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Abstract

A substantial number of by-products, such as peel and residue, are generated from cassava production in Indonesia but are often
neglected, posing a significant environmental challenge. In response to this issue, this research reports the valorization of these
processing by-products into functional, cellulose-based hydrogels for drug delivery applications. The research developed an
optimized methodology that ensures the near-complete removal of starch from cassava-based waste. This process consistently
yields isolated cellulose characterized by a dual-population size distribution across both waste sources, reflecting the successful
extraction of distinct fiber fractions. The synthesis of these hydrogels via graft polymerization was supported by Fourier transform
infrared (FTIR) analysis, which showed the emergence of characteristic peaks for C=O and N—H groups indicated the incorporation
of the graft polymer into the hydrogel network. The results revealed notable structural and performance differences, with the
cassava residue cellulose (CRC)-hydrogel exhibiting a superior, highly porous, and well-interconnected network compared with
cassava peel cellulose (CPC)-hydrogel. This translated to a greater maximum swelling ratio (51.87 g/g) and enhanced water
retention, which directly influenced its drug delivery capabilities. The CRC-hydrogel demonstrated a higher entrapment efficiency
for ascorbic acid (22.47 w/w%) and a faster, more predictable diffusion-controlled release profile, as confirmed by Higuchi kinetic
modelling. Furthermore, it proved to be a more effective delivery system for amoxicillin at a concentration of 25 pg. This study
concludes with a systematic route for the fabrication of value-added functional hydrogels from abundant agricultural waste. This
work helps in sustaining the environment and utilization of biocompatible material for biomedical applications (drug delivery,
wound healing) by providing a reliable synthetic path from cassava residue to porous matrix.
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1. INTRODUCTION

High
particularly  in

cassava production in Indonesia,
Lampung Province, which
contributed nearly 40% of the national output in
2022, generates a massive amount of lignocellulosic
waste [1][2]. These residues are often discarded,
resulting in environmental problems such as odor
pollution and land contamination [3][4]. The global
production of this commodity has reached
approximately 302 million tonnes, and it was
notable that approximately 25-30% w/w is
discarded as fibrous residue and peels [5].
However, in line with the global push for a circular

economy, there's a growing interest in repurposing
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this agricultural waste, which is rich in cellulose.
Studies show that the residues are excellent sources
of cellulose, with content in peels ranging from
39.78% to 66.00% [2][6]-[8]. This abundant
biomass presents a compelling opportunity for
valorization by converting waste into high-value
materials [9][10].

Amongst, the most promising applications is the
development of cellulose-based hydrogels [11].
Hydrogels are three-dimensional polymeric
networks that can absorb and retain large amounts
of water, making them highly versatile. By grafting
monomers like acrylamide onto the cellulose
backbone, researchers can create hydrogels with
enhanced properties, such as improved swelling and
mechanical strength [12][13]. This modification
precise the hydrogel's
characteristics, allowing them to be tailored for
specific functional requirements. This innovative

enables control over

environmental
concerns but also offers significant benefits for the
biomedical sector [14]-[16].

A significant gap in waste valorization needs to
be addressed. Recent advancements in biomaterials
have led to a surge in cassava-based hydrogel
research, with studies starch-based

approach not only addresses

exploring
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Figure 1. Effect of temperature and loading mass on the solubility of (a) cassava peel powder and (b)
cassava residue powder.
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Figure 2. Results of the iodine test for starch removal from (a) cassava peel powder and (b) cassava residue
powder. The (+) symbol indicates a positive test for starch, while the (-) symbol indicates a negative test,
signifying complete removal of starch.

matrices [17][18] and composite systems for
environmental or medical use [19][20]. However, a
majority of these studies utilize the starch
component or commercially available cellulose
derivatives. While various cellulose sources have
been explored, the differential impact of using
specific cassava processing byproducts as starting
feedstocks has not been sufficiently explored for the
extraction purpose. Pointedly, there is a lack of
entire research that integrates the entire process
from initial waste treatment to the final evaluation
of the hydrogel as a drug delivery system. Chemical
modifications, such as the application of sonication
and the addition of specific functional groups, have
been shown to enhance hydrogel properties for
medical use, but these processes have yet to be fully
integrated into a complete and optimized workflow
for cassava waste [21][22].

This research presents an innovative and

improved approach, precisely detailing each stage
of the process. We will achieve this through four
key steps: first, by optimizing the starch removal
from cassava waste; second, by isolating the
cellulose; third, by producing ingenious hydrogels
via the grafting of acrylamide; and finally, by
evaluating their practical utility as a controlled drug
delivery system for ascorbic acid and amoxicillin.
This approach, which connects local waste
valorization with a specific and practical biomedical
application, is designed to contribute to both
environmental  sustainability and  healthcare
innovation within a circular economic framework.

2. MATERIALS AND METHODS
2.1. Materials

The cassava roots used in this study were
sourced from Lampung Tengah, Indonesia. Cassava
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peels and residue were obtained as byproducts
during the starch extraction process from cassava
tubers. The chemicals, i.e., iodine, H,SO,;, KOH,
ammonium persulfate (APS), acrylamide (Aam),
N,N'-methylenebisacrylamide (MBA), KI, KIOs,
ascorbic acid (AA), Muller-Hinton Agar (MHA)
were analytical grade and purchased by Merck,
respectively; since  amoxicillin  trihydrate
(Hexpharm) was obtained from commercial
medicine. Staphylococcus aureus ATCC 25923 was
obtained from the Indonesian Culture Collection,
National Research and Innovation Agency (BRIN).

2.2. Methods

2.2.1. Cassava Peel and Residue Preparation
Cassava roots were cleaned, sanitized, and
peeled by hand. The pulp was then sectioned,
weighed, and pulverized with a blender. Starch was
extracted from the pulp using the wet milling
method [23]. The byproduct, peelings and residue,
were dried in a forced-air oven at 60 °C for 24 h.
They were then crushed in hammer mills and sieved
through a 120-mesh screen to create microparticles.

These microparticles were stored in sealed

containers until cellulose isolation.

2.2.2. Starch Removal from Cassava Peel and
Residue Flour

Starch was removed from cassava peel and
residue flour by testing various flour mass loadings
(5, 10, 15, and 20%) at different temperatures (50,
70, and 95 °C). For each trial, the flour was added
to an Erlenmeyer flask with 100 mL of distilled
water. This mixture was then heated at the target
temperature for 10 min before being cooled to room
temperature. After cooling, the mixture was
centrifuged to separate the filtrate from the
sediment. The resulting precipitate was then used
for the cellulose extraction process from the cassava
peel and residue. To determine the optimum
conditions for starch removal, the collected data
were analyzed using a two-way ANOVA, followed
by Tukey’s HSD as a post hoc test. The extraction
process was repeated until the iodine test yielded no
purple coloration in the filtrate, indicating that the
starch had been completely removed.
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Figure 3. Particle size distribution of isolated cellulose from (a) CPC, and (b) CRC, showing a dual-
distribution particle size characteristic for both materials.

(a)

(b)

Figure 4. Photographs of the synthesized dried cellulose-based hydrogels: (a) CPC-hydrogel from CPC,
and (b) CRC-hydrogel from CRC.
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Figure 5. In comparison to the source of cellulose (CPC and CRC), the FTIR spectra of CPC-hydrogel and
CRC-hydrogel provide evidence of successful polymerization.

2.2.3. Acidic Treatment and Mechanical Size
Reduction

Cellulose powder (10% w/v) was dissolved in 0.5
M H,;SO, and homogenized at 4060 °C for 1 h
[24]. After neutralizing the mixture with 5% (w/v)
KOH to a neutral pH, the resulting precipitate was
suspended in distilled water to form a 5% (w/v)
suspension. This suspension was then sonicated at
40 kHz for 1h. The mixture was centrifuged at
10,000 rpm for 10 min, and the resulting sediment
was dried using a vacuum freeze dryer. Finally, the
particle size of the product was characterized using
a Beckman Coulter LS 13 320 Particle Size
Analyzer.

2.2.4. Synthesis Procedure of Hydrogels

To synthesize the hydrogels, 1 g of dry cellulose
was first made into a pulp with distilled water and
heated to 95 °C for 30 min. After cooling to 60 °C,
0.05 g of APS was added and stirred for 15 min.
Next, a solution containing 5 g of AAm and 5 mg of
MBA in 40 mL of distilled water was added. The
temperature was then increased to 70 °C and
maintained for 3 h. The final product was
precipitated using an ethanol/methanol mixture,

purified by refluxing with acetone for 1 h, and then
characterized using an Agilent FTIR.

2.2.5 Evaluation of Swelling Ratio and Water
Retention

The swelling and water retention of the
hydrogels

were measured using gravimetric

analysis. To determine swelling capacity, a
precisely weighed, dried hydrogel was immersed in
50 mL of deionized water. At specific time points,
the swollen hydrogel was removed, blotted to
remove surface water, and weighed using an
analytical balance. To measure water retention, the
equilibrated hydrogel left at ambient

temperature, with its weight monitored at regular

was

intervals until it stabilized. The swelling ratio and
percentage of water retention were then calculated
using Equations 1 and 2, respectively;

w— W,

Swelling ratio(Sg/g) = W, )
) W, — W,

Water retention (%) = — 2 x 100% @)
H';d - IVD

where W, is the swollen hydrogel weight at time
intervals, W, is the weight of the dried hydrogel,
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and Wy is the initial weight of the swollen hydrogel.

2.2.6. Evaluation of AA Absorption and Release
The capacity of the hydrogel to absorb and
release AA was evaluated through a series of experi
ments. For absorption, 0.1 g of dry hydrogel was
immersed in 25 mL of a 100 mg/L. AA solution for
up to 48 h. The loaded hydrogels were then
immersed in 25 mL of distilled water for 72 h to
assess the release of AA. The concentration of
released AA was quantified via iodometric titration,
where 1 mL of 0.002 M KIO; solution was
equivalent to 0.8806 mg of AA (C¢HgOg). For a
more detailed release profile, AA concentration was
measured at intervals up to 24 h. The Higuchi
kinetic model was then applied to analyze the
release kinetics by plotting the cumulative AA
release percentage against the square root of time.

2.2.7. Evaluation of Antibiotic Release

The capacity of the hydrogel to release
antibiotics was assessed using a modified Kirby-
Bauer disk diffusion assay. To prepare, 0.1 g of dry
hydrogel were soaked for 24 h in 1 mL of diluted
amoxicillin solutions at various concentrations (0,

25, and 50 pg). The resulting amoxicillin-loaded,
swollen hydrogel was then placed onto MHA that
had been swabbed with 24-h cultures of S. aureus.

3. RESULTS AND DISCUSSIONS

3.1. Starch Removal and Solubility Analysis of
Cassava Waste

The process of removing starch from cassava
peel and powder was thoroughly
investigated by examining how solubility changed

residue

with temperature and mass. As shown in Figure 1,
temperature is the most influential factor. As the
temperature rose from 50 to 95 °C, solubility
consistently increased because thermal energy
broke down starch granules, allowing them to
dissolve in water. The solubility of cassava starch is
intricately linked to this thermal treatment, where
heating below 100 °C disrupts hydrogen bonds,
causing starch granules to swell and increase in
solubility [25]. Interestingly, cassava residue
powder always showed higher solubility than
cassava peel powder, which suggests that its starch
might be more accessible due to a simpler cell wall
structure. This initial analysis helped identify the

Figure 6. SEM micrographs showing the morphology of the hydrogels: (a) dried CPC-hydrogel, (b)
swollen CPC-hydrogel, (c) dried CRC-hydrogel, and (d) swollen CRC-hydrogel.
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Figure 7. Swelling kinetics of the synthesized hydrogels: (a) CPC-hydrogel, and (b) CRC-hydrogel.

key variables affecting the extraction process.

A detailed statistical analysis was performed to
find the best conditions for starch removal.
Statistical analysis via two-way ANOVA revealed
that while temperature exerted a significant
influence on solubility (p < 0.001), on the other
hand, the loading mass did not act as a critical
determinant within the tested range (p = 0.337).
Although a slight numerical decrease in solubility
was observed at the highest mass concentrations,
this trend was not statistically significant. The Post
Hoc tests indicate that the solubility at 70 °C was
the optimal temperature. While the highest
solubility at 95 °C was not practical for separating
the starch from the cellulose because it tends to
create a gelatinous mass, which increases the
viscosity [26].

Based on our findings, the best conditions for
removing starch were a loading mass of 10 w/v% at
70 °C. Under these conditions, cassava peel and
cassava residue flours showed high solubilities of
43.43 and 45.01 w/v%, respectively, while avoiding
the formation of a gelatinous mass. To confirm that
all starch was removed, an Iodine test was
performed. A clear solution indicated that the
extraction was complete. As shown in Figure 2,
cassava peel flour needed four extractions, while
cassava residue flour only needed three. This
difference likely comes from the natural variations

3.2. Particle Size Analysis of Isolated Cellulose

Particle size analysis of the cellulose from both
cassava peel (CPC) and cassava residue (CRC)
showed a consistent dual-distribution particle size
distribution, meaning each sample had two distinct
particle groups. As seen in Figures 3(a) and 3(b),
the average particle sizes were very similar: 1.214 +
0.692 um for CPC and 1.190 + 0.698 pm for CRC.
The CPC had two main peaks at approximately 0.6
and 1.8 pum, while the CRC had its peaks at about
0.35 and 1.7 pm. The close similarity in these
distributions and the nearly identical mean and
median values (0.952 um for CPC vs. 0.948 pm for
CRC) suggest that our processing method produced
cellulose with highly similar size characteristics,
even though the original raw materials likely had
different fibrous structures.

Cellulose derived from biomass like cassava
peels has a diverse particle size range, which can
exhibit different behaviours when subjected to
various mechanical treatments such as sonication.
Studies have shown that sonication can fragment
larger cellulose aggregates into nanosized particles,
resulting in a dual-distribution particle size [27]
indicated that manipulating particle size during the
preparation of cellulose nanofibers could yield this
type of particle size distribution, which in turn
impacts the material's mechanical properties and
performance. This finding is further supported by

in their starch solubility and structure. Hachaichi et al. [28], who explained that
morphological changes in cellulose during
[ED PANDAWA 1136
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mechanical processing contribute to the formation
of distinct size classes within the particle
distribution. Their observations of needle-like
particles suggest that mechanical treatments applied
to cassava cellulose could result in particle
morphologies with distinct peaks, leading to a
heterogeneous particle size distribution.

3.3. Hydrogel Formation and Characterization

The synthesis of cellulose-based hydrogels from
both CPC and CRC was successfully carried out
through a graft polymerization process. The
procedure involved creating a cellulose pulp,
followed by the addition of APS as a free radical
initiator, which led to the formation of active sites
on the cellulose backbone. Subsequently, the
monomers of Aam and the cross-linking agent
MBA were introduced. The polymerization was
initiated at 70 °C, a temperature carefully chosen to
promote the grafting reaction without degrading the
cellulose structure. The final products, depicted in
Figure 4, show the resulting hydrogels in a dried
state after precipitation and purification. Visually,
both samples appear as solid, granular materials,
indicating successful cross-linking and formation of
a three-dimensional polymer network. The darker
color of the hydrogel from CPC in Figure 4(a) is
likely due to the inherent color of the raw cassava
peel itself, whereas the lighter color of the hydrogel
from CRC in Figure 4(b) reflects the original,
lighter shade of the cassava residue flour.

3.4. Confirmation of Grafting and Cross-linking by
FTIR Spectroscopy

The FTIR analysis was applied to confirm that
grafting and cross-linking were successful in both
the CPC-hydrogel and CRC-hydrogel. As shown in
Figure 5, the spectra of the hydrogels displayed new
peaks for the C=0O and N-H functional groups
clearly, which were completely absent in pure
cellulose. These new peaks serve as direct evidence
of the successful copolymerization reaction [29].

Specifically, the CPC-hydrogel showed a C=0
peak at 1647 cm™ and an N-H peak at 3190 cm™.
Similarly, the CRC-hydrogel exhibited a C=0O peak
at 1654 cm™ and an N-H peak at 3190 cm™. The
consistent appearance of these two key peaks
confirms that the acrylamide monomer was
successfully grafted onto the cellulose backbone in
both materials, leading to the formation of the
hydrogel network [12][30][31].

FTIR spectroscopy is an essential tool for
understanding  the structure  and
intermolecular interactions within these hydrogels.
The analysis reveals key spectral features, such as
the O-H stretching vibrations around 3400-3500
cm’, which are linked to successful hydrogel
formation. Other bands, like the C—H stretching
around 2870 cm™ [32], also confirm successful
interaction between the cellulose and acrylamide
chains. This comprehensive analysis allows for a
clearer understanding of the chemical interactions
that lead to improved properties like enhanced

chemical

swelling and  mechanical strength  [33].
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Figure 8. Water retention kinetics of the synthesized hydrogels: (a) CPC-hydrogel, and (b) CRC-hydrogel.
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Figure 9. Entrapment kinetics of ascorbic acid by (a) CPC hydrogel and (b) CRC hydrogel.

Furthermore, FTIR spectrum helps reveal the
effective formation of a stable polymeric network
[34] and aids in optimizing hydrogel formulations
by showing chemical shifts associated with varying
degrees of acrylamide

incorporation  and

crosslinking ratios [35].

3.5. SEM Analysis of Hydrogel Morphology

SEM studied the structural morphology of the
hydrogels to correlate it with their functional
properties. As shown in Figure 6, the dried CPC-
hydrogel and CRC-hydrogel both have relatively
dense, solid structures, which
formation of a cross-linked polymer matrix.
However, significant differences appear once the
hydrogels swell. The swollen CRC-hydrogel in
Figure 6(d) displays a highly porous, three-
dimensional network with well-defined,
interconnected pores. This open structure directly

confirms the

explains its superior performance, as a more open
network allows for greater water absorption and
more efficient retention. In contrast, the swollen
CPC-hydrogel in Figure 6(b) has smaller, more
irregular pores and a less interconnected network.
This difference in pore morphology directly
accounts for its lower swelling ratio and water
retention capacity. Ultimately, the superior porous
structure of the CRC-hydrogel is a key factor in its
more effective performance for drug and antibiotic
delivery applications.

SEM tool for

analysis is a valuable

understanding the morphology of cellulose
hydrogels, revealing a porous structure that is
beneficial for drug delivery, as it allows for
significant drug water

absorption [36]. However, this morphology is not

loading and efficient

static; it is heavily influenced by the preparation
methods [37] emphasized that varying processing
techniques can alter the pore size and distribution,
which are critical for optimizing drug release
kinetics. Furthermore, the use of cross-linking
agents, as reported earlier [38], causes specific
structural modifications, such as tighter packing and
reduced porosity. This not only influences swelling
and drug retention but also enhances the hydrogel's
mechanical strength for effective sustained-release
applications.

3.6. Swelling Ratio and Retention

The swelling behavior of the synthesized
hydrogels was evaluated to determine their water
absorption capacity. As shown in Figure 7, both
hydrogels exhibited a rapid initial swelling phase
followed by a gradual increase until they reached an
equilibrium state. This
successful formation of a cross-linked polymer

network capable of absorbing and retaining a

pattern confirms the

significant amount of water. A comparative analysis
revealed that the CRC-hydrogel in Figure 7(b)
demonstrated a significantly higher maximum
swelling ratio. It reached a peak of 51.87 g/gat 7 h
and maintained this high level, stabilizing at 50.38
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g/g after 48 h. In contrast, the CPC-hydrogel in
Figure 7(a) reached a lower peak of 44.23 g/g at 8 h
and stabilized at a lower level of 41.28 g/g after 48
h. This difference can be attributed to the inherent
structural and chemical properties of the cellulose
from each source, such as crystallinity or particle
size, which affect the efficiency of the grafting
polymerization and the density of the resulting
hydrogel network.

The water retention capacity of the hydrogels
was also evaluated to understand their ability to
retain water over time. As shown in Figure 8, both
hydrogels showed a trend of rapid initial water loss
that then stabilized at an equilibrium retention level.
A comparison revealed a clear difference in their
retention capabilities. The CPC-hydrogel in Figure
8(a) had superior long-term retention, with its water
content stabilizing at 30.85% after 24 h.
Conversely, the CRC-hydrogel in Figure 8(b)
released over 50% of its water in the first 2.5 h, and
its long-term retention was significantly lower,
stabilizing at 19.11% after 24 h.

This difference in long-term retention capability
can be attributed to a more stable or denser cross-
linked structure in the CPC hydrogel. Cellulose-
based hydrogels are recognized for these properties,
which are critical for applications like drug
delivery, as the incorporation of cellulose and
nanocrystals can enhance water uptake speed and
absorption capacity [39]. This structural integrity,
which is influenced by factors like microcrystalline

cellulose [40] and nanocrystals [41][42], is

advantageous for encapsulating various drugs.

3.7. Absorption and Release of Vitamin C

The ability of the hydrogels to trap AA was
evaluated as a key step for drug delivery. As shown
in Figure 9, both hydrogels followed a similar
pattern: a fast initial phase, a steady increase, and
then a leveling off when they were full of AA. The
CRC-hydrogel, in Figure 9(b), was much better at
trapping AA than the CPC-hydrogel, in Figure 9(a).
By 24 h, the CPC-hydrogel had trapped 19.21 w/
w%, while the CRC-hydrogel reached a higher
21.84 w/w%. This superior performance by the
CRC-hydrogel is directly linked to its better
swelling and water retention capabilities. Its more
porous structure allows for more AA molecules to
diffuse in and be held within the network.

The release of AA from both hydrogels followed
a two-stage profile, as shown in Figure 10. This
profile is characterized by a rapid initial burst
followed by a slower, more sustained release. The
CPC-hydrogel, in Figure 10(a), showed a faster
initial release, with 61.98% released within 6 h. In
contrast, the CRC-hydrogel in Figure 10(b) had a
slower initial rate but achieved a more sustained
release over time. These differences in release
kinetics are directly influenced by the hydrogel's
structural properties, such as swelling, porosity, and
cross-linking density [31][43]. The faster initial
release from the CPC-hydrogel may be due to a
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Figure 10. Accumulative release of ascorbic acid (AA) from (a) CPC-hydrogel and (b) CRC-hydrogel.

1139

[§) PANDAWA



J. Multidiscip. Appl. Nat. Sci.

(a) 25 I T T T L L T
——y =-1.3066 + 4.6623x R=0.95143
20k -
§3
=
2 ™
8 15t .
2
E .
2 1wk -
‘5 L ]
=
S sl i
[ ]
U 1 L L L L L L

1 .5 2 25 3 35 4 45 5

Square time (h'?)

(b) 25 I I I Ll Ll Ll Ll
——y=-3.334+5.3366x R=0.99695
- 20}k i
=
=
2
3 15t |
2
<
<
4
Zz 10f .
=3
E:
=
S
sk i

Square time (h'?)

Figure 11. Higuchi kinetic plots for the release of ascorbic acid (AA) from (a) CPC-hydrogel and (b) CRC-
hydrogel.

more open structure, while the CRC-hydrogel's
behavior suggests a more complex release
mechanism likely influenced by its denser polymer
network, which is consistent with its high swelling
capacity.

Analysis using the Higuchi kinetic model further
confirmed that the release of AA from both
hydrogels is a diffusion-controlled process. As seen
in Figure 11, both hydrogels fit the model well,
showing a strong linear relationship between
cumulative release and the square root of time. The
CRC-hydrogel, in Figure 11(b), exhibited a superior
fit with an R-value of 0.99699 compared to the CPC
-hydrogel with an R-value of 0.95143, in Figure 11
(a). This suggests that the diffusion mechanism of
CRC-hydrogel is more predictable. The Higuchi
constant (k), which represents the diffusion rate,
was higher for the CRC-hydrogel (k = 5.3366) than
for the CPC-hydrogel (k = 4.6623), indicating a
faster diffusion rate. This finding is consistent with
the CRC-hydrogel's more porous structure and
superior swelling capacity. These results confirm
that while both hydrogels release AA through
diffusion, their different physical structures directly
affect the release rate, which is a key factor for
developing effective drug delivery systems [44]-
[46].

3.8. Hydrogel Performance in Antibiotic Delivery
The effectiveness of the hydrogels as antibiotic

delivery systems was evaluated using the Kirby-
Bauer disk diffusion assay, with the results shown
in Figure 12. The clear zones of inhibition around
the hydrogel and 50 pg
concentrations confirmed that both the CPC-
hydrogel and CRC-hydrogel successfully absorbed
and released amoxicillin. As expected, the size of

samples at 25

the inhibition zone was concentration-dependent,
with larger zones at higher antibiotic loading. At the
25 ng loading, the CRC-hydrogel, in Figure 12(b),
showed more effective delivery with a larger
inhibition zone (21 mm) compared to the CPC-
hydrogel, in Figure 12(a), which produced an 18
mm zone. This difference is likely due to the CRC-
hydrogel's superior swelling and porous network,
which facilitated a more efficient antibiotic release.
Interestingly, at the higher concentration of 50 pg,
both hydrogels performed identically, producing a
25 mm zone, suggesting that at this loading, both
hydrogels released enough amoxicillin to saturate
the medium.

The results from the disk diffusion assay can be
interpreted through the derived data regarding the
diffusion rates of amoxicillin from the hydrogels.
The inhibitory zones indicate the extent of
antimicrobial activity, with larger zones suggesting
more effective drug release. The diffusion of drug
molecules within hydrogels is influenced by their
physical structure, including porosity and swelling
capacity [47]. The water-filled voids in the
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hydrogels facilitate the movement of amoxicillin
molecules from high to low concentration areas,
demonstrating a Fickian diffusion process. Our
findings show that the hydrogels displayed
significant swelling, which not only increases
porosity but also enhances the mobility of the
entrapped amoxicillin, allowing for a more efficient
release profile. Moreover, the observed results
indicate that the entrapment of amoxicillin within
cellulose-based hydrogels aids in its stabilization
against degradation, allowing for tunable release
profiles that can be modulated according to the
hydrogel's physical properties. As illustrated by
Wang et al. [48] sustained release is essential for
counteracting antibiotic resistance by maintaining

effective drug concentrations over extended
periods.

4. CONCLUSIONS

To summarize, this research successfully

demonstrates that cassava waste can be a valuable
source for creating functional hydrogels with
promising properties for drug delivery. Optimal
conditions for starch removal were identified as 70
°C and 10 w/v%, which produced consistent
cellulose from both cassava peel and cassava
residue. The successful synthesis of these hydrogels
was confirmed by FTIR analysis. The CRC-
hydrogel proved to be structurally superior, with a
highly porous network that resulted in better

swelling and water retention. This advantage
directly led to a higher entrapment efficiency and a
faster, diffusion-controlled release of ascorbic acid.
Furthermore, in an antibiotic delivery test, the CRC
-hydrogel was more effective than the CPC-
hydrogel at a 25 ug concentration of amoxicillin,
though both performed identically at a higher
of 50 pupg. The development
opportunity between laboratory-scale synthesis and
the performance of these hydrogels in
pharmaceutical-grade applications is an issue for
future  investigation on  kinetic-modelling;
meanwhile, this research has shown promise for

concentration

medicinal materials.
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