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This study investigates the extraction of chitosan from Apis mellifera biomass and the
synthesis of nanochitosan by ionic gelation combined with ultrasonication. Chitosan was
obtained through microwave-assisted deacetylation of chitin isolated from dried honeybee
exoskeletons, yielding a product with a molecular weight of 103 kDa and a degree of
deacetylation of approximately 80%. Nanochitosan was prepared by crosslinking chitosan
with sodium tripolyphosphate in an acidic medium, followed by ultrasonic treatment.
Dynamic light scattering analysis showed a decrease in Z-average particle size from
305.9 nm for chitosan to 170.2 nm for nanochitosan, confirming successful nanoparticle
formation. However, the high polydispersity index (1.831) indicated considerable
aggregation and the need for further optimization of synthesis conditions. Fourier
transform infrared spectroscopy confirmed preservation of the main chitosan structure,
while spectral changes in the 1550—1600 cm™" and 1240—1260 cm™! regions verified ionic
crosslinking with sodium tripolyphosphate. Scanning electron microscopy revealed a
porous hierarchical morphology, and energy-dispersive X-ray spectroscopy confirmed
the elemental composition and the presence of phosphorus, supporting successful
crosslinking. Overall, Apis mellifera is a promising sustainable source of chitosan, and the
proposed synthesis approach yields nanochitosan with favorable physicochemical
properties for pharmaceutical and biomedical applications.
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Introduction about 50% (depending on the origin of the polymer),
Among nanomaterials derived from biopolymers, it becomes soluble in aqueous acidic media and is
chitosan has particular scientific and practical called chitosan. Chitosan is the only pseudonatural
significance. Chitosan (CS) is a natural polysaccharide cationic polymer and thus, it finds many applications
obtained by the alkaline deacetylation of chitin, and that follow from its unique character (flocculants for
it is found in the cellular structure of crustaceans, protein recovery, depollution, etc.) [4].
insects, fungi, and certain microorganisms [1—3]. Chitosan is derived from naturally occurring
When the degree of deacetylation of chitin reaches  sources, which is the exoskeleton of insects, crustaceans
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and fungi that has been shown to be biocompatible
and biodegradable. Chitosan is a linear copolymer of
B-(1—4)-linked 2-amino-2-deoxy-D-glucopyranose
and 2-amino-2-deoxy-D-glycopyranose. It is obtained
by deacetylation of its parent polymer chitin, a
polysaccharide widely distributed in nature [1].

Chitosan is an N-deacetylated derivative of chitin
obtained by transforming the acetamide groups into
primary amino groups. However, deacetylation of
chitin is almost never complete and chitosan or
deacetylated chitin still contains acetamide groups to
some extent. Unlike cellulose, chitin and chitosan
contain 5—8% nitrogen, which in chitin is in form of
acetylated amine groups and in chitosan in form of
primary aliphatic amine groups, which makes chitin
and chitosan suitable for typical reactions of amines
[2].

Nanotechnology has enabled the design of
materials and systems capable of interacting with
biological structures at the molecular level, which is
especially important in modern biomedical applications
[5—7].

From a physicochemical point of view, chitosan
has the special quality of gelling upon contact with
anions thus allowing the formation of beads under
very mild conditions. These CS beads showed a
pH-dependent swelling behavior, which makes them
appropriate for the delivery of drugs in the gastric
cavity. Nevertheless, due to their large size (1—2 mm),
these beads are not appropriate for other routes of
administration, such as those which require injection
or deposition in mucosal surfaces (nasal, mucosal).
The reduction of the size of CS particles down to the
nanometers range was achieved. However, an important
drawback of these nanoparticles is that they were
prepared by a crosslinking reaction with the potentially
antigenic agent glutaraldehyde [3].

Therefore, in this study, an alternative and safer
approach was employed for nanoparticle synthesis,
namely the ionic gelation method, in which chitosan
was cross-linked with sodium tripolyphosphate (TPP)

to obtain nanochitosan. The main advantage of this
method is that it does not require the use of toxic and
potentially antigenic agents such as glutaraldehyde
and can be carried out under mild conditions. In
addition, the nanochitosan particles formed using TPP
exhibit a high surface-to-volume ratio, which
significantly enhances their biological activity, stability,
and drug encapsulation capacity. In this context,
chitosan-based nanomaterials have attracted
considerable attention as promising carriers for drug
delivery due to their biocompatibility and functional
versatility [8].

Microwave-assisted deacetylation and
ultrasonication are considered effective approaches for
improving chitosan processing, reducing reaction time,
and promoting particle size reduction and system
stability [9—11].

A general comparison of methods for obtaining
chitosan and nanochitosan is given in Tables 1 and
2, respectively.

Various methods have been employed for the
preparation of nanochitosan, including chemical
approaches such as emulsification, precipitation, ionic
gelation, and covalent or ionic crosslinking, as well as
physical methods such as ultrasonication and
microwave treatment [12].

Owing to its nanoscale structure, nanochitosan
demonstrates significantly improved physicochemical
properties compared to bulk chitosan. In particular,
the reduction in particle size to the nanometer scale
leads to an increased surface-to-volume ratio, which
enhances its reactivity, adsorption capacity, and
interaction with biological systems [13].

Furthermore, nanochitosan is typically positively
charged, enabling effective interaction with negatively
charged cell membranes [§8]. The transition to the
nanoscale also improves its solubility, especially in
acidic media, where its dispersion is enhanced [2].

The source of raw materials and the initial
processing methods play a crucial role in chitosan
production. Traditionally, chitosan is primarily

Table 1
Laboratory methods for the extraction of chitosan from chitin
Method Brief description Advantages Disadvantages
Chitosan is obtained from Environmental impact,
Chemical method chitin using alkaline Fast and simple possible chemical

solutions

residues

Biological method

(enzymatic/biological) chitin using enzymes or

bacteria

Chitosan is produced from

Eco-friendly, high-
quality product

Time-consuming,
expensive enzymes

Physical method Chitosan deacetylation is
(microwave-assisted, accelerated using
ultrasonic) microwaves or ultrasound

Fast and effective Equipment is expensive

Physicochemical studies of the structure of chitosan and nanochitosan from Apis mellifera
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obtained from marine crustaceans; however, in recent
years, there has been an increasing need to explore
alternative and locally available sources due to
ecological and economic considerations [14].

In this regard, biological waste from Apis Mellifera
(honeybees) has been identified as a promising source
for chitin and chitosan extraction, as insect exoskeletons
contain a significant amount of chitin. Chitin and
chitosan derived from various biological sources,
including fishery waste and insects, have attracted
considerable attention due to their biodegradability
and versatile applications. In particular, chitin and
chitosan obtained from Apis mellifera have been
reported to exhibit valuable physicochemical properties,
making them promising for biomedical and
environmental applications [15].

Recent studies have also demonstrated that
chitosan-based materials can be applied in textile
processing and wastewater treatment, including sorbent
systems based on Apis Mellifera chitosan combined
with bentonite or vermiculite [15].

The aim of this study is to extract chitosan
from Apis Mellifera sources using various methods, to
synthesize nanochitosan via ionic gelation combined
with ultrasonic treatment, and to analyze its
physicochemical properties (particle size, structure,
and stability). The results demonstrate that

nanochitosan is an environmentally friendly material
with significant potential for applications in various
fields.

Materials and methods

Dead Apis Mellifera bees collected from local
beehives were used as the raw material for this study.
Sodium hydroxide (NaOH), hydrochloric acid (HCl),
sodium tripolyphosphate (TPP), and acetic acid
(CH,COOH) of analytical grade were used without
further purification. All solutions were prepared using
distilled water.

All experiments were performed in quadruple,
and the average values were reported. The chitosan
used for nanochitosan preparation had an average
molecular weight of 103 kDa and a degree of
deacetylation (DD) of approximately 80%.

The study scheme is shown in Fig. 1. To extract
chitin from Apis Mellifera samples, the collected bees
were first dried and ground into a fine powder.
Demineralization was carried out using 5% HCI
solution for 1 hour at room temperature.
Deproteinization was performed with 7% NaOH
solution for 2 hours. The obtained chitin was
thoroughly washed with distilled water and dried for
further processing.

Table 2

Nanochitosan production methods

Method Brief description

Advantages Disadvantages

Chitosan reacts with TPP to

Ionic gelati . .
onic gelation form nano-sized particles

Particle size may vary,

Simple, clean, effective . .
aggregation possible

Chitosan solution forms an

Can produce very small

Complex process, requires

Emulsification emulsion to produce . .
: particles multiple reagents
nanoparticles
Spray drying Chitosan solution is dried to Suitable for scale-up, High energy consumption,

form nanopowder

widely used

possible aggregation

Ultrasound reduces particle

Ultrasonic treatment . .
aggregation and size

Reduces aggregation,
helps uniform size

Equipment cost,
optimization needed

Chitosan is precipitated in a

Simple, no surfactant

Particle size control can be

N ipitati -solvent to fi .
anoprecipitation non-solvent to form needed difficult
nanoparticles
Chitosan is encapsulated in .
. . . . . . Requires surfactants,
Microemulsion microemulsion droplets to Produces uniform particles .
. complex formulation
form nanoparticles
Chitosan chains self- Process sensitive to pH
Self-assembly assemble into nanoparticles No harsh chemicals . P
. . and ionic strength
under specific conditions
L Chemlpgl cros'slmkers Stable particles, controlled Use of chemicals,
Crosslinking stabilize chitosan

nanoparticles

release possible

potential toxicity
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The conversion of chitin into chitosan was
performed using microwave-assisted treatment. For
this purpose, chitin was treated with 50% NaOH
solution in a microwave oven for 3 hours. During
this process, the deacetylation of chitin was accelerated,
resulting in the formation of chitosan. After completion
of the reaction, the product was washed several times
with distilled water to remove residual alkali and then
dried.

The obtained chitosan had a molecular weight
of 103 kDa and a degree of deacetylation (DD) of
80%.

Nanochitosan was prepared using the ionic
gelation method. Briefly (Fig. 2), chitosan with an
average molecular weight of 103 kDa and a degree of
deacetylation of 80% was dissolved in 20 mL of 1%
acetic acid solution and allowed to stand for 24 hours
to ensure complete dissolution. The pH of the solution
was adjusted to 5.5 using NaOH solution, while
avoiding significant changes in the total volume.

Separately, 0.02 g of sodium tripolyphosphate
was dissolved in 10 mL of distilled water (2 mg/mL).
The TPP solution was then added dropwise to the
chitosan solution under magnetic stirring at 800 rpm
for 1 hour. The ionic gelation process was carried out
at room temperature (25°C). The mass ratio of chitosan
to TPP (XZ:TPP) was maintained at 1:1.

The resulting suspension was subjected to
ultrasonic treatment using a GT SONIC Professional
Ultrasonic Cleaner at a frequency of 40 kHz for 1.5
hours. During the process, the temperature was
maintained below 30°C. To control the temperature,
external cooling using ice was applied.

The cavitation effect generated by ultrasonication
reduced particle aggregation and promoted the

formation of stable nanochitosan particles with a
narrower size distribution.

The nanochitosan suspension was centrifuged at
4000 rpm for 15 minutes. The obtained precipitate
was filtered through a coarse filter and washed with
distilled water. The sample was then dried in an oven
at 40°C until a constant weight was achieved.

Various instrumental analysis techniques were
employed to determine the structural and
physicochemical properties of nanochitosan. The
presence of functional groups and the efficiency of
the deacetylation process were analyzed using Fourier
Transform Infrared Spectroscopy (FTIR). FTIR spectra
were recorded within an appropriate range, and the
characteristic absorption peaks of chitosan and
nanochitosan were analyzed.

The particle size, size distribution, and
polydispersity index (PDI) of nanochitosan were
determined using Dynamic Light Scattering (DLS).
Measurements were carried out at room temperature
for samples in colloidal solution, and the average
hydrodynamic diameter values were calculated.

Results and discussion

Although chitosan and its nanoscale form are
based on the same polysaccharide structure, their
physicochemical properties differ significantly. This
difference is primarily associated with the reduction
in particle size, structural compaction, and the ionic
crosslinking process.

The obtained chitosan had an average molecular
weight of 103 kDa and a degree of deacetylation of
80%, forming a linear polymer structure in solution.
Such a structure tends to aggregate due to intermolecular
hydrogen bonding and electrostatic interactions,
resulting in a heterogeneous system with a broad size

Deminerali Deproteinizat Microwave- Chitozan
Hnneyhf:c zation ion Assisted
Carcasses Deacetylation
Fig. 1. Laboratory scheme for the extraction of chitosan from chitin
Chitosan Solution pH Adjustment Ionic Gelation Nanochifosan
Preparation E> Formation

Fig. 2. Laboratory scheme for the preparation of nanochitosan from chitosan
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distribution.

In contrast, during the ionic gelation process,
negatively charged phosphate groups of sodium
tripolyphosphate interact electrostatically with the
protonated amino groups of chitosan, forming a three-
dimensional crosslinked network structure. Ultrasonic
treatment further promotes particle fragmentation and
leads to a more compact structure due to cavitation
effects.

As a result of particle size reduction (Fig. 3),
nanochitosan exhibits a higher surface-to-volume ratio,
which enhances its surface reactivity and interaction
with biological systems. Therefore, nanochitosan is
considered a promising material for pharmaceutical
and biomedical applications.

In this study, the particle size distribution and
polydispersity index (PDI) of chitosan obtained from
Apis mellifera (honeybee) chitin, as well as
nanochitosan synthesized from this chitosan, were
analyzed using the Dynamic Light Scattering (DLS)
technique (Table 3). DLS is an effective method for
characterizing particle size in colloidal systems,
particularly for evaluating the aggregation behavior of
chitosan and nanochitosan.

The Z-average value of the chitosan sample was
found to be 305.9 nm. The polydispersity index (PDI)
was 0.503, indicating a moderately polydisperse system.
The presence of multiple peaks in the DLS spectrum
confirms the tendency of chitosan chains to aggregate.
The appearance of larger fractions can be explained
by intermolecular interactions and chain entanglement
within the polymer system.

The obtained DLS results (Fig. 4, Table 4)
revealed that the particles were distributed across

multiple peaks, indicating the polydisperse nature of
the nanochitosan system. According to the number-
based distribution, the main fraction was observed at
the first peak with an area contribution of 0.731. In
this peak, the average hydrodynamic diameter of the
particles was approximately 182.2 nm, confirming
the formation of nanochitosan. The peak position at
around 88.03 nm suggests the presence of relatively
small and stable particles within the system.

The second peak, with an area fraction of 0.214,
corresponds to larger particles or partially aggregated
nanochitosan structures. In this fraction, the average
particle size reached 7820 nm, indicating the presence
of aggregates formed during the synthesis process.
The high standard deviation further confirms that the
system is not fully monodisperse.

The third peak, although having a small fraction
(0.056), represents the presence of very large clusters.
These particles are likely formed due to secondary
aggregation during drying, dispersion, or measurement
processes.

After ionic gelation and ultrasonic treatment,
the Z-average value of nanochitosan was determined
to be 170.2 nm. This reduction in particle size reflects
the compaction of chitosan chains as a result of
crosslinking.

The decrease in particle size from 305.9 nm
(chitosan) to 170.2 nm (nanochitosan) confirms the
efficiency of the ionic gelation process (Table 5). The
electrostatic interactions between TPP and chitosan
contribute to the condensation and stabilization of
the polymer structure.

The obtained results confirm that nanoscale
particles can be successfully produced from chitosan

0.9
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Fig. 3. Particle size distribution of chitosan derived from Apis Mellifera
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Table 3
Particle size and distribution parameters of chitosan
obtained from DLS analysis

Peak Area Mean | Position STD
number
1 0.017 | 0.032 0.033 0.009
2 0.066 | 32.55 34.24 6.941
3 0.892 | 401.0 385.1 138.4
4 0.025 | 5.9:10° | 3.9-10° | 3.4-10°
Table 4

Particle size and distribution parameters of nanochitosan
obtained from DLS analysis

Peak A Mean | Position STD
number rea (nm) (nm) (nm)
1 0.731 | 182.2 88.03 150.3
2 0.214 | 7820 7074 3404

3 0.056 | 2.4.10° | 1.2:10° | 2.1-10°

using a combination of ionic gelation and ultrasonic
treatment. However, the high polydispersity index
indicates the need for further optimization of the
synthesis conditions. In future studies, a more uniform
and stable nanochitosan system with a narrower size
distribution can be achieved by optimizing parameters
such as TPP concentration, ultrasonic power, and
processing time.

FTIR spectroscopic analysis of chitosan and
nanochitosan

Fourier Transform Infrared (FTIR) spectroscopy
was employed to identify the functional groups of

chitosan and nanochitosan and to confirm structural
changes during the ionic gelation process (Fig. 5).
The chemical structures of chitosan (XZ) and
nanochitosan (NX) samples were analyzed using FTIR
spectroscopy. The spectra were recorded in the range
of 4000—400 cm™! (Table 6).

Analysis of chitosan (XZ) spectrum

The FTIR spectrum of chitosan exhibited several
characteristic absorption peaks: a broad band at
3400—3500 cm™' corresponding to overlapping —OH
and —NH stretching vibrations, indicating the presence
of hydrogen bonding; peaks at 2920—2850 cm™'
assigned to the C—H stretching vibrations; a peak at
1650 cm™! corresponding to the Amide I (C=0) group;
and bands in the range of 1590—1560 cm™" attributed
to the —NH, bending vibrations, confirming the
deacetylation process. Additionally, peaks in the region
of 1150—1020 cm™' were associated with C—O—C
stretching and vibrations of the polysaccharide
backbone. The presence of characteristic peaks around
1650 and 1590 cm™" is consistent with the reported
degree of deacetylation (~80%) of chitosan. The clear
presence of amino group-related bands indicates the
successful extraction and formation of chitosan.

Analysis of nanochitosan (NX) spectrum

The FTIR spectrum of nanochitosan retained
the main characteristic peaks of chitosan, indicating
that the primary chemical structure remained
unchanged. However, several differences were observed.
A broadening of the band in the region around
3400 cm™! was detected, corresponding to the —OH
and —NH stretching vibrations, which suggests
enhanced hydrogen bonding due to crosslinking. In
both samples, peaks around 2920 cm™! were assigned
to the C—H stretching vibrations, confirming that the

R. nm

Fig. 4. Particle size distribution of nanochitosan derived from Apis Mellifera
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polysaccharide backbone was preserved. The peak at
1650 cm™!' (Amide I, C=0) and the band at
1590 cm™! corresponding to the —NH, bending
vibrations were also observed. A noticeable shift in
the region of 1550—1600 cm™' indicates electrostatic
interactions between chitosan and TPP during ionic
gelation. New or intensified peaks observed around
1240—1260 cm™' and 890—900 cm™' correspond to
the P=0 and P—O bonds, respectively, confirming
the interaction between phosphate groups of TPP and
the protonated amino groups of chitosan. The bands
in the region of 1150—1020 cm™', associated with the
C—0—C and C—O stretching vibrations, indicate the
preservation of the polysaccharide structure and the
glucosamine ring. Slight changes in peak intensity in
nanochitosan are attributed to particle size reduction
and structural reorganization.

The FTIR spectra confirm that the main
functional groups of chitosan were preserved after
nanochitosan formation. The broad band at
3400—3200 cm™! corresponds to the —OH and —NH
stretching vibrations. The peaks around 1650 cm™

(Amide I) and 1590 cm™ (—NH; bending) indicate
the partially deacetylated structure of chitosan. Slight
shifts and intensity changes observed in the
nanochitosan spectrum suggest electrostatic interactios=
between protonated amino groups of chitosan
TPP during ionic gelation. The retention of bands in
the 1150—1020 cm™' region confirms that the
polysaccharide backbone remained intact. Overall, the
FTIR results verify the successful synthesis of
nanochitosan without significant chemical alteration.

These spectral changes provide clear evidence of
successful ionic crosslinking and confirm the formation
of nanochitosan without significant alteration of the
primary polymer structure.

Morphological characteristics of nanochitosan
(SEM)

Scanning electron microscopy was employed to
evaluate the surface morphology of the synthesized
nanochitosan at different magnifications (x500...5000).
The obtained micrographs (Fig. 6) clearly demonstrate
that the material possesses a non-uniform, irregular
morphology with pronounced agglomeration.

Table 5
Comparative analysis of chitosan and nanochitosan
Parameter Chitosan Nanochitosan
Z-average (nm) 305.9 170.2
PDI 0.503 1.831
Structure Linear polymer Cross-linked nanoparticle network
Aggregation Moderate High
Surface-to-volume ratio Lower Higher
Notes: * — Z-average represents the hydrodynamic diameter of the particles; ™ — PDI (polydispersity index) indicates the width of
particle size distribution; values close to 0 correspond to monodisperse systems, while values above 0.5 indicate a heterogeneous
system.
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Fig. 5. FTIR spectroscopic analysis of chitosan and nanochitosan
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Table 6
Comparative FTIR spectral analysis of chitosan and nanochitosan
= XZ (chitosan) NX (nanochitosan) Functional
Wavenumber (cm ) . S . .
characteristics characteristics group/interpretation

Slightly broadened with

—OH and —NH stretching

3400-3200 Broad and intense peak . . vibrations; hydrogen
altered intensity .
bonding presence
2920-2870 Distinct peak observed Preserved CH stretchm.g vibrations of
polysaccharide backbone
1650 Amide T (C=0) band Reduced 1nter.151ty or slight Partially deacetylated
shift structure
1590 _NH, bending vibration Peak shift or change in Electrosta.nc 1.nte.ract1on .w1th
shape TPP during ionic gelation
14201380 CHz/_CHz pendmg Preserved Structural stability of
vibrations polymer backbone
1150-1020 €-0-Cand C-O Slight intensity variation Glycosidic bond structure
stretching vibrations retained
900-890 B-glycosidic linkage Preserved Confirmation of

polysaccharide structure

Fig. 6. SEM micrographs of nanochitosan at different magnifications: (a) x3000; (b) x1000; (c) x5000; and (d) x500, showing
agglomerated particles, hierarchical organization, and porous sponge-like morphology

Physicochemical studies of the structure of chitosan and nanochitosan from Apis mellifera
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At low magnification (x500), the sample appears
as large flake-like aggregates with dimensions reaching

up to approximately 50 um. These structures exhibit
rough and folded surfaces, indicating that smaller
structural units have coalesced into larger clusters during
the drying stage. The absence of discrete particles at
this scale suggests the formation of secondary
agglomerates rather than isolated entities.

At moderate magnification (x1000...x2000), the
morphology becomes more distinguishable, revealing
that the large aggregates are composed of smaller
substructures with heterogeneous size distribution. The
particles are tightly packed, forming compact clusters,
which can be attributed to intermolecular hydrogen
bonding and electrostatic interactions between chitosan
chains after ionic gelation.

At higher magnification (x3000), fine granular
domains are observed on the surface of larger aggregates.
These domains indicate the presence of primary nano-
scale units embedded within micro-scale structures,
suggesting the formation of a hierarchical organization.
This type of structure is characteristic of nanochitosan
synthesized via ionic crosslinking methods.

At the highest magnification (x5000), the material
exhibits a highly porous, sponge-like architecture with
numerous cavities and interconnected channels. The
pore size ranges from submicron to several
micrometers. This morphology is indicative of a three-
dimensional crosslinked polymer network, which
enhances surface area and functional accessibility.

The observed porous structure is strongly
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influenced by the applied ultrasonic treatment, where
cavitation effects generate localized high-energy
conditions, leading to:

— disruption of dense polymer regions;

— formation of microvoids and channels;

— increase in surface roughness.

As a result, the synthesized nanochitosan
demonstrates a complex hierarchical structure
consisting of nano-scale domains aggregated into
micro-scale porous clusters.

Elemental composition analysis (EDS)

Energy-dispersive X-ray spectroscopy was
performed to determine the elemental composition of
the synthesized material (Fig. 7). The quantitative
analysis shows that the sample is primarily composed
of carbon (=29%), oxygen (=41%), and nitrogen
(=27%).

These elements correspond to the fundamental
structure of chitosan, which consists of glucosamine
units containing hydroxyl and amino functional
groups. The relatively high nitrogen content confirms
the presence of deacetylated amino groups, characteristic
of chitosan. In addition to the main elements, trace
amounts of phosphorus, sodium and chlorine were
also detected.

The presence of phosphorus is particularly
significant, as it confirms the incorporation of
tripolyphosphate into the structure. This provides direct
evidence of successful ionic crosslinking between
protonated amino groups of chitosan and phosphate
ions, which is the key mechanism in nanochitosan
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Fig. 7. EDS mapping, spectrum, and elemental composition of nanochitosan showing C, O, Na, P, and ClI distribution;
phosphorus confirms TPP crosslinking
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formation. Sodium and chlorine are attributed to
residual reagents (NaOH and HCI), indicating minor
remnants from the synthesis process.

Elemental mapping analysis

Elemental mapping further supports the EDS
findings by illustrating the spatial distribution of
elements within the sample. Carbon and oxygen are
uniformly distributed across the surface, confirming
the homogeneous polysaccharide matrix. Nitrogen is
also consistently present, corresponding to the amino
functionalities of chitosan.

Phosphorus is detected in localized regions,
indicating specific crosslinking sites formed by TPP
interaction. This non-uniform distribution is typical
for ionically cross-linked systems, where binding
occurs at discrete sites along the polymer chains.
Sodium and chlorine appear in minimal and scattered
regions, confirming that their presence is limited and
does not significantly affect the overall structure.

The combined SEM and EDS analyses confirm
that the synthesized material exhibits:

— a hierarchical morphology (nano—micro
aggregation)

— a highly porous and interconnected structure

— successful ionic crosslinking with TPP.

The agglomerated morphology observed in SEM
is consistent with the strong intermolecular interactions
inherent to chitosan systems, as well as the effects of
solvent removal during drying. Meanwhile, the porous
architecture and surface roughness are enhanced by
ultrasonic treatment, which plays a crucial role in
modifying the structural properties.

Conclusions

In this study, chitosan was successfully extracted
from Apis Mellifera using microwave-assisted
deacetylation, resulting in a product with a molecular
weight of 103 kDa and a degree of deacetylation of
approximately 80%.

Nanochitosan was effectively synthesized via ionic
gelation combined with ultrasonic treatment,
leading to a significant reduction in particle size from
305.9 nm to 170.2 nm, confirming the efficiency of
the applied method. DLS analysis demonstrated that
the obtained nanochitosan system is polydisperse, with
a dominant nanoscale fraction (~182 nm), while the
presence of larger particles indicates partial aggregation
within the system.

FTIR results showed that no new chemical bonds
were formed in nanochitosan, and the main functional
groups of chitosan were preserved. The observed peak
shifts and intensity changes indicate structural
modifications caused by ionic gelation and ultrasonic
treatment, confirming successful nanochitosan
formation. Overall, nanochitosan derived from Apis

Mellifera can be considered an environmentally
friendly and promising material for pharmaceutical
and biomedical applications. Further optimization of
synthesis conditions is required to achieve a more
uniform and stable nanosystem.

The synthesized nanochitosan exhibits a highly
porous, irregular, and hierarchical morphology, as
confirmed by SEM analysis. The structure consists of
nano-scale domains aggregated into micro-scale clusters
with interconnected pores and channels. EDS results
confirm the presence of characteristic elements
(C, O, and N) and verify successful ionic crosslinking
through the detection of phosphorus originating from
TPP. The combined effects of ionic gelation and
ultrasonic treatment contribute to the formation of a
structurally complex material with enhanced surface
properties.
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®I3UKO-XIMIYHI JOCIIIKEHHA CTPYKTYPHU
XITO3AHY TA HAHOXITO3AHY 3 APIS MELLIFERA

Hadgica Epeawmesa, Iyavnopa Ixmispoea, Iyavuexpa
Ixmisposa, Jlianoza Icomimdinosa

VY pob6oTi mocmimKeHO oaepKaHHsS XiTo3aHy 3 Oiomacu
Apis mellifera Ta cuHTe3 HAHOXITO3aHY METOIOM iOHHOTO Te-
JIEYTBOPEHHST y TOEAHAHHI 3 YJIBTPa3ByKOBUM OOPOOJICHHSIM.
XiTo3aH OfEePXKYBaIM ILJISIXOM MiKPOXBUJIBOBOIO JI€aleTUIIIO-
BaHHS XiTUHY, BUIUICHOTO i3 BUCYIIEHUX €K30CKEJETiB MEeIo-
HOCHOI O/KOJH, 110 3a0e3MeUnIo OTPUMAHHS TIPOIYKTY 3 MO-
JnexynsipHolo Macoro 103 k/la Ta cTymeHeM AcalleTHIIOBAHHS
onm3bko 80%. HaHoxiTozaH omepKyBaly ILUISIXOM 3IIABAaHHS
XiTo3aHy TpuIojiocdaTroM HaTpil0 B KUCIOMY CEpEHOBUILI 3
MMOJAJbIIIO0 YIBTPAa3BYKOBOIO OOpOOKOIO. AHajli3 METOIOM
MUHAMIYHOTO PO3CilOBaHHS CBiTJIa TOKa3aB 3MEHIIEHHS
Z-cepenHboro po3mipy yactuHok i3 305,9 HM mis xiTo3aHy 1o
170,2 HM O HaAHOXITO3aHYy, IO MiATBEPIXKYE YCIHIilIHE
bopmyBaHHST HAaHOYACTUHOK. BomHovac BUCOKe 3HAYeHHS iH-
nekcy nosigucnepcHocTi (1,831) cBiquuTh po 3HAYHY arpera-
IiI0 Ta HEOOXimHICTh MOMANIBIIOI ONTHMI3allii YMOB CUHTE3Y.
IndpavepBoHa crekTpocKoris 3 ImeperBopeHHsIM Dyp’e min-
TBepamIa 30epeXXeHHSI OCHOBHOI CTPYKTYPHM XiTO3aHy, TOIi
9K 3MiHM cmekTpiB y miamazonax 1550—1600 cm™! Ta
1240—1260 cm™! migTBepAMaM iOHHE 3IIMBAHHS TPUIIOJI-
docharom Hatpito. CkaHyBaJibHa €JIEKTPOHHA MiKPOCKOITisI
BUSIBUJIA TIOPUCTY i€papxiyHy MOp(oJIOoTiio, a eHeproauciep-
ciifHa peHTreHiBChbKa CIEKTPOCKOIIiS MiATBEPANIIA €JIeMEHTHUM
cKJaja i HasBHICTh (ocdopy, 10 CBITYUTH MPO YCITILIHE 3IK-
BaHHs. 3arasioM Apis mellifera € IepCIEKTUBHUM BiIHOBJIOBa-
HUM JKEpeJoM XiTo3aHy, a 3ampoNoOHOBaHUM Miaxim 10
CHHTe3y 3a0e3reuye olep>KaHHs HAHOXITO3aHy 3i CIPUSTIM-
BUMU (Di3MKO-XIMIYHUMM BJIACTUBOCTSIMU IJis (hapMaleBTHU-
YHUX Ta OIOMEIMYHUX 3aCTOCYBaHb.

KawuoBi caosa: HaHoxito3daH; Apis mellifera;
MiKpPOXBUJIbOBE OOPOOJEHHS; iOHHE TeJIeyTBOPEHHS;
Tpumnogigocdar HaTpPilo; yIbTPa3ByKoBe OOpPOOIEHHS;
MOJiTUCIEepPCHICTh;, iH(ppauepBOHA CHEKTPOCKOIIiSI 3
nieperBopeHHsIM Dyp’e; cKaHyBabHA €JICKTPOHHA MiKPOCKOITisl;
IMHAMiYHE pO3CilOBaHHS CBiTIIA.
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OF CHITOSAN AND NANOCHITOSAN FROM APIS
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This study investigates the extraction of chitosan from
Apis mellifera biomass and the synthesis of nanochitosan by ionic
gelation combined with ultrasonication. Chitosan was obtained
through microwave-assisted deacetylation of chitin isolated from
dried honeybee exoskeletons, yielding a product with a molecular
weight of 103 kDa and a degree of deacetylation of approximately
80%. Nanochitosan was prepared by crosslinking chitosan with
sodium tripolyphosphate in an acidic medium, followed by
ultrasonic treatment. Dynamic light scattering analysis showed a
decrease in Z-average particle size from 305.9 nm for chitosan to
170.2 nm for nanochitosan, confirming successful nanoparticle
formation. However, the high polydispersity index (1.831)
indicated considerable aggregation and the need for further
optimization of synthesis conditions. Fourier transform infrared
spectroscopy confirmed preservation of the main chitosan
structure, while spectral changes in the 1550—1600 cm™ and
1240—1260 cm™! regions verified ionic crosslinking with sodium
tripolyphosphate. Scanning electron microscopy revealed a porous
hierarchical morphology, and energy-dispersive X-ray spectroscopy
confirmed the elemental composition and the presence of
phosphorus, supporting successful crosslinking. Overall, Apis
mellifera is a promising sustainable source of chitosan, and the
proposed synthesis approach yields nanochitosan with favorable
physicochemical properties for pharmaceutical and biomedical
applications.

Keywords: nanochitosan; Apis mellifera; microwave-assisted,
ionic gelation; sodium tripolyphosphate; ultrasonication;
polydispersity; Fourier transform infrared spectroscopy; scanning
electron microscopy; dynamic light scattering.
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