. differentialis was placed in
4% HCI at room temperature for 24 hrs, with a
solvent-to-solid ratio of 15:1 (v/w). The demineralized
residue was then treated with 2% NaOH for deproteiniza-
tion at a temperature of 70°C for 2 hrs while stirring
continuously, at a solvent-to-solid ratio of 15: 1 (v/w).
The residue obtained after filtering was washed with
de-ionized water until the pH reached 7 and then dried in
an oven. The dried residue was thereafter decolorized at

Box-Behnken experimental design was used, namely (i)
NaOH percent concentration (30-90 %), (ii) solvent:
solid ratio (10-20 mL/g), and (iii) deacetylation time (30
-90 min) (designated as A, B, and C, respectively for
statistical computations). Details of these independent
variables and their experimental levels are presented in
Table I.

The levels of the factors were based on previous studies
and preliminary results from the experiments carried out.
To optimize chitosan yield, 15 experiments were generat-
ed from the BBD with 3 replicates of the center points.
The chitosan synthesis involved the reaction of 1g of
chitin with 30, 40, and 50% NaOH, varying solvent/solid
ratios of 10:1 v/w, 15:1 v/w and 20:1 v/w and varying
reaction times of 30, 60 and 90 minutes at a fixed temp of
at 80°C, as shown in Table II.

Residual NaOH was removed by washing the chitosan
samples thoroughly with deionized water until the filtrate’s
pH reached 7. The prepared chitosan was bleached using 3.5
% sodium hypochlorite solution, to remove its brownish
colour. The samples were dried at 100°C for 1 hour and then
pulverized. The processed chitosan was stored in sealed
plastic bottles.
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Table I1. Box-Behnken experimental design matrix Chitosan synthesis optimization

Run Chitosan preparation variables
A: NaOH concentration B: Solvent: Solid Ratio  C:Deacetylation Time
(%) (mL/g) (min)
1 30 15 30
2 50 20 60
3 50 10 60
4 50 15 30
5 50 15 90
6 40 10 90
7 40 20 90
8 40 20 30
9 30 15 90
10 30 10 60
11 40 15 60
12 40 15 60
13 40 10 30
14 40 15 60
15 30 20 60

Assessment of the performance of the chitosan synthesis
method

The performance of the chitosan synthesis method was
evaluated based on the percentage yield of the chitosan
samples. The yield was calculated as the percentage of the
weight of the dried chitosan relative to the initial weight of
chitin, according to the formula shown in Equation 1.

mass of chitosan

chitosan yield (%) = ( ) x 100 )

mass of chitin

Optimization and statistical analysis of the chitosan synthesis

BBD optimization was enabled by Design Expert 13 and
statistical analysis of variance. The validity of the optimal
conditions was confirmed by synthesizing chitosan under the
optimized conditions and comparing the experimental yield
with the values predicted by the software.

FTIR spectroscopic analysis of the M. differentialis
chitosan and its precursors

The surface functional groups of precursor, chitin, and
chitosan were qualitatively analyzed using Fourier
Transform Infrared (FTIR) spectroscopy (FTIR-CARY
630, Agilent Technologies) within the range of 4000-650
cm™.

Results and discussion

Chitosan yield from M. differentialis (MD-chitosan) using the
BBD

Table III presents the experimental yields of chitosan
obtained from M. differentialis chitin, ranging from 47.2 to
77.6% and the associated model-predicted yields ranging
from 48.1 to 75.5%. These results were obtained using
various combinations of the factors that influence the synthe-
sis process.

Regression analysis and analysis of variance (ANOVA)

The second-order polynomial regression equation derived
from the software, depicting the relationship between the
response, chitosan yield, and the three independent factors, is
presented in Equation 2, in terms of the coded factors with
the insignificant terms already removed.

Chitosan Yield = +63.63—9.96A—2.63B—2.74C—
2.82AB — 1.45AC — 4.58BC 2

The equation in coded form can be used to make predictions
about the response for given levels of each factor. By default,
the high levels of the factors are coded as +1, and the low
levels are coded as -1. The coded equation is useful for
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Table I11. Melanoplus differentialis chitosan yield

Chitosan preparation factors Response

Ru  A:NaOH B:Solvent:solid C: Deacetylation time Actual Yield % Predicte
n % ratio(mL/g) (min) d Yield %
1 30 15 30 77.6 75.5

2 50 20 60 47.2 48.1

3 50 10 60 60.1 59.0

4 50 15 30 60.4 62.8

5 50 15 90 48.0 50.1

6 40 10 90 69.2 68.2

7 40 20 90 56.8 53.8

8 40 20 30 67.4 68.4

9 30 15 90 71.0 72.9
10 30 10 60 74.2 73.3
11 40 15 60 60.4 57.9
12 40 15 60 59.8 63.4
13 40 10 30 61.5 64.5
14 40 15 60 64.0 62.8
15 30 20 60 72.6 73.7

Table IV. ANOVA for yield of chitosan from M. differentialis chitin

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

Model 1033.14 6 172.19 26.10 0.000 1< significant
A-NaOH <
concentration 794.01 1 794.01 120.33 0.0001
B-Solvent: solid ratio 55.13 1 55.13 8.35 0.0202
C-Deacetylation time 59.95 1 59.95 9.09 0.0167

AB 31.92 1 31.92 4.84 0.0590

AC 8.41 1 8.41 1.27 0.2916

BC 83.72 1 83.72 12.69 0.0074

Residual 52.79 8 6.60

Lack of Fit 44.15 6 7.36 170 04150 .

significant

Pure Error 8.64 2 4.32

Cor Total 1085.93 14

Std.Dev. 2.57 R? 0.9514 ﬁ‘r‘z?sion 15.1943

Mean 63.63 Adjusted R? 0.9149

CV. % 4.04 Predicted R? 0.7823
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identifying the relative impact of the factors by comparing
the factor coefficients. The coefficients in the model
equation indicate the magnitude and extent of influence each
factor has on the response. A positive sign shows a positive
correlation, while an inverse relationship is signified by a
negative coefficient. Optimization was performed using
Equation 1. This model shows that increases in NaOH
concentration (A), solvent-to-solid ratio (B), deacetylation
time (C), and the interaction of the factors do not significant-
ly increase the chitosan yield, implying that increases in these
terms lead to a decrease in chitosan yield. This is an indica-
tion that the optimum conditions for the synthesis of chitosan
from the insect-derived chitin would not be on the very high
side of the coded factors.

Analysis of Variance (ANOVA) was used to assess the statis-
tical significance of the regression models, illustrating the
effects of each process factor and their interactions on the
response. It evaluates the accuracy with which the model
equation represents the actual relationship between the
response and significant factors. The ANOVA results for the
response surface quadratic model of chitosan yield after
excluding insignificant quadratic and interaction terms are
shown in Table IV. ANOVA employs Fisher's F-test (F) and
Prob > F (p) values to assess the significance of process
factors. A factor with higher F-values and lower p-values is
considered more significant. Specifically, p-values less than
0.05 indicate that the corresponding factor has a statistically
significant impact on the chitosan yield. Generally, a high
F-value combined with a p-value below 0.05 confirms the
significance of a regression model or an independent
variable.

The model shows that the individual contributions of the
factors A, B, and C, as manifested by the negative coeffi-
cients, are significant with p-values, 0.0001(NaOH concen-
tration), 0.0202 (solvent: solid ratio), and 0.0167 deacetyla-
tion time (Table IV). The interaction term BC (p-value,
0.0074) was also significant. The quadratic terms were not
significant in the model and were therefore removed from the
model equation. However, the contributions of the two-factor
interactions (2FI) of AB and AC were retained even though
their contributions were not significant, as depicted by p-val-
ues of 0.0590 and 0.2916 for AB and AC, respectively. This
retains and improves the model's robustness and accounts for
potential factor interactions. The model constant, + 63.63, is
the chitosan yield at the baseline conditions, corresponding to
the coded factors at the zero level. The most significant
factor at p<0.05 is NaOH concentration (A), which tends to
reduce the chitosan yield by 9.96% when the NaOH concen-
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tration is varied by one unit. The overall F-value of 26.10
implies that the model is significant, indicating that there is
only a 0.01% chance that an F-value this large could occur
due to noise. P-values less than 0.0500 mean that the model
terms are significant.

The Lack of Fit F-value of 1.70 symbolically implies that the
Lack of Fit is not significant relative to the pure error. There
is therefore a 41.50% chance that a Lack of Fit F-value of this
magnitude could occur due to noise. It is noteworthy that a
non-significant lack of fit is good for the model. The predict-
ed R? of 0.7823 is in reasonable agreement with the adjusted
R? 0f 0.9149 because the difference is less than 0.2. Adequate
Precision measures the signal-to-noise ratio. A ratio greater
than 4 is desirable. The ratio of 15.1943 indicates an adequate
signal, meaning that this model can be used to navigate the
design space. A coefficient of variance (CV) of 4.04%, which
is much less than 10%, shows that the model is reasonably
reproducible and that the experimental values show good
accuracy. The model adequacy was determined by the Adeq
precision. The Adequate precision value of 15.1943 (Table
IV) indicates that the model has good precision and fitness
with the experimental values, thereby ensuring reproducibili-
ty of the results.

Among the factors, the linear term A (NaOH concentration)
was found to have the most significant influence on chitosan
yield, with an F-value of 120.33. The linear terms B
(solvent-to-solid ratio) and C (deacetylation time), and the
2-way interaction term BC, were also significant. The order
of significance is as follows: A>BC > C > B, indicating that
the solvent-to-solid ratio has the least influence on chitosan
yield. However, the interaction effect of the solvent-to-solid
ratio and deacetylation time (BC) suggests the gradual
penetration of the NaOH into the chitin particles for
increased surface area of contact as time progresses for
optimal reaction. Overall, the statistical findings support
predictive capability the of the model within the range of the
variables studied.

The extent of agreement of the experimental and predicted
values of the chitosan yield is illustrated in Figure 2. The
scatter plot displays the experimental and predicted values in
close association with the regression line, thereby validating
capability of the model for effective and efficient prediction
of the chitosan yield. The degree of closeness of the points to
the regression line indicates the level of closeness of the
experimental values to the model-predicted values of the
chitosan yield. This further validates and confirms the
accuracy of the developed model.
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Fig. 2. Plot of predicted and actual values of the
chitosan yield

Fig. 3. Diagnostic normal probability plot of residual
analysis

Table V. Comparison of experimental and predicted chitosan yields

R Actual ; Externally
un Order Value Residual Leverage Studentized
Value Residuals
1 64.00 63.63 0.3733 0.067 0.141
2 77.60 74.88 2.72 0.567 1.833
3 72.60 73.79 -1.19 0.567 -0.679
4 60.40 63.63 -3.23 0.067 -1.370
5 60.40 57.85 2.55 0.567 1.666
6 74.20 73.39 0.8108 0.567 0.455
7 47.20 48.21 -1.01 0.567 -0.574
8 61.50 64.41 -2.91 0.567 -2.033
9 69.20 68.09 1.11 0.567 0.632
10 67.40 68.31 -0.9142 0.567 -0.515
11 71.00 72.30 -1.30 0.567 -0.748
12 60.10 59.11 0.9858 0.567 0.557
13 56.80 53.69 3.11 0.567 2.266
14 64.00 63.63 0.3733 0.067 0.141
15 48.00 49.48 -1.48 0.567 -0.859

Table V further supports the observation from Figure 2,
which suggests a strong agreement between predicted and
experimental values as evidenced by the small residuals and
absence of outliers.

Figure 3 presents the diagnostic normal plot of residual
analysis for validating the model developed for predicting the

chitosan yield. The predicted and experimental data points
were very close and showed a straight-line relationship that
confirmed the good agreement between the experimental and
predicted yields of chitosan.

The relationship between residuals and probability verifies
the assumption that model errors are normally distributed and
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3D Surface

Fig. 4. Response surface plots of chitosan yield at holding
values of solvent:solid ratio 15, deacetylation time,
60 min and 40 % NaOH concentration

indicating that the model predictions are well-fitted. The
Adjusted R? of 0.9149 means that the model accounts for
91.49% of the variation in chitosan yield with the factors
and interaction of factors. The display of the assessment of
the normal distribution of the residuals in Figure 3
illustrates that the data points in the plot are linear,
confirming the residuals as normally distributed. All data
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thus represent a good fit, having the experimental values
falling within the limit. This highlights that the unexpected
errors that may be in the model are minimal.

Response surface plots

Design Expert 13 generated the three-dimensional
response surface plots for the chitosan yield, as illustrated
in Figure 4a-c. These plots depict the interactions between
two variables while holding the third variable constant.
The 3-D response surface plots show a graphical represen-
tation of the effects of each independent factor on the yield
of chitosan across the whole design space (Fig. 4a-c).

Figure 4a depicts the interaction effect of NaOH concen-
tration (A) and deacetylation time (C) on the yield of
chitosan. At a fixed solvent to solid ratio of 15, 74.44%
optimum yield of chitosan was obtained from 30.17%
NaOH concentration at 30.40 min, deacetylation time.
The interaction effect of the solvent: solid ratio and
deacetylation time, on chitosan yield is shown in Figure
4b. The 3D surface plot revealed that 40% NaOH concen-
tration, solvent: solid ratio of 19.8mL/g and deacetylation
time of 30.8 min produced 67.76% of chitosan. This is
because over time, a higher solvent-to-solid ratio intensi-
fies the interaction between alkali and chitin, leading to
complete deacetylation of the chitin structure and decreas-
ing the chitosan yield. These results are similar to those
reported by Dinculescu et al. (2023), who found that
higher NaOH concentrations reduced chitosan yield from
Rapana venosa egg capsule waste. However, at an
increased deacetylation time of 60min, and reduced
concentration of NaOH (30.02%), the chitosan yield
increased to 73.48% at solvent:solid ratio of 19.86. This
potentially highlights the fact that the desired NaOH
concentration for optimum yield of chitosan from the
insect-derived chitin falls around the lower limit of the
coded value and center point.

Optimization and validation

In this study, the experimental value of the yield of
chitosan agreed substantially with that predicted by the
software, thus validating the determined optimal condi-
tions for its synthesis. Adeyi et al. (2018) and Ngomo et
al. (2024) have optimized chitosan yield from shrimp
shells using variants of RSM. Amoo et al. (2019)
optimized the extraction of biopolymers, chitin and
chitosan, from Penaeus notialis shells, using the BBD,
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obtaining 26.08% and 16.93% yield of chitin and chitosan,
respectively, under optimal conditions. Similarly, Ibrahim
et al. (2022) optimized the synthesis of low molecular
weight nano-chitosan from waste white shrimp shells via the
CCD and RSM, while Noura El-Far et al. (2021) and Olafed-
chan et al. (2020) have also confirmed the effectiveness of
RSM for optimizing synthesis.
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Fig. 5. Model desirability plot for the optimization of
chitosan synthesis from chitin derived from
M. differentialis

Fig. 5. shows the desirability plot for numerically optimized
process conditions for the preparation of chitosan from chitin
derived from M. differentialis. The predicted optimum
factors for optimum yield of chitosan are NaOH concentra-
tion of 40.45%, solvent: solid ratio of 16.83 mL/g, and
deacetylation time of 69.34 min. The predicted yield of
chitosan from the optimized factors is 60.62%, with a desir-
ability factor of 0.624.

FTIR spectroscopic analysis of the M. differentialis Chitosan
and its precursors

Fourier Transform Infrared (FTIR) spectroscopy is a
technique that is capable of providing a detailed characteriza-
tion of the structural changes that occur during the conver-
sion of biomass precursors to a desired end product. Figure 6
reveals major changes in the spectrum of the precursor, chitin
and chitosan when compared to one another.

The M. differentialis FTIR spectrum (Fig 6 a) contains
some distinct peaks at 3272.6 cm’, corresponding to
characteristic absorption peak of O-H and N-H symmetric
stretching vibration, suggesting the presence of hydroxyl
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Fig. 6. FTIR Spectra of a) Melanoplus differentialis b)
Melanoplus differentialis chitin and c¢) Melanoplus
differentialis chitosan

and amine functional groups, 2922.2 cm™ (carboxylic acid
O-H), and 2851.4 cm™ (symmetric C-H stretching vibra-
tion from CH, and CH,), which indicates the presence of
methyl and methylene groups. When this spectrum is
compared to chitin (Fig. 6b), a noticeable drop in peak
intensity was observed, resulting from the demineraliza-
tion and deproteinization processes that chitin goes
through. The peak at 1654.9 cm™! however, remains, repre-
senting the C=0 stretching vibration of amide I. This peak
is a strong indicator of the N-acetyl group in chitin that
stays intact even after removing other components. Fig 6 ¢
bears a close resemblance with chitosan as evidenced by
the broad bands at 3200-35500cm™', the amide I peak at
1650 cm™ and the amide II band at 1580 cm', which
corresponds to hydroxyl, amine and partially acetylated
glucosamine units of chitosan respectively (Elhaes et
al.,2024; Tiama et al. 2023)
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The peaks at 1000-1200cm™ are indicative of the C-O-C and
C-N stretch, further confirming that the spectrum presents
chitosan. The distinct spectral characteristics of the M. differ-
entialis spectrum showcase its original chemical makeup,
with the alterations in the other spectra confirming the
successful transformation of the precursor to a new product.

Conclusion

This study reveals that M. differentialis can be used as a
viable precursor for chitosan production. The chitosan
synthesis process was successfully optimized using
Response surface methodology, and the influence of three
independent factors, NaOH concentration, solid: solvent
ratio, and reaction time, on the chitosan yield was
explained. A 60.62% chitosan yield was obtained at
optimal conditions of NaOH concentration of 40.45%,
solvent: solid ratio of 16.83mL/g, and deacetylation time
of 69.34min, being the most statistically significant
factors influencing the chitosan yield. FTIR spectral
characterization confirmed the transformation of the
insect-chitin precursor to chitosan. Overall, RSM has
proved to be effective for the optimization of chitosan
synthesis parameters, resulting in high product yield. This
research will promote insect farming and bio-derived
value, thereby supporting sustainable industries develop-
ment and environmentally responsible innovations.
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