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COMPARATIVE STRUCTURAL AND PHYSICOCHEMICAL ANALYSIS OF PLANT-DERIVED
CELLULOSE FROM AGRICULTURAL RESIDUES AND BACTERIAL CELLULOSE

Abstract: This study presents a comparative investigation of the structural and physicochemical
properties of plant-derived cellulose extracted from agricultural residues (wheat, maize, cotton, and rice straw)
and bacterial cellulose synthesized via fermentation using Komagataeibacter xylinus (K. xylinus). Plant-derived
cellulose was obtained through an AICl;-glycerol pretreatment followed by alkaline purification, while bacterial
cellulose was produced under static cultivation in a Hestrin — Schramm medium. The morphology, chemical
structure, and thermal behavior of the resulting celluloses were systematically characterized using scanning
electron microscopy (SEM), Fourier transform infrared (FTIR) spectroscopy, and thermogravimetric analysis
(TGA/DTG). SEM analysis revealed that plant-derived cellulose exhibits elongated microfibrillar structures with
fiber diameters ranging from 5 to 25 uym, accompanied by surface microcracks and pores resulting from
effective removal of lignin and hemicellulose. In contrast, bacterial cellulose formed a dense, multilayered, and
highly interconnected fibrillar network with significantly smaller fiber diameters (2.7-9.7 um), reflecting its high
structural uniformity and purity. FTIR spectra confirmed that both cellulose types share the same fundamental
chemical backbone, while the weakening or absence of lignin-related absorption bands indicated efficient
delignification and superior chemical purity in bacterial cellulose. Overall, the results demonstrate that plant-
derived and bacterial cellulose possess distinct yet complementary structural characteristics. Plant-derived
cellulose provides a fibrous structural framework, whereas bacterial cellulose offers a nanostructured network,
suggesting their potential combined use in sustainable biopolymer composites and environmentally friendly
packaging materials.

Key words: agricultural biomass; cellulose extraction; bacterial cellulose; sustainable packaging;
FTIR; TGA; SEM.

Introduction

In recent years, issues related to environmental sustainability, ecosystem preservation, and
the reduction of carbon footprints have gained increasing global attention [1, 2]. In this context, there
has been a growing interest in materials derived from renewable and biodegradable resources as
viable alternatives to petroleum-based synthetic polymers. Among these materials, cellulose-based
biopolymers have attracted particular interest due to their environmental friendliness,
biocompatibility, and widespread availability [3, 4]. Cellulose is the most abundant biopolymer found
in nature and serves as the primary structural component of plant cell walls [5]. Agricultural residues,
including wheat, maize, rice, and cotton straw, represent inexpensive and cellulose-rich raw
materials. Since such residues are commonly disposed of through open burning or other waste
management practices, their valorization through recycling offers both environmental and economic
advantages [6, 7]. Nevertheless, the presence of additional constituents such as lignin and
hemicellulose within plant-derived biomass complicates the isolation of cellulose in its pure form,
necessitating the development and application of efficient processing and pretreatment strategies
[8]. In recent years, significant research efforts have been devoted to the development of
environmentally friendly and efficient approaches for cellulose extraction [9]. Compared with
conventional acid alkali treatment methods, systems based on ionic liquids and organic solvents
including those employing glycerol and metal salts enable more effective lignin removal while
preserving the structural integrity of cellulose [10, 11]. Such strategies are consistent with the
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principles of green chemistry and contribute to reducing the environmental burden associated with
biomass processing [12]. In addition to plant-derived cellulose, bacterial cellulose has recently
attracted considerable scientific and practical interest due to its highly pure nanofibrous structure
and its biosynthesis by bacteria belonging to the Komagataeibacter genus, which results in cellulose
free of lignin and hemicellulose (Figure 1) [13-15]. Bacterial cellulose is characterized by a high
degree of crystallinity, excellent mechanical strength, superior water-holding capacity, and
outstanding barrier properties, making it a promising material for applications in packaging,
biomedicine, and biocomposite development [16]. Although plant-derived and bacterial celluloses
differ in their structural organization, their combined use allows for complementary enhancement of
material properties [14, 16]. Plant-based cellulose contributes a fibrous structural framework and
cost-effectiveness, whereas bacterial cellulose may act as a nanostructured reinforcing component,
potentially contributing to improved structural and barrier properties of biopolymer matrices.
Consequently, a comparative investigation of the structural and physicochemical characteristics of
these two types of cellulose represents an important scientific objective for the development of
environmentally friendly and high-performance biopolymeric materials [17, 18]. The aim of this study
is to conduct a comprehensive investigation and comparative evaluation of the structural, chemical,
and thermal properties of plant-derived cellulose obtained from agricultural biomass and bacterial
cellulose synthesized via fermentation, as well as the biopolymeric materials developed on their
basis. The findings of this work are expected to provide a scientific foundation for the design of
environmentally friendly packaging materials and biocomposites, while also contributing to the
valorization of agro-industrial residues into value-added products.
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Figure 1 — Schematic illustration of the structural organization of plant-derived cellulose
(A) and the biosynthesis and nanofibrillar structure of bacterial cellulose (B).
(B) Created with BioRender.com (License No. SN298B73AX)

Materials and Methods

Raw materials and reagents

Agricultural residues, including wheat straw, maize stalks, cotton stalks, and rice straw, were
used as raw materials for the extraction of plant-derived cellulose. All biomass samples were
thoroughly cleaned to remove foreign impurities, repeatedly washed with running water, and
subsequently dried prior to further processing. Glycerol, aluminum chloride (AICI3), sodium hydroxide
(NaOH), ethanol, and other chemical reagents used in this study were of analytical grade. Distilled
water was used in all experimental procedures.

Biomass pretreatment and chemical processing for plant-derived cellulose extraction

The overall experimental workflow for the extraction, purification, and characterization of
plant-derived and bacterial cellulose is illustrated in Figure 2. Dried agricultural residues were
mechanically milled to obtain particles with an average size of 1-2 mm. The ground biomass was
sieved to ensure a uniform particle size distribution and stored in a dry environment prior to chemical
processing. Chemical pretreatment was performed using an AICIl; — glycerol system to facilitate
cellulose liberation and promote lignin removal. The reaction medium consisted of 80% glycerol,
20% distilled water, and 0.1 M AICI; as a catalyst. The solid-to-liquid ratio was maintained at 1:10.
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Pretreatment was carried out under a two-step autoclave regime: 120°C for 20 min followed by
132°C for 30 min. After pretreatment, the reaction mixture was separated into solid and liquid phases
by vacuum filtration. The solid fraction enriched in cellulose fibers was subjected to further
purification. In the present study, the focus was primarily on the structural and physicochemical
characterization of the extracted cellulose. Therefore, the quantitative yield of cellulose from different
biomass sources was not determined.
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Figure 2 — Schematic workflow of plant-derived and bacterial cellulose production, purification,
and subsequent characterization. Created with BioRender.com (License No. RB298AZ6KT)

Alkaline purification and drying of plant-derived cellulose

The obtained fibrous material was repeatedly washed with distilled water at 80°C and
subsequently treated with 96% ethanol to remove residual waxes and resinous substances. To
ensure complete removal of remaining lignin, the samples were subjected to alkaline treatment in a
2% (w/v) NaOH solution at 70°C for 30-40 min. After alkaline processing, the samples were
thoroughly rinsed with distilled water until a neutral pH (6.8-7.2) was achieved. The purified cellulose
fibers were then dried at 60-80 °C and stored in sealed containers prior to characterization.

Production of bacterial cellulose

Bacterial cellulose was produced using the K. xylinus strain. Fermentation was carried out in
a standard Hestrin — Schramm (HS) medium composed of glucose (20 g/L), peptone (5 g/L), yeast
extract (5 g/L), Na,HPO, (2.7 g/L), and citric acid (1.15 g/L). The initial pH of the medium was
adjusted to 5.0-5.5 prior to sterilization. The culture medium was sterilized in an autoclave at 121 °C
for 20 min. After cooling to room temperature, an active inoculum (10%, v/v) was aseptically added.
Fermentation was conducted under static conditions at 28-30°C for 7-10 days, during which a
gelatinous bacterial cellulose pellicle formed at the air-liquid interface.

Purification and drying of bacterial cellulose

The obtained bacterial cellulose pellicles were thoroughly washed with distilled water and
subsequently treated with a 2% (w/v) NaOH solution at 80 °C for 1 h to remove bacterial cells and
residual proteins. The samples were then rinsed repeatedly with distilled water until a neutral pH was
reached and dried at 40°C prior to further analysis.

Morphological analysis

The morphological features of plant-derived and bacterial cellulose samples were examined
using scanning electron microscopy. Dried samples were mounted on aluminum stubs and analyzed
under low-vacuum conditions at an accelerating voltage of 5-15 kV. Images were acquired over a
magnification range of 100x to 20,000x.

Fourier transform infrared spectroscopy

FTIR spectroscopy was employed to investigate the chemical structure of the cellulose
samples. Spectra were recorded in the range of 4000-400 cm™ with a spectral resolution of 4 cm™
and 32 scans per sample. The obtained spectra were used to identify characteristic functional groups
of cellulose and to evaluate the efficiency of the delignification process.
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Thermal analysis

The thermal stability of the cellulose samples was assessed using TGA and derivative
thermogravimetric analysis (DTG). Measurements were performed under a nitrogen atmosphere
from room temperature to 600°C at a heating rate of 10°C/min. The sample mass ranged between
10 and 15 mg.

Statistical analysis

Experimental data processing and graphical visualization were carried out using OriginLab
Pro 2024 software. Quantitative analysis of fiber diameters was performed using ImageJ software.
Statistical significance was evaluated using one-way analysis of variance (ANOVA) and Student’s t-
test, with p < 0.05 considered statistically significant.

Results

Morphological analysis of wheat straw derived and bacterial cellulose

The morphological features of cellulose fibers isolated from wheat straw via an organic
pretreatment approach were examined using scanning electron microscopy (Figure 3). SEM
micrographs revealed that the fibers exhibit a clearly elongated morphology and form an
interconnected network structure. Such morphological characteristics are typical of plant-derived
cellulose and may contribute to the structural stability of the material. Quantitative analysis indicated
that the diameter of cellulose fibers obtained from wheat straw varied within the range of 5-25 ym,
which is consistent with values reported for natural plant-based cellulose. Notably, one
representative SEM measurement showed a fiber diameter of approximately 5.25 pym, suggesting a
relatively uniform microfibrillar structure. At higher magnifications, the fiber surfaces displayed the
presence of microcracks and small pores. These morphological features are attributed to the removal
of lignin and hemicellulose during organic pretreatment and subsequent alkaline purification. The
resulting porous surface increases the specific surface area of the fibers and may enhance their
adhesion to polymeric and biological matrices, potentially contributing to improved structural stability
of composite materials. The SEM analysis confirmed that cellulose derived from wheat straw
possesses high structural integrity and a homogeneous microfibrillar morphology. These
characteristics demonstrate its potential as an environmentally friendly, recyclable raw material
suitable for the development of biopolymer composites intended for sustainable packaging
applications.

fr”""m

Figure 3 — Morphological structure of cellulose fibers obtained from wheat straw via organic
pretreatment. The fibers exhibit a distinctly elongated morphology and an interconnected network
structure. The presence of microcracks and small pores on the fiber surface indicates
the effective removal of lignin and hemicellulose.

Magnification scales: (A) x1000, (B) x2000, (C) x2200, (D) x3000.

The morphological characteristics of bacterial cellulose (BC) synthesized via fermentation
were examined using scanning electron microscopy (SEM) (Figure 4). SEM observations revealed
that BC forms a dense and highly interconnected fibrillar network with a compact, mesh-like
architecture. At x1500 magnification (Figure 4A), the BC fibers appeared extensively intertwined,
forming compact microfibrillar bundles and multilayered arrangements. Quantitative measurements
indicated that the fiber diameters ranged within from 2.7 to 9.7 ym., reflecting the formation of well-
developed microfibrillar structures. Such dense entanglement and bundle formation contribute to the
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development of a three-dimensional network, which is closely associated with the high structural
stability and water-holding capacity of bacterial cellulose. At a higher magnification of x2000 (Figure
4B), individual fibrils and their preferential orientation became more clearly distinguishable. At this
scale, a broader distribution of fiber diameters was observed, suggesting partial fibril aggregation
and hierarchical structural organization within the cellulose network. The fiber surfaces appeared
smooth and homogeneous, with no observable bacterial cells or foreign impurities, confirming the
effectiveness of the purification process. The SEM analysis demonstrates that bacterial cellulose
synthesized by K. xylinus exhibits a compact, uniform, and well-organized fibrillar morphology. These
structural features highlight the high degree of molecular ordering and make bacterial cellulose a
promising material for applications in sustainable food packaging, biomedical materials, tissue
engineering scaffolds, and environmentally friendly biopolymer composites.

Figure 4 — Morphological structure of bacterial cellulose observed by scanning electron
microscopy. The images reveal a dense, interconnected fibrillar network characteristic
of bacterial cellulose. Magnification: (A) x1500 and (B) x2000

The morphological architecture of cellulosic materials plays a crucial role in determining their
functional performance. In this study, clear morphological differences were observed between plant-
derived and bacterial cellulose. Cellulose isolated from wheat straw exhibited a microfibrillar
structure that provides bulk mechanical strength, whereas bacterial cellulose formed a dense,
nanoscale, interconnected fibrillar network that enhances structural reinforcement. These
complementary morphological features indicate that the combined use of plant-derived and bacterial
cellulose is a promising approach for developing environmentally friendly packaging materials with
improved mechanical and functional properties.

FTIR analysis

FTIR spectroscopy was employed to examine the chemical structure and functional groups
of plant-derived celluloses obtained from agricultural biomass, including wheat, maize, cotton, and
rice straw, as well as bacterial cellulose synthesized via fermentation. FTIR analysis enabled the
evaluation of cellulose chemical purity, assessment of lignin and hemicellulose removal efficiency,
and comparison of structural differences between plant-based and bacterial cellulose samples.

FTIR spectra of plant-derived celluloses (wheat, maize, cotton, and rice)

The FTIR spectra of celluloses isolated from wheat, maize, cotton, and rice straw exhibited
highly similar profiles, confirming the presence of characteristic absorption bands associated with
cellulose. A broad band observed in the region of 3300-3400 cm™ corresponds to the stretching
vibrations of hydroxyl (—OH) groups, indicating the presence of extensive intermolecular hydrogen
bonding within the cellulose macromolecules (Figure 5). The absorption band located near 2890
cm™ is attributed to aliphatic C—H stretching vibrations, confirming the preservation of the cellulose
hydrocarbon backbone. A pronounced peak around 1050 cm™ is associated with C—O—-C stretching
vibrations of 3-1,4-glycosidic linkages, while the band observed near 897 cm™ further confirms the
presence of B-glycosidic bonds. These features provide clear evidence of the cellulosic nature of the
extracted materials. The absence or very weak intensity of aromatic vibration bands typically
associated with lignin in the range of 1510-1600 cm™ indicates the effective removal of lignin and
hemicellulose during organic pretreatment and alkaline purification. Additionally, a weak band
observed near 1640 cm™ corresponds to the deformation vibrations of bound water, reflecting the
hygroscopic character of cellulose. The FTIR results demonstrate that celluloses obtained from
wheat, maize, cotton, and rice straw exhibit similar chemical compositions and represent sufficiently
purified cellulose materials.
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Figure 5 — FTIR spectra of cellulose extracted from different agricultural residues:

(A) wheat straw, (B) cotton stalk, (C) corn stalk, and (D) rice straw. All spectra exhibit characteristic cellulose absorption
bands, including O-H stretching vibrations (3300-3400 cm™"), C—H stretching vibrations (~2900 cm™), C-O-C/C-0O
stretching vibrations (~1050 cm™), and 3-glycosidic bond vibrations (~897 cm™). The absence of lignin-related aromatic
bands (1510-1600 cm™) indicates effective removal of non-cellulosic components during pretreatment.

FTIR spectrum of bacterial cellulose

The FTIR spectrum of BC exhibited the same characteristic cellulose-related absorption
bands observed for plant-derived celluloses. The broad —OH stretching band in the range of 3300-
3400 cm™, together with the C—H stretching vibration near 2890 cm™, indicates a well-developed
hydrogen-bonding network within the bacterial cellulose structure (Figure 6) .In addition, the
pronounced peaks observed at approximately 1050 cm™ and 897 cm™ confirm the presence of an
ordered structure based on -1,4-glycosidic linkages. The complete absence of absorption bands
associated with lignin and hemicellulose in the bacterial cellulose spectrum further demonstrates its
high chemical purity and confirms its biosynthetic origin as a naturally produced cellulose.
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Figure 6 — FTIR spectrum of bacterial cellulose synthesized via fermentation

Compared to plant-derived celluloses, the FTIR spectrum of bacterial cellulose exhibited
more distinct and intense absorption bands, indicating a higher degree of structural order, which is
consistent with the well-organized nanofibrillar structure of bacterial cellulose (Figure 7). FTIR
analysis confirmed that plant-derived and bacterial celluloses share the same fundamental chemical
nature; however, notable differences were observed in their purity levels and structural organization.
Although organic pretreatment effectively removed most lignin and hemicellulose from plant-based
celluloses, bacterial cellulose demonstrated superior chemical purity and structural homogeneity.
Overall, the FTIR results verify that both plant-derived celluloses obtained from agricultural biomass
and bacterial cellulose are chemically suitable to produce biopolymer composites and
environmentally friendly packaging materials.
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Figure 7 — Overlaid FTIR spectra of plant-derived celluloses obtained from wheat, maize, cotton,
and rice straw, together with bacterial cellulose

Thermal analysis

Thermogravimetric analysis (TGA) and derivative thermogravimetric analysis (DTG) were
performed to evaluate the thermal stability and degradation behavior of celluloses obtained from
agricultural residues (wheat, maize, cotton, and rice straw) and bacterial cellulose. The analysis was
conducted in a nitrogen atmosphere within the temperature range of 50-600°C (Figure 8). The TGA
curves revealed a characteristic three-stage thermal degradation pattern typical for cellulose-based
materials. The first stage, occurring at 50-120°C, corresponds to the evaporation of physically
adsorbed moisture, resulting in a mass loss of approximately 5-8%. The second stage, observed in
the 250-380°C range, represents the main thermal degradation region associated with the
depolymerization of cellulose chains and the cleavage of -1,4-glycosidic bonds, where the major
mass loss (60-70%) occurs. The third stage, above 400°C, corresponds to the slow decomposition
of residual carbonaceous structures and mineral components.

DTG analysis provided a more precise description of the degradation kinetics. The maximum
degradation rate (Tmax) for most plant-derived cellulose samples was observed within the 330-360
°C range. Among the studied samples, cellulose obtained from cotton stalks showed the highest
thermal stability with a Tmax close to 360°C, which can be attributed to its more homogeneous fiber
structure and higher structural organization. Cellulose derived from maize stalks exhibited a Tmax
around 350°C, while wheat straw cellulose showed moderate thermal stability with the main
degradation occurring between 350-370°C. In contrast, cellulose from rice straw demonstrated a
broader degradation profile and higher residual mass, which is likely associated with the presence
of inorganic components such as silica (SiO,).

Mass loss (%)
dTG (mg/min)

100 200 300 400 00 600 -20 ]&o 2"]0 3,‘)0 40‘0 ﬂ;“ 6!”
Temperature ("C)
(A) (B)
Figure 8 — Thermal properties of celluloses obtained from agricultural biomass:
(A) TGA curve showing mass loss as a function of temperature;
(B) DTG curve showing the temperature dependence of the degradation rate

Temperature ("CJ

The thermogravimetric behavior of bacterial cellulose (BC) showed a similar multistage
degradation pattern (Figure 9). An initial mass loss of 8-12% was observed in the 30-120°C range
due to the evaporation of bound water, reflecting the high water-holding capacity of BC. The main
degradation stage occurred between 300-380°C, with a Tmax in the range of 330-355°C,
corresponding to the decomposition of the cellulose backbone. Above 400°C, the degradation rate
decreased significantly, indicating the formation of carbonaceous residues.
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Figure 9 — Thermogravimetric and derivative thermogravimetric analysis of bacterial cellulose:

(A) TGA curve showing mass change as a function of temperature;
(B) DTG curve showing the temperature dependence of the degradation rate

The results demonstrate that both plant-derived and bacterial celluloses exhibit relatively high
thermal stability, with the main degradation occurring around 330-360°C. The slightly higher thermal
stability of bacterial cellulose is associated with its high structural order, uniform nanofibrillar
morphology, and absence of lignin and hemicellulose. These findings confirm that both types of
cellulose possess sufficient thermal stability for potential applications in biopolymer composites and
sustainable packaging materials.

Discussion

The comparative SEM and FTIR analyses provide insight into how the origin and biosynthesis
pathways of cellulose influence its structural organization and potential functionality. The observed
distinctions between plant-derived and bacterial cellulose reflect fundamentally different formation
mechanisms, with plant cellulose originating from lignocellulosic cell walls and bacterial cellulose
being biosynthesized in situ as a highly ordered fibrillar network. From a materials science
perspective, such origin-dependent structural organization is critical, as microfibrillar architectures
are typically associated with bulk mechanical reinforcement, whereas densely interconnected
nanofibrillar networks are more effective in providing nanoscale reinforcement, enhanced interfacial
interactions, and improved functional performance in composite systems. The present study
highlights the complementary rather than competitive roles of plant-derived and bacterial cellulose,
emphasizing their combined potential for the rational design of sustainable biopolymer materials.

These findings are supported by recent studies. For example, Efthymiou et al. (2022)
demonstrated, through SEM and FTIR analyses, that bacterial cellulose exhibits a well-developed
network-like nanofibrillar structure with a high degree of structural organization and crystallinity [19].
Similarly, Yilmaz et al. (2024) reported that bacterial cellulose production by K. xylinus can be
effectively optimized and emphasized that the resulting BC morphology and structural properties are
strongly dependent on the cultivation medium and fermentation conditions [20]. Furthermore, in line
with the solvent-based approach employed in the present study using an AICl; — glycerol system,
Zhao et al. (2025) reported that glycerol-based pretreatment facilitates lignin redistribution and fiber
defibrillation, resulting in pronounced alterations in cellulose structure and enhanced accessibility
[21]. Consistently, our FTIR results revealed a noticeable weakening of lignin-related absorption
bands, confirming the effectiveness of glycerol-assisted pretreatment in reducing lignin interference
and promoting cellulose structural reorganization.

From an applied perspective, Sun et al. (2022) demonstrated that the three-dimensional
reticulated nanofibrillar structure of bacterial cellulose provides an effective matrix for the
incorporation of bioactive components. SEM analysis revealed a highly uniform fibrillar structure of
bacterial cellulose — based composite films, suggesting potential advantages for their structural
organization. These observations complement the findings of the present study, as our SEM results
likewise indicate a dense and interconnected fibrillar network in bacterial cellulose, suggesting its
potential role as a nanostructural reinforcing phase in composite materials [22]. Jiang et al. (2022)
investigated the development of cellulose-based paper materials for food packaging through
multilayer functional surface maodification. Their study demonstrated that coating cellulose paper with
polylactic acid (PLA) significantly enhanced tensile strength, while the introduction of nanoscale
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SiO,/stearic acid layers imparted superhydrophobic behavior and markedly improved gas, moisture,
and oil barrier properties [23]. The authors emphasized that the inherent fibrous structure of cellulose
paper provides the primary mechanical framework, whereas nanoscale surface and structural
features play a critical role in improving functional performance. These observations are in line with
the findings of the present study, where clear structural distinctions were identified between plant-
derived and bacterial cellulose. In our work, plant-derived cellulose exhibited a microfibrillar
architecture that mainly contributes bulk mechanical support, while bacterial cellulose formed a
dense and highly interconnected nanofibrillar network, as revealed by SEM analysis. Such a
nanostructured morphology suggests that bacterial cellulose may contribute to property
enhancement at the nanostructural level, complementing the role of plant-derived cellulose as a
fibrous structural framework in biopolymer composites intended for sustainable packaging
applications.

The comparative analysis highlights the complementary roles of plant-derived and bacterial
cellulose in biopolymer systems. Plant-derived cellulose provides a mechanically robust fibrous
framework, while bacterial cellulose, owing to its highly ordered and interconnected nanofibrillar
structure, offers advantages at the nanoscale that can contribute to enhanced functional
performance. The combination of these structural features, together with effective pretreatment and
purification strategies, supports the rational design of environmentally friendly and high-performance
cellulose-based composites for sustainable packaging applications.

Conclusion

This study presented a detailed comparative analysis of plant-derived cellulose extracted
from wheat, maize, cotton, and rice straw and bacterial cellulose synthesized via K. xylinus, with a
focus on their structural and physicochemical characteristics. SEM analysis demonstrated that plant-
derived cellulose exhibits elongated microfibrillar structures with fiber diameters ranging from 5 to
25 um, accompanied by surface microcracks and pores formed because of effective lignin and
hemicellulose removal during AICl; — glycerol pretreatment and subsequent alkaline purification.
These features indicate good structural integrity and suitability of plant-derived cellulose as a bulk
reinforcing framework in biopolymer systems. In contrast, bacterial cellulose formed a dense,
multilayered, and highly interconnected fibrillar network with significantly smaller fiber diameters
(2.7-9.7 um), smooth surfaces, and the absence of visible impurities, reflecting its high structural
homogeneity and purification efficiency. FTIR spectroscopy confirmed that both plant-derived and
bacterial celluloses share the same fundamental cellulose chemical backbone. However, the
pronounced weakening or absence of lignin-related absorption bands in plant-derived samples,
together with their complete absence in bacterial cellulose, verified effective delignification and the
inherently high chemical purity of bacterial cellulose. Moreover, the stronger and sharper FTIR
absorption bands observed for bacterial cellulose suggest a higher degree of structural order and
molecular organization, consistent with its uniform nanofibrillar morphology. The results demonstrate
that plant-derived cellulose and bacterial cellulose possess distinct yet complementary structural
characteristics. Plant-derived cellulose primarily contributes bulk mechanical strength through its
microfibrillar architecture, whereas bacterial cellulose, owing to its dense nanofibrillar network and
higher structural order, is well suited for nanostructural reinforcement. The combined utilization of
agricultural biomass—derived cellulose and bacterial cellulose, supported by environmentally friendly
pretreatment and purification strategies, offers a scientifically grounded approach for the
development of sustainable cellulose-based biopolymer composites and packaging materials.
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AYbIILLUAPYALUBIbLIK KANABIKTAPbIHAH AllbIHFAH ©CIMAIK TEKTI LENJTIIONO3A MEH
BAKTEPUANDbIK LEMMIONIO3AHbIH K¥PbIJIbIMAbIK XXOHE ®U3UKA-XUMUATIbIK KACUETTEPIH
CAJbICTbIPMAIbI TANIAAY

byn 3epmmeyde aybinwapyalwbinbiK KandbiKmapbiHaH (6udad, Xyaepi, MaKkma XxoaHe Kypiw cabaHbi)
anbiHFaH ©eciMOIK mekmi yennnosaHbiH xoHe Komagataeibacter xylinus (K.  xylinus) kemeziMeH
epmeHmayus apkbifibl  cuHmMe3oeneeH bakmepusisibiK UesIion03aHbiH  KypbiibiMObIK XeHe ¢hu3uka-
XUMUSIIbIK  KacuemmepiHe carnbicmbipMarnbsl manday Xypeidindi. ©OcimOik mekmi uenmono3da AlCl—
enuuepuHMeH andbiH ana eHoeydeH KeliH cinmirnik ma3arnay apKbifbl anbiHObI, arn bakmepusnbIK Uesnoo3a
Hestrin—Schramm kopekmik opmacbiHOa cmamukarbiK Kyfibmuegupriey xardalibiH0a cuHme30enoi. AnbiHraH
uesnnno3a yneinepiHiH MopgooausChbl, XUMUSITIbIK KYPbUIbIMbl XOHE MepMUsIIbIK  MYpPakmblibifbl
cKkaHeprieywi 3nekmpoHObiK Mukpockonusi (SEM), ®ypbe mypneHOipyni UHQPaKbI3bisl CIEKMPOCKONUs
(FTIR) xoHe mepmozpasumempusinblk manday (TGA/DTG) adicmepi apkbinbl xydesni mypde 3epmmendi.
SEM mandaysi ecimMOik mekmi yennono3daHbiH manwbik duamempi 5-25 Mkm aparnbifbiHOa 6onambiH y3biH
MUKkpoghubpunnapnel KypbinbiMOapra Ue €KeHiH, COHOal-aK Nu2HUH MEeH 2eMUUEsono3aHbiH muimoi
JKOUblybl HomMuxeciH0e 6emiHOe MUKpoxapbliKmap MeH KeyekmepOiH nalida bonFaHbIiH Kepcemmi. An
bakmepusinbIK Ueso3a Mmblfbi3, Kerkabammbl XoHe e3apa mbifbi3 balnaHbickaH oubpuniapisi mop
my30i, OHbIH manwbiKk Ouamempi almapnbikmal Kiwi (2,7-9,7MKM), Oy51 OHbIH XOfapbl KYpbiibIMObIK
bipmekminiai meH ma3sasnbifbiH kepcemedi. FTIR cnekmprepi eki uennono3a mypiHiH 0e Heaidai XUMUSITbIK
KaHKacbl bipOel ekeHiH pacmadhbl, ail IUgHUH2E M8H XYMmbifly XonaKkmapbiHbIH aricipeyi Hemece 6onmaybl
muimOi OenuaHuguKayusiHbl xXoHe bakmepusiribiK Ueo03aHblH XXOFapbl XUMUSITbIK ma3saribifbiH Kepcemmi.
XKannbi anfaHda, anbiHFraH Hemuxenep eciMOiKk mekmi xoHe bakmepussblK Uesntono3aHblH KypbliibiMObIK
Kacuemmepi epmyprni, 6ipaK es3apa MosnbIKMbipambiH curamka ue ekeHiH Oonendeldi. ©cimOik mekmi
uennono3da KenemOik MexaHuKkarnbik 6epikmik 6epce, 6akmepusnblK Uernrnosa HaHOKYpPbIbIMObIK
apmamypa Kblsmemid amkapalbl, byn onapObiH mypakmbsl 6UONOAUMEPITi KOMIO3UMmMepP MEH 3KO02UsiIbIK
ma3sa Kanmama MamepuandapbiH a3ipsieyde bipnecin KondaHblybiH He2i30eloi.

Tylin ce3dep: aybinwapyawbifiblk 6uomaccachl; Uennno3aHbl 3kempakuyusinay;, 6akmepusinbik
uennronosa; mypakmsl kanmama; FTIR; TGA; SEM.
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CPABHUTEJIbHbIN CTPYKTYPHbIN U ®U3NKO-XUMUYECKUA AHANU3 LEENNIONO3bI
PACTUTENBbHOIO MNPOUCXOXAEHUA U3 CENIbCKOXO3AUCTBEHHbLIX OTXOOOB
M BAKTEPUAIIbBHOW LEENNONO3bI

B daHHOM uccrniedogaHuUuU ripedcmassieH CpasHUMErbHbIU aHanu3 CmpyKmMypHbIX U @U3UKO-
XUMUYECKUX ceoticme uesno3bl pacmumesibHO20 MPOUCXOXOEHUS, 8bl0esieHHOU us
CeJIbCKOX03AUCmeeHHbIX 0mx0008 (coroma nuieHUUbl, KyKypy3bl, XJorka u puca), u 6akmepuarnbHoU
Uenno3sl, CUHMe3upoeaHHol Memodom hepmeHmayuu ¢ ucronb3oeaHuem Komagataeibacter xylinus (K.
xylinus). PacmumenbHasi yenntonosa bbina nonydyeHa rymem rnpedsapumernsHol obpabomku cucmemol
AlCls-2nnuuepuH ¢ nocnedyrowel wenoyHol o4qucmkol, moeda kak 6akmepuanbHas Uenno3sa
cuHmesupoeanacb 8 Cmamu4yecKkux ycroeusix KynbmueuposaHuss 6 cpede XecmpuHa-Llpamma.
Mopdaponozusi, xumudeckass cmpykmypa U mepmMmudyeckoe riogedeHue rnory4yeHHbIX o0bpasyos Uesnsrono3sbl
bbIu cucmemamu4Yecku oxapakmepu30o8aHb! C UCM0/Ib308aHUEM CKaHUPyrow,el 351IeKmMpOHHOU MUKPOCKOMUU
(SEM), uHgbpakpacHol crnekmpockonuu ¢ npeobpasosaHuem @ypoe (FTIR) u mepmozpasumempuyecKo20
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aHanu3a (TGA/DTG). Pesynbmambi SEM nokasasiu, 4mo uesiirio3a pacmumesibHO20 MpPOoUCXOXOeHUs
Xapakmepu3dyemcsi 8bImsHymbIMU MUKPOGUOPUMISAPHBIMU CmpyKmypamMu ¢ OuaMempoM B0JIOKOH 8
OQuarna3oHe 5-25 MKM, a makxe Hamuyuem MO8ePXHOCMHbBIX MUKPOMPEWUH U rop, cghOpMUPOBAHHbIX 8
pesynbmame 3¢ghghekmueHo20 ydasieHus IugHUHa U 2eMuyesiono3sl. B omnuydue om Hee, 6akmepuarnbHas
uesno3a opmupyem naomHyr, MHO20CIOUHY U 8bICOKO 83aUMOCBS3aHHY0 hubpuniisapHyo cemp C
Cyw,ecmeeHHO MeHbWUM OuamempoM 80SI0KOH (2,7-9,7MKM), 4mMoO ompaxaem ee 8bICOKYI0 CMPYKMYpPHYHO
00HopodHocmb u Yyucmomy. FTIR-cnekmpsl nodmeepdunu Hanu4due obwel ¢pyHdameHmarnbHOU XumMu4eckol
cmpykmypabi 0519 060Ux MUoe8 yesntno3asbl, moada Kak ocnabreHue unu omcymcmeue rosioc rnoasioWeHus,
XxapakmepHbix 0518 nueHUHa, ceudemeriscmeosarno 06 aghghekmusHol denueHughukayuu u 6onee 8bICOKOU
xumudeckoli yucmome 6akmepuarnbHoU yenmonossl. B uenom pesynbmambel deMOHCMPUpPyrOm, 4mo
pacmumernbHas u 6akmepuanbHas uesnnosoda obnadarom pasfiuyHbIMU, HO 83auMOOONONHAWUMU
CMpPyKmMypHbIMU  Xapakmepucmukamu. Llennonosa pacmumenbHO20 rnpoucxox0eHusi obecriedusaem
0b6BEMHYI MexaHUYEeCKyr MpoYHOCmb, moz2da Kak bakmepuarnbHas Uessro3a 6bIofHaem HyHKUUO
HaHopa3MepHo20 apMuposaHus, 4mo 0bO0CHO8blIgaem UX COBMECMHOe MPUMEHEHUe rpu pa3pabomke
ycmou4uebix 6UononuUMepHbIX KOMIO3Umos U 3Ko102u4ecku 6e30MacHbIX yrako80YHbIX Mamepuarsios.

Knroyesnblie criosa: cenbckoxo3sticmeeHHas buomacca; akecmpakyus uesnnossl; bakmepuanbHas
uennronosa; ycmouyueas ynakoseka; FTIR; TGA; SEM.
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OYUCTKA BOObl METOOM XOJIOOAHON MNA3MbI:
OKCNEPUMEHTAJIbHAA OLLIEHKA BAKTEPULUMOHOIO AENCTBUA

AHHOmMauyus: Lenbio OaHHO20 uccrieQogaHUsi sensinack OUeHKa 3hgekmusHocmuU ycmaHo8KU
X0r100HoU nna3mbl Onsi obeszapaxxusaHusi 800bl, KOHMaMuHUpog8aHHoU 6GakmepuarnbHOU MUKpogiopod.
OkenepumeHmarnbHasi ycmaHoeka CD Plasma eeHepupyem Xono0Hyro nnasMmy rymem uoHu3auyuu Yacmuy,
obpabambisaemoli xudkocmu, npedesapumeribHO rpeobpazosaHHOU 8 08yxghasHy XUOKO-2a308yH cpedy.
XonodHasi nnasma okasbleaem 6bipaXeHHoe aHmMuMUKpobHoe delicmeue 3a cyYem CUHEP2emMUYECKO20
8USIHUST aKmMUBHbIX (hopM Kucriopoda u asoma, yrbmpaghuornemosoao U3riyHeHus U 3apsiKeHHbIX Yacmul,
KOmMOpbIe 8bI3bI8AOM OKUCIUMENIbHOE M08PEXOEHUE KIemoOYHOU CMEHKU, HapyweHue yernocmHocmu
mMembpaHbl, uHakmueauyuro besnkoe u ¢hpaesmeHmayuro [JHK mukpoopzaHusmos. B kauyecmee mecm-
obbekmos ucnonb3o8aHbl bakmepuu Escherichia coli u Pseudomonas aeruginosa Kak npedcmasumernu
caHumapHo-rnokasamersbHOU U YCrI08HO-ramoe2eHHol Mukpocgpriopbl. [lokazaHo, umo eo3delicmeue
X0Mo0HOU rnna3Mmbl 8 medyeHue 5 MuHym obecriequgaem 3Ha4YUMESIbHOE CHUXEHUE MUKPOBHOU
obcemeHEHHOCMU 8 OMHOWeEHUU 0beux Kyrbmyp, 00HaKo & bornbuwel cmerneHu 8 omHoweHuu Pseudomonas
aeruginosa. [lornydyeHHble pe3ynbmambl ceudemenibcmayom O 8bICOKOU 3ghchekmugHocmu Xoro0HOU
nna3mbl 8 UHakmusauuu bakmepul 6e3 UCMONb308aHUSI XUMUYECKUX PeaseHmo8 U yKasblealom Ha
rnepcrnekmueHocmb €€ MPUMEHEHUsT 8 MEeXHOo2UsIX OYucmKku u obessapaxueaHuss 600bl. Memod
omnu4aemcsi 9Hep203hheKmMuUBHOCMbIO, MacwmabupyemMocmbo U MUHUMasbHbIM —0bpa3osaHuem
Mo60OYHbIX POAYKMO. rpu HebonbwWux 3KCrIyamayuoHHbIX 3ampamax.

Knroyeenie crioea: xorno0Has nnasma, obessapaxusaHue 800bi, bakmepuu, 3KOJI02U4eCKU YUCmble
MmexHoI02uu.

1. BBEOQEHUE

Oednunt n 3arpsisHeHne BOAbl OCTalTCA OBYMsi Hamboree OCTpbiMU nobarnbHbIMK
npobrnemamu, uMewWnmMn rnybdokme nocneacTems And OBLWECTBEHHOMO 34paBOOXpPaHEHMS,
3KONOrMYEeCKOn YCTOMYMBOCTU U 3KOHOMMUYeckoro passutus [1]. B cBaA3n ¢ npopomkarommcsa
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