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Abstract

Starch is a natural, renewable, economical, and widely available polymer used as a gelling agent, thickener, 
binder, and potential raw material in many food products. Due to its techno-functional properties, the food and 
non-food industries are interested in developing starch-based materials such as films, hydrogels, starch 
nanoparticles, and other derivatives. This study focused on the kinetics of hydrogen peroxide oxidation of starches 
from four biomass sources (Yam, Cor, Pot, and Cas), as well as their structural and thermal properties. The results 
show that, for all the starches studied, the oxidation process is adequately described by pseudo-first-order kinetics. 
The crystallinity indices obtained are 27.071 ± 0.24%, 30.226 ± 0.30%, 41.170 ± 0.45%, and 36.413 ± 0.34% for 
Cas, Pot, Cor, and Yam, respectively. The TGA/DTG analysis highlights three phases of thermal degradation: the 
first is linked to the loss of residual moisture below 100°C, followed by major degradation between 150 and 
310°C associated with the breakdown of glycosidic bonds. A third phase, between 310 and 550°C, is associated 
with the carbonization of residues, with the differences observed between starches reflecting the influence of 
botanical origin and structural composition on their thermal stability.
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1. Introduction

Starch is a natural biopolymer that is attracting growing interest in food and non-food applications [1]. It is 
mainly composed of amylose and amylopectin. Amylose has a linear α-(1→4)-D-glucopyranose chain structure, 
while amylopectin has a branched α-(1→6) chain structure [2]. The relative proportion of these two components 
varies from one starch to another and determines certain physicochemical properties such as gelation, viscosity, 
and thermal stability. Starch can be obtained directly from many agricultural biomasses such as cereals, tubers, 
legumes, and certain fruits [3]. The applications of starch in the non-food industrial sector range from paper 
production to the production of biodegradable plastics, including the pharmaceutical, cosmetics, and textile 
industries [4]. Although native starch is suitable for most industrial applications, in some cases it has 
limitations, including sensitivity to variations in temperature and pH, and low hydrophobicity. To meet certain 
specific needs, chemical, physical, or enzymatic modification of native starch is sometimes necessary. The aim 
of modification is to improve the structural and functional properties of native starch. Starch oxidation is a 
chemical modification that transforms the methyl hydroxyl groups of starch into carbonyl and carboxyl groups, 
thereby modifying its polarity, molar mass, and supramolecular organization. These changes directly affect the 
diffusivity of water and oxidizing agent molecules in the granules, resulting in a decrease in viscosity at 
constant shear, a change in rheological behavior, and a modification of the glass transition temperature (Tg), 
cold crystallization temperature (Tc), and melting temperature (Tfus) [5]. Among the existing chemical 
treatments, the oxidation of native starch by hydrogen peroxide stands out for its green credentials. This is 
because the oxidizing agent does not cause the production of toxic by-products in the oxidation reaction. In the 
process of modifying native starch by oxidation, the kinetics of the reaction can be studied by monitoring 
changes in the concentration of the oxidizing agent. Understanding the mechanisms of oxidation requires an in-
depth kinetic study. However, monitoring H2O2 consumption makes it possible to determine the reaction order, 
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the rate constant (k), and the half-life (t1/2/₂), which reveal the interactions between hydroxyl radicals and 
reactive sites in starch. Most existing work on the chemical modification of starch focuses on the end products, 
without correlating the kinetics of the reaction with the structural and functional modifications of the oxidized 
starch obtained. However, these modifications provide insight into the thermo-rheological properties of 
oxidized starch. Chemical modification by controlled oxidation also significantly reduces the enthalpies of 
fusion and crystallinity [6]. In this study, the oxidation kinetics of four types of starches from various 
agricultural biomasses will be investigated. Thermal characterization, performed by TGA/DTG analysis, will be 
used to evaluate the thermal behavior of the four types of native starches studied. This analysis aims to identify 
the different stages of thermal degradation, estimate the associated mass losses, and compare the thermal 
stability of the starches according to their botanical origin.

2. Materials and Methods 

2.1. Oxidation of native starches 

In our previous work [7], tubers of yam (Dioscorea alata L.), sweet potato (Ipomoea batatas), cassava 
(Manihot esculenta Crantz), and corn kernels (Zea mays saccharata) were used to obtain native starches. The 
native starches from yams, sweet potatoes, cassava, and corn were designated Yam, Pot, Cas, and Cor, 
respectively. These starches were then oxidized with various concentrations of hydrogen peroxide. Optimal 
oxidation was achieved with hydrogen peroxide concentrations (Copt) of 1M, 0.2M, 0.2M, and 0.6M H2O2, 
respectively. In this study, each oxidation test with a given starch will be performed with a hydrogen peroxide 
concentration (Copt).

2.2. Characterization tests on native starches

TGA analysis

The thermal behavior of native starches was evaluated using an apparatus (Mettler Toledo TGA/DSC, 
Canada 2915 Argentia Road, Unit 6, Mississauga L5N 8G6), with a temperature range of 25 to 1000°C under 
air flow (80 mL.min−1) and a heating gradient of 5°C/ min−1. 

Physicochemical characterization of native starches

The physicochemical parameters of native starches required for this study were established in previous 
work [7].

Structural analysis

X-ray diffraction was used to determine the crystallinity of native starches. The samples were analyzed 
using an X-ray diffractometer (D8-advance Bruker AXS GmbH, Karlsruhe (Germany)) at room temperature 
with a monochromatic Cu kα radiation source (λ = 0.1539 nm) in step scanning mode with an angle 2Ɵ ranging 
from 10º to 60º and a scanning time of 5 min. The crystallinity index (CrI) was determined using Ségale’s 
empirical method [8,9].

𝐶𝑟𝐼 (%) =
𝐼𝑐𝑟𝑖𝑠 ― 𝐼𝑎𝑚𝑜𝑟

𝐼𝑐𝑟𝑖𝑠 
 × 100                                                                (1)

With Icris and Iamor representing the maximum intensities in the crystalline and amorphous regions of the valley 
between two crystalline planes, respectively.
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2.3. General methodology of the kinetic study 

2.3.1. Hydrogen peroxide calibration curve 

A 0.02 M hydrogen peroxide (H2O2) stock solution was prepared from a commercially available 50% 
concentrated solution. This stock solution was diluted to obtain a series of solutions with concentrations Ci 
equal to 1.10⁻³ M, 2.10⁻³ M, 3.10⁻³ M, 4.10⁻³ M, and 5.10⁻³ M, respectively. The experiment was carried out in 
five (5) 10 mL tubes. In each tube, a variable volume of H2O2 was introduced, ranging from 0.5 mL to 2.5 mL 
in increments of 0.5 mL. To these volumes, 1 mL of 0.1 M KI solution and 1 mL of 0.01 M H2SO4 solution 
were added successively. The redox reaction between hydrogen peroxide, potassium iodide (KI), and sulfuric 
acid (H₂SO₄) leads to the formation of diiodine (I₂), which serves as an indicator of the progress of the reaction. 
The tubes containing the mixtures were cooled in an ice bath for 5 minutes before determining the optical 
density. The resulting calibration curve is shown in Figure 1.

Figure 1. Calibration curve.

2.3.2. Kinetic study of oxidation 

For a given native starch, the kinetic study was carried out using a series of eight beakers labeled according 
to different stirring times: ti = 40 min, 1 h, 2 h, 4 h, 8 h, 10 h, 12 h, 16 h, 18 h, 20 h, 22 h, and 24 h. In each 
beaker, 5 g of native starch was added, followed by 25 mL of hydrogen peroxide (H2O2) at (Copt). The mixture 
was stirred at 60 rpm using an orbital shaker (Innova 2300 Shaker, Germany). At the end of the stirring time, 
the beaker is removed and the starch solution is filtered under gravity using a Whatman No. 4 filter. A volume 
of 4 mL of the filtrate is collected in a tube, then 1 mL of H2SO4 and 5 mL of a 0.1 M potassium iodide (KI) 
solution are added successively. The optical density of the solution obtained is read using a dual-beam UV-
Visible spectrophotometer (Parie, France) at 320 nm. The residual concentration of H2O2 is then determined 
using the hydrogen peroxide calibration curve.

2.3.3. Pseudo-order kinetics of the reaction 

The study of the decomposition kinetics of hydrogen peroxide is a complex process that can be described 
using pseudo-order kinetic models. The residual concentrations of H2O2 were determined from the calibration 
curve after measuring the optical density of each solution. The concentrations obtained at different time points 
were then used to analyze the evolution of H2O2 consumption. The experimental data were fitted to three kinetic 
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models: pseudo-order 0, pseudo-order 1, and pseudo-order 2. These models made it possible to determine the 
corresponding kinetic parameters and to evaluate the quality of the fits based on the coefficient of determination 
(R²). The integrated equations used for these three models are presented in Table 1. 

Table 1. Pseudo-order kinetics models from the study

Kinetics Integrated equations Parameters

Pseudo-order 0 [𝐴]𝑡 = [𝐴]0𝑡ℎ ―  𝑘0𝑡
 𝑘0 = apparent rate constant (mol·L⁻¹·h⁻¹)

A₀th = theoretical initial concentration of H2O2

Pseudo-order 1 ln[𝐴]𝑡 = 𝑙𝑛[𝐴]0𝑡ℎ ― 𝑘1𝑡
𝑘1 = apparent rate constant (h⁻¹)

A₀th = theoretical initial concentration of H2O2

Pseudo-order 2
1

[𝐴]𝑡
=

1
[𝐴]0𝑡ℎ

+ 𝑘2𝑡  𝑘2 = apparent rate constant (L·mol⁻¹·h⁻¹)
A₀th = theoretical initial concentration of H2O2

The linear regression curve for each equation provides access to the theoretical kinetic parameters and 
allows the pseudo-reaction order to be deduced. The kinetics monitored are those for which the linear regression 
provides a high coefficient of determination and theoretical initial concentrations close to the experimental 
initial concentrations. 

2.4. Data treatment

All calculations and graphs were performed using Origin Pro 2024. Mean values and standard deviation 
were determined from three individual measurements.

3. Results and Discussion

3.1. TGA/DTG analysis

The TGA/DTG curves for native starches are shown in Figure 2. Analysis of the thermal degradation of 
native starches reveals three main phases at the TGA level, resulting in three peaks at the DTG level.

The first phase is observed at temperatures below 100°C with a small loss of mass (< 5%) corresponding to 
the loss of residual moisture in the starches. This stage is mainly attributed to the evaporation of residual 
moisture trapped in the granular structure of the starches. In fact, water molecules weakly bound by hydrogen 
interactions to the hydroxyl groups of amylose and amylopectin are released during heating [10]. This water 
desorption manifests itself as exothermic transitions recorded at 76°C, 81°C, 77°C, and 82°C for corn starch 
(Cor) (Figure 2a), yam starch (Yam) (Figure 2b), cassava (Cas) (Figure 2c) and sweet potato (Pot) (Figure 2d). 
The small temperature differences between these peaks could be explained by minor differences in the 
structural organization and water retention capacity of the starches studied, linked to their botanical origin 
[11,12]. The second degradation phase occurs between 150°C and 310°C. It is observed in the temperature 
range for all types of starches. This stage constitutes the major degradation, with mass losses reaching 56.14% 
to 60.88% depending on the botanical origin. The DTG peak temperatures (297 to 305°C) for different starches 
correspond to the breaking of glycosidic bonds and the depolymerization of amylose and amylopectin. These 
results are consistent with previous reports indicating that the main pyrolysis of native starch generally occurs 
between 200 and 400°C, resulting in a significant release of volatile compounds [12]. The variation in intensity 
and temperature between different starch sources can be attributed to their amylose/amylopectin content, grain 
size, and degree of crystallinity, as previously reported by [13,14]. The third phase occurs in the temperature 
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range of 310°C–550°C for all starches and is associated with the carbonization of residual products and the final 
decomposition of refractory organic compounds. The DTG peaks observed (404–491°C) confirm this 
phenomenon. These results are comparable to those described by [15], who report that native starches undergo 
slow and progressive degradation of carbonaceous residues above 350°C. The marked differences between the 
samples (40.01% for Yam (Figure 2b) versus 37.38% for Pot (Figure 2d) reflect the disparities in thermal 
stability and structural composition of starches of different botanical origins. These variations (Table 2) 
corroborate the work of [16,17], which emphasizes that the thermal resistance of starches depends heavily on 
botanical nature and the relative proportion of amylose and amylopectin.

Figure 2. Thermogravimetric (TGA) and derivative thermogravimetric (DTG) curves of native starches 
recorded under an air atmosphere (flow rate: 80 mL min⁻¹) at a heating rate of 5 °C min⁻¹.

Table 2. Thermal degradation parameters of native starches determined by thermogravimetric analysis 
(TGA/DTG)

Samples Number of degradation phases DTG peaks (°C) Final residue (%)
Cor 3 phases 76 ± 1; 297 ± 2; 491 ± 3 5.28 ± 0.16
Cas 3 phases 77 ± 1; 305 ± 3; 467 ± 4 5.94 ± 0.18
Pot 3 phases 82 ± 2; 294 ± 3; 404 ± 3 6.26 ± 0.18

Yam 3 phases 81 ± 2; 305 ± 3; 475 ± 4 4.44 ± 0.17
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3.2. X-ray diffraction of starches

The diffractograms obtained from X-ray diffraction (XRD) analysis of native starches are shown in Figure 
3. The XRD analyses made it possible to study the crystalline properties of the starches prior to treatment. The 
results highlight differences in crystalline organization depending on the botanical origin of the starches. These 
variations in crystallinity can influence the accessibility of reactive sites during oxidation by H2O2. Thus, XRD 
analysis provides structural information that complements the kinetic study.

Figure 3. X-ray diffraction (XRD) patterns of native starches.

Table 3. Crystallinity index and interplanar spacing (d) of native starches determined by X-ray diffraction 
(XRD)

Sample Crystallinity index (%) Crystalline 
type

d-spacing (Å)

Cas 27.07 ± 0.24 B 5.86 ± 0.03; 5.15 ± 0.02; 3.84 ± 0.04
Pot 30.23 ± 0.30 B 5.86 ± 0.02; 5.15 ± 0.04; 3.97 ± 0.03; 

3.70 ± 0.02
Cor 41.17 ± 0.45 A 7.13 ± 0.05; 4.34 ± 0.03
Yam 36.41 ± 0.34 B 5.86 ± 0.03; 5.15 ± 0.02; 3.84 ± 0.04

The starch diffractogram (Cor) reveals two intense peaks at 2θ = 12.42° and 20.47°, corresponding 
respectively to the (100) and (210) lattice planes. This type of peak is characteristic of type A starch, whose unit 
cell has orthorhombic symmetry [18]. Furthermore, the interplanar distance values suggest a compact, ordered 
structure, as is generally the case with cereal starches. This structure could explain the high crystallinity index 
observed (CI = 41.17 ± 0.45%). These results are consistent with previous studies. The starches (Cas, Yam, Pot) 
show multiple peaks between 2θ = 15° and 2θ = 24° for interplanar distances between (d = 3.70 ± 0.02Å -5.86 ± 
0.03Å). These types of peaks are characteristic of type B starches, which have a hexagonal symmetry lattice. 
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These starches have a less dense and more irregular structure, with more amorphous regions that can retain 
water. This type of structure is characteristic of tuber starches. This structural organization therefore explains 
the low crystallinity index values obtained with these starches.

3.3. Kinetic study of the oxidation reaction

3.3.1. Temporal evolution of H2O2 concentration

For a given concentration (Copt), the residual concentrations of H2O2 were evaluated at various times over a 
24 hour period. The results obtained are presented in Figure 4.

Figure 4. H2O2 consumption in native starches over 24 hours.

Analysis of Figure 4 shows that the residual H2O2 concentrations gradually decreased from their initial 
values (Copt), reaching near-zero values at different depletion times (tep). The depletion time (tep, h) was defined 
as the time required for the residual H2O2 concentration to approach zero under the experimental conditions. 
The depletion times for the reactions with Pot, Cas, Yam, and Cor were 10.00, 15.92, 8.04, and 10.06 h, 
respectively. These differences in depletion time may be explained by a gradual decrease in readily accessible 
active sites and by diffusion limitations during the oxidation process. In addition, reaction intermediates and 
oxidized species formed during the reaction may induce competitive effects that slow down the H2O2 oxidation 
process. Kumoro et al. (2017) [19] also reported that, after surface oxidation, diffusion may become a limiting 
factor in the oxidation kinetics of polysaccharide matrices.For the same initial H2O2 concentration (Copt = 0.2 
M), Pot reached near-complete depletion faster than Cas, with depletion times of 10.00 and 15.92h, 
respectively. Yam reached depletion after 8.04h despite having the highest initial H2O2 concentration (Copt = 1.0 
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M), whereas Cor required 10.06h at Copt = 0.6 M. To account for the differences in the initial H2O2 
concentrations, the overall consumption behavior can be compared using the ratio Copt/tep. The corresponding 
average consumption rates (V= Copt/tep) were 0.1244, 0.0596, 0.0200, and 0.0126 M h⁻¹ for Yam, Cor, Pot, and 
Cas, respectively.Thus, the overall H2O2 consumption rates followed the order:

VYam > VCor > VPot > VCas 

The higher overall consumption rate observed with Yam may be related to its relatively large accessible 
surface area and the availability of hydroxyl groups susceptible to oxidation. In addition, amylose-rich starches 
may expose a greater number of hydroxyl groups accessible to hydrogen peroxide oxidation, as previously 
reported by Zhou et al. (2016) [20]. The relatively low overall consumption rate observed with Cas cannot be 
attributed to a high degree of crystallinity, since Cas exhibited the lowest crystallinity index among the four 
starches (27.07 ± 0.24%), compared with 30.23 ± 0.30% for Pot, 36.41 ± 0.34% for Yam, and 41.17 ± 0.45% 
for Cor. Instead, this behavior may be related to its granular organization, relatively limited accessible surface 
area, differences in amylose/amylopectin composition, and diffusion limitations that may restrict the 
accessibility of reactive hydroxyl groups during the oxidation process.It should be noted that this overall 
consumption-rate ranking is distinct from the pseudo-first-order rate constants obtained from the kinetic 
regression analysis. The depletion time and the Copt/tep ratio describe the overall H2O2 consumption behavior, 
whereas 𝐾1 represents an apparent kinetic parameter obtained from the pseudo-first-order model. Therefore, 
these parameters should be considered as complementary descriptors of the oxidation process rather than 
interchangeable measures of reaction rate.

3.3.2. Kinetic pseudo-orders 

For each of the biomasses studied, the experimental data obtained from monitoring the temporal evolution 
of H2O2 were analyzed using various pseudo-order equations. Analysis of the corresponding linear regressions 
made it possible to determine the apparent order of the reaction.

Pseudo-orders with Cor

For Cor starch, the linear regressions obtained are shown in Figure. 5 and the parameters of the various 
equations are listed in Table 4.

Figure 5. Reaction orders of starch oxidation reactions Cor.
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Table 4. Kinetic parameters for H2O2 consumption by Cor biomass

Order Rate constant 
kᵢ (i = 0, 1, 2)

Correlation 
coefficient R²

[A]0th

(mol·L⁻¹)
[A]0exp 

(mol·L⁻¹)
Half-life t₁/₂ (h)

0 0.0253 ± 0.0012 
mol·L⁻¹·h⁻¹

0.7609 ± 0.0123 0.5261 ± 0.0081 0.600 11.86 ± 0.44

1 0.351 ± 0.014 h⁻¹ 0.9527 ± 0.0125 0.5649 ± 0.0129 0.600 1.973 ± 0.135
2 26.226 ± 1.42 

L·mol⁻¹·h⁻¹
0.5576 ± 0.0280 −0.0108 ± 0.0102 0.600 0.064 ± 0.006

A comparative examination of the linear regressions in Figure 5 and analysis of Table 4 suggest pseudo-
order 1 kinetics for the oxidation reaction with Cor starch. Indeed, the coefficient of determination R² is higher 
for pseudo-first-order kinetics, which also has a value [A]0th (0.5649 ± 0.0129 mol.L⁻¹) close to Copt = [A]0exp 
(0.6 mol.L⁻¹). In addition, the reaction is rapid after the first 2 hours with a half-life (Half-life t1/2 (h)) =1.973 ± 
0.135≈2h), followed by a slow stage due to the decrease in active sites and the phenomenon of diffusion. The 
pseudo-order 2 model seems unsuitable for describing the oxidation process because it has a low coefficient of 
determination and half-life R² that are incompatible with the experimental results.

Pseudo-orders with Yam

The linear regressions derived from the pseudo-kinetic equations applied to Yam starch are shown in Figure 
6, while the corresponding parameters are summarized in Table 5. 

Figure 6. Reaction orders of Yam starch oxidation reactions.

Table 5. Kinetic parameters for H2O2 consumption by Yam biomass
Order Rate constant kᵢ (i = 0, 

1, 2)
Correlation 

coefficient R²
[A]0th (mol·L⁻¹) [A]0exp 

(mol·L⁻¹)
Half-life t1/2 (h)

0 0.0327 ± 0.0015 
mol·L⁻¹·h⁻¹

0.655 ± 0.013 0.6274 ± 0.0094 1.000 15.29 ± 0.56

1 0.3031 ± 0.014 h⁻¹ 0.9654 ± 0.0145 0.9933 ± 0.0123 1.000 2.287 ± 0.105
2 21.601 ± 1.18 

L·mol⁻¹·h⁻¹
0.2347 ± 0.0240 0.0252 ± 0.0247 1.000 0.046 ± 0.005

The comparative analysis of the linear regressions in Figure 6, supported by the data in Table 5, shows that 
the oxidation of Yam starch is best described by pseudo-order 1 kinetics. Indeed, the coefficient of 
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determination for pseudo-first-order kinetics is distinguished by a higher coefficient of determination (R² = 
0.9654 ± 0.0145), which also has a [A]0th value (0.9933 ± 0.0123mol.L⁻¹) very close to the optimal experimental 
concentration Copt = [A]0exp (1 mol.L⁻¹). The oxidation process is thus characterized by a rapid initial phase, 
observed during the first two hours and associated with a half-life t1/2 (h) = 2.287 ± 0.105, followed by a slow 
stage due to the decrease in active sites and the phenomenon of diffusion. Pseudokinetics 0 and 2 do not 
adequately describe the system due to low coefficients of determination and half-lives that are incompatible 
with the experimental results.

Pseudo-orders with Cas

The pseudo-kinetic results for Cas starch are shown as regression lines in Figure 7, and the corresponding 
kinetic parameters are summarized in Table 6.

Figure 7. Reaction orders for starch oxidation reactions Cas.

Table 6. Kinetic parameter for H2O2 consumption by biomass Cas
Order Rate constant 

kᵢ (i = 0, 1, 2)
Correlation 

coefficient R²
[A]0th

(mol·L⁻¹)
[A]0exp 

(mol·L⁻¹)
Half-life t1/2 (h)

0 0.0051 ± 0.0004 
mol·L⁻¹·h⁻¹

0.714 ± 0.023 0.0921 ± 0.0081 0.200 19.61 ± 1.30

1 0.8227 ± 0.055 h⁻¹ 0.9541 ± 0.023 0.1990 ± 0.0160 0.200 0.843 ± 0.061
2 2.00 × 10⁷ ± 2.80 × 10⁶ 

L·mol⁻¹·h⁻¹
0.167 ± 0.028 −1.00 × 10⁻⁸ ± 

0.30 × 10⁻⁸
0.200 2.5 × 10⁻⁷ ± 0.5 × 

10⁻⁷

The linear regression analysis in Figure 7, combined with the data in Table 6, shows that the oxidation of 
Cas starch is governed by pseudo-order 1 kinetics. Indeed, the coefficient of determination for pseudo-first-
order kinetics is distinguished by a higher coefficient of determination (R² = 0.9541 ± 0.023), which also has a 
value [A]0th (0.1990 ± 0.0160 mol.L⁻¹) that is in excellent agreement with the experimental optimal 
concentration Copt = [A]0exp (0.2 mol.L⁻¹). The oxidation process takes place in two successive stages: a rapid 
initial phase, observed during the first hour and characterized by a half-life t1/2 (h) = 0.843 ± 0.061, followed by 
a slower phase attributable to the gradual decrease in active sites and diffusion limitations. The pseudo-kinetics 
of order 0 and 2 are clearly unsuitable for describing the system, as their low coefficients of determination and 
half-lives do not match the experimental results.
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Pseudo-orders with Pot

The regression curves derived from the pseudo-kinetics of Pot starch are shown in Figure 7, and the 
corresponding kinetic parameters are listed in Table 7.

Figure 8. Reaction orders of starch oxidation reactions Pot.

Table 7. Kinetic parameter for H₂O₂ consumption by biomass Pot
Order Rate constant 

kᵢ (i = 0, 1, 2)
Correlation 

coefficient R²
[A]0th

(mol·L⁻¹)
[A]0exp 

(mol·L⁻¹)
Half-life t1/2 (h)

0 0.0089 ± 0.0007 
mol·L⁻¹·h⁻¹

0.728 ± 0.024 0.1607 ± 0.0097 0.200 11.36 ± 0.52

1 0.348 ± 0.019 h⁻¹ 0.959 ± 0.018 0.1963 ± 0.0088 0.200 1.99 ± 0.10
2 4.00 × 10⁶ ± 0.40 × 10⁶ 

L·mol⁻¹·h⁻¹
0.0002 ± 0.0001 1.43 × 10⁻⁹ ± 0.33 

× 10⁻⁹
0.200 1.25 × 10⁻⁶ ± 0.25 

× 10⁻⁶

The joint use of the regression lines shown in Figure 8 and the parameters reported in Table 7 leads to the 
conclusion that the oxidation of Pot starch preferentially follows pseudo-order 1 kinetics. Indeed, the coefficient 
of determination for pseudo-first-order kinetics stands out for its superior fit, with a high coefficient of 
determination (R² = 0.959 ± 0.018) and a value of [A]0th equal to 0.1963 ± 0.0088 mol.L⁻¹) in excellent 
agreement with the experimental optimal concentration Copt = [A]0exp = 0.2 mol.L⁻¹. The temporal evolution of 
oxidation reveals two distinct phases: a rapid initial stage, observed during the first two hours and associated 
with a half-life t1/2 (h) = 1.99 ± 0.10, followed by a slower phase attributable to the gradual decrease in active 
sites and diffusion limitations. The pseudo-kinetics of order 0 and 2 do not satisfactorily account for the 
behavior of the system, as their low coefficients of determination and half-lives are incompatible with the 
experimental results.

3.4. Comparison of kinetic models

The pseudo-second-order model showed poorer fit performance for all four starches, characterized by lower 
coefficients of determination (R²) and, in some cases, theoretically calculated initial concentration values that 
were physically inconsistent. These results indicate that this model does not adequately describe H2O2 
consumption under the experimental conditions studied. In contrast, the pseudo-first-order model generally 
yielded higher coefficients of determination as well as more physically consistent kinetic parameters. It was 
therefore selected as the most appropriate model for describing the kinetics of H2O2 consumption by the four 
starches.
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4. Conclusion 

In this study, the kinetics of hydrogen peroxide oxidation of starches derived from four types of biomass 
(Yam, Cor, Pot, and Cas) were monitored. The starches extracted from local biomass were characterized, 
revealing more or less compact semi-crystalline structures that may promote or limit the kinetics of oxidation. 
Overall, the thermal, structural, and kinetic results indicate that the H2O2 oxidation behavior of the native 
starches is governed by the combined effects of thermal stability, crystalline organization, granular structure, 
and accessibility of reactive sites. This process takes place in two successive stages: an initial rapid phase, 
lasting between approximately 1 and 2 hours, followed by a slower phase that continues until exhaustion. This 
preliminary study thus provides a relevant predictive framework for optimizing hydrogen peroxide treatment 
conditions, paving the way for the rational valorization of local starches and their controlled transformation into 
functional materials, particularly for applications in bioplastics and bio-based materials.
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